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[57] ABSTRACT 

Methods and apparatuses are disclosed for determining one 
or more characteristics of a sub-image Within an electronic 
image. 

In one embodiment, the present invention includes an alpha 
image generator and a characteriZer. The alpha image gen 
erator provides an alpha image of the subject being charac 
terized, separated from a background of the input image. In 
another embodiment, the alpha image generator also may 
provide a summed area table. The characteriZer determines 
a characteristic of the subject from the alpha image. 

In another embodiment, a ?rst characteristic of the subject is 
derived from the alpha image. The characteriZer determines 
a second characteristic based upon the ?rst characteristic. In 
yet another embodiment, the determination of the second 
characteristic is simpli?ed by eliminating all the unlikely 
estimates of the second characteristic in the overall potential 
estimates of the second characteristic. In one embodiment, 
simpli?cation is accomplished by segmenting the alpha 
image and eliminating portions of the alpha image that do 
not correspond to the second characteristic. In a further 
embodiment, the remaining potential estimates are scored 
based upon the correlation of the alpha image With the 
estimate, the best estimate having the best score. 

24 Claims, 17 Drawing Sheets 
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COMPUTER VISION SYSTEM FOR 
SUBJECT CHARACTERIZATION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

US. patent application Ser. No. 08/951,089, entitled 
“METHOD AND APPARATUS FOR MODEL-BASED 
COMPOSITING”, by Subutai Ahmad, ?led concurrently 
herewith; US. Provisional Patent Application Ser. No. 
09/174,491, entitled “METHOD AND APPARATUS FOR 
PERFORMING A CLEAN BACKGROUND 
SUBTRACTION”, by Jeffrey L. EdWards and Kevin L. 
Hunter, ?led concurrently hereWith; and US. patent appli 
cation Ser. No. 08/951,083, entitled “A SYSTEM AND 
METHOD FOR PROVIDING AJOINT FORAN ANIMAT 
ABLE CHARACTER FOR DISPLAY VIAA COMPUTER 
SYSTEM”, by Kevin L. Hunter, ?led concurrently hereWith, 
all assigned to Electric Planet, Inc., are incorporated herein 
by reference in their entirety. 

BACKGROUND OF THE INVENTION 

The present invention relates to computer vision systems. 
More particularly, the present invention relates to an 
improved apparatus and method for determining the char 
acteristics of an articulated member. 

Computer vision is a development in the broader ?eld of 
computer systems. One of the goals of computer vision 
systems is the ability to recognize objects contained in 
electronic images. For example, a video camera may record 
a single image or a series of images and relay the informa 
tion to a computer system. The computer system may then 
be able to determine the relative position of objects, persons, 
animals or any other images Within the computer image. 

Several types of applications exist for computer vision 
systems. By Way of example, in industrial applications, a 
computer vision system may be utiliZed to monitor and 
control a robotic arm used in a fabrication system. Computer 
vision systems may also be used for pattern recognition 
purposes, manufacturing quality control, motion analysis 
and security. 

FIG. 1 illustrates a typical scene 2 that a computer vision 
system may be used to analyZe. Scene 2 may include a 
subject 4 and a background 5. Subject 4 can be any object 
Which the computer vision system may be used to analyZe. 
By Way of example, in the illustrated example, subject 4 is 
a person. Background 5 may include any part of scene 2 that 
is not part of subject 4. In the illustrated example, back 
ground 5 includes the sun, clouds, the sky and hills. 

FIG. 2 illustrates an electronic image 10 derived from 
scene 2 of FIG. 1. Electronic image 10 may include an 
electronic representation of the background 25, and a subject 
image 20 of subject 4. Typically, computer vision systems 
are concerned With various aspects of subject image 20. In 
the illustrated example, several features of subject image 20 
are enumerated 20a through 20h. By Way of example, the 
enumerated features may include a center of mass point 20a, 
a body box 20b, a head box 20c, an arm box 20d, a forearm 
box 206, a hand point 20f, an elboW point 20g, shoulder box 
20h and a shoulder point 20i. HoWever, in general, any type 
of suitable characteristic of subject image 20 may be 
obtained through the computer vision system. 
As Will be discussed in more detail beloW, the prior art 

methods of determining the characteristics of subject image 
20, are often times complex and unable to be accomplished 
in real time. For example, one method of subject character 

10 

15 

20 

25 

30 

35 

40 

45 

55 

60 

65 

2 
iZation is through the use of stereo vision. In stereo vision, 
tWo cameras are used to capture the electronic images of a 
subject, e.g., subject 4 of FIG. 1. One advantage of the stereo 
vision method is that a 2-D or a 3-D image may be 
generated. 

HoWever, problems exist With registration in a system 
Which uses stereo vision. That is, it is often difficult to match 
the tWo images captured by the separate video cameras to 
create a coherent single image. The registration problem 
typically leads to faulty characteriZation of subject image 20. 
Additionally, the use of tWo cameras add to the expense and 
complexity of the computer vision system. Also, the stereo 
vision system is typically not capable of characteriZing 
subject image 20 in real time. 

Another method of subject characteriZation is through the 
use of markers. Typically, markers are placed at various 
points on a subject that the computer vision system Would 
like to detect. In the illustrated example, markers may be 
placed on shoulder point 20i, elboW point 20g, hand point 
20f, and center point 20a. The marker system may alloW for 
real time characteriZation of subject image 20, hoWever, 
there are several disadvantages. 
The primary disadvantage associated With markers is that 

markers must be placed on subject 4 of FIG. 1 in order to 
obtain the various characteristics in subject image 20. The 
physical placement of markers is often not possible in 
situations Where subject characteriZation is desired of 
objects not suitable for marking. For example, subject 
characteriZation may be desired of an animal in the Wild. In 
such a case, markers cannot be placed on the Wild animal. 

Another disadvantage of using markers is that subject 4 of 
FIG. 1 must Wear the markers. There may be a number of 
situations Where the subject is not capable of or does not 
desire to Wear markers, therefore, making subject charac 
teriZation difficult. Additionally, the marker system may not 
be capable of obtaining all of the desired characteristics of 
subject 4. For example, body box 20b, head box 20a, arm 
box 20d, shoulder box 20h and forearm box 206 are tWo 
dimensional shapes Which may require a large number of 
markers in order to adequately characteriZe through com 
puter vision. Once again, increasing the number of markers 
only adds to the dif?culty and burden of using the marker 
system. 

Another method of subject characteriZation using com 
puter vision is to perform pretraining. A computer vision 
system may be used to preliminarily take and analyZe 
electronic images of subject 4 before the actual subject 
characteriZation takes place in a real life situation. In this 
method, the computer vision system may be able to more 
accurately characteriZe subject 4 in a real life situation. 
HoWever, this assumes that subject 4 is available for pre 
training. If subject 4 is a Wild animal or another subject that 
is not available for pretraining, this method of subject 
characteriZation may not be feasible. Further, the change in 
conditions betWeen the training setting and the real life 
setting may diminish any bene?t derived from pretraining. 
As discussed, prior art systems, including the marker 

system and the pretraining system, may not be feasible in 
real life situations. HoWever, other systems that do not 
utiliZe markers or pretraining may not be capable of real 
time operations because of the extensive amount of compu 
tations needed to accomplish subject characteriZation. 
Typically, prior art systems use exhaustive algorithms to 
determine the desired characteristics of subject image 20. 
The use of such exhaustive algorithms assumes that the 

prior art systems are even capable of accurately capturing a 
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subject image. To further distinguish the different points or 
parts of subject image 20, prior art systems may repetitively 
compare the current subject image 20 With all the possible 
siZes, shapes and positions subject 4 may be in. Typically, 
this exhaustive approach is incapable of producing real-time 
results. 

Thus, What is desired is a more ef?cient computer vision 
system suitable for subject characteriZation. By eliminating 
the exhaustive nature of the characteriZation process of prior 
art systems, real time subject characteriZations may be 
achieved. The increased ef?ciency should also remove the 
need for using markers and extensive pretraining of the 
computer vision system due to their inherent impractical 
nature. 

SUMMARY OF THE INVENTION 

To achieve the foregoing and other objects and in accor 
dance With the purpose of the present invention, methods 
and apparatuses for determining one or more characteristics 
of a sub-image Within an electronic image are disclosed. In 
one embodiment, a computer-implemented system for char 
acteriZing a subject is disclosed. 

In one embodiment, the present invention includes an 
alpha image generator and a characteriZer. The alpha image 
generator provides an alpha image of the subject being 
characteriZed, separated from a background of the input 
image. In another embodiment, the alpha image generator 
also may provide a summed area table. The characteriZer 
determines a characteristic of the subject from the alpha 
image. 

In another embodiment, a ?rst characteristic of the subject 
is derived from the alpha image. The characteriZer deter 
mines a second characteristic based upon the ?rst charac 
teristic. In yet another embodiment, the determination of the 
second characteristic is simpli?ed by eliminating all the 
unlikely estimates of the second characteristic in the overall 
potential estimates of the second characteristic. In one 
embodiment, simpli?cation is accomplished by segmenting 
the alpha image and eliminating portions of the alpha image 
that do not correspond to the second characteristic. In a 
further embodiment, the remaining potential estimates are 
scored based upon the correlation of the alpha image With 
the estimate, the best estimate having the best score. 

In yet another embodiment, the second characteristic is 
determined based upon the relationship betWeen the ?rst and 
second characteristics. In a further embodiment, the rela 
tionship betWeen the ?rst and second characteristics is a 
ratio. 

The present invention includes the elimination of extra 
neous points Within an image in order to reduce the amount 
of processing necessary to obtain characteristics of an alpha 
image, indicative of the subject. A further advantage of the 
present invention is the use of predetermined ratios in order 
to provide estimations of the desired characteristic. By 
generating estimates, a number of improbable estimates may 
be discarded during the determination of the desired char 
acteristic. Thus, real-time characteriZation of the subject is 
made possible, in one embodiment of the present invention. 

In an other embodiment, a summed area table may be 
utiliZed to perform the task of determining Which estimate is 
the best estimate. Further reductions in the amount of 
computations necessary to arrive at the best estimate are 
possible through the use of a summed area table. Thus, the 
present invention is thought to possess several advantages 
over the prior art. These and other features and advantages 
of the present invention Will be presented in more detail in 
the folloWing speci?cation of the invention and the ?gures. 

15 

25 

35 

45 

55 

65 

4 
BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may best be understood by reference to the 
folloWing description taken in conjunction With the accom 
panying draWings in Which: 

FIG. 1 illustrates a typical scene that a computer vision 
system may be used to analyZe. 

FIG. 2 illustrates an electronic image derived from the 
scene of FIG. 1. 

FIG. 3 illustrates a computer vision system in accordance 
With one embodiment of the present invention. 

FIG. 4 illustrates an electronic image of the subject 30 of 
FIG. 3, in accordance With one embodiment of the present 
invention. 

FIG. 5 is a diagrammatic plan vieW of an alpha image, in 
accordance With one embodiment of the present invention. 

FIG. 6 is a table of body ratios associated With one 
embodiment of the present invention. 

FIG. 7 illustrates the alpha image of FIG. 5 during a 
scanning procedure, in accordance With one embodiment of 
the present invention. 

FIG. 8 illustrates the alpha image of FIG. 7 With a head 
box, in accordance With one embodiment of the present 
invention. 

FIG. 9 illustrates the alpha image of FIG. 8 including a 
shoulder box and a shoulder point in enlarged vieW, in 
accordance With one embodiment of the present invention. 

FIG. 10 is an enlarged vieW of an arm of an alpha image, 
in accordance With one embodiment of the present inven 
tion. 

FIG. 11 illustrates the alpha image of FIG. 7 With bound 
ing boxes, in accordance With one embodiment of the 
present invention. 

FIGS. 12a and 12b are enlarged vieWs of the arm of the 
alpha image as shoWn in FIG. 11, in accordance With one 
embodiment of the present invention. 

FIG. 13 illustrates the alpha image of FIG. 11 With radial 
bounding boxes , in accordance With one embodiment of the 
present invention. 

FIG. 14a illustrates the alpha image 30‘ of FIG. 9 overlaid 
on a summed area table, in accordance With one embodiment 
of the present invention. 

FIG. 14b is an enlarged vieW of a portion of FIG. 14. 
FIG. 15 is a schematic illustration of a general purpose 

computer system, in accordance With one embodiment of the 
present invention. 

FIGS. 16, 17, and 18 are diagrammatic ?oW charts of the 
process of characteriZing a subject, in accordance With one 
embodiment of the present invention. 

FIG. 19 illustrates a forearm box With x and y axes, in 
accordance With one embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

An invention is described for improving subject charac 
teriZation of a subject. The subject characteriZation process 
may be made more ef?cient by constraining the character 
iZation process to the most relevant data points in an 
electronic image. In addition, improved methods of analyZ 
ing the electronic image to obtain the desired characteristics 
of the subject are further disclosed. 

Another aspect of the present invention is the utiliZation 
of readily accessible information about the subject. By Way 
of example, body ratios are discussed in relation to one 


























