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(57) ABSTRACT 

A chin detecting method is provided. After detecting a 
human face and setting a chin detecting WindoW at a loWer 
part of the image, an edge strength distribution is calculated 
Within the chin detecting WindoW and pixels having an edge 
strength With a threshold value or more are detected based 
on the edge strength distribution. Then an approximated 
curve is obtained to most match a distribution of each of the 
detected pixels and a loWermost part of the approximated 
curve is identi?ed as the loWer base of the chin of the human 
face. Thereby the chin loWer base of the human face can be 
detected automatically, accurately and quickly. 
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CHIN DETECTING METHOD, CHIN DETECTING 
SYSTEM AND CHIN DETECTING PROGRAM FOR 

A CHIN OF A HUMAN FACE 

RELATED APPLICATIONS 

[0001] This application claims priority to Japanese Patent 
Application No. 2003-407911 ?led Dec. 5, 2003 Which is 
hereby expressly incorporated by reference herein in its 
entirety. 

BACKGROUND 

[0002] 1. Technical Field 

[0003] The present invention concerns pattern recognition 
and object recognition technologies, and more speci?cally, 
the invention relates to a chin detecting method, a chin 
detecting system and a chin detecting program for accurately 
detecting the location of the chin of a human face from an 
image of the human face. 

[0004] 2. Related Art 

[0005] With recent advancements in pattern recognition 
technologies and information processors such as computers, 
the recognition accuracy of text and sound has been dra 
matically improved. HoWever, in the pattern recognition of 
an image of a human, an object, the landscape and so on, 
e.g., an image scanned from a digital still camera and the 
like, it is still dif?cult to accurately and quickly identify 
Whether a human face is visible in the image or not. 

[0006] HoWever, automatically and accurately identifying 
Whether a human face is visible in the image or not and Who 
the human is With a computer has been extremely important 
to establish a living body recognition process, improve 
security, accelerate criminal investigations, speed up image 
data reduction and retrieval, and so on. In this regard, many 
proposals have been made. 

[0007] In JP-A-9-50528, the existence of a ?esh color area 
is ?rst determined in an input image, and the mosaic siZe is 
automatically determined in the ?esh color area to convert a 
candidate area into a mosaic pattern. Then, the existence of 
human face is determined by calculating a proximity from a 
human face dictionary and mis-extraction due to the in?u 
ence of background and like can be reduced by segmenting 
the human face. Thereby, the human face can be automati 
cally and effectively detected from the image. 

[0008] In JP-A-8-77334, extraction of the feature point of 
a face image to be used for distinguishing each individual 
and group (for example, an ethnic group) is automatically 
and easily performed at a high speed by using a predeter 
mined algorithm. 

[0009] Incidentally, With regard to a required photo of a 
human face (Which is a face image) for a passport, photo ID 
card and the like, many photographic pose requirements are 
set in detail such as the siZe of the photo, the direction to 
Which the human face faces, and the siZe and location of the 
human face Within the photograph. 

[0010] For example, not to mention the requirements for 
no background and no accessories such as a hat, there are 
detailed regulations requiring that the human face point to 
the front, that the human face be located in the center of 
photo, that the chin of the face be located Within a speci?c 
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area relative to the loWer frame of the photo, and so on. In 
principle, a photo of a face image that is outside of the 
regulations is not adopted. 

[0011] HoWever, it is impractical to retake a photo simply 
because the siZe and location of the face in the photo is 
slightly out of regulation, although it may be rational if the 
human face is not facing the front or if an accessory such as 
a hat is Worn. This causes a problem of imposing consider 
able labor and cost on a user. 

[0012] For this reason, a method of solving the above 
problems has been examined by using digital image pro 
cessing Which has developed signi?cantly in recent years. 

[0013] For example, the folloWing method has been exam 
ined to solve such problems. First, digital image data of the 
human face image is directly obtained by a digital still 
camera or the like using an electronic image pickup device 
such as a CCD or a CMOS. On the other hand, the digital 
image data may be acquired from an analog photo (silver salt 
photo) of the human face by using an electronic optical 
image scanner. Once the digital image data is obtained, easy 
image processing such as Zooming in/out and moving is 
performed on the digital image data by using an image 
processing system comprising a general-purpose computer 
such as a PC and general-purpose softWare Without damag 
ing the innate characteristics of the human face in the photo. 

[0014] Although it is possible to manually perform the 
above process by using general-purpose I/O devices such as 
a mouse, a keyboard and a monitor When the number of 
images to be processed is small, it becomes necessary to 
perform the process automatically by using the aforemen 
tioned conventional techniques When the number of images 
increases. 

[0015] To realiZe the automation of image processing for 
a human face, hoWever, it is necessary to accurately recog 
niZe a face outline, and especially a chin outline of the 
human face Which cannot be accurately scanned in many 
cases With only a conventional edge detection ?lter due to 
lighting conditions, features of the person in the photo and 
other conditions that are present While taking the picture. 

[0016] For example, the chin becomes vaguely-outlined 
depending on the presence of scattered light and the direc 
tion of the lighting. Also, a relatively strong edge is often 
detected betWeen lips and the loWer base of the chin depend 
ing on the facial features of the subject and betWeen the 
collar and neck depending on the clothes Worn. In many 
cases a stronger edge is generated at the Wrinkles of the neck 
than at the chin outline depending on the age and shape of 
the subject, and this edge is sometimes mistakenly detected 
as the chin outline. 

[0017] The present invention has been achieved to solve 
the aforementioned problems. Therefore, one object of the 
invention is to provide a novel chin detecting method, a chin 
detecting system and a chin detecting program capable of 
detecting a robust chin loWer base by accurately and quickly 
detecting an outline of the chin, Which is dif?cult to detect 
from a face image. 

SUMMARY 

[0018] A chin detecting method for detecting a loWer base 
of a chin of a human face from an image With the human face 
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included therein according to Aspect 1 is characterized in 
that: after detecting a face image of an area including both 
eyes and the lips of the human face but not including the chin 
and after setting a chin detecting WindoW With a siZe 
including the chin of the human face at a loWer part of the 
detected face image, a pixel having an edge strength With a 
threshold value or more is detected based on an edge 
strength distribution by calculating the edge strength distri 
bution Within the chin detecting WindoW; and then an 
approximated curve is obtained to match a distribution of 
each of the detected pixels and a loWermost part of the 
approximated curve is identi?ed as the loWer base of the 
chin of the human face. 

[0019] In the invention as described above, after selecting 
a part With a high possibility of including the chin of a 
human face and setting the chin detecting WindoW at that 
part, the edge strength distribution Within the chin detecting 
WindoW is calculated. In other Words, an outline including 
the chin loWer base generally has a higher edge strength than 
that of the periphery of the outline due to a sharp contrast 
betWeen the outline and the periphery thereof. Consequently, 
it becomes possible to easily and reliably select a candidate 
area to be the outline including the chin loWer base that 
should be included in the chin detecting WindoW by calcu 
lating the edge strength distribution Within the chin detecting 
WindoW. 

[0020] Next, When the edge strength distribution has been 
calculated, the pixel having an edge strength With a thresh 
old value or more is detected. In other Words, since an 
outline including the chin loWer base generally has a high 
edge strength, it becomes possible to select only a pixel With 
a high possibility of corresponding to the outline including 
the chin loWer base by selecting the pixel having the edge 
strength With a speci?c threshold value or more and by 
eliminating other pixels. 

[0021] Finally, the approximated curve is obtained to 
match the distribution of each of the detected pixels and the 
loWermost part of the approximated curve is identi?ed as the 
loWer base of the chin of the human face and detected. 

[0022] Thereby it becomes possible to detect a robust chin 
loWer base by accurately and quickly detecting an outline of 
the chin of the human face, Which is dif?cult to detect from 
a face image. 

[0023] A chin detecting method for detecting a loWer base 
of a chin of a human face from an image With the human face 
included therein according to Aspect 2 is characteriZed in 
that: after detecting a face image of an area including both 
eyes and the lips of the human face but not including the chin 
and after setting a chin detecting WindoW With a siZe 
including the chin of the human face at a loWer part of the 
detected face image, a pixel having an edge strength With a 
threshold value or more is detected by calculating a primary 
differentiation type edge strength distribution Within the chin 
detecting WindoW and by calculating the threshold value 
from the primary differentiation type edge strength distri 
bution; then a pixel to be used is narroWed doWn from the 
pixels by using a sign inversion of a secondary differentia 
tion type edge; and thereafter an approximated curve is 
obtained to match a distribution of the narroWed-doWn pixel 
by using a least-square method and a loWermost part of the 
approximated curve is identi?ed as the loWer base of the 
chin of the human face. 
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[0024] In the invention, there is a more specialiZed calcu 
lating method than in Aspect 1 for the edge strength distri 
bution (primary differentiation type), pixel selecting method 
(secondary differentiation type) and for the approximated 
curve (least-square method). Thereby the chin loWer base of 
human face can be detected more accurately and faster than 
in Aspect 1. 

[0025] In the chin detecting method according to Aspect 1 
or 2, a chin detecting method according to Aspect 3 is 
characteriZed in that the chin detecting WindoW has a 
horiZontally long rectangular shape, a Width of the chin 
detecting WindoW is Wider than a Width of the human face 
and the height of the chin detecting WindoW is shorter than 
the Width of the human face. 

[0026] Thereby since the chin loWer base of the human 
face to be detected can be reliably captured Within the chin 
detecting WindoW, the chin loWer base can be detected more 
accurately. 

[0027] In a chin detecting method according to Aspect 2 or 
3, a chin detecting method according to Aspect 4 is char 
acteriZed in that the primary differentiation type edge 
strength distribution is obtained by using a Sobel edge 
detection operator. 

[0028] Calculating differentiation With respect to a con 
trast is the most representative method of detecting a sharp 
contrast in the image. Since a difference is substituted for the 
differentiation of a digital image, an edge part With a sharp 
contrast in the image can be effectively detected by primarily 
differentiating an original image Within the chin detecting 
WindoW. 

[0029] In the invention, a Sobel edge detection operator 
excellent in detection performance is used as a primary 
differentiation type edge detection operator (?lter). Thereby 
the edge part Within the chin detecting WindoW can be 
detected reliably. 

[0030] In a chin detecting method according to one of 
Aspects 2 to 4, a chin detecting method according to Aspect 
5 is characteriZed in that the secondary differentiation type 
edge is obtained by using a Laplace edge detection operator. 

[0031] Thereby the secondary differentiation type edge 
can be detected reliably. 

[0032] In a chin detecting method according to one of 
Aspects 1 to 5, a chin detecting method according to Aspect 
6 is characteriZed in that the approximated curve is obtained 
by using a least-square method by a quadratic function. 

[0033] As a method of obtaining the approximated curve 
Within the chin detecting WindoW Which can be identi?ed as 
the chin outline of the human face, a least-square method by 
a quadratic function is used in the invention. Thereby the 
chin outline of the human face Within the chin detecting 
WindoW can be quickly obtained. 

[0034] The least-square method employed in the invention 
is a method of ?nding a coef?cient to minimiZe a sum of 
squares of errors from a function Which has tried to ?t a 
group of plural samplings, as generally understood. For 
example, a quadratic expression may be used for experi 
mental data Which shoWs a phenomenon behaving as the 
quadratic expression. When it is expected that the experi 
mental data Will shoW a phenomenon behaving as an expo 
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nential function, a calculation can be made by calculating 
the logarithm. It is possible to easily obtain the approxi 
mated curve by the least-square method by using softWare (a 
program) already incorporated in many scienti?c electronic 
calculators and spreadsheet softWare. 

[0035] A chin detecting system for detecting a loWer base 
of a chin of a human face from an image With the human face 
included therein according to Aspect 7 comprises: an image 
scanning part for scanning the image With the human face 
included therein; a face detecting part for detecting an area 
including both eyes and the lips of the human face but not 
including the chin from the image scanned in the image 
scanning part and for setting a face detecting frame in the 
detected area; a chin detecting WindoW setting part for 
setting a chin detecting WindoW With a siZe including the 
chin of the human face at a loWer part of the detecting frame; 
an edge calculating part for calculating an edge strength 
distribution Within the chin detecting WindoW; a pixel select 
ing part for selecting pixels having an edge strength With a 
threshold value or more based on the edge strength distri 
bution obtained by the edge calculating part; a curve 
approximating part for obtaining an approximated curve to 
match a distribution of each of the pixels selected in the 
pixel selecting part; and a chin detecting part for detecting 
a loWermost part of the approximated curve obtained in the 
curve approximating part as the loWer base of the chin of the 
human face. 

[0036] Thereby, as in Aspect 1, it becomes possible to 
detect a robust chin loWer base by accurately and quickly 
detecting an outline of the chin of human face, Which is 
dif?cult to detect from a face image. 

[0037] By realiZing each part by using special hardWare 
and a computer system, it becomes possible to exert these 
operations and effects automatically. 

[0038] In a chin detecting system according to Aspect 7, a 
chin detecting system according to Aspect 8 is characteriZed 
in that the pixel selecting part detects a pixel having an edge 
strength With a threshold value or more by calculating the 
threshold value from a primary differentiation type edge 
strength distribution calculated in the edge calculating part, 
and then selects a pixel to be used from the pixels by using 
a sign inversion of a secondary differentiation type edge. 

[0039] Thereby, as in Aspects 2 and 7, it becomes possible 
to detect a chin loWer base accurately and quickly. In 
addition, by realiZing each part by using special hardWare 
and a computer system, it becomes possible to exert these 
operations and effects automatically. 

[0040] A chin detecting program for detecting a loWer 
base of a chin of a human face from an image With the 
human face included therein according to Aspect 9 makes a 
computer realiZe: an image scanning part for scanning the 
image With the human face included therein; a face detecting 
part for detecting an area including both eyes and the lips of 
the human face but not including the chin from the image 
scanned in the image scanning part and for setting a face 
detecting frame in the detected area; a chin detecting Win 
doW setting part for setting a chin detecting WindoW With a 
siZe including the chin of the human face at a loWer part of 
the detecting frame; an edge calculating part for calculating 
an edge strength distribution Within the chin detecting 
WindoW; a pixel selecting part for selecting pixels having an 
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edge strength With a threshold value or more based on the 
edge strength distribution obtained by the edge calculating 
part; a curve approximating part for obtaining an approxi 
mated curve to match a distribution of each of the pixels 
selected in the pixel selecting part; and a chin detecting part 
for detecting a loWermost part of the approximated curve 
obtained in the curve approximating part as the loWer base 
of the chin of the human face. 

[0041] Thereby since it becomes possible to obtain the 
same effect as in Aspects 1 and 7 and to realiZe the function 
in softWare by using a general-purpose computer (hardWare) 
such as a PC, the function can be realiZed more economi 
cally and easily as compared to the case of realiZing it by 
creating a special apparatus. In addition, version upgrades 
can be easily attained such as a change and an improvement 
of the function only by reWriting a program in many cases. 

[0042] In a chin detecting program according to Aspect 9, 
a chin detecting program according to Aspect 10 is charac 
teriZed in that the pixel selecting part detects a pixel having 
an edge strength With a threshold value or more by calcu 
lating the threshold value from a primary differentiation type 
edge strength distribution calculated in the edge calculating 
part, and then selects a pixel to be used from the pixels by 
using a sign inversion of a secondary differentiation type 
edge. 
[0043] Thereby since it becomes possible to obtain the 
same effect as in Aspects 2 and 8 and to realiZe the function 
in softWare as in Aspect 9, the function can be realiZed 
economically and easily. In addition, version upgrades can 
be easily attained such as a change and an improvement of 
the function. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] FIG. 1 is a block diagram shoWing one embodi 
ment of a chin detecting system according to the invention. 

[0045] FIG. 2 is a block diagram shoWing hardWare 
con?guring the chin detecting system. 

[0046] FIG. 3 is a ?oWchart shoWing one embodiment of 
a chin detecting method according to the invention. 

[0047] FIG. 4 is a graph shoWing a relationship betWeen 
the luminance of the face image and the pixel location 
thereof. 

[0048] FIGS. 5(a) and 5(b) are graphs shoWing a relation 
ship betWeen the edge strength of the face image and the 
pixel location thereof. 

[0049] FIG. 6 is a vieW shoWing the face image from 
Which the chin Will be detected. 

[0050] FIG. 7 is a vieW shoWing the state in Which a face 
detecting frame is set at the face image. 

[0051] FIG. 8 is a vieW shoWing the state in Which a chin 
detecting WindoW is set at the loWer part of face detecting 
frame. 

[0052] FIGS. 9(a) and 9(b) are vieWs shoWing the state in 
Which the chin loWer base is detected and the location is 
modi?ed. 

[0053] FIG. 10 is a vieW shoWing the chin detecting 
WindoW in Which only a pixel having the edge strength With 
a threshold value or more is indicated. 
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[0054] FIG. 11 is a vieW showing the chin detecting 
WindoW in Which only the pixel selected as a result of sign 
inversion is indicated. 

[0055] FIGS. 12(a) and 12(b) are vieWs shoWing a Sobel 
edge detection operator. 

[0056] FIG. 13 is a vieW shoWing a Laplacian ?lter. 

DETAILED DESCRIPTION 

[0057] A best mode for carrying out the invention Will be 
described With reference to the draWings. 

[0058] FIG. 1 shoWs one embodiment of a chin detecting 
system 100 for a human face according to the invention. 

[0059] As shoWn in this Figure, the chin detecting system 
100 comprises: an image scanning part 10 for scanning a 
face image G With the human face included therein; a face 
detecting part 12 for detecting the human face from the face 
image G scanned in the image scanning part 10 and for 
setting a face detecting frame F of the human face; a chin 
detecting WindoW setting part 14 for setting a chin detecting 
WindoW W With a siZe including the chin of the human face 
at a loWer part of the face detecting frame F; an edge 
calculating part 16 for calculating an edge strength distri 
bution Within the chin detecting WindoW W; a pixel selecting 
part 18 for selecting pixels having an edge strength With a 
threshold value or more based on the edge strength distri 
bution obtained by the edge calculating part 16; a curve 
approximating part 20 for obtaining an approximated curve 
to substantially match a distribution of each of the pixels 
selected in the pixel selecting part 18; and a chin detecting 
part 22 for detecting a loWermost part of the approximated 
curve obtained in the curve approximating part 20 as the 
loWer base of the chin of the human face. 

[0060] First, the image scanning part 10 provides a func 
tion of obtaining a facial portrait for visual identi?cation 
attached to, for example, a public ID such as a passport and 
a driver’s license or attached to a private ID such as an 

employee ID card, a student ID card and a membership card, 
in other Words, obtaining the face image G Which has no 
background and includes largely the human face facing the 
front as digital image data including each pixel data of R 
(red), G (green) and B (blue) by using an image pickup 
sensor such as a CCD (Charge Coupled Device) or a CMOS 
(Complementary Metal Oxide Semiconductor). 
[0061] More speci?cally, the CCD of a digital still camera 
and a digital video camera, a CMOS camera, a vidicon 
camera, an image scanner, a drum scanner and so on may be 
used. There is provided a function of analog to digital (A/D) 
converting the face image G optically scanned in the image 
pickup sensor and sequentially sending the digital image 
data to the face detecting part 12. 

[0062] In addition, the image scanning part 10 has a data 
storing function in Which the scanned face image data can be 
properly stored in a storage device such as a hard disk drive 
(HDD) and in a storage medium such as DVD-ROM. When 
the face image is supplied as digital image data through a 
netWork and a storage medium, the image scanning part 10 
becomes unnecessary or functions as a communication part 
or an interface 

[0063] Next, the face detecting part 12 provides a function 
of detecting the human face from the face image G scanned 
in the image scanning part 10 and setting the face detecting 
frame F at the detected part. 
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[0064] This face detecting frame F has a siZe (an area) 
including both eyes and the lips of the human face With the 
nose centered but not including the chin, Which Will be 
described later. 

[0065] In addition, although a detection algorithm for the 
human face by the face detecting part 12 is not especially 
limited, a conventional method can be utiliZed as described 
in the folloWing document, for example: 

[0066] H. A. RoWley, S. Baluja and T. Kanade, 

[0067] 
[0068] IEEE Transactions on Pattern Analysis and 
Machine Intelligence, vol. 20, no. 1, pp. 23-38, 1998. 

“Neural netWork-based face detection” 

[0069] According to the technology described in this 
document, creating a face image of an area including both 
eyes and the lips of the human face but not including the 
chin, and training a neural netWork by using this image, the 
human face is detected by using the trained neural netWork. 
According to the disclosed technology mentioned above, the 
area from both eyes to the lips is detected as a face image 
area. 

[0070] The siZe of the face detecting frame F is not 
unchangeable and can be increased and decreased depending 
on the siZe of the target face image. 

[0071] The chin detecting WindoW setting part 14 has a 
function of setting the chin detecting WindoW W With a siZe 
including the chin of the human face at a loWer part of the 
face detecting frame F set in the face detecting part 20. In 
other Words, there is selected a target area for accurately 
detecting an outline including the chin loWer base of the 
human face in the folloWing parts from the face image G by 
using the chin detecting WindoW W. 

[0072] The edge calculating part 16 provides a function of 
calculating an edge strength distribution Within the chin 
detecting WindoW W. As Will be described later, the primary 
differentiation type edge strength distribution is obtained by 
using a Sobel edge detection operator or the like. 

[0073] The pixel selecting part 18 provides a function of 
selecting a pixel having an edge strength With a threshold 
value or more based on the edge strength distribution 
obtained by the edge calculating part 16. As Will be 
described later, a candidate pixel obtained by the Sobel edge 
detection operator by using a secondary differentiation ?lter 
(Laplacian ?lter) is narroWed doWn by using a sign inversion 
of the edge. 

[0074] The curve approximating part 20 provides a func 
tion of obtaining an approximated curve to match a distri 
bution of each pixel selected in the pixel selecting part 18. 
As Will be described later, the chin outline of the human face 
is obtained in a curve manner by using a least-square method 
by a quadratic function as in the folloWing formula. 

[0075] In this formula, y denotes the vertical coordinate, x 
denotes the horiZontal coordinate and x0 denotes the hori 
Zontal center of the chin detecting WindoW. 

[0076] Calculating “a” and “b” by using this formula and 
a least-square method, “b” Will express the chin loWer base 
(a<0). 
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[0077] The chin lower base detecting part 22 provides a 
function of detecting a lowermost part of the approximated 
curve obtained in the curve approximating part 20 as the 
loWer base of the chin of the human face. As shoWn in FIG. 
9, the chin loWer base may be expressly provided by 
attaching a noticeable marker M to the detected chin-loWer 
base. 

[0078] In addition, each of the parts 10 to 22 and so on 
con?guring the chin detecting system 100 is actually real 
iZed by a computer system such as a PC Which is con?gured 
by hardWare in the form of a CPU, RAM and the like and 
Which is con?gured by a special computer program (soft 
Ware) shoWn in FIG. 3. 

[0079] In the hardWare for realiZing the chin detecting 
system 100 as shoWn in FIG. 2, for example, through 
various internal/external buses 47 such as a processor bus, a 
memory bus, a system bus and an I/O bus Which are 
con?gured by a PCI (Peripheral Component Interconnect) 
bus, an ISA (Industrial Standard Architecture) bus and so on, 
there are bus-connected to each other: a CPU (Central 
Processing Unit) 40 for performing various controls and 
arithmetic processing; a RAM (Random Access Memory) 41 
used for a main storage; a ROM (Read Only Memory) 42 
Which is a read-only storage device; a secondary storage 43 
such as a hard disk drive (HDD) and a semiconductor 
memory; an output unit 44 con?gured by a monitor (an LCD 
(liquid crystal display) or a CRT (cathode-ray tube)) and so 
on; an input unit 45 con?gured by an image pickup sensor 
and so on such as an image scanner, a keyboard, a mouse, 
a CCD (Charge Coupled Device) and a CMOS (Comple 
mentary Metal Oxide Semiconductor); an I/O interface (I/F) 
46; and so on. 

[0080] Then, for example, various control programs and 
data that are supplied through a storage medium such as a 
CD-ROM, DVD-ROM and a ?exible disk (FD) and through 
a communication netWork (LAN, WAN, Internet and so on) 
N are installed on the secondary storage 43 and so on. At the 
same time, the programs and data are loaded onto the main 
storage 41 if necessary. According to the programs loaded 
onto the main storage 41, the CPU 40 performs a speci?c 
control and arithmetic processing by using various 
resources. The processing result (processing data) is output 
to the output unit 44 through the bus 47 and displayed. The 
data is properly stored and saved (updated) in the database 
created by the secondary storage 43 if necessary. 

[0081] A description Will noW be given about an example 
of a chin detecting method using the chin detecting system 
100 having such a con?guration With reference to FIGS. 
3-13. 

[0082] FIG. 3 is a ?oWchart shoWing an example of a chin 
detecting method for the face image G to be actually 
detected. 

[0083] First, as shoWn in step S101, by the face detecting 
part 12, after detecting a face included in the face image G 
from the face image G Which has been scanned in the image 
scanning part 10 and from Which the chin Will be detected, 
the face detecting frame F for specifying the detected human 
face is set. 

[0084] For example, since the image from Which the chin 
Will be detected in the invention is limited to the image of 
one human face as shoWn in FIG. 6, the location of the 
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human face is ?rst speci?ed by the face detecting part 12 and 
then the rectangular-shaped face detecting frame F is set on 
the human face as shoWn in FIG. 7. 

[0085] In the case of the face detecting frame F as shoWn 
in the Figure, although the face detecting frame F has a siZe 
(an area) including both eyes and the lips of the human face 
With the nose centered but not including the chin, the siZe 
and shape are not limited to those exempli?ed if the area 
does not include the chin part of the human face. Also, 
although the human face siZe and the location of a display 
frame Y in a horiZontal direction are Within the regulation 
With regard to each face image G shoWn in FIGS. 6-9(a), the 
chin is located too loW and is out of regulation. 

[0086] Next, When the face detecting frame F has been set 
through the above process, moving to step S103 and setting 
the chin detecting WindoW W having a horiZontally long 
rectangular shape, and the chin location of the human face 
is speci?ed. 

[0087] The siZe and shape of the chin detecting WindoW W 
is not strictly limited. If the chin detecting WindoW W 
includes an area from the loWer lip of a human face to the 
chin loWer base Without fail, the siZe and shape is not 
especially limited. HoWever, When the chin detecting Win 
doW W is too large, there are many lines confusingly similar 
to the chin outline such as the shade of the chin, the Wrinkles 
of the neck and a shirt collar, Which increases the time to 
detect the true edge. When the chin detecting WindoW W is 
too small, the chin loWer base to be detected may not be 
included in some cases due to the difference betWeen indi 
viduals. 

[0088] Therefore, When using the chin detecting WindoW 
having a horiZontally long rectangular shape, the Width 
being Wider than a Width of the human face and the height 
being shorter than the Width of the human face, it is 
conceivable that the chin outline including the chin loWer 
base can be reliably captured While eliminating confusingly 
similar parts such as a shirt collar. Although the chin 
detecting WindoW W is set by contacting the loWer side of 
the face detecting frame F in the example of FIG. 8, the chin 
detecting WindoW W does not alWays have to contact the 
face detecting frame F. It suffices if a speci?c positional 
relationship can be kept betWeen the face detecting frame F 
and the chin detecting WindoW W. 

[0089] Next, When the chin detecting WindoW W has been 
set at a target image, moving to step S105 and calculating the 
luminance (Y) of each pixel Within the chin detecting 
WindoW W and the primary differentiation type edge 
strength distribution Within the chin detecting WindoW W is 
obtained based on the luminance value by using a primary 
differentiation type (difference type) edge detection operator 
typi?ed by a “Sobel edge detection operator” and the like. 

[0090] FIGS. 12(a) and 12(b) shoW this “Sobel edge 
detection operator”. In the operator (?lter) shoWn in FIG. 
12(a), a horiZontal edge is emphasiZed by adjusting each 
group of three pixel values located in the left and right roWs 
among eight pixel values surrounding a target pixel. In the 
operator (?lter) shoWn in FIG. 12(b), vertical and horiZontal 
edges are detected by emphasiZing the vertical edge by 
adjusting each group of three pixel values located in the 
upper line and loWer roW among eight pixel values sur 
rounding a target pixel. 
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[0091] After calculating the square sum of the result 
generated in such an operator and calculating the square 
root, the edge strength can be obtained. HoWever as 
described above, other primary differentiation type edge 
detection operators can be applied such as “Roberts” and 
“PreWitt” in place of the “Sobel edge detection operator”. 

[0092] FIG. 4 shoWs a relationship betWeen the luminance 
(vertical axis) of the face image G and the pixel location 
(horiZontal axis) thereof. Since the luminance changes 
sharply at the edge part in the image such as the chin outline, 
a parabola-shaped approximated curve can be obtained by 
using a primary differentiation type (difference type) edge 
detection operator such as the “Sobel edge detection opera 
tor”. 

[0093] Next, When the edge strength distribution Within 
the chin detecting WindoW W has been obtained in such a 
manner, moving to step S107, a threshold value is calculated 
from the edge strength distribution. The reason for this is 
that, as described above, since the edge strength is greatly 
affected by photographing conditions (lighting conditions) 
and so on, it is dif?cult to determine the edge corresponding 
to the chin outline from the edge strength including other 
areas. 

[0094] Although the threshold value for determining the 
pixels is not especially limited, the threshold value may be 
set at one-tenth of the maximum edge strength detected in 
the chin detecting WindoW W, for example, and the pixels 
having a stronger edge than this threshold value are selected 
as candidate pixels for obtaining the chin loWer base. 

[0095] Next, When the threshold value for sorting out the 
pixel values has been determined, moving to step S111 and 
selecting only the pixels having the edge strength exceeding 
the threshold value While scanning in a vertical direction by 
setting all pixels con?guring the upper side of the chin 
detecting WindoW W as the base point as shoWn in FIG. 10, 
and the pixels less than threshold value are eliminated. 

[0096] FIG. 10 shoWs simply the pixel distribution of the 
pixels thus selected (exceeding the threshold value). The 
pixels having the edge strength With a threshold value or 
more are identi?ed and indicated by scanning the pixels on 
each line in a non-interlaced manner, that is, scanning in the 
X-direction Within the chin detecting WindoW W from the 
upper left of the chin detecting WindoW W and moving to the 
Y-direction sequentially. 

[0097] The reason for scanning from the upper left of the 
chin detecting WindoW W is that a candidate pixel With a 
threshold value or more appearing earliest in the Y-direction 
Will be identi?ed as a potential candidate of the chin loWer 
base. Thereby it becomes possible to detect the pixels 
corresponding to the chin outline effectively. In other Words, 
the reason is that, since an edge Which is confusingly similar 
to the chin outline is stronger at the Wrinkles of the neck and 
a shirt collar located beloW the actual chin outline than the 
edge at the upper part of the actual chin outline, the loWer 
edge is desired to be loW-prioritiZed. 

[0098] Next, When the pixels having the edge strength 
exceeding threshold value have been selected, moving to 
step S113, a sign inversion of a secondary differentiation 
type edge is detected in each roW in order to narroW doWn 
(identify) the pixel having the maximum edge strength in 
each pixel roW (Y-direction) among the selected pixels. 
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[0099] When identifying the candidate pixel, it is neces 
sary to consider hoW sharply the luminance changes. When 
the luminance changes sloWly as shoWn in FIG. 4, the 
primary differentiation type Sobel edge strength changes 
slightly and sloWly as shoWn in FIG. 5(a). When reaching 
and exceeding the threshold value, the number of candidate 
pixels increases to lead to an error in determining the chin 
loWer base. 

[0100] For this reason, by detecting the edge sign inver 
sion by using a secondary differentiation type edge detection 
?lter (Laplacian ?lter) as shoWn in FIG. 13, one pixel Will 
be determined among plural candidate pixels in each roW as 
shoWn in FIG. 10 (and FIG. 11). 

[0101] For example, in the case of selecting plural pixels 
in each roW from “a” to “g” as a result of searching the pixels 
having the edge strength With a threshold value or more as 
shoWn in FIG. 10, each uppermost pixel is selected as the 
candidate pixel con?guring the chin outline in roWs “a”, “b”, 
“d”, “f” and “g” in FIG. 11 While each loWermost pixel is 
selected as the candidate pixel con?guring the chin outline 
in roWs “c” and “e” in FIG. 11. 

[0102] After that, When the selected candidate pixel has 
been ?nally narroWed doWn among many pixels exceeding 
the threshold value, moving to step S115, putting the above 
described approximated curve into the distribution of the 
pixels searched, and the chin loWer base Will be obtained. 

[0103] When the chin loWer base has been detected, 
attaching a marker M to the chin loWer base as shoWn in 
FIGS. 9(a) and 9(b) and the entire human face Will be moved 
so that the marker M located at the same location as the 
proper (regulation) location of chin loWer base. 

[0104] In FIG. 9(a), since the chin loWer base of the 
human face is located quite loW, the chin loWer base can be 
located at the regulation location by moving the human face 
vertically upWard as shoWn in FIG. 9(b). Although the 
image ends at the neck of human as shoWn in FIG. 9(a) and 
so on, the image under the neck is assumed to exist actually 
as it is. 

[0105] As described above, since the loWer base of the 
human face is detected based on the edge strength distribu 
tion Within the chin detecting WindoW after setting the chin 
detecting WindoW by using a publicly-knoWn human face 
detecting method, it becomes possible to detect a robust chin 
loWer base by accurately and quickly detecting the chin 
loWer base of the human face, Which is dif?cult to detect 
from a face image. 

What is claimed is: 
1. A chin detecting method for detecting a loWer base of 

a chin of a human face from an image With the human face 
included therein, the method comprising: 

detecting a face image of an area including both eyes and 
lips of the human face but excluding the chin; 

setting a chin detecting WindoW With a siZe including the 
chin of the human face at a loWer part of the detected 
face image; 

detecting pixels having an edge strength With at least a 
threshold value based on an edge strength distribution 
by calculating the edge strength distribution Within the 
chin detecting WindoW; and 
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thereafter obtaining an approximated curve to match a 
distribution of each of the detected pixels and identi 
fying a lowermost part of the approximated curve as the 
loWer base of the chin of the human face. 

2. A chin detecting method for detecting a loWer base of 
a chin of a human face from an image With the human face 
included therein, the method comprising: 

detecting a face image of an area including both eyes and 
lips of the human face but excluding the chin; 

setting a chin detecting WindoW With a siZe including the 
chin of the human face at a loWer part of the detected 
face image; 

detecting pixels having an edge strength With at least a 
threshold value by calculating a primary differentiation 
type edge strength distribution Within the chin detect 
ing WindoW and by calculating the threshold value from 
the primary differentiation type edge strength distribu 
tion; 

identifying select pixels to be used from the pixels by 
using a sign inversion of a secondary differentiation 
type edge; and 

thereafter obtaining an approximated curve to match a 
distribution of the selected pixels by using a least 
square method and identifying a loWermost part of the 
approximated curve as the loWer base of the chin of the 
human face. 

3. A chin detecting method according to claim 1 Wherein 
the chin detecting WindoW has a horiZontally long rectan 
gular shape, a Width of the chin detecting WindoW is Wider 
than a Width of the human face and a height of the chin 
detecting WindoW is shorter than a Width of the human face. 

4. A chin detecting method according to claim 2 Wherein 
the primary differentiation type edge strength distribution is 
obtained by using a Sobel edge detection operator. 

5. A chin detecting method according to claim 2 Wherein 
the secondary differentiation type edge is obtained by using 
a Laplace edge detection operator. 

6. A chin detecting method according to claim 1 Wherein 
the approximated curve is obtained by using a least-square 
method by a quadratic function. 

7. A chin detecting system for detecting a loWer base of 
a chin of a human face from an image With the human face 
included therein comprising: 
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an image scanning part for scanning the image With the 
human face included therein; 

a face detecting part for detecting an area including both 
eyes and lips of the human face but excluding the chin 
from the image scanned in the image scanning part and 
for setting a face detecting frame in the detected area; 

a chin detecting WindoW setting part for setting a chin 
detecting WindoW With a siZe including the chin of the 
human face at a loWer part of the face detecting frame; 

an edge calculating part for calculating an edge strength 
distribution Within the chin detecting WindoW; 

a pixel selecting part for selecting pixels having an edge 
strength With at least a threshold value based on the 
edge strength distribution obtained by the edge calcu 
lating part; 

a curve approximating part for obtaining an approximated 
curve to match a distribution of each of the pixels 
selected in the pixel selecting part; and 

a chin detecting part for detecting a loWermost part of the 
approximated curve obtained in the curve approximat 
ing part as the loWer base of the chin of the human face. 

8. A chin detecting system according to claim 7 Wherein 
the pixel selecting part detects pixels having the edge 
strength With at least the threshold value by calculating the 
threshold value from a primary differentiation type edge 
strength distribution calculated in the edge calculating part, 
and then selects certain pixels to be used from the pixels by 
using a sign inversion of a secondary differentiation type 
edge. 

9. A chin detecting program for detecting a loWer base of 
a chin of a human face from an image With the human face 
included therein making a computer realiZe the parts of 
claim 7. 

10. A chin detecting program according to claim 9 
Wherein the pixel selecting part detects pixels having the 
edge strength With at least the threshold value by calculating 
the threshold value from a primary differentiation type edge 
strength distribution calculated in the edge calculating part, 
and then selects certain pixels to be used from the pixels by 
using a sign inversion of a secondary differentiation type 
edge. 


