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ARCHITECTURE FOR CONTROLLING A 
COMPUTER USING HAND GESTURES 

RELATED APPLICATIONS 

[0001] This is a continuation of US. patent application Ser. 
No. 10/396,653, ?led on Mar. 25, 2003 and entitled, “ARCHI 
TECTURE FOR CONTROLLING A COMPUTER USING 
HAND GESTURES,” the entire contents of Which is hereby 
incorporated by reference. 

TECHNICAL FIELD 

[0002] The present invention relates generally to control 
ling a computer system, and more particularly to a system and 
method to implement alternative modalities for controlling 
computer application programs and manipulating on-screen 
objects through hand gestures or a combination of hand ges 
tures and verbal commands. 

BACKGROUND OF THE INVENTION 

[0003] A user interface facilitates the interaction betWeen a 
computer and computer user by enhancing the user’s ability 
to utiliZe application programs. The traditional interface 
betWeen a human user and a typical personal computer is 
implemented With graphical displays and is generally 
referred to as a graphical user interface (GUI). Input to the 
computer or particular application program is accomplished 
through the presentation of graphical information on the com 
puter screen and through the use of a keyboard and/or mouse, 
trackball or other similar implements. Many systems 
employed for use in public areas utiliZe touch screen imple 
mentations Whereby the user touches a designated area of a 
screen to effect the desired input. Airport electronic ticket 
check-in kiosks and rental car direction systems are examples 
of such systems. There are, hoWever, many applications 
Where the traditional user interface is less practical or e?i 
cient. 
[0004] The traditional computer interface is not ideal for a 
number of applications. Providing stand-up presentations or 
other type of visual presentations to large audiences, is but 
one example. In this example, a presenter generally stands in 
front of the audience and provides a verbal dialog in conjunc 
tion With the visual presentation that is projected on a large 
display or screen. Manipulation of the presentation by the 
presenter is generally controlled through use of aWkWard 
remote controls, Which frequently suffer from inconsistent 
and less precise operation, or require the cooperation of 
another individual. Traditional user interfaces require the user 
either to provide input via the keyboard or to exhibit a degree 
of skill and precision more dif?cult to implement With a 
remote control than a traditional mouse and keyboard. Other 
examples include control of video, audio, and display com 
ponents of a media room. SWitching betWeen sources, 
advancing fast fast-forWard, reWinding, changing chapters, 
changing volume, etc., can be very cumbersome in a profes 
sional studio as Well as in the home. Similarly, traditional 
interfaces are not Well suited for smaller, specialiZed elec 
tronic gadgets. 
[0005] Additionally, people With motion impairment con 
ditions ?nd it very challenging to cope With traditional user 
interfaces and computer access systems. Such conditions 
include Cerebral Palsy, Muscular Dystrophy, Friedrich’s 
Ataxia, and spinal injuries or disorders. These conditions and 
disorders are often accompanied by tremors, spasms, loss of 
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coordination, restricted range of movement, reduced muscle 
strength, and other motion impairing symptoms. 
[0006] Similar symptoms exist in the groWing elderly seg 
ment of the population. As people age, their motor skills 
decline and impact the ability to perform many tasks. It is 
knoWn that as people age, their cognitive, perceptual and 
motor skills decline, With negative effects in their ability to 
perform many tasks. The requirement to position a cursor, 
particularly With smaller graphical presentations, can often 
be a signi?cant barrier for elderly or a?Iicted computer users. 
Computers can play an increasingly important role in helping 
older adults function Well in society. 
[0007] Graphical interfaces contribute to the ease of use of 
computers. WIMP (Window, Icon, Menu, Pointing device (or 
Pull-doWn menu)) interfaces alloW fairly non-trivial opera 
tions to be performed With a feW mouse motions and clicks. 
HoWever, at the same time, this shift in the user interaction 
from a primarily text-oriented experience to a point-and-click 
experience has erected neW barriers betWeen people With 
disabilities and the computer. For example, for older adults, 
there is evidence that using the mouse can be quite challeng 
ing. There is extensive literature demonstrating that the abil 
ity to make small movements decreases With age. This 
decreased ability can have a major effect on the ability of 
older adults to use a pointing device on a computer. It has been 
shoWn that even experienced older computer users move a 
cursor much more sloWly and less accurately than their 
younger counterparts. In addition, older adults seem to have 
increased di?iculty (as compared to younger users) When 
targets become smaller. For older computer users, positioning 
a cursor can be a severe limitation. 

[0008] One solution to the problem of decreased ability to 
position the cursor With a mouse is to simply increase the siZe 
of the targets in computer displays, Which can often be 
counter-productive since less information is being displayed, 
requiring more navigation. Another approach is to constrain 
the movement of the mouse to folloW on-screen objects, as 
With sticky icons or solid borders that do not alloW cursors to 
overshoot the target. There is evidence that performance With 
area cursors (possibly translucent) is better than performance 
With regular cursors for some target acquisition tasks. 
[0009] One method to facilitate computer access for users 
With motion impairment conditions and for applications, in 
Which the traditional user interfaces are cumbersome, is 
through use of perceptual user interfaces. Perceptual user 
interfaces utiliZe alternate sensing modalities, such as the 
capability of sensing physical gestures of the user, to replace 
or complement traditional input devices such as the mouse 
and keyboard. Perceptual user interfaces promise modes of 
?uid computer-human interaction that complement and/or 
replace the mouse and keyboard, particularly in non-desktop 
applications such as control for a media room. 

[0010] One study indicates that adding a simple gesture 
based navigation facility to Web broWsers can signi?cantly 
reduce the time taken to carry out one of the most common 
actions in computer use, i.e., using the “back” button (or 
function) to return to previously visited pages. Subjective 
ratings by users in experiments shoWed a strong preference 
for a “?ick” system, Where the users Would ?ick the mouse 
left or right to go back or forWard in the Web broWser. 

[0011] In the simplest vieW, gestures play a symbolic com 
munication role similar to speech, suggesting that for simple 
tasks gesture may enhance or replace speech recognition. 
Small gestures near the keyboard or mouse do not induce 
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fatigue as quickly as sustained Whole arm postures. Previous 
studies indicate that users ?nd gesture-based systems highly 
desirable, but that users are also dissatis?ed With the recog 
nition accuracy of gesture recognizers. Furthermore, experi 
mental results indicate that a user’s dif?culty With gestures is 
in part due to a lack of understanding of hoW gesture recog 
nition Works. The studies highlight the ability of users to learn 
and remember gestures as an important design consideration. 
[0012] Even When a mouse and keyboard are available, 
users may ?nd it attractive to manipulate often-used applica 
tions While aWay from the keyboard, in What can be called a 
“casual interface” or “lean-back” posture. BroWsing e-mail 
over morning coffee might be accomplished by mapping 
simple gestures to “next message” and “delete message”. 
[0013] Gestures may compensate for the limitations of the 
mouse When the display is several times larger than a typical 
display. In such a scenario, gestures can provide mechanisms 
to restore the ability to quickly reach any part of the display, 
Where once a mouse Was adequate With a small display. Simi 
larly, in a multiple display scenario it is desirable to have a fast 
comfortable Way to indicate a particular display. For example, 
the foreground object may be “bumped” to another display by 
gesturing in the direction of the target display. 
[0014] HoWever, examples of perceptual user interfaces to 
date are dependent on signi?cant limiting assumptions. One 
type of perceptual user interface utiliZes color models that 
make certain assumptions about the color of an object. Proper 
operation of the system is dependent on proper lighting con 
ditions and can be negatively impacted When the system is 
moved from one location to another as a result of changes in 
lighting conditions, or simply When the lighting conditions 
change in the room. Factors that impact performance include 
sun light versus arti?cial light, ?orescent light versus incan 
descent light, direct illumination versus indirect illumination, 
and the like. Additionally, most attempts to develop percep 
tual user interfaces require the user to Wear specialiZed 
devices such as gloves, headsets, or close-talk microphones. 
The use of such devices is generally found to be distracting 
and intrusive for the user. 

[0015] Thus perceptual user interfaces have been sloW to 
emerge. The reasons include heavy computational burdens, 
unreasonable calibration demands, required use of intrusive 
and distracting devices, and a general lack of robustness 
outside of speci?c laboratory conditions. For these and simi 
lar reasons, there has been little advancement in systems and 
methods for exploiting perceptual user interfaces. HoWever, 
as the trend toWards smaller, specialiZed electronic gadgets 
continues to groW, so does the need for alternate methods for 
interaction betWeen the user and the electronic device. Many 
of these specialiZed devices are too small and the applications 
unsophisticated to utiliZe the traditional input keyboard and 
mouse devices. Examples of such devices include TabletPCs, 
Media center PCs, kiosks, hand held computers, home appli 
ances, video games, and Wall siZed displays, along With many 
others. In these, and other applications, the perceptual user 
interface provides a signi?cant advancement in computer 
control over traditional computer interaction modalities. 

[0016] In light of these ?ndings, What is needed is to stan 
dardiZe a small set of easily learned gestures, the semantics of 
Which are determined by application context. A small set of 
very simple gestures may offer signi?cant bits of functional 
ity Where they are needed most. For example, dismissing a 
noti?cation WindoW may be accomplished by a quick gesture 
to the one side or the other, as in shooing a ?y. Another 
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example is gestures for “next” and “back” functionality found 
in Web broWsers, presentation programs (e.g., PoWerPointTM) 
and other applications. Note that in many cases the surface 
forms of these various gestures may remain the same through 
out these examples, While the semantics of the gestures 
depends on the application at hand. Providing a small set of 
standard gestures eases problems users have in recalling hoW 
gestures are performed, and also alloWs for simpler and more 
robust signal processing and recognition processes. 

SUMMARY OF THE INVENTION 

[0017] The folloWing presents a simpli?ed summary of the 
invention in order to provide a basic understanding of some 
aspects of the invention. This summary is not an extensive 
overvieW of the invention. It is intended to neither identify key 
or critical elements of the invention nor delineate the scope of 
the invention. Its sole purpose is to present some concepts of 
the invention in a simpli?ed form as a prelude to the more 
detailed description that is presented later. 
[0018] The present invention relates to a system and meth 
odology to implement a perceptual user interface comprising 
alternative modalities for controlling computer application 
programs and manipulating on-screen objects through hand 
gestures or a combination of hand gestures and verbal com 
mands. A perceptual user interface system is provided that 
detects and tracks hand and/or object movements, and pro 
vides for the control of application programs and manipula 
tion of on-screen objects in response to hand or object move 
ments performed by the user. The system operates in real 
time, is robust, responsive, and introduces a reduced compu 
tational load due to “lightweight” sparse stereo image pro 
cessing by not imaging every pixel, but only a reduced rep 
resentation of image pixels. That is, the depth at every pixel in 
the image is not computed, Which is the typical approach in 
conventional correlation-based stereo systems. The present 
invention utiliZes the depth information at speci?c locations 
in the image that correspond to object hypotheses. 
[0019] The system provides a relatively inexpensive capa 
bility for the recognition of hand gestures. 
[0020] Mice are particularly suited to ?ne cursor control, 
and most users have much experience With them. The dis 
closed invention can provide a secondary, coarse control that 
may complement mice in some applications. For example, in 
a map application, the user might cause the vieWpoint to 
change With a gesture, While using the mouse to select and 
manipulate particular objects in the vieW. The present inven 
tion may also provide a natural “push-to-talk” or “stop-lis 
tening” signal to speech recognition processes. Users Were 
shoWn to prefer using a perceptual user interface for push-to 
talk. The invention combines area cursors With gesture-based 
manipulation of on-screen objects, and may be con?gured to 
be driven by gross or ?ne movements, and may be helpful to 
people With limited manual dexterity. 
[0021] A multiple hypothesis tracking frameWork alloWs 
for the detection and tracking of multiple objects. Thus track 
ing of both hands may be considered for a tWo-handed inter 
face. Studies shoW that people naturally assign different tasks 
to each hand, and that the non-dominant hand can support the 
task of the dominant hand. TWo-handed interfaces are often 
used to specify spatial relationships that are otherWise more 
dif?cult to describe in speech. For example, it is natural to 
describe the relative siZes of obj ects by holding up tWo hands, 
or to specify hoW an object (dominant hand) is to be moved 
With respect to its environment (non-dominant hand). Thus 
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there is provided a system that facilitates the processing of 
computer-human interaction in response to multiple input 
modalities. The system processes commands in response to 
hand gestures or a combination of hand gestures and verbal 
commands, or in addition to traditional computer-human 
interaction modalities such as a keyboard and mouse. The 
user interacts With the computer and controls the application 
through a series of hand gestures, or a combination of hand 
gestures and verbal commands, but is also free to operate the 
system With traditional interaction devices When more appro 
priate. The system and method provide for certain actions to 
be performed in response to particular verbal commands. For 
example, a verbal command “Close” may be used to close a 
selected WindoW and a verbal command “Raise” may be used 
to bring the WindoW to the forefront of the display. 
[0022] In accordance With another aspect thereof, the 
present invention facilitates adapting the system to the par 
ticular preferences of an individual user. The system and 
method alloW the user to tailor the system to recogniZe spe 
ci?c hand gestures and verbal commands and to associate 
these hand gestures and verbal commands With particular 
actions to be taken. This capability alloWs different users, 
Which may prefer to make different motions for a given com 
mand, the ability to tailor the system in a Way most e?icient 
for their personal use. Similarly, different users can choose to 
use different verbal commands to perform the same function. 
For example, one user may choose to say “Release” to stop 
moving a WindoW While another may Wish to say “Quit”. 
[0023] In accordance With another aspect of the present 
invention, dWell time is used as an alternative modality to 
complement gestures or verbal commands. DWell time is the 
length of time an input device pointer remains in a particular 
position (or location of the GUI), and is controlled by the user 
holding one hand stationary While the system is tracking that 
hand. In response to the hand gesture, or combination of hand 
gestures, the pointer may be caused to be moved by the 
system to a location of the GUI. The disclosed invention 
provides for a modality such that if the pointer dWell time 
equals or exceeds predetermined dWell criteria, the system 
reacts accordingly. For example, Where the dWell time 
exceeds a ?rst criteria, the GUI WindoW is selected. DWelling 
of the pointer for a longer period of time in a portion of a 
WindoW invokes a corresponding command to bring the Win 
doW to the foreground of the GUI display, While dWelling still 
longer invokes a command to cause the WindoW to be grabbed 
and moved. 

[0024] In accordance With yet another aspect of the present 
invention, video cameras are used to vieW a volume of area. 
This volume of area is generally in front of the video display 
(on Which the video cameras may be located) and is desig 
nated as an engagement volume Wherein gesture commands 
may be performed by the user and recogniZed by the system. 
Objects in motion are detected by comparing corresponding 
patches (subsets of video of the entire video image) of video 
from successive video images. By analyZing and comparing 
the corresponding video patches from successive images, 
objects in motion are detected and tracked. 

[0025] In accordance With still another aspect of the inven 
tion, tWo video cameras are mounted substantially parallel to 
each other to generate video images that are used to determine 
the depth (distance from the camera, display, or other point of 
reference) of a moving object using a lightWeight sparse 
stereo technique. The lightWeight sparse stereo technique 
reduces the computational requirements of the system and the 
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depth component is used as an element in determining 
Whether that particular object is the nearest object Within the 
engagement volume. 
[0026] The folloWing description and the annexed draW 
ings set forth in detail certain illustrative aspects of the inven 
tion. These aspects are indicative, hoWever, of but a feW of the 
various Ways in Which the principles of the invention may be 
employed and the present invention is intended to include all 
such aspects and their equivalents. Other advantages and 
novel features of the invention Will become apparent from the 
folloWing detailed description of the invention When consid 
ered in conjunction With the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] FIG. 1 illustrates a system block diagram of com 
ponents of the present invention for controlling a computer 
and/or other hardWare/softWare peripherals interfaced 
thereto. 
[0028] FIG. 2 illustrates a schematic block diagram of a 
perceptual user interface system, in accordance With an 
aspect of the present invention. 
[0029] FIG. 3 illustrates a How diagram of a methodology 
for implementing a perceptual user interface system, in accor 
dance With an aspect of the present invention. 
[0030] FIG. 4 illustrates a How diagram of a methodology 
for determining the presence of moving objects Within 
images, in accordance With an aspect of the present invention. 
[0031] FIG. 5 illustrates a How diagram of a methodology 
for tracking a moving object Within an image, in accordance 
With an aspect of the present invention. 
[0032] FIG. 6 illustrates a disparity betWeen tWo video 
images captured by tWo video cameras mounted substantially 
parallel to each other for the purpose of determining the depth 
of objects, in accordance With an aspect of the present inven 
tion. 
[0033] FIG. 7 illustrates an example of the hand gestures 
that the system may recogniZe and the visual feedback pro 
vided through the display, in accordance With an aspect of the 
present invention. 
[0034] FIG. 8 illustrates an alternative embodiment 
Wherein a unique icon is displayed in association With a name 
of a speci?c recogniZed command, in accordance With an 
aspect of the present invention. 
[0035] FIG. 9 illustrates an engagement plane and engage 
ment volume of both single and multiple monitor implemen 
tations, in accordance With an aspect of the present invention. 
[0036] FIG. 10 illustrates a brie?ng room environment 
Where gestures are utiliZed to control a screen projector via a 
computer system con?gured in accordance With an aspect of 
the present invention. 
[0037] FIG. 11 illustrates a block diagram of a computer 
system operable to execute the present invention. 
[0038] FIG. 12 illustrates a netWork implementation of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0039] As used in this application, the terms “component” 
and “system” are intended to refer to a computer-related 
entity, either hardWare, a combination of hardWare and soft 
Ware, softWare, or softWare in execution. For example, a 
component may be, but is not limited to being, a process 
running on a processor, a processor, an object, an executable, 
a thread of execution, a program, and/ or a computer. By Way 
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of illustration, both an application running on a server and the 
server can be a component. One or more components may 
reside Within a process and/ or thread of execution and a 
component may be localized on one computer and/or distrib 
uted betWeen tWo or more computers. 

[0040] The present invention relates to a system and meth 
odology for implementing a perceptual user interface com 
prising alternative modalities for controlling computer pro 
grams and manipulating on-screen objects through hand 
gestures or a combination of hand gestures and/or verbal 
commands. A perceptual user interface system is provided 
that tracks hand movements and provides for the control of 
computer programs and manipulation of on-screen objects in 
response to hand gestures performed by the user. Similarly 
the system provides for the control of computer programs and 
manipulation of on-screen objects in response to verbal com 
mands spoken by the user. Further, the gestures and/ or verbal 
commands may be tailored by a particular user to suit that 
user’s personal preferences. The system operates in real time 
and is robust, light in Weight and responsive. The system 
provides a relatively inexpensive capability for the recogni 
tion of hand gestures and verbal commands. 
[0041] Referring noW to FIG. 1, there is illustrated a system 
block diagram of components of the present invention for 
controlling a computer and/or other hardWare/softWare 
peripherals interfaced thereto. The system 100 includes a 
tracking component 102 for detecting and tracking one or 
more objects 104 through image capture utiliZing cameras 
(not shoWn) or other suitable conventional image-capture 
devices. The cameras operate to capture images of the object 
(s) 104 in a scene Within the image capture capabilities of the 
cameras so that the images may be further processed to not 
only detect the presence of the obj ect(s) 104, but also to detect 
and track object(s) movements. It is appreciated that in more 
robust implementations, object characteristics such as object 
features and object orientation may also be detected, tracked, 
and processed. The obj ect(s) 104 of the present invention 
include basic hand movements created by one or more hands 
of a system user and/ or other person selected for use With the 
disclosed system. HoWever, in more robust system imple 
mentations, such objects may include many different types of 
objects With object characteristics, including hand gestures 
each of Which have gesture characteristics including but not 
limited to, hand movement, ?nger count, ?nger orientation, 
hand rotation, hand orientation, and hand pose (e.g., opened, 
closed, and partially closed). 
[0042] The tracking component 102 interfaces to a control 
component 106 of the system 100 that controls all onboard 
component processes. The control component 106 interfaces 
to a seeding component 108 that seeds object hypotheses to 
the tracking component based upon the object characteristics. 
[0043] The object(s) 104 are detected and tracked in the 
scene such that object characteristic data is processed accord 
ing to predetermined criteria to associate the object charac 
teristic data With commands for interacting With a user inter 
face component 110. The user interface component 110 
interfaces to the control component 106 to receive control 
instructions that affect presentation of text, graphics, and 
other output (e. g., audio) provided to the user via the interface 
component 110. The control instructions are communicated 
to the user interface component 110 in response to the object 
characteristic data processed from detection and tracking of 
the object(s) Within a prede?ned engagement volume space 
112 of the scene. 
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[0044] A ?ltering component 114 interfaces to the control 
component 106 to receive ?ltering criteria in accordance With 
user ?lter con?guration data, and to process the ?ltering 
criteria such that tracked object(s) of respective object 
hypotheses are selectively removed from the object hypoth 
eses and/or at least one hypothesis from a set of hypotheses 
Within the volume space 112 and the scene. Objects are 
detected and tracked either Within the volume space 112 or 
outside the volume space 112. Those objects outside of the 
volume space 112 are detected, tracked, and ignored, until 
entering the volume space 112. 
[0045] The system 100 also receives user input via input 
port(s) 116 such as input from pointing devices, keyboards, 
interactive input mechanisms such as touch screens, and 
audio input devices. 
[0046] The subject invention (e.g., in connection With 
object detection, tracking, and ?ltering) can employ various 
arti?cial intelligence based schemes for carrying out various 
aspects of the subject invention. For example, a process for 
determining Which object is to be selected for tracking can be 
facilitated via an automatic classi?cation system and process. 
Such classi?cation can employ a probabilistic and/or statis 
tical-based analysis (e.g., factoring into the analysis utilities 
and costs) to prognose or infer an action that a user desires to 
be automatically performed. For example, a support vector 
machine (SVM) classi?er can be employed. Other classi?ca 
tion approaches include Bayesian netWorks, decision trees, 
and probabilistic classi?cation models providing different 
patterns of independence can be employed. Classi?cation as 
used herein also is inclusive of statistical regression that is 
utiliZed to develop models of priority. 
[0047] As Will be readily appreciated from the subject 
speci?cation, the subject invention can employ classi?ers that 
are explicitly trained (e. g., via a generic training data) as Well 
as implicitly trained (e.g., via observing user behavior, receiv 
ing extrinsic information) so that the classi?er(s) is used to 
automatically determine according to a predetermined crite 
ria Which object(s) should be selected for tracking and Which 
objects that Were being tracked are noW removed from track 
ing. The criteria can include, but is not limited to, object 
characteristics such as object siZe, object speed, direction of 
movement, distance from one or both cameras, object orien 
tation, object features, and object rotation. For example, With 
respect to SVM’s Which are Well understoodiit is to be 
appreciated that other classi?er models may also be utiliZed 
such as Naive Bayes, Bayes Net, decision tree and other 
learning modelsiSVM’s are con?gured via a learning or 
training phase Within a classi?er constructor and feature 
selection module. A classi?er is a function that maps an input 
attribute vector, x:(xl, x2, x3, x4, . . . , xn), to a con?dence 

that the input belongs to a classithat is, f(x):con?dence 
(class). In the case of text-based data collection synchroniZa 
tion classi?cation, for example, attributes are Words or 
phrases or other data-speci?c attributes derived from the 
Words (e.g., parts of speech, presence of key terms), and the 
classes are categories or areas of interest (e.g., levels of pri 

orities). 
[0048] Referring noW to FIG. 2, there is illustrated a sche 
matic block diagram of a perceptual user interface system, in 
accordance With an aspect of the present invention. The sys 
tem comprises a computer 200 With a traditional keyboard 
202, input pointing device (e.g., a mouse) 204, microphone 
206, and display 208. The system further comprises at least 
one video camera 210, at least one user 212, and softWare 214. 
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The exemplary system of FIG. 2 is comprised of tWo video 
cameras 210 mounted substantially parallel to each other 
(that is, the rasters are parallel) and the user 212. The ?rst 
camera is used to detect and track the object, and the second 
camera is used for determining the depth (or distance) of the 
object from the camera(s). The computer 200 is operably 
connected to the keyboard 202, mouse 204 and display 208. 
Video cameras 210 and microphone 206 are also operably 
connected to computer 200. The video cameras 210 “look” 
toWards the user 212 and may point doWnWard to capture 
objects Within the volume de?ned above the keyboard and in 
front of the user. User 212 is typically an individual that is 
capable of providing hand gestures, holding objects in a hand, 
verbal commands, and mouse and/or keyboard input. The 
hand gestures and/or obj ect(s) appear in video images created 
by the video cameras 210 and are interpreted by the software 
214 as commands to be executed by computer 200. Similarly, 
microphone 206 receives verbal commands provided by user 
212, Which are in turn, interpreted by software 214 and 
executed by computer 200. User 212 can control and operate 
various application programs on the computer 200 by provid 
ing a series of hand gestures or a combination of hand ges 
tures, verbal commands, and mouse/keyboard input. 
[0049] In vieW of the foregoing structural and functional 
features described above, methodologies in accordance With 
various aspects of the present invention Will be better appre 
ciated With reference to FIGS. 3-5. While, for purposes of 
simplicity of explanation, the methodologies of FIGS. 3-5 are 
shoWn and described as executing serially, it is to be under 
stood and appreciated that the present invention is not limited 
by the illustrated order, as some aspects could, in accordance 
With the present invention, occur in different orders and/or 
concurrently With other aspects from that shoWn and 
described herein. Moreover, not all illustrated features may 
be required to implement a methodology in accordance With 
an aspect the present invention. 

[0050] Accordingly, FIG. 3 is a How diagram that illustrates 
a high level methodology for detecting the user’s hand, track 
ing movement of the hand and interpreting commands in 
accordance With an aspect of the invention. While, for pur 
poses of simplicity of explanation, the methodologies shoWn 
here and beloW are described as a series of acts, it is to be 
understood and appreciated that the present invention is not 
limited by the order of acts, as some acts may, in accordance 
With the present invention, occur in different orders and/or 
concurrently With other acts from that shoWn and described 
herein. For example, those skilled in the art Will understand 
and appreciate that a methodology could alternatively be 
represented as a series of interrelated states or events, such as 
in a state diagram. Moreover, not all illustrated acts may be 
required to implement a methodology in accordance With the 
present invention. 
[0051] The methodology begins at 300 Where video images 
are scanned to determine Whether any moving objects exist 
Within the ?eld of vieW (or scene) of the cameras. The system 
is capable of running one or more object hypothesis models to 
detect and track objects, Whether moving or not moving. In 
one embodiment, the system runs up to and including six 
object hypotheses. If more than one object is detected as a 
result of the multiple hypotheses, the system drops one of the 
objects if the distance from any other object falls beloW a 
threshold distance, for example, ?ve inches. It is assumed that 
the tWo hypotheses are redundantly tracking the same object, 
and one of the hypotheses is removed from consideration. At 
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302, if NO, no moving object(s) have been detected, and How 
returns to 300 Where the system continues to scan the current 
image for moving obj ects.Alternatively, ifY ES, object move 
ment has been detected, and How continues from 302 to 304 
Where it is determined Whether or not one or more moving 

objects are Within the engagement volume. It is appreciated 
that the depth of the object may be determined before deter 
mination of Whether the object is Within the engagement 
volume. 

[0052] The engagement volume is de?ned as a volume of 
space in front of the video cameras and above the keyboard 
Wherein the user is required to introduce the hand gestures (or 
object(s)) in order to utiliZe the system. A purpose of the 
engagement volume is to provide a means for ignoring all 
objects and/or gestures in motion except for those intended by 
the user to effect control of the computer. If a moving object 
is detected at 302, but is determined not to be Within the 
engagement volume, then the system dismisses the moving 
object as not being a desired object to track for providing 
commands. How then loops back to the input of 300 to scan 
for more objects. HoWever, if the moving object is determined 
to be Within the engagement volume, then the methodology 
proceeds to 306. HoWever, neW objects are seeded only When 
it is determined that the neW object is a su?icient distance 
aWay from an existing object that is being tracked (in 3-D). At 
306, the system determines the distance of each moving 
object from the video cameras. At 308, if more than one 
moving object is detected Within the engagement volume, 
then the object closest to the video camera(s) is selected as the 
desired command object. If by the given application context 
the user is predisposed to use hand gestures toWards the 
display, the nearest object hypotheses Will apply to the hands. 
In other scenarios, more elaborate criteria for object selection 
may be used. For example, an application may select a par 
ticular object based upon its quality of movement over time. 
Additionally, a tWo-handed interaction application may 
select an object to the left of the dominant hand (for right 
handed users) as the non-dominant hand. The command 
object is the object that has been selected for tracking, the 
movements of Which Will be analyZed and interpreted for 
gesture commands. The command object is generally the 
user’s dominant hand. Once the command object is selected, 
its movement is tracked, as indicated at 310. 

[0053] At 312, the system determines Whether the com 
mand object is still Within the engagement volume. If NO, the 
object has moved outside the engagement volume, and the 
system dismisses the object hypothesis and returns to 300 
Where the current image is processed for moving objects. If 
NO, the object is still Within the engagement volume, and 
How proceeds to 314. At 314, the system determines Whether 
the object is still moving. If no movement is detected, How is 
along the NO path returning to 300 to process the current 
camera images for moving objects. If hoWever, movement is 
detected, then ?oW proceeds from 314 to 316. At 316, the 
system analyZes the movements of the command object to 
interpret the gestures for speci?c commands. At 318, it is 
determined Whether the interpreted gesture is a recognized 
command. If NO, the movement is not interpreted as a rec 
ogniZed command, and How returns to 310 to continue track 
ing the object. HoWever, if the object movement is interpreted 
as a recogniZed command, How is to 320 Where the system 
executes the corresponding command. After execution 
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thereof, ?oW returns to 310 to continue tracking the object. 
This process may continually execute to detect and interpret 
gestures. 
[0054] In accordance With an aspect of the invention, algo 
rithms used to interpret gestures are kept to simple algorithms 
and are performed on sparse (“lightweight”) images to limit 
the computational overhead required to properly interpret and 
execute desired commands in real time. In accordance With 
another aspect of the invention, the system is able to exploit 
the presence of motion and depth to minimize computational 
requirements involved in determining objects that provide 
gesture commands. 
[0055] Referring noW to FIG. 4, there is illustrated a How 
diagram of a methodology for determining the presence of 
moving objects Within video images created by one or more 
video sources, in accordance With an aspect of the present 
invention. The methodology exploits the notion that attention 
is often draWn to objects that move. At 400, video data is 
acquired from one or more video sources. Successive video 
images are selected from the same video source, and motion 
is detected by comparing a patch of a current video image, 
centered on a given location, to a patch from the previous 
video image centered on the same location. At 402, a video 
patch centered about a point located at (u1,v1), and (u2,v2) is 
selected from successive video images I 1 and I2, respectively. 
A simple comparison function is utiliZed Wherein the sum of 
the absolute differences (SAD) over square patches in tWo 
images is obtained. For a patch from image I l centered on 
pixel location (u l ,v 1) and a patch in image I2 centered on (Lmvz), 
the image comparison function is de?ned as SAD(Il,u1,vl,I2, 
u2,v2) as: 

Where I(u,v) refers to the pixel at (u,v), D is the patch Width, 
and the absolute difference betWeen tWo pixels is the sum of 
the absolute differences taken over all available color chan 
nels. Regions in the image that have movement can be found 
by determining points (u,v) such that function SAD(It_l,ut_ 
1,vt_l,It,ut,vt)>"c, Where the subscript refers to the image at 
time t, and "c is a threshold level for motion. At 404, a com 
parison is made betWeen patches from image I 1 and I2 using 
the sum of the absolute difference algorithm. At 406, the 
result of the sum of the absolute difference algorithm is com 
pared to a threshold value to determine Whether a threshold 
level of motion exists Within the image patch. If SADé't, no 
suf?cient motion exists, and How proceeds to 410. If at 406, 
SAD>'c, then suf?cient motion exists Within the patch, and 
How is to 408 Where the object is designated for continued 
tracking. At 410, the system determines Whether the current 
image patch is the last patch to be examined Within the current 
image. If NO, the methodology returns to 402 Where a neW 
patch is selected. If YES, then the system returns to 400 to 
acquire a neW video image from the video source. 

[0056] To reduce the computational load, the SAD algo 
rithm is computed on a sparse regular grid Within the image. 
In one embodiment, the sparse regular grid is based on sixteen 
pixel centers. When the motion detection methodology deter 
mines that an object has su?icient motion, then the system 
tracks the motion of the object. Again, in order to limit (or 
reduce) the computational load, a position prediction algo 
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rithm is used to predict the next position of the moving object. 
In one embodiment, the prediction algorithm is a Kalman 
?lter. HoWever, it is to be appreciated that any position pre 
diction algorithm can be used. 

[0057] Note that the image operations may use the same 
SAD function on image patches, Which alloWs for easy SIMD 
(Single-Instruction Stream Multiple-Data Stream, Which 
architectures are essential in the parallel World of computers) 
optimization of the algorithm’s implementation, Which in 
turn alloWs it to run With suf?ciently many trackers While still 
leaving CPU time to the user. 

[0058] The process of seeding process hypotheses based 
upon motion may place more than one hypothesis on a given 
moving object. One advantage of this multiple hypothesis 
approach is that a simple, fast, and imperfect tracking algo 
rithm may be used. Thus if one tracker fails, another may be 
folloWing the object of interest. Once a given tracker has been 
seeded, the algorithm updates the position of the object being 
folloWed using the same function over successive frames. 

[0059] Referring noW to FIG. 5, there is illustrated a How 
diagram of a methodology for tracking a moving object 
Within an image, in accordance With an aspect of the present 
invention. The methodology begins at 500 Where, after the 
motion detection methodology has identi?ed the location of a 
moving object to be tracked, the next position of the object is 
predicted. Once identi?ed, the methodology utiliZes a predic 
tion algorithm to predict the position of the object in succes 
sive frames. The prediction algorithm limits the computa 
tional burden on the system. In the successive frames, the 
moving object should be at the predicted location, or Within a 
narroW range centered on the predicted location. At 502, the 
methodology selects a small pixel WindoW (e.g., ten pixels) 
centered on the predicted location. Within this small WindoW, 
an algorithm executes to determine the actual location of the 
moving object. At 504, the neW position is determined by 
examining the sum of the absolute difference algorithm over 
successive video frames acquired at time t and time t-l. The 
actual location is determined by ?nding the location (ut, vt) 
that minimiZes: 

Where It refers to the image at time t, It_ 1 refers to the image at 
time t-l, and Where (ut, vt) refers to the location at time t. 
Once determined, the actual position is updated, at 506. At 
508, motion characteristics are evaluated to determine 
Whether the motion is still greater that the threshold level 
required. What is evaluated is not only the SAD image-based 
computation, but also movement of the object over time. The 
movement parameter is the average movement over a WindoW 
of time. Thus if the user pauses the object or hand for a short 
duration of time, it may not be dropped from consideration. 
HoWever, if the duration of time for the pause is still longer 
such that it exceeds a predetermined average time parameter, 
the object Will be dropped. If YES, the motion is suf?cient, 
and How returns to 500 Where a neW prediction for the next 
position is determined. If NO, the object motion is insu?i 
cient, and the given object is dropped from being tracked, as 
indicated by How to 510. At 512, How is to 430 of FIG. 4 to 
select a neW patch in the image from Which to analyZe motion. 

[0060] When determining the depth information of an 
object (i.e., the distance from the object to the display or any 
other chosen reference point), a lightWeight sparse stereo 
approach is utiliZed in accordance With an aspect of the inven 
tion. The sparse stereo approach is a region-based approach 
















