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Target Object 
– Human face

Clutter Objects – All 
non-human face objects
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Inexactly – find
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The images are taking from the B-Set Face Database in Carnage Melon University.
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� � � �yxyx ffUffH ,, ��

The filter frequency response is:  

Input
Image

Matched
filter

template

� �yx ffU , is the Fourier spectra of the target object template

Device for localization 
of signal maximum

Object coordinates
(template shift)  

Correlation

Image
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yxWhite

ffVAV
ffH �

The filters frequency responses are:  

Input
Image

Matched
filter

template

� �yxbg ffV , is the Fourier spectra of the clutter part of the input image

Device for localization 
of signal maximum

Object coordinates
(template shift)  

OAC Filter

Whitening
filter

Whitening
filter

� � � �yxyxMF ffUffH ,, ��

00 ,yxAV is averaging operation over the unknown coordinates of the target 
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Input
Image

Matched
filter

template

Device for 
localization of signal 

larger than TH

Objects coordinates
(template shift)  

OAC Filter

Whitening
filter

Whitening
filter
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Input
Image

Noise 
Removal

Pyramid of 
reduced size 

copies

Contrast & 
Illumination 

Normalization

Conversion to 
Monochrome

Load 
smallest 

available copy

Remove 
smallest 

available copy

Resolving 
Overlapping 

Faces

Image 
Segmentation

Splitting to 
overlap 

fragments

Get next 
fragment

Multi-Template 
Classification

Multi-Template 
Retrieval

Output list of face 
coordinates and sizes

Face 
Segmentation

Not

Face 
coordinates

Face 
region

Maybe Face 
coordinates
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Input
Image

Matched
filter

template

Segmentation 
Device

Face / Maybe-Face 
/ Non-Face 
coordinates

OAC Filter

Whitening
filter

Whitening
filter
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Correlation value 

% 

ThrHThrL

Face detection rate 

False face detection rate 

Non-face rejection rate 

False non-face rejection rate

“Face” histogram 

“Non-face” histogram 
0�s

127�s
255�s

� �yxC ,
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False face detection  - “non-faces” wrongly detected 
False non-face rejection  - “faces” wrongly rejected 
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Detection and rejection rates for pre-determined false alarm rates of 0.5% (“non-faces” wrongly 
detected) and 0.01% (“faces” wrongly rejected) were respectively found 

������	�	����������	��(� �.	���5�	���



�����������	�
	�����
������
	�������������
	�������� 		���������� ��
��	����������������
 �!""���#��$%&�& �'��&����	�( 83

������	�	����������	��(� ��.������	��������	�

Red pixels indicate 
Maybe-face objects

Blue pixels indicate 
Face objects

Other pixels 
indicate Non-Face
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Fragment

Fragment

Fragment

Fragment

Fragment

Input Image
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),( yxa is the input image fragment

Q is the number of input image quantization levels

� �yxSk , are binary masks

N
~
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:0 �� Nk

is the feature vector length
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The filter frequency response is:  

Input
Window

L2 distance

template

� �yx ffV , is the Fourier spectra of non-face object image

OAC Filter

Whitening
filter

Whitening
filter

bgAV is averaging operation over possible non-face patterns 

Match > TH
If

No

Face

Non-Face

Yes
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Thrmin Thrmax

“Face-like-non-face”

“Non-face-like-face”

“Face”

“Non-face”

� � .��� � .�� � .��� � .�� ��

Thrmin Thrmax

“Face-like-non-face”

“Non-face-like-face”

“Face”

“Non-face”

� � .��� � .�� � .��� � .�� ��

Thrmin Thrmax

“Face-like-non-face”

“Non-face-like-face”

“Face”

“Non-face”
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Examples of “Face-like-
Non-Face” objects

Examples of “Non-Face-
like-Face” objects

“NFF” templates 

Clustering 

“FNF” templates 

Clustering 
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“NFF” templates 

“FNF” templates 

Input
Object

L2 distance

MAX( )

FNF
WH

NFF
WH L2 distance

MAX( )

Face
Yes

F>N
No Non-

Face

F

N
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The filters frequency response are:  

� �yx ffV , is the Fourier spectra of non-face like face object image

bgAV is averaging operation over possible non-face patterns 

� �
� �

,
,

1
,

2

yxbg

yx
FNF
W

ffUAV
ffH �

� �yx ffU , is the Fourier spectra of face like non-face objects
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 Binary image 
(hash value) 

H�  filter � �FNF
iH�  filters � �NFF

iH�  filters 
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Unit 

Pyramid Generating                                              - 1.8

Processing Time [sec] of 
256X256 image on Pentium IV

Flops per 
window (32X32) 

Contrast & illumination normalization                     - 0.03

Non-Face rejection                                                  - 0.1

Template retrieval 214                           ~0

Object classification                                          10K-90K             ~0
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