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Abstract Recognizing objects in videos is one of the important technologies to search a large amount of videos effi-
ciently on the Web. Recently, generic object recognition has been actively studied for still images, but almost not for
videos. As for the generic object recognition in a video, it is important to use both the shape features and the motion
features obtained from multiple frames in the video efficiently. In this paper, we propose spatio-temporal CoHOG
(Co-occurrence Histograms of Oriented Gradients) features. This is an extension of CoHOG features that provide
a high performance for pedestrian detection and others. The spatio-temporal CoHOG features are co-occurrence
histograms of oriented spatio-temporal gradients in local regions in a video. In the recognition, a BoF (Bag of
Features) representation and a kernel SVM are employed. We conducted an experiment on 1,000 videos including
10 categories collected from the Web. The experimental results showed the effectiveness of the spatio-temporal
CoHOG features compared with conventional optical flow features and SIFT features.

Key words Generic object recognition, Video, Spatio-temporal CoHOG features, BoF representation



1. T C &I

Web

Web

SIFT Scale-
Invariant Feature Transform [2]
SIFT
128
Kléaser HOG Histograms of Oriented Gradients (3]
(4]
Watanabe
CoHOG Co-occurrence Histograms of
Oriented Gradients [5]
Co-
HOG CoHOG
2 CoHOG
3 4
3 CoHOG
5

2. KZEMR CoHOG ¥ ZRAWVWREFE

2.1 KZER CoHOG B AV -ZHTEOME
2

1 Web
AT B
BN X H
22 I CoHOGH5%
BoFZHi
B SO i
I‘}L/El\
2 CoHOG
CoHOG
BoF Bag of
Features [6] 2
2.2 BZRM CoHOG ##HnimH
CoHOG
3
CoHOG
g(z,y,1)
I(z,y,t) g(z,y,1)
gﬂ?(x7y7t) I(.T-i—l,yft)-[(ﬂ?—l,y,t)
gy(xay7t) I(:E,y—F]_,t)—I(.’E,y—]_,t) (1)

gt(x,y,t) :I(xayat+l)_1(x7y7t_1)

g(x,y,t) g(z,y,t) 20



4 20
12 20
o=/ (£1,4¢,0), (0,1, +¢), (+¢,0,+1)
4 20
CoHOG
5
a 63
b
¢
0
CoHOG (12 x 12 x 62) + 12 = 8,940
PCA Principal
Component Analysis d

2.3 HZERH CoHOG %M BoF &I

CoHOG BoF BoF

k-means
visual word visual
word

visual word

A A U\ VA WA N
N\

NN NN

I
ANANANAN
ANANAVA AN

I
(b) 7uayZHO ;o

(a) TOER

"(“»jg‘,
@S )
"
o
RGN NS
ABLITTA)
EARNTZ BD
(c) ]7; ?55?4
5 CoHOG

visual word

visual word
visual word
2.4 HAHROEE

CoHOG BoF

SVM  Support Vector

Machine [7] SVM

k(x,y) = exp (-7 Z m) @

X2

8 v
X2

2.5 HuRBOEH

op

2.6 #

o
Il
Nl
(1~
o
&
—
w
=z

o



(c) car (d) cat

(e) cow (f) dog

(i) person (j) sheep
6
3. % B2 SIFT 2
tEFE 1 2.2
3.1 E®RT—42tvt 2.3 BoF
YouTube [9]
PASCAL Visual Object
Classes Challenge 2006 [10]
10 bicycle, bus, car, cat, cow,
dog, horse, motorbike, person, sheep 6 LB FiL 2 2.2 SIFT
SIFT DoG Difference of
Gaussian sparse
dense
dense
bicycle, motorbike
person
person
CoHOG =
1,000 100 wp = hp = 80 we = he =5,
person  bicycle, motorbike fc=1 PCA d = 500
300 20 x 20
1,280x720 1,920x1,080 [pixels] 45 270 36 SIFT
80 8, 16,24, 32 4
3.2 EBRAE CoHOG SIFT BoF visual
CoHOG word 500



Mean AP

1
Mean AP
CoHOG 0.454
0.394
SIFT 0.414
0.9
m 22 CoHOGHH
08 u AT T I T a— R
07 SIFT45{%

cow dog hor. mot. per.

AT7EY

bic.  bus car cat

AP

3.3 A&
2-fold cross validation
Mean AP

Mean AP Aver-

age Precision



 H—REE CoHOG
RS BoF
SVM
: YouTube
=
s CoHOG
=
SIFT
BoF
’ i ‘ ;; o e o CoHOG
8 Mean AP
O S SIFT c
CoHOG
MKL
Varma MKL
12
MEKL K(x,y) f
kp(xs,y7)
F
K(x,y) :ngkf(xf,yf) (5)
f=1
F By f ﬂfgo,zlegle
kf (xfa Yf) 2 X2
4.2.2
! By Br=1
Mean AP
8
3
CoHOG
SIFT
SIFT
CoHOG
5. & F U
CoHOG

CoHOG CoHOG

1,000

PCA

SIFT



