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(57) ABSTRACT 

A machine implemented method is disclosed. The method 
includes characterizing an object by color regions, and then 
identifying the object in accordance With at least the color 
region based characterization of the object. In one embodi 
ment, the method further includes generating output 
response, such as audio response, in accordance With the 
identi?cation result. 

Mow/MM 

W. l? 

L02 



Patent Application Publication Aug. 16, 2001 Sheet 1 0f 6 US 2001/0014173 A1 

92 

AL: 

g £35 
JEF .5 V31. 9693. V933 O 

~Jv| llllillriilulilllliftlli. i.l!l1| 1; 

J9 



Patent Application Publication Aug. 16, 2001 Sheet 2 0f 6 US 2001/0014173 A1 

5M “all; 
Qmlm cm) 

& 



Patent Application Publication Aug. 16, 2001 Sheet 3 0f 6 US 2001/0014173 A1 

5.1%43. ‘ 
Sm 

iii‘ .. - , Em: t é? i J 
5&2 és Q5 a it 8i $53 5% Mai 



Patent Application Publication Aug. 16, 2001 Sheet 4 0f 6 US 2001/0014173 A1 

@ 
V'- @ 

W” A cm 
mmwéev 4-0 7/ 
@véfvwww mar 



Patent Application Publication Aug. 16, 2001 Sheet 5 0f 6 US 2001/0014173 A1 

‘3 I T7 

3-, “i g6: ‘ 5' 





US 2001/0014173 A1 

COLOR REGION BASED RECOGNITION OF 
UNIDENTIFIED OBJECTS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to the ?eld of com 
puter systems. In particular, the present invention relates to 
object recognition by computer systems. 

[0003] 2. Background Information 

[0004] As advances in microprocessor and other related 
technologies continue to improve the price/performance of 
various electronic components in recent years, poWerful 
multi-media personal computers (PC) that once Was Within 
the exclusive realm of mainframe computers have noW 
become increasingly affordable to the average consumers. 
More and more homes and classrooms are noW equipped 
With PC for business, education, and/or entertainment pur 
poses. 

[0005] Numerous advances have also been made in the 
?eld of computer vision, i.e. the ability to recogniZe people, 
object etc. by computers. HoWever, perhaps due to the fact 
that much of the original interest Was motivated by security 
applications, the techniques knoWn today are generally too 
computational intensive (or unnecessary) for use by class 
room/home PCs for more casual applications such as edu 
cation and/or entertainment. Thus, a less computational 
intensive and yet suf?ciently effective object recognition 
technique for causal applications is desired. 

SUMMARY OF THE INVENTION 

[0006] A machine implemented method is disclosed. The 
method includes characteriZing an object by color regions, 
and then identifying the object in accordance With at least 
the color region based characteriZation of the object. 

[0007] In one embodiment, the method further includes 
generating output responses, such as audio responses, in 
accordance With the identi?cation result. 

BRIEF DESCRIPTION OF DRAWINGS 

[0008] The present invention Will be described by Way of 
exemplary embodiments, but not limitations, illustrated in 
the accompanying draWings in Which like references denote 
similar elements, and in Which: 

[0009] FIG. 1 illustrates an overvieW of the present inven 
tion including the color region based object recognition tool 
of the present invention; 

[0010] FIG. 2 is a How chart illustrating one embodiment 
of the operational How of the color based characteriZation 
portion of the object recognition tool; 

[0011] FIG. 3 is a How chart illustrating in further detail 
one embodiment of the step of subsetting an image of an 
object into color regions; 

[0012] FIG. 4 is a How chart illustrating one embodiment 
of the operational How of the inference portion of the object 
recognition tool; 

[0013] FIG. 5 illustrates an exemplary application of the 
present invention; and 
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[0014] FIG. 6 is a block diagram illustrating a hardWare 
vieW of one embodiment of a computer suitable for use to 
practice the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0015] In the folloWing description, various aspects of the 
present invention Will be described. Those skilled in the art 
Will also appreciate that the present invention may be 
practiced With only some or all aspects of the present 
invention. For purposes of explanation, speci?c numbers, 
materials and con?gurations are set forth in order to provide 
a thorough understanding of the present invention. HoWever, 
it Will also be apparent to one skilled in the art that the 
present invention may be practiced Without the speci?c 
details. In other instances, Well knoWn features are omitted 
or simpli?ed in order not to obscure the present invention. 

[0016] Parts of the description Will be presented in terms 
of operations performed by a computer system, using terms 
such as data, ?ags, bits, values, characters, strings, numbers 
and the like, consistent With the manner commonly 
employed by those skilled in the art to convey the substance 
of their Work to others skilled in the art. As Well understood 
by those skilled in the art, these quantities take the form of 
electrical, magnetic, or optical signals capable of being 
stored, transferred, combined, and otherWise manipulated 
through mechanical and electrical components of the com 
puter system; and the term computer system include general 
purpose as Well as special purpose data processing 
machines, systems, and the like, that are standalone, adjunct 
or embedded. 

[0017] Various operations Will be described as multiple 
discrete steps in turn in a manner that is most helpful in 
understanding the present invention, hoWever, the order of 
description should not be construed as to imply that these 
operations are necessarily order dependent, in particular, the 
order of their presentations. 

[0018] Referring noW to FIG. 1, Wherein a block diagram 
illustrating one embodiment of the present invention is 
shoWn. As illustrated, object recognition tool 100 of the 
present invention includes color based characteriZation por 
tion 102 and inference portion 104. As Will be described in 
more details beloW, color based characteriZation portion 102 
characteriZes an object, such as object 106, based on color 
regions of the object, and inference portion 104 in turn 
identi?es the object in accordance With at least the color 
region based characteriZations. In one application of the 
present invention, the identi?cation result is provided to 
application 108, Which in turn responds to the identi?cation 
results. 

[0019] Object 106 is intended to represent all physical 
items that are visually observable. It includes but not limited 
to physical items such as a sculpture, a painting, a desk, a 
table, a fork, a knife, a vase, a stuffed animal, a doll, a book, 
a page in a book, a ?ash card, and so forth. Application 108 
is intended to represent a broad range of business, education 
and entertainment applications. The response to the identi 
?cation result may be externaliZed, eg an audio response, 
or internal only, eg changing certain state data, or both. 

[0020] FIG. 2 illustrates one embodiment of the opera 
tional How of color based characteriZation portion 102. As 
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shown, for the illustrated embodiment, color based charac 
terization 102 ?rst generates digitized image data of object 
106, eg in the form of a frame of video signals, step 202. 
In one embodiment, the digitized image data are generated 
as RGB pixel data. In an alternate embodiment, the digitized 
image data are generated as YUV pixel data instead. Next, 
color based characterization 102 transforms the pixel data 
from the RGB/Y UV space to the HSI space, step 204. In one 
embodiment, like variant colors are also transformed into 
their primary colors to reduce the number of colors, e.g. like 
variants of the red colors (Within a predetermined range of 
degrees in the H index) are all transformed into the red color. 
Then, color based characterization 102 subsets the image 
into regions in accordance With the pixels’ transformed 
colors, step 206. 

[0021] Step 202 may be performed using any one of a 
number of techniques knoWn in the art, eg through a video 
camera and a capture card. Furthermore, the present inven 
tion may be performed Without performing step 204. That is, 
step 206 being performed With the pixel data in RGB or 
YUV space, Without transforming the pixel data into the HSI 
space, nor collapsing like variant colors into the primary 
colors. HoWever, experience has shoWn that the HSI space 
appears to provide the most consistent result across a Wide 
range of ambient conditions, and collapsing like variant 
colors into the primary colors reduces the amount of pro 
cessing Without signi?cantly sacri?cing the ability to prop 
erly recognize an object. 

[0022] FIG. 3 illustrates one embodiment of step 206 of 
FIG. 2. As shoWn, color based characterization portion 102 
?rst selects a pixel at the loWer left corner of a frame, step 
302. Next, color based characterization portion 102 assigns 
the pixel to a neW color region, step 304. Additionally, color 
based characterization portion 102 attributes the color of the 
pixel as the color of the neW color region, as Well as 
attributing the coordinates of the pixel as the reference 
coordinates of the neW color region, and initializing the size 
of the neW color region to one pixel, also step 304. 

[0023] Then, color based characterization portion 102 
determines if there is at least another pixel to the right of the 
current pixel, step 306. If there is at least another pixel to the 
right, color based characterization portion 102 selects the 
pixel immediately to the right, step 308. Upon selecting the 
pixel immediately to the right, color based characterization 
portion 102 determines if the selected pixel has the same 
color as the previous pixel, ie the pixel immediately to the 
left of the noW selected pixel, step 310. If the determination 
is af?rmative, color based characterization portion 102 
assigns the selected pixel to the same color region of the 
pixel immediately to its left, and increments the size of the 
color region by one pixel, step 312; then continues the 
process at step 306. On the other hand, if the determination 
is negative, color based characterization portion 102 deter 
mines if the selected pixel has the same color as the pixel 
immediately beloW it, step 314. If the determination is 
af?rmative, color based characterization portion 102 assigns 
the pixel to the same color region of the pixel immediately 
beloW it, attributes the coordinates of the selected pixel as 
the reference coordinates of the color region instead, and 
increments the size of the color region by one pixel, step 
316; then continues the process at step 306. On the other 
hand, if the determination is negative, color based charac 
terization portion 102 continues the process at step 304, ie 

Aug. 16, 2001 

assigning the selected pixel to a neW color region, attributing 
the coordinates of the selected pixel as the reference coor 
dinates of the neW color region, and initializing the size of 
the neW color region to one pixel. 

[0024] Eventually, at step 306, color based characteriza 
tion portion 102 determines there are no more pixels to the 
right. Color based characterization portion 102 then contin 
ues the process at step 318 Wherein it determines if there are 
pixels above the last processed pixel. If the determination is 
af?rmative, color based characterization portion 102 selects 
the left most pixel from the roW of pixels immediately 
above, step 320. Upon doing so, color based characterization 
portion 102 continues the process at step 314 as described 
earlier. 

[0025] Eventually, at step 310, color based characteriza 
tion portion 102 determines there are no more pixels above 
either, ie all pixels of the entire frame have been processed. 
At such time, the process terminates. 

[0026] In alternate embodiments, the pixels may be pro 
cessed in orders other than the left to right and bottom to top 
manner described earlier. Furthermore, other coordinates 
beside the coordinates of the top left pixel may be used as 
the reference coordinates of a color region instead, as Well 
as other metrics may be employed to denote the size of a 
color region. 
[0027] FIG. 4 illustrates one embodiment of the opera 
tional How of inference portion 104. As shoWn, for the 
illustrated embodiment, inference portion 104 infers the 
identity of the characterized object by examining a number 
of color region characterized reference objects of knoWn 
identities, one at a time. At step 402, a color region char 
acterized reference object of knoWn identity is selected. The 
color region characterized reference object is analyzed to 
determine if it contains at least the same number of color 
regions for each of the different colors as the characterized 
object Whose identity is being determined, step 404. If the 
color region characterized reference object does not contain 
at least the same number of color regions for each of the 
different colors, the color region characterized reference 
object is rejected, step 412, and the process continues at step 
414. For example, if the object Whose identity is being 
determined is characterized as having tWo red color regions 
and one blue color regions, then a color region characterized 
reference object must contain at least tWo red color regions 
and at least one blue color region, otherWise the color region 
characterized reference object is rejected. 

[0028] Next, the color region characterized reference 
object is analyzed to determine if the color regions of each 
of the color groups having at least the same number of color 
regions have sizes that are at least as large as the color 
regions of the characterized object Whose identity is being 
determined, step 406. If the color regions of each of the color 
groups having at least the same number of color regions do 
not have color regions With the requisite sizes, the color 
region characterized reference object is rejected, step 412, 
and the process continues at step 414. For example, if the 
object Whose identity is being determined is characterized as 
having tWo red color regions of sizes s1 and s2 and one blue 
color regions of size s3, then a color region characterized 
reference object must contain at least tWo red color regions 
With sizes that are at least s1 and s2, and at least one blue 
color region With a size that is at least s3, otherWise the color 
region characterized reference object is rejected. 
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[0029] Then, the color region characterized reference 
object is analyzed to determine if the color regions of 
interest have the same relative orientation to each other as 
the color regions of the characteriZed object Whose identity 
is being determined, step 408. If the color region character 
iZed reference object does not contain color regions With the 
same relative orientation to each other, the color region 
characteriZed reference object is rejected, step 412, and the 
process continues at step 414. In one embodiment, the color 
regions’ relative orientation to each other is determined 
using the reference coordinates of the color regions. For 
eXample, if the object Whose identity is being determined is 
characteriZed as having tWo red color regions of siZes s1 and 
s2 and one blue color regions of siZe s3, occupying a 
substantially equilateral triangular orientation (in accor 
dance With their reference coordinates), then a color region 
characteriZed reference object must contain at least tWo red 
color regions With siZes at least that of s1 and s2, and at least 
one blue color region With a siZe that is at least s3, occupying 
also a similar equilateral triangular orientation (i.e. Within 
certain predetermined tolerance margins), otherWise the 
color region characteriZed reference object is rejected. In 
one embodiment, the predetermined tolerance margins are 
con?gurable at set up. In an alternate embodiment, the 
predetermined tolerance margins are user con?gurable dur 
ing operation. 
[0030] For the illustrated embodiment, if the color region 
characteriZed reference object is not rejected at step 408, the 
determination process terminates, and the identity of the 
reference object is considered to be the identity of the 
characteriZed object, step 410. At step 414, it is determined 
that Whether there are additional reference objects. If there 
are still additional reference objects available for analysis, 
the process continues at step 402, otherWise inference por 
tion 104 reports that it is unable to determine the identity of 
the characteriZed object, step 416, and the process termi 
nates. 

[0031] The number of reference objects to be employed is 
application dependent. Obviously, if more reference objects 
are employed, the less likely that inference portion 104 is 
unable to identify an object. In one embodiment Where the 
number of referenced objects employed is relatively small, 
all referenced objects are analyZed before a ?nal inference is 
draWn. While experience has shoWn merely employing the 
above described criteria, inference portion 104 is able to 
effectively recogniZe objects With reasonable level of accu 
racy for a large number of casual applications, those skilled 
in the art Will appreciate that in alternate embodiments, 
additional criteria may be employed to reduce the likelihood 
of incorrect inference by inference portion 104. 

[0032] FIG. 5 illustrates an eXemplary application of the 
present invention. As illustrated, the application includes the 
use of multi-media computer 500 to read book 502 for a user. 
Multi-media computer 500 includes multi-media resources 
such as video camera 504, a video capture card (not visible), 
speakers 506, and an audio player (not shoWn). More 
importantly, multi-media computer 500 is equipped With the 
color region based objection recognition tool of the present 
invention described earlier, and color region characteriZa 
tion as Well as audio data for each page of book 502. During 
operation, the color region based objection recognition tool 
of the present invention identi?es the current page book 502 
is open to, based at least in part on the color region 

Aug. 16, 2001 

characteriZation of the page, using the video image gener 
ated by video camera 504 and the associated capture card, 
and the pre-stored reference color region characteriZation for 
each page of the book. In response, the audio player plays 
the audio data for the page, thereby reading the page for the 
user. 

[0033] In one embodiment, multi-media computer 500 is 
provided With color region characteriZation and audio data 
for a number of books, and multi-media computer 500 is 
further provided With a user interface for the user to inform 
multi-media computer 500 of the identity of the book, 
thereby alloWing object recognition tool of the present 
invention to employ the appropriate reference color region 
characteriZations. In an alternate embodiment, the reference 
color region characteriZations are organiZed by the books, 
and include color region characteriZations for the covers of 
the books. The object recognition tool of the present inven 
tion is further eXtended to include the selective employment 
of a subset of the pre-stored reference color region charac 
teriZations based on the identi?cation of the book, through 
color region characteriZation of the cover and comparison 
With the pre-stored reference color region characteriZations 
for the covers. 

[0034] FIG. 6 illustrates a hardWare vieW of one embodi 
ment of a computer system suitable for practicing the 
present invention, including the above described applica 
tion. As shoWn, for the illustrated embodiment, computer 
system 600 includes processor 602, processor bus 606, high 
performance I/O bus 610 and standard I/O bus 620. Proces 
sor bus 606 and high performance I/O bus 610 are bridged 
by host bridge 608, Whereas I/O buses 610 and 612 are 
bridged by I/ O bus bridge 612. Coupled to processor bus 606 
is cache 604. Coupled to high performance I/O bus 610 are 
camera, 611, system memory 614 and video memory 616, 
against Which video display 618 is coupled. Coupled to 
standard I/O bus 620 are disk drive 622, keyboard and 
pointing device 624, communication interface 626, and 
speakers 628. 

[0035] These elements perform their conventional func 
tions knoWn in the art. In particular, disk drive 622 and 
system memory 614 are used to store permanent and Work 
ing copies of color region based object recognition tool of 
the present invention, as Well as color region characteriZa 
tion of reference objects and applications that use the color 
region based object recognition tool. The permanent copies 
may be pre-loaded into disk drive 622 in factory, loaded 
from distribution medium 632, or doWn loaded from a 
remote distribution source (not shoWn). The constitutions of 
these elements are knoWn. Any one of a number of imple 
mentations of these elements knoWn in the art may be used 
to form computer system 600. 

[0036] In general, those skilled in the art Will recogniZe 
that the present invention is not limited by the details 
described, in particular, the present invention is not limited 
to the exemplary application, instead, the present invention 
can be practiced With modi?cations and alterations Within 
the spirit and scope of the appended claims. The description 
is thus to be regarded as illustrative instead of restrictive on 
the present invention. 

[0037] Thus, a method and apparatus for color region 
based object recognition and application has been described. 



US 2001/0014173 A1 

What is claimed is: 
1. A machine implemented method comprising: 

(a) characterizing an object by color regions; and 

(b) identifying the object in accordance With at least said 
color region based characteriZation of the object. 

2. The method of claim 1 Wherein (a) comprises charac 
teriZing a plurality of color regions by their colors. 

3. The method of claim 1 Wherein (a) comprises charac 
teriZing a plurality of color regions by their siZes. 

4. The method of claim 1 Wherein (a) comprises charac 
teriZing a plurality of color regions by their relative positions 
to each other. 

5. The method of claim 1 Wherein (a) comprises analyZing 
and associating pixels of a frame of video signals of the 
object to form the color regions. 

6. The method of claim 1 Wherein (b) comprises assigning 
an identity of a selected one of a plurality of color charac 
teriZed reference objects to the object, in accordance With at 
least said color region based characteriZations. 

7. The method of claim 6 Wherein the object and the 
selected reference object have consistent color region based 
characteriZations. 

8. The method of claim 1 Wherein said method further 
comprises 

(c) generating output response in accordance With the 
result of 

9. The method of claim 8 Wherein (c) comprises rendering 
audio response. 

10. A storage medium having stored therein a plurality of 
machine executable instructions, Wherein When executed, 
the instructions characteriZe an object by color regions, and 
identify the object in accordance With at least said color 
region based characteriZation of the object. 

11. The storage medium of claim 10 Wherein the instruc 
tions characteriZe a plurality of color regions by their colors. 

12. The storage medium of claim 10 Wherein the instruc 
tions characteriZe a plurality of color regions by their siZes. 

13. The storage medium of claim 10 Wherein the instruc 
tions characteriZe a plurality of color regions by their 
relative positions to each other. 

14. The storage medium of claim 10 Wherein the instruc 
tions analyZe and associate pixels of a frame of video signals 
of the object to form the color regions. 
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15. The storage medium of claim 10 Wherein the instruc 
tions assign an identity of a selected one of a plurality of 
color characteriZed reference objects to the object, in accor 
dance With at least said color region based characteriZations. 

16. The storage medium of claim 15 Wherein the object 
and the selected reference object have consistent color 
region based characteriZations. 

17. The storage medium of claim 10 Wherein the instruc 
tions further generate output response in accordance With the 
identi?cation result. 

18. The storage medium of claim 17 Wherein the instruc 
tions render audio response. 

19. An apparatus comprising: 

(a) a storage medium having stored therein a plurality of 
machine executable instructions, When executed, the 
instructions characteriZe an object by color regions, and 
identify the object in accordance With at least said color 
region based characteriZation of the object; and 

(b) an execution unit coupled to the storage medium to 
execute the instructions. 

20. The apparatus of claim 19 Wherein the instructions 
characteriZe a plurality of color regions by their colors. 

21. The apparatus of claim 19 Wherein the instructions 
characteriZe a plurality of color regions by their siZes. 

22. The apparatus of claim 19 Wherein the instructions 
characteriZe a plurality of color regions by their relative 
positions to each other. 

23. The apparatus of claim 19 Wherein the instructions 
analyZe and associate pixels of a frame of video signals of 
the object to form the color regions. 

24. The apparatus of claim 19 Wherein the instructions 
assign an identity of a selected one of a plurality of color 
characteriZed reference objects to the object, in accordance 
With at least said color region based characteriZations. 

25. The apparatus of claim 24 Wherein the object and the 
selected reference object have consistent color region based 
characteriZations. 

26. The apparatus of claim 19 Wherein the instructions 
further generate output response in accordance With the 
identi?cation result. 

27. The apparatus of claim 26 Wherein the instructions 
render audio response. 

* * * * * 


