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Multiple Face Detection for Omnidirectional Rotation
Using Adaboost Method
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f�g2� ¿ ��� Í�� ½F/f�%5�� ó ÉË¡£¢1nb� Í����
� � ûQ�R� ó ½F/%0 Äf®Z¯����8Q¬ Étëbì�·��C6
ÜQáXã1l ` Ø
Ù ¿ Ì � û��R� ó ÉË¡�MËâ�Ø�Ù ¿ �
���C�
I = {τ |τ = (x, y), x = 1, . . . , lI , y = 1, . . . , wI}(1)

���	�
τ= (x, y)

½�t#�
,

ψ(x, y) =

x
∑

x̃=1

y
∑

ỹ=1

κ(x̃, ỹ), τ = (x, y) ∈ I (2)

¬hÃ.B � ã�
�D����ÙË��Ì48 ÙX¡*�N����� A = {τ̃ |

τ̃ = (x̃, ỹ), x̃ = 1, · · · , x, ỹ = 1, · · · , y} � ÉQ�XÏ1�
� κ(x̃, ỹ) ���	��ÉËÊ¸��Ìq�����½f÷¸ÃbÄ

ψ(x, y)
ãf®Z¯ Ø�Ù ��¬V¢��t� I

�%�	�����C���	��������Ï-� � ¡�nZ�����	��� �û �r� � � �h®O¯����F8�¬�ãRê�á�½O·��£Ì�� 1
�

/B ½�¢4�����	�
R
����ØË¬����

l, w
¬N�h¢������

�
(x, y), (x + l, y), (x, y + w), (x + l, y + w)

É����
¬V¢!8t�%�C�í���X®�Ï�� � φ(x, y, l, w)

�£®Z¯	��¡
 �! �=/=B�½b·Ë��Ì

φ(x, y, l, w) = ψ(x, y) − ψ(x+ l, y)

−ψ(x, y + w) + ψ(x+ l, y + w) (3)
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³f¶ ²�� Í���� ¡�¢
f (1)(x, y, l, w) = φ(x + l, y, l, w) − φ(x, y, l, w) (4)

f (2)(x, y, l, w) = φ(x, y, l, w) − φ(x, y + w, l, w) (5)

f (3)(x, y, l, w) = φ(x + l, y, l, w) − φ(x, y, l, w)

−φ(x + 2l, y, l, w) (6)
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f (4)(x, y, l, w) = φ(x+ l, y, l, w) + φ(x, y + w, l, w)

−φ(x, y, l, w) − φ(x + l, y + w, l, w)(7)
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¡�����2

�C�C��� �%�O®�Ï%� � ���	�
��2��C�C�C���-�X®Ï�� � ���rÃ ¿ � ÉËÊ¸��Ì
�C��� Í�� ��B ú C ¶X¦ED�²£¡�- ¸�F/=B�½ �

� Ø
Ù���Ì
F (1)(I) = {f (1)(x, y, l, w) | x > 1, x+ 2l < lI ,

y > 1, y + w < wI} (8)

F (2)(I) = {f (2)(x, y, l, w) | x > 1, x+ l < lI ,

y > 1, y + 2w < wI} (9)

F (3)(I) = {f (3)(x, y, l, w) | x > 1, x+ 3l < lI ,

y > 1, y + w < wI} (10)

F (4)(I) = {f (4)(x, y, l, w) | x > 1, x+ 2l < lI ,

y > 1, y + 2w < wI} (11)
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), if ptft(I) > ptθt

0 (I
¡"!
#

), otherwise
(13)

�
À¸Ã ¿ Ì�8C8�ÉR¢
pt

¬
θt

¡
t $ ÿ
���C� Í�� ft(I)��%'&�¬��rý£Ã � ÉËÊ¸��Ì£�Ë· ¾(� ¢��	2C�C�í�Ï¸�ËØt��9

ft(I)
ã þ	��� θt

/!D	)3ý£Ã+*
pt = 1

�
¬Rý-,¸ÊX�fÃ¸¡�2�Ø�Ã.*

pt = −1
��¬Rý/,O·3� F£¢

MËâ¸�t��¡���ÉËÊX��¬1032íØ�Ù ��Ì
4'5 < Ü�áËãrä�Ã�5[�76�� v�w K�L	� ¾ ,ËÄZ¢
/�D98Zâ¸·15���6�� 3�:Q�Q��Q�R.��P ù�ú Ó © �
Boosting

¬�ÃEB Ì 
 ¶Z§ ¬
·Q��5	�;6í¡�<�5	�;6
¬>=	F�Ùf¢C8�8�ÉO¡ 1@? ���	� Í�� ã 1

÷¸�A<�5��
6�¬�·¸��Ì�<	5��
6��KFL@� ¾ ,XÄRå7�hÙ �-B;C
< ·@5��
6�A8	5��
6�¬-=
DRÌ

Viola
����e ó É¸¡�¢*5��'6��-Q�R�½

Boosting
�

P ùú Ó © �
1
÷ËÉ�ÊQ�

AdaBoost
�£À�Ã ¿ Ì

Ad-

aBoost
¡£¢	nb�%lCmí�AE;FØ ª ë Ã�5���G��Qã H

� Ù���8¸¬h��JINMLK ¾ Ùf¢ `Ca c	d < ·-e ó � 1÷¬ ·�0VÄbÃX��Ì���MËÉ�nr��Ç h�N 6��*j�Ï£�Ë�
Ì
3. AdaBoost OQP R SUTWV

AdaBoost
¡

”adaptive( X u < )”
½NO ²	�@P��AY

L��-Z'[����8Q¬�½F/!D ¢�O�²��%Pí�\K�Ã K ¾ �
8Ë¬�½%��]#� ¿ ��³t¶�²:5�� � ¿ õ ��QCR'�%P ù
ú Ó © �

1
÷OÉ¸ÊO��Ì �

4
½

AdaBoost
½=/�0 ÄAH��

Ùí�15-�76��"^ ��Ì@M�âQ�r�
I
½�t(� ¢=n¸�b�r�

ã _¸���CZCW£§X�9W 
 P
y
�Z�
âO�Ë��Ì

T 1 ��<�5��6
ht(I)

��`�a	�
αt

ÉbY3cbdFktÄ�?��X�Ë�98X¬�½
/10�Ä'8	5��
6�ã�3��3Ø
Ù ��Ì
T 1 ��<�5[�76 ht(I)

�AYecfdAý
º w A�¬���ÄZ¢
g J��t�

I
�9Z�Wt§FW 
 P

y ∈ {0, 1}
��ô õ �A8	5

�
6
H(I)

�%Q�RCe;h�ýR½f÷XÃbÄNj Ïf����Ì

– 3 –



I

h (I)

y

α

h

h

(I)

(I)

α

α

1

T

2

1

2

T

Fig. 4 AdaBoost
½F/10�Ä�H7�VÙ �%5��
6

K�� ¢
N 1 �£���f�í��Q�RO ²N�1PF¬ N 1 ������f�í��Q�RO ²N�1P

(I1 , y1), . . . , (I2N , y2N )
��À

��� �£Ì
Ii
¡�O ²N�1PQÉQÊyD ¢t��%t���¬�nRÙ ¬

� �#� ¿ Ã;����t�� �r�R��*� Tf����Ì�Q�R�O3²
��PQ½r¡�¢�Ê��h�_\ õ Z	W�§�W 
 P���÷9k£Ä�b8M Ì
Ø���½�¢��9O3²���P��bY�c��-zC{Q��� ¿ õ ��Ð w
wt(Ii)

èhÀ1� � Ä	b M Ì
AdaBoost

¡�¢ �COí²%��P¸�
Y�cX�>Zf[X�¸��8X¬�½9/D O�²%��Ptû	� � Ð�ZE�»¢
ntÙ�
£Ù���û�� �� bÉ'<	5��'6��Q�R2��ÄXÃ&M Ì
B�C < ½-HA��ÙË�b815��f6Q¡\���¸É�5Ëñ��ÙË�
Ì

H(I) =

T
∑

t=1

αtht(I) (14)

8�8�Ér¢
αt

¡
t $ ÿ���<�5	�;6 ht(I)

�A`;a���ÉQÊ
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3.1 Adaboost ����������� �����
N ���� "!�#���$�%�&('�)�*�+ N ��� �  ,!-#
��$�%"&.'/)0* (I1, y1), . . . , (I2N , y2N) 1�2�3.4657�8"9 +;: 9�<

1. ="&>'	)-*?� Yec�@ w0(Ii) = 1
2N A B�C�D

: 9�<

2. for t = 1, . . . , T

(a) k EGF-�0H�IKJ�L (k = 1, . . . , T ) M-NPO7 O	Q 8-R θk +TSVU pk

@XWVY O6Z
:�[ 7 �\$/%]&?'�)^* Ii M^N�: 9\_�`ba

εk =

2N
∑

i=1

wt−1(Ii) |h
¯k(Ii) − yi| (15)

h
¯k(Ii) =

{

1, if pkfk(Ii) > pkθk

0, otherwise

1-c�d�+Xe 9 k @ k̂ +6: 9�<

k̂ = argmin
k

εk (16)

_f`ga
ε
k̂
Z�SVU p

k̂
Z�O	Q 80R θ

k̂

@^h 9�<
(b)
_f`ga,i 4kj�l�m αt

@nW	Y : 9�<

αt = log

(

1

βt

)

, βt =
ε
k̂

1 − ε
k̂

(17)

(c) o	p]q]r @ $�%,: 9�<

ht(I) =

{

1, if p
k̂
f

k̂
(I) > p

k̂
θ

k̂

0, otherwise
(18)

(d) &('�)�*���s�t @\u�v : 9�<

wt(Ii) = wt−1(Ii)β
1−|ht(Ii)−yi|
t (19)

(e) &w'0)X*"�^s"t��XxK1 1 M/e 9�y�z M^{|�D : 9�<

wt(Ii) =
wt(Ii)

zt

, zt =

2N
∑

i=1

wt(Ii) (20)

3. c]},~	e�p/qVr,��Z�:	[ 7 �0o-p	q	r @ j	l
m A s�t-��� 7��]��� @ +X���

H(I) =

T
∑

t=1

αtht(I) (21)

+Xe 9�<

AdaBoost �0$K%���F0~��/Z αt + ht(I)
@ ��� :9K� + A � 9�<;�"� MV��Z ht(I) 1 �?�V9 + αt � ��]9n<

ht(I) 10����:	[?Q������0����� 3 � A � 9�<

(i) ht(I) � , H(I) +n�-�?M 1 � O��\� 0 � 2
R

@]�0� : 9]�X� +;: 9

(ii) ht(I) �-Z _�`�a 1 0.5
y?` d.�w�;eK��5� e�4^e 8

(iii) ht(I) �0Z AdaBoost M y � 7 u�v �n5,�
&('�)�*��ns�t- �¡ zt � � + A ¢�£ 9
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4.1 �������
	������ A �0Z 1 �K�� ���� � Z�� � �� ���� � Z
� �;��&������X ���� � Z���QX1 � 9  ���� � � 4

�"� ��� @�� z�� +nM y�` Z � �� �!���"$#�%P+
%�& @ ��'K: 9�<
p]q�r���$�%?��� £ M0Zn P+)(� ��0&('�)�*K!
# @�*,+ O�� <X�-� M/. 8K9 p]q�r @ Z0&('-)�*
!�#,0 7Vi 4�1�'/243�M6587.On� 1,000 9�:,����&
'�)�*�!�# @ . 8V7 $�%�O�� <�� ��Z45�7.�X5,�
J]L��4; � 1 500 9 @=< 3��?>-� A $]% @ }A@�O�ZB ��pVqVr � � � �nJ]L @ . 8	7 pVq @�� z0y,z
M�O�� <

Fig. 5 $]%?M�C�..O���J�L��/D�E

Fig. 6 $�%�M�C�..O���O	Q 8-R �FD,E
4.2 GH�JILK
p�q�r A ��ZnNNMG+^: 9 !V# @ 1/1.1 OA:��8P
d�O 7RQ 1TS�UTV�!�#

A(γ) = {τ | τ = (x, y), x = 1, . . . , bγlAc,

y = 1, . . . , bγwAc} (22)

@�W�X : 9�<,�]� A Z γ (= 1/1.1) �/Y,Z �]� A �9�< W$X �n5,�/:V[ 7 � Q 1NS�UTV�!�#A[���\�]
^$_

Is = {τ | τ = (x, y), x = x
¯
, . . . , x

¯
+ lI − 1,

y = y
¯
, . . . , y

¯
+ wI − 1,

x
¯
> 1, x

¯
+ lI − 1 < bγlIc,

y > 1, y
¯

+ wI − 1 < bγwIc} (23)

A  �ZF(� ��4` � @6� 8 eV1.4ba�c @�� zb<
�-[��n��� A ��� M� �� ��@6� ��� < � � : 9
!�#P+	O 7 Z� "1edf� A � 9 !�#�Zn ,1?� � � 9
!�#�Z0&T�8�K� � e 9  ,1/� � � 9 !-#�Z4g £�h
Q��� ��	!�#�M�N>O 7 � ��@6� ��� <
4.2.1 1 i8j?kTj/lRm

(a) (b)

Fig. 7 � � �X5 9 [?Q6 "1 1 � A � 9 !0#�MnN�:9X�-�,n$o
� � �X5 9 [wQ\ "1 1 �"�4p�q���Z (b) � y,z M
 "1F� 8	7�8K9 p�q�M]�4� � M�r$sK: 9K� +61 �
��� <

4.2.2 t�u-j?kNj/lRm

(a)
(b)

Fig. 8 � � ��5 9 [�Q^ �1�� � � 9 !�#?M�N,:9X�-�,n$o
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� � �X5 9 [wQ\ "1?� � �4p�q A ����� � � A
Q 7]8K9 1�Z _ � � 1��P4T5 9n< (b) A � _ � � 1
1 � � 9�<

4.2.3 ����	�
���8j/kTj/lRm

(a) (b)

Fig. 9 � � ��5 9 [�Q^ ?��&A�8��1 � e 9 !/#
M�N": 9X�-�8n$o

 ���&N�������"1 � Q 8 p$q�MV��Z (b) � y"z M_ � � 1 � �6e 9 p�q,1 � 9�<

4.2.4 �������8j/kTj/lRm
g £�h Q��� ���� ��@�� ��� <

(a) (b)

Fig. 10 � � : 9  "1Fg £8h Q-��!-#,M�N�: 9\��8n$o

!�#��	�� ,1?g £$h Q A � 9 p�q A � � � 1��� A � ��� < (b) M _ � � 1 2 � � 9�<

4.3 ���! #"%$ GH�JILK
&

7(b) � y,z M��(Q�1 � 9  ���� � M�r�s": 9� +\1 � 9�<�'"� A ZF�(Q�1 � 9  ��4� ��( ! @)+* O;Z�� ��@�� ��� < � � � � �-Z/!/# @ P�d, M ' 5�-�5 10 m�.�t A 360 m � A0/ > W�1 ` A1�2 �43�a�c @�� ��� < 1�2 �65?�
[

x
′

y
′

]

=

[

cos θ sin θ

− sin θ cos θ

] [

x− xc

y − yc

]

(24)

A�7 �X5 9�<��]� A (xc, yc) � ' 58-05�!0#����49
���;:�< @ 7 O 7�8"9�</� � 1�2 O��	!-#�� 1�2= ��!�#�+k&����	1;>.OK� e 9�y�z M4? `A@ �6� <
�,4\M 162 O��,�B+C�DV��E�F�� Q0G;H *�� R @
255( I ) +/OX� (

&
11 (a) J (b))

< &
11(b) ��KML A �

]>On� n,o � & 11(c) � y"z M	e 9n< � � n,o M+N
� 9 � ��O r′ �

r
′

=

{

τ
′

r | τ
′

r = (x
′

r, y
′

r),

{

x
′

r = x1 . . . x2, if y
′

r = y1 or y2

y
′

r = y1 . . . y2, if x
′

r = x1 or x2

}

(25)

+ 7 �\5 9X<	�V� A (x1, y1), (x2, y2) � ' 5-�5?���O �;PT[�Z;Q,���;:�< @ 7 O 7�8"9�<"� �6:�<
� 1�2 O��	!�#�M�N�R�O 7�8K9�< 1�2 = �	!�#�M
N�R�O 7�8"9 � �4O r �

r = {τ r | τ r = (xr, yr)} (26)

+ 7 �X5 9�<�� 5,��5 (25) M
[

xr

yr

]

=

[

cos θ sin θ

− sin θ cos θ

]−1 [

x
′

r

y
′

r

]

+

[

xc

yc

]

(27)

@�S .�: 9?� +-M y � 7 ¢(£ 4^5 9 (
&

11 (c) J
(d))
<

(a) (b)

(c) (d)

Fig. 11
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(a) (b)
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&
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<

4.3.2 	�
Aj��8��������4l m����Nj����
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G ILK
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(a) (b)

(c)

(d)
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5.
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AdaBoost
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• � � �n5 9 [?Q\ �M��(Q�1 � 9 p�q
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e ( ! @ )�* O�� < ' � n$o Z
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t�&�1�d(� 8�� B � � � 1 � �6e 9�<
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