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(57) ABSTRACT 

A camera-based system implements a calibration procedure 
for determining, for a given system user, calibration infor 
mation that characterizes the manner in Which the user 
points Within the system. The system directs the user to point 
separately at each point in a set of tWo or more points at 
different positions on a display. The system then detects, for 
each of the points pointed to by the user, a location of a 
pointing ?nger of the user in an image generated by each 
camera in a set of cameras of the system, such that for each 
of the points the location of the pointing ?nger and the 
corresponding point on the display specify a line. The lines 
associated With the points are then used to compute a 
reference point or other pointing direction calibration infor 
mation for the user. The calibration information for the user 
may be stored With user-identifying information in a data 
base of the system, and is utilized in subsequent pointing 
direction determinations for that user. 
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DSER GIVES COMMAND TO START W150 
CALIBRATION AND STORAGE PROCEDURE 

SYSTEM LOCATES USER'S FACE IN IMAGES GENERATED 
BY CAMERAS, CHECKS IF IISER ALREADY HAS ENTRY $152 

IN CALIBRATION DATABASE, AND IF NOT STORES 
DSERIDENTIPYINC INFORMATION IN DATABASE 

SYSTEM DISPLAYS SERIES OF ICONS 
AT DIFFERENT POINTS ON SCREEN. 
AS EACH ICON IS DISPLAYED, USER 

IS ASKED TO POINT TOWARD IT, 
AND PROVIDE FEEDBACK TO SYSTEM. 154 
SYSTEM LOCATES USER'S FINGER IN w 
IMAGE GENERATED BY EACH CAMERA, 
AND COMPUTES 3D POSITION OF 

USER'S FINGER. SYSTEM THEN COMPUTES 
LINE UNIQUELY DETERMINED 

BY FINGER POSITION AND POSITION 
OF ICON ON SCREEN. 

I 
AETER DSER HAS POINTED TO AT LEAST 

TWO ICONS, THE SYSTEM CAN DETERMINE w 156 
REFERENCE POINT FOR THE USER AS 
INTERSECTION OF COMPUTED LINES 

FIG. 3 
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POINTING DIRECTION CALIBRATION IN VIDEO 
CONFERENCING AND OTHER CAMERA-BASED 

SYSTEM APPLICATIONS 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to the ?eld 
of image signal processing, and more particularly to cali 
bration techniques for use in video conferencing and other 
camera-based system applications. 

BACKGROUND OF THE INVENTION 

[0002] In conventional video conferencing systems and 
other knoWn camera-based systems, it may be desirable to 
determine, using image signal processing techniques, a 
direction in Which a particular participant is pointing. For 
eXample, such a participant may be pointing at a White board 
or other presentation display, an object, or another local 
participant. In these and other cases the system can use the 
direction of pointing to bring the pointed-to display, object 
or participant into the ?eld of vieW of a camera so as to be 
visible to remote participants. 

[0003] A problem associated With the determination of 
pointing direction in video conferencing and other applica 
tions is that different people may have different Ways of 
pointing. For eXample, some people may point in such a Way 
that the direction of the user’s arm Will intersect With a 
desired target point. Others, hoWever, may point using 
primarily a ?nger and a reference point such as a right or left 
eye. In the latter case, the direction of the arm may be 
insuf?cient to determine accurately Where the person is 
pointing. Using the same model to characteriZe the pointing 
mechanism of all users can therefore introduce inaccuracies 
in the determination of pointing direction. 

[0004] An eXample of a conventional camera-based sys 
tem that involves determination of user pointing direction is 
described in European Patent Application No. EP 913790 
A1, published May 6, 1999 and entitled “Hand Pointing 
Apparatus.” This system processes images obtained from a 
set of video cameras oriented in different directions in order 
to determine a particular portion of a virtual three-dimen 
sional space that is being pointing to by a user. HoWever, this 
system and other similar conventional systems fail to pro 
vide a calibration technique for determining the manner in 
Which a given user points. The system thus suffers from the 
above-noted inaccuracies that can arise When an assumption 
is made that all users point in the same manner. 

[0005] It is therefore apparent that a need eXists for a 
calibration technique that can determine the particular man 
ner in Which an individual user points, such that When that 
user is pointing at a display, an object or another user, the 
system can more accurately determine the pointing direc 
tion. 

SUMMARY OF THE INVENTION 

[0006] The invention provides a calibration technique that 
can be used to determine calibration information character 
iZing the manner in Which an individual user points Within 
a camera-based system. The resulting calibration informa 
tion is used in a subsequent pointing direction determina 
tion, and ensures that the pointing direction determination is 
more accurate than Would otherWise be possible Without the 
calibration. 
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[0007] In accordance With the invention, a camera-based 
system directs the user to point separately at each point in a 
set of tWo or more points at different positions on a display. 
The points may be in the form of icons that are displayed 
sequentially or simultaneously at different positions on the 
display. The system then detects, for each of the points 
pointed to by the user, a location of a pointing ?nger of the 
user in an image generated by each camera in a set of 
cameras of the system, such that for each of the points the 
location of the pointing ?nger and the corresponding point 
on the display specify a line. The lines associated With the 
points are then used to compute a reference point or other 
pointing direction calibration information for the user. For 
eXample, the reference point may be determined as an 
intersection of the computed lines. The calibration informa 
tion for the user may be stored With user-identifying infor 
mation in a database of the system, and is utiliZed in 
subsequent pointing direction determinations for that user. 

[0008] In an illustrative embodiment, the system includes 
at least tWo cameras, and determines the location of the 
pointing ?nger of the user in both an image generated by a 
?rst camera and an image generated by a second camera. 

[0009] The techniques of the invention can be used in a 
Wide variety of image processing applications, including 
camera-based systems such as video conferencing systems, 
video surveillance and monitoring systems, and human 
machine interfaces. These and other features and advantages 
of the present invention Will become more apparent from the 
accompanying draWings and the folloWing detailed descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 shoWs an illustrative embodiment of a 
camera-based system With pointing direction calibration in 
accordance With the present invention. 

[0011] FIG. 2 is a block diagram of an eXample processing 
system that may be utiliZed in the camera-based system of 
FIG. 1. 

[0012] FIG. 3 is a How diagram illustrating an eXample 
pointing direction calibration procedure in accordance With 
the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0013] FIG. 1 shoWs a camera-based system 100 in accor 
dance With an illustrative embodiment of the invention. The 
camera-based system 100 comprises a processing system 
102, a pair of cameras 104-1 and 104-2, and a screen-based 
display 106. The processing system 102 controls the cam 
eras 104-1 and 104-2 and the display 106, as Will be 
described in greater detail beloW. 

[0014] The cameras 104-1 and 104-2 may each be, e.g., a 
pan-tilt-Zoom (PTZ) camera, a Zoom camera or any other 
suitable image capture device. The term “camera” as used 
herein is thus intended to include any type of image capture 
device. 

[0015] A user 110 is shoWn in FIG. 1 as interacting With 
the system 100 by pointing a ?nger 112 toWard a point P on 
a presentation screen of the display 106. A line 114 is shoWn 
betWeen a reference point 116 on the user’s head and the 
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point P toward Which the user is pointing With ?nger 112. As 
indicated in the ?gure, the tip of the ?nger 112 also lies on 
the reference line 114. 

[0016] The present invention in the illustrative embodi 
ment provides a “person pointing” calibration procedure that 
determines a unique reference point such as reference point 
116 for each user of the system 100. The reference point 
corresponds generally to a unique point on or otherWise 
associated With the user, such as the user’s left or right eye, 
a point betWeen the eyes, any other point on the head, etc. 
Advantageously, the determined reference point for a given 
user provides a pointing direction calibration for that user 
and can be used to improve the accuracy of subsequent 
pointing direction determinations for that user. 

[0017] The camera-based system 100 of FIG. 1 may be 
adapted for use in any of a number of different image 
processing applications, including, e.g., video conferencing, 
video surveillance, human-machine interfaces, etc. More 
generally, the system 100 can be used in any application that 
can bene?t from the improved pointing direction determi 
nation capabilities provided by the present invention. 

[0018] The processing system 102 of camera-based sys 
tem 100 may be implemented as a computer, a set of 
computers, or any other arrangement of hardWare, softWare 
or ?rmWare elements capable of performing the person 
pointing calibration procedures described herein. 

[0019] FIG. 2 shoWs one possible implementation of the 
processing system 102. In this implementation, the process 
ing system 102 includes a processor 120 and a memory 122 
connected to communicate over a bus 124. Also coupled to 
the bus 124 are a database 126, a camera interface 130, a 
display driver 132 and a command interface 134. 

[0020] The processor 120 eXecutes softWare stored in 
memory 122 in order to implement the calibration procedure 
of the present invention. The processor 120 may represent, 
e.g., a microprocessor, central processing unit (CPU), micro 
controller, digital signal processor (DSP), application-spe 
ci?c integrated circuit (ASIC), or other type of processing 
device, as Well as portions or combinations of such devices. 

[0021] The memory 122 may represent an electronic 
memory, an optical or magnetic disk-based memory, or a 
tape-based memory, as Well as combinations or portions of 
these and other types of storage devices. The database 126 
may be implemented in a similar manner and, although 
shoWn as a separate element in FIG. 2, may be implemented 
as part of the memory 122. 

[0022] The camera interface 130 provides control signals 
to the cameras 104-1 and 104-2, such as pan, tilt or Zoom 
control signals. The camera interface 130 also receives video 
signals from the cameras 104-1 and 104-2, and processes 
those signals so as to place them in a format suitable for 
further processing. For eXample, analog video signals from 
the cameras 104-1 and 104-2 may be converted in camera 
interface 130 to corresponding digital video signals. 

[0023] The display driver 132 provides appropriate signals 
for presentation on the display 106, in response to com 
mands or other signals received from the processor 120. For 
eXample, as Will be described beloW in conjunction With the 
How diagram of FIG. 3, the display driver 132 under the 
direction of the processor 120 may send signals to the 
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display 106 such that different icons are presented in a 
particular sequence at different points on the display screen, 
so as direct the user through a calibration procedure. 

[0024] The command interface 134 alloWs a user to supply 
input commands to the processing system 102 so as to direct 
the operation of the camera-based system 100 in a desired 
manner. The command interface 134 may also be utiliZed to 
present to the user suitable prompts for information required 
by the system. For eXample, the command interface 134 may 
include a speech generator Which directs the user to take 
certain actions or to enter certain commands, and a corre 
sponding speech detector Which detects voice commands 
issued by the user. The command interface 134 could also be 
con?gured so as to communicate With a remote control 
device held by the user, such that the user can, e.g., enter 
commands on the remote control in response to prompts 
presented on the display screen. Other types of commands 
could also be used. 

[0025] Elements or groups of elements of the processing 
system 102 may represent corresponding elements of an 
otherWise conventional desktop or portable computer, as 
Well as portions or combinations of these and other process 
ing devices. Moreover, in other embodiments of the inven 
tion, some or all of the functions of the processor 120, 
memory 122 or other elements of the processing system 102 
may be combined into a single device. For example, one or 
more of the elements of processing system 102 may be 
implemented as an ASIC or circuit card to be incorporated 
into a computer, television, set-top boX or other processing 
device. 

[0026] FIG. 3 is a How diagram of a person pointing 
calibration procedure in accordance With the illustrative 
embodiment of the invention. A given user in step 150 gives 
a command to the system to start a calibration and storage 
procedure, also referred to herein as simply a calibration 
procedure. For example, the user may enter such a command 
by voice, activation of a button on a remote control device, 
or by any other suitable mechanism. The command may be 
given in response to a system prompt presented to the user 
on the display screen or via an audibly-perceptible mecha 
msm. 

[0027] The system 100 in step 152 locates the user’s face 
in one or more images generated by each of the cameras 
104-1 and 104-2, and derives user-identifying information 
therefrom. This information may include certain facial char 
acteristics of the user as derived from the images generated 
by the cameras 104-1 and 104-2, and may be supplemented 
by additional biometric information such as height, eye 
color or position, electromagnetic ?eld, etc. Other devices 
not shoWn in FIGS. 1 and 2 but Well knoWn in the art may 
be used in the collection of this user-identifying information. 
In addition, numerous other types of techniques may be used 
to identify a given user to the system. 

[0028] The system 100 then checks to determine if cali 
bration information has already been stored for the identi?ed 
user in a speci?ed calibration database, e.g., the database 
126 of processing system 102. In this case, it is not necessary 
to perform the calibration procedure for that user. The 
system 100 may thus be con?gured so as to recogniZe 
automatically Whether a given user currently interfacing 
With the system has previously performed the calibration 
procedure. Alternatively, the command entered in step 150 
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could be in response to a prompt Which directs the user to 
enter the calibration command only if the user has not 
already eXecuted a calibration procedure With the system. 

[0029] If calibration information has not been previously 
stored for the user, the user-identifying information is stored 
in the database 126 of processing system 102. The database 
126 may thus include sets of stored user-identifying infor 
mation for each of the users of the system 100. The cali 
bration information generated as a result of the FIG. 3 
process for a given user Will be stored along With the 
identifying information for that user. 

[0030] The system 100 in step 154 displays a series of 
icons to the user via the display screen of display 106. Each 
of the icons corresponds to a different point on the screen, 
and the icons may be displayed one at a time or as a group. 
For example, there may be a total of ?ve icons, With one at 
the center of the display screen, and one at each corner of the 
display screen. Numerous other arrangements of icons could 
also be used. 

[0031] For each displayed icon, the user is directed to 
point to that icon, and then to provide feedback to the system 
indicating that he or she is currently pointing at the desig 
nated icon. For eXample, the system may highlight or 
otherWise display a particular icon on the display screen in 
conjunction With instructions directing the user to point to 
that icon. As another eXample, the instructions may be 
presented as generated speech output. The user can provide 
feedback to the system using voice commands or other 
appropriate input mechanisms such as activating a button on 
a remote control device. 

[0032] Also as shoWn in step 154, for each of the icons the 
system 100 locates the user’s pointing ?nger in the images 
generated by the cameras 104-1 and 104-2. Conventional 
image processing techniques may be used to locate the 
pointing ?nger. These techniques are Well understood in the 
art and are therefore not described in detail herein. Once the 
pointing ?nger is located in an image generated by each of 
the cameras 104-1 and 104-2, the system computes the 
three-dimensional (3D) position of the pointing ?nger, using 
its knoWledge of the position of the plane of the display 
screen, the positions of the cameras, the focal lengths of the 
cameras, etc. The system then computes from the 3D posi 
tion of the pointing ?nger a line Which is uniquely deter 
mined by the 3D ?nger position and the knoWn position of 
the corresponding icon on the display screen. An eXample of 
such a line is the line 114 along Which the user 110 points 
toWard point P in FIG. 1. 

[0033] Step 156 indicates that after the user has pointed to 
at least tWo displayed icons, the system can determine the 
desired reference point for the particular user as an inter 
section of the computed lines. More particularly, for each of 
the displayed icons, the system determines a corresponding 
computed line as described in step 154. The intersection of 
these computed lines provides the desired user-speci?c 
reference point described previously in conjunction With 
FIG. 1. This reference point is then stored in the database 
126 With the corresponding user-identifying information 
stored in step 152. Although the calibration information can 
be generated using only tWo icons, it Will be preferable in 
many applications to utiliZe more than tWo icons in order to 
increase the accuracy of the calibration. 

[0034] The reference point determined for a given user in 
certain applications can be veri?ed by, e.g., processing 
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images generated by the cameras 104 to determine a line of 
symmetry of the user, and checking that the reference point 
falls on or near the line of symmetry. It should be under 
stood, hoWever, that this type of veri?cation is not a require 
ment of the present invention. 

[0035] As previously noted, the reference point deter 
mined for a given user in the manner illustrated in FIG. 3 
provides a calibration to be utiliZed in subsequent pointing 
direction determinations for the given user. For eXample, if 
the user 110 completes the above-described procedure, and 
is subsequently pointing to a point P on the display screen 
as shoWn in FIG. 1, the system retrieves as calibration 
information the previously-stored reference point 116, and 
utiliZes that reference point and detection of the ?nger 112 
to determine the line 114 Which identi?es the point P toWard 
Which the user is pointing. The use of the calibration 
procedure of the present invention ensures that the pointing 
direction determination is accurate for each user of the 
system. 

[0036] The above-described embodiments of the invention 
are intended to be illustrative only. For eXample, the par 
ticular types and arrangements of system elements shoWn in 
FIGS. 1 and 2 are by Way of eXample only, and numerous 
alternative system con?gurations can be used to implement 
the person pointing calibration techniques of the invention. 
In addition, although the calibration points in the illustrative 
embodiment are presented as icons on a display, other 
embodiments could use different types of points at other 
positions in the system, e.g., points on a Wall adjacent the 
display, etc. Furthermore, as previously noted, the invention 
can be implemented at least in part in the form of one or 
more softWare programs Which are stored on an electronic, 
magnetic or optical storage medium and executed by a 
processing device, e.g., by the processor 120 of processing 
system 102. These and numerous other embodiments Within 
the scope of the folloWing claims Will be apparent to those 
skilled in the art. 

What is claimed is: 
1. A method of performing a calibration of a pointing 

direction for a user in a camera-based system, the method 
comprising the steps of: 

directing the user to point separately at each point in a set 
of tWo or more points at different positions in the 
system; 

detecting for each of the points pointed to by the user a 
location of a pointing ?nger of the user in an image 
generated by each of one or more cameras of the 
system, such that for each of the points the location of 
the pointing ?nger and the corresponding point specify 
a line; and 

computing pointing direction calibration information for 
the user based at least in part on the lines associated 
With the tWo or more points. 

2. The method of claim 1 Wherein the system comprises 
at least tWo cameras, and the detecting step comprises 
determining the location of the pointing ?nger of the user in 
both an image generated by a ?rst camera and an image 
generated by a second camera. 

3. The method of claim 1 further comprising the steps of 
determining user-identifying information for the user, and 
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storing the calibration information for the user in association 
With the user-identifying information. 

4. The method of claim 1 Wherein the computing step 
includes determining the calibration information for the user 
at least in part as an intersection of the lines associated With 
the tWo or more points. 

5. The method of claim 1 Wherein the calibration infor 
mation comprises a reference point associated With the user. 

6. The method of claim 5 Wherein the reference point 
comprises a point on or near a head of the user. 

7. The method of claim 1 further including the step of 
determining a line of symmetry of the user in tWo or more 
images generated by cameras of the system, and verifying 
the calibration information by determining if a relationship 
betWeen the calibration information and the line of symme 
try of the user meets a speci?ed criterion. 

8. The method of claim 1 Wherein at least a subset of the 
points comprise icons presented on a display of the system. 

9. The method of claim 8 Wherein only a single one of the 
icons is presented on the display at a given point in time. 

10. The method of claim 8 Wherein at least a subset of the 
icons are presented simultaneously on the display. 

11. An apparatus for use in performing a calibration of a 
pointing direction for a user in a camera-based system, the 
apparatus comprising: 

a plurality of cameras; and 

a processing system coupled to the plurality of cameras, 
the processing system being operative: to direct the 
user to point separately at each point in a set of tWo or 
more points at different positions in the camera-based 
system; (ii) to detect for each of the points pointed to 
by the user a location of a pointing ?nger of the user in 
an image generated by each of at least a subset of the 
plurality of cameras, such that for each of the points the 
location of the pointing ?nger and the corresponding 
point specify a line; and (iii) to compute pointing 
direction calibration information for the user based at 
least in part on the lines associated With the tWo or more 
points. 

12. The apparatus of claim 11 Wherein the processing 
system determines the location of the pointing ?nger of the 
user in both an image generated by a ?rst one of the cameras 
and an image generated by a second one of the cameras. 

13. The apparatus of claim 11 Wherein the processing 
system is further operative to determine user-identifying 
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information for the user, and to store the calibration infor 
mation for the user in association With the user-identifying 
information. 

14. The apparatus of claim 11 Wherein the processing 
system determines the calibration information for the user at 
least in part as an intersection of the lines associated With the 
tWo or more points. 

15. The apparatus of claim 11 Wherein the calibration 
information comprises a reference point associated With the 
user. 

16. The apparatus of claim 15 Wherein the reference point 
comprises a point on or near a head of the user. 

17. The apparatus of claim 11 Wherein the processing 
system is further operative to determine a line of symmetry 
of the user in tWo or more images generated by the cameras, 
and to verify the calibration information by determining if a 
relationship betWeen the calibration information and the line 
of symmetry of the user meets a speci?ed criterion. 

18. The apparatus of claim 11 Wherein at least a subset of 
the points comprise icons presented on a display of the 
camera-based system. 

19. The apparatus of claim 18 Wherein only a single one 
of the icons is presented on the display at a given point in 
time. 

20. The apparatus of claim 18 Wherein at least a subset of 
the icons are presented simultaneously on the display. 

21. An article of manufacture comprising a storage 
medium for storing one or more programs for use in per 
forming a calibration of a pointing direction for a user in a 
camera-based system, Wherein the one or more programs 
When eXecuted by a processor implement the steps of: 

directing the user to point separately at each point in a set 
of tWo or more points at different positions in the 
system; 

detecting for each of the points pointed to by the user a 
location of a pointing ?nger of the user in an image 
generated by each of one or more cameras of the 
system, such that for each of the points the location of 
the pointing ?nger and the corresponding point specify 
a line; and 

computing pointing direction calibration information for 
the user based at least in part on the lines associated 
With the tWo or more points. 

* * * * * 


