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Space-Time Interest Points[1] [2]

Space-Time Interest Points t

7



(x, y) µ (2.1)

µ =









L2
x LxLy LxLt

LxLy L2
y LyLt

LxLt LyLt L2
t









(2.1)

L 1 (2.2)

H µ (x, y, t)

H = det(µ)− k trace2(µ) (2.2)

k

2.2 Space-Time Interest Points 2.2

2.2: Space-Time Interest Points ( [1] )

[3] Space-Time Interest Points His-

togram of Oriented Gradients(HoG)[4] Histogram of

Optical Flow(HoF)[5]

Bag of Features(BoF)[6]
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Space Time Patch (ST-Patch )

Space Time Patch (ST-Patch )[7]

ST-Patch
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




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∑
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∑
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∑
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2.3: ST-Patch

M 1 ST-Patch M 2× 2
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∑
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CHLAC N (2.5)
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CHLAC 2.5(b)
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Motion History Image(MHI)

Motion History Image(MHI)[28]

t (x, y) MHI H(x, y, t) (2.6)

(2.6) D(x, y, t) ∈ {0, 1} t (x, y)

D(x, y, t) = 1 D(x, y, t) = 0 D(x, y, t)

2 (2.6) τ

(2.6) MHI τ

τ 0

H(x, y, t) =







τ if D(x, y, t) = 1

max(0, H(x, y, t− 1)− 1) if D(x, y, t) = 0
(2.6)

MHI (2.7) τ 1

MHI

Motion Energy Image(MEI)

E(x, y, t) =







1 if H(x, y, t) > 0

0 if H(x, y, t) = 0
(2.7)

MHI MEI 2.9 2.9 (b)MHI

(c)MEI

MHI MEI Hu Moment [29] 7

Hu Moment

MHI

MHI (x, y) Fx(x, y), Fy(x, y)

2 φ(x, y) (2.8) φ(x, y)

φ(x, y)

φ(x, y) = arctan(Fy(x, y)/Fx(x, y)) (2.8)

[28] MHI
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2011

[39] [39]

Software Development Kit(SDK) Microsoft

SDK Personal Computer(PC)

KinectTM

[39]

2 (2.9) (Random Forest)

fθ(I,x) = dI

(

x+
u

dI(x)

)

− dI

(

x+
v

dI(x)

)

(2.9)

I x u,v dI(.)

Mean Shift

2.15(a) 2.15(b)

2.15(a)

2.15: ( [39] )
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[40] ( 2.16)

2.16

[41]

(φ − θ)

( 2.17) k-means Hidden

Markov Model(HMM)

�������

�	


�

��

�
�������������

�
��������������
�������������

�
�������������

2.16: ( [40] )

��������� �������	��
��


�

����

����

2.17: ( [41] )
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[42]

Local Occupancy Patterns(LOP)

(Fourier Temporal Pyramid)

( 2.18) Actionlet Multiple Kernel

Learning(MKL)[43]

[44]

SIFT [25]

Markov random field(MRF)[45]

( 2.19)

SVM

����

���

Actionlet

Multiple Kernel Learning

Fourier Temporal Pyramid

����	�

LOP

����	�

LOP

�

�

2.18: (LOP) ( [42] )
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2.19: ( [44] )

2.4

2.1

2.2 2.3

2.3

ToF Light Coding 2.3

×

× ( )

(×)

×

23



2.3:

×

×

×

– ×
×
×
×

2.5

3 4

3 4

5 6
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3

ST-Patch

3
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3.1

[46][47][48][49][50][51][52] 2

1

[46][47]

2

[48][49]

[50][51]

[52]

1 2

1

[53] [46]

[54]

[55]
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3.2

ST-Patch

3.1

��������	
��
�
t

�����

������������ 

������!"

���

���

3.1:

3.3 3.4

3.5 3.6

3.3 ST-Patch

ST-Patch ST-Patch

3.3.1 ST-Patch

ST-Patch ST-Patch 2.2.2

(2.4) ST-Patch 6

ST-Patch
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3.1 ST-Patch

3.2 (a) (b) 3.2

(c) (d) 15

× 15 ×5 3.1 ST-Patch {vj}j=1∼6

•
((a) (b) (c) (d) v1,2,3 )

•
((a) (b) v4,5,6 (c) (d) v6 )

•
((b) (d) v4,5,6 )

��������	


�����
���	


������������

������������

3.2:

3.1: ST-Patch

v1 v2 v3 v4 v5 v6
∑

P 2
x

∑

PxPy

∑

P 2
y

∑

PxPt

∑

PyPt

∑

P 2
t

(a) 68.3 1.1 38.4 -0.2 0.1 0.6

(b) 66.5 -11.6 52.7 1.8 -1.3 1.7

(c) 0.7 -0.1 0.6 0.0 0.0 0.0

(d) 1.4 -0.1 0.7 -0.4 0.0 1.2
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3.3.2

ST-Patch

ST-Patch

ST-Patch

ST-Patch

(3.1) (3.2)

p(x) =
M
∑

i=1

wipi(x) (3.1)

pi(x) =
1√
2πσi

exp

{

−1

2
(x− µi)

T
σ−1

i
(x− µi)

}

(3.2)

(3.1) (3.2) p(x) x pi(x)

x i wi µi σi i

ST-Patch {vi}i=1∼6

wi µi σi EM

[56]

ST-Patch

ST-Patch

ST-Patch

( )

3.3

Step1. ST-Patch
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Step2. Step1 ST-Patch {vj}j=1∼6 x (3.1) x

θ (3.3)

p(x) > θ (3.3)

Step3. ST-Patch {vj}j=1∼6 (3.3) ST-Patch

{vj}j=1∼6

(3.3) ST-Patch

Step4. Step3 π

ON π

Step5. ON ρ

ρ Step4

x

x

�����

���

���

θ>��)|( Cxp

	
��
�����

�Step2.�Step.3)

�����

θ≤��)|( Cxp
},...,,{ 621 vvv

},...,,{ 621 vvv

	���������

�Step�.�

t

	��� !�Step5.�

π"#$�


��
%

��

ρ����

����

	
��

	ST-Patch&'(

�)* �Step1.)

��+�

,-��.ON

3.3: ST-Patch

3.3.3
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2

1

3.4

Step1. ST-Patch {vj}j=1∼6 3.3.2 Step2

Step2a. Step1 x i

wi µi σi α (3.4) (3.5)

wi
′ = (1− α)wi + α

µi
′ = (1− η)µi + ηx

σ2

i
= (1− η)σ2

i
+ η(x− µi)

T (x− µi)

(3.4)

η = αpi(x) (3.5)

Step2b. Step1 M Mmax

x wo σo

Step3.

wmin

2 1

Step4. wj 1

Step3

Step2a (3.3)

α
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Class3

Class2

Class1

�� x

Class3

Class2

Class1
Class3

Class2

Class1
Class4

Step1. ������	


��
�
���

Step2a� ����������

�Step1���	
���� 

Step2b� �!"�����#$

�Step1���	
%"&�� 

Step3�'()*+,-."�����/0��

Class2
Class1

123�4+-."

�����5�

Class3

Class1

Class4

6789�'("

�����/0

p
 (

x)

x

3.4:

3.4

3.3.2

(3.3.2 Step4 Step5 )

ST-Patch

(3.4) α Infinite Impulse

Response(IIR) α 0.01

320 × 240 30fps

ST-Patch 15 × 15 ×5

15 × 15 ST-Patch

3 10
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True Positive(TP

) True Negative(TN ) False Positive(FP ) False

Negative(FN ) (3.6)

Recall Precision Recall Precision

F-Measure(F )

Recall =

∑

TP
∑

FN +
∑

TP
× 100

Precision =

∑

TP
∑

FP +
∑

TP
× 100

F-Measure =

(

Recall−1 + Precision−1

2

)−1

(3.6)

3

1 PETS2001[57]

2

1,179

3.5

6,255 1,359

3.5
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�����
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3.5:

2

[58]

���

���

3.6:

665

3.6 3.6

1,981

99

3
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1

3.7

����

3.7:

3,250

215

1

3.5

3.5.1

3.8 3.8 2 3

3.8 2 3
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(1) 

(2)

(3)

(4)

False Positive True Negative

False Positive False Positive

False Positive True Negative

False Positive True Negative

(a)  !"# (b) $%&'()

*+,-

(c) ST-Patch./0)

*+,-

12345

126789:;

3.8:

3.8 (1) 3.8

(2) 3.8 (1) (1)

3.8 (3) 3.8 (2) 289 3.8 (4) 3.8

(3) 3.8 (1) (4)

( )

3.8 (1) (4) 4 False Positive

ST-Patch (1)(3)(4) 3 True Negative (2) 1 False Positive

ST-Patch (2) (3)

False Positive

False Positive 3.3.3

3.8 ST-Patch
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3.9 3.9

(2)

(3)

False Positive True Negative

(1) 

False Positive True Negative

 !"#$

 !%&'()*

False Negative True Positive

 !%&'()*

(a) +,-. (b) /01234

5678

(c) ST-Patch9:;4

5678

3.9:

3.9 (1) 3.9

(2) 3.9 (1) 3.9 (3)

3.9 (1) (2) 2 False Positive (3) 1

False Negative ST-Patch (1) (2) 2

True Negative (3) 1 True Positive 3.9 (3)

ST-Patch 3.3

( )

True Positive
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3.9 ST-Patch 8

2

8 5

3.10 3.10

(1) 

(2)

(3)

False Positive True Negative

False Positive True Negative

False Negative True Positive

�����

�����	
�

(a)  !"# (b) $%&'()

*+,-

(c) ST-Patch./0)

*+,-

3.10:

3.10 (1) 3.10 (2)

(1) (2)

3.10 (3)

3.10 (1) (2) 2 False Positive (3) 1

False Negative ST-Patch (1) (2) 2 True

Negative (3) 1 True Positive
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3.10 ST-Patch (1) (3)

ST-Patch 3.3.3

α

3.5.2

3.2 3.4 3 3 (Precision, Recall,F )

π(3.3.2 Step4 ) ρ(3.3.2 Step5 ) π

ρ

3.2 3 ST-Patch

Precision F

3.2 Precision 38% 68% 36% F 32% 55% 32%

3

ST-Patch

3.2:

[%] [%]

Recall Precision F Recall Precision F π ρ

76 41 53 92 79 85 10 3

64 26 37 91 94 92 20 1

78 34 47 90 70 79 10 3

Precision Recall

3.4 3 Precision Recall Precision Recall

Precision Recall Precision Recall
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3.5.2 (i)ST-Patch (ii) (iii)

Radial Reach Correlation (RRC) Parzen 2

[52] 3 (iii)

(iii)

(3.3.2 Step4 ) (iii)

RRC α (i) (ii) 0.01 [52]

Precision Recall (i) ST-Patch (

(3.3) θ (ii) (iii) RRC

Parzen

(i) (ii) (3.3.2

Step4 π) (iii)

(i) (ii) 10 (iii)

2 5 25 (i) (ii) (iii)

10 25

Precision Recall 3.11 (i) (iii) (ii)

3

(i) (iii) 3 (i) (iii)

F

(i) 88% 93% 87% (iii) 83% 89% 73% 5%

4% 14%

(i) (iii)

(iii) Recall 100%

(i) Precision Precision

Recall (i) Precision

Recall (i)
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(i) ST-Patch (ii������ (iii) ��	 RRC + Parzen
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� �� �� �� �� ���
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3.11: Precision Recall

3.5.3

3

3 (1)ST-Patch

(3.3.1 ) (2) (3.3.2 ) (3)

(3.3.3 ) 3.5.2
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3

• 1 3

• 3 Precision Recall

• Recall False Positive

3

• 1( )

ST-Patch ( (2.4)) 4

6 ) ( (2.4) 1 3 )

• 2( )

(3.3.3 Step2b )

• 3( )

Precision Recall 3.12(a) 3.12(a) Precision

100% Recall 100% 3

3

(b) Recall 90% ∼
100% Recall 90 ∼ 93% Precision

Recall 93 ∼ 100% 1 Precision

1 1

Recall False

Positive 3 Recall 95%
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3.12: Precision Recall
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1 3 False Positive

3.3 3.3 1 3 False Positive

3.3 ANY

3.3 False Positive

3

3

3.3:

1 2 3

0 0 0 0 1,693

0 0 0 0 872

13 309 +296 37 +24 23 +10 1,046

22 321 +299 46 +24 50 +28 666

138 389 +251 213 +75 234 +96 1,319

124 282 +158 241 +117 229 +105 800

ANY 0 0 0 0 2,565

ANY 35 630 +595 83 +48 73 +38 1,712

ANY 262 671 +409 454 +192 463 +201 2,119

297 1,301 1,004 537 + 240 536 +239 6,396

• 1( )

1 False

Positive False Positive

( +595 +409)

• 2( )

2

(+75) (+117) False Positive

(+48) (+192)

False Positive

(3.4 )

46



• 3( )

3

(+38) (+201) False Positive

(3.4 )

3.6

ST-Patch

3

3

F 32% 55% 32% RRC

Parzen 5% 4% 14%

3 (

) 3
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4

3

( )

3

ST-Patch Real Adaboost
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4.1

[59] SVM

[60]

[61] Cubic Higher-order Local

Auto-Correlation(CHLAC) CHLAC 2

CHLAC

[61] CHLAC

CHLAC

CHLAC

CHLAC

[14]

[19]

[27] SIFT

CHLAC

4.2

ST-Patch

ST-Patch

4.1
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4.1:

4.3 ST-Patch

4.4

4.5

4.6

4.3 ST-patch

ST-patch

4.3.1 ST-patch

ST-Patch [7] 2.2.2

(2.4) ST-Patch 6

ST-Patch Continuous Rank-Increase

Measure(CRIM)[7]

CRIM

(2.3) M λ1 ≥ λ2 ≥ λ3 M 2×2 M⋄ M⋄

λ⋄
1 ≥ λ⋄

2 λ1 ≥ λ⋄
1 ≥ λ2 ≥ λ⋄

2 ≥ λ3 CRIM

(4.1) ∆r

∆r = λ2λ3/λ
⋄
1λ

⋄
2 (0 ≤ ∆r ≤ 1) (4.1)

∆r
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∆r 0 ∆r 1

4.2 CRIM

CRIM 4.2 (a)

4.2(b) M 3

2 3 CRIM 0.109

0.642

������ ���	
� �����
 ���	
�

CRIM =

0.109 

5586 -17 -2171

-17 4620 44

-2171 44 1554

M =
CRIM =

0.642
M =

5050 -288 -1836

-17 4412 563

-1836 563 5309

4.2: CRIM

4.3.2

CRIM

Haar-like

[62] HoG [4]

ST-patch

Real Adaboost[63]

Positive Negative

4.3

Positive Negative

Negative

CRIM

CRIM CRIM

4.3.3
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ST-patch����

��

Real Adaboost

���

Negative 	
��

Positive 	
��


����

Negative Positive

W
� W

�

������

�
�

�

���

����

1: h1(x)

2: h2(x)

T: hT(x)

…

…

�������

 ���

4.3:

ST-patch

ST-patch Real Adaboost

Mean-Shift

70×130[pixel]

13×13[pixel] ×5[frame] 3[pixel]

741 4,446(=741×6)

4.3.3

CRIM Negative( )

Positive( )

Real

Adaboost 2 1

Real Adaboost Positive Negative
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x x j Positive

Negative W j
+ W j

− (4.2) h(x)

h(x) =
1

2
ln

W+
j + ε

W−
j + ε

(4.2)

(4.2) ε 0 h(x) W j
+

W j
− h(x) W j

+

W j
− h(x) h(x) x

4.3 h1(x) x

h1(x) x W j
+ W j

−

h1(x)

2 α (4.3)

α = 1−
∑

i

√

W+
iW

−

i (4.3)

(4.3) α 0 1 W i
+ W i

−

α 4.3 Positive

Negative h1(x) h2(x) hT (x) α

h(x) α (4.4) e(x) e(x)

e(x) =







αh(x) if h(x) > 0

0 otherwise
(4.4)

E e(x) (4.5)

4.3.2

E =
∑

x∈S

e(x) (4.5)

(4.5) S x ∈ S S x E

CRIM GE (4.6)

GE =
[

E1G1
T E2G2

T .... EBGB
T
]T

n×3

(4.6)
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(4.6) B Ek Gk k

(k = 1, 2 . . . B) GE 4.4 GE 4.3.1

CRIM . CRIM

.

����

����

����

	���

���
��

������

���
����
��������

���
����

4.4:

CRIM 1

CRIM

4.4

[64] 6

360×240[pixel]×30[fps]

2 2 2

• 1 CRIM

• 2 CRIM
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1 2 1 4.3.3

2 4.3.1 CRIM CRIM

4.3.3 CRIM 1

2

• 1 CHLAC

• 2 CHLAC

1 [65]

2

1 2 Positive

2,002 Negative 6,048 1 2 CHLAC

[61] 20

3,000 0.99 1 5

2 14

4.5

4.5.1

CRIM 4.5 .

1 2

4.5 100 308 686 982 1,267

2 3

686
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686

982 1,267

1

2 982 1,267
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Frame
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IM

���	1: 
��
���� CRIM

���	2:
��
���� CRIM

��=0.7

4.5:

4.5

4.5 71, 79, 62, 57, 66% 67%

1 CRIM

4.5 39, 59, 41, 31, 35% 5

41% 41% 2

CRIM

26%

4.6 CHLAC 2 640

1,250
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2
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4.5.2

2 4.8

4.8:

18 12

18 9

(1 4 ) ( )

6,486

4.9 Receiver Operating

Characteristic ( ROC ) ROC

4.9(a) 4.9(b)

1
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4.9: ROC

4.1 10%

2 89% 2 78%

1 83% 1 67% 16% 1

1

1 2 33%

4.5.5

2 1 2 4.5.1
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4.1: 10%

1 2 1 2

CRIM CHLAC

89% 89% 89 % 78%

83% 59% 67% 42%

1

4.5.3

Y 2 (Y

166 ) 130 110 1.2

1 2 10% 4.2

4.2 2

1

2

1

17%
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4.2:

1 2

50% 25 %

33% 25 %

83% 50 %

4.5.4

4.5.2 6,486

4.5

4.3 ( ) ( 4.5.3

) ( )

( ) ( )

20×20[pixel]

4.3:

96% 89% 89% 87%

64% 56% 53% 48%

88% 80% - -

58% 4% - -

4.3 80% 48% 4%

48% 10 1

4% 1 2

100%
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2 8%

Positive

7% 11%

4.5.5

CRIM CHLAC

CHLAC 2 CHLAC

1 1 2 1 2

1 2 CHLAC 20

3,000

99% 8 15

10% 4.4 ROC 4.10

4.4: 10%

1 2 1 2

CRIM CHLAC

83% 50% 75% 50%
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4.10: ROC

2 2 4.4 50% 4.10

10%∼50% CRIM CHLAC

1 1 4.4

8% 4.10 0% 50% CRIM CHLAC

CRIM 5 CHLAC 20

CRIM

4.5 1,267

( ) 1

10% 1 1 (

1 10% 27% )

1 CHLAC CRIM 5

10% 4.5 1,267 CHLAC

50% 75%

CRIM CHLAC

4.1 4.4 10%

4.5 4%

9%
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13%

4% 9%

4.5:

CRIM CHLAC CHLAC

( + ) ( + ) (or )

67% 63% 54%

4.6

ST-Patch

CHLAC

10% 16%

2

CHLAC
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5.1
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5.1:

5.1

1 2 0◦ −90◦ 2

4 0◦
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0◦ −90◦

5.1.2

[41][33][66]

2

[41]

(φ− θ)

[33]

(φ − θ)

[66]

Motion History Volume

Fast Fourier

Transform(FFT)

[41] [33] [66]

5.1(b)
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NIPS 2005 workshop - inductive

transfer: 10 years later

[67] [68]

[69]

5.3 5.4

5.5
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5.3(a) 5.3(b)

( 5.3(a))

( 5.3(b))

5.3

5.3.1

5.4

[39]

��������	
� ����
���	
� �����������

5.4:

5.5(a) 5.5(b)

(u, v) d(u, v) f

(x, y, z) (5.1)

5.5(b)
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5.5:









x

y

z









=









ud(u, v)/f

vd(u, v)/f

d(u, v)









(5.1)

z x y

x− y z − y x− z y

z x y

5.1

5.3.2

(5.1)

5.5

y

z′

5.3.1

(x′, y, z′) 5.6(a)

5.6(b)
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5.6:

5.3.3

Motion History Image(MHI) MHI 2.2.4

[28] MHI 5.7 MHI

MHI
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MHI 18

54 [9] 6

324

(a) !"#$%&' (b)MHI

()*+%&'

,-)*+%&'

0. 360.

(c) MHI%/012 (d) MHI%/012

%34$567

5.7: MHI

5.3.4

Random Forest[70] Random Forest

2001 Breiman Random Forest

[39] [71]

Random Forest [70] 5.8

(Split Node) (Leaf

Node)

1
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5.8: Random Forest

Random Forest

D Random Forest T

D × T 5.9(a)
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P c P cα
=

=∑x x
1( | )P c x ( | )DTP c x
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� 687 5���
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1ϕ 2ϕ Dϕ

5.9: Random Forest

5.3.5

5.3(b)
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5.3.4

5.3(b)

Boosting

Random Forest {Pi(c|x)i=1...TD} Boosting

(5.8)

Random Forest

Boosting h(x)

H(x) w h(x)

w

h(x)

h(x)

h(x)

h(x) H(x)

C 1/C 5.1

H(x) {Pi(c|x)i=1...TD}
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5.1: Boosting .

1. : J {x1, y1} . . . {xJ , yJ}
x yi ∈ {1, . . . , C}

2. : w

wj,1 = 1/J (5.2)

{α1, . . . , αS} 0

3. :
For s = 1, . . . , S //

· ǫs Ps(c|x)

· ǫs

ǫs =
J
∑

j∈argmax
c

Ps(c|xj) 6=yj

wj,s (5.3)

· Ps αs

αs =
1

2
log

(

(C − 1)(1− ǫs)

ǫs

)

(5.4)

·
if αs < 0 then break (5.5)

· w

w′
j,s+1 =

{

wj,s exp(+αs) if argmax
c

Ps(c|xj) 6= yj

wj,s exp(−αs) otherwise
(5.6)

· w

wj,s+1 =
w′
j,s+1

∑J
j=1w

′
j,s+1

(5.7)

End for

4. :

P (c|x) =
S
∑

s=1

αsPs(c|x) (5.8)
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5.4

5.10

5.10

5.3.5
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5.10:

5.3.5 (5.8)

5.11 x

x

5.11

Ps(c|x) αs P (c|x)
(5.9) P (c|x)
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x x
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/0123
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456789

5.11: Random Forest

argmax
c

P (c|x)
(

= argmax
c

S
∑

s=1

αsPs(c|x)
)

(5.9)

K

{xk}k={1...K} (5.10) c

argmax
c

K
∏

k=1

P (c|xk) (5.10)

5.5

Microsoft KinectTM
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5.12 8 “ ”

“ ” “ ”

“ ” 2 “ ”

“ ” 2

“ ” “ “

1 “ ” “ ” “ ” “

”

( 5.1 0 )

( 5.1

-90 ) “ ” “ ”

“ ” “ ” “ ”

3 2 8

3 48

1,235 1,242

������� ���	�
� �����
� �������

����� ������� ����� ��������

� 

!"

� 

!"

5.12:
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5.3.2

−90◦ ∼ +90◦ 5◦

5.12 90◦

5.3.4 Random Forest T 100 D

324(5.3.3 ) F 19 TH 50 1

75%

5.3.5 15 5.4

K 7

τ τ%

100 − τ%

NT NR

NM Recall Precision (5.11) (5.12)

(5.13) F-Measure(F ) F

F

Recall =
NM

NT

× 100 (5.11)

Precision =
NM

NR

× 100 (5.12)

F-Measure =

(

Recall−1 + Precision−1

2

)−1

(5.13)

5.6

4 F 5.13 5.13

5.3 τ

• 1 Random Forest

• 2 Random Forest

• 3

Random Forest
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• 4 Random Forest

1 4

Random Forest Random Forest 5.10

4 5.3.1 5.3.2

4

��

��

��

��

��

���

� � �� ��

��������	
��
������������ τ [ %] 

�
�

F
�

[ 
%

] 

0

100

0 2 4 6 8 10 12 14 16

���� ��1.����	
�

��2.�
���	
� ��3.�
������	
�

��4.���������	
�

5.13:

5.1: τ = 5% F

Recall[%] Precision[%] F [%]

90.7 91.3 91.0

1 52.5 54.2 53.4

2 84.4 88.9 86.6

3 87.2 88.5 87.9

4 75.6 75.9 75.7
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5.13 1 τ

τ τ = 15%

2 τ < 10% τ ≤ 10%

1 2

τ = 5% F 5.1 5.1

1 2 3 4 37.6% 4.4% 3.1% 15.3%

3 F 3.1% Boosting (5.3.5 ) 3

2 F 1.3% (5.3.2 ) 2 4 F

10.9% (5.3.1 )

5.1 F 91.0% τ = 0% 2( Random

Forest ) F 82.9% 8.1% τ = 5%

1( ) F 37.6%

90◦

F 8.1%

( 3 2 ) Boosting (

3 ) F

5.7

90◦

5%

F 91.0% Random

Forest F

8.1% F Boosting
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6.1

40∼110◦ 40∼70◦

2.3

[33] [35]

��� 0mm 630mm 1000mm

��

��

�	

6.1:

6.1 6.1 2 3

6.1
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[37][33][34][35][36] [40][42]

6.1

6.2

6.3

6.4

6.5 6.6

6.7

6.3

6.2 2.3
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6.2:

6.3.1

5

[39]

x

y
z

x

y

�����

(a) ���	 (b) 
��� (c) 
�������

�������

6.3:

6.3
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[72] x− z

x y z

L 6.4

(6.1) B B 0

B = max
(

0, YC − L
/

tan(90− θ − ω/2)
)

(6.1)

O
L

B

θ

ω/2

YC

YC: �������

θ : �����	

ω : ����
��
	

L : ����������

B : ���

�������

6.4:

6.3.2

Ai ci

x y (6.2)

ŷ = Aix+ ci (6.2)

Ai ci N

{B1, B2, . . . BN} {B1, B2, . . . BN}
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{A1, A2, . . . AN} {c1, c2, . . . cN} 6.3.3

B (6.3)

B Bi Bi Ai

ci

argmin
i∈{1,2,...N}

‖ B −Bi ‖ (6.3)

6.3.3

{A1, A2, . . . AN}
{B1, B2, . . . BN} Bi

Bi

Ai (6.4) (6.4)

Sxx,i Bi Sxy,i

Bi

ci (6.5) (6.5)

µx,i, µy Bi

Ai = Sxy,i S
−1

xx,i (6.4)

ci = µy −Aiµx.i (6.5)

(6.2) ŷ x y

2

6.3.4

6.5(a) 6.5

5.3.3 MHI 6.5(b)

0 1 1

0 0 0

6.5(a)
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6.5(b) 1,050mm 0.5 0.6

0.0

0.2

0.4

0.6

0.8

1.0

0 500 1000 1500

0.0

0.2

0.4

0.6

0.8

1.0

0 500 1000 1500

���[mm] 
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�
	


�

0.5

(a)�����	
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(b)��
�����

1050mm

��� [mm] 
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6.5:

6.4

6.6
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6.3.3

5.3.1

5.3.3 5.3.3

MHI 18 324 MHI 6

108

����

����	


t

��
������

�����

���������
������

����� !"

����	
��#

6.6:

Linear Discernment Analysis(LDA)

kNN [9]

LDA 95% kNN

(6.6)

(6.6) y vcm c ∈ {1, 2, . . . C}
vc = {vc1 ,vc2 , . . . vcM } m

argmin
c

‖ y − vcm ‖ (6.6)

LBG [73]
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(6.7) c

arg max
c

K
∏

k=1

PBi
(c|vk) (6.7)

(6.7) K 18 vk k (6.6)

PBi
(c|vk) Bi vk c

{B1, B2, . . . BN}
(6.8) (6.8) Sc,i Bi

(6.2) v c

PBi
(c|vk) =

Sc,i
∑C

j=1
Sj,i

(6.8)

(6.7)

1 2 P1st P2nd Tp

P2nd

P1st

> Tp (6.9)

6.5

ToF

[31] 41◦ 36◦ 160 × 120[pixel]

2.2m 25◦

6.7 “ ” “ ” “ ” “ ” “ ” “ ” 6

“ ” “ ” “ ”

2 “ ” “ ”

“ ” “ ”

“ ”

2

6 2 ( ) 12

“ ” 2 1 12

3 6 216 6.1 2 3

2 6.8 4
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3,190 3,163

2,924 2,892 3,177, 2,892 3,000

����� �����	 �
���

�
��� ����� �����

6.7: ( : : )

������ ������

x=0.0m,z=3.0m x=-1.0m,z=3.0m x=0.0m,z=2.0m x=-0.8m,z=2.0m

6.8:

MHI[28] CHLAC[14] ST-Patch[7] 3 CHLAC

251 ST-Patch

6 5.5

ST-Patch [9] 6

NT NR

NM Recall Precision (6.10) (6.11)
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(6.12) F (F-Measure) F

F

Recall =
NM

NT

× 100 (6.10)

Precision =
NM

NR

× 100 (6.11)

F-Measure =

(

Recall−1 + Precision−1

2

)−1

(6.12)

6.6

6.6.1

6.3.3

6.3.1

6.3.2

300mm 1,200mm 150mm 6.8 2 3

1 4

5.5

F 3

6.9 1 2

[74] ( 5.5

x− y z− y )

0mm 6.4 3

6.4
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6.9:
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6.9

0mm 1,200mm F

600mm F 22.4% 15.1% 60.2%

800mm 600mm

ST-Patch 2 (1

)

[74] ST-Patch 300mm

F

3 7 F 1.6% F

F 33.2%

F

(6.13)

(6.14)

NFDw + CM(D + C)w (6.13)

NCM(D + C)w (6.14)

(6.13) (6.14) N F LDA

D LDA w 1 C

M 1 MHI N

7 F 108 L 54 w 8 C 12 M 100

0.9MByte 4.4Mbyte 80%

6.6.2

6.1 2 3

(1) 6.1 2 630mm 3 1,000mm

6.6.1
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(a) MHI

(b) CHLAC
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6.10:

6.10 6.10 6.3.2

6.10

6.6.1 6.10
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±150 300mm

F

MHI CHLAC ST-Patch

6.1 2 600mm 12.7%, 12.5%, 35.5% 6.1

3 1,050mm 23.9%, 12.6%, 36.6% F

6.10 6.10

F 10.5%

6.6.3

6.6.1

2,150mm 0mm

900mm 0mm MHI 6.7

6.11

F 600mm 900mm

F 19.1% 21.0%
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79.2%

(a) ��������	

600 mm

900mm

(b) 
�������	
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6.11:

6.6.4

(6.9) 6.1 6.6.1

F Precision

600mm 0mm F Precision 6.1

F 2.4% “ ” 10.0%

“ ” 19.9% F

“ ” “ ”

“ ”

6.1 Precision

“ ” 16.5% “ ” 11.5%

Precision
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6.1: 600mm F Precision

F [%] Precision [%]

[mm] [mm]

0 600 0 600

92.8 89.2 -3.6 87.9 87.1 -0.8

93.4 83.4 −10.0 88.0 71.5 −16.5

84.2 81.0 -3.2 87.8 76.3 −11.5

78.6 58.7 −19.9 88.5 92.3 3.8

82.7 84.1 1.4 81.9 87.4 5.5

89.6 93.0 3.4 84.9 94.7 9.8

98.7 99.3 0.6 100.0 100 0.0

83.5 86.3 2.8 98.0 94.4 -3.6

77.2 77.7 0.5 68.6 72.2 3.6

91.4 85.3 -6.1 86.8 85.3 -1.5

88.6 95.0 6.4 93.9 100.0 6.1

94.1 86.2 -7.9 88.8 83.0 -5.8

[%] 88.4 86.0 -2.4

[%] −16.5

(6.9) 6.12 6.12(a) Tp

F Precision

F Recall

F 6.10(b)

Tp Precision

10% Precision 8.2% F

4.6%
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6.12: 600mm F Precision

6.7

3

F 630mm

F

12.5%
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7

7.1

2

( )

3 ST-Patch

ST-Patch

3

4 ST-Patch

ST-Patch

5
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