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STATEMENT OF RELATED CASES

No other appeal from this International Trade Commission (“ITC”)

proceeding was previously before the Court or any other appellate court.

There are no cases that will directly affect or be directly affected

by the Court’s decision in the pending appeal. Apple Inc. (“Apple”) filed

a complaint with the ITC alleging (as relevant here) that Motorola

Mobility, Inc. (“Motorola”) is infringing Apple’s patents including (as

relevant here) U.S. Patent Nos. 7,633,607 and 7,812,828. A case

pending between Apple and Samsung Electronics Co. originally

involved the patents at issue here, but the claims involving both patents

were dismissed without prejudice. Apple Inc. v. Samsung Elecs. Co.,

Case No. 11-CV-01846-LHR (N.D. Cal. filed Apr. 15, 2011). There are

several other district court actions in which Apple has alleged that

Motorola and other makers of electronic devices infringe different Apple

patents.
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INTRODUCTION

Rarely has one product revolutionized an industry as Apple’s

touchscreen has. Just five years after Apple released the iPhone, it is

hard to remember a time when we did not routinely touch the screens of

our cell phones, tablets, and other portable electronic devices with our

fingers. We did not tap to select “apps”; flick our index finger through

articles, books, photographs, and music; or pinch our fingers together or

apart to zoom in and out of pictures, maps, and text. We commanded

our devices with keypads, track balls, or styluses.

One reason it is hard to remember that world is that virtually

every major device manufacturer has mimicked Apple’s patented

touchscreen. This case is about one such copycat. Motorola tried to

develop a useful touchscreen of its own, but failed. When Apple routed

Motorola in the marketplace, '''''''''''''''''''' ''''''''''''''''''''' '''''''' ''''''''''''''' '''''''''''''' '''

''''''''''''''''''''''''' ''''''''''''''''''''' and copied Apple’s hardware and software.

After Motorola initiated a patent attack against Apple in the fall

of 2010, including in the ITC, Apple brought this action. Without a hint

of irony, Motorola defended on the ground that this revolutionary

technology—which the once-prolific innovator could not figure out for

Confidential
Material Omitted
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itself—was obvious and anticipated. The ITC agreed and invalidated

one of Apple’s core patents. It gutted another patent by construing a

critical claim limitation in a nonsensical way that neither party had

proposed.

Those rulings are wrong—and detrimental to future innovation.

Apple is “unique” among its competitors because “it designs and

develops nearly the entire solution for its products, including the

hardware, operating system, numerous software applications, and

related services.” A14,162. The development of both hardware and

software is expensive. Apple “must make significant investments in

research and development” and has protected its investments by

obtaining “a significant number of patents.” Id. Here, Apple’s

investments resulted in a patent on a “transparent” touch sensor that

can “detect multiple touches or near touches that occur at a same time

and at distinct locations.” A561, col. 21:34-41. Apple has invested in

innovation expecting that the patent system “promote[s] ... Progress,”

U.S. Const. art. 1, § 8, cl. 8, by rewarding innovation. When an agency

invalidates or guts patents as path breaking as these, it discourages

further investment and restrains Progress.
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JURISDICTIONAL STATEMENT

Apple invoked the ITC’s authority under Section 337 of the Tariff

Act of 1930, as amended. A737. See 19 U.S.C §§ 1337(a)(1)(B)(1), (b)(1).

On March 28, 2012, the ITC issued its final determination finding no

violation of Section 337. A529. Apple timely filed its petition for review

on April 12, 2012. See 19 U.S.C. § 1337(c); 28 U.S.C. § 1295(a)(6).

STATEMENT OF THE ISSUES

Apple’s skilled engineers created the first touchscreen that could

accurately and quickly sense and interpret multiple touches on a

transparent screen. That touchscreen spurred the spectacular success

of a revolutionary electronic device, the iPhone. The questions

presented are:

1. Did the ITC err in declaring the patented touchscreen obvious,

where (i) Apple alone recognized the problem with existing user

interfaces and thus Apple alone saw a reason to combine technologies to

create a new user interface; (ii) Apple’s engineers had to overcome

significant technical problems to make the touchscreen work; (iii) the

touchscreen was largely responsible for the praise, copying, and
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commercial success of the iPhone; and (iv) the Patent and Trademark

Office granted Apple a patent fully aware of the cited prior art?

2. Did the ITC err in finding that another prior art reference

anticipated Apple’s new touchscreen where the reference (i) teaches

only a touchscreen that senses “a single touch[]” by “either a finger or a

special stylus”; (ii) operates differently; and (iii) does not predate

Apple’s invention?

3. Did the ITC err in superimposing on the claim term

“mathematically fitting an ellipse” in another Apple patent the

anachronistic requirement that the software “actually” fit an ellipse

before ellipse parameters are calculated even though that was contrary

to both the parties’ proposed claim constructions and the patent’s

preferred embodiment?

STATEMENT OF THE CASE

On October 29, 2010, Apple filed a complaint with the ITC under

19 U.S.C. § 1337, alleging that Motorola’s products infringed three

Apple patents. Two—U.S. Patent Nos. 7,633,607 and 7,812,828—are at

issue in this appeal. (Apple does not seek review on the third patent,

which will expire in August 2013.) The ITC initiated an investigation.
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On January 13, 2012, Administrative Law Judge (“ALJ”)

Theodore Essex issued an initial determination finding that Motorola

did not violate Section 337. Apple petitioned the ITC for review.

Motorola filed a contingent petition. The ITC granted review in part on

March 16, 2012, and affirmed the finding of no violation on March 28,

2012.

STATEMENT OF FACTS

Apple Makes It A Priority To Invent A Transparent Full Image
Multi-Touch Sensor

Before the iPhone, no one was touching transparent screens on

handheld devices in the fashion we routinely do now. There were

transparent touchscreens that could detect a single touch in a specific

spot—like an ATM that beeps in confused protest when you accidentally

touch two places at once. A6657. There were also transparent screens

that could sometimes detect more than one touch—depending upon

exactly where on the screen they were—but not always and not reliably.

A551, col. 2:3-9, 16-22; A7164, 7382. In industry parlance, these were

not “full image” touchscreens. Engineers had figured out ways to

provide full image multi-touch capability only on opaque surfaces.
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Thus, for example, they could embed the requisite sensors in the now-

familiar laptop trackpad:

A6711. But no one had invented a transparent, full image touchscreen

that accurately detected and responded to multiple touches at once,

regardless of where the screen is touched, in a way that has now become

standard.

In the summer of 2003, Steve Jobs, then CEO of Apple, aspired to

devise a touchscreen unlike any other. Jobs had long focused on how

users interact with electronic devices. He had led Apple to develop the

Mac with its metaphorical desktop and user-friendly mouse. Then came

the iPod with a click wheel. He imagined an encore performance even

more revolutionary than what came before. '''''''''' '''''''''''''''''''''''''''' '''''''''' ''''''''

Confidential
Material Omitted
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''''''''''''''''''''' '''''''''''''''' '''''' '''''''' ''''''''''' ''''' '''''''''''''''''''''' ''''''''''''''''''''''''''''''' A15,431; see

A30,258-59.

So, at Jobs’s direction, Apple set out to achieve what no one else

had ever done. A15,431; see A30,233-35. Running the touchscreen

effort was Steve Hotelling, '''''''''' ''''''' '''''''''''''''' ''''''''''''' '''''''''''''''''''''''''' '''''''''''''

'''''''''' '''''''''' ''''''''''''''''''' ''''''' ''''''''''' ''''''''''''' '''''''''''''''''''' '''''''''' '''''''' ''''''' ''' '''''''''''''' ''''''''''''' '

A15,431, A7379-80. Hotelling knew it was a head-scratcher—'''''''''

'''''''''''''' '''''''''' ''''' ''''''' '''''''' ''''' ''''''''''''''''''' ''''''''' '''''' '''''''''''''''''''''''' ''''''''''' ''''''''''''''''''''

'''''''''''' ''''''''''''''' A15,431. ''''''' '''''''''''''''' '''''' '''''''' '''''''''' '''''''''' ''''''''' ''''''''' '''''''' ''''

''''''''' '''''''' ''''' ''''''''''''' '''''' '''''''''' ''' '''''''''' '''''''''''''''''''''''''''''''''''''''''' '''''''''''''''''''''''''''''''' ''''''

''''''''' '''''''''' '''''' '''''''''''' ''''''' ''''''''''' '''''''''''''''''''' '''''''''''''''''' Id. (emphasis added).

But the challenge energized him, because ''''''''' '''''''''' ''''''''''''''''''''''''' '''''' '''''''''''

'''''''''' ''''''' '''''''''''' '''''''''''''' '''''''''''' ''''''''''''''''''''''' ''''' ''''''''' ''''' ''''''''' ''''''''''''' '''''''

''''''''''''''''''''''' ''''' '''''' '''''''''''' '''''''''''''''''''' ''''''''''''''' Id. (emphasis

added); see A30,257-58.

The team was not lacking in experience or expertise. A named

inventor of more than 50 patents, A30,144, Hotelling was a Stanford-

trained electrical engineer, A7379. By the time he joined Apple in 2002,

he had spent a decade inventing solutions for input devices. A7379,

Confidential
Material Omitted
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13,719, 30,216-17. Hotelling hired Josh Strickon, who had three

degrees (including a Ph.D.) from the Massachusetts Institute of

Technology. A15,557. His master’s thesis project at MIT was a

multipoint touchscreen using a fiber optic touch pad. Id.

Apple’s Engineers Choose One Tentative Path Among Many
Possible Options

For all its intellectual firepower and experience, the team did not

hit upon a solution quickly or directly. It got there through inspired

guesswork, parallel research tracks, a few false starts, and healthy

doses of ingenuity.

As if to illustrate the numerous challenges for posterity, early in

the life of the project, ''' '''''''''''''''''''' '''' ''''''''''''''''' '''''''''''''' ''''''''''' '''''''''''''''''' ''' '''''''''''''

''''''''''''''' ''''''''''''''''''''''''''''''' '''''''''''''' ''''''''''''''' '''''''''' ''''''' '''''''' '''''''' ''''''''' '''''''''''''' '''''''''''''

''''' '''''''''''''' '''''''''''''''' '''''''''''''''''''''''''' '''''''''''''''' ''''''''''''''' A15,733 (emphasis added).

''''''''' '''''''''''''' ''''''''''''''''''''' ''''''''' ''''''''''''''''''''' '''''''' ''''''''''''''''''''''''''''''''''' ''''' '''''''''''' Id.;

A15,742-48. '''' '''''''''''''''''''''''' ''''''''''' '''''''''' ''''''' '''''''' ''''''''' ''''''''''' ''''' ''''''''''''''''''' '''''''''''

'''''''''''''''''' ''''' ''''''''''''''''''''''''''''' '''''''' A15,733.

Step one was a bet on which of the several approaches was most

promising. As the project started, '''''''''''''''''''''' '''''''''''''''''''' ''''''' ''''''''''' '''''''''''''''''''

''' '''''''''''''''''' '''''''''' '''''''''''''''' ''''' '''''' '''''''''''''''''''''' A15,431. '''''''' '''''''''''''' ''''''' ''''''' ''''''

Confidential
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''''''' ''''''''''''''''''''''' ''''''''''''''' '''''''''''''''''''''''''''''''''''''''''''' Id. Capacitance is an object’s

ability to store electricity. Capacitance sensing is based on the simple

fact that when a finger approaches a charged object, it sucks electrons

from the object. A555, col. 9:23-26. The stolen electrons cause a tiny

reduction in the object’s capacitance. A555, col. 9:26-31; A30,230. The

typical way to measure this change was with a tiny voltmeter. A555,

col. 9:31-36; see A31,728-29.

Step two was to figure out what to make the sensor out of.

Hotelling chose indium tin oxide, or “ITO.” A7643, 15,431. ITO has the

advantage of being relatively transparent when painted in a thin layer

over a surface, A30,262-63, but it is not completely transparent, which

presented some problems. It also conducts electricity, but unfortunately

very poorly, which presented other problems.

Step three was how to deal with the transparency problems—

specifically, how to enable a display to shine through a layer of ITO

without illuminating a distracting pattern of sensors and circuits etched

across the face of the screen. '''''''''''''''''''' ''''''''''''''''''''' '''''''''''''''''''''' ''''''''' ''''''''''''

'''''' '''''' '''''''''' '''''' '''''''' ''''''''''''''''''''''''''''''' '''' '''''''' ''''''''''' '''''''''''' ''' '''''''''''''''''''''''

''''''''''''''''''''''''' '''''''' ''' ''''''''''''' ''''''''''''''''''''' ''''''''''''' ''''' ''''''' ''''''''''''''''''''''''''''''''''''''''''' '''''''' '''
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''''''''''''''' '''''''''' ''''' '''''''''' ''''''' ''''''''''''''''' '''''''''' '''''''''' ''''''''' ''''''''''''''''' '''''''''''''''''''

'''''''''''''''''''''''' '''''''' '''''''''''''''''''' '''' '''''''' '''''''''''''''''''''''''''''''''' '''''''''''''' A15,431. '''''''''''''

''''''''''''' ''''' ''''' ''''' '''''''''''''' Id.

''''''''''''''''''''''' '''''''''' '''' ''''''''''''''''''''''''''''''' '''''' ''' '''''''''''' ''''' ''''''' '''''''''''''''''''''''

''''''''''''''''''''''''''' ''''''''''''''''''''''''''''''' ''''''''''''' '''''''''' ''' '''''''''''''''''''''''' '''''''''''' ''''''''''' '''''''''' '''''

'''''''' ''''''''''''''''' '''''''' ''' '''''''' '''''''''' '''' '''''''''''''''''''' '''''''''''''' '''''''''

''''''''''''''''''''' '''''''''''''' '''''''' '''''''''''''''' A7643 (emphasis added).

Confidential
Material Omitted

Case: 12-1338     CASE PARTICIPANTS ONLY Document: 28     Page: 22     Filed: 07/20/2012Case: 12-1338      Document: 39     Page: 22     Filed: 08/27/2012



11

Id.

''''' '''''''''''''''' '''''''''''''''''''' ''''''''''' '''''''''''''''''''''''''' '''''''''''''' ''''''''''''''' '''''''' ''''''''''''''''''''''

''''''''''''''''''''''''' ''''''''''''''''''''''''''''''''''''''''''''''''''' ''''' '''''' '''''''''' '''''''''''''''''''''''''''''''''''''''''''''''''''

'''''''' ''''' '''''''''''''' A7644. By “pixel array,” Hotelling was referring to rows

and columns of individual sensors. Id.; 30,266-67. The ITO (or other

conductive medium) is painted onto the screen and etched into a

checkerboard pattern. Each tiny square is an individual sensor

separated from the others by tiny channels. A30,233; see A553, col.

5:29-34. It is therefore called “self-capacitance.” A533, col. 5:29-34. In

order for each box in the checkerboard to act as an individual sensor, it

was necessary to run a lead from each box to a capacitive sensing

circuit. The circuitry for each box had to be crammed in the channels

running between the checkerboard rows and columns. ''''''''''''''''''''''''

'''''''''''''''' '''''''''''''' '''''''''' '''''''''' '''' '''''''' '''''''''''''''''''' '''''''''''''''''' '''''' ''''''''' ''''''''''''''''''''

''''''''''''''''''' ''''''''' '''''''''''''''''''' '''''''''''''''''''''' ''''''''''''' '''''' '''''''' ''''''''''''' ''''''''''''''''' ''''''''''''''''''''

''''''''''''''''''' ''''''' '''''''''''' '''' ''''' '''''''
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A7644.

Ingenious. But, as with any experimental technology, the solution

raised more problems. One problem, '''''' '''''''''''''''''''''' '''''''''''' '''''' ''''''' '''''''''''

'''''''''''' '''''''' ''''''''' '''''''' ''''''''''' ''''''''''''''''''''''''''' ''''''''' '''''''''''' ''''''''' '''''''''''''''''' ''''''''''

''''''''''''''''''''''' ''''' '''''''' '''''''''''''''''' '''''''''''''''''''''''''''''''''''' '' ''''' ''''''''''''''' '''''''
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A7643; see A542, fig. 7 (depicting an illustrative pattern). '''' '''''''''' '''

'''''''''''''''' ''''''''''''''''''' ''''' ''''''''''''' '''''''' '''''''''''''''''''''''''''' ''''' '''''''''''''''''''''' '''''''' '''''''''''''''

''''''''''''''' '''' ''''''' ''''''''' '''''''''''''''''''''''''''' '''''' ''' '''''''''''''''''''''''''' '''''''''''''''' A13,878. '''''''''

''''''''''' ''''''''' ''''''''''''''''''''''''' ''''' ''''''''''''' ''''''' '''''''''''''''''''''' '''''''''''''''''' ''''''''''''''''''''' ''''''''' ''''''''''

''''''''''''''''''''''''' ''''''''''' '''''''''''''''''''''''''''''''''''''' '''''''''''' ''''''''''''''''''' ''''''''''''''''''''' ''''''''' '''''''''''''''''

'''''''' '''''''''''' '''''''''''' '''''''''''' '''''''''''''''''''''''' A7643.

Apple’s Engineers Refine The Design

Not satisfied that the particular capacitance design that Hotelling

sketched was perfect, the Apple team examined all sorts of multi-touch

demonstrations on opaque surfaces in the hopes of learning something

about how best to apply the technology to transparent surfaces.

A13,877, 15,422-23, 16,145. They also '''''''''''''''''' ''''''''''''''''''''' ''''''''''''''''''''''

''''''''''''''''''' ''''' ''''''''''''''''''''''' ''''''''' '''''' '''''''''''' '''''''''''''''''''''''''''' A13,878.

One of the most fruitful contacts was with a company named

FingerWorks. A7402-03, 13,874. One of FingerWorks’ most intriguing

inventions was a way of detecting the size, shape, and relative position

of each touch. Earlier methods of processing touch data could not

distinguish between a finger tap and a pinch or finger and a palm.

A13,263. But FingerWorks figured out a way that could distinguish
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among many types of hand touches and gestures. A618-19, col. 6:66-

7:46; A7339-400, 30,041-45, 30,357-59. The solution was software that

mathematically converted each cluster of touched electrodes into

parameters defining an ellipse. A7399-402. By 2003, The New York

Times, Time, and Wired had all praised the software in FingerWorks’

multitouch keyboards. A7408-09, 7485-87.

FingerWorks’ devices were opaque. Unlike small trackpads on

laptops, FingerWorks had developed capacitive touch sensors on large

opaque multi-touch surfaces that replaced keyboards and mice. A7399-

400, 7402-03, 30,338-39. FingerWorks had never layered a capacitive

sensor over a transparent screen. A15,515-16, 30,251. '''''''''''' '''''''''''''''

'''''''''''''' '''''''''' '''''''''' ''''''''''''' ''''' '''''''' '''''''''''''''''''''''''''' ''''''''''''''''' '''''''''''' '''''''''''''''''''''''''

''''''''''''''''''''' '''''''''''''' ''''''''''''''' '''''''''''''' A15,516. But they agreed to collaborate

with Apple to give it a try. Eventually, Apple acquired FingerWorks.

A7418. With it, Apple also acquired a groundbreaking patent—the ’828

patent—covering FingerWorks’ ellipse-fitting multi-touch process.

A7420, 7452; see A565 (assignee).

The Apple team also drew lessons from an approach that Sony

Computer Science Laboratories developed. Sony described its approach

Confidential
Material Omitted

Case: 12-1338     CASE PARTICIPANTS ONLY Document: 28     Page: 26     Filed: 07/20/2012Case: 12-1338      Document: 39     Page: 26     Filed: 08/27/2012



15

in an article entitled, SmartSkin: An Infrastructure for Freehand

Manipulation on Interactive Surfaces. A13,597-604. SmartSkin

involves a “grid” of “copper wires” running vertically and horizontally.

A13,598. Each “crossing point” in the grid “acts as a (very weak)

capacitor.” Id. When a “conductive and grounded object”—e.g., a

finger—“approaches a crossing point,” it sucks electrons away from the

grid. Id. “As a result, the received signal” becomes “weak” and by

“measuring this effect, it is possible to detect proximity of a conductive

object.” Id. Because the change in capacitance is measured by

comparing a horizontal wire to a vertical one, A30,032, this design is

called “mutual capacitance,” as distinguished from “self capacitance.”

A555, col. 9:52-62.

Like conventional input devices, the SmartSkin sensor was

opaque; that was the only way to hide the copper wires. Sony’s

engineers were not focused on transparent touchscreens. Their agenda

was to “extend[] [the] computerized workspace beyond the computer

screen” by “turn[ing] real-world surfaces, such as tabletops or walls, into

interactive surfaces.” A13,597 (emphasis added). They would project

images onto those surfaces (and onto the user’s hand) as depicted below.
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A13,601.

In a section entitled “Conclusions and Directions for Future

Work,” the SmartSkin article provides a few sentences on four “research

directions” that the authors were “interested” in maybe some day

exploring. A13,603. For example, they dreamed of inventing “‘pet’

robots” that “would behave more naturally when interacting with

humans” and devices that could “infer the user’s emotions.” Id. The

final possible direction was the “[u]se of transparent electrodes.” Id.

None of these suggestions for future work included any detail about

how to make the sensor. Nearly 10 years after SmartSkin was

published, Sony’s engineers never created a transparent sensor and, so

far as appears from the record, they never even tried. It remained in
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the dusty folder of ideas abandoned as impractical or pointless, along

with the empathetic robotic Fido.

''''' ''''''''''''' ''''''''''''''''''''''''' ''''''''''''' '''''''''''''''''''' '''''''''''''''''' '''''''' ''''''''''''''''''''''''''''''

''''''''''' '''''''''' ''''''''' '''''''''''''''''''''''''' '''''''''''''''''' ''''''''''' ''''''''''''' ''''''' ''''''''''''''''''''''''' '''''''''''''''''

A16,145 (emphasis added). ''''''''''''''''''''''' ''''''''''''''''''''' ''' ''''''''''''''''''''''''' A30,271-

73.

As intriguing as the SmartSkin approach was, the Apple team did

not drop everything to pursue it. '''''''' ''''''''''''''' ''''''''''''''' ''''''' ''''''''''' '''''''''''''''''''''

''''' ''''''''''''''''''''''''''''' '''''''''''''''''''''''''''''''''''' '''''''''' ''''' ''''''''''' ''''''''''''''''''''' ''''''' '''''''''''''' ''''''''''''

A14,335. ''''''''''' '''''''''''' '''''''''''''''''''''''''''''''' ''''''''''' '''''''''''''''''''' ''''''''''''''''' '''''''''''''

''''''''''''''''''' ''''''''''''''''''''''''''''' '''''''''' '''''''''' '''''''''''''''''' ''''''''''' ''''''''''''''''''''''''''' ''''''''' ''''''''

''''''''''' '''''''' '''''''''''''''''''' ''''''''''''' ''''' ''''''''''''''''''''''''' ''''''''''''''''''''''''''''' '''''''''''' '''''''''''''' '''''''''

'''''''''''''''''''''''''''''' ''''' ''''''' ''''''''' '''''''''' ''''''''''''''''''' ''''''''' ''''''''''''' ''''' ''''''' ''''''''''''''''''''' ''''''''''

'''''''''''''''''''''''''''''''''''' ''''''''''''''''' ''''''''''''''''''''''''''' ''''''''''''''''''' ''''' ''''' ''''''''''' '''''''' '''''''''''''''

''''''''''''''''' Id.

Translating the SmartSkin approach to a transparent screen

presented numerous quandaries. The main problems arose from the

huge difference in conductivity between the copper wires that

SmartSkin used and the transparent ITO in Apple’s adaptation.
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Copper “has a very high conductivity” (or low resistance). A31,782.

Even with the very conductive copper wire, the capacitance signal that

the SmartSkin grid generates is “very weak,” A13,598, and becomes

weaker still upon the touch of a finger. But the difference is detectable

with a sensitive voltmeter. In contrast to copper wires, ITO has a very

low conductivity (or high resistance). A31,783. The difference is at

least 100-fold. Id.; see A14,576. When the electrons are slogging

through ITO, they have even lower energy, so the capacitance signal

starts out 100 times weaker than it is in copper. A31,783. This makes

it even harder to detect the (even tinier) downward fluctuation a finger

touch causes, A14,576, 15,561, and extremely difficult to do so with a

voltmeter, A31,783.

Existing solutions were unsatisfactory. ''''''''' ''''''''''' ''''''''''''''''' '''''''''''

''''''''''' ''''''''''''''''' ''''''''''''' '''''' '''''''''''''''' ''''''' ''''''''''''''''''''''''' ''''''''''''''''''' '''''''''' ''' '''''''''''''''''''

'''''''''''''' ''''''''' ''''' '''''''''''''' ''' ''''''''''''''' '''''''''''''''' ''''''' ''''''''''''''''''''' '''''''''''''''''''' A14,335.

They figured out that they could discern whether a finger was draining

electrons by literally counting electrons (i.e., charge) at the measuring

point, rather than measuring their energy (i.e., voltage). A545, figs. 12-

13; A559, col. 17:12-61; A31,728-29, 31,773, 31,780-81, 31,784. While it
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was generally known “that you could count charge,” “prior to the ’607,

no one figured out … that you could finally get to use ITO in these

mutual capacitance systems that implement multi-touch” by counting

charge. A31,731-32.

Apple’s engineers also solved several other “significan[t]

complexities” in mounting a transparent sensor in front of a display.

A15,565-66. Most significant of these was that “the patterned ITO can

become quite visible,” i.e., no longer transparent, “thereby producing a

touch screen with undesirable optical properties.” A557-58, col. 14:65-

15:3; see A7643, 13,875, 15,565-66. The ’607 patent details several

solutions, including an elaboration on Hotelling’s ITO caulking idea.

A556-59, col. 12:24-13:6, 14:60-17:11.

Apple Files For A Patent On Its New Touchscreen

In May 2004, the Apple engineers filed the patent application that

ultimately became the ’607 patent. The application summarized

existing touchscreen technologies and explained their inability to detect

multiple touches accurately. A7164, 7382, 8845-46, 6663-66, 30,028-29;

see A551, col. 1:34-2:22.
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The application illustrates a mutual capacitance sensor. A8892,

figs. 9-10; A8894, figs. 12-13; see also A557-59, col. 13:7-16:49, 17:12-

61.1 The mutual capacitance embodiment uses a screen built with

multiple (almost) transparent layers. A543, fig. 10; A553, col. 5:47-49;

A557, col. 13:62-64. On one layer is a set of parallel “driving” lines and

on another is a set of parallel “sensing” lines, placed orthogonally to the

driving lines. A543, fig. 9; A553, col. 5:49-50; A557, col. 13:62-66. Each

intersection forms a capacitive coupling node that can sense a finger

touch. A543, fig. 9; A553, col. 5:50-60; A557, col. 13:16-20.

The touch panel’s circuitry sends current through each row (the

driving lines) in rapid succession while continuously checking all

columns (the sensing lines) for changes in capacitance using the charge-

counting method described above. A553, col. 5:62-65. After all rows are

driven and all nodes are scanned, the sequence starts over. A557, col.

13:45-48. Using this method, the touch panel scans quickly enough to

report touch information for each node “at about the same time (as

1 The ’607 patent application also illustrates a self capacitance
device like the one Hotelling sketched in September. A8890-91; see also
A7644. But Apple eventually cancelled these self capacitance claims.
A10,412-15.
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viewed by a user) so as to provide multipoint sensing.” A559, col. 17:33-

35.

After sensing any change in capacitance, the touch panel circuitry

interprets the changes to accurately detect multiple touches. Figure 3

shows multiple objects in contact with the touch panel (contact patches

44), with each touch spanning multiple sensing nodes (42):

A539, fig. 3; A553, col. 6:7-14. The touch panel circuitry recognizes

these changes in capacitance as four different touches at distinct

locations. A553, col. 6:14-25. It then reports touch information to a

host device, such as a handheld device or tablet. A552-53, col. 4:28-30,

6:35-40.

Apple informed the Patent and Trademark Office (“PTO”) about

the SmartSkin article. A8937-44, 9268-75. The examiner reviewed the
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article twice (in 2005 and again in 2006), A9938, 9961, but nevertheless

found the invention patentable, A9943-44; see also A10,140, 10,427-28.

In 2010, after six years of study, the PTO issued the ’607 patent,

entitled “Multipoint Touchscreen.” A532. Claim 1 provides in relevant

part:

A touch panel comprising a transparent capacitive sensing
medium configured to detect multiple touches or near touches that
occur at a same time and at distinct locations in a plane of the
touch panel and to produce distinct signals representative of a
location of the touches on the plane of the touch panel for each of
the multiple touches ….

A561, col. 21:35-41 (emphasis added). The emphasized words are

referred to as the “multi-touch limitations.” Claim 10 has substantially

similar text. See A561, col. 22:23-35.

The New Touchscreen Spurs The iPhone’s Spectacular Success

While the lengthy patent prosecution was running its course,

Steve Jobs introduced Apple’s iPhone during his 2007 Macworld

Conference keynote presentation. A30,130. Front and center was the

transparent multi-touch user interface: “[W]e have invented a new

technology called multi-touch, which is phenomenal. It works like

magic. You don’t need a stylus. It’s far more accurate than any touch

display that’s ever been shipped. It ignores unintended touches, it’s
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super-smart. You can do multi-finger gestures on it. And boy, have we

patented it.”2

Industry observers were blown away. One prominent critic lauded

“Apple’s Magic Touch Screen.” A7826-27. The “sophisticated

multipoint touch screen,” he enthused, is “the most impressive feature

of the new iPhone.” A7826. Time named the iPhone “invention of the

year.” A7483-84. And it singled out the touchscreen for special

plaudits: “Because there’s no intermediary input device—like a mouse

or a keyboard—there’s a powerful illusion that you’re physically

handling data with your fingers.” A7490.

Consumers agreed. iPhones flew off the shelves. When Apple

released the iPhone in June 2007, “analysts were speculating that

customers would snap up about 3 million units by the end of 2007,

making it the fastest-selling smartphone of all time.” A8259. Within a

mere four years, iPhone sales reached into the billions of dollars. Over

the past three years, net sales rocketed from $6.7 billion in 2008 to $47

2 Steve Jobs, CEO, Apple Inc., Address at the Macworld Conference
and Expo (Jan. 9, 2007), available at http://www.iphonebuzz.com/
complete-transcript-of-steve-jobs-macworld-conference-and-expo-
january-9-2007-23447.php.
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billion in 2011. A14,184; Apple Inc. Annual Report (Form 10-K) 32

(Oct. 26, 2011).3 In 2011 alone, Apple sold an eye-popping 72 million

iPhones worldwide, almost twice the 40 million units sold the previous

year. 2011 Apple 10-K at 31-32; A14,184. Those sales figures

translated into a 19% share of the worldwide smartphone market in

2011.4

The revolutionary touchscreen contributed to the success of

Apple’s next market sensation—the iPad, which Apple released to

similar acclaim in 2010. A14,155. Within five months, the iPad had

already netted nearly $5 billion. A14,185. Once again, the iPad “left

nearly every other big computer and consumer-electronics maker racing

to get into the tablet market that [Apple’s] iPad had suddenly created.”

A17,715.

3 Available at http://investor.apple.com/secfiling.cfm?filingID=
1193125-11-282113&CIK=320193 (“2011 Apple 10-K”).

4 Lance Whitney, Apple Crowned Top Smartphone Vendor of 2011
By Gartner, CNET, Feb. 15, 2012, http://news.cnet.com/8301-13579_3-
57378209-37/apple-crowned-top-smartphone-vendor-of-2011-by-
gartner/.
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Motorola Copies Apple’s Touchscreen After Unsuccessfully
Trying To Develop Its Own

While Apple was developing its new touchscreen, Motorola had

also been working on a touchscreen. It bet on resistive, instead of

capacitive, technology. A30,140-41, 31,052-54. Resistive touchscreens

include an electrically conductive panel and an electrically resistive

panel that meet when the top panel is touched. A551, col. 1:38-43. In

2006, Motorola released a phone called “Ming” with a resistive

touchscreen. A30,141, 31,052-54. But, '''''' '''''''' ''''''''''''' ''''''''''''''' ''''''''''''''

'''''''''''''''''''''' and as Apple’s ’607 patent notes, these resistive touchscreens

could not detect multiple touches. A551, col. 1:63-2:3; see A30,141-42,

31,055-56.

For a time, the crudeness of Motorola’s touchscreen did not

matter. Motorola enjoyed a 22% market share in 2006, A8255, and

made what “was once the top-selling U.S. handset,” A8252. But

immediately after the iPhone came out Motorola’s market share

“plummeted” to “around 4.5% in 2009”—a fifth of where it stood three

years earlier. A8249, 8252. Industry analysts were already writing

Motorola’s obituary, fretting that Motorola was “stuck heavily in [a]

handset death spiral.” A8249.
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Motorola’s only hope was to produce a multi-touch screen that

could compete with Apple’s. '''''' '''''''' ''''''''''''''''''''''' ''''' '''''''''''' '''''''''''''''''''''''''

'''''''''''''''''' ''''''''''''' '''''''''''''' '''''''' ''''''''''''' '''''''''' ''''''''''''''''''' ''''''' '''''''' ''''''''''' '''''''''''''''

'''''''''' ''''''' ''''''''''''''''''''''''''''' A7496 (emphasis added), ''''''''''''' ''''''''' ''' '''''''''''''''''''

''''''''''''''''''' ''''''' '''''''''''''' '''''' ''''''''''''''''''''''''' ''''' '''''''''' ''''' ''''''''''''''''''''''''' ''''''''''' '''''

''''''''''''''''''' ''''''''' '''''' '''''''' ''''''''''''''''''' Id. '''''''''' '''''''''''''''' ''''''''''''''''''' ''''''''''''''''' '''''''''

'''''''''''''''''''''''' '''''''''''''''''''' ''''''''''''''''''''''''''' '''''''''''''' ''''''''''''''''''' '''''' ''''''''''''''''''' '''''''''''''''''''

''''''''''''''''''''''''' '''''''' ''''''''''''''''''''''''' '''' '''''''''''''''''' '''''''' '''''''''''''''''''''' Id.; see A12,858-59

'''''''''''''''''''''' ''''''''''''''''''' ''''''''''''''''' '''''''''' ''''''''' '''''''' '''''''''''''''''' ''''''''''''''''' '''''' '''''''''''''''''''

'''''''''''''''''''''''''' ''''' ''''''''''''''' That was more than four years after Hotelling’s

Eureka moment.

'''''''''''''''''''' '''''''''''''''''''' ''''''''''''''' '''''''''''''''''''''''''' '''''''' ''''''' '''''''''''''''''''''''''''''''' '''''''

'''''''''''''''''''''''''''''' ''''''''''''''''''''''''''''' A7511. ''''''''''''''''''''' '''''''''''''''''''''''''''''' ''''''''''' ''' ''''''

'''''''''''''''' '''' '''''''' '''''''''' ''''' '''''''''''''' ''''''' ''''' ''''''' '''''''''''' ''' ''''''''''''''''''''''' A7546. '''''' '''''

''''''''''''' ''''''''''''''''''''' ''''''''''''''''''''''''''''' ''''''' ''''''''''''''''' ''''''''''''''' ''''''''''''''' ''' ''''''''''''''''''''''''''

A7498. '''''' '''''''''''' ''' '''''''' '''''' ''' ''''''''''' '''''''''''''' ''''' '''''''' '''''''' ''''''''''''''''' A7552. '''''''

'''''''''''' '''''''''''''''''''''''''' ''''''''''''''''''''''''' ''''''''' ''''''''' ''''''''''''''''''''' ''''''''''' '''''''''''''''''''''''

'''''''''''''''''''' '''''' '''''''''''''''''''' ''' '''''''''''''''''''''''''' '''''' '''''''''' ''''' '''''''' '''''''''''''''' ''''''''''''' '''
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''''''''''''''''''' ''''' '''''''''''' '''''''' '''''''' ''''''''''''''''''''' ''' '''''''''''''''''' A7554. ''''''''''''''''''' ''''''''''

''''''''''''''''' ''''''''''' '''''''' '''''''''''''''''''' '''''''''''''''' '''''''''''''''' '''''''''''''''''''''''''''''

The ITC Refuses To Bar Motorola’s Infringing Touchscreen
Products

Apple filed a complaint with the ITC seeking to exclude Motorola’s

infringing products. A717-40. It asserted infringement of claims 1-7

and 10 of the ’607 patent (claims 2-7 depend from claim 1) and claims 1,

2, 10, 11, 24-26, and 29 of the ’828 patent, as well as another patent not

raised in this appeal. A730. It accused 18 Motorola mobile devices of

infringing both the ’607 and ’828 patents, and another three products of

infringing just the ’828 patent. A47.

The ALJ opinion. The ALJ found no violation. A36. With

respect to the ’607 patent, the ALJ found that all 18 of the accused

Motorola devices infringe all asserted claims. A148-68, 244. But he

found no violation because he believed the ’607 patent was invalid as

both obvious and anticipated. A244.

Specifically, the ALJ found all asserted claims obvious in light of

Sony’s SmartSkin combined with another reference by the SmartSkin

author, Unexamined Japanese Patent Application No. 2002-342033A

(“Rekimoto ‘033”) that is no longer relevant on appeal (because the ITC
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declined to rely on it with regard to the claim limitations at issue here,

A523). A213-16. The ALJ acknowledged both “the iPhone 4’s

commercial success,” A216-17, and that the iPhone practices the patent,

A238-42. But he concluded that objective indications of nonobviousness

“cannot overcome the strong showing of obviousness in this instance.”

A216-17.

The ALJ did not believe that SmartSkin anticipated the invention

claimed in the ’607 patent. A187-89. Nevertheless, the ALJ ruled that

all asserted claims were anticipated by U.S. Patent No. 7,372,455 to

Perski et al. (“Perski”). A182-86; see A16,601-36. Perski discloses a

transparent touchscreen that uses mutual capacitance, but scans

differently—and much more slowly—than the ’607 patent. It also uses

a voltmeter rather than Apple’s innovative charge sensor. The ALJ

found the differences irrelevant. Id. Finally, the ALJ rejected Apple’s

argument that Perski was not prior art because it was filed the year

after Apple’s invention. A181-82. He held that Perski could claim

priority back to an earlier provisional application. A181.

With respect to the ’828 patent, the ALJ found that it was valid,

A179-81, 211-12, and that the iPhone practices it, A237-38. He held,
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however, that Motorola was not infringing it. A244. Critical to that

ruling was a claim construction—of “mathematically fitting an ellipse,”

A645, col. 60:5-16, and similar phrases—that no party had proposed.

A58-70.

The ITC opinion. The ITC reviewed only the ALJ’s finding that

the asserted claims of the ’607 patent are obvious. A517. The ITC

agreed with the ALJ that the invention was obvious in light of

SmartSkin, but for “different reasons.” A523; see also A518 (“modified

reasoning”). For example, the ITC “disagree[d] with the ALJ’s

conclusion that Rekimoto ’033,” in addition to SmartSkin, “teaches the

use of transparent electrodes.” A523. Moreover, the ITC held that

SmartSkin provides the “reason to combine” the “use of transparent

electrodes made of materials such as ITO with the mutual capacitance

sensor for detecting multiple touches on the sensor surface disclosed in

SmartSkin.” A522-23. The ITC also found that “one of ordinary skill”

would have had a “reasonable expectation of success” in that

combination. A523.

The ITC did “not review, and therefore d[id] not address, the

[ALJ’s] findings concerning secondary considerations.” Id. The ITC
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also did not review the ALJ’s analysis of the Perski patent or the ’828

claim construction ruling. These determinations therefore became

effective by operation of law. See 19 C.F.R. § 210.42(h)(2).

SUMMARY OF THE ARGUMENT

I. On “the question of obviousness,” the Supreme Court’s “cases

have set forth an expansive and flexible approach.” KSR Int’l Co. v.

Teleflex, Inc., 550 U.S. 398, 415 (2007). That flexible inquiry compels a

finding of nonobviousness here. It was not possible to produce a

“transparent” touch sensor that can “detect multiple touches or near

touches that occur at a same time and at distinct locations”—as the

claims require—without significant innovation. It is undisputed that at

the moment Steve Jobs told his engineers that his highest priority was

to invent a revolutionary new touchscreen, no technology on the market

could do what he had in mind. Until Jobs issued his edict, there was no

“motivation to combine” capacitive sensing with transparent screens.

Id. at 418. Even after Apple defined the problem in a “new revelatory

way,” Mintz v. Dietz & Watson, Inc., 679 F.3d 1372, 1377 (Fed. Cir.

2012), Apple’s experienced and accomplished engineers explored various

twists and turns before settling on the right path. The PTO was correct
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in concluding (as Apple’s team had) that “[n]one of the cited art teaches

or suggests a touch panel comprising a transparent capacitive sensing

medium” that provided full image multi-touch. A10,427.

Moreover, objective indicia can compel a finding of nonobviousness

even where “standing alone, the prior art provides significant support

for the … contention that the … patent would have been obvious.” Alco

Standard Corp. v. Tennessee Valley Auth., 808 F.2d 1490, 1499-1500

(Fed. Cir. 1986). Rarely has a single invention garnered as much praise

as Apple’s touchscreen. And the decision by just about every major

manufacturer of cellphones to “follow[] Apple’s lead” and “us[e]

transparent full-image, multitouch sensors based on mutual

capacitance” confirms their view of the touchscreen’s novelty and

utility. A7390; see A7828.

In declaring the ’607 patent invalid, the ITC made basic errors of

patent law. Most fundamentally, the ITC would deny Apple a patent to

an invention that is, by all reasonable accounts, a revolutionary

invention that occurred only because Apple invested resources on the

assumption that the patent system would live up to its constitutional

promise. The ITC ignored Apple’s technical innovations, such as
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figuring out how to measure the subtle changes in capacitance that

occurred on the transparent screen, and ignored the high level of skill

deployed by Apple’s engineers. Impermissibly relying on hindsight, the

ITC declared the Apple sensor an obvious combination of familiar

technologies even though both the prior art and the record of Apple’s

critical and commercial success demonstrates that the sensor was new.

And the ITC paid no mind to the PTO’s careful consideration of the

relevant prior art, disregarding the presumption of validity and the

particularly high burden of showing invalidity where, as here, the PTO

specifically considered the prior art.

II. Anticipation requires strict identity, not mere similarity,

between the prior art’s disclosure and the claimed invention, and as a

result anticipation cases are “quite rare.” Trintec Indus., Inc. v. Top-

U.S.A. Corp., 295 F.3d 1292, 1296-97 (Fed. Cir. 2002). Perski’s

touchscreen was first disclosed in a patent application filed in January

2004, after Steve Hotelling and his colleagues conceived their

innovative touchscreen and reduced it to practice. Moreover, the ’607

patent claims define the invention by both how it is built and what it

can do. The touchscreen disclosed in Perski is built somewhat similarly
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but operates differently than the touchscreen in the ’607 patent. The

’607 patent describes and claims a full image multi-touch sensor while

Perski does not. The ’607 patent’s touchscreen advances over Perski,

just as it advances over the many touchscreens disclosed in the 300-plus

prior art references considered by the PTO. The decision below rests on

a reading of the ’607 patent’s claims that is contrary to the evidence

about what multi-touch means to those skilled in the art.

III. Before the ALJ, “[t]he key dispute for the ’828 Patent [wa]s

whether ‘mathematically fitting an ellipse’ is limited to the methodology

defined in the patent.” A59. Yet after agreeing with Apple that the

“fitting terms” were not limited to that methodology, the ALJ then

adopted a construction not proposed by any party: “Performing a

mathematical process whereby an ellipse is actually fitted to the data

consisting of one or more pixel groups and from that ellipse various

parameters can be calculated.” A58-70. The ALJ’s circular construction

obscures the claim’s meaning and defies the intrinsic evidence. Chief

among its problems is that it separates calculating parameters from the

ellipse fitting when an ellipse is fitted by calculating parameters.
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Apple respectfully requests a remand directing the ALJ to assess

infringement under the correct construction.

STANDARD OF REVIEW

This Court reviews the ITC’s legal determinations without

deference and reviews factual findings for substantial evidence. Crocs,

Inc. v. ITC, 598 F.3d 1294, 1302 (Fed. Cir. 2010). Under the substantial

evidence standard, “[a] reviewing court must consider the record as a

whole, including that which fairly detracts from its weight, to determine

whether there exists such relevant evidence as a reasonable mind might

accept as adequate to support a conclusion.” Nippon Steel Corp. v.

United States, 458 F.3d 1345, 1351 (Fed. Cir. 2006) (citations omitted).

Claim construction is a legal determination. Sorenson v. ITC,

427 F.3d 1375, 1378 (Fed. Cir. 2005). Obviousness is a question of law

based on underlying factual inquiries. Crocs, 598 F.3d at 1308.

Whether prior art anticipates a patent claim is a question of fact. Vizio,

Inc. v. ITC, 605 F.3d 1330, 1342 (Fed. Cir. 2010).
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ARGUMENT

I. THE ITC ERRED IN HOLDING THAT APPLE’S
TRANSPARENT FULL IMAGE MULTI-TOUCH SENSOR
WAS OBVIOUS

Apple invented a touchscreen that no one else had ever achieved.

As described in the claims, Apple invented a “touch panel” that could

“detect multiple touches … at a same time.” A561, col. 21:35-41. The

“touch panel” could accurately discern the “location of the touches,”

even if they were “at distinct locations” anywhere on the screen. Id.

What’s more, the “touch panel” was “transparent,” which means that it

had to be see-through—i.e., that the user would not see a “quite visible”

pattern of electrodes superimposed over the display. A557-58, col.

14:65-15:7. To achieve these results, Apple had to solve technological

problems that no one before it had ever solved.

The factors that are relevant to obviousness under 35 U.S.C.

§ 103(a) lead inexorably to the conclusion that this invention was not

obvious. See infra Point I.A. The ITC’s contrary conclusion was based

on several legal errors that warrant reversal. See infra Point I.B.
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A. Apple’s Transparent Full Image Multi-Touch Sensor Is
Exactly The Type Of Innovation The Patent System Is
Meant To Foster

On “the question of obviousness,” the Supreme Court’s “cases have

set forth an expansive and flexible approach.” KSR, 550 U.S. at 415.

The framework entails two categories of factors. One category frames

an analysis of the prior art: “‘the scope and content of the prior art are

to be determined; differences between the prior art and the claims at

issue are to be ascertained; and the level of ordinary skill in the

pertinent art resolved.’” Id. (quoting Graham v. John Deere Co., 383

U.S. 1, 17 (1966)). The other category, sometimes called “secondary

considerations,” is an assortment of objective indicia of nonobviousness.

KSR, 550 U.S. at 406. Among them are “commercial success, long felt

but unsolved needs, failure of others, etc.,” any of which “give light to

the circumstances surrounding the origin of the subject matter sought

to be patented.” Id. (citation and internal quotation marks omitted).

We address the two sets of factors in turn.

1. The prior art factors strongly support the
conclusion that the ’607 patent was not obvious

Apple’s improvement on the prior art is evident from every

relevant angle—from the very framing of the problem to be solved and
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the motivation to combine and improve technologies, to the various

design choices the team had to make along the way, to the ingenuity

with which they solved technological problems that no one else had ever

solved.

To start, it is undisputed that at the moment Steve Jobs told his

engineers that his highest priority was to invent a revolutionary new

touchscreen—one that satisfied all the claimed criteria described

immediately above—no technology on the market could do what he had

in mind. See supra at 7. More to the point, no one had articulated a

meaningful plan to do so. But Apple surveyed existing user interfaces

and found them unsuitable. See supra at 8, 13-15. Only Apple

envisioned a future user experience '''''''''' ''''''''''''''''''' ''''' '''''''''''''''''''' '''''''''''''''''''

''''''''''''''''''' '''''''' ''''''''''''''''''''''''' ''''' '''''''''''''''''''' '''''''''''''''''' '''''' ''' ''''''''''''''''''''''''''

'''''''''''''''''''''''''''' A8384-89, 7379, 7390,15,431. Thus, a significant part of

Apple’s “inventive contribution lies in defining the problem in a new

revelatory way.” Mintz, 679 F.3d at 1377.

Until Jobs issued his edict, there was no “motivation to combine”

capacitive sensing with transparent screens. KSR, 550 U.S. at 418.

Unlike in KSR, there was no “exist[ing] marketplace that created a
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strong incentive” to combine those elements. Id. at 424. “Technological

developments” certainly had not “made it clear” that this new approach

“would become standard.” Id. Apple created the marketplace and

defined the new standard. As this Court has held, that inventive

contribution, alone, would defeat an obviousness challenge even if an

artisan would have been “virtually certain” to have figured out how to

achieve Apple’s vision once he heard it and concluded it was worth

pursuing. Mintz, 679 F.3d at 1377.

But, in fact, Apple’s ultimate success in achieving that vision was

far from certain, even after Apple defined the problem in a “new

revelatory way.” Id. One skilled in the art would have had numerous

design decisions to make and obstacles to overcome. As detailed above,

the artisan would have had to choose which among at least five types of

touchscreen technologies to build upon, all of which Apple had studied

and considered to be '''''''''''''' ''''''''''''''''' '''' '''''''''''''''''''''''''''' ''''''' ''' '''''''''''''''''''''''''

''''''''''''''''' A15,733; see supra at 8. Resistive, for example, was probably

not the right choice, as Motorola discovered to its dismay. A7496. Or

the artisan would have had to decide whether to try to devise a different

technology entirely. Ex ante, there was no way to be sure which design
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path would succeed. '''''''''' '''''''''''''''''''''' ''''''''''''' ''''''''''' ''''''' '''''''''''''''''''' '''''''''''''''''''

''''''''' ''''''''''''''' '''''''' ''''' '''''' ''''''''''''''''''''''''''' '''''''''''' '''''''''' ''''''''''''''''''''''''''''''' ''''''''''''''''''''''

A15,431—'''''''''' ''''''''''''''''''''' ''''''' '''''''''''''''''''''''' ''''''''' '''''''''''''''''' But, as Motorola

learned from its ill-fated focus on a resistive technology—''''''''''''' '''' '''''''''''

''''''''''''' ''''' ''''' '''''''''''''''' '''''' ''''''''''''''''''''' A7496—that choice could not be taken

for granted.

The twists and turns that Apple’s inventive process took before

the optimum solution emerged further underscores that the expectation

of success was fairly slim. See Rolls-Royce, PLC v. United Techs. Corp.,

603 F.3d 1325, 1339 (Fed. Cir. 2010) (“The important question is

whether the invention is an ‘identified, predictable solution’ and an

‘anticipated success.’”) (citation omitted). Hotelling correctly predicted

that the team would ''''''''' ''' ''''''''' ''''''''' ''''' ''''''''''''' '''''' '''''''''' ''' '''''''''

'''''''''''''''''''''''''''''''''''''' ''''''''''''''''''''''' A15,431 (emphasis added). Particularly

relevant here was the team’s detour through a less fruitful form of

capacitance sensing, ''''''''''''' '''''''''''''''''''' ''''''''''' ''''''''''''''''' '''''''''''''''' '''''''''''''''''''''''''''''

''''''''''''''''''''''' ''''''''''''''''' ''''''''''' A16,145. ''''''' '''''''' '''''''''' '''''''' '''''''''''''''' ''''''''''''''''''''''''

''''''''''''''' '''' ''''' ''''''''''''' ''''''''''''''''''' ''''''' '''''''''''' ''''''''''''''''''''''''''''' ''''''''''' '''' '''''''''
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'''''''''''''''''''''''''''''''''''''''''''''''''' '''''''' '''''''''''''''''''''''' '''''''''' ''''''''' ''''''''''''''''''' ''''' '''''' '''''''''''

''''''''''''''''''''''''' '''''''''''''''''' A14,335.

All this was especially telling in light of the Apple team’s

expertise. They were far more experienced and accomplished than the

hypothetical engineer “of ordinary skill in the art,” which the ITC

defined as one who “‘would have a bachelor’s degree in electrical

engineering, physics, computer engineering, or a related field and [two

to three] years of work experience with input devices.’” A522 (quoting

ALJ) (alterations in original). If a technique was obvious to one skilled

in the art, it should have been obvious to these considerably more

experienced and proven innovators. See Innovention Toys, LLC v. MGA

Entm’t, Inc., 637 F.3d 1314, 1323 (Fed. Cir. 2011) (“fewer inventions are

obvious to a person with a lower level of skill than to one with a higher

level of skill”).

In view of the prior art, the PTO was correct in concluding (as

Apple’s team had) that “[n]one of the cited art teaches or suggests a

touch panel having a transparent capacitive sensing medium” that

provided full image multi-touch. A10,140, see also A9943-44. That was

certainly true of Sony’s SmartSkin, which the examiner twice analyzed.
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A8937-44, 9268-75, see also A9938, 9961. SmartSkin technology was

impressive, but did not solve Apple’s puzzle: Copper wires are not

invisible and SmartSkin was thus necessarily opaque. Sony’s objective

was the opposite of Apple’s. Whereas Sony aspired to “extend[] [the]

computerized workspace beyond the computer screen” by “turn[ing]

real-world surfaces, such as tabletops or walls, into interactive

surfaces,” A13,597 (emphasis added), Apple was zeroing in directly on

the computer screen in the hopes of making it the interactive surface,

obviating any need for additional surface area for built-in touchscreens

(e.g., trackpads) or external devices (e.g., a mouse, a joystick, a tabletop,

or a wall).

Sony itself underscored the point when it mused about one day, in

the “Future,” adapting SmartSkin technology to a transparent surface

just as it dreamed about some day applying it to an empathetic robo-

pet. A13,603. Sony never studied how to achieve that goal. Thus, as

the ALJ held, the “Future Work” section of the article “indicates” that

use of transparent electrodes “likely was not contemplated” by Sony

because “it would seem more likely that this would be entitled

‘alternatives’ or ‘other embodiments’ or some similar language.” A188.
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That should have been the end of the inquiry. As is evident from

all the work the Apple team had to do to adapt mutual capacitance to

ITO, it was not as simple as substituting “ITO” for “copper” wherever

the SmartSkin design spec calls for “copper wire.” SmartSkin did not

teach how to overcome the thorny problems that arose from the fact

that ITO’s resistivity is at least 100 times greater than copper wire,

thereby eliminating a voltmeter as an option to measure capacitance as

SmartSkin did. And without a solution to that problem, a “transparent”

“touch panel” would have been incapable of “detect[ing] multiple

touches … at a same time.” A561, col. 21:35-41. (Apple’s solution:

Count electrons rather than measuring voltage. See supra at 18-19.)

Nor did Sony teach how to make a display that a user could see through

multiple layers of ITO without the distracting grid of ITO strips. And

without a solution to that problem, the touchscreen would not be

“transparent.” A557-58, col. 14:66-15:7; A561, col. 21:35-41. (Apple’s

solution: Caulk the gaps with non-conducting ITO, among other things.

See supra at 12-13, 19.)

To the contrary, as is true of other prior art references that this

Court has found insufficient to support an obviousness finding,
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SmartSkin did not even give “‘general guidance’” on how to construct a

transparent multi-touch sensor. In re Roemer, 258 F.3d 1303, 1309-10

(Fed. Cir. 2001) (citation omitted). The article’s “assertion” that it

might be possible—with more “[w]ork”—to design such a sensor using

ITO “is not accompanied by any teaching of how to adopt” the disclosed

opaque sensor for use with a transparent screen displaying a graphical

user interface. Id. at 1309. The SmartSkin article “does not teach or

suggest how to specially design” a transparent multi-touch sensor that

would work with ITO “nor does it [even] suggest the need” to alter the

structure of the disclosed sensor in any way to accommodate the

differences in electrical properties between copper and ITO. Id.

Apple—not Sony—invented all that. And it did so through the

very sort of inventiveness that is synonymous with the Apple brand and

that the patent system is supposed to encourage. Did Apple draw

inspiration from SmartSkin? Of course. A16,145. “[I]nventions in

most, if not all, instances rely upon building blocks long since

uncovered, and claimed discoveries almost of necessity will be

combinations of what, in some sense, is already known.” KSR, 550 U.S.

at 418-19. If an invention is invalid merely because it builds upon
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publicly available works, the PTO could just shutter its operations and

deny every patent.

2. Objective indications reinforce the conclusion
the ’607 patent was not obvious

Objective indicia can compel a finding of nonobviousness even

where “standing alone, the prior art provides significant support for the

… contention that the … patent would have been obvious.” Alco

Standard, 808 F.2d at 1499-1500. If ever there were a case for applying

that principle, this is it. Three of the most significant criteria—praise,

imitation, and commercial success—compel a finding of nonobviousness.

First, “praise in the industry that specifically relate[s] to features

of the patented invention … ‘indicat[es] that the invention was not

obvious.’” Power-One, Inc. v. Artesyn Techs., Inc., 599 F.3d 1342, 1352

(Fed. Cir. 2010) (quoting Allen Archery, Inc. v. Browning Mfg. Co., 819

F.2d 1087, 1092 (Fed. Cir. 1987)). Rarely, has a single invention

garnered as much praise as Apple’s touchscreen—from the

commentator who lauded “Apple’s Magic Touch Screen,” A7826-27, to

Time naming the iPhone the “invention of the year,” A7483, and

marveling about the touchscreen’s “powerful illusion that you’re

physically handling data with your fingers,” A7490, to the AT&T
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executive who deemed the iPhone “‘the best device I have ever seen,’”

based in part on its “brilliant screen,” A8259.

Second, “imitation of” an invention is a “concession to its advance

beyond the prior art and of its novelty and utility.” Diamond Rubber

Co. v. Consolidated Rubber Tire Co., 220 U.S. 428, 441 (1911); see also

Crocs, 598 F.3d at 1311 (reversing the ITC’s holding of obviousness,

noting that “[c]opying may indeed be another form of flattering praise

for inventive features”). The decision by just about every major

manufacturer of cellphones to “follow[] Apple’s lead” and “us[e]

transparent full image, multitouch sensors based on mutual

capacitance” confirms their view of the touchscreen’s novelty and

utility. A7390; see A7828.

Especially probative in this regard was '''''''''''''''''''''''' ''''''''''''''''' '''''

'''''''''''''''''''''' '''''''' ''''''''''''''''' ''''''''''''''''''''''''' '''''''''''''''''''''''''''''' A7537, ''''''''''''''''' ''''

'''''''''''''''''''''''''''' ''''''''' ''''''''''''''''''''''''''''' ''''''' ''''''''''''''''''''''''''' ''''''''''''''''''''''''''''''' A7511.

See supra at 25-27; Crocs, 598 F.3d at 1311. This is a classic example of

an accused infringer’s “redesign process [being] documented in the

record in internal emails from [the accused infringer’s] engineers

discussing [the patent owner’s] approach [and] identifying weaknesses
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in [the accused infringer’s] approach,” and the accused infringer

“ultimately deciding to switch to the [patent owner’s] system.” Akamai

Techs., Inc. v. Cable & Wireless Internet Servs., Inc., 344 F.3d 1186,

1196-97 (Fed. Cir. 2003). If the touchscreen was so obvious, Motorola’s

acclaimed engineers would have solved the technological problems

itself, ''''''''''''' '''''''''''' ''''''''''''''''' ''''''' '''''''''''''''' ''''''''''''' ''' '''''''''''''''''''''''''''' ''''''''' ''''''''''''''''''

''''' A7498.

Third, “[i]f in fact a product attains a high degree of commercial

success, there is a basis for inferring that such attempts have been

made and have failed.” Richard L. Robbins, Subtests of

“Nonobviousness”: A Nontechnical Approach to Patent Validity, 112 U.

Pa. L. Rev. 1169, 1175 (1964) (cited in Graham, 383 U.S. at 18). By this

metric, Apple’s touchscreen is about as nonobvious as can be, with

worldwide revenues from the iPhone and related products almost

doubling year on year, from $7 billion in 2008, to $13 billion in 2009, to

$25 billion in 2010, to $47 billion in 2011, A14,184, 2011 Apple 10-K at

33, resulting in a 19% market share in 2011. See Whitney, supra at 24

n.4.
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* * *

With all these indications of nonobviousness, this case bears a

striking resemblance to Diamond Rubber, 220 U.S. at 428, where the

Supreme Court long ago rejected an obviousness argument. Like the

invention at issue there, Apple’s touchscreen “was not the result of

chance or the haphazard selection of parts; [its] success could only have

been achieved by a careful study of the scientific and mechanical

problems necessary to overcome the defects which rendered the then-

existing [sensors] ineffective and useless.” Id. at 443-44. Like the

invention in Diamond Rubber, the touchscreen in phones “immediately

established and has ever since maintained its supremacy over all other

[sensors], and has been commercially successful while [all other

designs] have been failures.” Id. at 441. The “extensive use” the

iPhone’s touchscreen has attained “could only have been the result of its

essential excellence, indeed, its pronounced superiority over all other

forms.” Id. at 442. Moreover, the touchscreen “possess[es] such amount

of change from the prior art to have received the approval of the Patent

Office, and is entitled to the presumption of invention which attaches to

a patent.” Id. at 434.
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B. The ITC’s Rationale For Finding Apple’s Touchscreen
Obvious Was Legally Flawed

The ITC overlooked or discounted all of this evidence of true

innovation to hold that “the use of transparent ITO in combination with

the mesh grid touch sensor of SmartSkin is just the type of ‘combination

of familiar elements’” that was obvious under Supreme Court precedent.

A525 (quoting KSR, 550 U.S. at 416). The ITC would not have reached

this conclusion but for several fundamental mistakes of patent law.

Using the invention to define the problem. This Court has

repeatedly warned against the temptation to infect the obviousness

analysis with various “form[s] of prohibited reliance on hindsight.”

Mintz, 679 F.3d at 1377. The ITC did just that in the passage quoted

immediately above by using “the invention to define the problem that

the invention solves.” Id. The ITC did not so much as acknowledge the

point (discussed above) that Apple’s “inventive contribution” lay, in

part, in defining the problem “in a new revelatory way.” Id. Instead, it

collapsed the entire inventive process, entailing multiple layers of

complexity and design choice, into the ultimate technical solution

disclosed in the patent.
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This myopic focus on how to make mutual capacitance work on a

transparent surface is the analytical equivalent of reducing Thomas

Edison’s light bulb down to the question, “If I’m going to make an

incandescent bulb using an especially strong vacuum, a high-resistance

lamp, and a carbon filament, how thick should I make the carbon

filament?”

Undervaluing ingenuity. Even accepting the ITC’s focus on the

narrow technical problem solved—how to replace the copper wires in

SmartSkin with transparent ITO—the ITC erroneously undervalued

Apple’s ingenuity. The ALJ did not address Apple’s technical

innovations. Announcing “different reasons” than the ALJ, A523, the

ITC dismissed the technical challenge of measuring capacitance

changes in a material as non-conductive as ITO. It also entirely ignored

the ingenuity behind hiding the pattern of ITO circuitry, which, as the

specification indicated, would otherwise be “quite visible” (and hence

not transparent) to the user. A557-58, col. 14:65-15:7; see supra at 12-

13, 19.

The ITC made passing reference only to the former innovation, not

the latter. All it said was that “Apple’s arguments concerning the
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difficulty of implementing a transparent ITO sensor with a voltage-

sensing system are irrelevant,” because “the claimed invention is not

drawn to a particular sensing arrangement.” A528. That is incorrect.

While the claims do not explicitly mention “charge counting,” they do

explicitly require a transparent sensor to meet the multi-touch

limitations, and “the way you can get there in the ’607 [patent] is with

the charge counter.” A31,784. Apple’s expert testified, at length and

without contradiction, that simply swapping ITO for copper in

SmartSkin would not have created the claimed invention. The multi-

touch limitations, he explained, would not be met because SmartSkin’s

voltage-sensing circuitry could not detect drastically weaker signals.

A31,770-85. The ’607 patent solves this problem by employing charge-

counting sensing circuitry, which is described in every embodiment.

A31,773; see also A545, figs. 12, 13; A559, col. 17:12-61.

In the end, the ITC fell into another trap the Supreme Court

warned of long ago: “[E]xpert witnesses may be brought forward to

show that the new thing which seemed to have eluded the search of the

world was always ready at hand and easy to be seen by a merely skillful

artisan.” Diamond Rubber, 220 U.S. at 435. That is all Motorola’s
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expert did with his facile pronouncement that “to a person who

understands [the SmartSkin] paper, figure 2 tells you exactly how they

would do it with a transparent sensor.” A31,451; see A525. That

testimony is conclusory and demonstrably wrong. Nowhere in the

SmartSkin article is there any hint on how to overcome the technical

problems Apple solved, much less direction on “exactly how” to do it.

Objective indicia of obviousness. The ALJ’s analysis of the

objective indications of obviousness (which the ITC declined to “review,”

A523) mentioned only one factor—commercial success—and ignored the

ample evidence of the other factors. A216-17. That, alone, was error.

But even its analysis of that one factor was doubly flawed.

First, the ALJ violated this Court’s repeated direction that a fact

finder must “consider the objective evidence before reaching an

obviousness determination” and “may not defer examination of the

objective considerations until after [it] makes an obviousness finding.”

In re Cyclobenzaprine Hydrochloride Extended-Release Capsule Patent

Litig., 676 F.3d 1063, 1075, 1079 (Fed. Cir. 2012) (emphasis added); see

also Mintz, 679 F.3d at 1379 (holding that district court erred in

“believ[ing] that it need not fully weigh objective indicia evidence”);

Case: 12-1338     CASE PARTICIPANTS ONLY Document: 28     Page: 63     Filed: 07/20/2012Case: 12-1338      Document: 39     Page: 63     Filed: 08/27/2012



52

Hybritech Inc. v. Monoclonal Antibodies, Inc., 802 F.2d 1367, 1380 (Fed.

Cir. 1986).

The ALJ did the opposite here. He first concluded, based on the

prior art factors, that Apple’s solution was obvious. A216. Only then

did he ask, in a brief afterthought, whether the one objective factor he

considered could “overcome the strong showing of obviousness” based on

prior art. A216-17. Approaching the inquiry this way negates the

critical role the Supreme Court assigned to objective factors:

preventing hindsight bias in the examination of prior art. See In re

Cyclobenzaprine Hydrochloride Litig., 676 F.3d at 1079 (citing Graham,

383 U.S. at 36). Objective evidence “constitutes independent evidence of

nonobviousness” and “is not just a cumulative or confirmatory part of

the obviousness calculus.” Ortho-McNeil Pharm., Inc. v. Mylan Labs.,

Inc., 520 F.3d 1358, 1365 (Fed. Cir. 2008) (emphasis added).

Second, the ALJ also erred in holding that “the required nexus

between the commercial success of the iPhone 4 and the specific

features covered by the ’607 patent does not exist” because “the

evidence shows that the iPhone’s success stems from other product

characteristics.” A217. Reversing the ITC just two years ago, this
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Court held that where, as here, a product is commercially successful

and practices a patent, these two facts, alone, establish a prima facie

case of nexus between the patent and the commercial success. Crocs,

598 F.3d at 1310-11. Motorola could not overcome that prima facie case

merely by noting that “many market forces unrelated to the

inventiveness of [a] patent may influence commercial success.” Id. at

1311. It was required to “make a convincing case that those market

forces indeed were the likely cause of success.” Id. (emphasis added).

Motorola did not come forward with any competent evidence,

much less “convincing” evidence. It adduced nothing but its technical

expert’s unsupported assertion that Apple’s products “have been

successful primarily because of other … characteristics” unrelated to

the touchscreen. A18,188 (cited by ALJ at A217). Since this witness

was an engineer with no expertise in marketing or consumer behavior,

his opinion lacked any foundation. But even if he was qualified to

testify on the subject, he conceded that his opinion was baseless: He

had “not done any surveys about why consumers buy the iPhone 4” and

had no evidence as to “why people are buying the iPhone 4 in droves.”

A31,486.
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Failure to grant the PTO any deference. Even in the usual

case, the ITC would have to presume the ’607 patent valid, and would

not be able to declare it invalid without holding Motorola to the

especially high burden of proving obviousness by clear and convincing

evidence. Microsoft Corp. v. i4i Ltd. P’ship, 131 S. Ct. 2238, 2246

(2011). But the threshold is even higher than usual here. The PTO

took six years to study the relevant prior art and technology, including

SmartSkin. So Motorola had the “added burden of overcoming the

deference that is due” to the PTO where, as here, the relevant prior art

plainly was disclosed to and considered by the examiner. McGinley v.

Franklin Sports, Inc., 262 F.3d 1339, 1353 (Fed. Cir. 2001). Yet the ITC

failed even to mention that the art at issue in this case was before the

PTO.

* * *

“The inherent problem” that the obviousness requirement

addresses is “weeding out those inventions which would not be disclosed

or devised but for the inducement of a patent.” Graham, 383 U.S. at 11.

An inventor who “has added a new and valuable article to the world’s

utilities … is entitled to the rank and protection of an inventor.”
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Diamond Rubber, 220 U.S. at 435. Apple did just that—in the most

spectacular way. Apple did so, as it has done it time and again, by

applying its business strategy of designing and developing “nearly the

entire solution for its products, including the hardware, operating

system, numerous software applications, and related services.”

A14,162. The only way Apple can maintain this strategy—and continue

to innovate—is by “mak[ing] significant investments in research and

development.” Id. But for every innovation that does work, countless

others fail. If this Court wishes to encourage this sort of innovation, it

must grant them patent protection when they pan out. The Patent Act

will not “promote … Progress,” U.S. Const. art. 1, § 8, cl. 8, if it is

interpreted to invalidate patents like this one. The ITC must be

reversed.

II. THE ALJ ERRED IN HOLDING THAT THE PERSKI
PATENT ANTICIPATED APPLE’S TRANSPARENT FULL
IMAGE MULTI-TOUCH SENSOR

The ITC also erred in leaving intact the ALJ’s conclusion that the

’607 patent was invalid as anticipated by the Perski ’455 patent. First,

Perski came after the ’607 patent’s invention, and the earlier

application that Motorola invoked to relate the Perski patent back to an
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earlier date omits disclosures critical to Motorola’s anticipation

argument. See infra Point II.B. Second, the Perski invention did not

satisfy every claim limitation in the ’607 patent. See infra Point II.A.

Because the first argument is easier to understand in light of the claim

limitations, we begin with the second.

A. Motorola Did Not Sustain Its Burden Of Proving That
Perski’s Sensor Was Sufficiently Fast And Accurate
For Full Image Multi-Touch

It was improper for the ITC to find anticipation unless Motorola

presented clear and convincing evidence that “the invention was

described in a patent granted on an application for patent by another

filed in the United States before the invention thereof by the applicant

for patent.” 35 U.S.C. § 102(e); see Microsoft, 131 S. Ct. at 2242. It is

“quite rare” for this Court to find a patent invalid on this ground

because anticipation requires “strict identity” between the prior art’s

disclosure and the invention. Trintec Indus., 295 F.3d at 1296-97.

Perski does not teach a full image multi-touch sensor, much less

pose the solutions necessary to make it a reality. A16,604, col. 1:14-

2:60; A31,794. Perski was explicit about its intention to “teach[]” “a

single touchscreen that can detect either a finger or a special stylus,”
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A18,160-62 (emphasis added), to allow “natural and intuitive operation

of an ‘on-screen-keyboard,’” which necessarily involves one touch at a

time. A16,607, col. 8:33-37; see A16,604, col. 1:14-2:60; A16,607, col.

8:9-13; A31,794. Because that was all Perski was trying to address, it is

unsurprising that the patent describes a touchscreen that differs from

the ’607 patent’s claimed invention in two crucial respects: the speed

and the accuracy of multi-touch detection. The ’607 patent’s

touchscreen advances over Perski, just as it advances over the many

touchscreens disclosed in the 300-plus prior art references considered

by the PTO.

1. Motorola presented no evidence that Perski’s
disclosed scanning algorithm can detect touches
“at the same time as viewed by a user”

As we explain more fully below, the undisputed evidence was that

Perski scanned for touches much more slowly than the ’607 patent—and

not nearly fast enough to enable multi-touch. But the ALJ ignored all

this evidence on the ground that “the speed at which multiple touches

[are] detected [is] irrelevant” to the claims. A186. That was a clear

error of law.

The ’607 patent defines the invention by both how it is built and
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what it can do. The plain language of the relevant claims requires a

touchscreen that is “configured to detect multiple touches … that occur

at a same time.” A561, col. 21:35-56 (claim 1) (emphasis added); see also

A561, col. 22:23-55 (claim 10 requires a touchscreen “capable of

recognizing multiple touch events that occur at different locations on

the touch panel at a same time”). The specification confirms that these

limitations are not satisfied unless all nodes are sensed at “about the

same time (as viewed by a user) so as to provide multipoint sensing.”

A559, col. 17:33-36; A7167, 7195-96. If you have to leave your fingers

fixed on the same spots on a touchscreen for a long while before the

screen recognizes them as distinct touches, the technology is not “multi-

touch.” It is press-and-freeze, which is of limited value.

Both Apple and Motorola agreed that these “at the same time”

limitations required the claimed touchscreen to detect multiple touches

quickly. Indeed, Motorola insisted that “at the same time” allowed for

no delay at all—perceptible or not. A19,316-19, 19,333, 19,336-37; see

also A1008-09, 1013, 1032-35. Motorola’s expert argued that

''''''''''''''''''''''''' '''''''''''''''''''''' ''''''''''''''''''''' ''''' '''''''' '''''''''''''' ''''' ''''''''''''''''''' '''''''''''''' ''''' '''''''''

'''''' ''''''''' ''''''''''''' ''''''''''''' A19,316-19; see A19,336-37.
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The extrinsic evidence supported Apple’s and Motorola’s view. '''''''''

'''''''''''''''''''' ''''' '''''' ''''''''''' '''''''''' ''''''''''''''''''' ''''''''''''''''''''''''''''''' '''''''''''''''''''''' '''''''''''''''''''''''

'''''''''''' ''' ''''''''''''' ''''''''''''''''''' ''' '''''''''''''' '''''''''''''''''''''' '''''''''' ''' ''''''''''''''''''' '''''' '''''''

'''''''''''''''''''' A7510. '''''' ''''''''''''''''''' ''''''''''''''''''''' '''''''''''''''''''' ''''''''''' ''''''''''' ''''''''' '''''''''''

''''''''''''''' ''''' '''''' ''''''''''''''''''''''''' '''''' '''''''' '''''''' ''''''''''''' Id. ''''''''' ''''''''''''''''''''''

''''''''''''''''''''''''''''''''' '''''''''' '''''''''' '''''''' ''''''''''' ''''''''''''' '''''' ''''''''''''''''''''''' ''''' '''''''''''''''''

'''''''''''''''' ''''''''''''''''''''' ''''' '''''''''''''''''''' ''''''''' '''''''''''''''''''''''''''''' Id.

Despite all this, the ALJ held that speed was irrelevant. That

would mean that a touchscreen that required a user to hold his fingers

still for minutes, or even hours, to register as multiple touches would

still qualify as a device that detects touches that occur “at a same time.”

That is obviously wrong. And the ALJ himself seemed to acknowledge

as much elsewhere: He looked to scanning speed in Motorola’s products

'''''''''''' ''''''''''' ''' ''''''''''''''''''''''''''' ''''''' ''' ''''''''''''''''''''''' '''''''''''' as evidence that they

infringed the “at the same time” limitations. A149-50.

Had the ALJ applied the claims correctly in deciding anticipation,

he would have had to conclude that Motorola failed to sustain its

burden of proving that the Perski sensor was fast enough to satisfy this

“at the same time” limitation. The touchscreen disclosed in Perski is
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built somewhat similarly but operates differently than the touchscreen

claimed in the ’607 patent. The only evidence in the record supports

Apple’s position that the Perski sensor is too slow to detect multiple

touches “at the same time.”

Perski itself explains why: Perski requires many more steps in

detecting a touch, and those extra steps drastically slow down the

sensor. Essentially, in an array of rows and columns of ITO, Perski will

not detect multiple touches unless and until it scans each individual

sensor sequentially, one at a time. A16,610, col. 14:20-31. For m rows

and n columns, that is n*m scanning steps. A16,610, col. 14:31-35. And

the specification states that the scan must “typically” be performed

twice, for n*m*2 steps. A16,610, col. 14:35-37. In contrast, the

invention described in the ’607 patent achieves the same result by

scanning all the rows at once, while measuring each column

sequentially, which means just m steps. It is like the difference

between one farmhand scanning the whole grid, plant by plant, versus

50 farmhands racing down 50 rows of tomato plants scanning for ripe

tomatoes.
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Put another way, consider an array of the sort described in the

’607 patent—with 50 sensing lines (rows) and 38 driving lines

(columns). A557, col. 14-57-59. To scan each individual sensor twice,

Perski would require 3,800 scanning steps (50*38*2). See A16,610, col.

14:20-24, col. 14:31-35, A31,790-92. In contrast, the ’607 patent can do

the same job just by scanning all 50 rows at once for each drive pulse—

or 100 times faster. Perski itself cites this as the “disadvantage” of its

detection method. A16,610, col. 14:31-56.

Apple’s expert unequivocally testified that the sheer number of

scanning steps described in Perski made the device so slow that it could

not detect multiple touches at the same time. A31,743, 31,749-50,

31,790-94, 31,812-24. '''''''''''''''''''''' '''''''''''''''''''''''''' ''''''''''' '''''''''''''''''''' ''''''''''''''''''''''

''''''''''' ''''''''''' ''''''''''''''''''''''''''' ''''''''''''''''''''''''''''''''' '''''''''''''''''''' ''''''' ''''''''' ''''''''''''' ''''' ''''''''''''''

''''''''''' '''''''''''''''''''''''' ''''' '''''''' '''''''''''''''''''' ''''''''''''''''''''''' A14,574, 14,577, '''''' ''''''''''''''

'''''''''''' ''''''''''' '''''''''' ''''''''' ''''''''''''''''''''' ''''''''' ''''''''' ''''''''''''''' '''''''''''''''''''''''''' '''''''''''''''''

'''''''''''''''''' ''''' ''''''''''''''''''''' '''''''''''''''' '''''''''' ''''''''''''' ''' ''''''''''''' ''''''''''''''' '''''''''''' A14,574;

see A7202-03, 7208-10. In other words, scanning one sensor at a time

does not disclose or enable multi-touch.
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The ALJ turned Motorola’s burden upside down when he reasoned

that “[t]here is nothing in Perski ’455 to indicate that the method

disclosed therein would not be able to detect touches ‘at the same time’

as viewed by a user.” A186 (emphasis added). The ALJ seemed to

forget that he could not find that ’607 patent anticipated without clear

and convincing evidence that Perski could meet the ’607 patent’s claim

limitations. See Microsoft, 131 S. Ct. at 2242. This was Motorola’s

burden, not Apple’s. And the ITC did nothing to acknowledge or correct

the ALJ’s plain burden-shifting error.

The simple fact is that despite its burden of proof, Motorola

presented no evidence whatsoever that the Perski sensor could detect

multiple touches quickly enough to satisfy the multi-touch limitations.

This basic failure of proof by Motorola precludes a finding of

anticipation. Motorola simply repeated its mantra that Perski and the

’607 patent were “similar” or “virtually identical,” which the ALJ

accepted without acknowledging the actual, unrebutted evidence

(discussed above) of how the scanning algorithms in Perski and the ’607

patent differed. See A183-85.
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2. Motorola presented no evidence that Perski’s
disclosed method can accurately detect multiple
touches

Motorola’s expert agreed that “[t]he ’607 patent … requires

detecting two or more touches anywhere on the touch panel ….

Anything else would be inconsistent with the teachings of the patent.”

A19,317-19. But Motorola presented no evidence that Perski is capable

of sensing simultaneous touches anywhere on the touch panel. The only

evidence on the record is that Perski does not, for its goal was to

improve a “single touch[]” device. A18,161-62. All Perski says on the

subject is: “When an output signal is detected on more then [sic] one

conductor that means more than one finger touch is present.” A16,610,

col. 14:38-40. This way of interpreting signals will inevitably result in

inaccurate simultaneous multi-touch detection. For example, as Apple’s

expert testified, Perski would not accurately report the number of

touches in any scenario where “a single large touch could cause an

output signal to be detected on more than one conductor line,” because

it would report that one touch as multiple touches. A8748-51, 31,753-

54.
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The ALJ mistakenly stated that “Apple concedes that Perski ’455

does, in fact, disclose multitouch detection.” A186 (citing A31,757-58).

The cited testimony came moments after the above-quoted passage in

which Apple’s expert said exactly the opposite. A31,753-54. In the

passage the ALJ cited, the expert merely agreed that Perski’s detection

method would not suffer from one specific sort of problem called

“shadowing.” A31,757-58. But as Apple’s expert explained,

“shadowing” is just one of several types of multi-touch detection

problems. A7164. He cited a variety of “other problems that prevent the

accurate detection of multiple touches.” Id. (emphasis added).

B. Perski Is Not Prior Art To The ’607 Patent

Even if Perski did describe the ’607 patent’s inventions, the ALJ

still erred in finding that Perski anticipated the ’607 patent. Apple

conceived of the ’607 patent’s inventions and reduced them to practice

in 2003. See supra at 6-19; A8728-8734. That was before Perski filed

his patent application in 2004, which means that Perski could not have

anticipated the ’607 patent. The ALJ erred in concluding that Perski

could claim priority back to an earlier provisional application (the “’808

application”) that predated the ’607 patent.
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The ALJ was required to reject Motorola’s backdating effort unless

it presented clear and convincing evidence “that the provisional

application … provide[d] written description support for the claimed

[Perski] invention” (and in turn the ’607 patent claims that Perski

allegedly anticipates). In re Giacomini, 612 F.3d 1380, 1383 (Fed Cir.

2010); see Mahurkar v. C.R. Bard, Inc., 79 F.3d 1572, 1576 (Fed. Cir.

1996) (burden applies to “all issues relating to the status of [Perski] as

prior art”).

The ’808 application does not provide written description support

for Perski in two respects. First, the provisional application does not

disclose any way of determining whether multiple fingers touch the

screen. The critical sentence in Perski that Motorola and the ALJ

seized upon in reasoning that Perski satisfied the multi-touch

limitation—the only sentence on the subject in Perski—was this: “When

an output signal is detected on more than one conductor that means

more than one finger touch is present” such that the touch panel

“enables the detection of multiple finger touches.” A184-85 (citing

16,610, col. 14:20-43). No such proposition appears anywhere in the

’808 application. A16,147-55; see also A31,796-97; A6856-57 (redline
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indicating additions and deletions between the ’808 application and

Perski); A8752-53. This disclosure makes its first appearance in the

2004 Perski application. A16,412. Without this disclosure, Motorola

has not cited a shred of support for the argument that the provisional

application discloses how to determine whether multiple fingers touch

the screen. See A16,147-55, 16,610, col. 13:26-14:59; A18,341-42.

Second, in attempting to show that the ’808 application provides

written description support for the “output this information to a host

device to form a pixilated image” element of claim 10, Motorola entirely

relied on another provisional application, Morag ’662. Specifically,

Motorola relied on that application’s descriptions of a “Front End” and

“Digital Unit.” A18,416-17, 18,432-33, 18,460-74, 18,475-80. But the

’808 application does not incorporate by reference that particular

material from Morag ’662. Motorola’s expert acknowledged that only

“certain portions” of Morag ’662 are incorporated by reference in the

’808 application, namely the transparent sensor’s description—not the

“Front End” and “Digital Unit” descriptions. A18,412-13; see A16,577-

81, fig. 1. When the incorporation statement is limited in this way, it

cannot be read to incorporate “separate and distinct” elements of the
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referenced document. Zenon Envt’l, Inc. v. U.S. Filter Corp., 506 F.3d

1370, 1380 (Fed. Cir. 2007).

Because Perski is not entitled to the ’808 application’s priority

date, it is not prior art to the ’607 patent. For this reason, alone, the

ALJ’s anticipation ruling must be reversed.

III. THE COMMISSION BASED ITS FINDING THAT THE ’828
PATENT WAS NOT INFRINGED ON THE ALJ’S
INCORRECT CONSTRUCTION OF THE
“MATHEMATICALLY FITTING AN ELLIPSE” TERM IN
THE ’828 PATENT

By acquiring the ’828 patent, entitled “Ellipse Fitting for Multi-

Touch Surfaces,” Apple was able to combine its innovative hardware

with cutting-edge software that made multi-touch even more precise

and seamless. A7403-04. The relevant claims focus on a way of

tracking multiple simultaneous finger and palm contacts on or near a

touch surface. The program begins by taking an image representing a

scan of electrodes (a “proximity image”) and arranging it into groups

(called “pixel groups” or “electrode groups”). A645, col. 60:5-16

(claim 1); A7095-96. Figure 13 below is a sample proximity image:
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A583, fig. 13. The software then “mathematically fit[s]” one or more

pixel groups into an ellipse. A588, fig. 18.

Claim 1 describes:

A method of processing input from a touch-sensitive surface, the
method comprising:

receiving at least one proximity image representing a scan of a
plurality of electrodes of the touch-sensitive surface;

segmenting each proximity image into one or more pixel groups
that indicate significant proximity, each pixel group representing
proximity of a distinguishable hand part or other touch object on
or near the touch-sensitive surface; and

mathematically fitting an ellipse to at least one of the pixel
groups.

A645, col. 60:5-16 (emphasis added). Claim 10 uses the nearly identical

term, “mathematically fit an ellipse,” A645, col. 60:49-67, and Claim 24
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uses, “fitting an ellipse,” A646, col. 62:4-13. Motorola’s entire non-

infringement position revolved around this claim limitation.

The disputed claim limitation applies principles of data fitting.

Data fitting is about finding a geometric shape—here, an ellipse—that

approximates the shape of a cluster of data points. A6715. “An ellipse

can be fully described” in mathematical terms with five numbers,

indicated the graphic below: “(1) X position of centroid [the center point

of the shape]; (2) Y position of centroid; (3) minor axis length; (4) major

axis length; and (5) orientation angle.” A4495; see A18,058.

A6716.

The most reliable way to fit a cluster of data points to a shape is

“mathematical fitting,” which entails applying a series of mathematical
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formulas directly to the data points. Before the advent of high-speed

computers, performing these calculations on paper was arduous. So

engineers would routinely take a shortcut: The engineer could plot the

data points on graph paper, eyeball the cluster, and actually draw a

standard geometric shape that approximates the data. The draftsman

could then take a ruler and measure the size, the x and y locations, and

the exact contours of the approximated shape. A30,703-04.

The ’828 patent invokes a far more reliable mathematical fitting,

which is now much easier through modern computers. Mathematical

fitting is not accomplished by drawing a shape (here, an ellipse) first.

Rather, the software plugs data from the pixel group into a series of

equations. A628, col. 25:54-26:56; A7116-17. The equations then yield

numbers representing the parameters of an ellipse that approximates

the shape of the pixel group. A7116-17, 18,062.

Both Apple and Motorola agreed that “mathematically fitting an

ellipse,” as used in the relevant claims, means calculating the five

parameters of a standard ellipse. See, e.g., A4475 (“[t]he ’828 patent

refers to the mathematical modeling of pixel data resulting from

touches by fingers and other hand parts as ‘ellipse fitting’”); see also
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A7116, 7401, 8691-712, 18,057-58, 18,062, 18212-13, 30,071, 30,329-30,

30,366. That was the concept behind Apple’s proposed construction of

“mathematically fitting an ellipse,” which was to “comput[e] numerical

parameters that mathematically define an ellipse which approximates

the shape of at least one of the pixel groups.” A3112-16.

Motorola did not dispute how mathematical fitting works, instead

arguing only a much narrower point: that in this particular patent

there is an additional, unstated limitation, requiring that any

calculation of the ellipse parameters be performed using particular

equations recited in the specification. A30,613-14 (Motorola’s counsel

frames the difference between Apple’s and Motorola’s positions as

“whether you need to include some specific procedure or whether you

can use any mathematical procedure to compute the parameters”).

Thus, the Apple-Motorola dispute was a classic claim construction

question of the kind this Court has resolved many times: should a

facially broad claim be limited in scope to cover only the preferred

embodiment?

Instead of resolving that narrow dispute between the parties, the

ALJ overrode the agreement between Apple and Motorola regarding the
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meaning of “mathematically fitting an ellipse” and announced his own

new construction. He construed the term to require a two-step process:

“[1] performing a mathematical process where by an ellipse is actually

fitted to the data consisting of one or more pixel groups and [2] from

that ellipse various parameters can be calculated.” A70 (emphasis and

bracketed numbers added). In this construction, ellipse parameters are

calculated only after an ellipse has somehow been “actually fitted.”

The ALJ’s two-step construction betrays a fundamental

misunderstanding about how a mathematical fitting process works and

(more importantly) of what the ’828 patent says. The specification itself

exposes the ALJ’s mistake in three ways. First, the preferred

embodiment—which all parties agree practice the claims—fits an

ellipse by calculating the parameters of that ellipse. A628, col. 25:54-

26:67; A7401, 18,212-13, 30,318-20. The patent lists a series of

equations that output a set of ellipse parameters. A628, col. 25:54-

26:67. (These same equations are used to fit an ellipse in the iPhone.

A237-38.) The ALJ’s construction has it backwards. In the ALJ’s view,

it is as if the software were a human draftsman fitting an ellipse the old

fashioned way—by actually drawing a shape with a pencil around data
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points on graph paper. But, in fact, no ellipse is “actually fit” first

before the parameters are calculated. There is no way to read this

illustration—or any other sentence in the specification—and conclude

that the invention requires the software to mathematically fit an ellipse

before calculating ellipse parameters.

Second is the specification’s explanation of a flow chart (Figure 18)

that tracks the steps of claim 1. A588, fig. 18; see A6144, 7095-96, 7116-

17, 20,030-39, 30,070. The figure shows steps in boxes with verbs (e.g.,

“fit,” “combine”) and inputs/outputs of the steps in circles. A588, fig. 18;

A627, col. 23:9-15, 23:20-23, 23:58-60; A628, col. 25:11-14; 25:54-56. For

present purposes, the key step is step 272, toward the bottom of the

chart, labeled “FIT ELLIPSES TO COMBINED GROUPS,” which

corresponds to “mathematically fitting an ellipse” in the claims.
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A588, fig. 18 (cropped); A621, col. 11:55-56; see A6144, 7095-96, 7116-

17, 30,070. The specification explains: “The last step 272 of the

segmentation process is to extract shape, size, and position parameters

from each electrode group.” A628, col. 25:54-56 (emphasis added). It

further notes that, for “most [pixel] groups,” “their shape is well

approximated by ellipse parameters.” A628, col. 26:17-18 (emphasis

added); see also A586, fig. 16; A588, fig. 18; A625, col. 19:8-12.

Likewise, “fit[ting] ellipses” results in “parameterized electrode groups”

in Figure 18. A588, fig. 18. Nowhere does the flow chart or the

specification suggest that the computer “actually” draws or fits an

ellipse first and then measures the parameters from that ellipse. Of

course, the specification’s express definition of mathematically fitting

should control. See, e.g., Sinorgchem Co., Shandong v. ITC, 511 F.3d

1132, 1136 (Fed. Cir. 2007). But the ALJ did not even mention step

272.

Third, the ALJ’s construction also reads out of the patent an

alternative way to perform step 272 described in the patent. A629, col.

27:1-8; A30,350-51; see also A7117-18 (testimony confirming that this

section describes a second embodiment of the “fit ellipses” step). In the
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second embodiment, like in many Motorola products, default values are

used for some ellipse parameters. A629, col. 27:3-6. This second

embodiment does not “actually” fit an ellipse before measuring ellipse

parameters either.

Even the extrinsic evidence that the ALJ cited confirms the same

point. For example, the ALJ cited a dictionary definition of “curve

fitting” as “the empirical determination of a curve or function that

approximates a set of data.” A69 (emphasis added). This definition

does not require the drawing of a curve first, before calculating the

parameters that “determin[e] a curve.”

The ALJ also found inventor testimony “informative.” A70. And

it is—albeit in Apple’s favor. The inventor testified that “to fit an

ellipse, as an example, to a collection of data points means that you

want to find the parameters that describe that ellipse.” A69 (emphasis

added). That is precisely our point. You manipulate the “collection of

data points” to “find the parameters that describe that ellipse.” You do

not draw the ellipse first, and then “find the parameters.”

In short, all the extrinsic evidence confirms that you do not need

to do anything more than “mathematically fit” an ellipse than to
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calculate ellipse parameters. In the words of Motorola’s expert, the

“five parameters are” all that is “required to fully describe an ellipse.”

A18,057, 18062 (emphasis added). Based on similar evidence, a district

court in California recently agreed with Apple’s construction, holding

that “mathematically fitting an ellipse” ordinarily means calculating

the parameters of an ellipse, and that the “fitting terms” should be

given that ordinary meaning. Apple Inc. v. Samsung Elecs. Co., No. 11-

cv-01846, 2012 WL 1123752, at *19-20, 25 (N.D. Cal. Apr. 4, 2012).

Here, the ALJ rejected Apple’s construction for two reasons. First,

the ALJ held that Apple’s construction was wrong because the

parameters that define an ellipse (centroid position, axes lengths, and

orientation) theoretically could define other shapes as well. A64. But

the ALJ’s logic overlooks a basic point of patent law: A claim is

infringed if an ellipse is mathematically fitted; it is irrelevant that the

same fitting process results in variables that could, in theory, also

define other shapes. See, e.g., Radio Steel & Mfg. Co. v. MTD Prods.,

Inc., 731 F.2d 840, 848 (Fed. Cir. 1984) (“[A]n accused device that

contains the same feature as the patented device cannot escape

infringement because in it that feature performs an additional function
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it does not perform in the patented device.”). Indeed, even the ’828

patent’s preferred embodiment—which the ALJ and all parties agree

“mathematically fit an ellipse”—merely computes variables (centroid

position, axes lengths, orientation) that could define shapes other than

an ellipse. A628, col. 25:65-26:67; A8691-92.

Second, the ALJ believed that Apple’s construction “would read

out the requirement that an ‘ellipse’ be ‘fitted’ ‘mathematically’ to the

pixel groups.” A63 (emphasis added). Not so. Apple’s construction

contemplates “fitting” by specifically stating that the ellipse must

“approximate the shape” of the pixel group. Apple’s construction also

entails the “mathematical” limitation, because it requires “computing

numerical parameters,” which is a mathematical operation.

* * *

The ALJ’s finding that Motorola did not infringe the ’828 patent

flowed directly from his incorrect construction of “mathematically

fitting an ellipse.” Apple will prevail under its construction. ''''''''''''''''''''''

''''''''''''''''''''''' '''''''''' '''''' ''''''' '''''''''''''' ''''''''''''''''''''' ''''''''''''''''''''' ''''''''''''''' '''''''''''''''''''''''''' ''''''
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''''' ''''''''''''''''''''' ''''' ''''''''''''''''''''''''' ''''' ''''''' '''''''''''''''''' '''''''''' '''''''''' ''''' ''''''' ''''''''''''''''''''

A6813, 13,706, 17,991, 19,289-90, 19,292, 30,741-43, 31,120-26. ''''''''

'''''''''''''''' ''''''''''''''''''''''' '''''''''''''''' '''''' ''''''' '''''''''''''''''''' ''''''''''''''''''' ''''''''''''''''''''' '''''''''''''''

''''''''''''''''''''''''''''' ''''''''''''' '''''''' ''''''''''' '''''''''' ''''''''' ''''''''''''''''' ''''''''''''''''''''' ''''''''''''' '''''''''''''''

''''''''''''''''' '''''''' ''''''''''''''' '''''''''''''' '''''''''''''' ''''''''''''''' A7135, 6162-65, 19,288-92,

30,710. Accordingly, this Court should reverse the ALJ’s conclusion

that Motorola did not infringe the ’828 patent.5

CONCLUSION

For the foregoing reasons, the judgment of the ITC should be

reversed and the case remanded.

5 This appeal focuses on the threshold legal issue of claim
construction. On remand, and if necessary in any subsequent appeal,
Apple will address both literal and doctrine of equivalents infringement
under the correct construction, as well as the ALJ’s erroneous finding
that prosecution history estoppel applies. See A145-47.
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Dated: July 20, 2012 Respectfully submitted,

/S/ E. Joshua Rosenkranz
E. Joshua Rosenkranz
Orrick, Herrington & Sutcliffe LLP
51 West 52nd Street
New York, NY 10019

Attorney for Appellant
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UNITED STATES INTERNATIONAL TRADE COMMISSION

Washington, D.C.

In the Matter of

CERTAIN MOBILE DEVICES,
AND RELATED SOFTWARE THEREOF

Inv. No. 337-TA-750

NOTICE REGARDING INITIAL DETERMINATION ON VIOLATION OF SECTION
337 AND RECOMMENDED DETERMINATION ON REMEDY AND BONDING

(January 13,2012)

On this date, the ALJ issued an initial determination on violation of Section 337 and

recommended determination on remedy and bond in the above-referenced investigation. It is

held that no violation of section 337 of the Tariff Act of 1930, as amended, 19 U.S.C. § 1337,

has occurred in the importation into the United States, the sale for importation, or the sale within

the United States after importation of certain mobile devices and related software by reason of

infringement of one or more of Claims 1,' 2, 10, 11, 24-26, and 29 U.S. Patent No. 7,812,828

("the '828 Patent"), claims 1-7 and 10 of U.S. Patent No. 7,663,607 ("the" '607 Patent"), and

claims 1,3, and 5 ofthe U.S. Patent No. 5,379,430 ("the '430 Patent").

"--_~_-£;~~2:::====:;z::/0~
Theodore R. Essex /"
Administrative Law Judge

A33
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IN THE MATTER OF CERTAIN MOBILE DEVICES,
AND RELATED SOFTWARE THEREOF Inv. No. 337-TA-750

PUBLIC CERTIFICATE OF SERVICE

I, James R. Holbein, hereby certifY that the attached NOTICE has been served by hand upon, the
Commission Investigative Attorney, Lisa A. Kattan, Esq. and the following parties as indicated on
January 13, 2012.

J es R. Holbein, Secretary
.S. International Trade Commission

500 E Street, SW, Room 1I2A
Washington, D.C. 20436

ON BEHALF OF COMPLAINANT APPLE INC.:

Mark G. Davis, Esq.
WElL, GOTSHALL & MANGES LLP
1300 Eye Street, NW, Suite 900
Washington, DC 20005

( ) Via Hand Delivery
CWia Overnight Mail
( ) Via First Class Mail
( ) Other: _

ON BEHALF OF RESPONDENT MOTOROLA MOBILITY. INC.:

Charles F. Schill, Esq.
STEPTOE & JOHNSON LLP
1330 Connecticut Avenue, NW
Washington, DC 20036

PUBLIC MAILING LIST:

Heather Hall
LEXIS - NEXIS
9443 Springboro Pike
Miamisburg, OH 45342

Kenneth Clair
THOMSON WEST
1100 Thirteenth Street, NW, Suite 200
Washington, D.C. 20005

( ~ia Hand Delivery
()0 Via Overnight Mail
( ) Via First Class Mail
( ) Other: _

( ) Via Hand Delivery
( 21'Via Overnight Mail
( ) Via First Class Mail
( ) Other: _

( )-Via Hand Delivery
Q~) Via Overnight Mail
( ) Via First Class Mail
( ) Other: -
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UNITED STATES INTERNATIONAL TRADE COMMISSION 
Washington, D.C. 

In the Matter of 

CERTAIN MOBILE DEVICES, AND 
	

Inv. No. 337-TA-750 
RELATED SOFTWARE THEREOF 

COMMISSION OPINION 

I. BACKGROUND 

A. 	Procedural History' 

The Commission instituted this investigation on November 30, 2010, based on a 

complaint filed by Apple Inc., flkla Apple Computer, Inc., of Cupertino, California ("Apple"). 75 

Fed. Reg. 74081-82. The complaint alleges violations of section 337 of the Tariff Act of 1930, 

as amended, 19 U.S.C. § 1337 ("Section 337"), in the importation into the United States, the sale 

for importation, and the sale within the United States after importation of certain mobile devices 

and related software by reason of infringement of certain claims of U.S. Patent Nos. 7,812,828; 

7,663,607 ("the `607 Patent"); and 5,379,430. The Commission's notice of investigation named 

Motorola, Inc. n/k/a Motorola Solutions of Schaumburg, Illinois ("Motorola, Inc.") and Motorola 

Mobility, Inc. of Libertyville, Illinois ("Motorola") as respondents. The Office of Unfair Import 

Investigation ("IA") was named as a participating party. On August 16, 2011, the presiding 

administrative law judge ("ALJ") issued an initial determination ("ID") granting a joint 

1  The procedural history of the investigation prior to the issuance of the final ID is fully set forth 
in that document. See Final ID at 1-2. 
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unopposed motion to terminate the investigation as to Motorola, Inc. See Order No. 10 (Aug. 16, 

2011). The Commission determined not to review Order No. 10. See Notice (Aug. 31, 2011). 

On January 13, 2012, the ALJ issued his final ID ("Final ID"), finding no violation of 

Section 337. In particular, as is relevant to this opinion, the AU J found that the asserted claims 

of the `607 Patent are invalid for anticipation under 35 U.S.C. § 102 and invalid for obviousness 

under 35 U.S.C. § 103. On January 30, 2012, Apple filed a petition for review of certain aspects 

of the final ID. In particular, Apple requested that the Commission review the ID's findings that 

the asserted claims of the `607 Patent are invalid. 2  On February 7, 2012, Motorola and the IA 

filed responses to Apple's petition for review. 3  

On March 16, 2012, the Commission determined to review the final ID in part, and on 

review, to affirm the ID's fording of no violation of Section 337 and to terminate the 

investigation. See Notice of Commission Decision to Review In Part And On Review To Affirm 

a Final Determination Finding No Violation of Section 337; Termination of Investigation (March 

16, 2012). In particular, the Commission determined to review the ID's finding that the asserted 

claims of the `607 Patent are obvious under 35 U.S.C. § 103 in view of the reference "SmartSkin: 

An Infrastructure for Freehand Manipulation on Interactive Surfaces" by Jun Rekimoto 

("SmartSkin"), either alone or in combination with Japan Unexamined Patent Application 

Publication No. 2002-342033A to Jun Rekimoto ("Rekimoto `033"). As discussed below, on 

review, the Commission affirms the ID's finding of obviousness in view of the SmartSkin 

2  Also on January 30, 2012, Motorola filed a contingent petition for review of certain aspects of 
the final ID. 

3  The IA's February 7, 2012, filing included her response to Motorola's contingent petition. 
Apple also filed a response to Motorola's contingent petition on February 7, 2012. 

2 
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reference in combination with Rekimoto `033 and finds that Motorola has demonstrated by clear 

and convincing evidence that the asserted claims of the `607 Patent are invalid under 35 U.S.C. § 

103 based on modified reasoning. 

B. 	Patent at Issue 

The `607 Patent is entitled "Multipoint Touchscreen" and is directed to a touch panel that 

has a transparent capacitive sensing medium configured to detect multiple touches or near 

touches that occur simultaneously and at different locations on the touch panel. In response to 

the multiple touches, the sensing medium produces distinct signals representative of the location 

of the touches. The inventors of the `607 Patent are Steve Hotelling, Joshua A. Strickon, and 

Brian Q. Huppi. The patent is assigned to Apple. The `607 Patent has 11 claims, of which 

claims 1-7 and 10 were asserted against Motorola. 

Asserted claim 1 of the `607 Patent and its dependent asserted claims 2-7 are directed 

generally to a touch panel having a transparent capacitive sensing medium configured to detect 

multiple, co-occurring touches at different locations on the touch panel and to produce signals 

representative of the location of the touches. The touch panel comprises two layers of transparent 

electrically-isolated conductive lines where the two layers are spatially separated from each other 

and where the conductive lines in one layer are positioned transverse to the conductive lines in 

the other layer, creating an array of intersection points. Capacitive monitoring circuitry is 

configured to detect changes in the capacitance between the two layers of conductive lines, 

indicating the location of the multiple touches on the touch panel. Asserted claim 10 of the `607 

Patent is directed generally to a display arrangement comprising a display for a graphical user 

interface and a transparent touch panel, which has a multipoint sensing arrangement configured 
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to recognize multiple, co-occurring touches at different locations on the touch panel by sensing a 

resulting change in capacitive coupling associated with the touches and is capable of outputting 
J 

this information to a host device to form a pixilated image. The touch panel has three glass 

plates separating two transparent conductive layers. Each conductive layer contains a plurality 

of spaced parallel lines having the same pitch and linewidths, where the lines in one of the layers 

are perpendicular to the lines in the other layer. 

II. STANDARD OF REVIEW 

Once the Commission determines to review an initial determination, its review is 

conducted de novo. Certain Polyethylene Terephthalate Yarn and Prods. Containing Same, Inv. 

No. 337-TA-457, Comm'n Op. at 9 (June 18, 2002). Upon review, the "Commission has `all the 

powers which it would have in making the initial determination,' except where the issues are 

limited on notice or by rule." Certain Flash Memory Circuits and Prods. Containing Same, Inv. 

No. 337-TA-382, USITC Pub. 3046, Comm'n Op. at 9-10 (July 1997) (quoting Certain Acid-

Washed Denim Garments and Accessories, Inv. No. 337-TA-324, Comm'n Op. at 5 (Nov. 1992)). 

Commission practice in this regard is consistent with the Administrative Procedure Act. Certain 

EPROM, EEPROM, Flash Memory, and Flash Microcontroller Semiconductor Devices and 

Prods. Containing Same, Inv. No. 337-TA-395, Comm'n Op. at 6 (Dec. 11, 2000) ("EPROM'); 

see also 5 U.S.C. § 557(b). 

Upon review, "the Commission may affirm, reverse, modify, set aside or remand for 

further proceedings, in whole or in part, the initial determination of the administrative law 

judge." 19 C.F.R. § 210.45(c). "The Commission also may make any findings or conclusions 

that in its judgment are proper based on the record in the proceeding." Id. This rule reflects the 

0 
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fact that the Commission is not an appellate court, but is the body responsible for making the 

fmal agency decision. On appeal, only the Commission's fmal decision is at issue. See EPROM 

at 6 (citing Fischer & Porter Co. v. US. Intl Trade Comm in, 831 F.2d 1574, 1576-77 (Fed. Cir. 

1987)). 

III. OBVIOUSNESS OF THE `607 PATENT 

Under 35 U.S.C. § 103(a), a patent is valid unless "the differences between the subject 

matter sought to be patented and the prior art are such that the subject matter as a whole would 

have been obvious at the time the invention was made to a person having ordinary skill in the art 

to which said subject matter pertains." 35 U.S.C. § 103(a). The ultimate question of 

obviousness is a question of law, but "it is well understood that there are factual issues 

underlying the ultimate obviousness decision." Richardson- Vicks Inc. v. Upjohn Co., 122 F.3d 

1476, 1479 (Fed. Cir. 1997). 

Once claims have been properly construed, "[t]he second step in an obviousness inquiry 

is to determine whether the claimed invention would have been obvious as a legal matter, based 

on underlying factual inquiries including: (1) the scope and content of the prior art, (2) the level 

of ordinary skill in the art, (3) the differences between the claimed invention and the prior art; 

and (4) secondary considerations of non-obviousness." Smiths Indus. Med. Sys., Inc. v. Vital 

Signs, Inc., 183 F.3d 1347, 1354 (Fed. Cir. 1999) (citing Graham v. John Deere Co., 383 U.S. 1, 

17 (1966)). The Federal Circuit previously required that, in order to prove obviousness, the 

patent challenger must demonstrate, by clear and convincing evidence, that there is a "teaching, 

suggestion, or motivation to combine." The Supreme Court, however, rejected this "rigid 

approach" in KSR Int'l Co. v. Teleflex Inc.: 
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The obviousness analysis cannot be confined by a formalistic conception 
of the words teaching, suggestion, and motivation, or by overemphasis on 
the importance of published articles and the explicit content of issued 
patents. The diversity of inventive pursuits and of modem technology 
counsels against limiting the analysis in this way. In many fields it may 
be that there is little discussion of obvious techniques or combinations, 
and it often may be the case that market demand, rather than scientific 
literature, will drive design trends. Granting patent protection to advances 
that would occur in the ordinary course without real innovation retards 
progress and may, in the case of patents combining previously known 
elements, deprive prior inventions of their value or utility. 

550 U.S. 398, 419 (2007). 

In determining that the SmartSkin reference (RX-367) does not anticipate the asserted 

claims of the `607 Patent, the ALJ concluded that the only limitation SmartSkin does not disclose 

is "the use of transparent conductive lines using [indium tin oxide] ITO." Final ID at 148. 

Specifically, the ALJ found that the inclusion of the discussion concerning transparent ITO 

electrodes in the section entitled "Conclusion and Directions for Future Work" "indicates that it 

likely was not contemplated for that specific reference." Id.; see RX-367 (SmartSkin) at 7. 

Motorola argued before the ALJ that SmartSkin in combination with Rekimoto `033 

renders the claim limitations concerning the use of transparent electrodes, separate layers, and 

the use of glass members recited in the `607 Patent obvious, while the IA additionally argued 

that SmartSkin alone "would make it obvious to try to use transparent electrodes." Id. at 172. 

Apple argued that SmartSkin does not disclose the transparent electrode limitations for the same 

reasons that the ALJ found SmartSkin does not anticipate the asserted claims of the `607 Patent. 

See id. Apple also argued that the combination of SmartSkin and Rekimoto `033 does not 

disclose the layer and glass limitations. Id. Specifically, Apple asserted that, because, Rekimoto 

`033 and SmartSkin disclose different sensors, there is no motivation to combine the references 

0 
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without "improper hindsight bias." Id. Apple further argued that "Rekimoto `033 discloses only 

a single glass substrate and not the second and third glass member" recited in the asserted claims 

of the `607 Patent. Id, 

The ID fmds that "SmartSkin alone would render the use of transparent electrodes 

obvious." Id. In particular, the ALJ concluded that "[SmartSkin] itself discloses using 

transparent electrodes[,]" and, therefore, SmartSkin provides the motivation to do so. Id. at 172- 

173. The ALJ also found that "ITO was well known at the time." Id. The ALJ, therefore, found 

that "SmartSkin would motivate one of ordinary skill in the art to use transparent electrodes and 

that the use of materials, such as ITO, in creating the transparent electrodes was well known at 

the time [of the invention of the `607 Patent]" and as such "would have been obvious to one of 

ordinary skill in the art." Id.4  The ID also finds that "SmartSkin, in combination with Rekimoto 

`033, renders the asserted claims of the `607 Patent obvious." Id. Noting Apple's arguments 

concerning why SmartSkin does not anticipate the `607 Patent, the ALJ found that SmartSkin 

discloses the "glass member" limitations and that SmartSkin in combination with Rekimoto `033, 

which was published within months of the publication of the SmartSkin reference, disclose the 

"glass member" and "layer" limitations. Id. at 176 (citing JX-367 (SmartSkin) at 4 and Fig. 9; 

RX-1888 (Rekimoto '033) at Fig. 9)• 5  

The Commission concurs with the ALJ's conclusion that. SmartSkin provides the reason 

4  The ID finds that, with respect to the `607 Patent, one of ordinary skill in the art "would have a 
bachelor's degree in electrical engineering, physics, computer engineering, or a related field and 
[two to three] years of work experience with input devices." ID at 17. 

5  The ID construes the claim limitation "glass member" to mean "a glass or plastic element." ID 
at 53. The parties do not contest this construction. 
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to combine the use of transparent electrodes made of materials such as ITO with the mutual-

capacitance sensor for detecting multiple touches on the sensor surface disclosed in SmartSkin. 

See RX-1885C (Wolfe Direct Witness Statement) at Q. 321. We also agree with the ALJ that 

SmartSkin in combination with Rekimoto `033 discloses the transparent electrode limitations, the 

layer limitations, and the glass member limitations recited in the asserted claims of the `607 

Patent, with Rekimoto `033 disclosing the layer and glass member limitations. 6  The 

Commission, however, finds that SmartSkin provides "one of ordinary skill ... [with] a 

reasonable expectation of success" that the combination of transparent ITO electrodes with the 

mutual-capacitance touch screen disclosed in SmartSkin would be operable for different reasons 

than those articulated in the fmal ID. See Velander v. Garner, 348 F.3d 1359, 1363 (Fed. Cir. 

2003). 

The claim limitations in dispute, which are referred to as the "transparent limitations," are 

highlighted below: 

1. A touch panel comprising a transparent capacitive 
sensing medium configured to detect multiple touches or near 
touches that occur at a same time and at distinct locations in a 
plane of the touch panel and to produce distinct signals 
representative of a location of the touches on the plane of the touch 
panel for each of the multiple touches, wherein the transparent 
capacitive sensing medium comprises: 

a first layer having a plurality of transparent first conductive 
lines that are electrically isolated from one another; 

6  We disagree with the AL's conclusion that Rekimoto `033 teaches the use of transparent 
electrodes. See id at 174. 

We do not review, and therefore do not address, the ID's findings concerning secondary 
considerations. ID at 176-177. 
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a second layer spatially separated from the first layer and 
having a plurality of transparent second conductive lines that are 
electrically isolated from one another, the second conductive lines 
being positioned transverse to the first conductive lines, the 
intersection of transverse lines being positioned at different 
locations in the plane of the touch panel, each of the second 
conductive lines being operatively coupled to capacitive 
monitoring circuitry; 

wherein the capacitive monitoring circuitry is configured to 
detect changes in charge coupling between the first conductive 
lines and the second conductive lines. 

4. The touch panel as recited in claim 1 wherein the 
transparent first conductive lines of the first layer are disposed 
on a first glass member, and wherein the transparent second 
conductive lines of the second layer are disposed on a second 
glass member, the first glass member being disposed over the 
second glass member. 

6. The touch panel as recited in claim I wherein the 
conductive lines are formed from indium tin oxide (ITO). 

`607 Patent at 21:35-22:13. 

Apple contends that SmartSkin discloses the use of only opaque, rather than transparent, 

sensors and that SmartSkin's purported disclosure of transparent ITO represents only speculative, 

future possibilities. The ID fmds, and Apple does not dispute, that the use of ITO in creating 

transparent conductive lines or electrodes was well known at the time of the invention of the 

`607 Patent. See Final ID at 173. The evidence supports this conclusion. In particular, the 

SmartSkin reference, which is prior art to the `607 Patent, states that "most of today's flat panel 

displays rely on active-matrix and transparent electrodes[.]" JX-367 (SmartSkin) at 7. 

Motorola's expert, Dr. Wolfe, likewise testified that "two-layer sensors with rows and columns 

of ITO [are] standard products" (Wolfe, Tr. at 1391:11-22) and that "the use of transparent 
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electrodes ... has been known in the art for twenty years" (RX-1885C (Wolfe Direct Witness 

Statement) at Q. 326). 

In KSR, the Supreme Court stressed that, "[t]he combination of familiar elements 

according to known methods is likely to be obvious when it does no more than yield predictable 

results." KSR Int'l Co., 550 U.S. at 416. Here, the use of transparent ITO in combination with 

the mesh grid touch sensor of SmartSkin is just the type of "combination of familiar elements" 

that KSR discusses. See JX -367 at 7 and Fig. 2. Motorola's expert, Dr. Wolfe, who has over 

twenty years of experience making capacitive touch overlay sensors using ITO, testified at the 

hearing precisely on this point as follows: 

Q. Figure 2 [of SmartSkin] doesn't show a transparent sensor, does it? 

A. It is the same kind of drawing that's in the `607 [Patent]. To a 
person who understands the technology, it doesn't matter whether 
that sensor is transparent or opaque. 

Q. But there is nothing in figure 2 that is a transparent sensor. In fact, 
if you read the whole thing, you know that the sensor that they are 
talking about in figure 2 is a non-transparent sensor, opaque, right? 

A. No, you know that they describe how to build a sensor with rows 
and columns of conductors, and then they talk about a particular 
first embodiment they made that was opaque, and then how you 
could build a transparent one as well. 

Wolfe, Tr. 1309:14-1310:5; see also id. at 1391:11-22 ("[t]wo-layer sensors with rows and 

columns of ITO were standard products, and I think that a person of ordinary skill, who we agree 

is a touchscreen engineer ... would just read this to say this is an ordinary row and column ITO 

touch overlay that's being used in a unique way in the SmartSkin product."); id. 1392:20-1393:8 

(stating that he has been making ITO touch screen products since 1983). 

Apple's expert, Dr. Subramanian, disputed this conclusion, testifying that SmartSkin 

10 
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"provide[s] no instructions for how to `obtain' a transparent sensor using ITO and.. . even the 

researchers working on the [SmartSkin] system who authored the article believed that such a 

transparent sensor was merely a future possibility[.]" CX-569C (Subramanian Rebuttal Witness 

Statement) at Q. 117. But the evidence supports the conclusion that using transparent ITO for 

the "transparent conductive lines" claimed in the `607 Patent and discussed in SmartSkin would 

have been within the ability of one of ordinary skill in the art. In particular, Dr. Wolfe testified 

as follows: 

The `607 patent does not disclose any special characteristics of the 
ITO that make it suitable for use in the `607 patent; not its resistivity, 
capacitance, uniformity, thickness, or thermal characteristics. In any 
case, none of these need be disclosed since normal, commercially 
available and well known ITO materials are suitable for both 
SmartSkin and the `607 Patent. 

RX-1885C at Q. 326; see also Wolfe, Tr. at 1390:19-1397:16 (discussing that one of ordinary 

skill in the art would know how to implement the SmartSkin sensor using transparent ITO 

electrodes). 

Apple further contends that SmartSkin does not enable the use of a transparent ITO 

sensor with the multi-touch mutual-capacitance system disclosed in that reference because 

substituting transparent ITO conductive lines for the opaque copper lines used with one 

embodiment of the voltage-based sensing system of SmartSkin would require a complete 

redesign. See Subramanian, Tr. at 1533-34, 1536-39, 1574-84, 1585-97. 8  Specifically, Apple's 

8 Motorola argued that Apple waived any argument concerning the different types of sensors 
used in the SmartSkin system and the system disclosed in the `607 Patent because Dr. 
Subramanian did not mention the issue in his witness statements and because Apple failed to 
raise the issue in its pre-hearing statement. During the hearing, Motorola belatedly objected to 
Dr. Subramanian's testimony during his re-direct examination, but the ALJ ruled that the 
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expert, Dr. Subramanian, testified under cross-examination that, because the voltage-sensor used 

in the SmartSkin system receives very low strength signals, it is very sensitive to the resistance 

of the material used to conduct the current from the signal source to the receiver, hence the use 

of low resistance copper conductors in the SmartSkin system. Subramanian, Tr. at 1537:17- 

1538:17. Dr. Subramanian further explained that transparent ITO has such a high resistance and 

thus a lower conductivity — approximately 100 times less than copper — that ITO cannot be used 

successfully in a voltage-sensing system. Id.; see also JX-367 (SmartSkin) at Fig. 2; `607 Patent 

at Figs. 12, 13, 17:12-61. Dr. Subramanian compared the system disclosed in SmartSkin to the 

multi-touch system disclosed in the `607 Patent, which he explained uses a detector that counts 

charge in lieu of sensing voltage to account for the low conductivity of transparent ITO. 

Subramanian, Tr. 1582:11-1584:7. Apple contends that, because of the different types of sensors 

used to implement the SmartSkin system and the system disclosed in the `607 Patent, it would 

not have been obvious to combine the two systems. Id. (citing Subramanian, Tr. at 1537:2- 

1539:10). 

It is axiomatic that, in evaluating an assertion of obviousness, the correct comparison is 

between the prior art and the claims. See Procter & Gamble Co. v. Teva Pharm. USA, Inc., 566 

F.3d 989, 994 (Fed. Cir. 2009) ("A party seeking to invalidate a patent based on obviousness 

must prove by clear and convincing evidence `that a skilled artisan would have been motivated 

to combine the teachings of the prior art references to achieve the claimed invention, and that the 

skilled artisan would have had a reasonable expectation of success in doing so.") (emphasis 

testimony was admissible. Tr. 1584:20-1585:7. We do not disturb the AL's decision. 

12 
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added). Apple's arguments concerning the different types of sensing systems used in SmartSkin 

and the `607 Patent ignore this basic principle. 

The claim language of the `607 Patent recites "wherein the capacitive monitoring 

circuitry is configured to detect changes in charge coupling between the first conductive lines 

and the second conductive lines" (claim 1) and "a multipoint sensing arrangement configured to 

simultaneously detect and monitor the touch events and a change in capacitive coupling 

associated with those touch events at distinct points across the touch panel" (claim 10). `607 

Patent at 21:53-55, 22:31-35. As such, Apple's arguments concerning the difficulty of 

implementing a transparent ITO sensor with a voltage-sensing system are irrelevant since the 

claimed invention is not drawn to a particular sensing arrangement. See `607 Patent at 17:12-

35.9  In fact, Dr. Subramanian testified that counting charge "is not the only function that has to 

exist within the [claimed] capacitive monitoring circuitry." Subramanian, Tr. at 824:5-15. 

Moreover, in discussing whether U.S. Patent No. 7,372,455 to Perski, et al. ("Perski 

`455") anticipates the asserted claims of the '607 Patent, Apple's expert, Dr. Subramanian, 

testified that Perski `455 discloses "a straight voltage amplifier, similar to that of [the SmartSkin 

' Although Motorola argued that the claim limitation "capacitive monitoring circuitry" of claim 1 
required construction, the ALJ found that the term did not require construction because none of 
the issues surrounding the limitation (i.e., whether the circuitry of the Accused `607 Products or 
the domestic industry products satisfy this limitation) were dependent on the construction of this 
limitation. See Final ID at 49, n. 6. Furthermore, the ALJ noted that the parties' proposed 
constructions of the limitation were similar such that there was no real distinction between them. 
Id. Specifically, Motorola and the IA proposed that "capacitive monitoring circuitry" means 
"circuitry that senses changes in capacitance," while Apple proposed that the limitation has its 
plain and ordinary meaning. See Respondent Motorola's Post-Hearing Brief at 19 (Oct. 19, 
2011). Notably, none of the proposed. constructions limited "capacitive monitoring circuitry" to 
a specific type of sensor. 

13 
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reference]." Subramanian, Tr. at 1605:25-1606:2. Perski `455, by way of U.S. Patent 

Provisional Application No. 60/406,662 ("Morag `662) (filed in August 2002), which Perski 

`455 incorporates by reference, explicitly discloses the use of a voltage amplifier in a voltage-

sensing system with high-resistance transparent electrodes. Specifically, Morag `662 explains as 

follows: 

The resistance of the conductive lines is relatively high and it might 
exceed 100 KOhm for a line. Higher resistance of transparent 
conductors results in a higher transparency of the material. Therefore, 
it is a general object of the present invention to enable working with 
high resistance of the sensor grid. 

RX-703 at 5 ¶ 2 (Morag `662). As this reference makes clear, the concept of using a voltage-

sensing system with high-resistance transparent electrodes was known in the art at the time of the 

`607 Patent. 

IV. CONCLUSION 

For the reasons discussed above, the Commission fmds that the asserted claims of the 

`607 Patent are obvious in view of SmartSkin in combination with Rekimoto `033. 

By order of the Commission 

ames . Holbein 
Secretary 

Issued: March 28, 2012 
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MULTIPOINT TOUCHSCREEN

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates generally to an electronic

device having a touch screen. More particularly, the present
invention relates to a touch screen capable of sensing multiple
points at the same time.

2. Description of the Related Art
There exist today many styles of input devices for perform-

ing operations in a computer system. The operations gener-
ally correspond to moving a cursor and/or making selections
on a display screen. By way of example, the input devices
may include buttons or keys, mice, trackballs, touch pads, joy
sticks, touch screens and the like. Touch screens, in particular,
are becoming increasingly popular because of their ease and
versatility of operation as well as to their declining price.
Touch screens allow a user to make selections and move a
cursor by simply touching the display screen vaa a finger or
stylus. In general, the touch screen recogmizes the touch and
position of the touch on the display screen and the computer
system interprets the touch and thereafter performs an action
based on the touch event.

Touch screens typically include a touch panel, a controller
and a software driver. The touch panel is a clear panel with a
touch sensitive surface. The touch panel is positioned in front
of a display screen so that the touch sensitive surface covers
the viewable area of the display screen. The touch panel
registers touch events and sends these signals to the control-
ler. The controller processes these signals and sends the data
to the computer system. The software driver translates the
touch events into computer events.

There are several types of touch screen technologies
including resistive, capacitive, infrared, surface acoustic
wave, electromagnetic, near field imaging, etc. Each of these
devices has advantages and disadvantages that are taken into
account when designing or configuring a touch screen. In
resistive technologies, the touch panel is coated with a thin
metallic electrically conductive and resastive layer. When the
panel is touched,, the layers come into contact thereby closing
a switch that registers the position of the touch event. This
information is sent to the controller for further processing. In
capacitive technologies, the touch panel is coated with a
material that stores electrical charge. When the panel is
touched, a small amount of charge is drawn to the point of
contact. Circuits located at each comer of the panel measure
the charge and send the information to the controller for
processing.

In surface acoustic wave technologies, ultrasonic waves
are sent horizontally and vertically over the touch screen
panel as for example by transducers. When the panel is
touched, the acoustic energy of the waves are absorbed. Sen-
sors located across from the transducers detect this change
and send the information to the controller for processing. In
infrared technologies, light beams are sent horizontally and
vertically over the touch panel as for example by light emit-
ting diodes. When the panel is touched~ some of the light
beams emanating from the light emitting diodes are inter-
rupted. Light detectors located across from the light emitting
diodes detect this change and send this information to the
controller for processing.

One problem found in all of these technologies is that they
are only capable of reporting a single point even when mul-
tiple objects are placed on the sensing surface. That is, they
lack the ability to track multiple points of contact simulta-
neously. In resistive and capacitive technologies, an average

2
of all simultaneously occurring touch points are determined
and a single point which falls somewhere between the touch
points is reported. In surface wave and infrared technologies,
it is impossible to discern the exact position of multiple touch

5 points that fall on the same horizontal or vertical lines due to
masking. In either case, faulty results a.re generated.

These problems are particularly problematic in tablet PCs
where one hand is used to hold the tablet and the other is used
to generate touch events. For example, as shown in FIGS. 1A

10 and 1B, holding a tablet 2 causes the thumb 3 to overlap the
edge of the touch sensitive surface ,t of the touch screen 5. As
shown in FIG. 1A, if the touch technology uses averaging, the
technique used by resistive and capacitive panels, then a
single point that fails somewhere between the thumb 3 of the

15 left hand and the index finger 6 of the right hand would be
reported. As shown in FIG. 1B, if the technology uses pro-
jection scanning, the technique used by infra red and SAW
panels, it is hard to discern the exact vertical position of the
index finger 6 due to the large verfical component of the

2o thumb 3. The tablet 2 can only resolve the patches shown in
gray. In essence, the thumb 3 masks out the vertical position
of the index finger 6.

25
SUMMARY OF THE INVENTION

The invention relates, in one embodiment, to a touch panel
having a transparent capacitive sensing medium configured to
detect multiple touches or near touches that occur at the same
time and at distinct locations in the plane of the touch panel30 and to produce distinct signals representative of the location

of the touches on the plane of the touch panel for each of the
multiple touches.

The invention relates, in another embodiment, to a display

35 arrangement. The display arrangement includes a display
having a screen for displaying a graphical user interface. The
display arrangement further includes a transparent touch
panel allowing the screen to be viewed therethrough and
capable of recognizing multiple touch events that occur at
different locations on the touch sensitive surface of the touch40 screen at the same time and to output this information to a host
device.

The invention relates, in another embodiment, to a com-
puter implemented method. The method includes receiving

45 multiple touches on the surface of a transparent touch screen
at the same time. The method also includes separately recog-
nizing each of the multiple touches. The method further
includes reporting touch data based on the recognized mul-
tiple touches.

50 The invention relates, in another embodiment, to a com-
puter system. The computer system includes a processor con-
figured to execute instructions and to carry out operations
associated with the computer system. The computer also
includes a display device that is operatively coupled to the

s5 processor. The computer system further includes a touch
screen that is operatively coupled to the processor. The touch
screen is a substantially transparent panel that is positioned in
front of the display. The touch screen is configured to track
multiple objects, which rest on, tap on or move across the

6o touch screen at the same time. The touch screen includes a
capacitive sensing device that is divided into several indepen-
dent and spatially distinct sensing points that are positioned
throughout the plane of the touch screen. Each sensing point
is capable of generating a signal at the same time. The touch

65 screen also includes a sensing circuit that acquires data from
the sensing device and that supplies the acquired data to the
processor.
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The invention relates, m another embodiment, to a touch
screen method. The method includes driving a plurality of
senshag points. The method also includes reading the outputs
from all the sensing lines connected to the sensing points. The
method further includes producing and analyzing an image of
the touch screen plane at one moment in time in order to
determine where objects are touctfing the touch screen. The
method additionally includes comparing the current image to
a past image in order to determine a change at the objects
touching the touch screen.

The invenlion relates, in another embodimeut, to a digital
signal processing method. The method includes receiving
raw data. The raw data includes values for each transparent
capacitive sensing node of a touch screen. The method also
includes filtering the raw data. The method further includes
generating gradient data. The method additionally" includes
calculating the boundaries for touch regions base on the
dient data. Moreover, the method includes calculating the
coordinates for each touch region.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be readily understood by the following
detailed description in conjunction with the accompanying
drawings, wherein like reference numerals designate like
structural elements, and in which:

FIGS. 1A and IB show a user holding conventional touch
screens.

FIG. 2 is a perspective view of a display arrangement, in
accordance with one embodiment of the present invention.

FIG. 3 shows an image of the touch screen plane at a
particular point in time, in accordance with one embodiment
of the present invention.

F]G. 4 is a muhipoint touch method, in accordance with
one embodiment of the present invention.

FIG. 5 is a block diagram of a computer system, in accor-
dance with one embodiment of the present invention.

FIG. 6 is a partial top view of a transparent multiple point
touch screen, in accordance with one embodiment of the
present invention.

FIG. 7 is a partial top view of a transparent multi point
touch screen, in accordance with one embodiment of the
present invention.

FIG. 8 is a front elevation view, in cross section of a display
arrangement, in accordance with one embodiment of the
present invention.

FIG. 9 is a top view of a transparent multipoint touch
screen, in accordance with another embodiment of the present
invention.

FIG. 10 is a partial front elevation view, in cross section of
a display arrangement, in accordance with one embodiment
of the present invention.

FIGS. llA and liB are partial top view diagrams of a
driving layer and a sensing layer, in accordance with one
embodiment.

FIG. 12 is a simplified diagram of a mutual capacitance
circuit, in accordance with one embodiment of the present
invention.

FIG. 13 is a diagram of a charge amplifier, in accordance
with one embodiment of the present invention.

FIG. 14 is a block diagram of a capacitive sensing circuit,
in accordance with one embodiment of the present invention.

FIG. 15 is a flow- diagram, in accordance with one embodi-
ment of the present invention.

FIG. 16 is a flow diagram of a digital signal processing
metho& in accordance with one embodiment of the present
invention.

4
FIGS. 17A-E show touch data at several steps, in accor-

dance with one embodiment of the present invention
FIG. 18 is a side elevation view of an electronic device, in

accordance with one embodiments of the present invention.
FIG. 19 is a side elevation view of an electronic device, in

accordance with one embodiments of the present invention.

DET.AALED DESCRIPTION OF THE INVENVI’ION

l0 Embodiments of the invention are discussed below with
reference to FIGS. 2-19. However, those skilled in the art will
readily appreciate that the detailed description given herein
with respect to these figures is for explanatory purposes as the
invention exlends beyond these limited embodiments.

is FIG. 2 is a perspective view of a display arrangement 30, in
accordance with one embodiment of the present invention.
The display arrangement 30 includes a display 34 and a
transparent touch screen 36 positioned in front of the display
34. The display 34 is configured to display a graphical user

20 interface (GU1) including perhaps a pointer or cursor as well
as other information to the user. The transparent touch screen
36, on the other hand, is an input device that is sensitive to a
user’s touch, allowing a user to interact with the graphical
user interface on the display 34. By way of example, the touch

25 screen 36 may allow a user to move an input pointer or make
selections on the graphical user interface by simply pointing
at the GUI on the display 34.

In general, touch screens 36 recognize a touch event on the
surface 38 of the touch screen 36 and thereafter output this

3o information to a host device. The host device may for example
correspond to a computer such as a desktop, laptop, handheld
or tablet computer. The host device interprets the touch event
and thereafter performs an action based on the touch event.
Conventionally, touch screens have only been capable of

35 recognizing a single touch event even when the touch screen
is touched at multiple points at the same time (e,g., averaging,
masking, etc.). Urdike conventional touch screens, however,
the touch screen 36 shown herein is configured to recognize
multiple touch events that occur at different locations on the

40 touch sensitive surface 38 of the touch screen 36 at the same
time. That is, the touch screen 36 allows for multiple contact
points T1-T4 to be tracked simultaneously, i.e., if four objects
are touching the touch screen, then the touch screen tracks all
four objects. As shown, the touch screen 36 generates sepa-

as rate tracking signals S1-$4 for each touch point T1-T4 that
occurs on the surface of the touch screen 36 at the same time.
The number of recognizable touches may be about 15. 15
touch points allows for all 10 fingers: two palms and 3 others.

The multiple touch events can be used separately or
5o together to perform singular or multiple actions in the host

device. When used separately, a first touch event may be used
to perform a first action while a second touch event may be
used to perform a second action that is different than the first
action. The actions may for example include moving an

55 objeet such as a cursor or pointer, scrolling or panning, adjust-
ing control settings, opening a file or document, viewing a
menu, making a selection, executing instructions, operating a
peripheral device cmmected to the host device etc. When used
together, first and second touch events may be used for per-

60 forming one particular action. The particular action may for
example include logging onto a computer or a computer
network, permitting authorized individuals access to
restricted areas of the computer or computer network, loading
a user profile associated with a user’s preferred arrangement

6s of the computer desktop, permitting access to web content,
launching a particular program, encrypting or decoding a
message, and/or the like.
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Recognizing multiple touch events is generally accom-
plished with a multipoint sensing arrangement. The multi-
point sensing arrangement is capable of simultaneously
detecting and monitoring touches and the magnitude of those
touches at distinct points across the touch sensitive surface 38
of the touch screen 36. The multipoint sensing arrangement
generally provides a plurality of transparent semor coordi-
nates or nodes 42 that work independent of one another and
that represent different points on the touch screen 36. When
plural objects are pressed against the touch screen 36, one or
more sensor coordinates are activated for each touch point as
for example touch points T1-T4. The sensor coordinates 42
associated with each touch point T1-T4 produce the tracking
signals S1-$4.

In one embodiment, the touch screen 36 includes a phtral-
ity of capacitance sensing nodes 42. The capacitive sensing
nodes may be widely varied. For example, the capacitive
sensing nodes may be based on self capacitance or mutual
capacitance. In self capacitance, the "self" capacitance of a
single electrode is measured as for example relative to
ground, in mutua! capacitance, the mutual capacitance
ber~veen at least first and second electrodes is measured. In
either cases, each of the nodes 42 works independent of the
other nodes 42 so as to produce simultaneously occurring
signals representative of different points on the touch screen
36.

In order to produce a transparent touch screen 36, the
capacitance sensing nodes 42 are tbrmed with a transparent
conductive medium such as indium tin oxide (ITO). In self
capacitance sensing arrangements, the transparent conduc-
tive medium is patterned into spatially separated electrodes
and traces. Each of the electrodes represents a different coor-
dinate and the lraces connect the electrodes to a capacitive
sensing circuit. The coordinates may be associated with Car-
tesian coordinate system (x and y), Polar coordinate system
(r, 0) or some other coordinate system. In a Cartesian coor-
dinate system, the electrodes may be positioned in colurans
and rows so as to form a grid array with each electrode
representing a different x, y coordinate. During operation, the
capacitive sensing circuit monitors changes in capacitance
that occur at each of the electrodes. The positions where
changes occur and the magnitude of those changes are used to
help recognize the multiple touch events. A change in capaci-
tance typically occurs at an electrode when a user places an
object such as a finger in close proximity to the electrode, i.e.,

¯ the object stems charge thereby affecting the capacitance.
In mutual capacitance, the transparent conductive medium

is patterned into a group of spatially separated lines formed on
r~vo different layers. Driving lines are formed on a first layer

¯ and sensing lines are formed on a second layer. Although
s~pamted by being on different layers, the sensing lines
traverse, intersect or cut across the driving lines thereby form-
ing a capacitive coupling node. The manner in which the
sensing lines cut across the driving lines generally depends on
me coordinate system used. For example, in a Cartesian coor-
dinate system, the sensing lines are perpendicular to the driv-
ing lines thereby forming nodes with distinct x and y coordi-
nates. Alternatively, in a polar coordinate system, the sensing
hnes may be concentric circles and the driving lines may be
radially extending lines (or vice versa). The driving lines are
connected to a voltage source and the sensing lines are con-
nected to capacitive sensing circuit. During operation, a cur-
rent is driven through one driving line at a time, and because
of capacitive coupling, the current is carried through to the
sensing lines at each of the nodes (e.g., intersection points).
Furthermore, the sensing ciremt monitors changes in capaci-
tance that occurs at each of the nodes. The positions where

6
changes occur and the magnitude of those changes are used to
help recognize the multiple touch events. A change in capaci-
tance typically occurs at a capacitive coupling node when a
user places an obj ect such as a finger in close proximity to the

s capacitive coupling node, i.e., the object steals charge thereby
affecting the capacitance.

By way of example, the signals generated at the nodes 42 of
the touch screen 36 may be used to produce an image of the
touch screen plane at a particular point in time. Referring to10 FIG. 3, each object in contact with a touch sensitive surface 38

of the touch screen 36 produces a contact patch area 44. Each
of the contact patch areas 44 covers several nodes 42. The
covered nodes 42 detect surface conlact while the remaining
nodes 42 do not detect surface contact. As a result, a pixilated

15 image of the touch screen plane can be formed. The signals

for each contact patch area 44 may be grouped together to
form individual images representative of the contact patch
area 44. The image of each contact patch area 44 may include
high and low points based on the pressure at each point. The20 shape of the image as well as the high and low points within

the image may be used to differentiate contact patch areas 44
that are in close proximity to one another. Furthermore: the
current image, and more particularly the image of each con-
tact patch area 44 can be compared to previous images to25 determine what action to perform in a host device.

Referring back to FIG. 2, the display arrangement 30 may
be a stand alone unit or it may integrated with other devices.
When stand alone, the display arrangement 32 (or each of its

30 components) acts like a peripheral device (monitor) that
includes its own housing and that can be coupled to a host
device through wired or wireless connections. When inte-
grated, the display arrangement 30 shares a housing and is
hard wired into the host device thereby forming a single unit.

35 By way of example, the display arrangement 30 may be
disposed inside a variety of host devices including but not
limited to general purpose computers such as a desktop, lap-
top or tablet computers: handholds such as PDAs and media
players such as music players, or peripheral devices such as

40 cameras, printers and/or the like.
FIG. 4 is a muhipoint touch method 45, in accordance with

one embodiment of the present invention. The method gen-
erally begins at block 46 where multiple touches are received
on the surface of the touch screen at the same time. This may

45 for example be accomplished by placing multiple fingers on
the surthce of the touch screen. Following block 46, the pro-
cess flow proceeds to block 47 where each of the multiple
touches is separately recog.~zed by the touch screen. This
may for example be accomplished by multipoint capacitance

50 sensors located within the touch screen. Following block 47,
the process flow proceeds to block 48 where the touch data
based on multiple touches is reported. The touch data may for
example be reported to a host device such as a general purpose
computer.

55 FIG. $ is a block diagram of a computer system 50, in
accordance with one embodiment of the presenl invention.
The computer system 50 may correspond to personal com-
puter systems such as desktops, laptops, tablets or handholds.
By way of example, the computer system may correspond to

60 any Apple or PC based computer system. The computer sys-
tem may also correspond to public computer systems such as
information kiosks, automated teller machines (ATM), point
of sale machines (POS), industrial machines, gaming
machines, arcade machines, vending machines, airline

65 e-ticket terminals, restaurant reservation terminals, customer
service stations, library terminals, learning devices, and the
like.
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As shown, the computer system 50 includes a processor 56
configured to execute instructions and to carry out operations
associated with the computer system 50. For example, using
instructions ren’ieved for example from memory, the proces-
sor 56 may control the reception and manipulation of input
and output data between components of the computing sys-
tem 50. The processor 56 can he a single-chip processor or
can be implemented with multiple components.

In most cases, the processor 56 together with an operating
system operates to execute computer code and produce and
use data. The computer code and data may reside within a
program storage block 58 that is operatively coupled to the
processor 56. Program storage block 58 generally provides a
place to hold data that is being used by the computer system
50. By way of example, the program storage block may
include Read-Only Memory (ROM) 60, Random-Access
Memory (RAM) 62, hard disk drive 64 and/or the like. The
computer code and data could also reside on a removable
storage medium and loaded or installed onto the computer
system when needed. Removable storage mediums include,
for example, CD-ROM, PC-C.A~d9, floppy disk, magnetic
tape, and a network component.

The computer system 50 also includes an Input/output
(UO) controller 66 that is operatively coupled to the processor
56. The (I/O) controller 66 may be integrated with the pro-
cessor 56 or it may be a separate component as shown. The
I/O controller 66 is generally configured to control interac-
tions with one or more UO devices. The I/O controller 66
generally operates by exchanging data between the processor
and the I/O devices that desire to communicate with the
processor. The UO devices and the I/O controller typically
communicate through a data link 67. The data link 67 may be
a one way link or two way link. In some cases, the UO devices
may be connected to the I!O controller 66 through wired
connections. In other cases, the I/O devices may be cormected
to the//O controller 66 through wireless connections. By way
of example, the data link 67 may correspond to PS/2, USB,
Firewire, IR, RF, Bluetooth or the like.

The computer system 50 also includes a display device 68
that is operatively coupled to the processor 56. The display
device 68 may be a separate component (peripheral device) or
it may be integrated with the processor and program storage
to form a desktop computer (all in one machine), a laptop,
handheld or tablet or the like. The display device 68 is con-
figured to display, a graphical user interface (GUI) including
perhaps a pointer or cursor as well as other information to the
user. By way of example, the display device 68 may be a
monochrome display, color graphics adapter (CGA) display,
enhanced graphics adapter (EGA) display, variable-graphics-
array (VGA) display, super VGA display, liquid crystal dis-
play (e.g., active matrix, passive matrix and the like), cathode
ray tube (CRT), plasma displays and the like.

The computer system 50 also includes a touch screen 70
that is operatively coupled to the processor 56. The touch
screen 70 is a transparent panel that is positioned in front of
the display device 68. The touch screen 70 may be integrated
with the display device 68 or it may be a separate component
The touch screen 70 ~s configured to receive input from a
user’s touch and to send this infomaation to the processor 56.
In most cases, the touch screen 70 recognizes touches and the
position and magnitude of touches on its surface. The touch
screen 70 reports the touches to the processor 56 and the
processor 56 interprets the touches in accordance with its
programming. For example, the processor 56 may initiate a
task In accordance with a particular touch.

!n accordance with one embodiment, the touch screen 70 is
capable of tracking multiple objects, which rest on, tap on, or

8
move across the touch sensitive surface of the touch screen at
the same time. The multiple objects may for example corre-
spond to fingers and palms. Because the touch screen is
capable of tracking multiple objects, a user may perform

5 several touch initiated tasks at the same time. For example,
the user may select an onscreen button with one finger, while
moving a cursor with another finger. In addition, a user may
move a scroll bar with one finger while selecting an item from
a menu with another finger. Furthermore, a first object may be

10 dragged with one finger while a second object may be
dragged with another finger. Moreover, gesturing may be
performed with more than one finger.

To elaborate, the touch screen 70 generally includes a
sensing device 72 configured to detect an object in close

15 proximity thereto and/or the pressure exerted thereon. The
sensing device 72 may be widely varied. In one particular
embodiment, the sensing device 72 is divided into several
in.dependent and spatially distinct sensing points, nodes or
regions 74 that are positioned throughout the touch screen 70.

20 The sensing points 74, which are typically lfidden from view,
are dispersed about the touch screen 70 with each sensing
point 74 representing a different position on the surface of the
touch screen 70 (or touch screen plane). The sensing points 74
may be positioned in a grid or a pixel array where each

25 pixilated sensing point 74 is capable of generating a signal at
the same time. In the simplest case, a signal is produced each
time an object is positioned over a sensing point 74. When an
object is placed ever multiple sensing points 74 or when the
object is moved between or over multiple sensing point 74,

30 multiple signals are generated.
The number and configuration of the sensing points 74 may

be widely varied. The number of sensing points 74 generally
depends on the desired sensitivity as well as the desired
transparency of the touch screen 70. More nodes or sensing

35 points generally increases sensitivity, but reduces transpar-
ency (and vice versa). With regards to configuration, the
sensing points 74 generally map the touch screen plane into a
coordinate system such as a Cartesian coordinate system, a
Polar coordinate system or some other coordinate system.

4o When a Cartesian coordinate system is used (as shown), the
sensing points 74 typically correspond to x and y coordinates.
When a Polar coordinate system is used, the sensing points
typically correspond to radial (r) and angular coordinates (0).

The touch screen 70 may include a sensing circuit 76 that
45 acquires the data from the sensing device 72 and that supplies

the acquired data to the processor 56. Alternatively, the pro-
cessor may include this functionality. In one embodiment, the
sensing circuit 76 is configured to send raw data to the pro-
cessor 56 so that the processor 56 processes the raw data. For

50 example, the processor 56 receives data from the sensing
circuit 76 and then determines how the data is to be used
within the computer system 50. The data may include the
coordinates of each sensing point 74 as well as the pressure
exerted on each sensing point 74. In another embodiment, the

55 sensing circuit 76 is configured to process the raw data itself.
That is, the sensing circuit 76 reads the pulses from the
sensing points 74 and turns them into data that the processor
56 can nnderstand. The sensing circuit 76 may perform fil-
tering and!or conversion processes. Filtering processes are

6o typically implemented to reduce a busy data stream so that the
processor 56 is not overloaded with redundant or non-essen-
tial data. The conversion processes may be implemented to
adjust the raw data before sending or reporting them to the
processor 56. The conversions may include determining the

65 center point for each much region (e.g., cantroid).
The sensing circuit 76 may include a storage element for

storing a touch screen program, which is a capable of con-
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trolling different aspects of the touch screen 70. For example,
the touch screen program may contain xvhat type of value to
output based on the sensing points 74 selected (e.g., coordi-
nates). In fact, the sensing circuit in conjunction with the
touch screen program may follow a predetermined commu-
nication protocol. As is generally well "known, communica-
tion protocols are a set of roles and procedures for exchanging
data between two devices. Communication protocols typi-
cally transmit information in data blocks or packets tirol con-
tain the data to be transmitted, the data required to direct the
packet to its destination, and the data that corrects errors that
occur along the way. By way of example, the sensing circuit
may place the data in a HID format (Human Interface
Device).

The sensing circuit 76 generally includes one or more
microcontrollers, each of which monitors one or more sens-
ing points 74. The microcontrellers may for example corre-
spond to an application specific integrated circuit (ASIC),
which works with firmware to monitor the signals from the
sensing device 72 and to process the monitored signals and to
report this information to the processor 56.

In accordance with one embodiment, the sensing device 72
is based on capacitance. As should be appreciated, whenever
two electrically conductive members come close to one
another without actually touching, their electric fields interact
to form capacitance. In most cases, the first electrically con-
ductive member is a sensing point 74 and the second electri-
cally conductive member is an object 80 such as a finger. As
the object 80 approaches the surface of the touch screen 70, a
tiny capacitance forms between the object 80 and the sensing
points 74 in close proximity to the object 80. By detecting
changes in capacitance at each of the sensing points 74 and
noting the position of the sensing points, the sensing circuit
can recognize multiple objects, and determine the location,
pressure, direction, speed and aeceleratien of the objects 80
as they are moved across the touch screen 70. For example,
the sensing circuit can determine when and where each of the
fingers and palm of one or more hands are touching as well as
the pressure being exerted by the finger and palm of the
hand(s) at the same time.

The simplicity of capacitance allows for a great deal of
flexibility in design and construction of the sensing device 72.
By way of example, the sensing device 72 may be based on
self capacitance or mutual capacitance. In self capacitance,
each of the sensing points 74 is pravided by an individual
charged electrode. As an object approaches the surface of the
touch screen 70, the object capacitive couples to those elec-
trodes in close proximity to the object thereby stealing charge
away from the electrodes. The amount of charge in each of the
electrodes are measured by the sensing circuit 76 to deter-
mine the positions of multiple objects when they touch the
touch screen 70. In mutual capacitance, the sensing device 72
includes a two layer grid of spatially separated lines or wires.
In the simplest case, the upper layer includes lines in rows
while the lower layer includes lines in columns (e.g., orthogo-
nat). 2"he sensing points 74 are previded at the intersections of
the rows and columns. During operation, the rows are charged
and the charge eapacitively couples to the columns at the
intersection. As an object approaches the surface of the touch
screen, the object capacitive couples to the rows at the inter-
sections in close proximity to the object thereby stealing
charge away from the rows and therefore the columns as well.
The amount of charge in each of the columns is measured by
the sensing circuit 76 to determine the positions of multiple
objects when they touch the touch screen 70.

FIG. 6 is a partial top view of a transparent multiple point
touch screen 100, in accordance with one embodiment of the

10
present invention. By way of example, the touch screen 100
may generally correspond to the touch screen shown in FIGS.
2 and 4. The multipoint touch screen 100 is capable of sensing
the position and the pressure of multiple objects at the same

5 time. This particular touch screen 100 is based on self capaci-
tance and thus it includes a plurality of transparent capacitive
sensing electrodes 102, which each represent different coor-
dinates in the plane of the touch screen 100. The electrodes
102 are configured to receive capacitive input from one or

10 more objects touching the touch screen 100 in the vicinity of
the electrodes 102. When an object is proximate an electrode
102, the object steals charge thereby affecting the capacitance
at the electrode 102. The electrodes 102 are connected to a
capacitive sensing circuit 104 through traces 106 that are

15 positioned in the gaps 108 found between the spaced apart
electrodes 1 I)2. The electrodes 102 are spaced apart in order to
electrically isolate them from each other as well as to provide
a space for separately routing the sense traces 106. The gap
108 is preferably made small so as to maxknize the sensing

2o area and to minimize optical differences between the space
and the transparent electrodes.

As shown, the sense traces 106 are routed from each elec-
trode 102 to the sides of the touch screen 100 where they are
connected to the capacitive sensing circuit 104. The capaci-

25 tive sensing circuit 104 includes one or more sensor ICs 110
that measure the capacitance at each electrode 102 and that
reports its findings or some form thereof to a host controller.
The sensor ICs 110 may for example convert the analog
capacitive signals to digital data and thereafter transmit the

30 digital data over a serial bus to a host controller. Any number
of sensor ICs may be used. For example, a single chip may be
used for all electrodes, or multiple chips may be used for a
single or group of electrodes. In most cases, the sensor ICs
110 report tracking signals, which are a function of both the

35 position of the electrode 102 and the intensity of the capaci-
tance at the electrode 102.

The electrodes 102, traces 106 and sensing circuit 104 are
generally disposed on an optical transmissive member 112. In
most cases, the optically transmissive member 112 is formed

40 from a clear material such as glass or plastic. The electrode
102 and traces 106 may be placed on the member 112 using
any suitable patterning technique including for example,
deposition, etching, printing and the like. The electrodes 102
and sense traces 106 can be made from any suitable transpar-

45 ent conductive material. By way of example, the electrodes
102 and traces 106 may be formed from indium tin oxide
0TO). In addition, the sensor ICs 111) of the sensing circuit
104 can be electrically coupled to the traces 106 using any
suitable techniques. In one implementation, the sensor ICs

50 110 are placed directly on the member 112 (flip chip). In
another implementation, a flex circuit is bonded to the mem-
ber 112, and the sensor ICs 110 are attached to the flex circuit.
In yet another implementation, a flex circuit is bonded to the
member 112, a PCB is bonded to the flex circuit and the

55 sensor ICs 110 are attached to the PCB. The sensor ICs may
for example be capacitance sensing ICs such as those manu-
factured by Synaptics of San Jose, Calif., Fingerworks of
Newark, Del. or Alps of San Jose: Calif.

The distribution of the electrodes 102 may be widely vat-
60 ied. For example, the electrodes 11)2 may be positioned

almost anywhere in the plane of the touch screen 101). The
electrodes 102 may be positioned randomly or in a particular
pattern about the touch screen 100. With regards to the later,
the position of the electrodes 1D2 may depend on the coordi-

65 nnte system used. For example, the electrodes 11)2 may be
placed in an array of rows and columns for Cartesian coordi-
nates or an array of concentric and radial segments for polar
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coordinates. Within each army; the rows, columns, concentric
or radial seg~amnts may be stacked uniformly relative to the
others or they may be staggered or offset relative to the others.
Additionally; within each row or colurrm, or within each
concentric or radial segment, the electrodes 102 may be stag-
gered or offset relative to an adjacent electrode 102.

Furthermore, the electrodes 102 may be formed from
almost any shape whether simple (e.g., squares; circles, ovals,
trian~es, rectangles, polygons, and the like) or complex (e.g.,
random shapes). Further still, the shape of the electrodes 102
may have identical shapes or they may have different shapes.
For example, one set of electrodes 102 may have a first shape
while a second set of electrodes 102 may have a second shape
that is different than the first shape. The shapes are generally
chosen to maximize the sensing area and to minimize optical
differences between the gaps and the transparent electrodes.

In addition, the size of the electrodes 102 may vary accord-
ing to the specific needs of each device. In some cases, the size
of the electrodes 102 corresponds to about the size era finger
tip. For example, the size of the electrodes 102 may be on the
order of 4-5 rum2. In other cases, the size of the electrodes
102 are sraaller than the size of the finger tip so as to improve
resolution of the touch screen 100 (the finger can influence
two or more electrodes at any one time thereby enabling
interpolation). Like the shapes: the size of the electrodes 102
may be identical or they raay be different. For example, one
set of electrodes 102 may be larger than another set of elec-
trodes 102. Moreover, any number of electrodes 102 may be
used. The number of electrodes 102 is t~Tically determined
by the size of the touch screen 100 as well as the size of each
electrode 102. In most cases, it would be desirable to increase
the number of electrodes 11)2 so as to provide higher resolu-
tion, i.e_, more information can be used for such things as
acceleration.

Although the sense traces 106 can be routed a variety of
ways, they are typically routed in manner that reduces the
distance they have to travel between their electrode 102 and
the sensor circuit 10,t, and that reduces the size of the gaps
108 found between adjacent electrodes 102. The width of the
sense traces 106 are also widely varied. The widths are gen-
erally determined by the amount of charge being distributed
there through,, the number of adjacent traces 106: and the size
of the gap 108 fl~rough which they travel. It is generally
desirable to maximize the widths of adjacent traces 106 in
order to maximize the coverage inside the gaps 108 theteby
creating a more ttrfiform optical appearance.

In the illustrated embodiment, the elcetrodes 102 are posi-
tioned in a pixilated array. As shown, the electrodes 102 are
positioned in rows 116 that extend to and from the sides o~[’the
touch screen 100. Within each row 116, the identical elec-
trodes 102 are spaced apart and positioned laterally relative te
one another (e.g., juxtaposed). Furthermore, the rows 116 are
stacked on top of each other thereby forming the pixilated
array. The sense traces 106 are routed in the gaps 108 formed
between adjacent rows 106. The sense traces 106 for each row
are routed in two different directions. The sense traces 11)6 on
one side of the row 116 are routed to a sensor IC 110 located
on the left side and the sense traces 106 on the other side of the
row 116 are routed to another sensor IC 110 located on the
right side of the touch screen 100. This is done to minimize
the gap 108 formed between rows 116. The gap 108 may for
example be held to about 20 microns. As should be appreci-
ated, the spaces between the traces can stack thereby creating
a Ia~e gap between electrodes. If routed to one side, the size
of the space would be substantially doubled thereby reducing
the resolution of the touch screen. Moreover, the shape of the

12
electrode 102 is in the form era parallelogam, and more
particularly a parallelogram with sloping sides.

FIG. 7 is a partial top view of a transparent multi point
touch screen 120, in accordance with one embodiment of the

5 present invention. In this embodiment, tire touch screen 120 is
similar to the touch screen 100 shown in FIG. 6, however,
unlike the touch screen 100 of FIG. 6: the touch screen 120
shown in FIG. 7 includes electrodes 122 with different sizes.
As shown, the electrodes 122 located in the center of the touch

10 screen 120 are larger than the electrodes 122 located at the
sides of the touch screen 120. In fact, the height of the elec-
trodes 122 gets correspondingly smaller when moving from
the center to the edge of the touch screen 121). This is done to
make room for the sense traces 124 extending from the sides

15 of the more centrally located electrodes 122. This arrange-
mere advantageously reduces the gap found between adjacent
rows 126 of electrodes 122. Although the height of each
electrode 122 shrinks, the height H of the row I26 as well as
the width W of each electrode 122 stays the same. In one

-~0 configuration, the height of the row 126 is substantially equal
to the width of each electrode 122. For example, the height of
the row 126 and the width of each electrode 122 may be about
4 mm to about 5 ram.

FIG. 8 is a front elevation view. in cross section of a display
25 arrangement 130: in accordance ~vith one embodiment of the

present invention. The thsplay arrangement 130 includes an
LCD display 132 and a touch screen 134 positioned over the
LCD display 132. The touch screen may for example corre-
spond to the touch screen shown in FIG. 6 or 7. The LCD

30 display 132 may correspondto any conventional LCD display
"known in the art. Although not shown, the LCD display 132
typically includes various layers including a fluorescent
panel, polarizing filters, a layer of liquid crystal cells, a color
filter and the like.

35 The touch screen 134 includes a transparent electrode layer
136 that is positioned over a glass member 138. The glass
member 138 may be a portion of the LCD display 132 or it
may be a portion of the touch screen 134. In either case, the
glass member 138 is a relatively thick piece of clear glass that

4o protects the display 132 from forces, which are exerted on the
touch screen 134. The thickness ofthe glass member 138 may
for example be about 2 ram. In most cases, the electrode layer
136 is disposed on the glass member 138 using suitable ~rans-
parent conductive materials and patterning techniques such as

45 ITO and printing. Although not shown, in some cases, it may
be necessary to coat the electrode layer 136 with a material of
similar refractive index to improve the visual appearance of
the touch screen. As should be appreciated, the gaps located
between electrodes and traces de not have the same optical

5o index as the electrodes and traces, and therefore a material
may be needed to provide a more similar optical index. I3y
way of example, index matching gels may be used.

The touch screen 134 also includes a protective cover sheet
140 disposed over the electrode layer 136. The electrode layer

55 136 is therefore sandwiched between the glass member 138
and the protective cover sheet 140. The protective sheet 140
serves to protect the under layers and provide a surface for
allowing an object to slide thereon. The protective sheet 140
also provides an insulating layer between the object and the

60 electrode layer 136. The protective cover sheet 140 may be
formed from any suitable clear material such as glass and
plastic. The protective cover sheet 140 is suitably thin to allow
for sufficient electrode coupling. By way of example, the
thickness of the cover sheet 140 may be between about 0.3-

65 0.8 ram. ]n addition, the protective cover sheet ld1) may be
treated with coatings to reduce stiction when touching and
reduce glare when viewing the underlying LCD display 132.
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By way of example, a low stiction/anti reflective coating 142
may be applied over the cover sheet 140. Although the elec-
trode layer 136 is typically patterned on the glass member
138, it should be noted that in some cases it may be alterna-
tively or additionally patterned on the protective cover sheet
140.

FIG. 9 is a top view of a transparent multipoint touch screen
150, in accordance with another embodiment of the present
invention. By way of example, the touch screen 150 may
generally correspond to the touch screen of FIGS. 2 and 4.
Unlike the touch screen shown in FIGS. 6-8, the touch screen
of FIG. 9 utilizes the concept of mutual capacitance rather
than self capacitance. As shown, the touch screen 150
includes a two layer grid of spatiaIly separated lines or wires
152. In most cases, the lines 152 on each layer are parallel one
another. Furthermore, although in different planes, the lines
152 on the different layers are configured to intersect or cross
in order to produce capacitive sensing nodes 154, which each
represent different coordinates in the plane of the touch
screen 150. The nodes 154 are configured to receive capaci-
tive input from an object touching the touch screen 150 in the
vicinity of the node 154. When an object is proximate the
node 154, the object steals charge thereby affecting the
capacitance at the node 154.

To elaborate, the lines 152 on different layers serve two
different functions. One set of lines 152A drives a current
therethrough while the second set of lines 152B senses the
capacitance coupling at each of the nodes 154. In most cases,
the top layer 15rovides the driving lines 152A while the bottom
layer provides the sensing lines 152B. The driving lines 152A
are connected to a voltage source (not shown) that separately
drives the current through each of the driving lines 152A. That
is, the stimulus !s only happening over one line while all the
other lines are grounded. They may be driven similarly to a
raster scan. The sensing lines 152B are connected to a capaci-
tive sensing circuit (not shown) that continuously senses all of
the sensing lines 152B (always sensing).

When driven, the charge on the driving line 152A capaci-
tively couples to the intersecting sensing lines 152B through
the nodes 154 and the capacitive sensing circuit senses all of
the sensing lines 152B in parallel. Thereafter, the next driving
line 152A is driven, and the cha~e on the next driving line
152A capacitively couples to the intersecting sensing lines
152B through the nodes 154 and the capacitive sensing circuit
senses all of the sensing lines 152B in parallel. This happens
sequential until all the lines 152A have been driven. Once all
the lines 152A have been driven, the sequence starts over
(continuously repeats). In most cases, the lines 152A are
sequentially driven fi’om one side to the opposite side.

The capacitive sensing circuit typically includes one or
more sensor ICs that measure the capacitance in each of the
sensing lines 152B and that reports its findings to a host
controller. The sensor ICs may for example convert the analog
capacitive signals to distal data and thereafter transmit the
digital data over a serial bus to a host controller..Any number
of sensor ICs may be used. For example, a sensor IC may be
used for all lines, or multiple sensor ICs may be used for a
sinNe or group of lines. In most cases, the sensor ICs 110
report tracking signals, which are a function of both the
position of the node 154 and the intensity of the capacitance
at the node 154.

The lines 152 are generally disposed on one or more optical
transmissive members 156 formed from a clear material such
as glass or plastic. By way of example, the lines 152 may be
placed on opposing sides of the same member 156 or they
may be placed on different members 156. The lines 152 may
be placed on the member 156 using any suitable patterning

14
technique including for example, deposition, etching, prim-
ing and the like. Furthermore, the lines 152 can be made from
any suitable transparent conductive material. By way of
example, the lines may be formed from indium tin oxide

5 (ITO). The driving lines 152A are typically coupled to the
voltage source through a flex circuit 158A, and the sensing
lines 152B are typically coupled to the sensing circuit, and
more particularly the sensor ICs through a flex circuit 158B.
The sensor ]Cs may be attached to a printed circuit board

10 (PCB). Alternatively, the sensor ICs may be placed directly
on the member 156 thereby eliminating the flex circuit 15$B.

The distribution of the lines 152 may be widely varied. For
example, the lines 152 may be positioned almost anywhere in
the plane of the touch screen 150. The lines 152 may be

1 s positioned randomly or in a particular pattern about the touch
screen 150. With regards to the later, the position of the lines
152 may depend on the coordinate system used. For example,
the lines 152 may be placed in rows and columns for Carte-
sian coordinates or concentrically and radially for polar coor-

2o dinates. Whenusing rows and colunms, the rows and columns
may be placed at various angles relative to one another. For
example, they may be vertical, horizontal or diagonal.

Furthermore, the lines 152 may be formed from almost any
shape whether rectilinear or curvilinear. The lines on each

:5 layer may be the same or different. For example, the lines may
alternate between rectilinear and curvilinear. Further still, the
shape of the opposing lines may have identical shapes or they
may have different shapes. For example, the driving lines may
have a first shape while the sensing lines may have a second

30 shape that is different than the first shape. The geometry ofthe
lines 152 (e.g., linewidths and spacing) may also be widely
varied. The geometry of the lines within each layer may be
identical or different, and further, the geometry of the lines for
both layers may be identical or different. By way of example,

35 the linewidths of the sensing lines 152B to driving lines 152A
may have a ratio of about 2:1.

Moreover, any number of lines 152 may be used. It is
generally believed that the number of lines is dependent on
the desired resolution of the touch screen 150. The number of

4o lines within each layer may be identical or different. The
number of lines is typically determined by the size of the
touch screen as well as the desired pitch and linewidths of the
lines 152.

In the illustrated embodiment, the driving lines 152A are
45 positioned in rows and the sensing lines 152B are positioned

in columns that are perpendicular to the rows. The rows
extend horizontally to the sides of the touch screen 150 and
the columns extend vertically to the top and bottom of the
touch screen 150. Furthermore, the linewidths for the set of

so lines 152A and 152B are different and the pitch for set of lines
152A and 152B are equal to one another. In mosl cases, the
linewidths of the sensing lines 152B are larger than the lin-
ewidths of the driving lines 152A. By way of example, the
pitch of the driving and sensing lines 152 may be about 5 man,

55 the linewidths of the driving lines 152A may be about 1.O5
mm and the linewidths of the sensing lines 152B may be
about 2.10 nun. Moreover, the number of lines 152 in each
layer is different. For example, there may be about 38 driving
lines and about 50 sensing lines.

6o As mentioned above, the lines in order to form semi-trans-
parent conductors on glass, film or plastic, may be patterned
with an ITO material. This is generally accomplished by
depositing an ITO layer over the substrate surface, and then
by etching away portions of the lTO layer in order to form the

65 lines. As should be appreciated, the areas with ITO tend to
have lower transparency than the areas without 1TO. This is
generally less desirable for the user as the user can distinguish
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the lines from the spaces therebetween, i.e., the patterned ]TO
can become quite visible thereby producing a touch screen
with undesirable optica! properties. To further exacerbate this
problem, the ITO material is typically applied in a manner
that produces a relatively low resistance, and unfortunately
low resistance ITO tends to be less transparent than high
resistance ITO.

In order to prevent the aforementioned problem, the dead
areas between the ITO may be filled with indexing matching
materials. In another embodiment, rather than simply etching
away all of the ITO, the dead areas (the uncovered spaces)
may be subdivided into unconnected electrically floating ITO
pads, i.e., the dead areas may be patterned with spatially
separated pads. The pads are typically separated with a mini-
mum trace width. Furthermore, the pads are typically made
small to reduce their impact on the capacitive measurements.
This technique attempts to minimize the appearance of the
ITO by creating a uniform optical retarder. That is, by seeking
to create a uniform sheet of ITO, it is believed that the panel
will function closer to a uniform optical retarder and therefore
non-uniformities in the visual appearance will be minimized.
In yet another embodiment, a combination of index matching
materials and unconnected floating pads may be used.

FIG. 10 is a partial front elevation view, in cross section of
a display arrangement 170, in accordance with one embodi-
ment of the present invention. The display arrangement 170
includes an LCD display 172 and a touch screen 174 posi-
tioned over the LCD display 170. The touch screen may for
example correspond to the touch screen shown in FIG. 9. The
LCD display 172 may correspond to any conventionaI LCD
display known in the art. Although not shown, the LCD dis-
play 172 typically includes various layers including a fluo-
rescent panel, polarizing filters, a layer of liquid crystal cells,
a color filter and the like.

The touch screen 174 includes a transparent sensing layer
176 that is positioned over a first glass member 178. The
sensing layer 176 includes a plurality of sensor lines 177
positioned in cohunns (extend in and out of the page). The
first glass member 178 may be a portion of the LCD display
172 or it may be a portion of the touch screen 174. For
example, it may be the front glass of the LCD display 172 or
it may be the bottom glass of the touch screen 174. The sensor
layer 176 is typically disposed on the glass member 178 using
suitable transparent conductive materials and patterning tech-
niques. In some cases, it may be necessary to coat the sensor
layer 176 with material of similar refractive index to improve
the visual appearance, i.e., make more uniform.

The touch screen 174 also includes a transparent driving
layer 180 that is positioned over a second glass member 182.
The second glass member 182 is positioned over the first glass
member 178. The sensing layer 176 is therefore sandwiched
between the first and second glass members 178 and 182. The
second glass member 182 provides an insulating layer
between the driving and sensing layers 176 and 180. The
driving layer 180 includes a plurality of driving lines 181
positioned in rows (extend to the fight and left of the page).
The driving lines 181 are configured to intersect or cross the
sensing lines 177 positioned in colmnns in order to form a
plurality of capacitive coupling nodes 182. Like the sensing
layer 176, the driving layer 180 is disposed on the glass
member using suitable materials and patterning techniques.
Furthermore, in some cases, it may be necessary to coat the
driving layer 180 with material of similar refractive index to
improve the visual appearance. Although the sensing layer is
typically patterned on the first glass member, it should be
noted that in some cases it may be alternatively or addition-
ally patterned on the second glass member.

16
The touch screen 174 also includes a protective cover sheet

190 disposed over the driving layer 180. The driving layer 180
is therefore sandwiched between the second glass member
182 and the protective cover sheet 190. The protective cover

5 sheet 190 serves to protect the under layers and provide a
surface for allowing an object to slide thereon. The protective
cover sheet 190 also provides an insulating layer between the
object and the driving layer lg0. The protective cover sheet is
suitably thin to allow for sufficient coupling. The protective

l0 cover sheet 190 may be formed from any suitable clear mate-
rial such as glass and plastic. In addition, the pretective cover
sheet 190 may be treated with coatings to reduce stiction
when touching and reduce glare when viewing the underlying
LCD display 172. By way of example, a low stiction!anti

15 reflective coating may be applied over the cover sheet 190.
Although the line layer is typically patterned on a glass mem-
ber, it should be noted that in some cases it may be alterna-
tively or additionally patterned on the protective cover sheet.

The touch screen 174 also includes various bonding layers
20 192. The bonding layers 192 bond the glass members 178 and

182 as well as the protective cover sheet 190 together to form
the laminated structure and to provide rigidity and stiffness to
the laminated structure. In essence, the bonding layers 192
help to produce a monolithic sheet that is stronger than each

25 of the individual layers taken alone. In most cases, the first
and second glass members 178 and 182 as well as the second
glass member and the protective sheet 182 and 190 are lmni-
hated together using a bonding agent such as glue. The com-
pliant nature of the glue may be used to absorb geometric

30 variations so as to form a singular composite structure with un
overall geometry that is desirable. In some cases, the bonding
agent includes an index matching material to improve the
visual appearance of the touch screen 170.

With regards to configuration, each of the various layers
35 may be formed with various sizes, shapes, and the like. For

example, each of the layers may have the same thickness or a
different thickness than the other layers in the structure. In the
illustrated embodiment, the first glass member 178 has a
thickness of about 1.1 ram, the second glass member 182 has

40 a thickness of about 0.4 mm and the protective sheet has a
thickness of about 0.55 ram. The thic "kness of the bonding
layers 192 typically varies in order to produce a laminated
structure with a desired height. Furthermore, each of the
layers may be formed with various materials. By way of

45 example: each particular "type of layer may be formed from
the same or different material. For example, any suitable glass
or plastic material may be used for the glass members. In a
similar manner, any suitable bonding agent may be used for
the bonding layers 192.

5o FIGS. llA and 11B are partial top view diagrams of a
driving layer 200 and a sensing layer 202, in accordance with
one embodiment. In this embodiment, each of the layers 500
and 202 includes dummy features 204 disposed between the
driving lines 206 and the sensing lines 208. The durarny

55 features 204 are configured to optically improve the visual
appearance of the touch screen by more closely matching the
optical index of the lines. While index matching materials
may improve the visual appearance, it has been found that
there still may exist some non-uniformities. The dummy fea-

r0 tures 204 provide the touch screen with a more uniform
appearance. The dummy features 204 are electrically isolated
and positioned in the gaps between each of the lines 206 and
208. Although they may be pattemed separately: the dummy
features 204 are typically patterned along with the lines 206

65 and 208. Furthermore, although they may be formed from
different materials, the dummy features 204 are typically
formed with the same transparent conductive material as the
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lines as for example ITO to provide the best possible index
matching. As should be appreciated, the dummy features will
more than likely still produce some gaps, but these gaps are
much smaller than the gaps found between lS.e lines (many
orders of magnitude smaller). These gaps, therefore have
minimal impact on the visual appearance. While this may be
the case, index matching materials may be additionally
apphed to the gaps between the dummy features to further
improve the visual appearance of the touch screen. The dis-
tribution, size, number, dimension, and shape of the durmny
features may be widely varied.

FIG. 12 is a simplified diagram of a mutual capacitance
circuit 220, in accordance with one embodiment of the
present invention. The mutual capacitance circuit 220
includes a driving line 222 and a sensing line 224 that are
spatially separated thereby forming a capacitive coupling
node 226. The driving line 222 is electrically coupled to a
voltage source 228, and the sensing line 224 is electrically
coupled to a capacitive sensing circuit 230. The driving line
222 is configured to carry a current to the capacitive coupling
node 226, and the sensing line 224 is confignred to carry a
current to the capacitive sensing circuit 230. When no object
is present, the capacitive coupling at the node 226 stays fairly
constant. When an object 232 such as a finger is placed
proximate the node 226, the capacitive coupling changes
through the node 226 changes. The object 232 effectively
shunts some of the field away so that the charge projected
across the node 226 is less. The change in capacitive coupling
changes the current that is carried by the sensing lines 224.
The capacitive sensing circuit 230 notes the current change
and the position of the node 226 where the current change
occurred and reports this information in a raw or in some
processed form to a host controller. The capacitive sensing
circuit does this for each node 226 at about the same time (as
viewed by a user) so as to provide multipoint sensing.

The sensing line 224 may contain a filter 236 for eliminat-
ing parasitic capacitance 237, which may for example be
created by the large surface area of the row and column lines
relative to the other lines and the system enclosure at ground
potential. Generally speaking, the filter rejects stray capaci-
tance effects so that a clean representation of the charge
transferred across the node 226 is outputted (and not anything
in addition to that). That is, the filter 236 produces an output
that is not dependent on the parasitic capacitance, but rather
on the capacitance at the node 226. As a result, a more accu-
rate output is produced.

FIG. 13 is a diagram of an inverting amplifier 240, in
accordance with one embodiment of the present invention.
The inverting amplifier 240 may generally correspond to the
filter 236 shown ia FIG. 12. As shown, the inverting amplifier
includes a non inverting input that is held at a constant voltage
(in this case ground), an inverting input that is coupled to the
node and an output that is coupled to the capacitive sensing
ctrcuit 230. The outpnt is coupled back to the inverting input
d~rough a capacitor. During operation, the input from the
node may be disturbed by stray capacitance effects, i.e., para-
sitic capacitance. If so, the inverting amplifier is configured to
drive the input back to the same voltage that it had been
previously before the stimulus. As such, the value of the
parasitic capacitance doesn’t matter.

FIG. 14 is a block diagram of a capacitive sensing circuit
260, in accordance with one embodiment of the present
invention. The capacitive sensing circuit 260 may for
example correspond to the capacitive sensing circuits
described in the previous figaxres. The capacitive sensing cir-
cuit 260 is configured to receive input data from a plurality of

18
sensing points 262 (electrode, nodes, etc.), to process the data
and to output processed data to a host controller.

The sensing circuit 260 includes a multiplexer 264 0VIUX).
The multiplexer 264 is a switch configured to perform time

5 multiplexing. As shown, the MUX 264 includes a plurality of
independent input channels 266 for receiving signals from
each of the sensing points 262 at the same time. The MUX
264 stores all of the incoming signals at the same time, but
sequentially releases them one at a time through an output

10 channel 268.

The sensing circuit 260 also includes an analog to digital
converter 270 (ADC) operatively coupled to the MUX 264
through the output channel 268. The ADC 270 is configured

15 to digitize the incoming analog signals sequentially one at a
time. That is, the ADC 270 converts each of the incoming
analog signals into outgoing digital signals. The input to the
ADC 270 generally corresponds to a voltage having a theo-
retically infinite number of values. The voltage varies accord-
ing to the amount of capacitive coupling at each of the sensing20 points 262. The output to the ADC 270, on the other hand, has

a defined number of states. The states generally have predict-
able exact voltages or currents.

The sensing circuit 260 also includes a digital signal pro-
25 cessor 272 (DSP) operatively coupled to the ADC 270

through another channel 274. The DSP 272 is a program-
mable computer processing unit that works to clarify or stan-
dardize the digital signals via high speed mathematical pro-
cessing. The DSP 274 is capable of differentiating between

30 human made signals, which have order, and noise, which is
inherently chaotic. In most cases, the DSP performs filtering
and conversion algorithms using the raw data. By way of
example, the DSP may filter noise events from the raw data,
calculate the touch boundaries for each touch that occurs on

35 the touch screen at the same time, and thereafter determine
the coordinates for each touch event. The coordinates of the
touch events may then be reported to a host controller where
they can be compared to previous coordinates of the touch
events to determine what action to perform in the host device.

40 FIG. 15 is a flow diagram 280, in accordance with one
embodiment of the present invention. The method generally
begins at block 282 where a plurality of sensing points are
driven. For example, a voltage is applied to the electrodes in
self capacitance touch screens or through driving lines in

45 mutual capacitance touch screens. In the later, eaqh driving
line is driven separately. That is, the driving lines are driven
one at a time thereby building up charge on all the intersecting
sensing lines. Following block 282, the process flow proceeds
to block 284 where the outputs (voltage) from all the sensing

5o points are read. This block may include multiplexing and
digitizing the outputs. For example, in mutual capacitance
touch screens, all the sensing points on one row are multi-
plexed and digitized and this is repeated until all the rows have
been sampled. Following block 284, the process flow pro-

55 ceeds to block 286 where an image or other form of data
(signal or signals) of the touch screen plane at one moment in
time can be produced and thereafter analyzed to determine
where the objects are touching the touch screen. By way of
example, the boundaries for each unique touch can be calcu-

6o lated, and thereafter the coordinates thereof can be found.
Following block 286, the process flow proceeds to block 288
where the current image or signal is compared to a past image
or signal in order to determine a change in pressure, location,
direction, speed and acceleration for each object on the plane

65 of the touch screen. This information can be subsequently
used to perfoma an action as for example moving a pointer or
cursor or making a selection as indicated in block 290.
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FiG. 16 is a flow diagram of a digital signal processing
method 300, in accordance with one embodiment of the
present invention. By way of example, the method may gen-
erally correspond to block 286 shown and described in FIG.
lg. The method 300 generally begins at block 302 where the
raw data is received. The raw data is typically in a digitized
form, and includes values for each node of the touch screen.
The values may be between 0 and 256 where 0 equates to the
highest capacitive coupling (no touch pressure) and 256
equates to the least capacitive coupling (full touch pressure).
An example of raw data at one point in time is shown in FIG.
17A. As shown in FIG. 17A, the values for each point are
provided in gray scale where points with the least capacitive
coupling are shown in white and the points with the highest
capacitive coupling are shown in black and the points found
between the least and the highest capacitive coupling are
shown in gray.

Following block 302, the process flow proceeds to block
304 where the raw data is filtered. As should be appreciated,
the raw data typically includes some noise. The filtering pro-
cess is configured to reduce the noise. By way of example, a
noise algorithm may be run that removes points that aren’t
connected to other points. Single or unconnected points gen-
erally indicate noise while multiple cormected points gener-
ally indicate one or more touch regions, which are regions of
the touch screen that are touched by objects. An example of a
filtered data is shown in FIG. 17B. As shown, the single
scattered points have been removed thereby leaving several
concentrated areas.

Following.block 304, the process flow proceeds to block
306 where gradient data is generated. The gradient data indi-
cates the topology of each group of connected points. The
topology is typically based on the capacitive values for each
point. Points with the lowest values are steep while points
with the highest values are shallow. As should be appreciated,
steep points indicate touch points that occurred with greater
pressure while shallow points indicate touch points that
occurred with lower pressure. An example of gradient data is
shown in FIG. 17C.

Following block 306, the process flow proceeds to block
308"where the boundaries for touch regions are calculated
based on the gradient data. In general, a determination is
made as to which points are grouped together to form each
touch region. An example of the touch regions is shown in
FIG. 17D.

In one embodiment, the boundaries are determined using a
watershed algorithm. Generally speaking, the algorithm per-
forms image segmentation, which is the partitioning of an
image into distinct regions as for example the touch regions of
multiple objects in contact with the touchscreen. The concept
of watershed initially comes from the area of geography and
more particularly topography where a drop of water falling on
a relief follows a descending path and eventually reaches a
minimum, and where the watersheds are the divide lines of
the domains of attracting drops of water. Herein, the water-
shed lines represent the location ofpixels., which best separate
different objects touching the touch screen. Watershed algo-
rithms can be widely varied. In one particular implementa-
tion, the watershed algorithm includes forming paths from
low points to a peak (based on the magnitude of each point),
classifying the peak as an ID label for a particular touch
region, associating each point (pixel) on the path with the
peak. These steps are performed over the entire image map
thus carving out the touch regions associated with each object
in contact with the touchscreen.

Following block 301~, the process flow proceeds to block
310 where the coordinates for each of the touch regions are

2O
calculated. This may be accomplished by performing a cen-
troid calculation with the raw data associated with each touch
region. For example, once the touch regions are determined,
the raw data associated therewith may be used to calculate the
centroid of the touch region. The centroid may indicate the
central coordinate of the touch region. By way of example,
the X and Y centroids may be found using the following
equations:

Yc=F.Z*y/ZZ,

where
Xc represents the x centroid of the touch region
Yc represents the y centroid of the touch region15
x represents the x coordinate of each pixel or point in the

touch region
y represents the y coordinate of each pixel or point in the

touch region
20 Z represents the magnitude (capacitance value) at each

pixel or point
An example of a centroid calculation for the touch regions

is shown in FIG. 17E. As shown, each touch region represents
a distinct x and y coordinate. These coordinates may be used

25 to perform muhipoint tracking as indicated in block 312. For
example, the coordinates for each of the touch regions may be
compared with previous coordinates of the touch regions to
determine positioning changes of the objects touching the
touch screen or whether or not touching objects have been

30 added or subtracted or whether a particular object is being
tapped.

FIGS. 18 and 19 are side elevation views of an electronic
device 350, in accordance with multiple embodiments of the
present invention. Theelectronic device 350 includes an LCD

35 display 352 and a transparent touch screen 354 positioned
over the LCD display 352. The touch screen 354 includes a
protective sheet 356, one or more sensing layers 358, and a
bottom glass member 360. In this embodiment, the bottom
glass member 360 is the front glass of the LCD display 352.

4o Further, the sensing layers 358 may be configured for either
self or mutual capacitance as described above. The sensing
layers 358 generally include a plurality of interconnects at the
edge of the touch screen for coupling the sensing layer 358 to
a sensing circuit (not shown). By way ore×ample, the sensing

4s layer 358 may be electrically coupled to the sensing circuit
through one or more flex circuits 362, which are attached to
the sides of the touch screen 354.

As shown, the LCD display 352 and touch screen 354 are
disposed within a housing 364. The housing 364 serves to

50 cover and support these components in their assembled posi-
tion within the electronic device 350. The housing 364 pro-
rides a space for placing the LCD display 352 and touch
screen 354 as well as an opening 366 so that the display screen
can be seen through the housing 364. In one embodiment, as

55 shown in FIG. 18, the housing 364 includes a facade 3"/0 for
covering the sides the LCD display 352 and touch screen 354.
Although not shown in great detail, the facade 370 is posi-
tioned around the entire perimeter of the LCD display 352 and
touch screen 354. The facade 370 serves to hide the intercon-

60 nects leaving only the active area oftheLCD display 352 and
touch screen 354 in view.

In another embodiment, as shown in FIG. 19, the housing
364 does not include a facade 370, but rather a mask 372 that
is printed on interior portion of the top glass 374 of the touch

65 screen 354 that extends between the sides of the housing 3154.
This particular arrangement makes the mask 372 look sub-
merged in the top glass 356. The mask 372 serves the same
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function as the facade 370, but is a more elegant solution. In
one implementation, the mask 372 is a formed from high
temperature black polymer. In the illustrated embodiment of
FIG. 19, the touch screen 354 is based on mutual capacitance
sensing and thus the sensing layer 358 includes driving lines
376 and sensing lines 378. The driving lines 376 are disposed
on the top glass 356 and the mask 372, and the sensing lines
378 are disposed on the bottem glass 360. The driving lines
and sensing lines 376 and 378 are insulated from one another
via a spacer 380. The spacer 380 may for example be a clear
piece of plastic with optacal matching materials retained
therein or applied thereto.

In one embodiment and referring to both FIGS. 18 and 19,
the electronic device 350 corresponds to a tablet computer. In
this embodiment, the housing 364 also encloses various inte-
grated circuit chips and other circuitry 382 that provide com-
puting operations for the tablet computer. By way of example,
the integrated circuit chips and other circuitry may include a
microprocessor, motherboard, Read-Only Memory (ROM),
Random-Access Memory (RAM’), a hard drive, a disk drive,
a battery, and various input/output support devices.

While this invention has been described in terms of several
preferred embodiments, there are alterations, permutations,
and equivalents, which fall within the scope of this invention.
For example, although the touch screen was primarily
directed at capacitive sensing, it should be noted that some or
all of the features described herein may be applied to other
sensing methodologies. It should also be noted that there are
many alternative ways of implementing the methods and
apparatuses of the present invention. It is therefore intended
that the following appended claims be interpreted as includ-
ing all such alterations: permutations, and equivalents as fall
within the true spirit and scope of the present invention.

What is claimed is:
1. A touch panel comprising a transparent capacitive sens-

ing medium configured to detect multiple touches or near
touches that occur at a same time and at distinct locations in
a plane of the touch panel and to produce distinct signals
representative of a location of the touches on the plane of the
touch panel for each of the multiple touches, wherein the
transparent capacitive sensing medium comprises:

a first layer having a plurality of transparent first conduc-
tive lines that are electrically isolated from one another;
and

a second layer spatially separated from the first layer and
having a plurality of transparent second conductive lines
that are electrically isolated from one another, the sec-
ond conductive lines being positioned transverse to the
first conductive lines, the intersection of transverse lines
being positioned at different locations in the plane of the
touch panel, each of the second conductive lines being
operatively coupled to capacitive monitoring circuitry;

wherein the capacitive monitoring circuitry is configured
to detect changes in charge coupling between the first
conductive lines and the second conductive lines.

2. The touch panel as recited in claim 1 wherein the con-
ductive lines on each of the layers are substantially parallel to
one another.

3. The touch panel as recited in claim 2 wherein the con-
ductive lines on different layers are substantially perpendicu-
lar to one another.

22
4. The touch panel as recited in claim 1 wherein the trans-

parent first conductive lines of the first layer are disposed on
a first glass member, and wherein the transparent second
conductive lines of the second layer are disposed on a second

5 glass member, the first glass member being disposed over the
second glass member.

5.2"he touch panel as recited in claim 4 further including a
third glass member disposed over the first glass member, the
first and second glass members being attached to one another

~0 via an adhesive layer, the third glass member being attached
to the first glass member via another adhesive layer.

6. The touch panel as recited in claim 1 wherein the con-
ductive lines are formed from inditma tin oxide (ITO).

7. The touch panel as recited in cl aim 1, wherein the capaci-
is tive sensing medium is a mutual capacitance sensing

medium.
8. The touch panel as recited in claim 7, further comprising

a virtual ground charge amplifier coupled to the touch panel
for detecting the touches on the touch panel.

20 9. The touch panel as recited in claim 1, the transparent
capacitive sensing medium formed on both sides of a single
substmte.

10. A display arrangement comprising:
a display having a screen for displaying a graphical user

25 interface; and
a transparent touch panel allowing the screen to be viewed

therethrough and capable oPrecognizing multiple much
events that occur at different locations on the touch panel
at a same time and to output this information to a host

30 device to form a pixilated inaage;
wherein the touch panel includes a multipoint sensing

arrangement configtu’ed to simultaneously detect and
monitor the touch events and a change in capacitive
coupling associated with those touch events at distinct

35 points across the touch panel; and
wherein the touch panel comprises:

a first glass member disposed over the screen of the
display;

a first transparent conductive layer disposed over the
4o first glass member, the first transparent conductive

layer comprising a plurality of spaced apart parallel
lines having the same pitch and linewidths;

a second glass member disposed over the first transpar-
ent conductive layer;

45 a second transparent conductive layer disposed over the
second glass member, the second transparent conduc-
tive layer comprising a plurality of spaced apart par-
allel lines having the same pitch and linewidths, the
parallel lines of the second transparent conductive

50 layer being substantially perpendicular to the parallel
lines of the first transparent conductive layer;

a third glass member disposed over the second transpar-
ent conductive layer; and

one or more sensor integrated circuits operatively
55 coupled to the lines.

11. The display arrangement as recited in claim 10 further
including dummy features disposed in the space between the
parallel lines, the dummy features optically improving the
visual appearance of the touch screen by more closely match-

60 ing the optical index of the lines.
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ELLIPSE FITTING FOR MULTI-TOUCH
SURFACES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of 11/015,434, entitled
"Method and Apparatus for Integrating Manual Input," filed
Dec. 17, 2004 now U.S. Pat. No. 7,339,580, which is a con-
tinuation of 09/236,513 (now Pat. No. 6,323,846) filed Jan.
25, 1999 which claims the benefit of provisional application
60/072,509, filed Jan. 26, 1998, each of which is hereby
incorporated by reference in its entirety. This application is
also related to Application Ser. No. 11/428,501, entitled
"Capacitive Sensing Arrangement;’ 11/428,503, entitled
"Touch Surface," 11/428,506, entitled "User Interface Ges-
tures," 11/428,515, entitled "User Interface Gestures",
11/428,522, entitled "Identifying Contacts on a Touch Sur-
face," 1 1/428,521, entitled "Identifying Contacts on a Touch
Surface", 11/559,736, entitled "Multi-Touch Contact Track-
ing Algorithm", 11/559,763, "Multi-Touch Contact Motion
Extraction," 11/559,799, entitled "Multi-Touch Contact
Motion Extraction," 11/559,822, entitled "Multi-Touch Con-
tact Motion Extraction," 11/559,833, entitled Multi-Touch
Hand Position Offset Computation, each of which is hereby
incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

A. Field of the Invention
The present invention relates generally to methods and

apparatus for data input, and, more particularly, to a method
and apparatus for integrating manual input.

B. Description of the Related Art
Many methods for manual input of data and commands to

computers are in use today, but each is most efficient and easy
to use for particular types of data input. For example, drawing
tablets with pens or pucks excel at drafting, sketching, and
quick command gestures. Handwriting with a stylus is con-
venieat for filling out forms which require signatures, special
symbols, or small amounts of text, but handwriting is slow
compared to typing and voice input for long documents.
Mice, finger-sticks and touchpads excel at cursor pointing
and graphical object manipulations such as drag and drop.
Rollers, thumbwheels and trackballs excel at panning and
scrolling. The diversity of tasks that many computer users
encounter in a single day call for all of these techniques, but
few users will pay for a multitude of input devices, and the
separate devices are often incompatible in a usability and an
ergonomic sense. For instance, drawing tablets are a must for
graphics professionals, but switching between drawing and
typing is inconvenient because the pen must be put down or
held awkwardly between the fingers while typing. Thus, there
is a long-felt need in the art for a manual input device which
is cheap yet offers convenient integration of common manual
input techniques.

Speech recognition is an exciting new technology which
promises to relieve some of the input burden on user hands.
However, voice is not appropriate for inputting all types of
data either. Currently, voice input is best-suited for dictation
of long text documents. Until natural language recognition
matures sufficiently that very high level voice commands can
be understood by the computer, voice will have little advan-
tage over keyboard hot-keys and mouse menus for command
and control. Furthermore, precise pointing, drawing, and
manipulation of graphical objects is difficult with voice com-
mands, no matter how well speech is understood. Thus, there

2
will always be a need in the art for multi-function manual
input devices which supplement voice input.

A generic mannal input device which combines the typing,
pointing, scrolling, and handwriting capabilities of the start-

5 dard input device collectionmusthave ergonomic, economic,
and productivity advantages which outweigh the unavoidable
sacrifices of abandoning device specialization. The generic
device must tightly integrate yet clearly distinguish the dif-
ferent types of input. It should therefore appear modeless to

10 the user in the sense that the user should not need to provide
explicit mode switch signals such as buttonpresses, arm relo-
cations, or stylus pickups before switching from one input
activity to another. Epidemiological studies suggest that rep-
etition and force multiply in causing repetitive strain injuries.

15 Awkward postures, device activation force, wasted motion,
and repetition should be minimized to improve ergonomics.
Furthermore, the workload should be spread evenly over all
available muscle groups to avoid repetitive strain.

Repetition can be minimized by allocating to several
20 graphical manipulation channels those tasks which require

complex mouse pointer motion sequenc’es. Common graphi-
cal user interface operations such as finding and manipulating
a scroll bar or slider control are much less efficient than
specialized finger motions which cause scrolling directly,

25 without the step ofrepositioning the cursor overan on-screen
control. Preferably the graphical manipulation channels
should be distributed amongst many finger and hand motion
combinations to spread the workload. Touchpads and mice
with auxilliary scrolling controls such as the Cirque®TM

30 Smartcat touchpad with edge scrolling, the IBM®TM Scroll-
Poinff"~ mouse with embedded pointing stick, and the Roller
Mouse described in U.S. Pat. No. 5~530,455 to Gillick et al.
represent small improvements in this area, but still do not
provide enough direct manipulation channels to eliminate

35 many often-used cursormotion sequences. Furthermore, as S.
Zhai et al. found in "Dual Stream Input for Pointing and
Scrolling," Proceedings of CHI ’97 Extended Abstracts
(1997), manipulation of more than two degrees of freedom at
a time is very difficult with these devices, preventing simul-

4o taneous panning, zooming and rotating.
Another common method for reducing excess motion and

repetition is to automatically continue pointing or scrolling
movement signals once the user has stopped moving or lifts
the finger. Related art methods can be distinguished by the

45 conditions under which such motion continuation is enabled.
In U.S. Pat. No. 4,734,685, Watanabe continues image pan-
ning when the distance and velocity of pointing device move-
ment exceed thresholds. Automatic panning is, stopped by
moving the pointing device back in the opposite direction, so

50 stopping requires additional precise movements. In U.S. Pat.
No. 5,543,591 to Gillespie et al., motion continuation occurs
when the finger enters an edge border region around a small
touchpad. Continued motion speed is fixed and the direction
corresponds to the direction from the center of the touchpad to

55 the finger at the edge. Continuation mode ends when the
finger leaves the border region or litts offthe pad. Disadvan-
tageously, users sometimes pause at the edge of the pad
without intending for cursor motion to continue, and the
unexpected motion continuation becomes annoying. U.S.

60 Pat. No. 5,327,161 to Logan et al. describes motion continu-
ation when the finger enters a border area as well, but in an
alternative tmckball emulation mode, motion continuation
can be a function solely of lateral finger velocity and direction
at liftoff. Motion continuation decays due to a friction factor

65 or can be stopped by a subsequent touchdown on the surface.
Disadvantageously, touch velocity at liftoff is not a reliable
indicator of the user’s desire for motion continuation since
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when approaching a large target on a display at high speeds
the user may not stop the pointer completely before liftoff.
Thus it would be an advance i~ the art to provide a motion
continuation method which does not become activated unex-
pectedly when the user really intended to stop pointer move-
ment at a target but happens to be on a border or happens to be
moving at significant speed during liftoff.

Many attempts have been made to embed pointing devices
in a keyboard so the hands do not have to leave typing position
to access the pointing device. These include the integrated
pointing key described in U.S. Pat. No. 5,189,403 to Franz et
al., the integrated pointing stick disclosed by J. Rutledge and
T. Selker in "Force-to-Motion Functions for Pointing,"
Human-Computerintemction INTERACT ’90, pp. 701-06
(1990), and the position sensing keys described in U.S. Pat.
No. 5,675,361 to Santilii. Nevertheless, the limited move-
ment range and resolution of these devices, leads to poorer
pointing speed and accuracy than a mouse, and they add
mechanical complexity to keyboard construction. Thus there
exists a need in the art for pointing methods with higher
resolution, larger movement range, and more degrees of free-
dom yet which are easily accessible from typing hand posi-
tions.

Touch screens and touchpads often distinguish pointing
motions from emulated button clicks or keypresses by assum-
ing very little lateral fingertip motion will occur during taps
on the touch surface which are intended as clicks. Inherent in
these methods is the assumption that tapping will usually be
straight down from the suspended finger position, minimizing
those components of finger motion tangential to the surface.
Th~s is a valid assumption if the surface is not finely divided
into distinct key areas or if the user does a slow, ""~tunt and
peck" visual search foreach key before striking. For example,
in U.S. Pat. No. 5,543,591 to Gillespie et al., a touchpad sends
all lateral motions to the host computer as cursor movements.
However, if the finger is lifted soon enough after touchdown
to count as a tap and if the accumulated lateral motions are not
excessive, any sent motions are undone and a mouse button
click is sent instead. This method only works for mouse
commands such as pointing w~ch can safely be undone, not
for dragging or other manlpula’~ions. In U.S. Pat. No. 5,666,
113 to Logan, taps with less than about ~As" lateral motion
activate keys on a small keypad while lateral motion in excess
of ~Ar" activates cursor control mode. In both patents cursor
mode is invoked by default when a finger stays on the surface
a long time.

However, fast touch typing on a surface divided into a large
array of key regions tends to produce more tangential motions
along the surface than related art filtering techniques can
tolerate. Such an array contains keys in multiple rows and
cohtmns which may not be directly under the fingers, so the
user must reach with the hand or flex or extend fingers to
touch many of the key regions. Quick reaching and extending
imparts significant lateral finger motion while the finger is in
the air which may still be present when the finger contacts the
surface. Glancing taps with as much as ~A" lateral motion
measured at the surface can easily result. Attempting to filter
or suppress this much motion would make the cursor seem
sluggish and unresponsive. Furthermore, it may be desirable
to enter a typemafic or automatic key repeat mode instead of
pointing mode when the finger is held in one place on the
surface. Any lateral shifting by the fingertip during a pro-
longed finger press would also be picked up as cursor jitter
without heavy filtering. Thus, there is a need in the art for a
method to distinguish keying from pointing on the same
surface via more robust hand configuration cues than lateral
motion of a single finger.

4
.&n ergonomic typing system should require minimal key

tapping force, easily distinguish finger taps from resting
hands, and cushion the fingers from the jarring force of sur-
face impact. Mechanical and membrane keyboards rely on

5 the spring force in the keyswitches to prevent activation when
the hands are resting on the keys. This causes an irreconcil-
able tradeoff between the ergonomic desires to reduce the
fatigue from key activating force and to relax the full weight
of the hands onto the keys during rest periods. Force minimi-

10 zation on touch surfaces is possible with capacitive or active
optical sensing, which do not rely en finger pressure, rather
than resistive-membrane or surface-acoustic-wave sensing
techniques. The related art touch devices discussed below
will become confused if a whole hand including its four

15 fingertips a thumb and possibly palm heels, rests on the sur-
face. Thus, there exists a long felt need in the art for a multi-
touch surface typing system based on zero-force capacitive
sensing which can tolerate resting hands and a surface cush-
ion.20

An ergonomic .typing system should also adapt to indi-
vidual hand sizes tolerate variations in typing style, a~ud sup-
port a range of healthy hand postures. Though many ergo-
nomic keyboards have been propose~ mechanical

25 keyswitches can only be repositioned at great cost. For
example, the keyboard with concave keywells described by
Hargreaves ct al. in U.S. Pat. No. 5,689,253 fits most hands
well but also tends to lock the arms in a single position. A
touch sttrface key layout could easily be morphed, translated,

30 or arbitrarily recomfigured as long as the changes did not
confuse the user. However, touch surfaces may not provide as
much laterally orienting tactile feedback as the edges of
mechanical keyswitches. Thus, there exists a need in the art
for a surface typing recognizer which can adapt a key layout
to fit individual hand postures and which can sustain typing

35 accuracy if the hands drift due to limited tactile feedback.
Handwriting on smooth touch surfaces using a stylus is

well-known in the art, but it typically does not integrate well
with typing and pointing because the stylus must be put down

40 somewhere or held awkwardly during other input activities.
Also, it may be difficult to distinguish the handwriting activ-
ity of the stylus from pointing motions of a fingertip. Thus
there exists a need in the art for a method to capture coarse
handwriting gestures without a stylus and without con_fusing

,~ them with pointing motions.
Many of the input differentiation needs cited above could

be met with a touch sensing technology wkich distinguishes a
variety of hand configurations and motions such as sliding
finger chords and grips. Many mechanical chord keyboards

50 have been designed to detect simultaneous downward activity
from multiple fingers, but they do not detect lateral finger
motion over a large range. Related art shows several examples
of capacitive touchpads which emulate a mouse or keyboard
by tracking a single finger. These typically measure the

55 capacitance of or between elongated wires which are laid out
in rows and columns. A thin dielectric is interposed between
the row and column layers. Presence of a finger perturbs the
self or mutual capacitance for nearby electrodes. Since most
of these technologies use projective row and column sensors

60 which integrate on one electrode the proximity of all objects
in a particularrow or column, they cannot uniquely determine
the positions of two or more objects as discussed in S. Lee, "A
Fast Multiple-Touch-Sensitive Input Device," University of
Toronto Masters Thesis (1984). The best they can do is count

65 fingertips which happen to lie in a straight row, and even that
will fail ira thumb or palm is introduced in the same column
as a fingertip.
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InU.S. Pat. Nos. 5,565,658 and 5,305,017, Gerpheide et al.
measure the mutual capacitance between row and coltmm
electrodes by driving one set of electrodes at some clock
frequency and sensing how much of that frequency is coupled
onto a second electrode set. Such synchronous measurements
are very prone to noise at the driving frequency, so to increase
signal-to-noise ratio they form virtual electrodes comprised
of multiple rows or multiple columns, instead of a single row
and colunm, and scan through electrode combinations until
the various mutual capacitances are hulled or balanced. The
coupled signal increases with the product of the rows and
columns in each virtual electrodes, but the noise only
increases with the sum, giving a net gain in signal-to-noise
ratio for virtual electrodes consisting of more than two rows
and two columns. However, to unaquely distinguish multiple
objects, virtual electrode sizes would have to be reduced so
the intersection of the row and column virtual electrodes
would be no larger than a finger tip, i.e., about two rows and
two columns, which will degrade the signal-to-noise ratio.
Also, the signal-to-noise ratio chops as row and column
lengths increase to cover a large area.

ha U.S. Pat. Nos. 5,543,591, 5,543,590, and 5,495,077,
Gillespie et al measure the electrode-finger self-capacitance
for row and cohima electrodes independently. Total electrode
capacitance is estimated by measuring the electrode voltage
change caused by injecting or removing a known amount of
charge in a known time. All electrodes can be measured
simultaneously if each electrode has its own drive/sense cir-
cnit. The centroid calculated from all row and column elec-
trode signals establishes an interpolated vertical and horizon-
tal position for a single object. This method may in general
have higher signal-to-noise ratio than synchronous methods,
but the signal-to-noise ratio is still degraded as row and col-
umn lengths increase. Signal-to-noise ratio is especially
important for accurately locating objects which are floating a
few millimeters above the pad. Though this method can detect
such objects, it tends to report their position as being near the
middle of the pad, or simply does not detect floating objects
near the edges.

Thus there exists a need in the art for a capacitance-sensing
apparatus which does not suffer from poor signal-to-noise
ratio and the multiple finger indistinguishability problems of
touchpads with long row and column electrodes.

U.S. Pat. No. 5,463,388 to Bole et al. has a capacitive
sensing system applicable to either keyboard or mouse input,
but does not consider the problem of integrating both types of
input simultaneously. Though they mention independent
detection of arrayed unit-cell electrodes, their capacitance
transduction circuitry appears too complex to be economi-
cally reproduced at each electrode. Thus the long lead wires
connecting electrodes to remote signal conditioning circuitry
can pickup noise and will have significant capacitance com-
pared to the finger-electrode self-capacitance, again limiting
signal-to-noise ratio. Also, they do not recognize the impor-
lance of independent electrodes for multiple finger tracking,
er mention how to mack multiple fingers on an independent
electrode array.

Lee built an early multi-touch electrode army, with 7 mm
by 4 mm metal electrodes arranged in 32 rows and 64 col-
umus. The "Fast Multiple-Touch-Sensitive Input Device
(FMTSID)’" total active area measured 12" by 16", with a
0.075 mm Mylar dielectric to insulate fingers from dec-
trod~s. Each electrode had one diode connected to a row
charging line and a second diode connected to a column
discharging line. Electrode capacitance changes were mea-
sured singly or in rectangular groups by raising the voltage on
one or more mw lines, selectively charging the electrodes in

12,828 B2
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those rows, and then timing the discharge of selected columns
to ground through a discharge resistor. Lee’s design required
only t~vo diodes per electrode, but the principal disadvantage
of Lee’s design is that the column diode reverse bias capaci-

5 tances allowed interference between electrodes in the same
column.

All of the related capacitance sensing art citedabove utilize
interpolation between electrodes to achieve high pointing
resolution with economical electrode density. Both Bole et al.

l0 and G-illespie et al. discuss compullattion ofa centroid from
all row and column electrode readings. However, for multiple
finger detection, centroid calculation must be carefully lim-
ited around local maxima to include only one finger at a time.
Lee utilizes a bisective search technique to find local maxima

15 and then interpolates only on the eight nearest neighbor elec-
trodes of each local maximum electrode. This may work fine
for small fingertips, but thumb and palm contacts may cover
more than nine electrodes. Thus there exists a need in the art
for improved means to group exactly those electrodes which

20 are covered by each distinguishable hand contact and to com-
pute a centroid from such potentially irregular groups.

To take maximum advantage of multi-touch surface sens-
ing, complex proximity image processing is necessary to
track and identify the parts of the hand contacting the surface

25 at any one time. Compared to passive optical, images, prox-
imity images provide clear indications of where the body
contacts the surface, uncluttered by luminosity, variation and
extraneous objects in the background. Thus proximity inaage
filtering and segmentation stages can be simpler and more

30 reliable than in computer vision approaches to free-space
hand tracking such as S. Alimad, "A Usable Real-Time 3D

28 Asdomar ConferenceHandTmcker;" Proceedings of the t~ ¯
on Signals, Systems, and Computers--Part 2, vol. 2, IEEE
(1994) or Y. Cui and J. Wang, "Hand Segmentation Using

35 Learning-Based Prediction and Verification for Hand Sign
Recognition," Proceedings of the 1996 IEEE Computer Soci-
ety Conference on ComputerVision and Pattern Recognition,
pp. 88-93 (1996). However, parts of the hand such as inter-
mediate finger joints and the center of the palms do not show

40 up in capacitive proximity images at all if the hand is not
flattened on the surface. Without these intermediate linkages
between fingertips and palms the overall hand structure can
only be guessed at, making hand contact identification very
difficult. Hence the optical flow and contour tracking teeh-

45 niques which have been applied to free-space hand sign lan-
guage recognition as in F. Quek, "Unencumbered Gestural
Interaction," IEEE Multimedia, vol. 3, pp. 36-47 (1996), do
not address the special challenges of proximity image track-
ing.

50 Synaptics Corp. has successfully fabricated their electrode
array on flexible mylar film rather than stiffcircuit board. This
is suitable for conforming to the contours of special products,
but does not provide significant finger cushioning for large
surfaces. Even ira cushion was placed under the film, the lack

55 of stretchability in the film, leads, and electrodes would limit
the compliance afforded by the compressible material. Boie
et al suggests that placing cornressihle insulators on top of the
electrode army cushions finger impact. However, an insulator
more than about one millimeter thick would seriously attenu-

6o ate the measured finger-electrode capacitances. Thus there
exists a need in the art for a method to transfer finger capaci-
tance influences through an arbitrarily thick cushion.

65

SUMMARY OF THE INVENTION

It is a primary object of the present invention to provide a
system and method for integrating different types of manual
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input such as typing, multiple degree-of-freedom manipula-
tion, and handwriting on a multi-much surface.

It is also an object of the present invention to provide a
systera and method for distinguishing different types of
manual input such as typing, multiple degree-of-freedom
manipulation, and handwriting on a raulti-touch surface, via
different hand configurations which are easy for the user to
learn and easy for the system to recognize.

It is a further object of the present invention to provide an
improved capacitance-transducing apparatus that is cheaply
implemented near each electrode so that two-diraensional
sensor arrays of arbitrary size and resolution can be built
without degradation in signal to noise.

It is a further object of the present invention to provide an
electronic system which minimizes the number of sensing
electrodes necessary to obtain proximity images with such
resolution that a variety of hand configurations can be distin-
guished.

Yet another object of the present invention is to provide a
multi-touch surface apparatus which is compliant and con-
toured to be comfortable and ergonomic under extended use.

Yet another object of the present invention is to provide
tactile key or hand position feedback without impeding hand
resting on the surface or smooth, accurate sliding across the
surface.

]t is a further object of the present invention to provide an
electronic system which can provide images of flesh proxim-
ity to an array of sensors with such resohitian that a variety of
hand configurations can be distinguished.

It is another object of the present invention to provide an
improved method for invoking cursor motion continuation
only when the user wants it by not invoking it when signifi-
cant deceleration is detected.

Another object of the present invention is to identify dif-
ferent hand parts as they contact the surface so that a variety
of hand configurations can be recognized and used to distin-
guish different kinds of input activity.

Yet another object of the present invention is to reliably
extract rotation and scaling as well as translation degrees of
freedom from the motion of two or more hand contacts to aid
in navigation and manipulation of two-dimensional elec-
tronic documents.

It is a further object of the present invention to reliably
extract tilt and roll degrees of freedom from hand pressure
differences to aid in navigation and manipulation of three-
dimensional environments.

Additional objects and advantages of the invention will be
set forth in part in the description which follows, and in part
will be obvious from the description, or raay be learned by
practice of the invention. The objects and advantages of the
invention will be realized and attained by means of the ele-
ments and combinations particularly pointed out in the
appended claims.

To achieve the objects and in accordance with the purpose
of the invention, as embodied and broadly described herein,
the invention comprises a sensing device that is sensitive to
changes in self-capacitance brought about by changes in
proximity of a much device to the sensing device, the sensing
device comprising: two electrical switching means connected
together in series having a common node, an input node, and
an output node; a dielectric-covered sensing electrode con-
nected to the common node between the two switching
means; a power supply providing an approximately constant
voltage cunnected to the input node of the series-connected
switehing means; an integrating capacitor to accumulate
charge transferred during multiple consecutive switchings of
the series connected switching means; another switching

8
means connected in parallel across the integrating capacitor
to deplete its residual charge; and a voltage-to-voltage trans-
lation device connected to the output node of the series-
cormected switching means which produces a voltage repro-

5 seating the magnitude of the self-capacitance of the sensing
device. Alternatively, the sensing device comprises: two elec-
trical sxvitching means connected together in series having a
common node, an input node, and an output node; a dielec-
tric-covered sensing electrode connected to the common

10 node between the two switching means; a power supply pro-
viding an approximately constant voltage connected to the
input node of the series-connected switching means; and an
integrating current-to-voltage translation device connected to
the output node of the series connected switching means, the

t5 current-to-voltage translation device producing a voltage rep-
resenting the magnitude of the self-capacitance of the sensing
device.

To further achieve the objects, the present invention com-
prises a multi-touch surface apparatus for detecting a spatial

20 arrangement of multiple touch devices on or near the surface
of the multi-touch apparatus, comprising: one of a rigid or
flexible surface; a plurality of two-dimensional arrays of one
of the sensing devices (recited in the previous paragraph)
arranged on the surface in groups wherein the sensing devices

25 within a group have their output nodes connected together
and share the same integrating capacitor, charge depletion
switch, and voltage-to-voltage translation cireuitri; control
circuitry for enabling a single sensor device from each two-
dimensional array; means for selecting the sensor voltage

3o data from each two-dimensional array; voltage measurement
circuitry to convert sensor voltage data to a digital code; and
circuitry for communicating the digital code to another elec-
tronic device. The sensor voltage data selecting means com-
prises one of a multiplexing circuitry and a plurality of volt-

3s age measurement circuits.
To still further achieve the objects, the present invention

comprises a multi-touch surface apparatus for sensing diverse
configurations and activities of touch devices and generating
integrated manual input to one of an electronic or electrome-

40 chanical device, the apparatus comprising: an array of one of
the proximity sensing devices described above; a dielectric
cover having symbols printed thereon that represent action-
to-be-taken when engaged by the touch devices; scanning
means for forming digital proximity images from the array of

45 sensing devices; calibrating means for removing background
offsets from the proximity images; recognition means for
interpreting the con.figurations and activities of the touch
devices that make up the proximity images; processing means
for generating input signals in response to particular touch

50 device configurations and motions; and communication
means for sending the input signals to the electronic or elec-
tromechanical device.

To even further achieve the objects, the present invention
comprises a multi-touch surface apparatus for sensing diverse

55 configurations and activities of fingers and palms of one or_
more hands near the surface and generating integrated manual
input to one of an electronic or electromechanical device, the
apparatus comprising: an army of proximity sensing means
embedded in the surface; scanning means for forming digital

60 proximity images fi’om the proximities measured by the sens-
ing means; image segmentation means for collecting into
groups those proximity image pixels intensified by contact of
the same distinguishable part of a hand; contact tracking
means for parameterizing hand contact features and trajecto-

65 ties as the contacts move across successive proxin:fity images,
contact identification means for determining which hand and
which part of the hand is causing each surface contact; syu-
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chronization detection means for identifying subsets ofiden-
tiffed contacts which touchdown or lifioff the surface at
approximately the same time, and for generating command
signals in response to synchronous taps of multiple fingers on
the surface; typing recognition means for generating intended
key symbols from asynchronous finger taps; motion compo-
nent extraction means for compressing multiple degrees of
freedom of multiple fingers into degrees of freedom common
in two and three dimensional graphical manipulation; chord
motion recognition means for generating one of command
and cursor manipulation signals in response to motion in one
or more extracted degrees of freedom by a selected combina-
tion of fingers; pen grip detection means for recognizing
contact arrangements which resemble the configuration of the
hand when gripping a pen: generating inking signals from
motions of the inner fingers, and generating cursor manipu-
lation signals from motions of the palms while the inner
fingers are lifted; and communication means for sending the
sensed configurations and activities of finger and palms to one
of the electronic and electromechanical device.

To further achieve the objects, the present invention com-
prises a method for tracking and identifying hand contacts in
a sequence of proximity images in order to support interpre-
tation of hand configurations and activities related to typing,
multiple degree-of-freedom manipulation via chords, and
handwriting, the method comprising the steps of: segmenting
each proximity image into groups of electrodes which indi-
cate significant proximity, each group representing proximity
of a distinguishable hand part or other touch device; extract-
ing total proximity, position, shape, size, and orientation
parameters from each group of electrodes; tracking group
paths through successive proximity images including detec-
tion of path endpoints at contact touchdown and lifloff; com-
puting velocity and filtered position vectors along each path;
assigning a hand and finger identity to each contact path by
incorporating relative path positions and velocities, indi-
vidual contact features, and previous estimates of hand and
finger positions; and maintaining estimates of hand and finger
positions from trajectories of paths currently assigned to the
fingers, wherein the estimates provide high level feedback to
bias segmentations and identifications in future images.

To still further achieve the objects, the present invention
comprises a method for integrally extracting multiple degrees
of freedom of hand motion from sliding motions of two or
more fingers of a hand across a multi-touch surface, one of the
fingers preferably being the opposable thumb, the method
comprising the steps off tracking across successive scans of
the proximity sensor array the trajectories of individual hand
parts on the surface; finding an innermost and an outermost
finger contact from contacts identified as fingers on the given
hand; computing a scaling velocity component from a change
in a distance between the innermost and outermost finger
contacts; computing a rotational velocity component from a
change in a vector angle between the innermost and outer-
most finger contacts; computing a translation weighting for
each contacting finger; computing translational velocity com-
ponents in two dimensions from a translation weighted aver-
age of the finger velocities tangential to surface; suppres-
sively filtering components whose speeds are consistently
lower than the fastest components; transmitting the filtered
velocity components as control signals to an electronic or
electromechanical device.

To even further achieve the objects, the present invention
comprises a manual input integration method for supporting
diverse hand input activities such as resting the hands, typing,
multiple degree-of-freedom manipulation, command gestur-
ing and handwriting on a multi-touch surface, the method

10
enabling users to instantaneously switch between the input
activities by placing their hands in different configurations
comprising distinguishable combinations of relative hand
contact timing, proximity, shape, size, position, motion and/

5 or identity across a succession of surface proximity images,
the method comprising the steps off tracking each touching
hand part across successive proximity images; measuring the
times when each hand part touches down and lifts off the
surface; detecting when hand parts touch down or lift off

t0 simultaneously; producing discrete key symbols when the
user asynchronously taps, holds, or slides a finger on key
regions defined on the surface; producing discrete mouse
button click commands, key commands, or no signals when
the user synchronously taps two or more fingers from the

15
same hand on the surface; producing gesture commands or
multiple degree-of-freedom manipulation signals when the
user slides two or more fingers across the surface; and sending
the produced symbols, commands and manipulation signals

20 as input to an electronic or an electro-mechanical device.
To still even further achieve the objects, the present inv’en-

tion comprises a method for choosing what kinds of input
signals will be generated and sent to an electronic or electro-
mechanical device in response to tapping or sliding of fingers

25 on a multi-touch surface, the method comprising the follow-
ing steps: identifying each contact on the surface as either a
thumb, fingertip or palm; measuring the times when each
hand part touches down and lifts off the surface; forming a set
of those fingers which touch down from the all finger floating

3o state before any one of the fingers lifts back off the surface;
choosing the kinds of input signals to be generated by further
distinctive motion of the fingers from the combination of
finger identities in the set; generating input signals of this kind
when further distinctive motions of the fingers occur; forming

35 a subset any two or more fingers which touch down synchro-
nously after at least one finger has lifted back offthe surface;
choosing a new kinds of input signals to be generated by
further distinctive motion of the fingers from the combination
of finger identities in the subset; generating input signals of

40 this new kind when further distinctive motions of the fingers
occur; and continuing to form new subsets, choose and gen-
erate new kinds of input signals in response to liftoff and
synchronous touchdowns until all fingers lift offthe surface.

To further achieve the objects, the present invention com-
45 prises a method for continuing generation of cursor move-

ment or scrolling signals from a tangential motion of a touch
device over a touch-sensitive input device surface after touch
device liftoff from the surface if the touch device operator
indicates that cursor movement continuation is desired by

50 accelerating or failing to decelerate the tangential motion of
the touch device before the touch device is lifted, the method
comprising the following steps: measuring, storing and trans-
mitting to a computing device two or more representative
tangential velocities during touch device manipulation; c0m-

55 puting and storing a lifloffvelocity from touch device posi-
tions immediately prior to the touch device liftoff; comparing
the liftoff velocity with the representative tangential veloci-
ties, and entering a mode for continuously moving the cursor
if a tangential lifloff direction approximately equals the rep-

60 resentative tangential directions and a tangential lifioff speed
is greater than a predetermined fractional multiple of rupre-
sentative tangential speeds; continuously transmitting cursor
movement signals after liftoffto a computing device such that
the cursor movement velocity corresponds to one of the rep-

65 resentative tangential velocities; and ceasing transmission of
the cursor movement signals when the touch device engages
the surface again, if comparing means detects significant
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deceleration before liflofl’, or if the computing device replies
that the cursor can move no farther or a window can scroll no
fatther.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only and are not restrictive of the inven-
tion as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of this specification, illustrate several
embodiments of the invention and together with the descrip-
tion, serve to explain the principles of the invention. In the
drawings:

FIG. 1 is a block diagram of the integrated manual input
apparatus;

FIG. 2 is a schematic drawing of the proximity sensor with
voltage amplifier;

FIG. 3 is a schematic drawing of the proximity sensor with
integrating current amplifier;

FIG. 4 is a schematic drawing of the proximity sensor
implemented with field effect transistors;

FIG. 5 is a schematic drawing of the proximity sensor as
used to implement 2D arrays of proximity sensors;

FIG-. 6 is a block diagram showing a typical architecture for
a 2D array of proximity sensors where all sensors share the
same amplifier;

FIG. 7 is a block diagram of circuitry used to convert
proximity sensor output to a digital code;

FIG. 8 is a block diagram showing a typical architecture for
a 2D array of proximity sensors where sensors within a row
share the same amplifier;

FI(3. 9 is a schematic of a circuit useful for enabling the
output gates of all proximity sensors within a group (arranged
in columns);

FIG. 10 is a side view ofa 2D proximity sensor array that
is sensitive to the pressure exerted by non-conducting touch
objects;

FIG. 11 is a, side view ofa 2D proximity sensor army that
provides a compliant surface without loss of spatial sensitiv-
ity;

FIG. 12 is a side view ofa 2D proximity sensor array that
is sensitive to both the proximity of conducting touch objects
and to the pressure exerted by non-conducting touch obj cots;

FIG. 13 is an example proximity image of a hand flattened
onto the surface with fingers outstretched;

FIG. 14 is an example proximity image of a hand partially
closed with fingertxps normal to surface;

FIG. 15 is an example proximity image of a hand in the pen
grip configuration with thamb and index fingers pinched;

FIG. 16 is a data flow diagram of the hand tracking and
contact identification system;

FIG. 17 is a flow chart of hand position estimation:
FIG. 18 is a data flow diagram of proximity image segmen-

tation;
FIG. 19 is a diagram of the boundary search pattern during

construction of an electrode group;
FIG. 20A is a diagram of the segmentation strictness

regions with both hands in their neutral, default position on
surface;

FIG. 20B is a diagram of the segmentation strictness
regions when the hands are in asymmetric positions on sur-
face;

FIG. 20C is a diagram of the segmentation strictness
regions when the right hand crosses to the left half of the
surface and the left hand is off the surface;

12
FIG. 21 is a flow chart of segmentation edge testing;
FIG. 22 is a flow chart of persxstent path tracking;
FIG. 23 is a flow chart of the hand part identification

algorithm;
FIG. 24 is a Voronoi cell diagram constructed around hand

part attractor points;
FIG. 25A is a plot of orientation weighting factor for right

thumb, right inner palm, and le~ outer palm versus contact
orientation;

10 FIG. 25B is a plot of thumb size factor versus contact size;
FIG. 25C is a plot of palm size factor versus ratio of total

contact proximity to contact eccentricity;
FIG. 25D is a plot of palm separation thctor versus distance

between a contact and it nearest neighbor contact;
15 FIG. 26 is a flow chart of the thumb presence verification

algorithm;
FIG. 27 is a flow char~ of an alternative hand part identifi-

cation algorithm;
FIG. 28 is a flow chart of the pen grip detection process:

20 FIG. 29 is a flow chart of the hand identification algorithm:
FIGS. 30A-C show three different hand partition hypoth-

eses for a fixed arrangement of surface contacts;
FIG-. 31A is a plot of the hand clutching direction factor

versus horizontal hand velocity;
25 FIG. 31B is a plot of the handedness factor versus vertical

position of outermost finger relative to next outermost;
FIG. 31C is a plot of the palm cohesion factor versus

maximum horizontal separation between palm contacts
within a hand;

30 FIG. 32 is a plot of the inner finger angle factor versus the
angle between the innermost and next innermost finger con-
tacts;

FIG. 33 is a plot of the inter-hand separation factor versus
the estimated distance between the right thumb and left

35 thumb;
FIG. 34 is a flow chart of hand motion component extrac-

tion;
FIG. 35 is a diagram of typical finger trajectories when

hand is contracting;
40 FIG. 36 is a flow chart of radial and angular hand velocity

extraction;
FIG. 37 is a flow chart showing extraction of translational

hand velocity components;
FIG. 38 is a flow chart of differential hand pressure extmc-

45 tion;
FIG. 39A is a flow chart of the finger synchronization

detection loop;
FIG. 39B is a flow chart of chord tap detection;
FIG. 40A is a flow chart of the chord motion recognition

50 loop;
FIQ. 40B is a flow chart of chord motion event generation;
FIG. 41 is a flow chart of key layout morphing;
FIQ. 42 is a flow chart of the keypress detection loop;
FIG. 43A is a flow chart of the keypress acceptance and

55 transmission loop; and
FIG. 43B is a flow chart of typematic emulation.

6O

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Reference will now be made in detail to the present pre-
ferred embodiments of the invention, examples of which are
illustrated in the accompanying drawings. Wherever possible
the same reference numbers will be used throughout the

65 drawings to refer to the same or like parts.
FIG. 1 is a system block diagram of the entire, integrated

manual input apparatus. Sensor embedded in the multi-touch
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surface 2 detect proximity, of entire flattened hands 4, finger-
tips thumbs, palms, and other conductive touch devices to the
surface 2. In a preferred embodiment, the surface is large
enough to comfortably accommodate both hands 4 and is
arched to reduce forearm pronation. 5

In alternative embodiments the multi-touch surface 2 may
be large enough to accommodate motion of one hand, but may
be flexible so it can be fitted to an armrest or clothing.

Electrenic scanning hardware 6 controls and reads from
each proximity sensor of a sensor array. A calibration module 10
8 constructs a mw proximity image from a complete scan of
the sensor array and subtracts off any background sensor
offsets. The background sensor offsets can simply be a prox-
imity image taken when nothing is touching the surface.

The offset-corrected proximity image is then passed on to 15
the contact tracking and identification module 10, which seg-
ments the image into distinguishable hand-surface contacts,
tracks and identifies them as they move through successive
images.

The paths of identified contacts are passed on to a typing 20
recognizer module 12, finger synchronization detection mod-
ule 14, motion component extraction module 16, and pen grip
detection module 17, which contain software algodth.ms to
distinguish hand configurations and respond to detected hand
motions.                                           25

The typing recognizer module 12 responds to quick presses
and releases of fingers which are largely asynchronous with
respect to the activity, of other fingers on the same hand. It
attempts to find the key region nearest to the location of each
finger tap and forwards the key symbols or commands asso- 3o
ciated with the nearest key region to the communication inter-
face module 20.

The finger synchronization detector 14 checks the finger
activity within a hand for simultaneous presses or releases of
a subset of fingers. When such simultaneous activity is 35
detected it signals the typing recognizer to ignore or cancel
keystroke processing for fingers contained in the synchro-
nous subset. It also passes on the combination of finger iden-
tifies in the synchronous subset to the chord motion recog-
nizer 18.                                           40

The motion component extraction module 16 computes
multiple degrees of fi’eedom of control from individual finger
motions during easily performable hand manipulations on the
surface 2, such as hand translations, hand rotation about the
wrist, hand scaling by grasping with the fingers, and differ- 45
entlal hand tilting.

The chord motion recognizer produces chord tap or motion
events dependent upon both the synchronized finger subset
identified by the synchronization detector 14 and on the direc-
tion and speed of motion extracted in 16. These events are 50
then posted to the host communication interface 20.

The pen grip detection module 17 checks for specific
arrangements of identified hand contacts which Indicate the
hand is configured as if gripping a pen. If such an arrangement
is, detected, it forwards the movements ofthe gripping fingers 55
as inking events to the host communication interface 20.
These inking events can either lay digital ink on the host
computer display for drawing or signature capture purposes,
or they can be further interpreted by handwriting recognition
software which is well known in the art. The detailed steps 6o
within each of the above modules will be further described
later.

The host communication interface keeps events from both
the typing recognizer 12 and chord motion recognizer 18 in a
sIngle temporally ordered queue and dispatches them to the 65
host computer system 22. The method of communication
between the interface 20 and host computer system 22 can

14
vary widely depending on the function and processing power
of the host computer. In a preferred embodiment, the com-
munication would take place over computer cables via indus-
try standard protocols such as Apple Desktop Bus, PSI2 key-
board and mouse protocol for PCs, or Universal Serial Bus
(USB). In alternative embodiments the software processing
of modules 10-18 would be performed within the host com-
puter 22. The multi-touch surface apparatus would only con-
tain enough hardware to scan the proximity sensor army 6,
form proximity images 8, and compress and send them to the
host computer over a wireless network. The host communi-
cation interface 20 would then play the role of device driver
on the host computer, conveying results of the proximity
image recognition process as input to other applications
residing on the host computer system 22.

In a preferred embodiment the host computer system out-
puts to a visual display device 24 so that the hands and fingers
4 can manipulate graphical objects on the display screen.
However, in alternative embodiments the host computer
might output ~o an audio display or control a machine such as
a robot.

The term "’proximity" will only be used in reference to the
distance or pressure between a touch device such as a finger
and the surface 2, not in reference to the distance between
adjacent fingers. "Horizontal" and "vertical" refer to x and y
directional axes within the surface plane. Proximity measure-
ments are then interpreted as pressure in a z axis normal to the
surface. The direction "inner" means toward the thumb of a
given hand, and the direction "outer" means towards the
pinky finger of a given hand. For the purposes of this descrip-
tion, the thumb is considered a finger unless otherwise noted,
but it does not count as a fingertip. "Contact" is used as a
general term for a hand part when it touches the surface and
appears in the current proximity image, and for the group and
path data structures which represent it.

FIG. 2 is a schematic diagram of a device that outputs a
voltage 58 dependent on the proximity of a touch device 38 to
a conductive sense electrode 33. The proximity sensing
device includes two electrical switching means 30 and 31
connected together in series having a common node 48, an
input node 46, and an output node 45. A thin dielectric mate-
rial 32 covers the sensing electrode 33 that is electrically
connected to the common node 48. A power supply 34 pro-
viding an approximately constant voltage is connected
between reference ground and the input node 46. The two
electrical switches 30 and 31 gate the flow of charge from the
power supply 34 to an integrating capacitor 37. The voltage
across the integratIng capacitor 37 is translated to another
voltage 58 by a high-impedance voltage amphfier 35. The
plates of the integrating capacitor 37 can be discharged by
closing electrical switch 36 until the voltage across the inte-
grating capacitor 37 is near zero. The electrical switches 30
and 31 are opened and closed in sequence but are never closed
at the same time, although they may be opened at the same
time as shown in FIG. 2. Electrical switch 30 is referred to as
the input switch; electrical switch 31 is referred to as the
output switch; and, electrical switch 36 is referred to as the
shorting switch.

The proximity sensing device shown in FIG. 2 is operated
by closing and opening the electrical switches 30: 31, and 36
In a particular sequence after which the voltage output from
the amplifier 58, which is dependent on the proximity of a
touch device 38, is recorded. Sensor operation begins with all
switches in the open state as shown in FIG. 2. The shorting
switch 36 is then closed for a sufficiently long time to reduce
the charge residing on the integrating capacitor 37 to a low
level. The shorting switch 37 is then opened. The input switch
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30 is then closed thus allowing charge to flow between the
power supply and the common node 48 until the voltage
across the input switch 30 becomes zero. Cha~e Q will
accumulate on the sensing electrode 33 according to

where V is the voltage of the power supply 34, e is the
permittivity of the dielectric sensing electrode cover 32 and
the air gap between the cover and the touch device 38, D is the
thickness of this dielectric region, andA is the ovedap area of
the touch device 38 and the sensing electrode 33. Therefore
the amount of charge accumulating on the sensing electrode
33 will depend, among other things, on the area of overlap of
the touch device 38 and the sensing electrode 33 and the
distance between the touch device 38 and the sensing dec-
trode 33. The input switch 30 is opened after the voltage
across it has become zero, or nearly so. Soon after input
switch 30 is opened the output switch 31 is closed until the
voltage across it is nearly zero. Closing the output switch 31
allows charge to flow between the sensing electrode 33 and
the integrating capacitor 37 resulting in a voltage change
across the integrating capacitor 3"/according to:

deItaV=(V-Vc)I(I+C*D/e*A) (2)

where Vc is the voltage across the integrating capacitor 37
before the output switch 31 was closed, C is the capacitance
of the integ:,rating capacitor 37, and A and D are equal to their
valdes when input switch 30 was closed as shown in Equation
1. Multiple switchings of the input 30 and output 31 switches
as described above produce a voltage on the integrating
capacitor 3"7 that reflects the proximity of a touch device 38 to
the sensing electrode 33.

F1G. 3A is a schematic diagram of the proximity sensor in
which the shorting transistor 36 and the voltage-to-voltage
~anslation device 35 are replaced by a resistor 40 and a
current-to-voltage translation device 41, respectively. The
integrating function of capacitor 37 shown in FIG. 2 is, in this
variation of the proximity sensor, carried out by the capacitor
39 shown in FIG. 3A. Those skilled in the art will see that this
variation of the proximity sensor produces a more linear
output 58 from multiple switchings of the input and output
switches, depending on the relative value of the resistor 40.
Alternatively, the resistor 40 can be replaced by a shorting
switch 69 (ef. FIG. 3B) to improve linearity. Although, the
circuits shown in FIG. 3 provide a more linear output than the
circuit shown in FIG. 2 the circuits of FIG. 3 generally require
dual power supplies while the circuit of FIG. 2 requires only
one.

The electrical switches shown i~ FIG. 2 can be imple-
mented with various transistor technologies: discrete, inte-
grated, thin film, thick film, polymer, optical, etc. One such
implementation is shown in FIG. 4A where field effect tmn-
sisters (FE’fs) are used as theinput 30, output 31, and shorting
36 switches. The FETs are switched on and off by voltages
applied to their gate terminals (43, 44, and $5). For the pur-
pose of this description we will assume the FET is switched
on when its gate vokage is logic I and switched offwhcn its
gate voltage is logic O. A con~oller 42 is used to apply gate
voltages as a function of time as shown in FIG. 4B. In this
example, a sequence of three pairs of pulses (43 and 44) are
applied to the input and output transistor gates. Each pair of
pulses 43 and 44 produces a voltage change across the inte-
grating capacitor 37 as shown in Equation 2. The number of
pulse pairs applied to input 43 and output 44 gates depends on

16
the desired voltage across imegrating capacitor 37. In typical
applications the number is between one and several hundred
pulse-pairs.

FIG. 5 shows the proximity sensor circuitry appropriate for
5 use in a system comprising an array of proximity sensors 47

as in a multi-touch surface system. The proximity sensor 47
consists of the input transisror 30, the output transistor 31, the
sensing electrode 33, the dielectric cover 32 for the sensing
electrode 33, and conductive traces 43, 44, 45, and 46. The

10 conductive traces are arranged so as to allow the proximity
sensors 47 comprising a 2D array to be closely packed and to
share the same conductive traces, thus reducing the number of
wires needed in a system. FIG. 6 shows an example of such a
system where the input nodes 46 of all proximity sensors are

~5 connected together and connected to a power supply 34. The
¯ output nodes 45 of all proximity sensors are connected
together and connected to a single integrating capacitor 37, a
single shorting transistor 36, and a single voltage-to-voltage
amplifier 35. In this implementation,, a single proximity sen-

2o. sot 47 is enabled at a time by applying a logic 1 signal first to
its input gate 43 and then to its output gate 44. This gating of
a single proximity sensor 47 one at a time is done by input gate
controller 51} and output gate controller 51. For example, to
enable the proximity sensor 47 in the lower fight comer the

25 input gate controller 50 would output a logic one pulse on
conductive trace 43a. This is followed by a logic one pulse on
conductive u’ace 44h produced by output gate controller 51.
Repetition of this pulse as shown in FIG. 4B would cause
charge to build up on hategmting capacitor 37 and a corre-

3o spending voltage to appear at the output of the amplifier 58.
The entire army of proximity sensors 4’7 is thus scamaed by
enabling a single sensor at a time and recording its output.

FIG. 7A is a schematic of typical circuitry useful for con-
vetting the proximity sensor output 58 to a digital code appro-

35 priate for processing by computer. The proximity sensor out-
put 58 is typically non-zero even when there is no touch
device (e.g, ref. no. 38 in FIG. 2)nearby. This non-zero signal
is due to parasitic or stray capacitance present at the common
node 48 of the proximity sensor and is of relatively constant

40 value. It is desirable to remove this non-zero background
signal before converting the sensor output 58 to a digital code.
This is done by using a differential amplifier 64 to subtract a
stored record of the background signal 68 from the sensor
output 58. The resulting difference signal 65 is then converted

45 to a digital code by an ADC (analog to digital converter) 60
producing a K-bit code 66. The stored background signal is
first recorded by sampling the array of proximity sensors 47
(FIG. 6) with no touch devices nearby and storing a digital
code specific for each proximity sensor 47 in a memory

50 device 63. The particular code corresponding to the back-
ground signal of each proximity sensor is selected by an M-bit
address input 70 to the memory device 63 and applied 69 to a
DAC (digital to analog converter) 61.

The 2D array of proximity sensors 47 shown in FIG. 6 can
5~ be connected in groups so as to improve the rate at which the

entire array is scanned. This is i/lustrated in FIG. 8 where the
groups are arranged as columns of proximity sensors. In this
approach, the input nodes of the proximity sensors are con-
nected together and connected to a power supply 34, as in

60 FIG. 6. The output gates 44 are also connected in the same
way. However, the input gates 43 are now all connected
together and the output nodes 45 are connected to only those
proximity sensors 47 within a row and to a dedicated voltage
amplifier 35. With this connection method, all of the proxim-

65 ity sensors in a column are enabled at a time, thus reducing the
time to scan the army by a factor N, where N is the number of
proximfty sensors in a group. The outputs ~ga-h could con-
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nect to dedicated converter circuitry as shown in FIG. 7A or
alternatively each output 58a-h could be converted one at a
time using the circuitry sho~vn in FIG. 713. In this figure, the
output signals from each group 58a-h are selected one at a
time by multiplexer 62 and applied to the positive input of the
differential amplifier 64. Vvqth this later approach, it is
assumed that the ADC 60 conversion time is much faster than
the semor enable time, thus providing the suggested speed up
in sensor army scanning.

FIG. 9 shows a typical circuit useful for the control of the
proximity sensor’s output gate 44. It consists of three input
signals 75, 76, 78 and two output signals 44, 77. The output
gate signal 44 is logic 1 when both inputs to AND gate 79 are
logic 1. The AND input signal 77 becomes logic 1 if input
signal 76 is logic 1 when input signal 78 transitions from logic
0 to logic 1, otherwise it remains logic O. A linear army of
these circuits 81 can be com~ected end-to-end to enable the
output gates of a single group of proximity sensors at a time
as shown in FIG. 8.

FIG. 10 shows a cover for the multi-tot~ch surface 89 that
permits the system to be sensitive to pressure exerted by
non-conducting touch objects (e.g., gloved fingers) contact-
ing the multi-touch surface. This cover comprises a deform-
able dielectric touch layer 85, a deformable conducting layer
86, and a compliant dielectric layer 87. The touch surface 85
would have a symbol set printed on it appropriate for a spe-
cific application, and this surface could be removed and
replaced with another one having a different symbol set. The
conducting layer 86 is electrically connected 88 to the refer-
ence ground of the proximity sensor’s power supply 34.
When a touch object presses on the top surface 85 it causes the
conducting surface 86 under the touch device to move closer
to the sensing electrode 33 of the proximity sensor. This
results in a change in the amount of charge stored on the
sensing electrode 33 and thus the presence of the touch object
can be detected. The mount of charge stored will depend on
the pressure exerted by the touch object. More pressure
results in more charge stored as indicated in Equation 1.

To obtain a softer touch surface on the multi-touch device
a thicker and more: compliant dielectric cover could be used.
However, as the dielectric thickness increases the effect of the
touch device on the sensing electrodes 33 spreads out thus
lowering spatial resolution. A compliant anisotropically-con-
ducting material can be used to counter this negative effect
while also providing a soft touch surface. FIG. 11 shows a
cover in which a compliant anisotropica!ly-conducting mate-
rial 90 is set between a thin dielectric cover g5 and the sensing
electrodes 33. If the conductivity of the compliant material 90
is oriented mostly in the vertical direction, the ~mage formed
by a touch device on the surface 85 will be translated without
significant spreading to the sensing electrodes 33, thus pre-
serving spatial resolution while providing a compliant touch
surface.

FIG. 12 shows a cross section of a multi-touch surface that
senses both the proximity and pressure of a touch device. The
touch layer 85 is a thin dielectric that separates touch devices
from the sensing electrodes 33. Proximi .v¢ sensing is relative
to this surface. The electrodes 33 and associated switches and
conductors are fabricated on a compliant material 89 which is
attached to a rigid metal base 92. The metal base 92 is elec-
trically connected 88 to the reference ground of the proximity
sensor’s power supply 34. When a touch device presses on the
touch surface 85 it causes the sensing electrodes 33 directly
below to move closer to the rigid metal base 92. The distance
moved depends on the pressure applied and thus the pressure
exerted by a touch device can be detected as described before.

18
To illustrate typical properties of hand contacts as they

appear in proximity images, FIGS. 13-15 contain sample
images captured by a prototype array of parallelogram-
shaped electrodes. Shading of each electrode darkens to indi-

5 cate heightened proximity signals as flesh gets closer to the
surface, compresses against the surface due to hand pressure,
and overlaps the parallelogram more completely. Note that
the resolution of these amages is in no way intended to limit
the scope of the invention, since certain applications such as

10 handwriting recognition will clearly require finer electrode
arrays than indicated by the electrode size in these sample
images. In the discussion that follows, the proximity data
measured at one electrode during a particular scan cycle
constitutes one "pixel" of the proximity image captured in

15 that scan cycle.
FIG. 13 shows a right hand flattened against the surface

with fingers outstretched. At the far left is the oblong thumb
201 which tends to point off at about 120-degrees. The colum-
nar blobs arranged in an arc across the top of the image are the

20 index finger 202, middle finger 203, ring finger 204 and pinky
finger 205. Flesh from the proximal finger joint, or proximal
phalanges 209, will appear below each fingertip if the fingers
are fully extended. The inner 207 and outer 206 palm heels
cause the pair of very large contacts across the bottom of the

25 image. Forepalm calluses 213 are visible at the center of the
hand if the palm is fully flattened. This image shows that all
the hand contacts are roughly oval-shaped, but they differ in
pressure, size, orientation, eccentricity and spacing relative to
one another. This image includes all of the hand parts which

30 can touch the surface from the bottom of one hand but inmany
instances only a few of these parts wil! be touching the sur-
face, and the fingertips may ream widely in relation to the
palms as fingers are flexed and extended.

FIG. 14 shows another extreme in which the hand is par-
35 tially closed. The thumb 201 is adducted toward the fingertips

202-208 and the fingers are flexed so the fingertips come
down normal instead of tangential to the surface. The height
and intensity of fingertip contacts is lessened somewhat
because the boney tip rather than fleshy pulp pad is actually

40 touching the surface, but fingertip width remains the same.
Adjacent fingertips 202-205 and thumb 201 are so close
together as to be distinguishable only by slight proximity
valleys 210 between them. The proximal phalange finger
joints are suspended well above the surface and do not appear

45 in !.he image, nor do the forepalm calluses. The palm heels
206, 207 are somewhat shorter since only the rear of the palm
can touch the surface when fingers are flexed, but the separa-
tion bet~veen them is unchanged. Notice that the proximity
images are uncluttered by background objects. Unlike optical

50 images, only conductive objects within a few millimeters of
the surface show up at all.

FIG. 15 is a proximity image of a right hand in a pen grip
configuration. The thumb 201 and index fingertip 202 are
pinched together as if they were holding a pen but in this case

55 they are touching the surface instead. Actually the thumb and
index finger appear the same here as in FIG. 14. However, the
middle 203, ring 204, and pinky 205 fingers are curled under
as if making a fist, so the knuckles from the top of the fingers
actually touch the surface instead of the finger tips. The curl-

60 ing under of the knuckles actually places them behind the
pinched thumb 201 and index fingertip 202 very close to the
palm heels 206, 207. The knuckles also appear larger than the
curled fingertips of FIG. 14 but the same size as the flattened
fingertips in FIG. 13. These differences in size and arrange-

65 ment will be measured by the pen grip detector 17 to distin-
guish this pen grip configuration from the closed and flattened
hand configurations.
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FIG. 16 represents the data flow within the contact tracking
and identification module 10. The image segmentation pro-
cess 241 takes the most recently scanned proximity image
data 240 and segments it into groups of electrodes 242 cor-
responding to the distinguishable hand parts of FIG. 13. The
filtering and segmentation rules applied in particular regions
of the image are partially determined by feedback of the
estimated hand offset data 252. The image seguaentation pro-
cess 241 outputs a set of electrode group data structures 242
which are parameterized by fitting an ellipse to the positions
and proximity measurements of the electrodes within each
group.

The path tracking process 245 matches up the parameter-
ized electrode groups 242 with the predicted continuations of
contact path data structures 243 extracted from previous
images. Such path t~acking ensures continuity of contact
representation across proximity images. This makes it pos-
sible to measure the velocity of individual hand contacts and
determine when a hand part lifts offthe surface, disappearing
from future images. "fhe path tracking process 245 updates
the path positions, velocities, and contact geometry features
from the parameters of the current groups 242 and passes
them on to the contact identification processes 247 and 248.
For notational purposes, groups and unidentified paths will be
referred to by data structure names of the form Cri and Pi
respectively, where the indices i are arbitrary except for the
null ffoup GO and null path P0. Particular group and path
parameters will be denoted by subscripts to these structure
names and image scan cycles will be denoted by bracketed
indices, so that, for example, P2x, In] represents the horizon-
tal position of path 2 in the current proximity image, and P2=,
In- 1 ] represents the positionin the previous proximity image.
The contact identification system is hierarchically split into a
hand identification process 247 and withln-hand finger and
palm identification process 248. Given a hand identification
for each contact, the finger and palm identification process
248 utilizes combinatorial optimization and fuzzy pattern
recognition techniques to identify the part of the hand causing
each surface contact. Feedback of the estimated hand offset
helps identify hand contacts when so few contacts appear in
the image that the overall hand structure is not apparent.

The hand identification process 247 utilizes a separate
combinatorial optimization algorithm to find the assignment
of left or right hand identity to surface contacts which results
in the most biomechanically consistent within-hand identifi-
cations. It also receives feedback of the estimated hand and
finger offsets 252, primarily for the purpose of temporarily
storing the last measured hand position after fingers in a hand
lift offthe surface. Then if the fingers soon touch back down
in the same region they will more likely receivetheir previous
hand identifications.

The output of the identification processes 247 and 248 is
the set of contact paths with non-zero hand and finger indices
attached. For notational purposes identified paths will be
referred to as F0 for the unidentified or null finger, F1 for the
thumb 201, F2 for the index finger 202, F3 for the middle
finger 203, F4 for the ring finger 204, F5 for the pinky finger
205, F6 the outer palm heel 206. F7 for the inner palm heel
207, and F8 for the forepalm calluses 208. To denote a par-
ticular hand identity this notation can be prefixed with an L
for left hand or R for right hand, so that, for example, RF2
denotes the fight index finger path. When referring to a par-
titular hand as a whole. LH denotes the left hand and RH
denotes the fight hand. In the actual algorithms left hand
identity is represented by a -1 and right hand by +1, so it is
easy to reverse the handedness of measurements taken across
the vertical axis of symmetry.

2O
It is also convenient to maintain for each hand a set of

bitfield data registers for which each bit represents touch-
down, continued contact or liftoff of a particular finger. Bit
positions within each bit field correspond to the hand part

5 indices above. Such registers can quickly be tested with a bit
mask to determine whether a particular subset of fingers has
touched down. Alternatively, they can be fed into a lookup
table to find the input events associated with a particular
finger chord (combination of fingers). Such finger identity

10 bitfields are needed primarily by the synchronization detector
14 and chord motion recogmzer 18.

The last process within the tracking and identification sub-
system is the hand position estimator 251, which as described
above provides biasing feedback to the identification and

15 segmentation processes. The hand position estimator is
intended to provide a conservative guess 252 of lateral hand
position under all conditions including when the hand is
floating above the surface without touching, ha this case the
estimate represents a best guess of where the hand will touch

20 down again. When parts of a hand are touching the surface,
the estimate combines the current position measurements of
currently identified hand parts with past estimates which may
have been made from more or less reliable identifications.

The simplest but inferior method of obtaining a hand posi-25 tion measurement would be to average the positions ofall the

hand’s contacts regardless of identity. If hand parts 201-207
were all touching the surface as in FIG. 13 the resulting
centroid would be a decent estimate, lying somewhere under
the center of the palm since the fingers and palm heels typi-30 cally form a ring around the center of the palm. However,

consider when only one hand contact is available for the
average. The estimate would assume the hand center is at the
position of this lone contact, but if the contact is from the right
thumb the hand center would actually be 4-8 cm to the right,

35 or if the contact is from a pakn heel the hand center is actually
4-6 cm higher, or if the lone contact is from the middle finger
the hand center should actually be actually 4-6 cm lower.

FIG. 17 shows the detailed steps within the hand position
40 estimator 251. The steps must be repeated for each hand

separately. In a preferred embodiment, the process utilizes the
within-hand contact identifications (250) to compute (step
254) for each contact an offset between the measured contact
position (Fix[n],Fiy[n]) and the default position of the particu-

45 lar finger or palm heel (Fia,f~,Fia,~) with hand part identity i.
The default positions preferably correspond to finger and
palm positions when the hand is in a neutral posture with
fingers partially closed, as when resting on home row of a
keyboard. Step 255 averages the individual contact offsets to

50 obtain a measured hand offset, (H,,,o:,[n],H,,oy[n]):

55

~=~Fimow[n](F~,[n] -

Hmo~[n]

Z Fimow[n](Fi.~[n] - Fia,.fy)

n.,noy[n] =

,~ F~,,~[n]

(3)

(4)

Preferably the weighting Fi~o,~[n] of each finger and palm
heel is approximately its measured total proximity, i.e., Fi~o~
[n]=Fi,[n]. This ensures that lifted fingers, whose proximity is
zero, have no influence on the average, and that contacts with
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lower than normal proximity, whose measured positions and
identities are less accurate, have low influence. Furthermore,
if palm heels are touching, their large total proximities will
dominate the average. This is beneficial because the palm
heels, being immobile relative to the hand center compared to
the highly flexible fingers, supply a more reliable indication
of overall hand position. When a hand is not touching the
surface, i.e., when all proximities are zero, the measured
offsets are set to zero. This will cause the filtered hand posi-
tion estimate below to decay tewardthe default hand position.

As long as the contact identifications are correct, this hand
position measurement method eliminates the large errors
caused by assuming lone contacts originate from the center of
the hand. Flexing of fingers from their default positions will
not perturb the measured centroid mere than a couple centi-
meters. However, this scheme is susceptible to contact misi-
dentification, which can cause centroid measurement errors
ofu’p to 8 cm if only one hand part is touching. Therefore, the
current measured offsets are not used directly, but are aver-
aged with previous offset estimates (H,~[n-l],H~y[n-1])
using a simple first-order autoregressive filter, forming cur-
rent offset estimates (H~=[n],Heo:~[n]).

Step 256 adjusts the fdter pole Ho,~[n ] according to confi-
dence in the current contact identifications. Since finger iden-
tifications accumulate reliability as more parts of the hand
contact the surface one simple measure of identification con-
fidence: is the number of fingers which have touched down 30
from the hand since the hand last left the surface. Contacts
with large total proximities also improve identification reli-
ability because they have strong disambiguafing features such
as size and orientation. Therefore Ho~[n] is set roughiy pro-
portional to the maximum finger count plus the sum ofcontact 95
proximities for thehand. Ho,[n ] must of course be normalized
to be between zero and one or the filter will be unstable. Thus
when confidence in contact identifications is high, i.e., when
many parts of the hand firmly touch the surface, the autore-
gressive filter favors the current offset measurements, How- 40
ever, when only one or two contacts have reappeared since
hand liftoff, the filter emphasizes previous offset estimates in
the hope that they were based upon more reliable identifica-
tions.

45
The filtered offsets must also maintain a conservative esti-

mate of hand position while the hand is floating above the
surface for optimal segmentation and identification as the
hand touches back down. Ifa hand lifts off the surface in the
middle of a complex sequence of operations and must, 50
quickly touch down again, it will probably touch down close
to where it lifted off. However, if the operation sequence has
ended, the hand is likely to eventually return to the neutral
posture, or default position, to rest. Therefore, while a hand is
not touching the surface, Ho=[n] is made small enough that the ss
estimated offsets gradually decay to zero at about the same
rate as a hand lazily returns to default position.

When Hoa[n ] is made small due to low identification con-
fidence, the filter tracking delay becomes large enough to lag 60
behind a pair of quickly moving fingers by several centime-
ters. The purpose of the filter is to react slowly to questionable
changes in contact identity, not to smooth contact motion.
This mot.ion tracking delay can be safely eliminated by add-
ing the contact motion measured between images to the old 65
offset estimate. Step 257 obtains motion from the average,
(H,~[n],H,~.[n]) of the current contact velocities:

H~[n] =

22

,=7

,~=1 Fim~[n]

(6)

The current contact velocities. (Fi~[n],F~,[n]), are
~5 retrieved from the path tracking process 245, which measures

them independent of finger identity. Step 258 updates the
estimated hand offsets (H.~[u],H.oy[n]) using the complete
filter equations:

H,o~pl]=H~[n]H~[n] +( I-H ~[n ])(H~[n- I ]+H~
20 [nJ~t) (7)

H..~[nJ=H~[nlH=,,~[nl+(1-tf m[-n])(H~[n-1]+H.,~,
[.]aO

Finally, to provide a similarly conservative estimate of the
positions of particular fingers step 259 computes individual
finger offsets (Fi,o,[n],Fi,ofla]) from the distance between
identified contacts and their corresponding default finger
positions less the estimated hand offsets. For each identifiable
contact i, the offsets are computed as:

Ft~[n]=H~[n](H=~[nJ+H~[nJ-Fia.f~)+(1-H~fi~])
(Fi~[n-1]+Fi~fnJAt) (9)

FI,,~[nJ = H~[n I ( H~ ~; [nJ + F~ fl’n]- H a .~ ) + (1- H~[n ] )
(F~ ~,~,[n- lj+Fi,,y[n]At) ( 1 O)

These finger offsets reflect deviations of finger flexion and
extension from the neutral posture. If the user places the
fingers in an extreme configuration such as the flattened hand
cenflguration, the collective magnitudes of these finger off-
sets can be used as an indication of user hand size and finger
length compared to the average adult.

The parameters (H~o~[n],H.oy[n]) and (Fi.o~[n],Fi.oy[n])
for each hand and finger constitute the estimated hand and
finger offset data 252, which is fed back to the segmentation
and identification processes during analysis of the next prox-
imity image, ff the other processes need the estimate in abso-
lute coordinates, they can simply add (step 260 ) the supplied
offsets to the default finger positions, but in many cases the
relative offset representation is actually more convenient.

It should be clear to those skilled in the art that many
improvements can be made to the above hand position esti-
mation procedure which remain well within the scope of this
invention, especially in the mariner of guessing the position of
lifted hands. One improvement is to make the estimated hand
offsets decay toward zero at a constant speed when a hand is
lifted rather than decay exponentially. Also, the offset com-
putations for each hand have been independent as described
so far. It is actually advantageous to impose a minimum
horizontal separation between the estimated left hand posi-
tion and estimated right hand position such that when a hand
such as the right hand slides to the opposite side of the board
while the other hand is lifted, the estimated position of the
other hand is displaced. In this case the estimated position of
the lifted left hand would be forced from default to the far left
of the surface, possibly offthe surface completely. If the right
hand is lifted and the left is not, an equation like the following
can be applied to force the estimated right hand position out of
the way:
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Rh~[n],=mha(PJ’!~/n],(LFla.f.,-kFla.~)+Lh~[n]+
min..ha.rd_sep)

where (LFld..a-RFlaef~ is the default separation between
left and fight thumb s, is the minimum horizontal separation to
be imposed, and LHeox[n ] is the current estimated offset of the
left hand.

FIG. 18 represents the data flow within the proximity
image segmentation process 241. Step 262 makes a spatially
smoothed copy 263 of the current proximity image 240 by
passing a two-dimensional diffusion operator or Gaussian
kernel over it. Step 264 searches the smoothed image 263 for
local maximum pixels 265 whose filtered proximity exceeds
a significance threshold and exceeds the filtered proximities
of nearest neighbor pixels. The smoothing reduces the chance
that an isolated noise spike on a single electrode will result in
a local maximum-which exceeds the significance threshold,
and consolidates local maxima to about one per distinguish-
able fleshy contact.

Process 268 then constructs a group of electrodes or pixels
which register significant proximity around each local maxi-
mum pixel by searching outward from each local maximum
for contact edges. Each electrode encountered before reach-
ing a contact boundary is added to the local maximum’s
group. FIG. 19 shows the basic boundary electrode search
pattern for an example contact boundary 274. In this diagram,
an electrode or image pixel lies at the tip of each arrow. The
search starts at the local maximum pixe1276, proceeds to the
left pixels 277 until the boundary 274 is detected. The last
pixel before the boundary 278 is marked as an edge pixel, and
the search resumes to the fight 279 of the local maximum
pixel 276. Once the left and right edges of the local maxi-
mum’s row have been found, the search recarses to the rows
above and below, always starting 281 in the column of the
pixel in the previous mw which had the greatest proximity. As
the example illustrates, the resulting set of pixels or elec-
trodes is connected in the mathematical sense but need not be
rectangular. This allows groups to closely fit the typical oval-
shape of flesh contacts without leaving electrodes out or
including those from adjacent contacts.

If contacts were small and always well separated, edges
could simply be established wherever proximity readings fell
to the background level. But sometimes fingertips are only
separated by a slight valley or shallow saddle point 210. To
segment adjacent fingertips the partial minima of these val-
leys must be detected and used as group boundaries. Large
palm heel contacts, on the other hand, may exhibit partial
minima due to minor nonuniformities in flesh proximity
across the contact. If all electrodes under the contact are to be
collected in a single group, such partial minima must be
ignored. Given a hand position estimate the segmentation
system can apply strict edge detection roles in regions of the
image where fingertips and thumb are expected to appear but
apply sloppy edge detection rules in regions of the image
where palms are expected to, appear. This ensures that adja-
cent fingertips are not joined into a single group and that each
palm heel is not broken into multiple groups.

Step 266 of FIG. 18 defines the positions of these segmen-
tation regions using the hand position estimates 252 derived
from analyses of previous images. FIG. 20A shows the extent
of the strict and sloppy segmentation regions while the hands
are in their default positions, making estimated offsets for
both hands zero. Plus signs in the diagram 252 indicate the
estimated position of each finger and palm heel in each hand.
Rectangular outlines in the lower comers represent the left
284 and right 286 sloppy segmentation regions where partial
minima are largely ignored. The T-shaped region remaining is

24
the strict segmentation region 282, where proximity saddle
points must serve as contact boundaries. As a preferred
embodiment the s!oppy regions are rectangular, their inner
boundaries 285 are placed just inside of the columns where
the index fingers 202 are expected to lie, and the upper bound-
aries 287 are placed at the estimated vertical levels of their
respective thumbs 201. The outer and lower boundaries of the
sloppy regions are determined by the outside edges of the
surface. Due to the decay in esthnated hand offsets after hands

lo leave the surface, the sloppy segmentation regions return to
the positions shown after the hands have stayed offthe surface
a few seconds, regardless of hand position at liftoff. FIG. 20B
shows how the sloppy regions follow the estimated hand
positions 252 as the right hand moves toward the upper left

15 and the left hand moves toward the lower left. This ensures
that the palms and only the palms fall in the sloppy regions as
long as the hand position estimates are correct.

FIG. 20C shows that the left sloppy region 284 is moved
left offthe surface entirely when the left hand is lifted offthe

2o surface and the dght hand slides to the left side of the surface.
This prevents the fingers of one hand thorn entering the sloppy
segmentation region of the opposite hand. This effect is
implemented by imposing a minimum horizontal separation
between the sloppy regions and, should the regions get too

25 close to one another, letting the hand with the most surface
contacts ovemde the estimated position of the hand with
fewer contacts. FIG. 21 is a detailed flow chart of the edge
tests which are applied at each searched electrode depending
on whether the electrode is in a strict or sloppy segmentation

30 region. Decision diamond 290 checks whether the
unsmoothed proximity of the electrode is greater than the
background proximity levels. If not, the electrode is labeled
an edge electrode in step 304 regardless of the segmentation
region or search direction, and in step 305 the search returns

35 to the row maximum to recurse in another direction. If the
unsmoothed proximity is significant farther tests are applied
to the smoothed proximity of neighboring electrodes depend-
ing on whether decision diamond 292 decides the search
electrode is in a sloppy or strict region.

40 Ira strict region search is advancing horizontally within a
row, decision diamond 306 passes to decision diamond 308
whichtests whether the electrode lies in a horizontal or diago-
nal partial minimum with respect to its nearest neighbor elec-
trodes. If so, a proximity valley between adjacent fingers has

45 probably been detected, the electrode is labeled as an edge
314 and search resumes in other directions 305. If not, the
search continues on the next electrode in the row 302. If a
strict region search is advancing vertically to the next row,
decision diamond 306 passes to decision diamond 310 which

50 tests whether the electrode lies in a vertical partial minimum
with respect to the smoothed proximity of its nearest neighbor
electrodes. If so, a proximity valley between a finger and the
thumb has probably been detected, the electrode is labeled as
an edge 312 and search resumes in other directions 305. If not,

55 the search continues into the next row 302. If decision dia-
mond 294 determines that a sloppy region search is advancing
horizontally within a row, stringent horizontal minimum tests
are performed to check for the crease or proximity valley
between the inner and outer palm heels. To qualify, the elec-

60 trode must be more than about 2 cm horizontal distance from
the originating local maximum, as checked by decision dia-
mond 296. Also the electrode must be part of a tall valley or
partial horizontal minimum which extends to the rows above
and below and the next-nearest neighbors within the row, as

65 checked by decision diamond 298. If so, the electrode is
labeled as an edge 300 and search recurses in other directions
305. All other partial minima within the sloppy regions are
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ignored, so the search continues 302 until a background level
edge is reached on an upcoming electrode.

In sloppy segmentation regions it is possible for groups to
overlap significantly because partial minima between local

5maxima do not act as boundaries. Typically when this hap-
pens the overlapping groups are part of a large fleshy contact
such as a palm which, even after smoothing, has multiple
local maxima. Two groups are defined to be overlapping if the
search originating local maximum electrode of one group is 10
also an element of the other group. In the interest of present-
ing only one group per distinguishable fleshy contact to the
rest of the system, step 270 of FIG. 18 combines overlapping
groups into single supergxoups before parameter extraction.
Those skilled in the art will realize that feedback from high-
level analysis of previous images can be applied in various
alternative ways to improve the segmentation process and still
lie well within the scope of th~s invention. For example,
additional image smoothing in sloppy segmentation regions
could consolidate each palm heel contact into a single local
maximum which would pass strict segmentation region
boundary tests. Care must be taken with this approach how-
ever, because too much smoothing can cause finger pairs
which unexpectedly enter sloppy palm regions to be joined 25
into one group. Once a finger pair is joined the finger identi-
fication process 248 has no way to tell that the fingertips are
actually not a single palm heel, so the finger identification
process will be unable to correct the hand position estimate or 30
adjust the sloppy regions for proper segmentation of future
images.

IV!ore detailed forms of feedback than the hand position
estinaate can be utilized as well. For example, the proximal
phalanges(209 in FIO. 13) are actually part of the finger but
tend to be segmented into separate groups th~n the fingertips
by the vertical minimum test 310. The vertical minimum test
is necessary to separate the thumb group from index fingertip
group in the partially closed FIG. 14 and pen grip FiG. 15

4Ohand configurations. However, the proximal phalanges of
flattened fingers can be distinguished from a thumb behind a
curled fingertip by the fact that it is very difficult to flatten one
long finger without flattening the other long fingers. To take,
advantage of this constraint, a flattened finger flag 267 is set ,*5
whenever two or more of the contacts identified as index
through pinky in previous images are larger than normal,
reliably indicating that fingertips are flattening. Then decision
diamond 310 is modified during processing of the current
image to ignore the first vertical mAn]mum encountered dur-
hag search of rows below the originating local minimum 276.
This allows the proximal phalanges to be included in the
fingertip group but prevents fingertip groups from merging
with thumbs or forepalms. The last step 272 of the segmen-
tation process is to extract shape, size, and position param-
eters from each electrode group. Group position reflects lmnd
contact position and is necessary to determine finger velocity.
The total group proximity, eccentricity, and orientation are
used by higher level modules to help distinguish finger, palm,
and thlmab contacts.

Provided G~r is the set of electrodes in group G, e~ is the
unsmoothed proximity of an electrode or pixel e, and ex and
are the coordinates on the surface of the electrode center in
centimeters, to give a basic indicator of group position, the 65
proximity-weighted center, or centroid, is computed from
positions and proximities of the group’s electrodes:

26

(12)

(13)

04)

Note that since the total group proximity G~ integrates
proximity over each pixel in the group, it depends upon both
of the size of a hand part, since large hand parts tend to cause

is groups with more pixels, and of the proximity to or pressure
on the surface of a hand part.

Since most groups are convex, their shape is well approxi-
mated by ellipse parameters. The ellipse fitting procedure
requires a unitary transformation of the group covariance

20 matrix G,o~ of second moments Q=, Q~y, Gyy:

G= = E e~(G. -eJ: (16)

G~ = G~ = E ez(G~ -e.)(G~, - ey) (17)

Gs~ = E cAGe, - e~,)z (18/

The eigenvalues Xo and Xt of the covariance matrix G,o~
determine the ellipse axis lengths and orientation Go:

(20)

where GO is uniquely wrapped into the range (0,180°).
For convenience while distinguishing fingertips from

palms at higher system levels, the major and minor axis
lengths are converted via their ratio into an eccentricity G~:

(22)

Note that since the maj or axis length is always greater than
or equal to the minor axis length, the eccentricity will always
be greater than or equal to one. Finally, the total group prox-

60 imity is empirically renormalized so that the typical curled
fingertip will have a total proximity around one:

(23)
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On low resolution electrode arrays, the total group prox-
imity G~ is a more reliable indicator of contact size as well as
finger pressure than the fitted ellipse parameters. Therefore, if
proximity images have low resolution, the orientation and
eccentricity of small contacts are set to default values rather 5
than their measured values, and total group proximity Gz is
used as the primary measure of contact size instead of major
and minor axis lengths.

FIG. 22 shows the steps of the path tracking process, which
chains together those groups fi’om successive proximity
images which correspond to the same physical hand contact.
To determine where each hand part has moved since the last
proximity image, the tracking process must decide which
current groups should be matched with which existing con-
tact paths. As a general rule, a group and path arising from the
same contact will be closer to one another than to other groups
and paths. Also, biomechanical constraints on lateral finger
velocity and acceleration limit how far a finger can travel
between images. Therefore a group and path should not be
matched unless they are within a distance known as the track-
hag radius of one another. Since the typical lateral separation
between fingers is greater than the tracking radius for reason-
able image scan rates touchdown and lifloff are easily
detected by the fact that touchdown usually causes a new
group to appear outside the tracking radii of existing paths,
and lifloffwill leave an active path without a group within its
tracking radius. To prevent improper breaking of paths at high
finger speeds each path’s tracking radius P,,,-,a~ can be made
dependent on its existing speed and proximity.

The first step 320 predicts the current locations of surface
contacts along existing trajectories using path positions and
velocities measured from previous images. Applying previ-
ous velocity to the location prediction improves the predic-
tion except when a finger suddenly starts or stops or changes
direction. Since such high acceleration events occur less often 35
than zero acceleration events, the benefits of velocity-based
prediction outweigh the potentially bad predictions during
finger acceleration. Letting P~[n-1],Pj~[n-1] be the position
of path P from time step n-1 and P,,~[n-1]. P~[n-1] the last
known velocity, the velocity-predicted path continuation is 40

P~,,~,[nJ=Px[n-1]+A~[n-1] (24)

(25) 45

Letting the set of paths active in the previous image be PA,
and let the set electrode groups constructed in the current
image be G, step 322 finds for each group Ok the closest
active path and records the distance to it:

??.~.??.? (26)

Ok closestPdist 2-~nin PI PAd 2(Gk, PI) Gk O (27)

where the squared Euclidean distance is an easily computed
distance metric:

a2( Gk, Pl)=( Gk~-Pl.~,..~)2 +( Gky-Pl:~.a:,)2 (28)

Step 324 then fi~ds for each active path Pl, the closest
active group and records the dist~mce to it:

28
between them is less than the tracking radius. All of the
following conditions must hold:

Gkdo,~w-~Pl (31)

Pl do,~,c.aua <Plmac~ (33)

To aid ha detection of repetitive taps of the same finger, it
may be useful to preserve continuity of path assignment

:tO between taps over the same location. This is accomplished in
step Via USPTO EFS 334 by repeating steps 322-326 using
only groups which were left unpaired above and paths which
were deactivated within the last second or so due to finger
liftoff.

15 In step 336, any group ~vhich has still not be paired with an
active or recently deactivated path is allocated a new path,
representing touchdown of a new finger onto the surface. In
step 344, any active path which cannot be so paired with a
group is deactivated, representing hand part liftoff from the

20 sln’face.

Step 346 incorporates the extracted parameters of each
group into its assigned path via standard filtering techniques.
The equations shown below apply simple autoregressive ill-
ters to update the path position (P~[n],P~[n],P..[n]), velocity

25 (Px[n],Py[n])’ and shape (Po[n], P~[n]) parameters from cor-

responding group parameters, but Kalman or finite impulse
response filters would also be appropriate.

Ifa path P has just been started by group G at time step n,
i.e., a hand part has just touched down, its parameters are3o initialized as follows:

50

55

P~[n]~ x (34)

~[~]~ (35)

Po[n]=Go (37)

P¢[aI=G~ (38)

P~[n]=O (39)

P~[n]-O (40)

else if group G is a continuation of active path P[n-I ] to time
step n:

P~[n]=G~G.+(1-Go)(P~,,~a.[n-ll) (42)

Pz[nJ=G~G~+(1-G,O(P;,.,,a~[n-I]) (43)

(44)

(45)

P=jnl=G= G~+(1-G~)(P~[n - 11) (46)

P=[n]-(P.[nl-P~[n- 1 ])tAt (47)

60 P~[n]=(PY[nl-P2[n- I ])IAt (48)

9 PI closestG=-~rg mtn Gk Gd 2(Gk, PI) PI PA (29)

PI eloses’tGdist 2=rain Gk Gd 2(Gk,P1) PI PA 00)

!n step 326, an active group Gk and path P1 are only paired
with one another if they are closest to one another, i.e.,
Gk,~o,,~: and PI¢~o~,~,~ refer to one another, and the distance

P=[nl=(P,[n]-P..[n- 1 ])/At (49)

It is aJso useful to compute the magnitude P,~,,a and angle
P,~, from the velocity vector (P,.~, P~). Since the reliability of

65 position measurements increases considerably with total
proximity P~, the low-pass filter pole G~is decreased for
groups with total proximities lower than normal. Thus when
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signals are weak, the system relies heavily on the previously
established path velocity, but when the finger firmly touches
the surface causing a strong, reliable signal, the system relies
entirely on the current ~mup centroid measurement.

The next process within the tracking module is contact
identification. On surfaces large enough for multiple hands,
the contacts of each hand tend to form a circular cluster, and
the clusters tend to remain separate because users like to avoid
entangling the fingers of opposite hands. Because the
arrangement of fingers within a hand cluster is independent of
the location of and arrangement within the other hand’s clus-
ter, the contact identification system is hierarchically split.
The hand identification process 247 first decides to which
chister each contact belongs. Then a within-cluster identifi-
cation process 248 analyzes for each hand the arrangement of
contacts within the hand’s cluster, independent of the other
hand’s cluster. Because within-cluster or finger identification
works the same for each hand regardless of how many hands
can fit on the surface, it will be described first. The description
below is for identification within the right hand. Mirror sym-
metry must be applied to some parameters before identifying
left hand contacts.

FIG. 23 shows the preferred embodiment of the finger
identification process 248. For the contacts assigned to each
hand this embodiment attempts to match contacts to a tem-
plate of hand part attractor points, each attractor point having
an identity which corresponds to a particular finger or palm
heel. This matching between contact paths and attractors
should be basically one to one but in the case that some hand
parts are not touching the surface, some attractors will be left
unfilled, i.e., assigned to the null path or dummy paths.

Step 350 initializes the locations of the attractor points to
the approximate positions of the corresponding fingers and
palms when the hand is in a neutral posture with fingers
partially cuffed. Preferably these are the same default finger
locations (Fide#,Fia,~) employed in hand offset estimation.
Setting the distances and angles between attractor points from
a half-closed hand posture allows the matching algorithm to
perform well for a wide variety of finger flexions and exten-
sions.

The resulting attractor points tend to lie in a ring as dis-
played by the crosses in FIG. 24. The identities of attractor
points 371-377 correspond to the identities of hand parts
201-207. If the given hand is a left hand, the am’actor ring
must be mirrored about the vertical axis from that shown.
FIG-. 24 also includes line segments 380 forming the Voronoi
cell around each attractor point. Every point within an attrac-
tot’s Voronoi cell is closer to that attractor than any other
attractor. When there is only one contact in the cluster and its
features are not distinguishing, the assignment algorithm
effectively assigns the contact to the attractor point of the
Voronoi cell which the contact lies within. When there are
multiple surface contacts in a hand cluster, they could all lie in
the same Voronoi cell, so the .assignment algorithm must
perform a global optimization which takes into account all of
the contact positions at once.

Alternative embodiments can include additional attractors
for other hand part or alternative attractor arrangements for
ab’pical hand configurations. For example, attractors for fore-
palm contacts can be placed at the center of the ring, but since
the forepalms typically do not touch the surface unless the rest
of the hand is flattened onto the surface as well, forepalm
attractors should be weighted such that contacts are assigned
to them only when no regular attractors are left unassigned.

For optimal matching accuracy the ring should be kept
roughly centered on the hand cluster. Therefore step 352
translates all of the attractor points for a given hand by the

10

15

20

3O
hand’s estimated position offset. The final attractor positions
(Aj~,[n],Ajy[n]) are therefore given by:

Ajx[n]=H~Ptl+Fja,fx (50)

Aj.vfn]= H.~,.[’n] +F]a,~                                 (51 )

In alternative embodiments the attractor ring can also be
rotated or scaled by estimates of hand rotation and size such
as the estimated finger offsets, but care must be taken that
wrong finger offset estimates and identification errors do not
reinforce one another by severely warping the attractor ring.

Once the attractor template is in place, step 354 constructs
a square matrix [d,j] o f the distances in the surface plane from
each active contact path Pi to each attractor point Aj. If there
are fewer surface contacts than attractors, the null path P0,
which has zero distance to each attractor, takes place of the
missing contacts. Though any distance metric can be used, the
squared Euclidean distance,

(52)

is preferred because it specially favors assignments wherein
the angle between any pair of contacts is close to the angle
between the pair of attractors assigned to those contacts. This
corresponds to the biomechanlcal constraint that fingertips

2s avoid crossing over one another, especially while touching a
surface.

In step 356, the distances from each contact to selected
attractors are weighted according to whether the geometrical
features of the given contact match those expected from the

30 hand part that the attractor represents. Since the thumb and
palm heels exhibit the most distinguishing geometrical fea-
turea, weighting functions are computed for the thumb and
palm heel attractors, and distances to fingertip attractors are
unchanged. In a preferred embodiment, each weighting func-

35 tion is composed ofseveral factor versus feature relationships
such as those plotted approximately in FIG. 25. Each factor is
designed to take on a default value of 1 when its feature
measurement provides no distinguishing information, take on
larger values if the measured contact feature uniquely

4o resembles the given thumb or palm hand part, and take on
smaller values if the measured feature is inconsistent with the
given attractor’s hand part. The factor relationships can be
variously stored and computed as lookup tables, piecewise
linear functions, polynomials, trigonometric functions, ratio-

45 hal functions, or any combination of these. Since assignment
between a contact and an attractor whose features match is
favored as the weighted distance between becomes smaller,
the distances are actually weighted (multiplied) with the
reciprocals of the factor relationships shown.

5o FIG. 25A shows the fight thumb and right inner palm heel
orientation factor versus orientation of a contact’s fitted
ellipse. Orientation of these hand parts tends to be about 120°,
whereas fingertip and outer palm heel contacts are usually
very close to vertical (90°), and orientation of the left thumb

55 and left inner palm heel averages 60°. The right orientation
factor therefore approaches a maximum at 120 °. It
approaches the default value of 1 at 0 °, 90°, and 180° where
orientation is inconclusive of identity, and reaches a mini-
mum at 60 °, the favored orientation of the opposite thumb or

6o palm heel. The corresponding relationship for the left thumb
and inner palm heel orientation factor is flipped about 90°.

FIG-. 25B approximately plots the thumb size factor. Since
thumb size as indicated by total proximity tends to peak at two
or three times the size of the typical cured fingertip, the

65 thumb size factor peaks at these sizes. Unlike palm heels,
thumb contacts can not be much larger than two or three times
the default fingertip size, so the thumb factor drops back down
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for larger sizes. Since any hand part can appear small when
touching the surface very lightly or just starting to touch-
down, small size is not distinguishing, so the size factor
defaults to I for very small contacts.

FIG. 25C approximately plots the pall heel size factor. As
more pressure is applied to the palms, the palm heel contacts
can grow quite large, remaining fairly round as they do so.
Thus the palm heel size factor is much like the thumb size
factor except the palm factor is free to increase indefinitely.
However, fingertip contacts can grow by becoming taller as
the fingers are flattened. But since finger width is constant, the
eccentricity of an ellipse fitted to a growing fingertip contact
increases in proportion to the height. To prevent flattened
fingers from having a large pall factor, has little effect for
palms, whose eccentricity remains near 1, but cancels the
high proximities of flattened fingertips. Though dizectly using
fitted ellipse width would be less accurate for low resolution
electrode arrays, the above ratio basically captures contact
width.

Another important distinguishing feature of the pall heels
is that wrist anatomy keeps the eentroids of their contacts
separated from one other and from the fingers by several
centimeters. This is not true of the thumb and fingertips,
which can be moved within a centimeter of one another via
flexible joints. The inter-palm separation feature is measured
by searching for the nearest neighbor contact of a given con-
tact and measuring the distance to the neighbor. As plotted
approximately in FIG. 25D, the pall separation factor
quickly decreases as the separation between the contact and
its nearest neighbor falls below a few centimeters, indicating
that the given contact (and its nearest neighbor) are not palm
heels. Unlike the size and orientation factors which only
become reliable as the weight of the hands fully compresses
the palms, the palm separation factor is especially helpful in
distinguishing the palm heels from pairs of adjacent fingertips
because it applies equally well to light, small contacts.

Once the thumb and palm weightings have been applied to
the distance matrix, step 358 finds the one-to-one assignment
between attractgrs and contacts which minimizes the sum of
weighted; distances between each attractor and it’ s assigned
contact. For notational purposes, let a new matrix levi hold
the weighted distances:

12,828 B2
32

ized combinatorial search, the Hungarian method, or network
flow solvers. Those skilled in the art will reco~mtize that this
type of combinatorial optimization problem has a mathemati-
cally equivalent dual representation inwhich the optimization

5 is reformulated as a maximization of a sum of dual param-
eters. Such reformulation of the above hand part identifica-
tion method as the dual of attractor-contact distance minimi-
zation remains well within the scope of this invention.

To avoid unnecessary computation, decision diamond 360
10 ends the finger identification process at this stage if the hand

assignment of the given contact cluster is only a tentative
hypothesis being evaluated by the hmad identification module
247. However, if the given hand assignments are the final
preferred hypothesis, further processes verify finger identi-

15 ties and compile identity statistics such as finger counts.
The identifications produced by this attractor assignment

method are highly reliable when all five fingers are touching
the surface or when thumb and palm features are unambigu-
ous. Checking that the horizontal coordinates for identified

2o fingertip contacts are in increasing order easily verifies that
fingertip identities are not erroneously swapped. However,
when-only two to four fingers are touching, yet no finger
strongly exhibits thumb size or orientation features, the
assignment of the innermost finger contact may wrongly indi-

25 cate whether the contact is the thumb, ha this case, decision
diamond 362 employs a thumb verification process 368 to
take further measurements between the innermost finger con-
tact and the other fingers, ff these further measurements
strongly suggest the innermost finger contact identity is

30 wrong, the thumb verification process changes the assign-
ment of the innermost finger contact. Once the finger assign-
ments are verified, step 364 compiles statistics about the
assignments within each hand such as the number of touching
fingertips and bitfields of touching finger identities. These

35 statistics provide convenient summaries of identification
results for other modules.

FIG. 26 shows the steps within the thumb verification
module. The first 400 is to compute several velocity, separa-
tion, and angle factors for the innermost contact identified as

40 a finger relative to the other contacts identified as fingers.
Since these inter-path measurements presuppose a contact
identity ordering, they could not have easily been included as
attractor distance weightings because contact identities are
not known until the attractor distance minimization is com-
plete. For the factor descriptions below, let FI be the inner-
most finger contact, FN be the next innermost finger contact,
FO be the outermost finger contact.

The separation between thumb and index finger is often
larger than the separations between fingertips, but all sepam-

5o tions tend to grow as the fingers are outstretched. Therefore an
inner separation factor inner_separation_fact is defined as the
ratio of the distance between the innermost and next inner-
most finger contacts to the average of the distances between
other adjacent fingertip contacts, avg_separation: 12

55 innerseparation£act rain

t
dq/(Pi~j~Ja~tPior,emjac,) if j = 1

d,j if2_<j_<5

(53) 45

Mathematically the optimization can then be stated as finding
the permutation {~,..., =7} of integer hand part identities
{ 1 ..... 7} which minimizes:

(54)

where cv is the weighted distance from contact i to attractor j,
and contact i and attractor j are considered assigned to one
another when ~,~j. This combinatorial optimization problem,

60 t
~/(FI.~_FNx)Z+(FIy_FN~)~ }

(55)
innerseparationfact ~ mS, 1,

avgseparat~on

The factor is clipped to be greater than one since an inner-
most separation less than the average can occur regardless of

known more specifically in mathematics as an assignment 65 whether thumb or index finger is the innermost touching
problem, can be efficiently solved by a variety of well-known finger. In case there are only two finger contacts, a default
mathematical techniques, such as branch and bound, local-average separation of 2-3 cm is used. The factor tends to
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become larger than one if the innermost contact is actually the
thumb but remains near one if the innermost contact is a
fingertip.

Since the thumb rarely moves further forward than the
fingertips except when the fingers are curled into a fist, the
angle between the innermost and next innermost finger con-
tact can help indicate whether the innermost finger contact is
the thumb. For the right hand the angle of the vector £rom the
thumb to the index finger is most often 60°, though it ranges
to 0 as the thumb moves foruard and to 120 ° as the thumb
addncts under the palm. This is reflected in the approximate
plot of the inner angle factor in FIG. 32, which peaks at 60°
and approaches 0 toward 0° and 120°. If the innermost finger
contact is actually an index fingertip, the measured angle
between innermost and next innermost contact wdl likely be
between 30° and -60°, producing a very small angle factor.

The inner separation and angle factors are highly discrimi-
nating of neutral thumb postures, but users often exceed the
above cited separation and angle ranges when performing
hand sealing or rotation gestures. For instance, during an
anti-pinch gesture, the thumb may start pinched against the
index or middle fingertip, but then the thumb and fingertip
slide away fi’om one another. This causes the inner separation
factor to be relatively small at the start of the gesture. Simi-
larly, the thumb-index angle can also exceed the range
expected by the inner angle factor at the begirming or end of
hand rotarian gestures, wherein the fingers rotate as if turning
a screw. To compensate, the inner separation and angle factors
are fuzzy OWed with expansion and rotation factors which
are selective for symmetric finger seatings or rotations cen-
tered on a point between the thumb and fingertips.

When defined by the following approximate equation, the
expansion factor peaks as the innermost and outermost finger
contacts slide at approximately the same speed and in oppo-
site directions, parallel to the vector between them:

12,828 B2
34

mtauonf~ct=--

q~l,~ca[n]FOw.ca[n]xsm(Fla~[n]-L(Flfi;],FO[n]))xs’m(FO,~,ffnl-/-(FI[n],FO[n]))

~/E/,~,n[n ]xFO ,~.a[ n Jxcos(Fla,,[n ]- £ (Fl[n ],(F O [n ] ) )x
cos(FOa,,[n ]- Z.(FI[nJ,FO[n])) (5 6)

exp a-r~n~ion_fact:=max(O, expansion_fact) (57)

where 5(FI[n], FO[n]) is the angle between the fingers:

_ [Fly[n] - FO~,[n]]t.(Fl[n], rO[nl) = arcmn~ Fl~[n] - FOAn] )
(58)

Translational motions of both fingers in the same direction
produce negative factor values which are clipped to zero by
the max operation. Computing the geometric rather than
arithmetic mean of the innermost and outermost speeds aids
selectivity by producing a large expansion factor only when
speeds of both contacts are high.

The rotation factor must also be very selective. If the rota-
tion factor was simply proportional to changes in the angle
between innermost and outermost finger, it would errone-
ously grow in response to asymmetries in finger motion such
as when the innermost finger starts translating downward
while the outermost contact is stationary. To be more selec-
tive, the rotation factor must favor symmetric rotation about
an imaginary pivot between the thumb and fingertips. The
approximate rotation factor equation below peaks as the
innermost and outermost finger move in opposite directions,
but in this case the contacts should move perpendicular to the
vector between them:

(59)

rotatmn_f~ct’=m ax(O ~rotation_£~ct) (60)

Since motions which maximize this rotation factor are easy
to perform between the opposable thumb and another finger
but difficult to pertbrm between two fingertips the rotation
factor is a robust indicator of thumb presence.

Finally, a fuzzy logic expression (step 402 ) combines these
inter-contact factors with the thumb feature factors for the
innermost and next innermost finger contacts. In a preferred
embodiment, this fuzzy logic expression for the com-
bined_thumb_thct takes the form:

15 comb ined_thumb _f~ct-( km~er_separatio n_ factx ~n gle_
fact+expazsion_fact+mtmon_faet)x(Flo~t_~/
FN
FN~._,~,_.~,,) ( 61 )

The feature factor ratios of this expression attempt to com-
20 pare the features of the irmermost contact to current features

of the next innermost contact, which is already known to be a
fingertip. If the innermost contact is also a fingertip its fea-
tures should be similar to the next innermost, causing the
ratios to remain near one. However, thumb-like features on

25 the innermost contact will cause the ratios to be large. There-
fore if the combined thumb factor exceeds a high threshold,
diamond 404 decides the innermost finger contact is deft-
nitely a thumb. If decision diamond 412 determines the con-
tact is not already assigned to the thumb attractor 412, step

30 414 shifts the contact assignment inward on the attractor ring
to the thumb attractor. Otherwise, if decision diamond 406
determines that the combined thumb factor is less than a low
threshold, the innermost contact is most defmitely not the
thumb. Therefore if decision diamond 408 finds the contact

35 assigned to the thumb attractor, step 410 shi£ts the innermost
contact assignment and any adjacent finger contacts outward
on the attractor ring to unfill the thumb attractor. Iftha com-
bined_thumb_fact is between the high and low thresh.old or if
the existh~g assignments agree with the threshold decisions,

a0 step 413 makes no assignment changes.
The hand contact features and interrelationships intro-

duced here to aid identification can be measured and com-
bined in various alternative ways yet remain well within the
scope of the invention. In alternative embodiments of the

45 multi-touch surface apparatus which include raised, touch-
insensitive palm rests, palm identification and its requisite
attractors and factors may be eliminated. Geometrical param-
eters can be optimally adapted to measurements of individual
user hand size taken while the hand is flattened. However, the

50 attractor-based identification method already tolerates varia-
tions in a single person’s finger positions due to finger flexion
and extension which are as great or greater than the variations
in hand size across adult persons. Therefore adaptation of the
thumb and palm size factors to a person’s average finger and

55 palm heel proximities is more important than adaptation of
attractor positions to individual finger lengths, which will
only add marginal performance improvements.

As another example of an alternative method for incorpo-
rating these features and relationships into a hand contact

60 identifier, FIG. 27 diagrams an alternative finger identifica-
tion embodiment which does not include an attractor tem-
plate. To order the paths from finger and palm contacts within
a given hand 430, step 432 constructs a two-dimensional
matrix of the distances from each contact to the other con-

65 tacts. In step 434, a shortest path algorithm well known from
the theory of network flow optimization then finds the short-
est graph cycle connecting all the contact paths and passing
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through each once 434. Since hand contacts tend to lie in a
ring this shortest graph cycle will tend to connect adjacent
contacts, thus establishing a sensible ordering for them.

The next step 438 is to pick a contact at an extreme position
in the ring such as the innermost or outermost and test
whether it is a thumb (decision diamond 440) or palm (deci-
sion diamond 442). This can be done using contact features
and fuzzy logic expressions analogous to those utilized in the
thumb verification process and the, attractor weightings. If
the innermost path is a thumb, step 444 concludes that con-
tacts above are most likely fingertips, and contacts in the ring
below the thumb are most likely palms. If(442) the imaermost
path is a palm heel, step 446 concludes the paths significantly
above the innermost must be fingers while paths at the same
vertical level should be palms. The thumb and palm tests are
then repeated for the contacts adjacent in the ring to the
innermost antil any other thumb or palm contacts are found.
Once any thumb and palm contacts are identified, step 448
identifies remaining fingertip contacts by their respective
ordering in the ring and their relatively high vertical position.

Since this alternative algorithm does not include an attrac-
tor template to impose constraints on relative positions, the
fuzzy verification functions for each contact may need to
include measurements of the vertical position of the contact
relative to other contacts in the ring and relative to the esti-
mated hand offset. The attractor template embodiment is
preferred over this alternative embodiment because the
attractor embodiment more elegantly incorporates expected
angles between contacts and the estimated hand offset into the
finger identification process.

Hand identification is needed for multi-touch surfaces
which are large enough to accomodate both hands simulta-
neously and which have the left and right halves of the surface
joined such that a hand can roam freely across the middle to
either half of the surface. The simplest method of hand iden-
tification would be to assign hand identity to each contact
according to whether the contact initially touched down in the
left or right half of the surface. However, if a hand touched
down in the middle, straddling the left and right halves, some
of the hand’s contacts would end up assigned to the left hand
and others to the right hand. Therefore more sophisticated
methods which take into account the clustering properties of
hand contacts must be applied to ensure all contacts from the
same hand get the same identity. Once all surface contacts are
initially identified, the path tracking module can reliably
retain existing identifications as a hand slides from one side of
the surface to the other.

The thumb and inner palm contact orientations and the
relative thumb placement are the only contact features inde-
pendent of cluster position which distinguish a lone cluster of
right hand contacts fi’om a cluster of left hand contacts. If the
thumb is lifted off the surface, a right hand contact cluster
appears nearly indistinguishable from a left hand cluster. In
this case cluster identification must still depend heavily on
which side of the board the cluster starts on, but the identity of
contacts which recently lifted offnearby also proves helpful.
For example, if the right hand moves from the tight side to the
middle of the surface and lifts off, the next contacts which
appear in the middle w~ll most likely be from the right hand
touching back down, not from the left hand moving to the
middle and displacing the tight hand. The division between
left and right halves of the surface should therefore be
dynamic, shifting toward the right or left according to which
hand was most recently near the middle. Since the hand offset
estimates temporarily retain the last "known hand positions

36
after liftoff, such a dynamic division is implemented by tying
the positions of left hand and tight hand attractor templates to
the estimated hard positions.

Though cases remain in which the user can fool the hand
5 identification system with sudden placements of a hand in

unexpected locations, the user may actually wish to fool the
system in these cases. For example, users with only one hand
fi’ee to use the surlhce may intentionally place the hand far
onto the opposite half of the surface to access the chord input

l0 operations of the opposite hand. Therefore, when a hand
cluster suddenly touches down well into the opposite half of
the surface, it can safely be given the opposite halls identity,
regardless of its true identity..arching the surface across the
middle can also discourage users from sliding a hand to the

15 opposite side by causing awkward forearm pronation should
users do so.

FIG. 29 shows process details within the hand identifica-
tion module 247. Decision diamond 450 first determines
whether the hand identification algorithm actually needs to be

20 executed by checking whether all path proximities have sta- "
bilized. To maximize st.~bility of the identifications, hand and
finger identities need only be reevaluated when a new hand
part touches down or disambiguating features of existing
contacts become stronger. The contact size and orientation

25 features are unreliable until the flesh fully compresses against
the surface a few dozen milliseconds after initial surface
contact. Therefore decision diamond 450 executes the hand
identification algorithm for each proximity image in which a
new contact appears and for subsequent proximity images in

30 which the total proximity of any new contacts continues to
increase. For images in which proximities of existing contacts
have stabilized and no new contacts appear, path continuation
as performed by the path tracking process 245 is sufficient to
retain and extend (step 452) the contact identifications com-

35 puted from previous images.
Should the hand idemification algorithm be invoked for the

current image, the first step 453 is to define and position left
and right hand attractor templates. These should be basically
the same as the attractor templates (FIG. 24, step 352) used in

40 within-hand identification, except that both left and right
tings must now be utilized at once. The default placement of
the rings relative to one another should correspond to the
default left and right hand contact positions shown in FIG.
20A. Each ring translates to follow the estimated position of

45 its hand, just like the sloppy segmentation regions follow the
hands in FIG. 20B. Individual attractor points can safely be
translated by their corresponding estimated finger offsets.
Therefore the final attractor positions (Ajx[n],Ajy[n]) for the
left hand L and right hand H attractor rings are:

50      t a.~ZnJ=Zh~[nl+ZFj~[nJ+L£a.~                  (62)

55

60

65

(63)

(64)

R aja,[n ] = P.h ,,~ [n.] + R F.t ,.~ [n] + R~ a ,~9 (65)

Basically the hand identification algorithm will compare
the cost of assigning contacts to attractors in one ring versus
the other, the cost depending on the sum of weighted dis-
tances between each centact and its assigned attractor.
Adjusting the attractor ring with the estimated hand and fin-
ger offsets lowers the relative costs for assignment hypoth-
eses which resemble recent hand assignments, helping to
stabilize identifications across successive proximity images
even when hands temporarily lift off.

Next a set of assignment hypotheses must be generated and
compared. The most efficient way to generate sensible
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hypotheses is to define a set of roughly vertical contour lines,
one between each horizontally adjacent contact. Step 454
does this by ordering all surface contacts by their horizontal
coordinates and establishing a vertical contour halfway
between each pair of adjacent horizontal coordinates. FIGS.
30A-C show examples of three different contours 475 and
their associated assignment hypotheses for a fixed set of
contacts. Each contour corresponds to a separate hypothesis,
known also as a partition, in which all contacts to the left 476
of the contour are from the left hand, and all contacts to the
right 477 of the contour are from the fight hand. Contours are
also necessary, at the left and right ends of the surface to
handle the hypotheses that all contacts on the surface are from
the same hand. Contours which hypothesize more contacts on
a given hand than can be caused by a single hand are imme-
diately eliminated.

Oenerating partitions via vertical contours aveids all
hypotheses in which contacts of one hand horizontally over-
lap or cross over contacts of the opposite hand. Considering
that each hand can cause seven or more distinct contacts, this
reduces the number of hand identity permutations to examine
from thousafids to at most a dozen. With fewer hypotheses to
examine, the evaluation of each partition can be much more
sophisticated, and if necessary, computationally costly.

The optimization search loop follows. Its goal is to deter-
mine which of the contours divides the contacts into a parti-
tion of two contact clusters such that the cluster positions and
arrangement of contacts within each cluster best satisfy
known anatomical and biomechatfical constraints. The opti-
mization begins by picking (step 456) a first contour divider
such as the leftmost and tentatively assigning (step 458) any
contacts to the left of the contour to the left hand and the rest
to the fight hand. Step 460 invokes the finger identification
algorithm of FIG. 23, which attempts to assign finger and
palm identities to contacts within each hand. Decision dia-
mond 360 avoids the computational expense of thumb veri-
fication 368 and statistics gathering 364 for this tentative
assignment hypothesis.

Retuming to FIG. 29, step 462 computes a cost for the
partition. This cost is meant to evaluate how well the tenta-
tively identified contacts fit their assigned attractor ring and
how well the partition meets between-hand separation con-
stralnts. This is done by computing for each hand the sum of
weighted distances from each tentatively identified contact to
its assigned attractor point as in Equation 54 of finger identi-
fication, including size and orientation feature factors for
thumb and pah:n attractors. This sum represents the basic
template fitting cost for a hand. Each hand cost is then
weighted as a whole with the reciprocals of its clutching
velocity, handedness, and pa!m cohesion factors. These fac-
tors, to be described below, represent additional constraints
which are underemphasized by the weighted attractor dis-
tances. Finally, the weighted left and fight hand costs are
added together and scaled by the reciprocal of a hand sepa-
ration factor to obtain a total cost for the partition.

If decision diamond 464 determines this total cost is lower
than the total costs of the partitions evaluated so far 464, step
466 records the partition cost as the lowest and records the
dividing contour. Decision diamond 472 repeats this process
for each contour 470 until the costs of all partitions have been
evaluated. Step 473 chooses the partition which has the low-
est cost oveml! as the actual hand partitioning 473, and the
hand identities of all contact paths are updated accordingly.
Then step 474 reinvokes the within-hand finger contact iden-
tification process so that the thumb verification and statistics
gathering processes are performed using the actual hand
assignments.

38
Users often perform clutching motions in which the right

hand, for example, lifts off from a slide at the right side of the
surface, touches backdown in the middle of the surface, and
resumes sliding toward the right. Therefore when a hand is

5 detected touching down in the middle of the surface and
sliding toward one side, it probably came from the at side. A
hand velocity factor, plotted approximately in FIG. 31A, cap-
tures this phenomenon by slightly increasing in value when a
hand cluster’s contacts are moving toward the cluster’s

10 assigned side of the board, thus decreasing the basic cost of
the hand. The factor is a function of the average of the con-
tacts’ horizontal velocities the side of the surface the given
cluster is assigned. Since high speeds do not necessarily give
a stronger indication of user intent the factor saturates at

15 moderate speeds.
Though the thumb orientation factors, help identify which

hand a thumb is from when the thumb lies in the ambiguous
middle region of the surface, the vertical position of the
thumb relative to other fingers in the same hand also gives a

20 strong indication ofhandedness. The thumb tends to be posi-
tioned much lower than the fingertips, but the pinky tends to
be only slightly lower than the other fingertips. The handed-
ness factor plotted approximately in FIG. 31B, takes advan-
tage of this constraint by boosting the hand cost when the

25 contact identified as the outermost fingertip is more than a
couple centimeters lower than the next outermost fingertip
contact. In such cases the tentative hand assignment for all
contacts in the cluster is probably wrong. Since this causes the
within-hand identification algorithm to fit the contacts to the

30 wrong attractor ring, finger identities become reversed such
that the supposedly lowered pinky is truly a lowered thumb of
the opposite hand. Unfortunately, limited confidence can be
placed in the handedness factor. Though the pinky should not
appear lowered as much as the thumb the outer palm heel can,

35 creating an ambiguity in which the thumb and fingertips of
one hand have the same contact arrangement as the fingertips
and outer palm heel of the opposite hand. This ambiguity can
cause the handedness factor to be erroneously low for an
accurately identified hand cluster, so the handedness factor is

40 only used on clusters in the middle of the surface where hand
position is ambiguous.

Distinguishing contact clusters is challenging because a
cluster can become quite sparse and large when the fingers
outstretched, with the pinky and thumb of the same hand

45 spanning up to 20 era. However, the palm can stretch very
little in comparison, placing useful constraints on how far
apart palm heel contacts and forepalms from the same hand
can be. The entire palm region of an outstretched adult hand
is about 10 cm square, so palm contact centmids should not be

so scattered over a region larger than about 8 cm. When a parti-
tion wrongly includes fingers from the opposite hand in a
cluster, the within-cluster identification algorithm tends to
assign the extra fingers fi’om the opposite hand to palm heel
and forepalm attractors. This usually causes the contacts

55 assigned to the chister’s palm attractors to be scattered across
the surface wider than is plausible for true palm contacts from
a single hand. To punish such partitions, the palm cohesion
factor quickly drops below one for a tentative hand cluster in
which the supposed palm contacts are scattered over a region

6o larger than 8 cm. Therefore its reciprocal will greatly increase
the hand’s basic cost. FIG. 31C shows the value of the palm
cohesion factor versus horizontal separation between palm
contacts. The horizontal spread can be efficiently measured
by finding the maximum and minimum horizontal coordi-

65 nates ofalI contacts identified as palm heels or forepaims and
taking the difference between the maximum and minimum.
The measurement and factor value lookup are repeated for the
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vertical separation, and the horizontal and vertical factors are
multiplicatively combined to obtain the final palm cohesion
factor..

FIG. 33 is an approximate plot of the inter-hand separation
factor. This factor increases the total costs of partitions in
which the estimated or actual horizontal positions of the
thumbs fi’om each hand approach or overlap. It is measured by
finding the minimum of the horizontal offsets of right hand
contacts with respect to their corresponding default finger
positions. Similarly the maximum of the horizontal offsets of
the left hand contacts with respect to their corresponding
default finger positions is found. If the difference between
these hand offset extremes is small enough to suggest the
thumbs are overlapping the same columnar region of the
surface while either touching the surface or floating above it,
the separation factor becomes very small. Such ovedap cor-
responds to a negative thumb separation in the plot. To
encourage assignment of contacts which are within a couple
centimeters of one another to the same cluster, the separation
factor gradually begins to drop starting with positive separa-
tions of a few centimeters or less. The inter-hand separation
factor is not applicable to partitions in which all surface
contacts are assigned to the same hand, and takes on the
default value of one in this case.

Ahemative embodiments of this hand identification pro-
cess can include additional constraint factors and remain well
within the scope of this invention. For example, a velocity
coherence factor could be computed to favor partitions in
which all fingers within a cluster slide at approximately the
same speed and direction, though each cluster as a whole has
a different average speed and direction.

Sometimes irreversible decisions made by the chord
motion recognizer or typing recognized on the basis of exist-
ing hand identifications prevent late changes in the identifi-
cations of hand contacts even when new proximity image
information suggests existing identifications are wrong. This
might be the case for a chord slide which generates input
events that can not be undone, yet well into the slide new
image information indicates some fingers in the chord should
have been attributed to the opposite hand. In this case the user
can be warned to stop the slide and check for possible input
errors but in the meantime it is best to retain the existing
identifications even if wrong, rather than switch to correct
assignments which could have further unpredictable effects
when added to the erroneous input events. Therefore once a
chord slide has generated input events, the identifications of
their existing paths may be locked so the hand identification
algorithm can only swap identifications of subsequent new
contacts.

This hand identification process can be modified for dif-
ferently configured multi-touch surfaces and remain well
within the scope of this invention. For surfaces which are so
narrow that thumbs invade one another’s space or so tall that
one hand can lie above another, the contours need not be
straight vertical lines. Additional contours could weave
around candidate overlapping thumbs, or they could be per-
pendicular to the vector between the estimated hand posi-
tions. If the surface was large enough for more than one user,
additional attractor rings would have to be provided for each
additional hand, and multiple partitioning contours would be
necessary per hypothesis to partition the surface into more
than two portions. On a surface large enough for only one
hand it might still be necessary to determine which hand was
touching the surface. Then instead of hypothesizing different
conteurs, the hand identification module would evaluate the
hypotheses that either the left hand ate’actor ring or the fight
hand attractor ring was centered on the surface. If the surface

4O
was mounted on a pedestal to allow access from all sides, the
hand identification module would also hypothesize various
rotations of each attractor ring.

The attractor-based finger identification system 248 will
5 successfully identify the individual hand contacts which

comprise the pen ~rip hand configuration (FIG. 15). How-
ever, additional steps are needed to distinguish the unique
finger arrangement within the pen grip from the normal
arrangement within the closed hand configuration (FIG. 14).

10 In this pen grip arrangement the outer fingers curl under
toward the palms so their knuckles touch the surface and the
index, finger juts out ahead of them. The pen grip detection
module 17 employs a fuzzy pattern recognition process simi-
lar to the thumb verification process to detect this unique

15 arrangement

An additional problem with handwriting recognition via
the pen grip hand configuration is that the inner gripping
fingers and sometimes the whole hand will be picked up
between strokes, causing the distinguishing finger arrange-

20 ment to temporarily disappear. Therefore the pen grip recog-
nition process must have hysteresis to stay in handwriting
mode between gripping finger lifts. In the preferred embodi-
ment, hysteresis is obtained by temporal filtering of the com-
bined fuzzy decision factors and by using the estimated finger25 positions in measurements of finger arrangement while the

actual fingers are lifted offthe surface. The estimated finger
positions provide effective hysteresis because they tempo-
rarily retain the unique jutting arrangement before decaying
back toward the normal arched fingertip positions a few sec-3o onds after liftoff.

FIG. 28 shows the steps wid~n the pen grip detection
module 17. Decision diamond 485 determines whether all
pen grip hand parts are touching the surface. If not decision
diamond 486 causes the estimated finger and palm positions35
to be retrieved for any lifted parts in step 487 only if pen grip
or handwriting mode is already active. Otherwise the process
exits for lack of enough surface contacts. Thus the estimated
finger positions cannot be used to start handwriting mode, but

40 they can continue it. Step 488 retrieves the measured posi-
tions and sizes of fingers and palm heels which are touching
the surface.

Step 489 computes a knuckle factor from the outer finger
sizes and their vertical distance from the palm heels which

45 peaks as the outer finger contacts become larger than normal
fingertips and close to the palm heels. Step 490 computes a
jutting factor fix~m the difference between the vertical coor-
dinates of the inner and outer fingers which peaks as the index
fingertip juts further out in front of the knuckles. Step 491

50 combines the knuckle and jutting factors in a fuzzy logic
expression and averages the result with previous results via an
autoregressive or moving average filter. Decision diamond
492 continues or starts pen grip mode if the filtered expression
result is above a threshold which may itself be variable to

55 provide additional hysteresis. While in pen grip mode, typing
12 and chord motion recognition 18 are disabled for the pen
gripping hand.

In pen grip mode, decision diamond 493 determines
whether the inner gripping fingers are actually touching the

6o surface. If so, step 495 generates inking events from the path
parameters of the inner fingers and appends them to the out-
going event queue of the host communication interface.
These inking events can either cause "digital ink" to be laved
on the display 24 for drawing or signature capture purposes,

65 or they can be intercepted by a handwriting recognition sys-
tem and interpreted as gestures or language symbols. Hand-
writing recognition systems are well known in the art.
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If the inner fingers are lifted, step 494 sends stylus raised
events to the host communication inter~ace to instruct the
handwriting recognition system of a break between symbols.
In some applications the user may need to indicate where the
"digital ink" or interpreted symbols are to be inserted on the
display by positioning a cursor. Though on a multi-touch
surface a user could move the cursor by leaving the pen grip
configuration and sliding a finger chord, it is preferable to
allow cursor positioning without leaving the pen grip con-
figuration. This can be supported by generating cursor posi-
tioning events from slides of the palm heels and outer knuck-
les. Since normal writing motions will also include slides of
the palm heels and outer knuckles, pall motions should be
ignored until the inner fingers have been lifted for a few
hundred milliseconds.

Should the user actually pick up a conductive stylus and
attempt to write with it, the hand configuration will change
slightly because the inner gripping fingers will be directing
the stylus from above the surface rather than touching the
surface during strokes. Since the forearm tends to supinate
more when actually holding a stylus, the inner pall heel may
also stay offthe surface while the hand rests on the sides of the
pinky, ring finger and the outer palm heel. Though the outer
palm heel may lie further outward than normal with respect to
the pinky, the ring and pinky fingers will still appear as large
knuckle contacts curled close to the outer pall. The tip of the
stylus essentially takes the place of the index fingertip for
identification purposes, remaining at or above the vertical
level of the knuckles. Thus the pen grip detector can function
in essentially the same way when the user writes with a stylus,
except that the index fingertip path sent to the host commu-
ndcation interface will in actuality be caused by the stylus.

Technically, each hand has 24 degrees of freedom of move-
ment in all finger joints combined, but as a practical matter,
tendon linkage limitations make it difficult to move all of the
joints independently. Measurements of finger contacts on a
surface yield ten degrees of freedom in marion lateral to the
surface, five degrees of freedom in individual fingertip pres-
sure or proximity to the surface, and one degree of freedom of
thumb orientation. However, many of these degrees of free-
dom have limited ranges and would require unreasonable
twisting and dexterity from the average user to access inde-
pendently.

The purpose of the motion component extraction module
16 is to extract from the 16 observable degrees of freedom
enough degrees of freedom for common graphical manipula-
tion tas "ks in two and three dimensions. In two dimensions the
most common tasks are horizontal and vertical panning, rotat-
ing, and zooming or resizing. In three dimensions, two addi-
tional rotational degrees of freedom are available around the
horizontal and vertical axes. The motion component extractor
attempts to extract these 4-6 degrees of freedom from those
basic hand motions which can be performed easily and at the
same time without interfering with one another. When mul-
tiple degrees of freedom can be accessed at the same time they
are said to be integral rather than separable, and integral input
devices are usually faster because they allow diagonal
motions rather than restricting motions to be along a sin~e
axis or degree of freedom at one time.

When only four degrees of freedom are needed, the basic
motions can be whole hand translation, hand scaling by uni-
formly flexing or extending the fingers, and hand rotation
either about the wrist as when unscrewing ajar lid or between
the fingers as when unscrewing a nut. Not only are these hand
motions easy to perform because they utilize motions which
intuitively include the opposable thumb, they correspond
cognitively to the graphical manipulation tasks of object rota-

42
t.ion and sizing. Their only drawback is that the translational
motions of all the fingers during these hand rotations and
scalings do not cancel perfectly and can instead add up to a net
translation in some direction in addition to the desired ro~a-

5 tion or scaling. To allow all motions to be performed simul-
taneeusly so that the degrees of freedom are integral yet to
prevem unintended translations from imperfectly performed
scalings and rotations, the motion extractor preferemially
weights the fingers whose translations cancel best and non-

10 linearly scales velocity componems depending on their"
speeds relative to one another.

The processes within the motion component extractor 16
are shown in FIG. 34. Step 500 first fetches the identified
comact paths 250 for the given hand. These paths comain the

15 la.teml velocities and proximities to be used in the motion
calculations, and the identifications are needed so that motion
of certain fingers or palm heels which would degrade particu-
lar motion component calculations can be deemphasized.

¯The next step 502 applies additional filtering to the lateral
20 contact velocities when finger proximity is changing rapidly.

This is necessary because during finger lifloffand touch down
on the surface, the front part of the fingertip often touches
down before and lifts off after the back of the fingertip,
causing a net downward or upward lateral translation in the

25 finger centroid. Such proximity-dependent translations can
be put to good use when slowly rolling the fingertip for fine
positioning control, but they can also annoy the user if they
cause the cursor to jump away from a selected position during
finger liftoff. This is prevented by temporarily downscaling a

30 finger’s lateral velocity in proportion to large changes in the
finger’s proximity. Since other fingers within a hand tend to
skiff slightly as one finger lifts off, additional downscaling of
each finger velocity is done in response to the maximum
percent change in proximity among contacting fingers. Alter-

35 natively, more precise suppression can be obtained by sub-
wacting from the lateral finger speed an amount proportional
to the instantaneous change in finger contact height. This
assumes that the perturbation in lateral finger velocity caused
by finger lifloffis proportional to the change in contact height

40 due to the back of the fingertip lifting off first or touching
down last.

Process 504, whose detailed steps are shown in F1G. 36,
measures the polar velocity components from radial (scaling)
and rotational motion. Unless rotation is extracted from

45 thumb orientation changes, at least two contacting fingers are
necessary to compute a radial or angular velocity of the hand.
Since thumb motion is much more independent of the other
fingers than they are of one another, scalings and rotations are
easier for the user to perform if one of these fingers is the

50 opposable thumb, but the measurement method will work
without the thumb. If decision diamond 522 determines that
less than two fingers are touching the surface, step 524 sets the
radial and rotational velocities of the hand to zero. FIG. 35
shows trajectories of each finger during a contractive hand

55 scaling. The thumb 201 and pinky 205 travel in nearly oppo-
site directions at rougkdy the same speed, so that the sum of
their motions cancels for zero net translation, but the differ-
ence in their motions is maximized for a large net scaling. The
central fingers 202-204 also move toward a central point but

6o the pall heels remain stationary, failing to complement the
flexing of the central fingers. Therefore the difference
between motion of a central finger and any other finger is
usually less than the difference between the pinky and thumb
motions, and the sum of central finger velocities during a

65 hand scaling adds up to a net vertical translation. Similar
phenomena occur during hand rotations, except that if the
rotation is centered at the wrist with forearm fixed rather than
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centered at the forepalms, a net horizontal translation will
appear in the sum of motions from any combination of fin-
gers.

Since the differences ha finger motion are usually greatest
between thumb and pinky, step 526 only re~eves the current
and previous positions of the innermost and outermost touch-
hag fingers for the hand scaling and rotation measurements.

Step 528 then computes the hand scaling velocity H~ from
the change in distance between the innermost finger FI and
outermost finger FO with approximately the following equa-
tion:

10

d(Fl[n], FO[n]) -d(f![n- 11, FO[n - 1]) (66)
Hvs[n] = at 15

where d(FI[n],FO[n]) is the squared Euclidean distance
between the fingers:

d(FI[nJ, FO[n]=~[(FI,[n]-FO,[n])2+(FIy[n]-FO~,[ni) 2       (67) 20

If one of the innermost or outermost fingers was not touch-
ing during the previous proximity image, the change in sepa-
ration is assumed to be zero. Similarly, step 530 computes the
hand rotationsl velocity H~= from the change in angle between 25
the innermost and outermost finger with approximately the
following equation:

44
simplest way to compute a hand translation velocity would be
to simply average the lateral velocities of each finger. How-
ever, the user expects the motion or control to display gain to
be constant regardless of how many fingers are being moved,
even if some are resting stationary. Furthermore, if the user is
simultaneously scaling or rotating the hand, a simple average
is sensitive to spurious net translations caused: by uncanceled
central finger motions.

Therefore, in a preferred embodiment the translational
component extractor carefully assigns weightings for each
finger before computing the average translation. Step 540
initializes the translation weighting Fi~, of each finger to its
total contact proximity; i.e., Fi~[n]-Fi~[n]. This ensures that
fingers not touching the snrface do not dilute the average with
their zero velocities and that fingers which only touch lightly
have less influence since their position and velocity measure-
ments may be less reliable. The next step 544 decreases the
weightings of fingers which are relatively stationary so that
the control to display gain of intentionally moving fingers is
not diluted. This can be done by finding the fastest moving
finger, recording its speed as a maximum finger speed and
scaling each finger’s translation weighting in proportion to its
speed divided by the maximum of the finger speeds, as showu
approximately in the formula below:

t maxj Fi~,,~[n] )

(69)

The change in angle is multiplied by the current separation
to convert it to the same units as the translation and scaling
components. These equations capture any rotation and scal-
hag components of hand motion even if the hand is also
translating as a whole, thus making the rotation and scaling
degrees of freedom integral with translation.

Amother reason the computations above are restricted to the
thumb and pinky or innermost and outermost fingers is that
users may want to make fine translating manipulations with
the central fingers, i.e., index, middle, and ring, while the
thumb and pinky remain stationary. If changes in distances or
angles between the central fingers and the thumb were aver-
aged with Equations 66-68, this would not be possible
because central finger translations would cause the appear-
ance of rotation or scaling with respect to the stationary
thumb or pinky. However, Equations 56-60 applied in the
thumb verification process are only sensitive to symmetric
rotation and scaling about a fixed point between the fingers.
They approach zero if any significant whole hand translation
is occurring or the finger motions are not complementary. In
case the user fails to properly move the outermost finger
during a rotation or scaling gesture, step 531 uses equations of
the approximate form of Equations 56-60 to compute rotation
and scaling velocities between the thumb and any touching
fingers other than the outermost. The resulting velocities are
preferably combined with the results of Equations 66-68 via
a maximum operation rather than an average in case transla-
tional motion causes the fixed point rotations or scalings to be
zero. Finally, decision diamond 532 orders a check for radial
or rotational deceleration 534 during motions prior to finger
liftoff. The method for detecting radial or rotational decelera-
tion is the same as that detailed in the description of transla-
tion extraction.

FIG. 37 shows the details of hand translational velocity
measurements referred to in process 506 of FIG. 34. The

where the power ptw adjusts the strength of the speed depen-
dence. Note that step 544 can be skipped for applications such
as computer-aided-design in which users desire both a normal

35 cursor motion gain mode and a low gain mode. Lower cursor
motion gain is useful for fine, short range positioning, and
would be accessed by moving only one or two fingers whale
keeping the rest stationary.

Step 546 decreases the translation weighthags for the cen-
4o tral fingers during hand scalings and rotations, though it does

not prevent the central fingers from making fine translational
manipulations while the thumb and pinky are stationary. The
formulas below accomplish this seamlessly by downscaling
the central translation weightings as the magnitudes of the

45 rotation and scaling velocities become significant compared
to Kpolarthr~h;

5O

60

65

where these equations are applied only to the central fingers
whose identities i are between the innermost and outermost.
Note that since hand scaling does not cause much horizontal
translation bias, the horizontal translation weighting Fi~.~[n]
need not be affected by hand scaling velocity H~,[n], as indi-
cated by the lack of a hand scaling term in Equation 70. The
translation weightings of the innermost and outermost fingers
are unchanged by the polar component speeds, i.e., FI,,~[n]=
FI~[n]=FI~[n] and YO~[n]=FO~[n]=FO~[n]. Step
548 finally computes the hand translation velocity vector
(H~[n],H,.~[n]) from the weighted average of the finger
velocities:
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$

,~_~ F~F~
H~[n] = --

The last part of the translation calculations is to test for the
lateral deceleration of the fingers before liftoff, which reliably
indicates whether the user’wishas cursor motion to stop at
liftoff. If deceleration is not detected prior to liRoff, the user
may intend cursor motion to continue after liftoff, or the user
may intend a special "one-shot" command to be invoked.
Decision diamond 550 only invokes the deceleration tests
while finger proximities are not dropping too quickly, to
prevent the perturbations in finger centroids which can
accompany finger liftoff fi’om interfering with the decelera-
tion measurements. Step 551 computes the percentage accel-
eration or ratio of current translation speed I H~[n],H~,[n])l to
a past average translation speed preferably computed by a
moving window average or autoregressive filter. Decision
diamond 552 causes the translation deceleration flag to be set
556 if the acceleration ratio is less than a threshold. If this
threshold is set greater than one, the user will have to be
accelerating the fingers just prior to liftoff for cursor motion
to continue. If the threshold is set just below one, cursor
motion will reliably be continued as long as the user main-
rains a constant lateral speed prior to liftoff, but if the user
begins to slow the cursor on approach to a target area of the
display the deceleration flag will be set. Decision diamond
554 can also cause the deceleration flag to be set if the current
translation direction is substantially different from an average
of past directions. Such change in direction indicates the hand
motion trajectory is curving, in which case cursor motion
should not be continued after lifmffbecause accurately deter-
mining the direction to the user’s intended target becomes
very difficult. If neither deceleration nor curved trajectories
are detected, step 558 clears the translation deceleration flag.
This will enable cursor motion continuation should the fin-
gers subsequently begin liftoff. Note that decision diamond
550 prevents the state of the translation deceleration flags
from changing during lifloffso that the decision after liftoffto
continue cursor motion depends on the state of the decelera-
tion flag before lifloff began. The final step 560 updates the
autoregressive or moving window average of the hand trans-
lation velocity vector, which can become the velocity of con-
tinued cursor motion after liftoff. Actual generation of the
continued cursor motion signals occurs in the chord motion
recognizer 18 as will be discussed with FIG. 40.

Note that this cursor motion continuation method has sev-
eral advantages over motion continuation methods in related
art. Since the decision to continue motion depends on a per-
centage acceleration which inherently normalizes to any
speed range, the user can intentionally invoke motion con-
tinuation from a wide range of speeds including very low
speeds. Thus the user can directly invoke slow motion con-
tinuation to auto scroll a document at readable speeds. This is
not tree of Watanabe’s method in U.S. Pat. No. 4,734,685,
which only continues motion when the user’s motion exceeds
a high speed threshold, nor of Logan et al.’s method in U.S.

US 7,812,828 B2
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Pat. No. 5,327,161, which if enabled for low finger speeds
will undesirably continue motion when a user decelerates on

(72) approach to a large target but fails to stop completely before
lifting off. Percentage acceleration also captures user intent

5 more clearly thanposition of a finger in a border area. Position
of a finger in a border area as used in U.S. Pat. No. 5,543,59I
to Gillespie et at. is ambiguous because the cursor can reach

(73) its desired target on the display just as the finger enters the
border, yet the touchpad device will continue cursor motion

10 past the ta~et because it thinks the finger has run out of space
to move. In the present invention, on the other hand,, the
acceleration ratio wil! remain near one if the fingers can slide
off the edge of the sensing array without hitting a physical
barrier, sensibly invoking motion continuation. But if the

15 fingers decelerate before crossing or stop on the edge of the
sensing army, the cursor will stop as desired.

The details of the differential hand pressure extraction
process 508 are shown in FIG. 38. Fingertip proximity,
quickly saturates when pressure is applied through the bony

20 tip normal to a hard surface. Unless the surface itself is highly
compliant, the best dynamic range of fingertip pressure is
obtained with the fingers outstretched and hand nearly flat-
tened so that the compressible soft pulp underneath the fin-
gertips rests on the surface. Decision diamond 562 therefore

25 causes the tilt and roll hand pressure components to be set to
zero in step 564 and prcssure extraction to abort unless the
hand is nearly flattened. Inherent in the test for hand flattening
562 is a finger count to ensure that most of the five fingers and
both palm heels are touching the surface to maximize the

30 precision of the hand pressure measurements, though techni-
cally only three non-collinear hand contacts arranged like a
tripod are necessary to establish tilt and roll pressures. Deci-
sion diamond 562 can also require the user to explicitly
enable three-dimensional manipulation with an intuitive ges-

35 ture such as placing all five fingers on the surface briefly
tapping the palm heels on the surface, and finally resting the
palm heels on the surface. Decision diamond 566 causes step
568 to capture and store reference proximities for each con-
tact path when the proximity of all contacts have stabilized at

40 the end of this initiation sequence. The tilt and roll pressure
components are again zeroed 564 for the sensor army scan
cycle during which this calibration is performed.

However, during subsequent scan cycles the user can tilt
the hand forward applying more pressure to the fingertips or

45 backward applying more pressure to the palm heels or the
user can roll the hand outward onto the pinky and outer palm
heel or inward applying more pressure to the thumb, index
finger and inner palm heel. Step 5170 will proceed to calcu-
late an unweighted average of the current contact positions.

50 Step 572 computes for each hand part still touching the sur-
face the ratio of current proximity to the reference proximity
previously stored. To make these ratios less sensitive to acci-
dental lifting of hand parts, step 574 clips them to be greater
or equal tc one so only increases in proximity and pressure

55 register in, the tilt and roll measurements. Another average
contact path position is computed in step 576, but this one is
weighted by the above computed proximity ratios for each
path. The difference between these weighted and unweighted
contact position averages taken in step 578 produces a vector

60 whose direction can indicate the direction of roll or tilt and
whose magnitude can control the rate of roll or tilt about x and
y axes.

Since the weighted and unweighted position averages are
only influenced by positions of currently contacting fingers

65 and increases in contact pressure or proximity, the method is
insensitive to finger liftoffs. Computation of reference-nor-
malized proximity ratios in step 572 rather than absolute
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changes in proximity prevents the large palm heel contacts
from having undue influence on the weighted average posi-
tion.

Since only the current contact positions are used in the
average position computations, the roll and tilt vector is indeo
pendent of lateral motions such as hand translation or rotation
as long as the lateral motions do not disturb finger pressure,
thus once again achieving integrality. However, hand scaling
and differential hand pressure are difficult to use at the same
time because flexing the fingers generally causes significant
decreases in fingertip contact area and thus interferes with
inference of fingertip pressure changes. When this becomes a
serious problem, a total hand pressure component can be used
as a sixth degree of freedom in place of the hand scaling
component. This total pressure component causes cursor
velocity along a z-axis in proportion to deviations of the
average of the contact proximity ratios fi’om one. Alternative
embodiments may include further eni~ancements such as
adapting the reference proximities to slow variations in rest-
ing hand pressure and applying a dead zone filter to ignore
pressure difference vectors with small magnitudes

Despite the care taken to measure the polar velocity, trans-
lation velocity, and hand pressure components in such a way
that the resultant vectors are independent of one another,
uneven finger motion during hand scaling, rotation, or trans-
lation can still cause minor perturbations in measurements of
one degree of freedom while primarily attempting to move in
another. Nun-linear filtering applied in steps 510 and 512 of
FIG. 34 removes the remaining motion leakage between
dominant components and nearly stationary components. In
steps 510 each component velocity is downscaled by the ratio
of its average speed to the maximum of all the component
speeds, the dominant component speed:

(74)

175)
40

(76)

fiT)
45

where Hxy,~,,ea[n], H,,~,,ea[n], and Hr, pe,a[n ] are autoregres-
sive averages over time of the translation speed, scaling 50
speed,, and rotational speed, where:

dommant_speed=rnax(I’I~y.m,,i[n ] ,H..~.aD],
H~...a[n]) (78)

where pds controls the strength of the filter. As pdy is adjusted
towards infinity the dominant component is picked out and all
components less than the dominant tend toward zero produc-
ing the orthogonal cursor effect well-known in drawing appli-
cations. As pds is adjusted towards zero the filters have no
effect. Preferably, pds is set in between so that components
significantly slower than the dominant are slowed further, but
components close to the dominant in speed are barely
affected, preserving the possibility of diagonal motion in
multiple degrees of freedom at once. The autoregressive aver-
aging helps to pick out the component or components which
are dominant over the long term and suppress the others even
while the dominant components are slowing to a stop.

48
Step 512 takes a second pass with a related filter known as

a dead-zone filter. A dead-zone filter produces zero output
velocity for input velocities less than a speed threshold but
produces output speeds in proportion to the difference

5 between the input speed and the threshold for input velocities
that exceed the threshold. Preferably the speed threshold or
width of the dead zone is set to a fraction of the maximum of
current component speeds. All velocity components are ill-
tered using this same dead zone width. The final extracted

to component velocities are forwarded to the chord motion rec-
ognizer module 18 which will determine what if any input
events should be generated from the motions.

FIG. 39A shows the details of the finger synchronization
detector module 14. The synchronization detection process

15 described below is repeated for each hand independently.
Step 600 fetches proximity markers andidentifications for the
hand’s current paths. The identifications will be necessary to
ignore palm paths and identify combinations of synchronized
fingers, while the proximity markers record the time at which

20 each contact path first exceeds a press proximity threshold
and the time at which each contact path drops below a release
proximity threshold prior to total liftoff. Setting these prox-
imity thresholds somewhat higher than the minimum prox-
imity considered significant by the segmentation search pro-

25 cess 264, produces more precise finger press and release
times.

Step 603 searches for subsets of fingers which touch down
at about the same time and for subsets of fingers which lift off
at about the same time. This can be done by recording each

30 finger path along with its press time in a temporally ordered
list as it crosses the press proximity threshold. Since the
primary function of the palms is to support the forearms while
the hands are resting, palm activity is ignored by the typing 12
and chord motion recognizers 18 except during differential

35 hand pressure extraction and palm heel presses ca~ be
excluded liom this list and most other synchronization tests.
To check for synchronization between the two most recent
finger presses, the press times of the two most recent entries
in the list are compared. If the difference between their press
times is less than a temporal threshold, the two finger presses
are considered synchronized. If not, the most recent finger
press is considered asynchronous. Synchronization among
three or more fingers up to five is found by comparing press
times of the three, four, or five most recent list entries. If the
press time of the most recent entry is within a temporal
threshold of the mh most recent entry, synchronization among
the n most recent finger presses is indicated. To accommodate
imprecision in touchdown across the hand, the magnitude of
the temporal threshold should increase slightly in proportion
to the number of fingers being tested for synchronization. The
largest set of recent finger presses found to be synchronized is
recorded as the synchronized subset, and the combination of
finger identities comprising this subset is stored conveniently
as a finger identity bitfield. The term subset is used because

55 the synchronized press subset may not include all fingers
currently touching the surface, as happens when a finger
touches down much earlier than the other fingers yet remains
touching as they simultaneously touch down. An ordered list
of finger release times is similarly maintained and searched

60 separately. Ahernative embodiments may require that a finger
still be touching the surface to be included in the synchro-
nized press subset.

Decision diamond 602 checks whether a synchronization
marker is pending from a previous image scan cycle. If not,

65 decision diamond 604 checks whether the search 603 found a
newly synchronized press subset in the current proximity
image. If so, step 606 sets the temporal synchronization
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marker to the oldest press within the new synchronized sub-
set. Additional finger presses may be added to the subset
during future scan cycles without affecting the value of this
temporal synchronization marker. If there is currently no
finger press synchronization, decision diamond 605 deter-
mines whether three or more fingers have just been released
simultaneously. Simultaneous release of three or more fingers
should not occur while typing with a set of fingers but does
occur when lifting fingers offthe surface from rest. Therefore
simultaneous release of three or more fingers reliably indi-
cates that the released fingers are not intended as keypresses
and should be deleted fmm the keypress queue 605, regard-
less of whether these same fingers touched down synchro-
nously. Release synchronization of two fingers is not by itself
a reliable indicator of typing intent and has no effect on the
keypress queue. The keypress queue is described later with
FIGS. 42-43B.

Once a press synchronization marker for the hand is pend-
ing, further processing checks the number of finger presses
which are synchronized and waits for release of the synchro-
nized fingers. If decision diamond 608 finds three or more
fingers in the synchronized press subset the user cannot pos-
sibly be typing with these fingers. Therefore step 612 imme-
diately deletes the three or more synchronized presses from
the keypress queue. This way they cannot cause key symbol
transmission to the host, and transmission of key symbols
from subsequem asynchronous presses is not blockedwaiting
for the synchronized fingers to be released.

However, when the synchronization only involves two fin-
ger presses 608, it is difficult to know whether the user
intended to tap a finger pair chord or intended to type two
adjacent keys and accidentally let the key presses occur
simultaneously. Since such accidental simultaneous presses
are usually followed by asynchronous releases of the two
fingers, but finger pair chords are usually released synchro-
nously, the decision whether the presses are asynchronous
key taps or chord taps must be delayed until finger release can
be checked for synchronization. In the meantime, step 610
places a hold on the keypres s queue to prevent transmission of
key symbols from the possible finger chord or any subsequent
finger presses. To prevent long backups in key transmission,
decision diamond 614 will eventually release the queue hold
by having step 615 delete the synchronized presses from the
keypress queue if both fingers remain touching a long time.
Though this aborts the hypothesis that the presses were
intended as key taps, the presses are also less likely to be key
taps if the fingers are not lifted soon after touchdown.

If the synchronized fingers are not lifting, decision dia-
mond 616 leaves the synchronization marker pending so syn-
chronization checks can be continued with updated path
parameters 600 after the next scan cycle. If the synchronized
fingers are lifting, but decision diamond 618 finds with the
help of the synchronization release search 603 that they are
doing so asyncimonously 618, step 622 releases any holds on
the keypress queue assuming any synchronized finger pair
was intended to be two keypresses. Though the synchronized
finger presses are not deleted from the keypress queue at this
point, they may have already been deleted in step 612 if the
pressed subset contained more than two. Also, step 624 clears
the temporal synchronization marker, indicating that no fur-
ther synchronization tests need be done for this subset.

Continuing to FIG. 39B, if the fingers synchronized during
touchdown also lift simultaneously, step 618 removes them
and any holds from the keypress queue in case they were a
pair awaiting a positive release synchronization test. Further
tests ensue to determine whether the synchronized fingers
meet additional chord tap conditions. As with single finger

50
~aps, the synchronized fingers cannot be held on the surface
more than about halfa second if they are to qualify, as a chord
tap. Decision diamond 626 tests this by thresholding the time
between the release of the last remaining synchronized finger

5 and the temporal press synchronization marker. A chord tap
should also exhibit a lin]ited amount of lateral finger motion,
measured either as an average of peak finger speeds or dis-
tance traveled since touchdown in decision diamond 628. If
the quick release and limited lateral motion conditions are not

10 met, step 624 clears the synchronization marker with the
conclusion that the synchronized fingers were either just rest-
ins fingers or part of a chord slide.

If the chord tap conditions are met, step 630 looks up, using
I5 the synchronized subset bitfield, any input events such as

mouse clicks or keyboard commands assigned to the combi-
nation of fingers in the chord tap. Some chords such as those
including all four fingertips may be reserved as resting chords
634, in which case decision diamond 632 will find they have

20 no associated input events. If the chord does have tap input
events, step 636 appends these to the main outgoing event
queue of the host communication interface 20. Finally step
624 clears the synchronization marker in readiness for future
finger synchronizations on the given hand.

25 As a further precaution against accidental generation of
chord taps while typing, it is also useful for decision diamond
632 to ignore through step 634 the first chord tap which comes
soon after a valid keypress without a chord slide in between.

30 Usually after typing the user will need to reposition the mouse
cursor before clicking, requiring an intervening chord slide. If
the mouse cursor happens to already be in place after typing,
the user may have to tap the finger chord a second time for the
click to be sent, but this is tess risky than having an accidental
chord tap cause an unintended mouse button click in the35 middle of a typing session.

FIG. 40A shows the detailed steps of the chord motion
recognizer module 18. The chord motion recognition process
described below is repeated for each hand independently.

40 Step 650 retrieves the parameters of the hand’s identified
paths 250 and the hand’s extracted motion components from
the motion extraction module 16. Ifa slide of a finger chord
has not already started, decision diamond 652 orders slide
initiation tests 654 and 656. To distinguish slides from glanc-

4s ins finger taps during typing, decision diamond 654 requires
at least two fingers froma hand to be touching the surface for
slide mode to start. There may be some exceptions to this role,
such as allowing a single finger to resume a previous slide
within a second or so after the previous slide chord lifts offthe

50 surface.
In a preferred embodiment, the user can start a slide and

specify its chord in either of two ways. In the first way, the
user starts with the hand floating above the surface, places
some fingers on the surface possibly asynchronously, and

55 begins moving all ofthese fingers laterally. Decision diamond
656 initiates the slide mode only when significant motion is
detected in all the touching fingers. Step 658 selects the chord
from the combination of fingers touching when significant
motion is detected, regardless oftouchd.own synchronization.

6o In this case coherent initiation of motion in all the touching
fingers is sufficient to distinguish the slide from resting fin-
gers, so synchronization oftoucMown is not necessary. Also,
novice users may erroneously try to start a slide by placing
and sliding only one finger on the surface, forgetting that

65 multiple fingers are necessary. Tolerance of asynchronous
touchdown allows them to seamlessly correct this by subse-
quently placing and sliding the rest of the fingers desired for
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the chord. The slide chord will then initiate without forcing
the user to pick up all fingers and start over with synchronized
finger touchdowns.

ha the second way, the user starts with multiple fingers
resting on the surface, lifts a subset of these fingers, touches a
subset back down on the surface synchronously to select the
chord, and begins moving the subset laterally to initiate the
slide. Decision diamond 656 actually initiates the slide mode
when it detects significant motion in all the fingers of the
synchronized subset. Whether the fingers which remained
resting on the surface during this sequence begin to move
does not matter since in this case the selected chord is deter-
mined in step 6$8 by the combination of fingers in the syn-
chronized press subset, not from the set of all touching fin-
gers. This second way has the advantage that the user does not
have to lift the whole hand from the surface before starting the
slide, but can instead leave most of the weight of the hands
resting on the surface and only lift and press the two or three
fingers necessary to identify the most common finger chords.

To provide greater tolerance for accidental shifts in resting
finger positions, decision diamond 656 requires both that all
relevant fingers are moving at significant speed and that they
arc moving about the same speed. This is checked either by
thresholding the geometric mean of the finger speeds or by
thresholding the fastest finger’s speed and verifying that the
slowest finger’s speed is at least a minimum fraction of the
fastest finger’s speed. Once a chord slide is initiated, step 660
disables recognition of key or chord taps by the hand at least
until either the touching fingers or the synced subset lifts off.

Once the slide initiates, the chord motion recognizer could
simply begin sending raw component velocities paired with
the selected combination of finger identities to the host. How-
ever, in the interest of backward compatibility with the mouse
and key event formats of conventional input devices, the
motion event generation steps in FIG. 40B convert motion in
any of the extracted degrees of freedom into standard mouse
and key command events which depend on the identity of the
selected chord. To support such motion conversion, step 658
finds a chord activity structure in a lookup table using a
bitfield of the identities of either the touchhag fingers or the
fingers in the synchronized, subset. Different finger identity
combinations can refer to the same chord activity structure. In
the preferred embodiment, all finger combinations with the
same number of non-thumb fingertips refer to the same chord
activity structure, so slide chord activities are distinguished
by whether the thumb is touching and how many non-thumb
fingers are touching. Basing chord action on the number of
fingertips rather than their combination still provides up to
seven chords per hand yet makes chords easier for the user to
memorize and perform. The user has the freedom to choose
and vary which fingertips are used in chords rcquiring only
one; two or three fingertips. Given this freedom, users natu-
rally tend to pick combinations in which all touching finger-
tips are adjacent rather than combinations in which a finger
such as the ring finger is lifted but the surrounding fingers
such as the middle and pinky must touch. One chord typing
study found that users can tap these finger chords in which all
pressed fingertips are adjacent twice as fast as other chords.

The events in each chord activity structure are organized
into slices. Each slice contains events to be generated in
response to motion in a particular range of speeds and dlrec-
tions within the extracted degrees of freedom. For example, a
mouse cursor slice could be allocated any translational speed
and direction. However, text cursor manipulation requires
four slices, one for each arrow key, and each arrow’s slice
integrates motion in a narrow direction range of translation.
Each slice can also include motion sensitivity and so-called

52
cursor acceleration parameters for each degree of freedom.
These will be used to discretize motion into the units such as
arrow key clicks or mouse clicks expected by existing host
computer systems.

5 Step 675 of chord motion conversion simply picks the first
slice in the given chord activity structure for processing. Step
676 scales the current values of the extracted velocity com-
ponents by the slice’s motion sensitivity and acceleration
parameters. Step 6’77 geometrically projects or clips the

10 scaled velocity compenents into the slice’s defined speed and
direction range. For the example mouse cursor slice, this
might only involve clipping the rotation and scaling compo-
nents to zero. But for an arrow key slice, the tmnslation
velocity vector is projected onto the trait vector pointing in the

15 same direction as the arrow. Step 678 integrates each scaled
and projected component velocity over time in the slice’s
accumulators until decision diamond 680 determines at least
one unit of motion has been accumulated. Step 682 looks up
the slice’s preferred mouse, key, or three-dimensional input

20 event format, attaches the number of accumulated motion
units to the event; and step 684 dispatches the event to the
outgoing queue of the host communication interface 20. Step
686 subtracts the sent motion events from the accumulators,
and step 688 optionally clears the accumulators of other

25 slices. If the slice is intended to generate a single key com-
mand per hand motion, decision diamond 689 will determine
that it is a one-shot slice so that step 690 can disable further
event generation from it until a slice with a different direction
intervenes. If the given slice is the last slice, decision diamond

30 692 returns to step 650 to await the next scan of the sensor
army. Otherwise step 694 continues to integrate and convert
the current motion for other slices.

Returning to FIG. 40A, for some applications it may be
desirable to change the selected chord whenever an additional

35 finger touches down or one of the fingers in the chord lifts off.
However, in the preferred embodiment, the selected chord
cannot be changed after slide initiation by asynchronous fin-
ger touch activity. This gives the user freedom to rest or lift
addition fingers as may be necessary to get the best precision

4o in a desired degree of freedom. For example, even though the
finger pair chord does not include the thumb, the thumb can
be set down shortly after slide initiation to access the full
dynamic range of the rotation and scaling degrees of freedom.
In fact, all remaining lifted fingers can always be set down

45 after initiation of any chord to allow manipulation by the
whole hand. Likewise, all fingers but one can be lifted, yet
translation will continue.

Though asynchronous finger touch activity is ignored, syn-
chronized lifting and pressing of multiple fingers subsequent

50 to slide initiation can create a new synchronized subset and
change the selected chord. Preferably this is only allowed
while the hand has paused but its fingers are still resting on the
surface. Decision diamond 670 will detect the new subset and
commence motion testing in decision diamond 673 which is

55 analogous to decision diamond 656. If significant motion is
found in all fingers of the newly synchronized subset, step 6"/4
will select the new subset as the slide chord and lookup a new
chord activity structure in analogy to step 658. Thus finger
synchronization again allows the user to switch to a different

60 activity without forcing the user to lift the whole hand from
the surface. Integration of velocity components resumes but
the events generated from the new chord activity structure
will presumably be different.

It is advantageous to provide visual or auditory feedback to
65 the user about which chord activity structure has been

selected. This can be accomplished visually by placing a row
of five light emitting diodes across the top of the multi-touch
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surface, with one row per hand to be used on the surface.
When entering slide mode, step 658 would turn on a combi-
nation of these lights corresponding to the combination of
fingers in the selected chord. Step 67a would change the
combilmtion of active lights to match the new chord activity
structure should the user select a new, chord, and step 668
would rum them off. Similar lights could be emulated on the
host computer display 24. The lights could also be flashed to
indicate the finger combination detected during chord taps in
step 636. The implementation for auditory feedback would be
similar, except light combinations would be replaced with
tone or tone burst combinations.

The accumulation and event generation process repeats for
all array scan cycles until decision diamond 664 detects liftoff
by all the fingers from the initiating combination. Decision
diamond 666 then checks the pre-liftoff deceleration flag of
the dominant motion, component. The state of this flag is
determined by step $56 or 558 of translation extraction (FIG.
37) if translation is dominant, or by corresponding flags in
step 534 of polar extraction. If there has been significant
deceleration, step 668 simply exits the chord slide mode,
setting the selected chord to null. If the flag indicates no
significant finger deceleration prior to lifloff, decision dia-
mond 666 enables motion continuation mode for the selected
chord. While in this mode, step 667 applies the pre-lifioff
weighted average (560) of dominant component velocity to
the motion accumulators (678) in place of the current veloci-
ties, which are presumably zero since no fingers touch the
surface. Motion continuation mode does not stop tmtil any of
the remaining fingers not in the synchronized subset are lifted
or more fingers newly touch down. This causes decision dia-
mond 664 to become false and normal slide activity with the
currently selected chord to resume. Though the cursor or
scrolling velocity does not decay during motion continuation
mode, the host computer can send a signal instructing motion
continuation mode to be canceled if the cursor reaches the
edge of the screen or end of a document. Similarly, if any
fingers remain on the surface during motion continuation,
their translations can adjust the cursor or scrolling velocity.

In the preferred embodiment, the chord motion recognizers
for each hand function independently and the input events for
each chord can be configured independently. This allows the
system to allocate tasks between hands in many different
ways and to support a variety ofbimanual manipulations. For
example, mouse cursor motion can be allocated to the finger-
tip pair chord on both hands and mouse button drag to a triple
fingertip chord on both hands. This way the mouse pointer can
be moved and drug with either hand on either half of the
surface. Pdmary mouse clicks would be generated by a tap of
a fingertip pair on either half of the surface, and double-clicks
could be ergonomically generated by a single tap of three
fingertips on the surface. Window scrolling could be allocated
to slides of four fingers on either hand.

Alternatively, mouse cursor manipulations could be allo-
cated as discussed above to the fight hand and right half of the
surface, while corresponding text cursor manipulations are
allocated to chords on the left hand. For instance, left fingertip
pair movement would generate arrow key commands corre-
sponding to the direction of motion, and three fingertips
would generate shift arrow combinations for selection of text.

For host computer systems supporting manipulations in
three or more degrees of freedom, a left hand chord could be
selected to pan, zoom, and rotate the display background
while a corresponding chord in the right hand could translate,
resize and rotate a foreground object. These chords would not
have to include the thumb since the thumb can touch down
anytime after initiating chord motion without changing the

54
selected chord. The user then need add the thumb to the
surface when attempting rotation or scaling.

Finger chords which initially include the thumb "can be
reserved for one-shot command gestures, which only gener-

5 ate input events once for each slide of a chord rather than
repeating transmission each time an additional unit of motion
is detected. For example, the common editing commands cut,
copy and paste can be intuitively allocated to a pinch hand
scaling, chord tap, and anti-pinch hand scaling of the thumb

i0 and an opposing fingertip.
FIG. 41 shows the steps within the key. layout definition

and morpking process, which is part of the typing recognition
module 12. Step 700 retrieves at system starrup a key layout
which has been pre-specified by the user or manufacturer. The

Is key layout consists of a set of key region data structures. Each
region has associated with it the symbol or commands which
should be sent tothe host computer when the region is pressed
and coordinates representing the location of the center of the
region on the surface. In the preferred embodiment, arrange-

20 ment ofthose key regions comaining alphanameric and punc-
tuation symbols roughly corresponds to either the QWERTY
or the Dvorak key layouts common on mechanical keyl~oards.

In some embodiments of the multi-touch surface apparatus
it is advantageous to be able to snap or morph the key layout

25 to the resting positions ofthe hands. This is especially helpful
for multi-touch surfaces which are several times larger than
the standard keyboard or key layout, such as one covering an
entire desk. Fixing the key layout in one small fixed area of
such a surface would be inconvenient and discourage use of

30 the whole available surface area. To provide feedback to the
user about changes in the position of the key layout, the
position of the key symbols in these embodiments of the
multi-touch surface would not be printed permanently on the
surface. Instead, the position of the key symbols would be

35 reprogrammably displayed on the surface by light emitting
polymers, liquid crystal, or other dynamic visual display
means embedded in the multi-touch surface apparatus along
with the proximity sensor arrays.

Given such an apparatus, step 702 retrieves the current
40 paths from both hands and awaits what will be known as a

layout homing gesture. If decision diamond 70,1 decides with
the help of, a hand’s synchronization detector that all five of
the hand’s fingers have just been placed on the surface syn-
chronously, step 706 will attempt to snap the key layout to the

45 hand such that the hand’s home row keys lie under the syn-
chronized fingertips, wherever the hand is on the surface. Step
706 retrieves the measured hand offsets from the hand posi-
tion estimator and translates all key regions which are nor-
mally typed by the given hand in proportion to the measured

50 hand offsets. Note the currently measured rather than filtered
estimates of offsets can be used because when all five fingers
are down there is no danger of finger misidentification cor-
rupting the measured offsets. This procedure assumes that the
untranslated locations of the home row keys are the same as

55 the default finger locations for the hand.
Decision diamond 708 checks whether the fingers appear

to be in a neutral, partially closed posture, rather closed than
outstretched or pinched together. If the posture is close to
neutral, step 710 may further offset the keys normally typed

6o by each finger, which for the most part are the keys in the same
column of the finger by the measured finger offsets. Temporal
filtering of these finger offsets over several layout homing
gestures will tend to scale the spacing between colunms of
keys to the user’s hand size. Spacing between rows is scaled

65 down in proportion to the scaling between columns.
With the key layout for the hand’s keys morphed to fit the

size and current position of the resting hand, step 712 updates
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the displayed position of the symbols on the surface, so that
the user will see that the key. layout has snapped to the position
of his hand. From this stage the user can begin to type and the
typing recognizer 718 will use the morphed key region loca-
tions to decide what key regions are being pressed. The layout
will remain morphed this way until either the user performs
another homing gesture to move it somewhere else on the
surface, or until the user takes both hands off the surface for a
while. Decision diamond "/14 will eventually tlnle out so that
step 716 can reset the layout to its default position in readiness
tbr another user or usage session.

For smaller multi-touch surfaces in which the key layout is
permanently printed on the surface, it is advantageous to give
the user tactile feedback about the positions of key regions.
However, any tactile indicators placed on the surface must he
carefully designed so as not to impede smooth sliding across
the surface. For example, shallow depressions made in the
surface near the center of each key mimicking the shallow
depressions common on mechanical keyboard keycaps would
cause a vibratory washboard effect as the hand slides across
the surface. To minimize such washboard effects, in the pre-
ferred embodiment the multi-touch surface provides for the
fingertips of each hand a single, continuous depression run-
ning from the default index fingertip location to the default
pinky fingertip location. This corresponds on the QWERTY
key layout to shallow, slightly arched channels along home
row from the"Y’ key to the";" key for the right hand, and from
the "A" key to the "F" key for the left hand. Similarly, the
thumbs can each be provided with a single oval-shaped
depression at their default locations, slanted slightly from
vertical to match the default thumb orientation. These would
preferably correspond to "Space" and "BackSpace" key
regions for the right and left thumbs, respectively. Such mini-
mal depressions can tactilely guide users’ hands backto home
row of the key layout without requiring users to look down at
the surface and without seriously disrupting finger chord
slides and manipulations on the surface.

The positions of key regions offhome row can be marked
by other types of tactile indicators. Simply mughenlng the
surface at key regions does not work well. Though humans
easily differentiate textures when sliding fingers over them,
most textures cannot be noticed during quick taps on a tex-
tured region. Only relatively abrupt edges or protrusions can
be sensed by the users’ fingertips under typing conditions.
Therefore, a small raised dot like a Braille dot is formed on
top of the surface at the center of each key region. The user
receives feedback on the accuracy of their typing strokes from
where on the fingertip a dot is felt. This feedback can be used
to correct finger aim during future keypresses. Since single
finger slides are ignored by the chord motion recognizer, the
user can also slide a finger around the surface in tactile search
of a particular key region’s dot and then tap the key region
when the dot is found, all without looking at the surface. Each
dot should be just: large enough to be felt during tapping but
not so large as to impede chord slides across the surface. Even
if the dots are not large enough to impede sliding, they can
still corrupt proximity and fingertip centroid measurements
by raising the fingertip flesh near the dot off the surface thus
locally separating the flesh from the underlying proximity
sensing electrode. Therefore, in the preferred embodiment,
the portion of each dot above the surface dielectric is made of
a conductive material. This improves capacitive coupling
between the raised fingertip flesh and the underlying elec-
trodes.

FIG. 42 shows the steps within the keypress detection loop.
Step 750 retrieves from the current identified path data 250
any paths which were recently created due to hand part touch-

56
down or the surface. Decision diamond 752 checks whether
the path proximity reached a keypress proximity thresh for
the first time during the current sensor array scan. If the
proximity has not reached the threshold yet or has already

5 exceeded it previously, control returns to step 750 to try
keypress detection on the next recent path. If the path just
crossed the keypress proNmity threshold decision diamond
754 checks whether the contact path has been identified as a
finger rather than a palm. To give the users the freedom rest

10 the palms anywhere on the surface, palm presses should not
normally cause keypresses, and are therefore ignored.
Assuming the path is a finger, decision diamond 756 checks
whether the hand the identified finger comes from is currently
performing a chord slide gesture or writing via the pen grip

15 hand configuration. Asynchronous finger presses are ignored
once these activities have started, as also indicated in step 660
of FIG. 40A. Assuming such hand activities are not ongoing,
decision diamond 757 proceeds with debounce tests which
check that the finger has touched the surface for at least two

20 sensor army scan cycles and that it had been offthe surface for
severn] scan cycles before touchi.ng down. The path tracking
module (FIG. 22) facilitates such liftoff debouncing by reac-
tivating in step 334 a finger’s old path if the finger lifts offand
quickly touches back down over the same spot. Upon reacti-

25 vation the time stamp ofthe last lifioffby the old path must be
preserved for comparison with the time stamp of the new
touchdown.

If all of these tests are passed, step 758 looks up the current
path position (Px[n],Py[n]), and step "/60 finds the key region

30 whose reference position is closest to the fingertip centroid÷
Decision diamond 762 checks that the nearest region is within
a reasonable distance of the finger, and if not causes the finger
press to be ignored. Assuming a key region is close to the
finger, step 764 creates a keypress element data structure

35 containing the path, index identifier and finger identity, the
closest key region, and a time stamp indicating when the
finger crossed the keypress proximity threshold. Step 766
then appends this element data structure to the tail of a FIFO
keypress queue. This accomplished, processing reawns to

4o step 750 to process or wait for touchdowns by other fingers.
The keypress queue effectively orders finger touchdowns

by when they pass the keypress transmitted to the host. How-
ever, an element’s key symbol is not assured transmission of
the host once in the keypress queue. Any of a number of

45 conditions such as being part of a synchronized subset of
pressing fingers can cause it to be deleted from the queue
before being transmitted to the host. In this sense the keypress
queue should be considered a keypress candidate queue.
Unlike the ordered lists of finger touchdowns and releases

5o maintained for each hand separately in the synchronization
detector, the keypress queue includes and orders the finger
touchdowns from both hands.

FIG. 43A shows the steps within the keypress acceptance
and transmission loop. Step 770 picks the element at the head

55 of the keypress queue, which represents the oldest finger
touchdown which has neither been deleted from the queue as
an invalid keypress candidate nor transmitted its associated
key symbol. Decision diamond 772 checks whether the path
is still identified as a finger. While waiting in the queue path

60 proximity could have increased so much that the identifica-
tion system decides the path is actually from a palm heel, in
which case step 778 deletes the keypress element without
transmitting to the host and step 770 advances processing to
the next elemem. Decision diamond 774 also invalidates the

65 element if its press happened synchronously with other fin-
gets of the same hand. Thus decision diamond 77,1 follows
through on deletion comm~nd steps 601,612, 615,620 of the
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synchronization detection process (FIG. 39). Decision dia-
mond 776 invalidates the keypress if too much latoral finger
motion has occurred since touchdown, even if that lateral
finger motion has not yet caused a chord slide to start.
Because users may be touch typing on the surface, several
millimeters of lateral motion are allowed to accommodate
glancing fingertip motions which often occur when quickly
reaching for keys. This is much more glancing tap motion
than is tolerated by touchpads which employ a single finger
slide for mouse cursor manipulation and a single finger tap for
key or mouse button click emulation.

Decision diamond 780 checks whether the finger whose
touchdown created the keypress element has since lifted off
the surface. If so, decision diamond 782 checks whether it
was lifted offsoon enough to qualify as a normal key tap. If so,
step 784 transmits the associated key symbol to the host and
step 778 deletes it from the head of the queue. Note that a
keypress is always deleted from the queue upon liftoff, but
even though it may have stayed on the surface for a time
exceeding the tap tim~ont, it may have still caused transmis-
sion as a modifier key, as an impulsive press with hand rest-
ing, or as a typematic press, as described below.

When a keypress is transmitted to the host it is advanta-
geous for a sound generation device on the multi-touch sur-
face apparatus or host computer to emit an audible click or
beep as feedback to the user. Generation of audible click and
beep feedback in response to keypresses is well known in
commercial touehscreens, kiosks, appliance control panels
and mechanical keyboards in which the keyswitch action is
nearly silent and does not have a make force threshold which
feels distinctive to the user. Feedback can also be provided as
a light on the multi-touch surface apparatus which flashes
each time a keypress is sent. Keypresses accompanied by
modifier keypresses should cause longer flashes or tones to
acknowledge that the key symbol includes modifiers.

If the finger has not yet lifted, decision diamond 786 checks
whether its associated key region is a modifier such as
<shitS>, <ctrl>, or <alt>. If so, step 788 advances to the next
element in the queue without deleting the head. Processing
will continue at step 772 to see if the next element is a valid
key tap. If the next dement successfully reaches the trans-
mission stage, step 784 will scan back toward the head of the
queue for any modifier regions which are still pressed. Then
step 784 can send the next element’s key symbol along with
the modifying symbols of any preceding modifier regions.

Decision diamond 782 requires that users touch the finger
an the surface and lift back offwithin a few hundred milli-
seconds for a key to be sent. This liftoff timing requirement
substitutes for the force activation threshold of mechanical
keyswitches. Like the force threshold of mechanical key-
switches, the timing constraint provides a way for the user to
rest the finger on the key surface without invoking a keypress.
The synchronization detector 14 provides another way fore-
fingers to rest on the surface without generating key symbols:
they must touch down at the same time as at least one other
finger. However, sometimes users will start resting by simul-
taneously placing the central fingertips on the surface, but
then they follow asynchronously with the pinky a second later
and the thumb a second after that. These latter presses are
essentially asynchronous and will not be invalidated by the
synchronization detector., but as long as they are not lifted
within a couple hundred milliseconds, decision diamond 782
wild delete them without transmission. But, while decision
diamond 782 provides tolerance of asynchronous finger rest-
ing, its requiremefit that fingers quickly lift off.. i.e., crisply
tap, the surface to cause key generation makes it very difficult
to keep most of the fingers resting on the surface to support the

58
hands while tapping long sequences of symbols. This causes
users to raise their hands offthe sur&ce and float them above
the surface during fast typing sequences. This is acceptable
typing posture except that the users arms will eventually tire

5 if the user thils to rest the hands back on the surface between
sequences.

To provide an alternative typing posture which does not
encourage suspension of the broads above the surface, deci-
sion diamond 790 enables a second key acceptance mode

10 which does not require quick finger liftoff after each press.
Instead, the user must start with all five fingers of a hand
resting on the surface. Then each time a finger is asynchro-
nously raised offthe surface and pressed on a key region~ that
key region will be transmitted regardless of subsequent liftoff

15 timing. If the surface is hard such that fingertip proximity
quickly saturates as force is applied, decision diamond 792
checks the impuisivity of the proximity profile for how
quickly the finger proximity peaks. If the proximity profile
increases to its peak very slowly over time, no key wil! be

20 generated. "This allows the user to gendy set down a raised
finger without generating a key in case the user lifts the finger
with the intention of generating a key but then changes his
mind. If the touch surface is compressible, decision diamond
792 can more directly infer finger force from the ratio of

25 measured fingertip proximity to ellipse axis lengths. Then it
can threshold the inferred force to distinguish deliberate key
presses from gentle finger rests. Since when intending to
generate a key the user will normally press down on the new
key region quickly after lifting off the old key region, the

30 impulsivity and force thresholds should increase with the
time since the finger lifted off the surface.

Emulating typematic on a multi-touch surface presents
special problems if finger resting force cannot be distin-
guished reliably from sustained holding force on a key region.

35 In this case, the special touch timing sequence detected by the
steps of FIG. 43B supports reliable typematic emulation.
Assuming decision diamond 798 finds that typematic has not
started yet, decision diamond 794 checks whether the key-
press queue element being processed represents the most

4o recent finger touchdown on the surface. If any finger touch-
downs have followed the touchdown represented by this ele-
ment, typamatic can never start li’om this queue element.
Instead, decision diamond 796 checks whether the element’s
finger has been touching longer than the normal tap timeout.

45 If the finger has been touching too long, step 778 should
delete its keypress element because decision diamond 786 has
determined it is not a modifier and decision diamond 794 has
determined it can never start typematic. If decision diamond
794 determines that the key’press element does not represent

50 the most recent touchdown, yet decision diamond 796 indi-
cates the element has not exceeded the tap timeout, process-
ing returns to step 770 to await either liftoff or timeout in a
furore sensor array scan. This allows finger taps to overlap in
the sense that a new key region can be pressed by a finger

55 before another fmger lifts offthe previous key region. How-
ever, either the press times or release times of such a pair of
overlapping finger taps must be asynchronous to prevent the
pair from being considered a chord tap.

Assuming the finger touchdown is the most recent, deci-
60 sion diamond 800 checks whether the finger has been touch-

ing for a typematic hold setup interval of between about half
a second and a second. If not, processing returns to 770 to
await either finger liftoffor the hold setup condition to be met
during future scans of the sensor array. When the hold setup

65 condition is met, decision diamond 802 checks whether all
other fingers on the hand of the given finger keypress lifted off
the surface more than a half second ago. If they did, step 804
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will initialize typematic for the given keypress element. The
combination of decision diamonds 800 and 802 allow the user
to have other fingers of the hand to be resting on the surface
when a finger intended for typematic touches down. But
typematic will not start unless the other fingers lift off the
surface within halfa second of the desired typematic finger’s
touchdown, and typematic will also not start until the type-
matic finger has a continued to touch the surface for at least
half a second after the others lifted off the surface. If these
stringent conditions are not met, the keypress element will not
start typematic and will eventually be deleted through either
tap timeout 782 when the finger lifts of-for through tap tim-
eout 796) if another touches down after it.

Step 804 simply sets a flag which will indicate to decision
diamond 798 during future scan cycles that typematic has
already started for the element. Upon typematic initialization,
step 810 sends out the key symbol for the first time to the host
interface communication queue, along with any modifier
symbols being held down by the opposite hand. Step 812
records the time the key symbol is sent for future reference by
decision diamond 808. Processing then returns to step ’770 to
await the next proximity image scan.

Until the finger lifts off or another taps asynchronously,
processing will pass through decision diamond 798 to check
whether the key symbol should be sent again. Step 806 com-
putes the symbol repeat interval dynanfically to be inversely
proportional to finger proximity. Thus the key will repeat
faster as the finger is pressed on the surface harder or a la~er
part of the fingertip touches the surface. This also reduces the
chance that the user will cause more repeats than intended
since as finger proximity begins to drop during lifloff the
repeat interval becomes much longer. Decision diamond g0g
checks whether the dynamic repeat interval since the last
typematic symbol send has elapsed, and if necessary sends
the symbol again in 810 and updates the typematic send time
stamp 812.

It is desirable to let the users rest the other fingers back onto
the surface after typematic has initiated 804 and while type-
matic continues, but the user must do so without tapping.
Decision diamond 805 causes typematic to be canceled and
the typematic element deleted 778 if the user asynchronously
taps another finger an the surface as if trying to hit another
key. If this does not occur, decision diamond 182 will even-
tually cause deletion of the typematic element when its finger
lifts off

The typing recognition process described above thus
allows the multi-touch surface to ergonomically emulate both
the typing and hand resting capabilities of a standard
mechanical keyboard. Crisp taps or impulsive presses on the
surface generate key symbols as soon as the finger is released
or decision diamond 792 verifies the impulse has peaked,
ensuring prompt feedback to the user. Fingers intended to rest
on the surface generate no keys as long as they are members
of a synchronized finger press or release subset or are placed
on the surface gently and remain there along with other fin-
gets for a second or two. Once resting, fingers can be lifted
and tapped or impulsively pressed on the surface to generate
key symbols without having to lift other resting fingers. Type-
matic is initiated ether by impulsively pressing and maintain-
ing distinguishable force on a key, or by holding a finger on a
key wNle other fingers on the hand are lifted. Glancing
motions of single fingers as they tap key regions are easily
tolerated since most cursor manipulation must be initiated by
synchronized slides of two or more fingers.

Other embodiments of the invention will be apparent to
those skilled in the art from consideration of the specification
and practice of the invention disclosed herein. It is intended

6O
that the specification and examples be considered as exem-
pla~ only, with a true scope and spirit of the invention being
indicated by the following claims.

What is claimed is:
s 1. A method of processing input from a touch-sensitive

surface, the method comprising:
receiving at least one proximity image representing a scan

of a plurality of electrodes of the touch-sensitive surface;
segmenting each proximity image into one or more pixel

10 groups that indicate si~aificant proximity, each pixel
group representing proximity of a distinguishable hand
part or other touch object on or near the touch-sensitive
surface; and

mathematically fitting an ellipse to at least one of the pixel
15     groups.

2. The method of claim I further comprising transmitting
one or more ellipse parameters as a control signal to an
electronic or electromechanical device.

3. The method of claim 2 wherein the one or more ellipse
2o parameters is selected from the group consisting of position,

shape, size, orientation, eccentricity, major radius, minor
radius, and any combination thereof.

4. The method of claim 3 wherein the one or more ellipse
parameters are used to distinguish a pixel group associated

25 with a fingertip fi’om a pixel group associated with a thumb.
5. The method of claim 1 wherein fitting an ellipse to a

group of pixels comprises computing one or more eigenval-
ues and one or more eigenvecturs of a covariance matrix
associated with the pixel group.

30 6. The method of claim 1 further comprising: tracking a
path of at least one of the one or more pixel groups through a
time-sequenced series of proximity images;

fitting an ellipse to the at least one of the one or more pixel
groups in each of the time-sequenced series of proximity
images; and

tracking a change in one or more ellipse parameters
through the time-sequenced series of proximity images.

7. The method of claim 6 further comprising transmitting
the change in the one or more ellipse parameters as a control40 signal to an electronic or electromechanical device.

8. The method of claim 7 wherein the change in the one or
more ellipse parameters is selected from the group consisting
of position, shape, size, orientation, eccentricity, major

45 mdins, minor radius, and any combination thereof.
9. The method of claim 6 wherein fining an ellipse to the

one pixel group comprises computing one or more eigenval-
ues and one or more eigenvectors of a covariance matrix
associated with the pixel group.

5o 10. A touch-sensing device comprising:
a substrate;
a plurality of touch-sensing electrodes arranged on the

substrate;
electronic scanning hardware adapted to read the plurality

55 of touch-sensing electrodes;
a calibration module operatively coupled to the electronic

scanning hardware and adapted to construct a proximity
image having a plurality ofpixels corresponding to the
touch-sensing electrodes; and

6o a contact lracking and identification module adapted to:
segment the proximity image into one or more pixel

groups, each pixel group representing proximity of a
distinguishable hand part or other touch object on or
near the touch-sensitive surface;

65 and
mathematically fit an ellipse to at least one of the one or

more pixel groups.
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11. The touch-sensing device of claim 10 further compris-
hag a host communication interface adapted to transmit one or
more ellipse parameters as a comml signal to a~ electronic or
eleetromechanical device.

12. The touch-sensing device of claim 11 wherein the
touch-sensing device is integral with the electronic or elec-
tromechanica! device.

13. The touch-sensing device of clalm 11 wherein the one
or more ellipse parameters comprise one or more parameters
selected from the group consisting of position, shape, size,
orientation, eccentricity, major radius, minor radius, and any
combination thereof.

14. The method of claim 13 wherein the one or more ellipse
parameters are used to distinguish a pixel group associated
with a fingertip from a pixel group associated with a thumb.

15. ~fhe touch-sensing device of claim 10 wherein the
contact tracking and identification module is adapted to com-
pute one or more eigenvalues and one or more eigenvectors to
fit the ellipse.

16. The touch-sensing device of claim 10 wherein the
contact tracking and identification module is further adapted
to:                               .

track a path of one or more pixel groups through a plurality
of time-sequenced proximity images;

fit an ellipse to at least one of the one or mere pixel groups
in a first proximity image of the plurality of time-se-
quenced proximity images; and

track a chmge in one or more ellipse parameters associated
with the fitted ellipse through two or more of the time-
sequenced proximity images.

1’7. The touch-sensing device of claim 16 further compris-
ing a host commu~cation interface adapted to transmit the
change in at least one of the one or more ellipse parameters as
a control signal to an electronic or eleetmmechaaical device.

18. The touch-sensing device of clahn 17 wherein the
touch-sensing device is integral with the electronic or elec-
tromechanical device.

19. The touch-sensing device of claim 17 wherein the
change in one or more ellipse parameters used as a control
input to an electronic or electromechanical device comprises
one or more parameters selected from the group consisting of
position, shape, size, orientation, eccentricity, major radius,
minor radius, and any combination thereof.

20. The touch-sensing device of claim 16 wherein the
contact tracking and identification module is adapted to com-
pute one or more eigenvalues and one or more eigenvectors to
fit the ellipse.

21. The touch-sensing device of any one of claims 10-12
and 16-18 wherein the touch-sensing device is fabricated on
or integrated with a display device.

22. The touch-sensing device of claim 21, wherein the
display device comprises a liquid crystal display (LCD) or a
light-emitting polymer display (LPD).

62
23. A computer-readable medium having embodied

thereon instructions executable by a machine to perform a
method according to any of claims 1-9.

24. A touch-sensing device comprising:
5    means for producing a proximity image representing a scan

of a plurality of electrodes of a touch-sensitive surface,
the proximity image having a plurality of pixels corre-
sponding to the touch-sensing electrodes;, and

means for segmenting the proximity image into one or
10 more pixel groups, each pixel group representing a touch

object on or near the touch-sensitive surface; and
means for fitting an ellipse to at least one of the pixel

groups.
25. The touch- sensing device of claim 24 wherein the touch

15 object comprises at least a portion of a hand.
26. The touch-sensing device of claim 24 wherein the touch

object comprises at least a portion of one or more fingers.
27. The touch- sensing device of claim 24 wherein the touch

object comprises at least a portion of a body part.
2o 28. The touch-sensing device of claim 27 wherein the body

part comprises one or more of a hand, a finger, an ear, or a
cheek.

29. The touch-sensing device of claim 24 further compris-
ing means for transmitting one or more ellipse parameters as

25 a control signal to an electronic or electromechanical device.
30. The touch-sensing device of claim 27 wherein the

touch-sensing device is integral with the electronic or elec-
tromecha~fical device.

31. The touch-sensing device of claim 24 further compris-
30 ing:

means for tracking a path of one or more pixel groups
through a plurality of time-sequenced proximity
images;

means for fitting an ellipse to at I east one of the pixel groups
35 in a plurality successive proximity images; and

means for tracking a change in one or more ellipse param-
eters tlu’ough a plurality of time-sequenced proximily
images.

32. The touch-sensing device of claim 29 further compris-
40 ing means for transmitting the change in the one or more

ellipse parameters as a control signal to an electronic or
electromechanical device.

33. The touch-sensing device of claim 32 wherein the
touch-sensing device is integral with the electronic or elec-

45 tromechanical device.
34. The touch-sensing device of any one of claims 24 and

29-33 wherein the touch-sensing device is fabricated on or
integrated with a display device.

35. The touch-sensing device of claim 34, wherein the
5o display device comprises a liquid crystal display (LCD) or a

light-emitting polymer display (LPD).
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