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he most basic and simplest gesture is pointing, and

it is an effective method for most people to com-
municate with each other, even in the presence
of language barriers. However, pointing quickly
fails as a way to communicate when the object or
concept that a person is trying to convey is not
in sight to point at. Taking gesture recognition
beyond simple pointing greatly increases the type
of information that two people can communicate

w1th each other. Gesture communication is so natural and pow-
erful that parents are increasingly using it to enable their babies
to engage in direct, two-way communication with their care giv-
ers, through baby sign language, long before the babies can clearly

speak (Reference 1).

The level of communication between
users and their electronic devices has
been largely limited to a pointing inter-
face. To date, a few common extensions
to the pointing interface exist. They
include single- versus double-click or
tap devices and devices that allow us-
ers to hold down a button while mov-
ing the pointing focus, such as mice,
trackballs, and touchscreens. A user’s
ability to naturally communicate with a
computing device through a gesture in-
terface and a speech-recognition inter-
face, such as a multitouch display or an
optical-input system, is still largely an
emerging capability. Consider the new
nd revolutionary mobile phone that
lies on a touchscreen-driven user in-
rface instead of physical buttons and
uses a predictive engine that helps users
with typing on the flat panel. This de-
scription could apply to Apple’s iPhone,
which the company launched in June,
but it can also apply to the IBM Simon,
which the company launched with Bell
South in 1993, 14 years earlier than the
iPhone. Differences exist between the
two touch interfaces. For example, the
newer units support multitouch ges-
tures, such as “pinching” an image to
size it and flicking the display to scroll
the content. This article touches on
the nature of how gesture interfaces are
evolving and what they mean for future
interfaces.

Much of the technology driving many
of today’s latest and innovative gesture-
like interfaces is not exactly new: Most
of these interfaces can trace their heri-
tage in products or projects from the

past few decades. According to Ref-
erence 2, multitouch panel interfaces
have existed for at least 25 years, and
that length of time is on par with the
30 years that elapsed between the in-
vention of the mouse in 1965 and the
mouse’s reaching its tipping point as
a ubiquitous pointing device, which
happened with the release of Micro-
soft Windows 95. Improvements in the
hardware for these types of interfaces
enable designers to shrink and lower the
cost of end systems. More important,
however, these improved interfaces en-
able designers to leverage additional
low-cost software-processing capacity to
use it to better identify more contexts so
they can better interpret what a user is
trying to tell the system to do. In other
words, most of the advances in emerg-
ing gesture interfaces will come not so
much from new hardware as from more
complex software algorithms that best
use the strengths and compensate for
the weaknesses of each type of input in-
terface. Reference 3 provides a work-
in-progress directory of sources for input
technologies.

In addition to the commercial launch
of the iPhone, this year has borne wit-
ness to the Korean and European launch
of the LG Electronics-manufactured,
Prada-designed LG Prada phone, the
successful commercial launch of Nin-
tendo’s Wii gesture-interface console,
and the pending launch of the multi-
touch Microsoft Surface Platform (see
sidebar “Multitouch surfaces”). Are the
lessons designers learned from previous
iterations of gesture interfaces sufficient
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to give today’s latest innovative prod-
ucts the legs they need to survive more
than a year or two and finally usher in
the promising age of more natural com-
munication between humans and ma-
chines? These platforms have access to
large amounts of memory and worldwide
connectivity through the Internet for
software updates. So, perhaps the more
relevant question is: Can the flexible,
programmable nature of these platforms
enable the gesture interfaces to adjust to
the set of as-yet-unlearned lessons with-
out going back to the drawing board?

Gesture-recognition interfaces are
not limited to just gaming and infotain-
ment products. Users of Segway’s PTs
(personal transporters) intuitively com-
mand their transporters by leaning in
the appropriate direction to move for-
ward, stop, and turn left or right (Fig-
ure 1). Some interfaces focus on cap-
turing a rich range of subtle gestures to
emulate using a real-world tool rather
than issuing abstract commands to a
computer. For example, Wacom’s In-
tuos and Cintiq tablets coupled with
tablet-enhanced paint- and graphics-
software programs can faithfully cap-
ture an artist’s hand and tool motions
in the six dimensions of up and down,
left and right, downward pressure on
the tablet surface, stylus-tilt angle, sty-
lus-tilt direction, and stylus rotation.
This feature enables the software to re-
create not only the gross motions, but
also the fine motions, such as twisting a
user’s hand to more realistically emulate
the behavior of complex objects, such
as paint and drawing tools.

Another example of capturing subtle
motions to enable the emulation of the
direct manipulation of real-world tools
is Intuitive Surgical’s da Vinci Surgical
System. This system employs a propri-
etary 3-D-vision system and two sets of
robots—the masters and the EndoWrist
instruments—to faithfully translate the
intent of a surgeon’s hand and finger
motions on the masters to control the
EndoWrist instruments during robotic
laparoscopic surgery (Figure 2). Decou-
pling the surgeon’s hand motions from
the on-site surgical instruments through
the masters not only allows the surgery
to require only a few small cuts to insert
the surgical tools into the patient, but
also affords the surgeon a better posture
to delay the onset of fatigue when per-
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AT A GLANCE

Bl Many of the gesture interfaces
we see in innovative products
can trace their roots back several
decades.

Bl Gesture interfaces find more use
than just in games and infotainment
devices; they also control systems
in industrial and medical environ-
ments.

Bl Much of what makes a gesture
interface reliable and useful, such
as inferring or predicting intent, is
not obvious to the user.

B The success of an interface is in
how well it handles uncertainty with
the user.

B Devices with modern interfaces
must consider how to manage
wireless and network connectiv-
ity between systems so that they
appear as one system to the user.

forming long procedures. It also enables
greater surgical precision, an increased
range of motion, and improved dexter-

Figure 1 The Segway PT interface trans-
lates the leaning direction of the user into
commands to move the PT in a direction
(courtesy Segway).

ity through digital filtering than if the
surgeon directly manipulates the surgi-
cal tools, such as in traditional laparo-
scopic surgery.

The 3-D-vision system is a critical
feedback interface that enables surgeons
to effectively use the da Vinci Surgical
System and avoid mistakes. Addition-
ally, the system complements the visu-
al-feedback interface with some simple
haptics or force feedback such as that to
detect when internal and external col-
lisions occur during a motion. Research
organizations, such as at Johns Hopkins
University, are using the da Vinci Sur-
gical System to study technologies that
support a “sense of touch.” “The da Vin-
ci is a perfect ‘laboratory,” as it provides
high-quality motion and video data of a
focused and stylized set of goal-directed
tasks,” says Gregory D Hager, professor
of computer science at Johns Hopkins.
“We envision using the statistical mod-
els we develop as a way of making the
device more ‘intelligent’ by allowing it
to recognize what is happening in the
surgical field.”

UNSEEN POTENTIAL

“Great experiences don’t happen by
accident,” says Bill Buxton, principal
researcher at Microsoft. “They are the
result of deep thought and delibera-
tion.” His decidedly low-tech example
involves two manual juicers that look
similar and have the same user inter-
face (Reference 4). If you can use one,
you can use the other. The juice tastes
the same from each, and each takes the
same amount of time to make the juice.
However, they differ in the method and
the timing of a user’s applying the maxi-
mum force. The juicer with the “con-
stant-gear-ratio” effect requires the us-
er to apply the maximum force at the
end of the lever pull, whereas the other
juicer delivers a “variable-gear-ratio” ef-
fect that reduces the pressure the user
needs to apply at the end of the lever
pull. In essence, the qualitative differ-
ence between the juicers is the result of
nonobvious mechanisms hidden in the
interface.

These examples of gesture-recogni-
tion interfaces are direct-control inter-
faces, in which users explicitly tell or di-
rect the system to do what they want.
However, the emerging trend for em-
bedded or “invisible” human-machine
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interfaces is an area of even greater po-
tential. Embedded processing, which is
usually invisible to the end user, con-
tinues to enable designers to make their
products perform more functions at low-
er cost and with better energy efficien-

cy. As the cost of sensors and processing
capacity continue to drop and the pro-
cessors are able to optimize the essen-
tial functions of the systems they con-
trol, an opportunity arises for the extra
available processing to provide an im-

plicit or embedded human-machine in-
terface between the user and the system.
In other words, users may imply their in-
tent with the system without conscious-
ly being aware they are doing just that.
This emerging capability is essential to

MULTITOUCH SURFACES

Multitouch interfaces have
existed in some form for
the last 25 years, and the
time of their ubiquitous
adoption is either fast ap-
proaching or upon us with
this year’'s commercial of-
ferings, such as the Apple
iPhone and the Microsoft
Surface (reference A and B).
These multitouch displays
enable users to operate di-
rectly on the displayed ob-
jects with their hands and
fingers rather than men-
tally correlate the position
of an on-screen cursor with
the motion of a pointer,
such as from a mouse. The
multitouch interfaces of-
fer a richer array of interac-
tions than single-touch or
single-focus interfaces that
are common today. Apple
based the iPhone’s multi-
touch interface on a capaci-
tive-touch technology that
limits interactions to only
those from the user’s fin-
gers; it supports gestures
such as flicking the screen

: to scroll content and “pinch-
: ing” the screen to zoom in
and out on content.

Perceptive Pixel has re-

leased a demonstration

: video showcasing the com-
: pany’s work with a large

: multitouch display. It shows
a variety of gestures and

: contexts that could benefit
: from a multitouch inter-

: face (Reference C). At press
: time, no additional infor-

: mation other than the video
: was available; however, a
few items are worth not-

: ing. The display-and-touch-
: panel system is on a wall

: and is much larger than a

: typical display available to
consumers today. In many

: of the scenes, more than

. one person is operating

: the touch display at once;

: sometimes, they are work-
ing together, and, at other

: times, they are working in-
dependently on different

: objects. The operator is us-
© ing both of his hands at the
: same time during most of
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Figure A A conceptual (not accurate for intellectual-property rea-
sons) artist's rendition shows the Microsoft Surface components

(courtesy Microsoft).
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: the video, and he effects a

. tremendous number of ac-

: tions in a short period. The
examples of manipulating

: 3-D virtual objects are prob-
: ably harbingers of things to
: come. Finally, the room is

: dark, which suggests that
the sensor implementa-
tion is not appropriate for

. all environments; however,
. other sensor implementa-

. tions could deliver similar
sensitivity in different envi-
: ronments.

Microsoft announced the

. table-top-like Surface mul-
. titouch-display interface

: in May, and the company

: expects production equip-
ment to be available in No-
vember. The platform works
: by shining a near-infrared,

: 850-nm-wavelength light

: source on the bottom of
the table’s surface and us-
ing multiple infrared cam-

. eras to detect reflections of
: that light when objects and
: fingers touch the surface

: of the display (Figure A).

: The use of the near-infrared
light allows users to em-

: ploy the table in ambient

. light. A textured diffuser

. over the display causes the
: near-infrared light to reflect
back to the cameras under

. the table in a way that al-

: lows the software to mean-
. ingfully identify fingers,

: hands, motions, and other

. real-world objects. The
platform supports many of

: the same types of direct-

. interaction gestures as the
: other multitouch examples,
. such as flicking and pinch-

: ing, but the interface adds

. a new twist: It can interact

: with dozens of real-world

: objects in addition to the

. hands and fingers of many

: users at once. The table-top
: form factor is natural for
supporting face-to-face col-
: laboration among multiple
people, electronic content,

: and real-world objects.

The ability of the platform

 to bridge real-world objects
. with virtual objects is pro-

. found for gesture-interface
: actions. Users can place

. wireless devices on the

. display, and the platform

: recognizes, invisibly es-

. tablishes communications

. links with, and identifies
them with a circle around

: them on the surface display.
: The user can drag content,

: such as photographs, from

. one device to the surface

. interface of another device

: on the table. The data trans-
. fer can eliminate the need

: for cables between the de-

: vices, and the transfer of
 virtual objects between the
: real-world devices can con-
sist of natural dragging and
: dropping gestures.

:REFERENCE

: I Microsoft Surface, www.
. microsoft.com/surface.

: E “Microsoft Surface: Be-

: hind-the-Scenes First Look
: (with Video),” Popular Me-
. chanics, July 2007, www.

: popularmechanics.com/

: technology/industry/

: 4217348.html.

: & Perceptive Pixel, “Multi-

: Touch Demonstration

: Video?” www.perceptive

: pixel.com.
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enabling systems to use predictive com-
pensation to better accommodate a us-
er’s inexperience or errors and allowing
the system to still perform what the user
intended.

The Simon’s PredictaKey keyboard
explicitly listed to the user its top six
predicted-letter candidates and allowed
the user to explicitly select from that
list. To take advantage of the predic-
tion engine, the user had to explicitly
engage with the engine’s suggestions
and choose from them. In contrast, the
iPhone’s typing interface manifests it-
self in several obvious and hidden ways
to improve typing speed and accuracy.
First, it presents specialized key layouts
for each application so that only keys
that are relevant are available for input.
As the user types, the system may pre-
dict the word and present it to the user
while they are typing; if the word is cor-
rect, the user can select it by pressing
the space “key” on the display or just
continue typing. Likewise, the system
tries to identify potentially misspelled
words and presents the word with the
correct spelling in a similar fashion to
allow the user to accept or ignore the
proposed correction.

However, the new and invisible mag-
ic in the iPhone typing interface is that
it compensates for the possibility of the
user’s pressing the wrong letter on the
display panel by dynamically resizing
the target area or tap zone assigned to
each letter without changing the display
size of any of the letters, based on its typ-
ing engine’s predictions of what letter
the user will select next (Reference 5).
The letters that the prediction engine
believes the user may press next receive
a larger tap zone that can overlap with
the display area of nearby, lower prob-
ability letters, which receive a smaller
tap zone as a result. This feature increas-
es the chances of selecting the predicted
letter and decreases the chances of se-
lecting an unpredicted letter that is ad-
jacent to the predicted letter.

Although not considered a strict us-
er interface, such as that between a user
and a computer, some automobile-safety
features implement an early form of im-
plicit communication interfaces for pre-
dictive-safety features. As an example,
to determine whether to warn the driver
of an imminent lane departure, the sys-
tem can examine the turn signal to de-
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Figure 2 The da Vinci Surgical System combines two robotic systems, the masters
and the EndoWrist Instruments, with a 3-D-vision system to enable surgeons to better
perform complex laparoscopic surgical procedures (courtesy Intuitive Surgical).

termine whether the impending lane
departure is intentional or accidental.
People unintentionally and implicitly
communicate their presence to passen-
ger-detection systems that may control
whether safety systems should deploy in
the event of an accident. For example,
the automobile may adjust how the air
bag deploys to avoid certain types of in-
juries for passengers of different sizes.
Electronic stability-control systems can
compare the driver’s implied intention,
by examining the steering and braking
inputs, with the vehicle’s actual motion;
they can then appropriately apply the
brakes on each wheel and reduce engine
power to help correct understeer (plow-
ing), oversteer (fishtailing), and drive-
wheel slippage to help the driver main-
tain some control of the vehicle.

The control systems for the highest
maneuverable fighter aircraft offer some
insight into the possible future of con-
sumer-level control of complex systems.
Because these aircraft employ high lev-
els of instability to realize their maneu-
verability, the pilot can no longer ex-
plicitly and directly control the aircraft

subsystems; rather, the embedded-pro-
cessing system handles those details and
enables the pilot to focus on higher lev-
el tasks. As automobile-control systems
can better predict a driver’s intentions
and correlate those intentions with the
state of the vehicle and the surrounding
environment, they may be able to deliv-
er even higher levels of energy efficiency
by reducing energy loads in situations in
which they are currently unnecessary—
without sacrificing safety. In each case,
the ability of the system to better under-
stand the user’s intention and act appro-
priately correlates to the system’s ability
to invisibly and accurately predict what
the user can and might do next.

No matter how rich and intuitive
an interface is, its ultimate success and
adoption depend on how well the user
and the system can signal each other
and compensate for the possible range
of misunderstandings. Uncertainty or
unpredictability between how to com-
mand a system and its resultant behav-
ior can kill the immediate usefulness and
delay the adoption of the gesture inter-
face. Merely repetitively informing the
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’LL COMPENSATE FOR YOU

Modern interfaces are often more
complex than they appear because
they embody years of lessons de-
signers have learned to compen-
sate for how users view and inter-
act with a system. The iPhone’s
predictive-typing engine couples
with the dynamically resized tap
zones to provide an example of
the system’s compensating for the
user to reduce the frequency of un-
intentional inputs. This technology
builds on and extends the tech-
niques of past systems employed
to improve key- or tap-based com-
munication between user and sys-
tem. One such older technology is
keyboard-debounce filtering, which
eliminates scenarios that occur
when the system improperly inter-
prets a single key press as multiple
key presses because of transient
properties of the input device.

The history of keyboard de-
bounce illustrates a possible life
cycle for an error-compensation
mechanism. Errors were issues for
early systems with electronic key-
boards or touch displays that did
not filter for debouncing. In these
systems, the user is responsible
for determining when the system
misinterpreted a single key press
as multiple presses. This situation
places a low-value cognitive load
on the user that can add to a user’s
frustration when using the inter-
face. By filtering away debounce
conditions, the user is free to focus
on higher level tasks. Solving the
debounce problem was once a dif-
ferentiating feature, but it is now
an assumed and normal capability.

The history of the delete-confir-
mation mechanism that many sys-
tems use today exemplifies how an
interface capability can evolve to
accommodate a better understand-
ing of how users view the system.
The delete-confirmation mecha-
nism evolved from users’ acciden-
tal deletion of data, such as files.
With a command-line interface, a
user could accidentally delete a file

: by using wild cards to specify an

. unintended file name for deletion.
A pointing interface, such as a key-
- board or a mouse cursor, allows ac-
cidental file deletion because the

: file name is based on where the

. cursor is pointing at the moment of
the delete command.

An early change to user inter-

faces to compensate for this type

. of error was to ask the user to con-
: firm the deletion; the user could

. verify the file name and spot an er-
: ror before it occurred. A problem

: with this mechanism is that the

: confirmation applied to every dele-
tion, and it easily became a mind-

: less and automated key press or

. pointer click that lost its effective-
: ness as a safety step over a short

: time. The next compensation was

. to provide an undelete command

: to “fix” the failings of the deletion
confirmation, and many systems

: now allow the user to skip or avoid
. the deletion-confirmation notice

. because it is often considered a

: low-value and high-noise way to

. protect data. A “trash-can” or “re-

: cycle bin” icon has replaced the

. undelete command; these features
allow users to recover many de-

. leted files. An analogous evolution
: occurred for in-application deletion
: of data with the introduction of the
: undo command and the eventual

. improvement of a multistep undo

. capability common in modern ap-

. plications.

With each new compensation

mechanism, the system took on

: more responsibility for under-

: standing what users needed, even
: when that meant allowing users

: to reverse a previously irrevers-

. ible action. At each stage of this

. evolution, the interface supported
mechanisms that users could mis-
: understand or misuse. Each new
compensation incorporated the les-
sons designers had learned about
: how the user might interact with

. the system to avoid future unwant-
: ed outcomes.




user that there is an error is insufficient
in modern electronic equipment. These
devices often guide the user about the
nature of the error or misunderstanding
and how they might correct the condi-
tion. Modern interfaces employ a com-
bination of sensors, improved process-
ing algorithms, and user feedback. This
combination provides a variety of mech-
anisms to reduce ambiguity and uncer-
tainty between the user and the sys-
tem so that each can more quickly and
meaningfully compensate for unexpect-
ed behavior of the other (see sidebar “I'll
compensate for you”).

One way to compensate for potential
misunderstandings is for the system to
control and to reduce the set of possible
inputs to only those with a valid context,
such as with the iPhone’s specialized key
layouts. Applications that can segment
and isolate narrow contexts and apply
strong goal-defined tasks in each one are
good candidates for this type of compen-
sation. Handwriting systems based on
the Graffiti recognition system, such as
Palm PDAs, improved the usability of a
handwriting interface by narrowing the
possibility for erroneous inputs, but do-
ing so involved a significant learning
curve for users before they could reli-
ably use the system. Speech-recognition
systems that require no training from a
speaker increase their success rate by sig-
nificantly limiting the number of words
the systems can recognize, such as the
10 digits, or by presenting the user with
a short menu of responses.

Another method of compensating
for misunderstandings is to eliminate or
move translations from the user to the
system. HP Labs India is working with
a pen-based device, the GKB (gesture
keyboard), which allows users to enter
phonetic scripts, such as Devanagari
and Tamil scripts, as text input without
the benefit of a language-specific key-
board. Another example is the Segway
PT that once required a user to translate
a forward and backward twist to corre-
spond to a signal to turn left or right.
Now, it instead allows the user to indi-
cate left or right by leaning in the de-
sired direction. In this case, the newer
interface control removes the ambigu-
ity of which twist direction aligns with
which turn direction, and it aligns the
control with the natural center-of-grav-

Go to www.edn.com/070816c¢s

for a sign-language alphabet. At this
link, you can also click on Feedback
Loop to post a comment on this article.

For a related article about natural-
interface input devices, go fo www.edn.
com/article/CA263121.

For a related article about interfac-
ing electronics to people, go to www.
edn.com/article/CA6309109.

For a related article about smarter
vehicles, go to www.edn.com/article/
CA6339246.

ity use scenario for the system, which
greatly increases its chances as a useful
and sustainable interface.

Another important way to compen-
sate for potential errors or misunder-
standings is to give users enough rele-
vant feedback so that they can appro-
priately change their expectations or
behavior. Visual feedback is a common-
ly used mechanism. The mouse cursor
on most systems performs more func-
tions than just acting as a pointing fo-
cus; it also acts as a primary feedback to
the user about when the system is busy
and why. The success of the gesture in-
terface with the Wii remote hinges in
part on how well the system software
improves over time to provide better
sensitivity to player gestures. It also de-
pends on how well it provides feedback,
such as a visual cue on the display, that
points out how users can make small ad-
justments to their motions so that the
system properly interprets their intend-
ed gestures.

Haptic or tactile feedback engages the
user’s sense of touch; it is a growing area
for feedback, especially as a component
of multimodal feedback involving more
than a single sense. Game consoles
have employed rumble features for years
in their handheld controllers. The Seg-
way PT signals error conditions to the
user through force feedback in the con-
trol stick. The da Vinci Surgical System
uses force feedback to signal boundary
collisions, such as when the EndoWrist
instrument makes contact with the sur-
face of the cutting target. Haptic feed-
back can compensate for the weakness-
es of other feedback methods, such as
audio sounds in noisy environments.

Haptic feedback can also help offload
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the visual sensory overload by freeing
the user’s eyes from seeking visual con-
firmation that the system has received
an input to focus his eyes on other de-
tails. For example, the iPhone keypad
does not implement haptic feedback to
signal the user which key was pressed
and when, so the user must visually con-
firm each key press the system processes.
One company, Immersion, offers a way
to simulate a tactile sensation for mobile
devices by issuing precise pulse control
over a device’s vibration actuator within
a 5-msec window of the input event.

When all other compensation meth-
ods fail to eliminate a misunderstanding,
designers can employ a context-relevant
response to address the uncertainty of a
given input. A common response type
is to issue a warning and to ask the us-
er to repeat the input, but this situation
risks frustrating the user if the system re-
peatedly requests the input with no ad-
ditional guidance about what it needs.
The system can make a best guess as to
what the input was and ask the user to
confirm that the guess is correct; this
scenario also can cause frustration to the
user if no method is available to refine
the guess on a second try or if the system
must too often confirm an input. A pos-
sible strategy for minimizing the use of
these types of responses is for the system
to profile the user’s behavior and devel-
op statistical models to better correlate
guesses with what the user requests most
frequently.

Gene Frantz, principal fellow at Tex-
as Instruments, observes that the size of
a system is scalable when you consider
that networks can tie systems together.
This consideration is increasingly impor-
tant for modern devices. Consider that
the iPhone, Wii, and Microsoft Surface
include wireless-communication links
with other systems. How these devic-
es interact with other external systems
correlates with how well they meet the
needs of their users. Even as the world
of gesture interfaces begins to stand on
its electronic feet, we are increasing our
expectations for our devices to apply the
lessons we have learned for interacting
with a single device to multiple devices
seamlessly interacting with the user and
each other. Those systems that can best
predict the user’s intent to minimize and
avoid uncertainty and seamlessly pull

together other systems in a connected
world will likely drive the future of ges-
ture interfaces.EDN
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