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Abstract— Perceptual user interfaces promise modes of fluid
computer-human interaction that complement the mouse and
keyboard, and have been especially motivated in non-desktop
scenarios, such as kiosks or smart rooms. Such interfaces,
however, have been slow to see use for a variety of reasons,
including the computational burden they impose, a lack of
robustness outside the laboratory, unreasonable calibration de-
mands, and a shortage of sufficiently compelling applications.
We have tackled some of these difficulties by using a fast stereo
vision algorithm for recognizing hand positions and gestures.
Our system uses two inexpensive video cameras to extract depth
information. This depth information enhances automatic object ) ) )
detection and tracking robustness, and may also be used in Fig9- 1. Perceptual interfaces enable "casual” and “10 fantrfaces in
applications. We demonstrate the algorithm in combination with SCENarios where mice and keyboards are not appropriate fatHea
speech recognition to perform several basic window management
tasks, report on a user study probing the ease of using the sysie
and discuss the implications of such a system for future user maintained in very limited quantities, and require labosio

interfaces. calibration. We believe that for these novel interfaces ¢o b
adopted, they must perform robustly outside of the laboyato
|. INTRODUCTION be computationally inexpensive, rely on common hardware,

and be easy to set up and calibrate. Also, they cannot rely

Perceptual user interfaces use alternate sensing medahH intrusive devices such as gloves, headsets or close-talk
to replace or complement traditional mouse and keybo crophones

input. For efxample, \t”del(z t(;]ameras, n;]ay (;aetused io isense R this paper, we propose a real-time stereo vision algorith
presence or a user, track the users hands to control a cur rperceptual user interfaces that is designed with these

or perfp_rm commands with gestures, in concert with SPE€€EPNstraints in mind. We review an application of the aldworit
recognition processes. Often the goal of such researctris 1?2 multimodal system, named GMbows, that allows users

the system to .S|mulate natural modes of interaction, as jic) manipulate on-screen objects with gestures and voice.
conversational interfaces [1]. In the near term, however, w

are faced with a variety of rather more mundane, specialized
devices and applications that do not have the traditionals@o Il. RELATED WORK
and keyboard interface, including TabletPCs, media-cente Work on perceptual user interfaces draws on wide variety
PCs, kiosks, hand-held computers, home appliances, videb-fields, including signal processing, user interface gigsi
games, and wall-sized displays. In these scenarios, gealepcomputer vision, speech processing and behavior modding [
interfaces offer to replace the more traditional inteacti Here we limit ourselves to considering perceptual user-inte
modalities. Perceptual user interfaces may also add vatuefhces used to interact with on-screen objects.
complementing traditional interfaces, by providing amalate =~ Many perceptual interface systems have been developed for
channel for interaction, such as using voice to communicdteelligent room systems. For example, the ALIVE system [4]
with an intelligent assistant [2] while working on a projest used computer vision to track the users as they moved about
dismissing a notification while working on a primary taskthe room. The system had limited gesture recognition &slit
Perceptual modalities can also be valuable in scenarioswhich allowed the user to interact with a character on a large
which the mouse and keyboard are clumsy and require movall display. Though the user was free to move about the
effort than they should (e.qg., adjusting the volume on thdime room, the need to attend the display tended to limit the siser’
player). Finally, perception-based interaction can beraged movements, which also limited the problem of detecting the
to assist disabled users who have lost the fine control of hamgker's gestures.
musculature. Perceptual user interfaces have been used to control house-
Unfortunately most examples of perceptual user interfachsld appliances such as televisions. Freeman [5] used com-
are still quite fragile; these systems often are based oqueni puter vision techniques to find the user's open hand from
environmental circumstances (e.g. color models that highdcross the room. This was applied to controlling a telenisio
depend on the lighting conditions), rely on the use of muBeated on a couch, the user could manipulate a graphical icon
tiple CPUs or specialized hardware, are usually installedl aof a hand on-screen. To change the volume, the user moved




the hand onto an on-screen slider. Freeman found the feledbimteracting either with standard software or with 'intgént’
of the hand to be very effective in assisting the user. systems.

Kjeldsen [6] demonstrates the potential of manipulating on The paper is structured as follows: In section Ill, we
screen objects with hand gestures. In his system, movemdascribe our approach to sensing the user’s hand positémn. S
of the hand was sensed with computer vision techniquén IV shows this system applied to the task of manipulating
Gross movement was used for pointing, and the hand shap&UI and examine the performance of this system in a user
was used to select commands. After an initial learning gun&udy in section V. Lastly, we discuss in section VI various
an experienced user could manipulate objects with speexiensions of this system, including implications for gest
and comfort comparable to other popular devices, while neamalysis, two-handed interaction, and accessible inierafor
users could be trained to select and move items accuratpBopled with disabilities.
within minutes. The ability to interact directly with onfsen
objects seemed to be more comfortable for some users than 1. OUR APPROACH
the indirect pointing used in a mouse or joystick. Kjeldsen
highlighted the_diﬁ‘iculties in co_nstructing S)_/stems th&!ah ceptual user interfaces is the automatic real-time detecti
users’ expectations for responsiveness, particularlyintpg

tasks. Users found arbitrary mappings between gesture and tracking of objects in the scene that are relevant to the
SKS. USers Tou Irary mapping gest S.%B lication, as well as their patterns of behavior. In many

. . cenarios, we would like to be aware of the presence of the
responsiveness and accuracy lead to the conclusion thiat SYSr the user's location. and the position of the user'shea
interfaces are more appropriate for selecting and martipgla and ’h ands ’

:‘aa;?ie?jn\-;i(t:rr]eﬁr; r?]tgtehcg(sj's Finally, new users found becameFor ease of deployment and robustness of operation we
9 ) Lgefer detection and recognition methods that make as few

An important challenge in using computer vision for per-

fﬁ vadnety t_Of s%/stem? hlave been C'Tef“ed tt_o ex';:)Iore the ?sumptions as possible about the environment and thdispeci
0, ead motion to control on-screen interaction. For exampl, pearance of objects like hands. Secondly, we would like to
Berard [7] used a lightweight tracking system to detgct f'rlffsje computationally inexpensive techniques, so that tsiesy
head r|r|10vemen_t, and used the ks);_ysttempt\o por;;rol the V'etho Bks not prohibit the user from performing other tasks on the
as Wet as moving on-screen objects. As In he present Wogk o cpy, Lastly, we require that the system be sufficiently
Bérard used a very simple, fast and robust technique ﬂ?@%ponsive so that user's experience is fiuid
resulted in vEry responsive SySterE' ol q | In this section we describe our novel approach for com-
_ In-our work on GWNDows, we have implemented a real-, in g jightweight sparse stereo vision from images camtur
time stereo vision system with the ability to sense userslh two inexpensive off-the-shelf cameras. Our framework wi

positions. Stereo vision has a long history in the field qf ;s 1iid interfaces that achieve smooth, natural intésa
computer vision, and has been applied in various percept%ltween the computer and the user
user interfaces. For example, the stereo system presenigld i '

used two precisely calibrated cameras and a skin color model . ] ]
to find the position of the user’s head and hands. This wAs Multiple Hypothesis Tracking
applied to a variety of interaction scenarios where the,user In this section we describe our multiple hypothesis tragkin
seated in front of a large display, manipulated objects @pproach. It consists of using simple, fast techniquesacktr
screen. Jojic [9] used dedicated stereo hardware to matcmaltiple objects moving in the scene, and then rely on domain
three dimensional articulated model of the user. This modgbecific constraints to determine the actual object of éstier
was then used to recover broad pointing motions, which colfdr example, for a given application it may be reasonable to
be used to point at on-screen objects. Yoda and Sakaue propasnitor only the objects closest to the cameras, while igigor
in [10] a system that simultaneously utilizes stereo digpar all others. In our hand-tracking application, if the usefaising
and optical flow information to follow the head and hands dhe cameras it is often the case that the objects closest to
the user. The authors claim that the system can discrimihate the cameras are the hands. Another application may focus
face of the user, monitor the basic movements, and smootbly objects that behave in a particular way over time. One
learn an object presented by the user, and communicate watvantage of this multiple hypothesis approach is that we ma
users from hand signs learned in advance. use a simple, fast, and imperfect tracking algorithm angoal

We also integrate speech commands into ®BbOws. the fact that if one tracker fails, another may still be faling
There has been much interest in developing human-computes object of interest.
interfaces that allow the use of speech and gesture. It hasVe exploit the observation that our own attention is often
been shown that gestures and speech are two complementiiayvn to objects that start moving or exhibit some kind of
modalities: Mignot et al. observe in [11] that gestures weraotion. Our algorithm initiates tracking of any objects et
normally used to indicate objects and spots in the screen,seene that move. These objects correspond to regions in the
well as simple moves, whereas speech was used for specifyiimgige which undergo an amount of motion greater than some
more abstract notions, actions or relations. They also ndteeshold. Motion is detected by comparing a patch of the
that multimodal commands are less ambiguous than purelyrrent image centered about a given location to a patch at
oral or gestural ones. They conclude that spoken natuthé same location from the previous image. Throughout, we
language associated with unconstrained 2D gestures ant dingse a simple image comparison function, the sum of absolute
manipulations is a promising communication mode for usedéfferences over square patches in two images. For a patch



from image I; centered about image locatigm,,v;) and and (u,,v,), by the perspective projection equations
a patch inl; centered aboufus,vs), we define the image T

comparison functiorS AD(I,uy,v1, I, uz, v2) as u=up = f- 2)
v=u = f 3)

z

Hi(u1 + i,01 4 j) = Ta(uz + i, 02 +5)] (1) b
€§J<§’ d=ur—u = f- 4

where the disparityl, or shift in location of the object in one
where I(u,v) refers to the pixel af(u,v), D is the patch view to the other, is related to the baselihethe distance
width, and the absolute difference between two pixels is tfgtween the two cameras [12].

sum of the absolute differences taken over all availablercol Typically disparity is computed by matching an image
channels. intensity pattern (patch) at a given location in the first gma

&o its pair in the second image. Most often such region-based
approaches are used to compute a depth map which gives the
computation, this test for image motion may be conducted (gﬁc?etgtlr? rt:aepsi(;e;%gyegggplft;?ité%gl'lg }zfe;rzi?/gebrggggm;%
a sparse, rt_egular grid on the image (e.g. every 16_ pixels). often requires dedicated hardware to run in real-time [4B, 1
Once a given tracker has been seeded, the algorithm updatqg tact, most applications do not require a complete depth
the tracker's posmon over time by finding the patch in thﬁ'nap. Our approach consists of using the region-based ap-
current image which best matches the patch centered on figach to find the disparity at only locations in the image
object at the previous image. We defisedDrnovement = corresponding to object hypotheses. For a given point in the
SAD(Ii—1,u—1,ve-1, It ug, v) Where (ug, vy) refers to the image, (u, v), we find the value of disparity such that the
image location at time&. A simple frame to frame tracker gym of absolute differences over a patch in the right image

finds (us,v;) that minimizesSAD novement- We instead op- centered orfu, v) and a corresponding patch in the left image
timize a weighted sum o8 ADyovement @Nd SADmotion-  centered over(u — d,v) is minimal, i.e.d that minimizes

This combln.atlon combats drift problems common to SlmplgADdispm-ity(Il,u_d,U7[,-7u7U)- Furthermore, if we already
block-matching based trackers, where over time the trackgtye an estimate of the depth of the point from a previous time
may begin following some part of the image other thagie e may limit the search over valuesdoforresponding
that corresponding to the intended object. Intuitivelye thy, 5 range of depth around the last known depth. This search
combination usesrotion to coarsely track the object as itmay be further narrowed by computing a prediction of the
moves, while using the frame-to-frame tracking to preyisebbject’s new location from a Kalman filter.
“stick” on a given part of the moving object, as well as Npote that in this stereo matching process, we assume that
maintain the tracker when the object is not moving. Thgsih cameras are parallel (that is, their rasters are pirall
tracking search is conducted over a small window (typically |t we wish to recover the depth in real world coordinates,
pixels) around the predicted location of the object, as&@mie must also know the distance between the pair of cameras
a linear dynamics model with noise (Kalman filter). Note thahaseline). In practice, both calibration issues may bdtdea
we use the terrmovement to imply & representation based on &ith automatically by fixing the cameras on a prefabricated
discrete object and its location over time, while we o®#ion  mounting bracket, or semiautomatically by the user présgnt
to refer to change in image intensity values in a given regigfhjects at known depth in a calibration routine that reguire
of the image due to the movement of one or more objects.; few minutes at most. Lastly, we improve the accuracy of
If after some time (typically less than one second), a trdck¢he transform to world coordinates by accounting for lens
object exhibits very litle movement, it is removed from thelistortion effects with a static, pre-computed calibratior
set of object hypotheses. Furthermore, if the distancedssiw a given camera [15]. This camera calibration procedure also
a given object hypothesis and any other object hypothelés fagives the value of the focal length
below a threshold (say, five inches in world coordinates it
supposed that that the two hypotheses are redundant, and ©n&ummary of the Vision Algorithm

of the two hypotheses is removed from consideration. Figure 2 illustrates the 3-d tracking and 3-d depth compu-
tations. In this process, each object hypothesis is suggort
only by consistency of the object's movement in 3-d. Unlike
many other computer vision algorithms, this does not rely

B. Stereo Disparity Computation on fragile appearance models such as skin color models or
hand image templates, which are prone to be invalidated

Binocular disparity is a primary means for recovering deptivhen environmental conditions change or when the system

information from two or more images taken from differenis confronted with a new user. This robustness comes at a

viewpoints. Given the 2D position of an object in two viewsgost of relying on application constraints to determine alahi

it is a simple matter to compute the depth of the object. tbject to follow. We believe that this is a valuable trad&of

two cameras of focal lengtli are parallel to one another, themany circumstances.

3-d position(z, y, z) of the object may be computed from the In some cases there is a natural criterion to adopt. For

positions of the object in images from both cameias,v;) example, in an application where the cameras are placed in

To find regions in the image with movement we simply fin
points (u, v) such thatSAD(I;_1,u,v, I;,u,v) > 7. To limit



Find Object
In Other View

(b)

Fig. 3. The GWNDows system allows the user select windows on the
display. (a) Feedback regarding the user's hand positioprasided by a
Fig. 2. Object hypotheses (indicated by square solid cdlatets on the hand icon which moves to follow the user’s hand. (b) Any commandeno
image) are supported by frame to frame tracking through time &\dew in effect is indicated by drawing the name of the mode below tuedh

and stereo matching across both views.

a common configuration above the display, and the goal isUsers explicitly initiate an interaction with GM/bows by
to interact with objects on the display, the application mayoving their hand across a predefined “engagement plane”, an
simply focus its attention on the nearest objects. If by thavisible plane about twenty inches in front of the displagd
given application context the user is predisposed to use hagrarallel to the plane of the display. When the hand crosses the
gestures towards the display, in practice, the nearesttibbjengagement plane, feedback is given to the user by drawing a
hypotheses will fall on the hands. In other scenarios we mé&yrge alpha-blended hand icon on the usual Windows desktop.
wish to design more elaborate criteria for object selectir This icon is distinct from the usual Windows cursor and can
example, an application may select a particular objecthase be viewed as an area cursor [17]. The engagement plane is
its quality of movement over time. Or a two-handed interacti placed such that the user's hands do not enter it during the
application may select an object to the left of the dominaosual use of the mouse and keyboard. When the system is
hand (for right-handers) as the non-dominant hand. “engaged”, the hand icon is moved to reflect the position of
Note that all the image operations use the same sumthé users hand. This is illustrated in Figure 3. A similaresob
absolute difference function on the image patches. Thigildetfor hand position feedback was used in [5].
allows easy SIMD optimization of the algorithm’s implemen- An open microphone used for speech recognition is placed
tation, which in turn allows it to run with sufficiently manyin front of and below the display. The user may invoke one of

trackers while still leaving the user CPU time. a small set of verbal commands in order to act upon the current
window under the hand icon. When an utterance is understood
IV. GWINDOWS by the system, the token phrase is drawn along with the icon to

We have developed GWDoOwSs, an application that allows give feedback that the speech recognition system understoo
users to conduct various window management tasks withdbe utterance.
the mouse and keyboard. The GWWows interface extends  The full functionality of GWNDows is as follows: (1)
the usual WIMP interface enabling users to “grab” a windoWloVE: By uttering “move” the user initiates the continuous
with their hands and move it across their desktop, closmovement of the window under the hand to follow the move-
minimize, maximize windows as well as scroll the foregrounghent of their hand. Movement of the window is terminated
window. when the user’s hand is disengaged by moving behind the
GWINDOws was designed with the view that perceptuatngagement plane, or when the user utters “release”. (2)
user interfaces may be applied to everyday GUI-based compGtOSE, MINIMIZE, MAXIMIZE : By uttering “close”, “min-
ing tasks, and thereby the system may serve to introduce amize”, or “maximize” the currently selected window is agdte
evangelize perceptual interfaces to people otherwisemiliéa upon appropriately. (3) RSE, SEND TO BACK: By uttering
with the notion that their computer is capable of sensingy théraise”, the selected window is popped to the foreground,
activities and responding appropriately. Another moitvais while uttering “send to back” sends the selected window
to offer an alternative user interface to applications iriclth behind all other windows. (4) &oLL: By uttering “scroll”,
a keyboard and mouse are either undesirable or unavailalthee user initiates a scrolling mode on the current window,
For example, in the so-called “10 foot” user experienda which the rate of scrolling up and down on the window
offered by media center PCs [16] GMbows-like systems is proportional to how far above or below the hand is in
may obviate or complement the IR remote control. Althougtelation to its position when scrolling mode was initiated,
GWINDOWS is rather conservative in its extension of the usesimilar to functionality often obtained with mouse wheels.
experience (especially compared to conversational ortageBcrolling is terminated when the user’s hand is disengaged
based interfaces), it is interesting to note that the resent by moving behind the engagement plane, or when the user
fi thriller Minority Report, set in the year 2054, shows theutters “release”. A video figure of the system can be found
main character using a very elegant two-handed interfaice[18].
which relies on a similar sensing and interaction paradigm,When the user switches modes as described above, the
particularly in how objects are picked up and moved on-streaiser is given feedback by the appearance of the mode name



displayed in green lettering under the hand icon, as figurg 3(
illustrates. In the case of using speech recognition, thoslen
labelling offers valuable feedback to indicate the succe#dss
the speech recognition process.

In addition to using speech to initiate modes of interaction
such as moving or raising windows, the user may additionally
operate GWNDOWS by using gestures. In this case, the user
may select the above interaction modes by pausing or dwellin
the hand over the target window. By dwelling a short amount
of time (about0.5 seconds), the target window is raised if its
not already the topmost window. If the hand dwells a longer 4
amount of time (about to 1.5 seconds), the hand icon text
then changes to “gesture”, and the user may move the hafgl 4. Experimental Setup. Study participants were seatefiont of a
quickly left or right (a flick gesture) to send a window toGWinDows-enabled display and an open microphone for speech recmgniti
the adjacent (left or right) monitor in a multi-monitor sgst.

The system smoothly animates the movement of the window
with a “swish” sound. If there is no adjacent monitor, the§YStem, however, we rely on a small set of speech commands

the window is minimized. If the user dwells even longef@ther than requiring the user to put their hands in specific
(about2 seconds), the mode changes to the “Move” modgnfigurations to change application function.

described previously. The user may exit the “Move” mode by

pausing again. This change of interaction mode by dwellifgy Participants

reIie.s on the COI’“EinUOUS feedback of the mode label Unde.rEighteen peop|e (e|ght women and ten men) participated in
the icon: a user simply pauses and dwells long enough unfik experiment. They ranged in age from lags to early40s;
the desired mode is displayed. When the user then moves #\§vere experienced computer users. Whereas all men worked

hand, the system effects the mode’s associated action (&@.computer-science related fields, the women worked in the
moving windows) and also exits the selection of modes.  administrative or library-related fields.

A. Implementation Details C. Apparatus

Our implementation of GWDOws uses the computer vi-  The experiment was conducted on the implementation of
sion system described section IlI, with two Firewire websanGwinpows described in the previous section, in which
acquiring 320x240 color images at a frame rate of 30Hz. Thige keyboard and mouse were removed (see Figure 4). The
multiple hypothesis tracking system is configured to hamdile participants had no access to keyboard and mouse. They could
most6 trackers simultaneously. We could have any number efly interact with the computer by hand motions and speech.
simultaneous trackers. However, in our experieficeackers The experimenter was seated behind the participants, with
seem to be sufficient for tracking the user's hands. Speegcess to a second display, keyboard and mouse to open some
recognition is performed using Microsoft SAPI 5.1, with anternet Explorer windows on the participant’s displaycEa
simple command and control grammar and an inexpensigssion was videotaped.
open microphone placed in front of and below the display. Note that the version of GWbDows used in this experi-

Our sparse stereo implementation uses our own MMX implérent did not include any dwelling times or gesture recogniti
mentation of the sum of absolute differences image functigsr expressing commands, but just speech. The tracking algo
(Equation 1). The current system takes less th@# of the rithm that we used in the experiments was also less reliable
CPU time on a 1GHz Pentium llI. than the current one.

The engagement and acquisition of the hand is implemented
in the sparse stereo system by simply looking for any objegt

hypothesis with depth less thaf inches. Any such hypothesis . o . .
is considered the active hand in GMbows until it is moved Participants were tested individually in a single sesskat t

behind the engagement plane, or when it is removed from :E@ted ten to fifteen minutes. Each participant performeal tw

set of tracked object hypotheses, in which case the neard8fS of tasks. After explaining the GIWDows system, the
remaining object hypothesis is selected. experimenter demonstrated the engage/disengage inberact

with the computer using GWbows. Finally she explained

verbally and with examples each of the following commands:

) CLOSE, MOVE, RAISE, SEND TO BACK and SROLL. The

A. Introduction participant was then invited to freely interact with the eom
We performed a preliminary, qualitative user study to dgputer using GWNDOwS and to practice each of the previously

termine how everyday users of GUIs find using @G\&ows. mentioned commands.

In this study, we confirm Kjeldsen’s observations on a relate After acknowledging proficiency with the system, the par-

system in which he found users become adept at selectiimpant was asked three questions to be answered using

and moving items on the display very quickly, while new usethe GWINDOWS interface by manipulating five Internet Ex-

tend to tire easily holding up their hand [6]. Unlike Kjeld®e plorer windows, some of which contained the answers to

Procedure and design

V. USER STUDY



the questions. These windows were placed on the display from across the room2(1 + 0.24) and finally to interact
by the experimenter. The participants were asked to answéth a kiosk in a public place2(2 + 0.23). As a curiosity,
the questions in any order and without any time constraintbey all had very positive reaction to the video user intfa
The questions weref(l) What is the weather forecast for that appears in the movMinority Report (1.6 average rating).
tomorrow? (2) What is playing at the Crossroads &inemas? GWINDOWSwas rated as an intuitive way to manage windows
(3) What is the top story on the New York Times? (2.3 £0.15), but not particularly comfortable3(2 + 0.23). In
The experiment was considered successful if the partitipgarticular, the participants found their arm getting titfter
was able to correctly find the answers to the three questiamsvhile € + 0.26).
in the Internet Explorer windows. To do so, the participants With respect to the experiment, participants were generall
had to Ru\ISE, SEND TO BACK, MOVE, CLOSE and SRoLL satisfied with their performance.g + 0.24, 2 median) and
the windows. they thought they could improve their performance with more
Finally, the participants were asked to answer a guestigpractice (.5 + 0.2). Participants found it easy to understand
naire with 31 Likert scale questions (wherk corresponds to what the computer was doing in response to their actions
strongly agree and to strongly disagree) about their experi{2 £ 0.19) and had no trouble remembering how to perform
ence using GWADows and their general attitude regardingeach of the commandg ¢ 0.17). They all understood how to
perceptual interfaces. “engage” and “disengage” with the system3(+ 0.11) and
found they could reliably engage and disengage when they
. ) wanted to £.2 + 0.27). They found the control of the virtual
E. Discussion hand on the screen more responsi2e ¢ 0.24, 2 median)
After three to five minutes of interaction with the systenthan accurate2(7 4 0.23, 3 median). Even though the speech
all but one of the users were comfortable managing window&cognition system was not found to be particularly regabl
using GWNDows. In the question-answering task, somé2.7+0.25), the participants enjoyed being able to use speech
participants used a strategy of reordering the windows wig@mmands in the experimen2.{ + 0.17), showing a slight
SEND TO BACK and RalSE commands, while others preferredoreference for gestures instead of speexf £ 0.26), even
to move the windows to reveal the information they werthough the present system provides no support for using ges-
looking for. All the participants successfully finished shitures to invoke commands. Finally, participants were cemfid
task (i.e. correctly answered the three questions) in a tirifeat they could CosE, MOVE, RAISE, SEND TO BACK any
period of about three to seven minutes. On rare occasionsndow with average scores betwee +0.09 and1.6 & 02.
if the system was not performing as expected, participantse SSRoOLL command was the most difficult with an average
tended to move even closer to the display, or move theigore of2.1 £ 0.28. We believe that the main reasons for the
hands faster. Analogous to the Lombard effect in speediificulty in scrolling came from the rate-control mechanis
recognition, this change in behavior in the extreme tends employed in the scrolling mode.
degrade performance. After realizing that such a strateay w
not helpful, they would come back to the “normal” way of VI. EXTENDING GWINDOWS

operation. - ) ... GWINDOws provides an auxiliary cursor which may be
Users tended to have difficulty with the speech recognitiof)seq 15 select windows on the screen. The user study shows

wh|.c:rg'avelsome errors, probably because it was not tungd; - aithough people found the interface very easy to Jearn
to individual users. Many used “Stop” or “No” instead Ofatiy e and speech recognition errors were problematic. We

Release” to finish a MVE or SCROLL command. Some userSpqjieve fatigue is due primarily to the fact that subjects ha
found occasional jittering (due to a change of trackers & ty, 56 their arm and maintain their arm position for some

multiple hypothesis tracking) of the virtual hand troulle®. go.onds in order to reach many regions of the screen and
Other users were impressed by thg trackmg ability. SOMESUSE, e the GWNDOWS hand with some degree of precision.
ochL_Jded th_e computer screen with their _hand. They fourl‘—‘étigue may be addressed partly by (per one of our subject's
relatively quickly that they could change their body pasitio ~ g,4qestions), scaling the movement of the hand, thus eguir
avoid such a problem. One user suggested different hand icQiy5jier range of movement to reach all parts of the screen, o

for each of the commands. Currently, GMOWs displays anging the configuration of the cameras such that they trac
the current command in green lettering under the virtuabtihan, e o+ motion just above the keyboard. We have corrected the
'V'a”Y USErs thought that GWDOW,S unld be'a good system speech recognition problems by using the dwelling time and
for kiosk environments or at homee. in 10ft interfaces.  gicy gestures to perform all the tasks except for scrolling.

We will briefly summarize the results of the survey as |, scenarios where a mouse is available, there may be more
average ratingst standard deviation in the Likert scale of 41,e in considering how GWWDpows can complement the
the answers of all participants. From the survey,

- ) . We M@ouse and keyboard. Here we consider a number of promising
conclude that the participants enjoyed3(+ 0.1) interacting jqeas.

with the computer using GWDows. They also wished there

were more systems available that used vision for interactio

(2.140.1) and they were not particularly concerned about tHfe: More Complex Gestures

privacy implications of having cameras in their environtnen We have augmented the GMbows interface with the
(3.5+0.31). Participants imagined GWDows being used in ability to understand gesturing beyond simple pointing and
accessibility scenarios first.6 £ 0.15), then to control their movement. Our initial gesture recognition system recaegiz



dwell and left/right flick gestures. However, this is centgi B. Two-Handed, Mouse and Hand Interfaces
a rich and somewhat unexplored research area that we argjice are particularly suited to fine cursor control, and

further investigating via more complex gestures. most users have much experience with them. I8Wbws can

In the simplest view, gestures play a symbolic communprovide a secondary, coarse control that may complemera mic
cation role similar to speech, suggesting that for simpd&da in some applications. For example, in a map application, the
gesture may enhance or replace speech recognition. Sgconger might cause the viewpoint to change with GMows,
we believe that small gestures near the keyboard or mousewdtile using the mouse to select and manipulate particular
not induce fatigue as quickly as sustained whole arm pasturebjects in the view. GWDOwWS may also provide a natural
Long et al [19] observe that users find gesture-based systefssh-to-talk” or “stop-listening” signal to speech reaitipn
highly desirable, but that users are also dissatisfied winocesses. In [21] users were shown to prefer using a percep-
the recognition accuracy of gesture recognizers. Furtheem tual user interface for push-to-talk.
experimental results that users’ difficulty with gesturesn Our multiple hypothesis tracking framework allows for the
part due to a lack of understanding of how gesture recognitidetection and tracking of multiple objects. Thus we may
works. Finally, they highlight the ability of users to leaand consider tracking both hands for a two-handed interface.
remember gestures as an important design considerationTheoretical studies show that people naturally assigeifft
light of these findings, we believe that one general approagitks to each hand, and that the non-dominant hand can
is to standardize a small set of easily learned gestures, tigport the task of the dominant hand [22]. Two-handed
semantics of which are determined by application context. interfaces are often used to specify spatial relationghigisare

A small set of very simple gestures may offer significaritherwise more difficult to describe in speech. For examiple,
bits of functionality where they are needed most. For exampis natural to describe the relative sizes of objects by hgldi
dismissing a notification window may be accomplished byp two hands, or to specify how an object (dominant hand)
a quick gesture to the one side or the other, as in shooitsgo be moved with respect to its environment (non-dominant
a fly. Another example is gestures for “next” and “backhand) [23].
functionality found in web browsers, PowerPoint and other
applications. In [20], Moyle_ an_d Cock_purn show that adding@ ¢
simple gesture-based navigation facility to web browsenrs c ) ) . . .
significantly reduce the time taken to carry out one of thetmos US€rs with a number of motion impairment conditions
common actions in computer use: using the “back” button f#NNOt cope with most current computer access systems.
return to previously visited pages. Users’ subjectivengatiin SUch conditions include Cerebral Palsy, Muscular Dystyoph
their experiments showed a strong preference for the “flick¥iedrich’s Ataxia and spinal injuries or disorders. Frequ

system, where the users would flick the mouse left or right &y MPtoms include tremor, spasm, poor coordination, ateti
go back or forward in the web browser. movement, and reduced muscle strength. Similar symptoms

£ h d kevboard iiabl are also seen amongst the elderly able-bodied population.
_ Even when a mouse and keyboard are avaniable, USErs Iigyar 4qylts are the fastest growing segment of the populati
find it attractive to manipulate often-used applicationslevh in the United States and Europe. It is known that as people
away from the keyboard, in what we call a “casual interface’

q back” " B : i . P ge, their cognitive, perceptual and motor skills declimith
or “lean-pack™ posture. browsing email over morning co“ H gative effects in their ability to perform many tasks [24]
might be accomplished by mapping simple gestures to “n

» « . mputers can play an increasingly important role in hgpin
message” and “delete message” older adults function well in society.

Finally, gestures may compensate for the limitations of the Graphical interfaces contribute to the ease of use of com-
mouse when the display is several times larger than todapsters. WIMP interfaces allow fairly non-trivial operat®io
typical displays or in a multiple monitor situation. In sucthe performed with a few mouse motions and clicks. However,
a scenario, gestures can provide mechanisms to restore ghghe same time, this shift in the user’s interaction from a
ability to quickly reach any part of the display, where oncgrimarily text-oriented experience to a point-and-cliciperi-

a mouse was adequate with a small display. Similarly, Ence has erected new barriers between people with digabilit

a multiple display scenario it is desirable to have a faghd the computer. For example, for older adults, there is
comfortable way to indicate a particular display. For exBnMp evidence that using the mouse can be quite challengingeTher
the foreground object may be “bumped” to another display By extensive literature demonstrating that the ability taken
gesturing in the direction of the target display. In our exp&mall movements decreases with age [25]. This decreased
rience, our flick gestures let the user quickly send windowgjlity can have a major effect on the ability of older adudts
from one monitor to the next without the need of large mougge a pointing device on a computer. It has been shown [26]
movements. that even experienced older computer users move a cursor

Note that in many cases the surface forms of these variausich more slowly and less accurately than their younger
gestures may remain the same throughout these examptesinterparts. In addition, older adults seem to have iseeta
while the semantics of the gestures depends on the apphicatiifficulty (as compared to younger users) when targets becom
at hand. Providing a small set of standard gestures easewller. For older computer users, positioning a cursorb&an
problems users have in recalling how gestures are performadsevere limitation.
and also allows for simpler and more robust signal procgssin One solution to the problem of decreased ability to position
and recognition processes. the cursor with a mouse is to simply increase the size of

essibility



the targets in computer displays, which can often be coune] I. Yoda and K. Sakaue, “Utilization of stereo disparityd optical flow

terproductive since less information is being displayes, r
quiring more navigation. Another approach is to constram
movement of the mouse to follow on-screen objects, as with
sticky icons [17] or solid borders that do not allow cursars t[igl
overshoot the target. There is evidence that performantte wi

area cursors (possibly translucent) is better than pedoom [14]
with regular cursors for some target acquisition tasks [
28]. GWINDOWS combines area cursors with gesture-bas

manipulation of on-screen objects. Currently GWows

As computers become more integrated in our daily lives, we
can expect to find users in a wide variety of contexts whe
traditional mouse and keyboard interfaces are awkward, tpg

VIl. CONCLUSION

intrusive, or unavailable. Perceptual user interfaces hhe
potential to fill new roles in user experiences opened byeh

new scenarios, but there is presently an unfulfilled need for
lightweight, robust and responsive sensing algorithmse Th

stereo vision technique proposed in this paper enables gt
and robust sensing of the user in depth, and provides a usgiuj

resource for building future perceptual user interfaces néte

that by making few assumptions other than consistency of izl
object's movement in depth, the technique itself is genenak

enough to be applicable to a wide range of scenarios.

GWINDOWS demonstrates the use of our sparse ster
framework in everyday GUI tasks. Users were able to pick up
the system very quickly, and many were pleasantly surprisidl
to find how responsive the system is. We look forward to

exploring extensions to GWDows that highlight interaction
scenarios in which perceptual user interfaces add valuenoky
traditional interfaces.
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