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(57) ABSTRACT 

An animal identification System is provided which is 
designed to determine outlines of a pupil and irial granule in 
an input image of an eye of an animal to be identified, apply 
an arc to a lower portion of the outline of the pupil, turns 
back the arc from a principal axis to define a reference axis, 
and maps an image of the irial granule into a polar coordi 
nate System whose origin is the center of the reference axis. 
The shape of the irial granule corrected in the above manner 
is compared with a reference shape Stored in a memory to 
determine whether the input image arises from the same 
animal or not. 

better nine 
ovt line C 

vrn pupillay 
imae and outline, 

    

  

  

    

  

  

  



Patent Application Publication Aug. 30, 2001 Sheet 1 of 28 US 2001/0017935 A1 

F. 

dane ra. 

out line ex tractin 
d. K.T. 

ar applyi". c.k.T. 

rial ranule shape 
C d correct in 3- d. k.T. 
Rest rator 
dictionary 

A 
irial ran we identificatioh 
d KT 

bispla 

  





Patent Application Publication Aug. 30, 2001 Sheet 3 of 28 US 2001/0017935 A1 

1. 

F3(a) contraditioh oS pupil 

F.3(b) partial contraction 5 per 

F3 c) dilation of popi 

  

  





Patent Application Publication Aug. 30, 2001 Sheet 5 of 28 US 2001/0017935A1 

vpillar image IP F5(b) Rectangular perillary 

  



Patent Application Publication Aug. 30, 2001 Sheet 6 of 28 US 2001/0017935A1 

/2 

1? 

10 

Fi-6 (d) 

F6(b) F-6(c) 
  



Patent Application Publication Aug. 30, 2001 Sheet 7 of 28 US 2001/0017935 A1 

  





Patent Application Publication Aug. 30, 2001 Sheet 9 of 28 US 2001/0017935 A1 

  



Patent Application Publication Aug. 30, 2001 Sheet 10 of 28 US 2001/0017935 A1 

arctan( yi p) 
Rt 

  

  



pupillary area 
extraditin, d."k, T. 

rial rahu le area 
extracting C. k.T. 

EY tract imae of 
iria rahule 

O2 

O3 

O4 

  

  

  

    

  



Patent Application Publication Aug. 30, 2001 Sheet 12 of 28 US 2001/0017935A1 

& Hr ammons. 

(-t-) Cr-1, Ir-1) 
Rectantlar Pepillary image IP Ede image 

Fi. I5 (O) Fig. /S (8) 

  



Patent Application Publication Aug. 30, 2001 Sheet 13 of 28 US 2001/0017935 A1 

Extract lower outline 
of iria rahule 

Extract upper outlihe 
of iria. ranule 

      

  

  



Patent Application Publication Aug. 30, 2001 Sheet 14 of 28 US 2001/0017935 A1 

Search central 
axis of pupil 

Search a lower 
outline of ra. 

- a ful e - 

Deter nine in easure 
oS similarity 

if S > S.SEN GRN as S9 rin 
Pb GRN = Pgrn 
Tb GRN = Tgrn 

4.08 
Tgrn = Tigrin + dt 

t 407 

Sgring KgxSbcan 

Avera e of 3ray level Dmity) 

  

  

  

  

    

  

  



Patent Application Publication Aug. 30, 2001 Sheet 15 of 28 US 2001/0017935A1 

(0,0). 

(Wr-1, Ilr-i) 

Pg (t1) 

y F. 18 (c) Fle image (Yr-, lir-1) 
Pgr(t3) 

zy risk 

  

  



Patent Application Publication Aug. 30, 2001 Sheet 16 of 28 US 2001/0017935 A1 

Determine Search 50 
Start Point/ 

- - Tgrn=Tb GRN 

Produce binary - coded 
imae 

Search lower outlihe 
oS irial ranule 
the termine measure 
oS similarity 

lf Sgn > St GRN 
St GRN Sgrn 
PtaRN = Pgn 
Tt GRN = Tu 

502 

508 
Tgrn = Tigrin + dt 505 

507 

  

    

  

  

  

  

    

  

  



Patent Application Publication Aug. 30, 2001 Sheet 17 of 28 US 2001/0017935 A1 

- IB 
(Gx, Gly) 

HC 

Pb GRN 
(r-1, Ir-1) 

F.20(a) Tgn=Tt GRN 

1 F:0 (c) Ede image (r-1, Hr-1) 

Pgr(T3) 

Fi20 (b2) Tgn = T2 P2003) Tgrns T3 

  

  

  



Patent Application Publication Aug. 30, 2001 Sheet 18 of 28 US 2001/0017935 A1 

F.21 
Pupilla. Yy are a 
ext rading- d . 

&real EEaki 22 

Identification ck.T. ~ 23 

F. 23 (a) 

RP 

  



Patent Application Publication Aug. 30, 2001 Sheet 19 of 28 US 2001/0017935A1 

F-22 Sta. Yrt 

S In Pvt. imae 

S2 EY tract pupillar image 

S3beter nine outline intensity. 

S4 Extradt out line of 
r V 

S 5 Identify input image/ 

End 



Patent Application Publication Aug. 30, 2001 Sheet 20 of 28 

F.2% 
US 2001/0017935A1 

S 31 R. 

S 38 

  



Patent Application Publication Aug. 30, 2001 Sheet 21 of 28 US 2001/0017935 A1 

Rectanu lar pu pi lay image 

  



US 2001/0017935A1 Patent Application Publication Aug. 30, 2001 Sheet 22 of 28 

  



US 2001/0017935 A1 Patent Application Publication Aug. 30, 2001 Sheet 23 of 28 

  



US 2001/0017935A1 Patent Application Publication Aug. 30, 2001 Sheet 24 Of 28 

( 

* H > K È L ' ' ^^> x = 0 ) 

= (Á ‘X) WOd 

  

  

  

  



S 41 

S 42 

S 43 

US 2001/0017935A1 

determine reference outline 

be termine counter outline 

Extract iria ranule area 

  

  

    

  



US 2001/0017935A1 Patent Application Publication Aug. 30, 2001 Sheet 26 Of 28 

1) | Gn 91 (2) 

II º 14 e L 

  

  

  

  

  

  

  

  

  





Patent Application Publication Aug. 30, 2001 Sheet 28 of 28 US 2001/0017935 A1 

Fig. 32 

crd (R) = C 1. crd (R) (substitute all elements) 
c r d (R = E. c r d (R ) (substitute a elements) 

c r d (R) - E. c r d (R (substitute all elements) 

crd (R) = C2. c rid (R) (substitute all elements) 

  



US 2001/0017935 A1 

ANIMAL IDENTIFICATION SYSTEM BASED ON 
IRIAL GRANULE ANALYSIS 

BACKGROUND OF THE INVENTION 

0001) 1. Technical Field of the Invention 
0002 The present invention relates generally to an ani 
mal identification System designed to identify animals Such 
as horse or cattle using biometric analysis, and more par 
ticularly to an automatic animal identification System based 
on analysis of irial granule that is unique for each individual. 
0003 2. Background Art 
0004 Typically, horse identification is achieved by visu 
ally perceiving physical features Such as the color of hair or 
a pattern of white hair on the head or the body. Automatic 
identification Systems have also been proposed which are 
designed to read identification data Stored in a microchip 
embedded in the body of a horse. 
0005 For personal identification, automatic biometric 
Systems are known which identify a particular human being 
based on image analysis of an iris of the human eye. Such 
techniques are taught in, for example, "High Confidence 
Visual Recognition of Persons by a Test of Statisical Inde 
pendence”, J. G. Daugman (1993), IEEE Trans and “Pattern 
Analysis and Machine Intelligence”, 15(11), pp. 1148-1161. 
0006. Usually, animals such as horse or cattle have a 
three-dimensional protrusion called an irial granule, located 
around the pupil in the crystalline lens. The irial granule has 
the shape unique for each individual. Identification of ani 
mals. Such as horse or cattle can, thus, be performed based on 
analysis of texture or shape of the irial granule. 
0007. The irial granule is, however, complex in shape and 

it is difficult to represent an outline of the irial granule using 
a geometric function having Several parameters. Specifi 
cally, it is difficult for the conventional identification tech 
niques as taught in the above references to extract the outline 
of the irial granule as image data. 
0008. The image of an eye captured by a videocamera in 
the open air may lack uniformity due to the use of an 
illuminator for the camera or entrance of external light, thus 
resulting in irregularity of image brightness of each of the 
pupil, the iris, and the irial granule or in dimneSS of the 
outline of the irial granule. The difficulty is, thus, encoun 
tered in extracting the outline of the irial granule through 
Simple binary-coding or edge detection of the image. 

SUMMARY OF THE INVENTION 

0009. It is therefore a principal object of the present 
invention to avoid the disadvantages of the prior art. 
0010. It is another object of the present invention to 
provide an animal identification System which is designed to 
extract from an image of an eye the shape of an irial granule 
required to identify a particular animal. 
0011. According to the first aspect of the present inven 
tion, there is provided an animal identification apparatus 
which comprises: (a) an outline extracting circuit that 
extracts from an image of an eye of an animal to be identified 
including a pupil and an irial granule an outline of the pupil; 
(b) an arc application processing circuit that determines an 
arc approximate to a Specified portion of the extracted 
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outline; (c) an irial granule deforming circuit that deforms 
the irial granule in the image according to the degree of 
deformation of the arc up to a reference level; and (d) a 
Storage that registers data on the deformed irial granule of 
the animal to be registered. 

0012. In the preferred mode of the invention, the arc 
application processing circuit determines the arc in an X-y 
coordinate System to provide arc data indicating a length, a 
radius, and an angle of the arc. The irial granule deforming 
circuit maps the irial granule into polar coordinates wherein 
a Straight line is defined as the reference level based on the 
arc data. 

0013 An irial granule identification circuit is further 
provided that compares data on the deformed irial granule of 
the animal to be identified with the data registered in the 
Storage to determine whether the animal is registered or not 
based on a correlation between the compared data. 
0014. According to the second aspect of the present 
invention, there is provided an animal identification method 
comprising the steps of: (a) extracting from an image of an 
eye of an animal to be identified including a pupil and an 
irial granule an outline of the pupil; (b) applying an approxi 
mate arc to a specified portion of the extracted outline; (c) 
deforming the irial granule in the image according to the 
degree of deformation of the arc up to a reference level; and 
(d) registering data on the deformed irial granule of the 
animal in a storage. 

0015. In the preferred mode of the invention, arc data 
indicating a length, a radius, and an angle of the arc is 
determined to map the irial granule into polar coordinates 
wherein a Straight line is defined as the reference level based 
on the arc data. 

0016. According to the third aspect of the invention, there 
is provided an animal eye image processing apparatus 
designed to process an image of an eye of an animal 
including a pupil and irial granule comprising: (a) a pupilary 
rectangle extracting circuit that determines an area in the 
image showing the Smallest gray level of pixels representing 
the image as an area of the pupil and extracts a rectangular 
area including the pupilary area; and (b) a pupilary vertical 
center determining means for projecting a gray level of each 
pixel in the rectangular area in a horizontal direction to 
determine an area in the pupilary area showing the Smallest 
frequency as a central position of the pupilary area in a 
Vertical direction. 

0017. In the preferred mode of the invention, a pupilary 
horizontal center determining means is further provided for 
determining a center between both ends the pupilary area in 
the horizontal direction as a central position of the pupilary 
area in the horizontal direction. 

0018. According to the fourth aspect of the invention, 
there is provided an animal eye image processing apparatus 
designed to process an image of an eye including a pupilary 
area and an irial granule area in an iris area comprising: (a) 
a first outline extracting means for determining gray level 
differences between pixels forming the pupilary area and the 
irial granule area to extract outlines of both the areas; and (b) 
a Second outline extracting means for determining gray level 
differences between pixels forming the iris area and the irial 
granule area to extract outlines of both the areas. 
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0019. In the preferred mode of the invention, the first 
outline extracting means includes a pupilary center Setting 
portion that Sets a central position of the pupilary area and 
an outline Searching portion that binary-codes an input 
image with a set threshold value, determines an area whose 
gray level is lower than the threshold value as an area 
including at least the central position of the pupilary area, 
and changes the threshold value to Search the outlines of the 
pupilary area and irial granule area. 
0020. An edge image producing means is further pro 
Vided for detecting an edge of the input image to produce an 
edge image. The outline Searching portion determines 
whether pixels forming the outlines derived from the binary 
coded image binary-coded using the threshold value agree 
with edge pixels of the edge image. 
0021. The pupilary center Setting portion projects gray 
levels of a rectangular area Surrounding the pupilary area in 
a horizontal direction to determine a central position of the 
pupilary area in a vertical direction using the fact that a pupil 
has the lowest gray level and defines a central position of the 
pupilary area in a horizontal direction at a central position of 
the rectangular area in the horizontal direction. 
0022. The second outline extracting means includes a 
Search Start point Setting portion that Sets a Search Start point 
position estimated to be within the irial granule area and an 
outline Searching portion that binary-codes an input image 
with a set threshold value, determines an area whose gray 
level is lower than the threshold value as an area including 
at least the Search start point, and changes the threshold 
value to Search the outlines of the iris area and irial granule 
aca. 

0023 The outline searching portion determines whether 
pixels forming the outlines derived from the image binary 
coded using the threshold value agree with edge pixels of the 
edge image. 

0024. The search start point setting portion sets the search 
Start point by Searching a shadow produced in the irial 
granule area. 

0.025 According to the fifth aspect of the invention, there 
is provided an animal eye image processing method wherein 
using an image picked up from an eye of an animal having 
an irial granule, a central position of a pupil is determined, 
comprising the Steps of: (a) setting a rectangular area 
Surrounding an pupilary area using the fact that the pupil has 
the lowest gray level; and (b) projecting gray levels of the 
rectangular area in a horizontal direction to determine a 
central position of the pupil in a vertical direction. 

0026. In the preferred mode of the invention, a central 
position of the pupil in the horizontal direction is determined 
at a central position of the rectangular area in the horizontal 
direction. 

0.027 According to the sixth aspect of the invention, 
there is provided an animal eye image processing method 
wherein from an image picked up from an eye of an animal 
having an irial granule, an area of the irial granule is 
extracted, comprising: (a) a first outline extraction step of 
extracting a first outline of the irial granule on a boundary 
Side of a pupil and the irial granule based on an average gray 
level difference between the pupil and the irial granule; and 
(b) a Second outline extraction step of extracting a second 
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outline of the irial granule on a boundary Side of an iris and 
the irial granule based on an average gray level difference 
between the iris and the irial granule. The information on the 
first and Second outlines is provided as area information on 
the irial granule. 
0028. In the preferred mode of the invention, the first 
outline extraction Step includes a pupilary center Setting Step 
of Setting a central position of the pupil and a first outline 
Searching Step of binary-coding an input image with a first 
threshold value and Searching the outline on the boundary 
Side of the pupil and the irial granule within area including 
a central position of the pupil in an area whose gray level is 
lower than the first threshold value or an area closest to the 
central position of the pupil by changing the first threshold 
value. 

0029. An edge image producing step is further provided 
which performs edge detection of the input image to produce 
an edge image. The first outline Searching Step evaluates 
whether a pixel of the edge image located at the same 
position as that of the first outline derived from the image 
binary-coded by the first threshold value constitutes an edge 
or not and terminates the Search when what shows the 
highest evaluation level is found. 
0030 The pupilary center setting step projects gray levels 
of a rectangular area Surrounding the pupilary area in a 
horizontal direction to determine a central position of the 
pupil in a vertical direction using the fact that the pupil has 
the lowest gray level and defines a central position of the 
pupil in a horizontal direction at a central position of the 
rectangular area in the horizontal direction. 
0031. The second outline extraction step includes a 
Search Start point Setting Step of Setting a Search Start point 
position estimated to be within the irial granule area and a 
Second outline Searching Step of binary-coding an input 
image with a Second threshold value and Searching the 
outline on the boundary Side of the iris and the irial granule 
within an area including the Search Start point within an area 
whose gray level is lower than the Second threshold value or 
an area closest to the Search Start point by changing the 
Second threshold value. 

0032. The second outline searching step evaluates 
whether a pixel of the edge image located at the same 
position as that of the Second outline derived from the image 
binary-coded by the Second threshold value constitutes an 
edge or not and terminates the Search when what shows the 
highest evaluation level is found. 
0033. The search start point setting step sets the search 
Start point by Searching a shadow produced in the irial 
granule area. 

0034. The search start point setting step sets the search 
Start point within a lower gray level area located toward the 
iris from the first outline in the image binary-coded by the 
first threshold value. 

0035. According to the seventh aspect of the invention, 
there is provided an animal eye image processing apparatus 
comprising: (a) a pupilary rectangle extracting circuit that 
extracts from a captured image of an eye of an animal having 
an irial granule a rectangular area Surrounding the irial 
granule; and (b) an irial granule area extracting circuit that 
divides the rectangular area determined by the pupilary 
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rectangle extracting circuit in a lateral direction into image 
Segments and determines an outline of the irial granule in 
each of the image Segments. 
0036). In the preferred mode of the invention, the irial 
granule area extracting circuit defines as an objective area an 
area in an image binary-coded using a threshold value whose 
gray level is lower than the threshold value, determines an 
outline of the objective area in each of a plurality of different 
threshold values, and after the outlines are determined in all 
the threshold values, determines which of the outlines is a 
real outline of the irial granule. 
0037. The irial granule area extracting circuit stores an 
outline of an area within the objective area which is brighter 
than a threshold value in addition to the outlines of the 
objective area and determines which of the threshold values 
provides one of the outlines binary-coded that is the real 
outline of the irial granule. 
0.038. The irial granule area extracting circuit may store 
average edge intensities on the outline of the objective area 
in each of the image Segments and determines the outline 
having the greatest average edge intensity in each of the 
image Segments as an upper or lower outline of the irial 
granule. 

0039. If the upper or lower outline is one of the outlines, 
the irial granule area extracting circuit determines the lower 
or upper outlines as the other outline, determines the outline 
that is located at a given distance away from the one of the 
outlines and that has the greater average edge intensity as the 
other outline, and determines an area Surrounded by both the 
outlines as an area of the irial granule. 
0040. The irial granule area extracting circuit may store 
a threshold value when the outline has the greatest edge 
intensity in each of the image Segments, determines an 
average threshold value of the threshold values in all the 
image Segments, and determines both ends of an objective 
area binary-coded by the average threshold value as both 
ends of the irial granule. 
0041 According to the eighth aspect of the invention, 
there is provided an animal eye image processing method 
comprising the steps of: (a) extracting from an image 
derived by capturing an eye of an animal having an irial 
granule a rectangular area Surrounding the irial granule; and 
(b) dividing the rectangular area in a lateral direction into 
image Segments and determining an outline of the irial 
granule in each of the image Segments. 
0042. In the preferred mode of the invention, an area in 
an image binary-coded using a threshold value whose gray 
level is lower than the threshold value is defined as an 
objective area, an outline of the objective area in each of a 
plurality of different threshold values is determined, and 
after the outlines are determined in all the threshold values, 
it is determined which of the outlines is a real outline of the 
irial granule. 
0.043 An outline of an area within the objective area 
which is brighter than a threshold value is stored in addition 
to the outlines of the objective area, and it is determined 
which of the threshold values provides one of the outlines 
binary-coded that is the real outline of the irial granule. 
0044 Average edge intensities on the outline of the 
objective area are in each of the image Segments, and the 
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outline having the greatest average edge intensity in each of 
the image Segments is determined as an upper or lower 
outline of the irial granule. 
0045. If the upper or lower outline is one of the outlines, 
the lower or upper outlines is determined as the other 
outline. The outline that is located at a given distance away 
from the one of the outlines and that has the greater average 
edge intensity is determined as the other outline. An area 
Surrounded by both the outlines is determined as an area of 
the irial granule. 
0046. A threshold value when the outline has the greatest 
edge intensity is Stored in each of the image Segments. An 
average threshold value of the threshold values in all the 
image Segments is determined. Both ends of an objective 
area binary-coded by the average threshold value are deter 
mined as both ends of the irial granule. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0047 The present invention will be understood more 
fully from the detailed description given hereinbelow and 
from the accompanying drawings of the preferred embodi 
ment of the invention, which, however, should not be taken 
to limit the invention to the specific embodiment but are for 
explanation and understanding only. 

0048) 
0049 FIG. 1 is a block diagram which shows an animal 
identification System according to the first embodiment of 
the invention; 
0050 FIG. 2 is an illustration which shows an image of 
an eye of a horse; 
0051 FIG.3(a) is an illustration which shows a pupil and 
an irial granule when the pupil contracts, 
0.052 FIG.3(b) is an illustration which shows a pupil and 
an irial granule when the pupil contracts partially; 

0053 FIG.3(c) is an illustration which shows a pupil and 
an irial granule when the pupil dilates, 
0054 FIG. 4 is a flowchart of a program to extract an 
outline of an irial granule; 

In the drawings: 

0055 FIG. 5(a) is an illustration which shows an image 
of an eye; 

0056 FIG. 5(b) is an illustration which shows a rectan 
gular pupilary image extracted from the image in FIG. 5(a); 
0057 FIGS. 6(a) to 6(g) are illustrations which show a 
Sequence of image-processing operations to extract outlines 
of a pupil and an irial granule, 

0.058 FIGS. 7(a) and 7(b) are illustrations which show 
definition of a coordinate System for an image of a pupil and 
an irial granule; 
0059 FIG. 8 is a flowchart of a program to approximate 
an arc to an outline of a pupil; 
0060 FIG. 9 is an illustration which shows approxima 
tion of an arc to an outline of a lower half of a pupil; 
0061 FIGS. 10(a) and 10(b) are illustration which show 
correction operations for extracting an outline of an irial 
granule; 
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0.062 FIG. 11 is a block diagram which shows an animal 
identification System according to the Second embodiment of 
the invention; 

0.063 FIG. 12 is a flowchart of a program to extract an 
outline of an irial granule for animal identification; 
0064 FIG. 13(a) is an illustration which shows an image 
of an eye; 

0065 FIG. 13(b) is an illustration which shows a rect 
angular pupilary image extracted from the image in FIG. 
13(a); 
0.066 FIG. 14 is a flowchart of a program to extract an 
outline of an irial granule; 

0067 FIG. 15(a) is an illustration which shows a rect 
angular pupilary image, 

0068 FIG. 15(b) is an illustration which shows an edge 
image produced from the image of FIG. 15(a); 
0069 FIG. 16 is a flowchart of a program to extract an 
outline of a lower half of an irial granule; 
0070 FIG. 17(a) is an illustration which shows a rect 
angular pupilary image, 

0071 FIG. 17(b) is a histogram in terms of an average of 
gray levels in the image of FIG. 17(a); 
0072 FIG. 18(a) is an illustration which shows a rect 
angular pupilary image, 

0073 FIGS. 18(b1) to 18(b3) are illustrations which 
show images of a pupil produced with different brightness 
threshold values; 

0074 FIG. 18(c) is an illustration which shows an edge 
image of FIG. 18(a); 
0075 FIG. 19 is a flowchart of a program to extract an 
outline of an upper half of a pupil; 

0076 FIG.20(a) is an illustration which shows a rect 
angular pupilary image, 

0077 FIGS. 20(b1) to 20(b3) are illustrations which 
show images of a pupil produced with different brightness 
threshold values; 

0078 FIG.20(c) is an illustration which shows an edge 
image of FIG. 20(a); 
007.9 FIG. 21 is a block diagram which shows an animal 
identification System according to the third embodiment of 
the invention; 

0080 FIG. 22 is a flowchart of a program performed by 
the animal identification system in FIG. 21; 
0081 FIG. 23(a) is an illustration which shows an image 
of an eye; 

0082 FIG. 23(b) is an illustration which shows a rect 
angular pupilary image extracted from the image in FIG. 
23(a); 
0.083 FIG. 24 is a flowchart of a program to determine 
average coordinates and outline intensities in image Seg 
ments, 

0084 FIG. 25 shows a rectangular pupilary image; 
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0085 FIG. 26(a) shows an image derived by binary 
coding the rectangular pupilary image of FIG. 25; 
0.086 FIG. 26(b) shows image segments into which the 
image of FIG. 26(a) is divided; 
0087 FIG. 26(c) shows one of the image segments in 
FIG. 26(b); 
0088 FIG. 27(a) shows an image derived by binary 
coding the rectangular pupilary image using a threshold 
value TB; 
0089 FIG. 27(b) shows image segments into which the 
image of FIG. 26(a) is divided; 
0090 FIG. 27(c) shows one of the image segments in 
FIG. 27(b); 
0091 FIG. 28 shows a table I listing equations used to 
determine the intensity of an outline; 
0092 FIG. 29 is a flowchart of a program to extract an 
irial granule from a rectangular pupilary image; 

0093 FIG. 30 shows a table II listing equations used to 
determine a counter outline of a reference outline assuming 
that the reference outline is a lower outline of an irial 
granule; 

0094 FIG. 31 shows a table III listing equations used to 
determine a counter outline of a reference outline assuming 
that the reference outline is an upper outline of an irial 
granule; and 

0.095 FIG.32 shows a table IIII listing equations used to 
determine whether a counter outline is an upper or a lower 
outline of an irial granule. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0096 Prior to describing an animal identification system 
of the invention, a typical Structure of eyes of horse will be 
discussed with reference to FIG. 2. 

0097 FIG. 2 shows an eyeball of the horse which 
includes a pupil 10 between upper and lower eyelids 13, an 
iris 11, and an irial granule 12. A major difference between 
the horse's eyes and the human eyes is that the pupil 10 is 
of an oval shape, and the irial granule 12 exists between the 
pupil 10 and the iris 11 which is unique for horse and 
ruminants. 

0098. The external light passes through the pupil 10 and 
reaches the retina located behind the pupil 10. The iris 11 is 
formed with muscle surrounding the pupil 10 and dilates and 
contracts to control the quantity of light entering the pupil 
10. The irial granule 12 is formed with a string of semi-circle 
grains. The irial granule 12 contains melanin pigment abun 
dantly and is black so that it serves to absorb light for 
preventing excessive light from entering the pupil 10. 

0099. The irial granule 12 has formed on a surface 
thereof fine wrinkles and protrusions and has a three 
dimensional shape and size that are unique for each indi 
vidual and that are also different between right and left eyes. 
The animal identification System of the present invention is, 
as described later in detail, designed to capture images of 
eyes of Specified horses through a camera to extract irial 
granule images and Stores them as reference irial granule 



US 2001/0017935 A1 

codes. When a particular horse is identified, an image of an 
irial granule of that horse is captured and compared with the 
irial granule reference codes to determine whether it origi 
nates from the same horse or not. 

0100. Usually, the shape of the irial granule 12 changes 
on contraction and dilation of the pupil 10. 
0101 FIGS. 3(a) to 3(c) show such a change in shape of 
the irial granule 12. FIG.3(a) illustrates the pupil 10 which 
contracts. FIG.3(b) illustrates the pupil 10 which contracts 
partially. FIG. 3(c) illustrates the pupil 10 which dilates. 
0102) As can be seen from the drawings, when the pupil 
10 dilates, the whole of the irial granule 12 is, unlike the 
contraction of the pupil 10, curved along the profile of the 
pupil 10. The identification system of the invention, thus, 
corrects image data of the irial granule 12 So as to Show the 
uniform shape of the irial granule 12 regardless of condi 
tions of the pupil 10. 
0103) The image correction of the shape of the irial 
granule 12 requires the determination of the degree to which 
the pupil 10 dilates. This determination may be achieved by 
approximating the image of the pupil 10 to a Specified 
geometric figure in a Suitable coordinate System. 

0104 Referring back to FIG. 1, there is shown the animal 
identification System according to the first embodiment of 
the invention. 

0105 The animal identification system includes gener 
ally a camera 1, an outline extracting circuit 2, an arc 
applying circuit 3, an irial granule shape correcting circuit 4, 
a reference code Storage 5, an irial granule identification 
circuit 6, and a display 7. 

0106 The camera 1 includes, for example, a CCD image 
Sensor which acquires an eye of an animal Such as horse or 
cattle to be identified to provide a bit-mapped image to the 
outline extracting circuit 2. 

0107 The outline extracting circuit 2 extracts from the 
input image the outline of the irial granule 12 and the outline 
of a portion of the pupil 10 not covered by the irial granule 
12. In the case of horse's eyes, the irial granule 12 exists, as 
shown in FIG. 2, on the pupil 10. It is, thus, impossible to 
visually perceive the outline of a portion of the pupil 10 
covered by the irial granule 12. The outline extracting circuit 
2, thus, projects the outline of the pupil 10 graphically. 

0108. The arc applying circuit 3 approximates an arc to 
the outline of the pupil 10 derived by the outline extracting 
circuit 2 to define a pupilary coordinate System for correct 
ing the irial granule 12. 

0109 The irial granule shape correcting circuit 4 trans 
forms the outline of the pupil 10 to the pupilary coordinate 
System produced by the arc applying circuit 3 to map the 
image of the irial granule 12 through a given function. 

0110. The registration dictionary 5 stores therein refer 
ence irial granule data for comparison with an input image 
of the irial granule of a particular horse to be identified. 
0111. The irial granule identifying circuit 6 displays the 
input image of the irial granule and one of the reference irial 
granule image read out of the registration dictionary 5 for 
Visual comparison or alternatively determines whether the 
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irial granule data of the input image is idential to the 
reference irial granule data or not using a known pattern 
matching technique. 

0112 The outline extracting circuit 2, the arc applying 
circuit 3, the irial granule shape correcting circuit 4, the 
reference data Storage 5, and the irial granule identification 
circuit 6 are logically realized by programs performed by a 
computer. These programs may be Stored in a Storage 
medium such as a floppy disc or a CD-ROM and installed in 
the computer or alternatively be down-loaded through a 
network. 

0113. The operation of the animal identification system 
will be described blow. Note that the following discussion 
will refer to identification of the horse, but the invention is 
not limited to the same and may be used to identify another 
animal having the irial granule. 

0114 FIG. 4 shows a flowchart of a program or sequence 
of logical Steps performed by the outline extracting circuit 2. 

0115 First, an eye of a particular horse to be identified is 
captured by the camera 1 in digital form and inputted to the 
outline extracting circuit 2 as an image (step 1). The outline 
extracting circuit 2 extracts a rectangular area including the 
pupil 10 and the irial granule 12 from the inputted image 
(step 2). This extraction may be achieved based on the fact 
that a pupilary area usually has the lowest brightness in an 
image of a horse's eye and located near the center of the 
image. Indeed, the inputted image is binary-coded using a 
given brightness threshold value T. A portion of the binary 
coded image closest to the center thereof among portions 
having brightness levels lower than the brightness threshold 
value T is detected. 

0116. The portion of the binary-coded image detected by 
the outline extracting circuit 2 is shown as an rectangular 
area Rp in FIG. 5(a). The rectangular area Rp includes an 
image of the pupil 10 and an marginal image containing the 
irial granule 12 and has the width Wr and the height (i.e., the 
length) Hr, as shown in FIG. 5(b). The size of the margin 
may be constant or variable according to the size of the pupil 
10. 

0117 The outline extracting circuit 2 extracts the rectan 
gular area Rp from the input image to produce a rectangular 
pupilary image Ip and defines a coordinate System, as shown 
in FIG. 5(b), in which an upper left corner of the image Ip 
lies at the origin (0,0) and a lower right corner thereof lies 
at a point (Wr-1, Hr-1). 
0118 Within the rectangular pupilary image Ip, the pupil 
10 has the lowest average gray level, the irial granule 12 has 
the Second lowest average gray level, and the iris 11 has the 
third lowest average gray level. Therefore, brightness 
threshold values Tp and Tg are determined as 

light dark 

0119 where Dp, Dg, and Di are the average gray levels 
of the pupil 10, the irial granule 12, and the iris 11, 
respectively. 
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0120) The outline extracting circuit 2 searches, as shown 
in FIGS. 6(a) to 6(g), outlines of the pupil 10 and the irial 
granule 12. 

0121 FIGS. 6(a) to 6(g) illustrate the pupil 10 which 
dilates. 

0122) The rectangular pupilary image Ip, as shown in 
FIG. 6(a), is binary-coded using the brightness threshold 
value Tp to produce an area Ap, as shown in FIG. 6(b), 
which has a gray level lower than the brightness threshold 
value Tp (step 3). The area Ap indicates the pupil 10. An 
outline of the area Ap that is an outline of the pupil 10 minus 
an outline of a portion of the irial granule 12 Overlapping 
with the pupil 10 (i.e., a boundary line between the pupil 10 
and the irial granule 12) is determined as Cp, as shown in 
FIG. 6(c) (step 4). 
0123 The rectangular pupilary image Ip, as shown in 
FIG. 6(d), is binary-coded using the brightness threshold 
value Tg to produce an area Ag, as shown in FIG. 6(d), 
which has a gray level lower than the brightness threshold 
value Tg (step 5). The area Ag includes the pupil 10 and the 
irial granule 12. An outline of the area Ag that is the outline 
of the pupil 10 plus a boundary line between the iris 11 and 
the irial granule 12 is determined as Cg, as shown in FIG. 
6(e) (step 6). Therefore, an area Agrin, a shown in FIG. 6(f), 
enclosed by the outlines Cp and Cg indicates the irial 
granule 12. 

0.124. In the case of an eye of the horse, the irial granule 
12 exists, as shown in FIG. 2, on an upper portion of the 
pupil 10, so that lower halves of the outlines Cp and Cg 
almost coincide with each other. The lower halves of the 
outlines Cp and Cg are, thus, defined as an outline CUpupil 
of a lower half of the pupil 10, as shown in FIG. 6(g). An 
outline of an upper half of the pupil 10 is defined as COpupil 
on the assumption that it extends along the center line 
between upper halves of the outlines Cp and Cg. An area 
enclosed by the outlines CUpupil and COpupil is defined as 
Apupil. 

0.125 Using the method of principal components, for 
example, the center of gravity and the principal axis of the 
pupil 10 in the rectangular pupilary image Ip are determined 
(step 7). In the case where the rectangular pupilary image Ip 
is a bit-mapped image, the principal axis is defined by a line 
which extends So as to maximize the distribution of dots 
representing the pupil 10. For example, the average of 
distances between any line and all dots (i.e., pixels) within 
a pupilary area in the rectangular pupilary image Ip is 
determined. Next, a line that minimizes the average is 
defined as the principal axis. 

0126 FIG. 7(a) shows the center of gravity of the 
principal axis of the pupil 10 determined in the above 

C. 

0127. The rectangular pupilary image Ip or the outlines 
Cp and Cg are turned about the center of gravity of the pupil 
10 to orient the principal axis horizontally, as shown in FIG. 
7(b). An x-y coordinate system is defined whose X axis is the 
principal axis and wherein the center of gravity of the pupil 
10 lies at the origin (0, 0) (step 8). 
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0128. The operation of the arc applying circuit 3 will be 
described below. 

0129. The arc applying circuit 3 approximates an arc 
whose center lies on the y axis of the X-y coordinate System 
determined in step 8 in FIG. 4 to a lower half of the pupil 
10 in the following manner. 
0.130 First, a collection of dots representing the outline 
CUpupil of the lower half of the pupil 10 is, as shown in 
FIG. 7, defined, on the coordinate system, as 

CUpupil-(XO, YO), (X1, Y1), ... (Xn-1, Yn-1)} 
0131 where n is the number of dots constituting the 
outline CUpupil and satisfies the relations of Osizn and 
XizXi+1. 

0132) When the pupil 10 contracts, as shown in FIGS. 
6(a) to 6(g), it becomes impossible to approximate a single 
arc to a central portion and end portions of the outline of the 
lower half of the pupil 10. The arc is, thus, approximated to 
a portion of the pupil 10 excluding both end portions thereof. 
Each of the end portions of the pupil 10 to be excluded 
occupies 5 to 10% of the horizontal length Lp of the pupil 
10 (i.e., an interval between both ends of the pupil 10). The 
number of portions of the pupil 10 to be excluded is m (the 
total number is 2 m). The approximation of the art to the 
lower half of the outline of the pupil 10 may be achieved in 
the following manner. 
0133) Referring back to FIG. 8, there is shown a flow 
chart of a program or Sequence of logical StepS performed by 
the arc applying circuit 3. 
0134. After entering the program, the y coordinate is set 
to zero (y=0), and D that is an error determined finally is set 
to a given greater initial value (Step 11). A circle is defined 
whose center lies at a point (0, y), and an average radius C, 
that is, an interval between the center of the circle and the 
outline of the lower half of the pupil 10 is calculated 
according to the equation indicated in Step 12 of the draw 
ing. An error d is calculated according to the equation 
indicated in step 13 of the drawing. It is determined whether 
the error d is smaller than D or not (step 14). 
0135) If a YES answer is obtained in step 14 (d-D), then 
the initial value D, the average radius C, and they coordinate 
P of the center of the arc are determined as the error d, the 
radius c, and the coordinate y in this program execution 
cycle (step 15). 
0136. The coordinate y is updated as y=y+dy (step 16). It 
is determined whether the value of y is Smaller than a given 
maximum value Ymax or not (step 17). If a YES answer is 
obtained (y-Ymax), then the routine returns back to step 12. 
Note that dy and Ymax are positive constants, respectively. 
0.137 In this manner, a given number of the arc radiic 
and the errors d are derived until the value of y reaches the 
maximum value Ymax. The coordinate y and the radius c in 
one of the program execution cycles in which the error d 
shows the Smallest value are defined as P and C that are the 
y coordinate of the center and the radius of the arc to be 
approximated to the outline of the lower half of the pupil 10. 
0.138. The equation of a circle including the arc, as shown 
in FIG. 9, to be approximated to the lower half of the pupil 
10 is expressed as 

x2+(y-P)?=C2 
0.139. If, as shown in FIG. 9, angles which lines extend 
ing between the center of the circle and both ends of the arc 



US 2001/0017935 A1 

make with a line extending through the center of the circle 
in parallel to the X axis are defined as rS and re (=37t-rS), and 
the length of the arc is defined as Lc, they satisfy the 
following relations. 

0140. The arc may alternatively be determined any other 
techniques Such as the Hough transformation. 
0.141. The operation of the irial granule shape correcting 
circuit 4 will be described blow. 

0142. The irial granule shape correcting circuit 4 defines 
a second arc, as shown in FIG. 10(a), that is a mirror image 
of the arc approximated to the outline of the lower half of the 
pupil 10 across the principal axis (i.e., the X axis in FIG. 9). 
A circle including the Second arc is expressed as 

0143. The angles RS and Re meet the relation of RS=TL 
Re=rs-JL. 

0144. The correction of the shape of the irial granule 12 
is performed while keeping the length of the Second arc 
constant. Specifically, the image of the pupil 10 and the 
outline thereof are transformed to a polar coordinate System 
defined by the distance r from the center of the circle (i.e., 
the ordinate axis) and the angle 0 to the X axis (i.e., the 
abscissa axis) in angular units Rt=(Re-RS)/Lc. 
0145 Therefore, coordinates (x, y) are, as shown in FIG. 
10(b), transformed to coordinates (0, r) that are 

0147 In the following discussion, the transformed image 
of the irial granule 12, a collection of dots representing the 
outline of the upper half of the irial granule 12, and a 
collection of dots representing the outline of the lower half 
of the irial granule 12 are expressed by Igrin, COgrin, and 
CUgrin, respectively. 

0.148. The irial granule identification circuit 6 identifies 
input data on the irial granule 12 by comparing it with 
reference data, i.e., reference irial granule images corrected 
by the irial granule shape correcting circuit 4, Stored in the 
registration dictionary 5. The identification of the irial 
granule 12 may be achieved by displaying the input data on 
the irial granule 12 and the reference data Stored in the 
registration dictionary 5 and Visually comparing them or 
alternatively by using known pattern matching techniques. 

014.9 The identification of the irial granule 12 based on 
the pattern matching will be discussed below. 

0150 A one-dimensional waveform Fgrn is defined 
whose amplitude corresponds to the difference between the 
upper half outline COgrin and the lower half outline CUgrin 
of the irial granule 12 (i.e., the width of the irial granule 12 
in a vertical direction, as viewed in the drawing). Similarly, 
a one-dimensional waveform FDgrn is defined in the same 
manner using the reference data Stored in the registration 
dictionary 5. 

0151. The image of the irial granule 12 outputted from 
the irial granule shape correcting circuit 4 and an image of 
a reference irial granule read out of the registration dictio 
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nary 5 are So Scaled that the sizes thereof agree with each 
other. This Scaling is achieved by determining the value of 
correlation between the waveform Fgrn scaled in units of 
given ratio and the waveform FDgrn and adjusting the size 
of the image of the irial granule 12 in a Scaling ratio when 
the value of correlation shows the greatest value. The value 
of correlation shows great value when two input images are 
Similar. 

0152 The value of correlation between the input image 
of the irial granule 12 whose size is normalized and the 
reference irial granule Stored in the registration dictionary 5 
is determined. If this value is greater than a preselected 
value, then it is determined that the irial granule 12 of the 
input image and the reference irial granule arise from the 
Same horse. 

0153. The result of identification in the iris identification 
circuit 6 is indicated on the display 7. 
0154) The irial granule identification circuit 6 of this 
embodiment, as described above, identifies the animal based 
on the shape of the outline of the irial granule 12, but the 
invention is not limited to the Same. For example, the pattern 
recognition techniques using an image of the irial granule 
may be employed. 

O155 FIG. 11 shows an animal identification system 
according to the Second embodiment of the invention. 
0156 The animal identification system includes a video 
camera 101, a pupilary area extracting circuit 102, an irial 
granule area extracting circuit 103, and an identification 
circuit 104. 

O157 The camera 101 is designed to capture an image of 
an eye of an animal Such as horse or cattle in a digital form 
and provides it to the pupilary area extracting circuit 102. 
0158. The pupilary area extracting circuit 102 extracts 
from the input image the rectangular pupilary image Ip, as 
shown in FIG. 5(b), including the pupilary 10 and the irial 
granule 12 and provides it to the irial granule area extracting 
circuit 103. 

0159. The irial granule area extracting circuit 103 
extracts an image of the irial granule 12 from the rectangular 
pupilary image Ip. 

0160 The identification circuit 104 identifies the animal 
captured by the camera 101 using the shape or texture of the 
irial granule 12 in the image extracted by the irial granule 
area extracting circuit 103. 
0.161 The operation of the animal identification system 
of the Second embodiment, especially the irial granule area 
extracting circuit 103 will be described below. Note that the 
irial granule 12 exists either on an upper half or a lower half 
of the pupil 10 according to the type of an animal to be 
identified. 

0162 FIG. 12 shows a flowchart of a program or 
Sequence of logical Steps performed by the animal identifi 
cation System of the Second embodiment. 
0163 First, a digital image captured by the camera 101 is 
inputted to the pupilary area extracting circuit 102 (Step 
201). The pupilary area extracting circuit 102 extracts from 
the input image the rectangular pupilary image Ip including 
the pupilary 10 and the irial granule 12 (step 202). The irial 
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granule area extracting circuit 103 extracts an image of the 
irial granule 12 from the rectangular pupilary image Ip (Step 
203). Finally, the identification circuit 104 identifies the 
animal captured by the camera 101 using the shape or 
texture of the irial granule 12 in the image extracted by the 
irial granule area extracting circuit 103 (step 204). 
0164. The operations in steps 202 to 204 will be dis 
cussed below in detail. 

0.165 1 Extraction of Rectangular Pupilary Image Ip in 
Step 202 

0166 FIG. 13(a) shows the image of the eye which has 
been captured by the camera 101 and inputted to the pupilary 
area extracting circuit 102. FIG. 13(b) shows the rectangular 
pupilary image Ip extracted from the image of FIG. 13(a). 
0167 First, the input image is binary-coded using a gray 
level (i.e., a brightness level) of the darkest portion in the 
image. An image area of the pupil 10 is extracted from the 
binary-coded image. This extraction is achieved based on 
the fact that a pupilary area usually has the lowest brightness 
in an image of the eye. 

0168 Next, a rectangular area Rp, as shown in FIG. 
13(a), including the extracted image area of the pupil 10 and 
an marginal image containing the irial granule 12 is defined 
in the input image. The rectangular area Rp has the width Wr 
and the height Hr, similar to the first embodiment. 
0169. The rectangular area Rp is extracted from the input 
image to produce the rectangular pupilary image Ip, as 
shown in FIG. 13(b). A coordinate system in which an upper 
left corner of the rectangular pupilary image Ip lies at the 
origin (0,0) and a lower right corner thereof lies at a point 
(Wr-1, Hr-1) is defined. 
0170 (2) Extraction of Irial granule Area in Step 203 
0171 FIG. 14 shows a flowchart of a program logically 
performed by the irial granule area extracting circuit 103. 

0172 In step 301, discontinuities or edges are detected 
from the rectangular pupilary image Ip produced in Step 102 
by the pupilary area extracting circuit 102 to form an edge 
image id, as shown in FIG. 15(b). This edge detection may 
be achieved by, for example, an image differential operation 
using the Laplacian or the Sobel operator. 

0173 The edge image id may alternatively be produced 
by differentiating the rectangular pupilary image Ip in a 
vertical direction based on the fact that the brightness levels 
of the iris 11, the irial granule 12, and the pupil 10 have the 
relation of 

DisDg>Dp (1) 

0.174 Specifically, if the brightness level of each pixel of 
the rectangular pupilary image Ip is defined as DIP (x, y) 
(0s x<Wr, 0sy<Hr), and the value of each pixel of the edge 
image id is defined as DID (x, y) (0s x<Wr, 0s y <Hr), then 
the edge image id is produced according to the following 
equation. 

DID (x, y)=DIP (x, y-1)-DIP (x, y) (2) 

0175 where parameter X and y in the right term of Eq. (2) 
are variable within ranges of 0s x<Wr and 1sy<Hr, respec 
tively. 
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0176). In the case where the irial granule 12 exists on an 
upper half of the pupil 10, the edge image id may alterna 
tively be produced by detecting only edges oriented to a 
fixed direction according to Eq. (3) below based on the fact 
that the iris 11 has the highest brightness level, the irial 
granule 12 has a middle brightness level, and the pupil 10 
has the lowest brightness level as viewed from an upper 
portion (i.e., a Smaller value of y) of the rectangular pupilary 
image Ip. 

If DIP (x, y-1)>DIP (x, y), then DID (x, y)=DIP (x, 
y-1)-DIP (x, y) 
If DIP (x, y-1)<DIP (x, y), then DID (x, y)=0 (3) 

0177 where parameter X and y in the right term of Eq. (3) 
are variable within ranges of 0s x<Wr and 1s sy<Hr, 
respectively. 

0.178 Even if either of the above edge detection tech 
niques is used, pixels of the edge image Id Showing greater 
edge intensity in the rectangular pupilary image Ip have 
greater values. 
0179 2-2 Extraction of Outline of Lower Half of Irial 
granule in Step 302 
0180 FIG. 16 shows a flowchart of a program to extract 
an outline of a lower half of the irial granule 12. 
0181. In step 401, the position of a central axis of the 
pupil 10 extending in a vertical direction is Searched. The 
central axis of the pupil 10 is defined by a normal extending 
through the center of the pupil 10 and expressed by X-y 
coordinates. The position of the central axis in a vertical 
direction (i.e., the y axis) is first searched in the following 

C. 

0182 First, the rectangular pupilary image Ip in FIG. 
17(a) is projected in a horizontal direction to make a 
histogram, as shown in FIG. 17(b). The average of gray 
levels Dm(y) in the histogram is normalized, as expressed by 
Eq. (4) below, using the width Wr as a parameter. 

Dm(y)=(XDIP(x,y))/W (4) 
0183 where DIP(x, y) is the gray level of each pixel of 
the rectangular pupilary image Ip, y is a parameter variable 
within a range of 0sy<Hr, and X is the sum total of DIP(x, 
y) where X is changed from one (1) to Wr. 
0184 The vertical position y (=Hc) of the central axis of 
the pupil 10 is determined as the value of y in the histogram 
when the frequency of Dm(y) shows a minimum value. This 
is based on the fact that the average gray level of the pupil 
10 in the rectangular pupilary image Ip is lower than those 
of any other portions thereof. 
0185. The horizontal position We of the central axis of 
the pupil 10 is determined as We=Wr/2. The vertical posi 
tion y (=Hc) is, as described above, determined using the 
histogram Since it cannot be determined easily from the 
pupilary area derived in Step 202, but the horizontal position 
We may be determined as a horizontal center of the pupilary 
area derived in step 202. 
0186. In the above manner, the position of the central axis 
of the pupil 10 (i.e., the center of the pupil 10) is determined 
as (We, Hc). 
0187. After the center of the pupil 10 is determined as 
(We, He) in step 401, the routine proceeds to steps 402 to 
408 to search the outline of the lower half of the irial granule 
12. 
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0188 In step 402, a brightness threshold value Tgrin is set 
to an initial value Tinit, and a parameter SbGRN is set to 
Zero (0). The initial value Tinit is a value much lower than 
the average gray level of the image area of the pupil 10. 
0189 In step 403, a binary-coded image IB of the rect 
angular pupilary image Ip (x,y) is produced according to Eq. 
(5) below using the brightness threshold value Tgrn. 

If Ip (x, y)>Tgrin, then IB (Tgrin, x, y)=1 
If Ip (x, y)<Tgrin, then IB (Tgrin, x, y)=0 (5) 

0190. The thus produced binary-coded image IB (Tgrin, X, 
y) shows an average gray level of the pupil 10 lower than 
those of any other portions. A change in Tgrin, thus, results 
in a change in pupilary boundary line (i.e., an outline of the 
pupil 10), but an area including the center of the pupil 10 in 
most cases will be an enclosed area showing the value of 
Zero (0). When the brightness threshold value Tgrin is set to 
Some value, it may cause the outline of the enclosed area to 
agree with the outline of the lower half of the irial granule 
12 since the boundary line exists between the pupil 10 and 
the irial granule 12. 
0191 In step 404, the outline of an area including the 
center (We, He) of the pupil 10 or an area closest to the 
center (We, He) of the pupil in areas of the binary-coded 
image IB (Tgrin, x, y) showing the gray level of Zero (0) are, 
as shown in FIGS. 18(b1) to 18(b3), searched in the fol 
lowing manner. For example, labels are added to pixels 
showing the gray level of Zero (0) to produce an area(s) 
showing the gray level of Zero (0). The distance between the 
center of gravity of the area(s) and the center (We, Hc) of the 
pupil 10 is calculated to Select an area including the center 
(We, Hc) of the pupil 10 or an area closest to the center of 
the pupil 10 from among areas within the binary-coded 
image IB (Tgrin, x, y) showing the gray level of Zero (0). 
Pixels Surrounding the Selected area are extracted from the 
binary-coded image IB as a pupilary outline. 

0.192 It is possible that the thus extracted pupilary outline 
corresponds to the outline of the pupil 10 according to the 
brightness threshold value Tgrn. In other words, there is the 
possibility of agreement of a portion of the pupilary outline 
with the outline of the lower half of the irial granule 12 
neighboring to the pupil 10. 
0193 Accordingly, it is checked whether a portion of the 
extracted pupilary outline corresponds to a portion of the 
edge image having a greater edge intensity or not to deter 
mine whether the extracted pupilary outline coincides with 
the outline of the lower half of the irial granule 12 or not in 
the following manner. 
0194 First, in step 405, a measure of similarity Sgrin 
(Tgrin) of the outline of the lower half of the irial granule 12 
is determined using a String of dots representing the pupilary 
outline derived in step 404. For example, some of dots (i.e., 
pixels) making up a set pgrn(Tgrin) expressed by Eq. (6) 
below which lie above the center (We, Hc) of the pupil 10 
and each of which is closest to the central axis y=Hc of the 
pupil 10 at one of X coordinates are Selected. Specifically, a 
Subset Pgrn(Tgrin) is determined according to Eq. (9) using 
a collection of dots meeting Eq.S. (7) and (8) or using a 
collection of dots only meeting Eq. (8) if the set of dots 
pgrn(Tgrin) (i.e., each of dots having the Smallest value of y 
at one of X coordinates) does not satisfy Eq. (7). Using 
elements of the edge image DID located at the same posi 
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tions as those of the elements of the Subset Pgrn(Tgrin), the 
measure of similarity SgrnOTgrin) is determined according to 
Eq. (10) below. 

pgrn(Tgrin)=(xi(Tgrin), yi(Tgrin)) Osianp(Tgrin) (6) 

0195 
yi(Tgrin)<Hc Osianp(Tgrin) (7) 

where np(Tgrn) is one of dots making up the area. 

Hc-yi(Tgrin)<Hc-yi (Tgrin) Osianp(Tgrin), 
Osjanp(Tgrin) (8) 

0196) where yi and yj indicate different y-coordinates 
when Xi=X. 

Pgn(Tgrin)=(Xi(Tgrin), Yi (Tgrin)) OsizNp(Tgrin) (9) 

0197) 
Sgrin(Tgrin)=(XDID(Xi(Tgrin), Yi (Tgrin))+Np(Tgrin) (10) 

0198 where S is the sum total of DID(Xi(Tgrin), Yi(Tgrn) 
where i is changed from one (1) to (Np(Trgn)-1). 

where Np(Tgrin) is the number of dots of the set. 

0199 The measure of irial granule outline similarity 
SgrnOTgrin) derived by Eq. (10)indicates the average of edge 
intensities on an outline of one of areas of the binary-coded 
image IB(Tgrin, x, y) having the value of Zero (0) that is 
closest to the center (We, Hc) of the pupil 10 or that includes 
the center (We, Hc) of the pupil 10. In other words, the 
measure of irial granule outline similarity SgrinTgrin) indi 
cates whether an upper half outline derived by handling the 
binary-coded image IB(Tgrin, x, y) formed using the latest 
brightness threshold value Tgrn coincides with an edge on 
the edge image or not. 
0200. Therefore, when the measure of irial granule out 
line similarity Sgrin(Tgrin) shows a great value, it means that 
the outline Pgrn(Tgrin)= (Xi(Tgrin, Yi(Tgrin)) of the upper 
half of the pupil 10 (i.e., the outline of the lower half of the 
irial granule 12) estimated from the binary-coded image 
IB(Tgrin, x, y) formed using the latest brightness threshold 
value Tgrn coincides with an edge derived by the difference 
in gray level between the pupil 10 and the irial granule 12. 
0201 In step 406, if the measure of irial granule outline 
Similarity SgrnOTgrin) derived in this program execution 
cycle is greater than the measures of irial granule outline 
similarity SbGRN that is set to zero (0) in step 402 of the 
first program execution cycle, then the measure of irial 
granule outline similarity SbORN is updated by the measure 
of irial granule outline similarity Sbrn(Tgrin), and the Subset 
Pgrn(Tgrin) and the threshold value Tgrn are determined as 
PbORN and TbORN. 

0202) In step 407, it is determined using Eq. (11) below 
whether the measure of irial granule outline Similarity 
SgrnOTgrin) derived in this program execution cycle is 
Smaller than the product of a given value and the measure of 
irial granule outline similarity SbGRN derived in the pre 
vious program execution cycle or not. If a YES answer is 
obtained meaning that it is impossible to produce the outline 
of the lower half of the irial granule 12 in a Subsequent 
program execution cycle which is better than that derived in 
this program execution cycle, then the routine terminates. 
Alternatively, if a NO answer is obtained in step 407, then 
the routine proceeds to step 408 wherein the brightness 
threshold value Tgrin is updated (Tgrn=Tgrin--dt). 

Sgrin(Tgrin)<KgxSbGRN (11) 

0203 where Kg is a real number of the order of 0.5 to 1.0 
which is Selected for preventing the measure of irial granule 
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outline Similarity SgrinTgrin) from converging on a local 
peak value. Note that the increment dt used in step 408 is a 
natural number of 1 or 2. 

0204 If step 408 is repeated to increase the brightness 
threshold value Tgrn Stepwise, then the measure of irial 
granule outline similarity SgrnOTgrin) is gradually increased 
up to the peak and then decreased. Step 407 monitors the 
peak of the outline of the lower half of the irial granule 12 
during the change in SgrindTgrin). 
0205 The images binary-coded using the brightness 
threshold values Tgrn=t1, t2, and t3 (t1<t2<t3) are shown in 
FIGS. 18(b1) to 18(b3). The dark portions of the images in 
FIGS. 18(b1) to 18(b3) are areas showing gray levels lower 
than the brightness threshold values Tgrin, respectively. FIG. 
18(c) shows the edge image. The measure of irial granule 
outline similarity SgrindTgrin) is determined by applying the 
edge image to each of Strings of dots Pgrn(t1), Pgrn(t2), and 
Pgrn(t3) representing the outlines extracted from the binary 
coded images in FIGS. 18(b1) to 18(b3). In this embodi 
ment, the string of dots Pgrn(t3) derived from the binary 
coded image in FIG. 18(b3) matches with the edge image 
and is extracted as the outline of the lower half of the irial 
granule 12. 

0206. The image of the pupil 10 may exhibit the grada 
tion or get light or dark as a whole depending upon envi 
ronmental conditions when the image is picked up by the 
camera 101 and the location of a source of light. For this 
reason, it is necessary to find a Suitable threshold value 
required to discriminate between the pupil 10 and the irial 
granule 12 in each image by measuring the edge intensity of 
the outline while changing the threshold value. 
0207. Upon completion of the above extraction of the 
outline of the lower half of the irial granule 12, the outline 
of the upper half of the irial granule 12 is extracted in the 
following manner. 

0208 (2-3) Extraction of Outline of Upper Half of Irial 
Granule in Step 304 
0209 FIG. 19 shows a flowchart of a program to extract 
an outline of the upper half of the irial granule 12. 
0210 First, in step 501, a search start point of the outline 
of the upper half of the irial granule 12 is determined. The 
irial granule 12 is, as described above, a protrusion having 
a three-dimensional shape and has an irregular Surface. This 
causes shadows having Substantially the same gray level as 
that of the pupil 10 to appear, in an image picked up by the 
camera 101, at the boundary between the irial granule 12 and 
the iris 11 and/or on the surface of the irial granule 12. These 
Shadows usually have gray levels near the threshold value 
TbGRN derived in the extraction of the outline of the lower 
half of the irial granule 12 and also appear on an image, as 
shown in FIG.20(a), which is derived by binary-coding the 
rectangular pupilary image Ip. The Search Start point of the 
outline of the upper half of the irial granule 12 is, thus, 
determined using the threshold value TbORN in the follow 
ing manner. 

0211) The center PM (XPM, YPM) of the outline PbORN 
of the lower half of the irial granule 12 is determined as 
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0213 The rectangular pupilary image Ip is binary-coded 
using the brightness threshold value TbORN derived in step 
406 of FIG. 16 to produce a binary-coded image IB(Tgrn, 
x, y), as shown in FIG.20(a). The value of each pixel of the 
binary-coded image IB(Tgrin, x, y) is searched upwards from 
the center PM(XPN, YPM) to find a first pixel of zero (0). 
The first pixel of zero (0) is determined as the search start 
point (GIx, Gly) of the outline of the upper half of the irial 
granule 12. Specifically, the Search start point (GIX, Gly) 
meets Eqs. (13) and (14) below. 

GX = XPM (13) 
YPM > GIy > y (14) 

0214) where y meets the relations of IB(TbGRN, GIx, 
y)=0 and 0<y.<YPM. 

0215. If the coordinate Gly meeting Eqs. (13) and (14) is 
not found, then a given value dx is added to GIX to find a 
corresponding coordinate GIy. This operation is repeated 
until the coordinate Gly meeting Eq.S. (13) and (14) is found. 
The increment dx is an integer of the order of -4/Np to 4/Np. 
If the coordinate GIy meeting Eqs. (13) and (14) is not yet 
found, then a given value dtb (a Small natural number) is 
added to the brightness threshold value TbORN, and the 
above operation is repeated. 

0216. After the search start point (GIx, Gly) is found, 
Several parameter are initialized in step 502. Specifically, the 
threshold value Tgrin is set to an initial value of TbORN, and 
the parameter StGRN is set to Zero (0). If the threshold value 
TbGRN has been updated by the increment dtb in step 501, 
then the threshold value Tgrin is set to the updated threshold 
value TbORN. 

0217. In step 503, the rectangular pupilary image Ip is 
binary-coded using the latest threshold value Tgrn to pro 
duce the binary-coded image IB(Tgrin, x, y). 

0218. In step 504, one of areas showing the value of zero 
(O) in the binary-coded image IB(Tgrin, x, y) which includes 
the Search start point (GIX, Gly) is searched to extract an 
outline thereof. The outline may be viewed as the outline of 
the irial granule 12. In other words, it is possible that the 
extracted outline corresponds to the outline of the upper half 
of the irial granule 12 neighboring the iris 11. 

0219. Accordingly, it is checked whether the extracted 
outline corresponds to a portion of the edge image having a 
greater edge intensity or not to determine whether the 
extracted outline coincides with the outline of the upper half 
of the irial granule 12 or not in the following manner. 

0220. In step 505, a measure of similarity Sgrn(Tgrin) of 
the outline of the upper half of the irial granule 12 is 
determined using a String of dots representing the outline 
derived in step 504. For example, some of dots (i.e., pixels) 
making up a set pgrn(Tgrin) expressed by Eq. (15) below 
which lie above the center (We, Hc) of the pupil 10 and each 
of which is closest to the central axis y=Hc of the pupil 10 
at one of X coordinates are Selected. Specifically, a Subset 
Pgrn(Tgrin) is determined according to Eq. (18) using a 
collection of dots meeting Eq.S. (16) and (17). Using ele 
ments of the edge image DID located at the same positions 
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as those of the elements of the subset Pgrn(Tgrin), the 
measure of similarity SgrnOTgrin) is determined according to 
Eq. (10) above. 

pgrn(Tgrin)=(xi(Tgrin), yi(Tgrin)) Osianp(Tgrin) (15) 

0221 where np(Tgrn) is one of dots making up the area. 
yi(Tgrin)<Hc Osianp(Tgrin) (16) 

Osjanp(Tgrin) (17) 

0223 where yi and yj indicate different y-coordinates 
when Xi=X. 

Pgn(Tgrin)=(Xi(Tgrin), Yi (Tgrin)) OsizNp(Tgrin) (18) 

0224 where Np(Tgrn) is the number of dots of the set. 
0225. Similar to the measure of irial granule outline 
similarity used to extract the outline of the upper half of the 
irial granule 12, when the measure of irial granule outline 
Similarity SgrindTgrn) shows a greater value, it means that 
the outline Pgrn(Tgrn)=(Xi(Tgrn, Yi(Tgrn)) of the upper 
half of the irial granule 12 estimated from the binary-coded 
image IB(Tgrin, x, y) formed using the latest brightness 
threshold value Tgrn coincides with an edge derived by the 
difference in gray level between the pupil 10 and the irial 
granule 12. 

0226. In step 506, if the measure of irial granule outline 
Similarity SgrnOTgrin) derived in this program execution 
cycle is greater than the measures of irial granule outline 
similarity StGRN that is set to zero (0) in step 502 of the first 
program execution cycle, then the measure of irial granule 
outline similarity StGRN is updated by the measure of irial 
granule outline similarity Sbrn(Tgrin), and the Subset Pgrin 
(Tgrin) representing the outline of the upper half of the irial 
granule 12 and the brightness threshold value Tgrn are 
determined as PtCGRN and TtGRN. 

0227. In step 507, it is determined using Eq. (19) below 
whether the measure of irial granule outline Similarity 
Sgrn(Tgrin) derived in this program execution cycle is 
Smaller than the product of a given value and the measure of 
irial granule outline similarity StGRN derived in the previ 
ous program execution cycle or not. If a YES answer is 
obtained meaning that it is impossible to produce the outline 
of the upper half of the irial granule 12 in a Subsequent 
program execution cycle which is better than that derived in 
this program execution cycle, then the routine terminates. 
Alternatively, if a NO answer is obtained in step 507, then 
the routine proceeds to step 508 wherein the brightness 
threshold value Tgrin is updated (Tgrn=Tgrin--dt). 

Sgrin(Tgrin)<KhxStGRN (19) 

0228 where Kh is a real number of the order of 0.5 to 1.0 
which is Selected for preventing the measure of irial granule 
outline Similarity SgrinTgrin) from converging on a local 
peak. Note that the increment dt used in step 508 is a natural 
number of 1 or 2. 

0229. The set of dots PtCRN derived in the program 
execution cycle when the routine terminates indicates the 
outline of the upper half of the irial granule 12. 
0230. The images binary-coded using the brightness 
threshold values Tgrn= T1, T2, and T3 (T1-T2<T3) are 
shown in FIGS. 20(b1) to 20(b3). The dark areas on the 
images in FIGS. 200b1) to 200b3) are areas showing gray 
levels lower than the brightness threshold values Tgrin, 
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respectively. FIG.20(c) shows the edge image. The measure 
of irial granule outline Similarity SgrnOTgrin) is determined 
by applying the edge image to each of Strings of dots 
Pgrn(T1), Pgrn(T2), and Pgrn(T3) representing the outlines 
extracted from the binary-coded images in FIGS. 20(b1) to 
20(b3). In this embodiment, the string of dots Pgrn(T3) 
derived from the binary-coded image in FIG. 20(b3) 
matches with the edge image and is extracted as the outline 
of the upper half of the irial granule 12. 
0231. 3 Identification Based on Irial granule Analysis in 
Step 204 
0232 The animal identification is performed using the 
outlines of the upper and lower halves of the irial granule 12 
in the pattern matching method. For example, it is achieved 
by comparing the outline of the irial granule 12 determined 
in the above manner with reference irial granule outlines 
Stored in a registration dictionary to find one of the reference 
irial granule outlines which is closest to the outline of the 
irial granule 12. 
0233. The information on the histogram used in deter 
mining the horizontal center of the pupil 10 may also be 
employed for the animal identification. 
0234. The search start point of the outline of the lower 
half of the irial granule 12 is the center of the pupil 10, but 
it may be the center of gravity of an area of the pupil 10 in 
an binary-coded image used to extract the rectangular pupil 
ary image Ip. 

0235. The search start point of the outline of the upper 
half of the irial granule 12 is also not limited to the one as 
described above and may be set to a point lying above the 
center of the outline of the lower half of the irial granule 12 
at a fixed interval. The Search Start point may alternatively 
be determined based on the center of gravity of a binary 
coded image representing the irial granule 12, formed by 
using two brightness threshold values. In this case, it is 
possible to extract the outline of the upper half of the irial 
granule 12 prior to extracting the outline of the lower half 
thereof. It is also possible to extract the outlines of the upper 
and lower halves of the irial granule 12 Simultaneously. 
0236. The outlines of the upper and lower halves of the 

irial granule 12 are apprised by use of the edge image 
produced in terms of the edge intensity, but may also be 
apprised by use of an additional edge image produced by 
binary-coding the first edge image. For example, the outlines 
of the upper and lower halves of the irial granule may be 
apprised based on measures of Similarity between the upper 
and lower halves of the irial granule and edge lines on the 
binary-coded edge image. 

0237 FIG. 21 shows an animal identification system 
according to the third embodiment of the invention. 
0238. The animal identification system includes a camera 
1, a pupilary area eXtracting circuit 21, an irial granule area 
extracting circuit 22, and an identification circuit 23. 
0239). The camera 1 captures an image of an eye of an 
animal Such as horse or cattle in a digital form and provides 
it to the pupilary area extracting circuit 21. The pupilary area 
extracting circuit 21 extracts from the input image the 
rectangular pupilary image Ip, as shown in FIG. 5(b), 
including the pupilary 10 and the irial granule 12 and 
provides it to the irial granule area extracting circuit 22. The 
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irial granule area eXtracting circuit 22 extracts an image of 
the irial granule 12 from the rectangular pupilary image Ip. 
The identification circuit 23 identifies the animal captured 
by the camera1 using the shape or texture of the irial granule 
12 in the image extracted by the irial granule area extracting 
circuit 22. 

0240 The discussion below refers to extracting an irial 
granule existing on an upper portion of the pupil, but the 
extraction of an irial granule existing on a lower portion of 
the pupil can be achieved by reversing parameters, as used 
below, vertically. 
0241 FIG. 22 shows a flowchart of a program or 
Sequence of logical Steps performed by the animal identifi 
cation system of the third embodiment. 
0242 First, a digital image captured by the camera 1 is 
inputted to the pupilary area extracting circuit 21 (step 1). 
The pupilary area extracting circuit 21 extracts from the 
input image the rectangular pupilary image Ip (Step 2). The 
irial granule area extracting circuit 22 determines the inten 
sity of an outline (step 3) and extracts an image of the irial 
granule from the rectangular pupilary image Ip (Step 4). 
Finally, the identification circuit 23 identifies the animal 
captured by the camera 1 using the shape or texture of the 
irial granule in the image extracted by the irial granule area 
extracting circuit 22 (Step 5). 
0243 The operations in the above steps will be discussed 
below in detail. 

0244 (1) Extraction of Rectangular Pupilary Image Ip in 
Step 2 
0245 FIG. 23(a) shows the image of the eye captured by 
the camera 1 and inputted to the pupilary area extracting 
circuit 21. FIG. 13(b) shows the rectangular pupilary image 
Ip extracted from the image of FIG. 23(a). 
0246 First, the input image is binary-coded using a gray 
level of the darkest portion in the image. An image area of 
the pupil is extracted from the binary-coded image. Next, a 
rectangular area Rp, as shown in FIG. 23(a), including the 
extracted image area of the pupil and an marginal image 
containing the irial granule is defined in the input image. The 
rectangular area Rp has the width Wr and the height Hr, 
Similar to the first embodiment. The rectangular area Rp is 
extracted from the input image to define the rectangular 
pupilary image Ip, as shown in FIG. 23(b), in a coordinate 
System in which an upper left corner of the rectangular 
pupilary image Ip lies at the origin (0,0) and a lower right 
corner thereof lies at a point (Wr-1, Hr-1). 
0247 2 Determination of Intensity of Outline in Step 3 
0248 FIG. 24 shows a flowchart of a program logically 
performed in the irial granule area extracting circuit 22 to 
determine the intensity of an outline of the pupil. 
0249. The determination of the intensity of the outline of 
the pupil is made by repeating Steps 32 to 39, as described 
below in detail, while increasing a threshold value from 
T0=Tinit in increments of dt (dt is a small natural number). 
If Ti>Tmax in step 39, the routine terminates. 
0250 In step 31, the threshold value Ti is set to an initial 
value Tinit. In Step 32, the rectangular pupilary image Ip is 
binary-coded using the threshold value Ti. In step 33, an area 
darker than the threshold value Ti is defined as an objective 
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area P(Ti), and an outline of the objective area P(Ti) is 
searched. Both ends of the objective area P(Tl) are deter 
mined as E1(T) and E2(T). A portion of the outline passing 
through the ends E1(T) and E2(Ti) located lowest in a 
direction in which a value of y is increased is defined as a 
pupilary lower outline. The intensity and average coordi 
nates of the outline excluding the pupilary lower outline, as 
will be described later in detail, are determined. When an 
area brighter than the threshold value Ti (i.e., an area having 
a gray level higher than Tb in FIG. 27(a)) exists in the 
objective area P(Tl), the intensity and an average coordinate 
of an outline of that area is also determined. 

0251. In step 34, the rectangular pupilary image is, as 
shown in FIGS. 26(b) and 27(b), divided in a lateral direc 
tion into N pieces (N is a natural number) which will be 
referred to as image segments Rjbelow (Osj<N, j=natural 
number). The determination of the intensity and an average 
coordinate of the outline is made in each of the image 
Segments. 

0252 Specifically, in each of the image segments R, the 
intensities and average coordinates of uppermost and low 
ermost portions of the outline of the objective area P(Tl) are 
determined in the following manner. 
0253 Here, in each of the image segments Rj, a set of 
dots (i.e., pixels) representing the uppermost portion of the 
outline of the objective area P(Ti) derived based on the 
threshold value Ti is defined as U.crd(Ti, Rj), the intensity 
thereof is defined as U.pow(Ti, Rj), an average coordinate 
thereof is defined as U.pos, and data on a combination of 
U.crd(Ti, Rj), U.pow(Ti, Rj), and U.pos is defined as U(Ti, 
Rj). Similarly, in each of the image segments Rj, a set of dots 
representing the lowermost portion of the outline excluding 
the pupilary lower outline is defined as L.crd(Ti, Rj), the 
intensity thereof is defined as L-pow(Ti, Rj), an average 
coordinate thereof is defined as Pipos, and data on a com 
bination of L.crd(Ti, Rj), L-pow(Ti, Rj), and Lipos is defined 
as L(Ti, Rj). 
0254 2-1 Explanation of Sets of Dots U.crd and L.crd 
(Step 35 in FIG. 24) 
0255 U.crd and L.crd represent lines which have the 
same intensity and which will be candidate set of dots 
representing upper and lower outlines of an image of the irial 
granule based on the fact that in the rectangular pupilary 
image Ip, the iris, the irial granule, and the pupil have 
constant gray levels different from each other. 
0256 If the number of elements in each of U.crd and 
L.crd is defined as M, then U.crd and L.crd are expressed as 

U.Crd(Ti, Ri)={(XuiO, YuiO), (Xui1, Yuij1), . . . , 
(XuiM-1, YuiM-1)} 
L. cra(Ti, Ri)={(XliO, YiiiO), (Xli1, Yiii1),..., (XiiM 
1, YiiiM-1)} 

0257 2-2 Explanation of Average Coordinates U.pos 
and Lipos (Step 36) 
0258 U.pos and Lipos indicate, as can be seen in (a) of 
a table I of FIG. 28, average values of y-coordinates of 
U.crd and L.crd, respectively. 
0259 2-3 Explanation of Outline Intensities U.pow and 
Lipow (Step 37) 
0260 The outline intensity is an average value of inten 
Sities of edges on the outline of the objective area in the 
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rectangular pupilary image Ip. While the discussion below 
refers only to mathematical determination of the edge inten 
sity U.pow(Ti, Rj) of U.crd(Ti, Rj) in the image segment Rj, 
the edge intensity L-pow(Ti, Rj) can be determined in the 
SC C. 

0261) The edge intensity POW at point Q(x, y) (0sx<Wr, 
0sy<Hr) in the rectangular pupilary image Ip is determined 
in a differential operation using the Laplacian or Sobel 
operator. Vertical differential is also employed using the fact 
that in the rectangular pupilary image Ip, the iris, the irial 
granule, and the pupil have gray levels Di, Dg, and Dp 
meeting the relation of Di>Dg> Dp. Note that an image 
having a greater gray level is perceived brightly. In practice, 
if the gray level of each pixel in the rectangular pupilary 
image Ip is defined as DIP(x, y) (0s x<Wr, 0sy<Hr), then 
the edge intensity POW is given by a formula shown in (b) 
of the table I in FIG. 28. Specifically, the edge intensity 
POW is determined by subtracting the gray level DtP(x, y) 
of an objective pixel from the gray level DIP(x, y-1) of a 
pixel located just above the objective pixel. 
0262. When the irial granule lies on an upper portion of 
the pupil in the rectangular pupilary image Ip, the iris has the 
highest gray level, the irial granule has a middle gray level, 
and the pupil has the lowest gray level. In this case, in order 
to enhance only edges oriented in a specified direction, the 
edge intensity POW may be expressed as shown in (c) of the 
table I in FIG. 28. 

0263. The greater the difference in gray level between a 
Specified dot and an adjacent dot in the rectangular pupilary 
image Ip, the higher value the edge intensity of the Specified 
dot has. The edge intensities of all dots in the image may be 
determined in Sequence or alternatively be determined 
Simultaneously in advance. 
0264. The outline intensity U.pow(Ti, Rj) is an average 
value of edge intensities of elements of U.crd(Ti, Rj) and 
expressed by a formula, as shown in (d) of the table I in FIG. 
28. 

0265. The measurement of the outline intensity will be 
described below with reference to FIGS. 25 to 27(c). 
0266 FIG. 25 shows the rectangular pupilary image. 
FIG. 26(a) shows an image derived by binary-coding the 
rectangular pupilary image of FIG. 25 using the threshold 
value Ti=TA. FIG. 26(b) shows an outline of the objective 
area P(TA) of the binary-coded image of FIG. 26(a) (an 
operation in step 32 of FIG. 24). A portion (i.e., a broken 
line in the drawing) of the outline appearing below a line 
Segment connecting left and right ends E1(TA) and E2(TA) 
is defined as the pupilary lower outline. The pupilary lower 
outline is divided equally in a horizontal direction into N 
pieces which are defined as units in determining the outline 
intensity (an operation in step 34 of FIG. 24). 
0267 FIG. 26(c) shows one of the image segments Rj. In 
the shown image Segment R, there is only one outline 
Segment except the pupilary lower outline, So that U(TA, 
Rj)=L(TA, Rj). 
0268 FIG. 27(a) shows an image derived by binary 
coding the rectangular pupilary image using the threshold 
value Ti = TB greater than TA. FIG. 27(b) shows an outline 
of the binary-coded image of FIG.27(a). If there is, a shown 
in FIG. 27(a), an area having a gray level greater than the 
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threshold value within an objective area, an outline of the 
periphery of that area is also extracted. 
0269 FIG. 27(c) shows one of the image segments Rjof 
FIG. 27(b). In the shown image segment Rj, there are three 
outline Segments except the pupilary lower outline. In this 
case, the uppermost outline Segment is defined as U(TB, Rj), 
while the lowermost outline segment is defined as L(TB, 
Rj). 
0270 (3) Extraction of Outline of Irial Granule (Step 4) 
0271 FIG.29 shows a flowchart of a program performed 
in the irial granule outline extracting step 4 of FIG. 22. 
0272) 3-1 Determination of Reference Outline (Step 41) 
0273. After the threshold value Tiis increased from Tinit 
to Tmax, and the average coordinates and outline intensities 
of U(Ti, Rj) and L(Ti, Rj) are all determined, one of the 
image Segments showing the highest intensity is determined 
and substituted into a reference outline E(R) (0sj<N). 
0274 The outline intensity of U(Ti, Rj) is the greatest in 
the image segment Rj (0sj<N) when the threshold value 
Ti=Ta. Specifically, the outline intensity when U.pow(Ta, 
Rj)2U.pow(Ti, Rj) (TinitsTi-Tend) and Ti-Tb is the great 
est. Specifically, if L-pow(Tb, Rj)2L-pow(Ti, Rj) 
(TinitsTiz Tend), either of U(Ta, Rj) and L(Tb, Rj) having 
the greater outline intensity is Substituted into E(R) as 
shown below. 

0275 (1) If U pow(Ta, Rj)eL-pow(Tb, Rj), 

0276 then E.crd(R)=U.crd (Ta, R) (Substitute all 
elements) 
0277 Epos(Ri)=U.pos(Ta, Rj) 

0278 Epow(Ri)=U.pow(Ta, Rj) 

0279 E.thd(R)=Ta 
0280 (2) If U pow(Ta, Ri)<L-pow(Tb, Rj), 

0281 then E.crd(R)= L.crd (Tb, Rj) (Substitute all 
elements) 
0282 Epos(R)= Lpos(Tb, Rj) 
0283 Epow(R)=L-pow(Tb, Rj) 

0284 E.thd(R)=Tb 
0285 where Ecrd(R) indicates a set of dots constituting 
the reference outline, Epos(R) indicates an average coor 
dinate of the reference outline, E-pow(R) indicates an 
outline intensity of the reference outline, and E.thd(R) 
indicates a threshold value used to extract the reference 
outline. 

0286. In the rectangular pupilary image Ip, an outline of 
the irial granule has the highest edge intensity except the 
lower outline of the pupil, therefore, the reference outline 
E(R) represents either of the upper and lower outlines of the 
irial granule. 
0287 3-2 Determination of Counter Outline (Step 42) 
0288. In step 42, a mate to the reference outline is 
determined which will be referred to as a counter outline 
below. For instance, when the reference outline is the upper 
outline of the irial granule, the counter outline represents the 
lower outline thereof. Alternatively, when the reference 
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outline is the lower outline of the irial granule, the counter 
outline represents the upper outline thereof. The determina 
tion of whether the reference outline is the upper outline or 
the lower outline of the irial granule is, however, made in a 
Subsequent Step. 

0289. A three-dimensional irregular portion, as already 
described, exists inside the irial granule whose Shadow may 
have a higher edge intensity locally in the image. Addition 
ally, the edge intensity of the outline of the irial granule may 
be lowered due to shading off of the image. The counter 
outline is, therefore, defined on the condition that the outline 
intensity is great, and the distance to the reference outline is 
great Sufficiently. As a Score numerical value given to a 
candidate line of the counter outline, the product of the 
outline intensity and the distance to the reference outline is 
used. Note that an upper limit of a term of the distance is 
defined as POSmax in order to avoid dispersion of the term 
of the distance. The Score is not limited to the product as 
long as it is given to the candidate outline in proportion to 
the outline intensity and the distance to the reference outline. 

0290 The counter outline is determined, as discussed 
below, under each of the conditions that the reference outline 
is an upper outline of the irial granule and that the reference 
outline is a lower outline of the irial granule. 

0291 3-2-(1) Assume that the Reference Outline is the 
Lower Outline of the Irial Granule 

0292. In one of the image segments R(0sj<N), UD1(Ti, 
Rj) and LD1(Ti, Rj), as shown in (a) of the table II in FIG. 
30, are determined with respect to Tinits Ti-Tmax. Note 
that UD1(Ti, Rj) and LD1(Ti, Rj) represent scores of the 
uppermost outline and the lowermost outline under the 
condition that the reference outline is the lower outline of the 
irial granule. 

0293 A term of Epos-U.pos has a negative value when 
an average value of y-coordinates of U.crd is below an 
average value of y-coordinates of E.crd. This means an 
outline whose average y-coordinate is below the reference 
outline is not a candidate outline of the counter outline Since 
the reference outline is assumed to be the lower outline of 
the irial granule. The Same is true for a term of EpoS-L-poS. 

0294). If the relation of UD1(Tc, Rj)2UD1(Ti, Rj) 
(TinitsTi-Tend) wherein UD1(Ti, Rj) shows a maximum 
when Ti=Tc is satisfied and the relation of LD1(Td, 
RJ)2LD1(Ti, Rj) (TinitsTi-Tend) wherein LD1(Ti, Rj) 
shows a maximum when Ti=Td is Satisfied, then the greater 
of UD 1 and LD1 and a set of coordinates corresponding 
thereto are substituted into C1(Rj). Note that C1(R) is a 
candidate line of the upper outline of the irial granule under 
the condition that the reference outline is the lower outline 
of the irial granule. 

0295) Specifically, as shown in (b) of the table II in FIG. 
30, if UD1(Tc, Rj)2 LD1(Td, Ri), then values of UD1 and 
U.crd in the threshold value Tc are Substituted, while if 
UD1(Tc, Rj)<LD1(Td, Rj), then values of LD1 and L.crd in 
the threshold value Td are substituted. Note that C1.crd(R) 
and C1.diff(Ri) in the table II indicate a set of dots repre 
Senting a candidate line of the upper outline of the irial 
granule and a Score thereof, respectively. 
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0296 3-2-(2) Assume that the Reference Outline is the 
Upper Outline of the Irial Granule 
0297. In one of the image segments Rj (0sj<N), UD2(Ti, 
Rj) and LD2(Ti, Rj), as shown in (a) of the table III in FIG. 
31, are determined with respect to Tinits Ti-Tmax. Note 
that UD2(Ti, Rj) and LD2(Ti, Rj) represent scores of the 
uppermost outline and the lowermost outline under the 
condition that the reference outline is the upper outline of the 
irial granule. 
0298. A term of U.pos-E-pos has a negative value when 
an average value of y-coordinates of U.crd is above an 
average value of y-coordinates of E.crd. This means an 
outline whose average y-coordinate is above the reference 
outline is not a candidate outline of the counter outline Since 
the reference outline is assumed to be the upper outline of 
the irial granule. The Same is true for a term of L. pos-EpoS. 

0299) If the relation of UD2(Te, Ri)2UD1(Ti, Ri) 
(TinitsTi-Tend) wherein UD2(Ti, Rj) shows a maximum 
when Ti=Te is satisfied and the relation of LD2(Tf, 
RJ) eLD2(Ti, Rj) (TinitsTi-Tend) wherein LD2(Ti, Rj) 
shows a maximum when Ti=Tf is Satisfied, then the greater 
of UD2 and LD2 and a set of coordinates corresponding 
thereto are substituted into C2(R). Note that C2(R) is a 
candidate line of the lower outline of the irial granule under 
the condition that the reference outline is the upper outline 
of the irial granule. 
0300 Specifically, as shown in (b) of the table III in FIG. 
31, if UD2(Te, Rj)e LD2(Tf, Ri), then values of UD2 and 
U.crd in the threshold value Te are Substituted, while if 
UD2(Te, Rj)<LD2(Tf, Rj), then values of LD2 and L.crd in 
the threshold value Tfare substituted. Note that C2.crd(R) 
and C2.diff(R) in the table III indicate a set of dots repre 
Senting a candidate line of the lower outline of the irial 
granule and a Score thereof, respectively. 

0301 3-2-(3) Determination of Counter Outline 
0302) The counter outline is determined based on 
whether the candidate outline extracted in 3-2-(1) is 
greater than that in 3-2-(2). Specifically, if 
C1.diff(Rj)2C2.diff(Ri), as shown in (a) of the table IIII in 
FIG. 32, then it is determined that the reference outline is 
the lower outline of the irial granule, and the counter outline 
is the upper outline of the irial granule. Alternatively, if 
Clidiff(Ri)<C2.diff(Ri), as shown in (b) of the table IIII, then 
it is determined that the reference outline is the upper outline 
of the irial granule, and the counter outline is the lower 
outline of the irial granule. 
0303. The rectangular pupilary image, as described 
above, consists of an image of the pupil plus right, left, 
upper, and lower margins, So that a pupilary area dose not 
exist near both ends (R0, R1 and RN-1, RN-1) of the image 
Segments, in other words, no irial granule exists. Accord 
ingly, an average value Tave of E.thd(R) (0sj<N) is, as 
shown in (c) of the table III in FIG.32, determined, and both 
ends E1(Tave) and E2(Tave) of an objective area binary 
coded using the average value Tave are determined as right 
and left end dots of the irial granule. 
0304. The above operations are performed on all the 
image segments Rj (0sj< N) to derive a set of dots UPPER 
crd(R) representing the upper outline of the irial granule 
and a set of dots LOWER.crd(R) representing the lower 



US 2001/0017935 A1 

outline of the irial granule. An area defined by UPPER 
crd(R) and LOWER.crd(R) represents the irial granule 
(step 43). 
0305 While the present invention has been disclosed in 
terms of the preferred embodiment in order to facilitate 
better understanding thereof, it should be appreciated that 
the invention can be embodied in various ways without 
departing from the principle of the invention. Therefore, the 
invention should be understood to include all possible 
embodiments and modification to the shown embodiments 
which can be embodied without departing from the principle 
of the invention as Set forth in the appended claims. 

What is claimed is: 
1. An animal identification apparatus comprising: 
an outline extracting circuit that extracts from an image of 

an eye of an animal to be identified including a pupil 
and an irial granule an outline of Said pupil; 

an arc application processing circuit that determines an 
arc approximate to a specified portion of Said extracted 
outline; 

an irial granule deforming circuit that deforms the irial 
granule in Said image according to the degree of 
deformation of Said arc up to a reference level; and 

a Storage that registerS data on Said deformed irial granule 
of the animal to be registered. 

2. An animal identification apparatus as Set forth in claim 
1, wherein said arc application processing circuit determines 
Said arc in an X-y coordinate System to provide arc data 
indicating a length, a radius, and an angle of Said arc, and 
wherein Said irial granule deforming circuit maps said irial 
granule into polar coordinates wherein a Straight line is 
defined as Said reference level based on Said arc data. 

3. An animal identification apparatus as Set forth in claim 
1, further comprising an irial granule identification circuit 
that compares data on Said deformed irial granule of the 
animal to be identified with Said data registered in Said 
Storage to determine whether Said animal is registered or not 
based on a correlation between said compared data. 

4. An animal identification method comprising the Steps 
of: 

extracting from an image of an eye of an animal to be 
identified including a pupil and an irial granule an 
outline of Said pupil; 

applying an approximate arc to a specified portion of Said 
extracted outline; 

deforming the irial granule in Said image according to the 
degree of deformation of Said arc up to a reference 
level; and 

registering data on Said deformed irial granule of the 
animal in a storage. 

5. An animal identification apparatus as Set forth in claim 
4, wherein arc data indicating a length, a radius, and an angle 
of Said arc is determined to map Said irial granule into polar 
coordinates wherein a Straight line is defined as Said refer 
ence level based on Said arc data. 

6. An animal eye image processing apparatus designed to 
process an image of an eye of an animal including a pupil 
and irial granule comprising: 
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a pupilary rectangle extracting circuit that determines an 
area in Said image showing the Smallest gray level of 
pixels representing Said image as an area of Said pupil 
and extracts a rectangular area including Said pupilary 
area; and 

pupilary vertical center determining means for projecting 
a gray level of each pixel in Said rectangular area in a 
horizontal direction to determine an area in Said pupil 
ary area showing the Smallest frequency as a central 
position of Said pupilary area in a vertical direction. 

7. An animal eye image processing apparatus as Set forth 
in claim 6, further comprising pupilary horizontal center 
determining means for determining a center between both 
ends Said pupilary area in the horizontal direction as a 
central position of Said pupilary area in the horizontal 
direction. 

8. An animal eye image processing apparatus designed to 
process an image of an eye including a pupilary area and an 
irial granule area in an iris area comprising: 

first outline extracting means for determining gray level 
differences between pixels forming Said pupilary area 
and Said irial granule area to extract outlines of both the 
areas, and 

Second outline extracting means for determining gray 
level differences between pixels forming Said iris area 
and Said irial granule area to extract outlines of both the 
CS. 

9. An animal eye image processing apparatus as Set forth 
in claim 8, wherein said first outline extracting means 
includes a pupilary center Setting portion that Sets a central 
position of Said pupilary area and an outline Searching 
portion that binary-codes an input image with a Set threshold 
value, determines an area whose gray level is lower than Said 
threshold value as an area including at least the central 
position of Said pupilary area, and changes Said threshold 
value to Search the outlines of Said pupilary area and irial 
granule area. 

10. An animal eye image processing apparatus as Set forth 
in claim 9, further comprising edge image producing means 
for detecting an edge of the input image to produce an edge 
image, and wherein Said outline Searching portion deter 
mines whether pixels forming the outlines derived from the 
binary-coded image binary-coded using Said threshold value 
agree with edge pixels of Said edge image. 

11. An animal eye image processing apparatus as Set forth 
in claim 9, wherein Said pupilary center Setting portion 
projects gray levels of a rectangular area Surrounding Said 
pupilary area in a horizontal direction to determine a central 
position of Said pupilary area in a vertical direction using the 
fact that a pupil has the lowest gray level and defines a 
central position of Said pupilary area in a horizontal direc 
tion at a central position of Said rectangular area in the 
horizontal direction. 

12. An animal eye image processing apparatus as Set forth 
in claim 8, wherein Said Second outline extracting means 
includes a Search Start point Setting portion that Sets a Search 
Start point position estimated to be within Said irial granule 
area and an outline Searching portion that binary-codes an 
input image with a set threshold value, determines an area 
whose gray level is lower than Said threshold value as an 
area including at least Said Search Start point, and changes 
Said threshold value to Search the outlines of Said iris area 
and irial granule area. 



US 2001/0017935 A1 

13. An animal eye image processing apparatus as Set forth 
in claim 12, wherein Said outline Searching portion deter 
mines whether pixels forming the outlines derived from the 
image binary-coded using Said threshold value agree with 
edge pixels of Said edge image. 

14. An animal eye image processing apparatus as Set forth 
in claim 12, wherein Said Search Start point Setting portion 
Sets the Search Start point by Searching a shadow produced 
in Said irial granule area. 

15. An animal eye image processing method wherein 
using an image picked up from an eye of an animal having 
an irial granule, a central position of a pupil is determined, 
comprising the Steps of: 

Setting a rectangular area Surrounding an pupilary area 
using the fact that the pupil has the lowest gray level; 
and 

projecting gray levels of the rectangular area in a hori 
Zontal direction to determine a central position of the 
pupil in a vertical direction. 

16. An animal eye image processing method as Set forth 
in claim 15, wherein a central position of the pupil in the 
horizontal direction is determined at a central position of 
Said rectangular area in the horizontal direction. 

17. An animal eye image processing method wherein 
from an image picked up from an eye of an animal having 
an irial granule, an area of the irial granule is extracted, 
comprising: 

a first outline extraction Step of extracting a first outline of 
the irial granule on a boundary side of a pupil and the 
irial granule based on an average gray level difference 
between the pupil and the irial granule; and 

a Second outline extraction Step of extracting a Second 
outline of the irial granule on a boundary Side of an iris 
and the irial granule based on an average gray level 
difference between the iris and the irial granule, 

wherein information on the first and Second outlines is 
provided as area information on the irial granule. 

18. An animal eye image processing method as Set forth 
in claim 17, wherein Said first outline extraction Step 
includes a pupilary center Setting Step of Setting a central 
position of the pupil and a first outline Searching Step of 
binary-coding an input image with a first threshold value and 
Searching the outline on the boundary Side of the pupil and 
the irial granule within area including a central position of 
the pupil in an area whose gray level is lower than the first 
threshold value or an area closest to the central position of 
the pupil by changing Said first threshold value. 

19. An animal eye image processing method as Set forth 
in claim 18, further comprising an edge image producing 
Step of performing edge detection of the input image to 
produce an edge image, and wherein Said first outline 
Searching Step evaluates whether a pixel of the edge image 
located at the same position as that of the first outline 
derived from the image binary-coded by said first threshold 
value constitutes an edge or not and terminates the Search 
when what shows the highest evaluation level is found. 

20. An animal eye image processing method as Set forth 
in claim 18, wherein Said pupilary center Setting Step 
projects gray levels of a rectangular area Surrounding Said 
pupilary area in a horizontal direction to determine a central 
position of the pupil in a vertical direction using the fact that 
the pupil has the lowest gray level and defines a central 
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position of the pupil in a horizontal direction at a central 
position of Said rectangular area in the horizontal direction. 

21. An animal eye image processing method as Set forth 
in claim 17, wherein Said Second outline extraction Step 
includes a Search Start point Setting Step of Setting a Search 
Start point position estimated to be within Said irial granule 
area and a Second outline Searching Step of binary-coding an 
input image with a Second threshold value and Searching the 
outline on the boundary Side of the iris and the irial granule 
within an area including Said Search Start point within an 
area whose gray level is lower than the Second threshold 
value or an area closest to Said Search Start point by changing 
the second threshold value. 

22. An animal eye image processing method as Set forth 
in claim 21, wherein Said Second outline Searching Step 
evaluates whether a pixel of the edge image located at the 
Same position as that of the Second outline derived from the 
image binary-coded by Said Second threshold value consti 
tutes an edge or not and terminates the Search when what 
shows the highest evaluation level is found. 

23. An animal eye image processing method as Set forth 
in claim 21, wherein Said Search Start point Setting Step Sets 
the Search Start point by Searching a shadow produced in Said 
irial granule area. 

24. An animal eye image processing method as Set forth 
in claim 23, wherein Said Search Start point Setting Step Sets 
the Search Start point within a lower gray level area located 
toward the iris from Said first outline in the image binary 
coded by the first threshold value. 

25. An animal eye image processing apparatus compris 
Ing: 

a pupilary rectangle extracting circuit that extracts from a 
captured image of an eye of an animal having an irial 
granule a rectangular area Surrounding the iri al gran 
ule; and 

an irial granule area eXtracting circuit that divides the 
rectangular area determined by Said pupilary rectangle 
extracting circuit in a lateral direction into image 
Segments and determines an outline of the irial granule 
in each of the image Segments. 

26. An animal eye image processing apparatus as Set forth 
in claim 25, wherein Said irial granule area extracting circuit 
defines as an objective area an area in an image binary-coded 
using a threshold value whose gray level is lower than the 
threshold value, determines an outline of the objective area 
in each of a plurality of different threshold values, and after 
the outlines are determined in all the threshold values, 
determines which of the outlines is a real outline of the irial 
granule. 

27. An animal eye image processing apparatus as Set forth 
in claim 26, wherein Said irial granule area extracting circuit 
Stores an outline of an area within the objective area which 
is brighter than a threshold value in addition to the outlines 
of the objective area and determines which of the threshold 
values provides one of the outlines binary-coded that is the 
real outline of the irial granule. 

28. An animal eye image processing apparatus as Set forth 
in claim 26, wherein Said irial granule area extracting circuit 
Stores average edge intensities on the outline of the objective 
area in each of the image Segments and determines the 
outline having the greatest average edge intensity in each of 
the image Segments as an upper or lower outline of the irial 
granule. 
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29. An animal eye image processing apparatus as Set forth 
in claim 28, wherein if the upper or lower outline is one of 
the outlines, Said irial granule area extracting circuit deter 
mines the lower or upper outlines as the other outline, 
determines the outline that is located at a given distance 
away from Said one of the outlines and that has the greater 
average edge intensity as the other outline, and determines 
an area Surrounded by both the outlines as an area of Said 
irial granule. 

30. An animal eye image processing apparatus as Set forth 
in claim 28, wherein Said irial granule area extracting circuit 
Stores a threshold value when the outline has the greatest 
edge intensity in each of the image Segments, determines an 
average threshold value of said threshold values in all the 
image Segments, and determines both ends of an objective 
area binary-coded by Said average threshold value as both 
ends of the irial granule. 

31. An animal eye image processing method comprising 
the Steps of: 

extracting from an image derived by capturing an eye of 
an animal having an irial granule a rectangular area 
Surrounding the irial granule; and 

dividing Said rectangular area in a lateral direction into 
image Segments and determining an outline of the irial 
granule in each of the image Segments. 

32. An animal eye image processing method as Set forth 
in claim 31, wherein an area in an image binary-coded using 
a threshold value whose gray level is lower than the thresh 
old value is defined as an objective area, an outline of the 
objective area in each of a plurality of different threshold 
values is determined, and after the outlines are determined 
in all the threshold values, it is determined which of the 
outlines is a real outline of the irial granule. 

33. An animal eye image processing method as Set forth 
in claim 32, wherein an outline of an area within the 
objective area which is brighter than a threshold value is 
Stored in addition to the outlines of the objective area, and 
it is determined which of the threshold values provides one 
of the outlines binary-coded that is the real outline of the 
irial granule. 
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34. An animal eye image processing method as Set forth 
in claim 32, wherein average edge intensities on the outline 
of the objective area are in each of the image Segments, and 
the outline having the greatest average edge intensity in each 
of the image Segments is determined as an upper or lower 
outline of the irial granule. 

35. An animal eye image processing method as Set forth 
in claim 33, wherein average edge intensities on the outline 
of the objective area are in each of the image Segments, and 
the outline having the greatest average edge intensity in each 
of the image Segments is determined as an upper or lower 
outline of the irial granule. 

36. An animal eye image processing method as Set forth 
in claim 34, wherein if the upper or lower outline is one of 
the outlines, the lower or upper outlines is determined as the 
other outline, the outline that is located at a given distance 
away from Said one of the outlines and that has the greater 
average edge intensity is determined as the other outline, and 
an area Surrounded by both the outlines is determined as an 
area of Said irial granule. 

37. An animal eye image processing method as Set forth 
in claim 34, wherein a threshold value when the outline has 
the greatest edge intensity is Stored in each of the image 
Segments, an average threshold value of Said threshold 
values in all the image Segments is determined, and both 
ends of an objective area binary-coded by Said average 
threshold value are determined as both ends of the irial 
granule. 

38. An animal eye image processing method as Set forth 
in claim 36, wherein a threshold value when the outline has 
the greatest edge intensity is Stored in each of the image 
Segments, an average threshold value of Said threshold 
values in all the image Segments is determined, and both 
ends of an objective area binary-coded by Said average 
threshold value are determined as both ends of the irial 
granule. 


