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Extracting Spatio-temporal Local Features

Considering Consecutiveness of Motions
Akitsugu NOGUCHI' and Keiji YANAI!

1 The University of Electro-Communications 1-5-1 Chofugaokal Chofu-shi Tokyoll 182-8585

E-mail: noguchi-a@mm.cs.uec.ac.jp, ttyanai@cs.uec.ac.jp

Abstract Recently spatio-temporal local features are proposed as image features to recognize events or human ac-
tions in videos. In this paper, we propose a novel local spatio-temporal feature which is applicable to large amounts
of video data. Our method consists of two parts: extracting visual features and extracting motion features. First,
we select candidate points based on the SURF detector, which is a very fast detector. Next, we calculate motion
features at each points with local temporal units divided in order to consider consecutiveness of motions. Since
our proposed feature is intended to be robust to rotation, we rotate optical flow vectors to the dominant direction
of extracted SURF features. In the experiments, we evaluate the proposed spatio-temporal local feature with the
common dataset containing six kinds of simple human actions. As the result, the accuracy achieves 85%, which
is almost equivalent to state-of-the-art. In addition, we make experiments to classify large amounts of Web video
clips downloaded from Youtube.

Key words video recognition, action recognition, spatio-temporal local feature

gbooobobooobooboooobooooboon
obooooobooobooboooobooooobooo

1. D000

o000 webOOOOODOOODOOOODOODOO
gbooooboooboobooooboboooooobo
goboooobooboobobobooooboooooDbo
obooooboboooboooobooboooooon
gbooooboooboobooooboboooooDbo
gbooboobooobooboooobooboooooobo
gbooooboooooboooooon

obooooboooooboboooooboooon

0000000000000000000000000
0000000000000000000000000
000000000000
00000000000000000 cuboid 000
00000000D0D0000000000000000
000000000 cuboid 000000000000
0000 cuboid 0000000000000 00O00O
000O102] 00 cuboid 00 HoG O HoF 0O 00O



Walking Jogging

Running Boxing Hand waving

sl

52

53

2

01 KTHOOOOOO

0000000000000 cuobid0ODOOODOO0O
0o0oDooOooooooooDoooooooooon
ooooDooOooooooooooOooooooooon
ooooooooooon

000o0oo00ooooooooDooooooooo
00ooooOooooooooooooooooooon
ooopooooooood

0oooooo0ooooooooooooooooo
0o0oDoooooooooooooooooooon
ooooDooooooooooooOooooooooon
goooooOooooooooooOooooooooo
00ooDooooooooooooooooooooon
000oDooooooooooooooooooooon
oo0ooooOooooooooooOooooooooon
ooooooooooooo

00000000 0OSURFOOO BOO0OOOOO
00o00o0ooDoDoDoooo0oooooooooogod
oo0oooDOoOo0o0oDooOoUooooOoooooooon
oooooooooo

000000 10000000000 000ooao
000000 KTHOOODOOODOOOOOODO
0 walking( running[] jogging, boxing(l hand waving,
hand clapping 0 000000000 OODOOOOOO
000ooo00ooOoO0oooooooooooooooon
000000000000 &% I oooooooooo

oooooooooooooooooooooooo
go0o0d WebOOOOOODDOOODOOOODODOOODOO
OO0 Youtube OO DODOOODO 1000 0000D000O0O
ogd.

0000 2000000000000.000 300
00o0ooooooooOo400000000000.0
obs50000000D000O0DOD.

2. 0000

000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000 [40EO0000000000000000
0000000000000000000000000

Hand clapping

RIMLE

o RERHE
ez
EHET
TS

RER
i fa

o SURFZHH

B FF RO
RE
e ()

BT
OF i+

o BF#ITIE

EEIZHT B
AEEHY
#iE

02 0000000

goooooooo

00000ooooooDo CuboidODOOODOODODO
000000ooooooooooooOoDoOOODollorO
000000 ooooooooooooooooooon
00000000 CubeidO00OO0OOOOOODOOO [1]O
000000000000 D0O0000 visual word O O
d0o000D0oDo0ooOoooooooDoooooooo
O0O0Oviswal word 00O OO0OD0OOOOODOO

0O O Laptev O O STIP(spatio-temporal interest
point) 00000000000 O0OOO 200000
0000000 300000b00000o0ooonoooo
000 Cuboidd HoGO HoFOOOODODOOOOOO
oood

Alireza 00 Cuboid00O000OO0OOOCOOOODOOO
000000 oooooooooooooooooon
00oOoooooooomo

000 cuboidOOO0O0O0OO0OOOOOOOOODO
00000000000 cuboiddOOOODOOODOOO
00o000o0dooooooooooooooooooon
0d0do0oooooooooooo SURFOOOOOO
Joo0000DoOo0oOooDoUooDOoOooooDoOooon
00o00o00ooooooooooooooooooon
goooogoo

3. Uoogano

g2000dpobbbbodooooobbbuooounon
00 0000OSURF (Speeded-up Robust Feature) [3] O
0000 (Dbo00o)booooOoUoooooooo
gooobbbbdoooobobbbouooooooooo
ggoobbobobdoooobobbboooooobooo
oboooooboboooobOooboooobooboobooon
gbobooboobooooboooobooooboon
ggoobbbboooobobbboooooooboobooo
oboboooooooboobobooooooooooo
000000000 (booUooo)ooooooooo
O0oo00o0oooOooooooooooOo (booo
00) 0000000000000 oooooOooo
0000000000o00UoooOo(oooooo)o



03 SURFOODO

3.1 000000

0000000 SURFOOOOOOSURFOOOOO
gooooboooobobobooobobooobooooboonon
030000 SURFOOOOOOOODOODODOD
0000000000 ooOooSIFTROOOoOooon
SURFO SIFTOO0OO0OOOOOOOCOOOO0OO0O
0000 SURFOOOOOOOOOODOOODO
3.1.1 SURFOOO

SURFOODOOOOO0OODOOOOOODOOOO00OD
gooboooooooboobbooooooboooooo

SURFOOOODOOODOOODOOODOODOOD
0000000000 X=(zOy7oooooooo
Iy(X)OUO 10000ooooooo

i<z j<y
In(X) =Y > I(iy)) (1)
i=0 j=0
000 I(z0y) 000 (zy) DO0DO0O00O0OD0O0O00
DDDDDD(ny)DDDDDDDDDD(ny)DDD
goooooooooboooboooooouoooooo
goooooooooooooooooooooooo
oOooo
SURFOOOOOO0OO0OOO0ODOOO0OO0OO0O0O0O0o0O00oO
0000700 X=(2y) 000000 HXF)OO 2
goooooo

H(X) = mAX@)iwmw)

Loy(X3)  Lyy(X13) ®

000 L(X®#) 00O 1000 XO000O00000O
000000 Zy4()00000000000000
Lyy(X#)0L,,(X®) 00000000000
000000000000000000000000
0000000000000000000000000
000000000000000000000000 4
o L,0L,,00000000000000000000
0000000000000000000000000
0000000000000000 D,,0D,,0D,, 00
00000000000 00000000000000

ooo

- e 1

T
|

04 yOOOxyOOOOODODOOOOOOO (O)oooo
0000000000oO00ooooo (O)

0 5 haar wavelet 0000000 xO0O0O000000 (dx)0
00 yO0DOOOOD0O0O0 (dy)

w 21 |51 |75 |99
o
8
g | 15 | 27 |30 |51
o |15 |21 27|
1 2 4 8
Scale
06 O00O0OO0OO0OOOOOO
scale
S S
L
/ // ADD26EDHRTE—-DHES
/L\—/ interest point& U Ti#H
0 7 non-maximum suppression
det(Hupproz) = DaxDyy — (0.9 x D)2 (3)

oobDoooOobOoOoDOoooSsIFrooogoooo
gboboobOoboobooboooobooooboon
gbooobooboooobooboooobooooobooo
obooooOoboooooboooobooooobooon
gbooobOoboooboooooboboobooednO
gbobooboboobooboooobooooboon
obooobooboooboobooooboooooboon
oood

gbooobooboooboobooooboobooosooboan



dy

.. dx

0 8 Dominant rotation 0 0 O

NZL—L(EHO&E
DNIL—LZEHEH
@N/27L—L
KDFTT1H)
Jn—%5HHE

57

@NIL—LEMSE]

—DREMIZETD
FFT4hIL 70—
EETNEThEH

09 00000000000 (0)00000000 (0)

oo0oooOoo0oo0oe00oooOo2rooooooon
goooooobobbobooobbo1sooooooo
ob00de6ex2000000051 00000000000
oboo0ooOobDOo0oboOobOoboOoOooboOobooooobo
opoooooogooo

gobO70b00o0bOoobobooobooobon
3x3x3000000 non-maximum suppression [ O
oboooooobooobooooboo
3.1.2 SURFOOO

0000 Haar Wavelet 000 0O0OD0OO0OOOOODO
o0o0s50000000000000DO0000nO dxO
dyOOODDOODOOdxO dyDODO 80000000
goboobooospgobouoobuooboobooo
gbdbO0o0oo0ooOOooOOobDOobOobooooogoog
00000000 Dominant rotation 0 00O

00000D0000D0 4x400000000000
0000 Y deD dyy  |dz|> |dy| DD D OOOO0O
000000 4x4x4=6400000000000

3.2 O0OOOOO

obooooboooooboobooooboooon
gboobooboooboobobooobobooooobo
gooboooooooo
3.2.1 0OO0O0O0OOO

090)000000 SURFOOOOUOOOOOOO

BmHshiz
JAa—

Eézshf-o0—

Dominantrotate

010 00OD00ooooooobooo

NOOOOoOoOooooooDoooooooNDDDODOD
oooo0bo0oooobboooobobo N=ss00goooo
00000000000000N/2000000000
00000 Lucus-Kanade 000000900000
gooobbbboooobobbbouoooooobobooo
ggogdobbobbooooooobooboo
3.2.2 OO0OOO
00090 )00o000o0OoouoooNOODOOOM
gooobobbbdoooobobbboboooooooboobo
obooooOoboooooboooobooooobooon
ooooMDODOONOOOODODOOOOOOOOOO
ooooooMO100DO0OO00DOOO00ODODOO0OO0OO0
0000000 N=5,M0O50000000009(0)
oobooobOooobooobooboboooobono NO
gbooobOobooooboooobooooobooon
gobbodbobooboobooboboobboooboo
00000000000000 20" OytOy—0 O
00000 5000000000000 200000
obobob 0000000002 0«000000
goodobobobooobobooboobosgobooo
obooo1o0o0ob0boooooboooooboon
gboboobOoboooooboooobooooboon
gboboobooboobooboooobooooboon
goodbbooboobobobobuooobooboo
(M-1)x50000
gbooobobooobooboooobobooooaon
goooobobbobobobbooouooooobooobooo
ggoobobbbuoooobobbboooooobooo
goooooo
O0O000oDOo00O00000000 dominant ro-
tateU0UO0OO0ODO0OO0O0OODODOOOOOOOOOO
oboooooooboooboobobooboooboon
gbooooobooooboobooog
0o0oo0O0o («0y) 0000000000000 0
00000 (xe0y2) 000 OSURF O dominant rotate
06000000000000O0O0O00OO («y)00O 4
gboooooboooon

0 n0 Ty — T2

T cost) —sinl «x

l 1 = l . 2 ] Y1 — Y2 (4)
Y sinf

cost Yo



011 000000000

3.3 0 00O

OoQoOoO0oODDO0O0O viswalOO OOOO motion O
000000000 64000 wisual O 5 x (M —1)
000 motion D00 weight 000 O00O0DOD0ODO
64+5x(M—-1)0000000000000O0O0O0OO
go0o. bodo0o0ob0o M=000000D0OD0O0OO0
obos&00o0oooo

4. 0 U

gboooobooooboboooobooogn
gboboooobobooooboooooooooboobo
oboooooobooooon

oooDO0oOooooDObOOooOoooOweboODODRO
gboooooobooooobobooooboon

4.1 0000

uboboooboooobooobbooobboooobooo
gbooboobooobooboooobooboooooobo
ggogoobobooooooooo

Dollar (1] 00 000O0OCO0O0O0OOOOOOOOO
visual word 00000000 DDODODOOO0O0O0O0O0O
00000000000 O0O00 bag-of-video-word O O
goosvMOoOoOoooooood
0l1oobooooboooooooboobooooon
gooobboobooooooobobbooooooooaoo
googboooobobooboobuobooobobo
gooboboobbobooboobouobooboon
kmeans 000000000000 O0DOOOODOO
gboooooao
00000000000 00D00O bagof-video-
word(BoVW) 0 0O O 0O O O OOBoVW O bag-of-
feature(BoF) [10) 000000000000 O00OBoF O
goooooooooooooooooooooooon
ggbogooboooooooboboboboooon
000000000 0OOsupport vector machiene(SVM)
ooooOooooosvMOoOOoOoOOoOoOo RBFOOOO
goooon

4.1.1 O0OO0OO0OOO
O000000o0O0O0D0O000000O0OKTHOO

0.9 -
0.8 - B
0.7

0.6 M w=1

0.5 [ MWwW=2
0.4 MW=25
0.3 w=3

0.2
0.1
0 1 T

walking running jogging boxing waving clapping I

012 Oo0O0ooooooooooodao

1.2

0.8

M k=700
 k=1500
 k=2500

0.6

0.4

0.2

walking running jogging boxing waving clapping o8]

O 13 codebook OOOOOOOOOO0OOOO

000000000000 00 walkingd runningd jog-
ging[d boxing[J hand clappingd hand waving 0 6 0 OO
00o00DoDoo0oDO0o0oooooDoDoooDoooon
Oo00o0ooOooooooooooooooood

o0o0oO0DbOo0oboboOo 2000004000000
0000000000000 oooooooooon 100
00o000O00o00oDOO0O0ooDOoDooooOoos000n
000000 5 fold cross validation OO0 DO OO00OO0O
00000000 validation0OOOO0OO0OOOOOO
oooog

000 KTHOODODOOOOODO 2000OO0O00OOO
o0bOo0obObOOo0obOooboOoOoobooooog 4000
oooooooooooooooo.

4.1.2 0O O

D00000000 weight 0ODOODOOODOOO k
O00000O0.000 12000 weight 000000 O
o0o0oooooooooOo.0oooooooooon
oooo kO vo0oCOo0O.

000 13000000oooboooooboogooooo
O0O000000.00000000 weightOODO 2.5
000.0000000 weight =250k = 1500000
o0oo0oDoo0ooooDOooooooOo.ooooooon
oooooog.

oo0oooooooooo 400000000000
oo0ddoooooooooooooooooooooo



010
020

O00U0oooooooog (VMR)
O0Oooooo (VM)

030 0000 (V)

040 0000 (M)

o000 40000000 b0ObOobOoOoDbOooon
gooooobooovMRO VM OOOODOOODOO
oboooobooboobobooobooboooooDbo
goo00oOOobO0o0obOOoOO0booOOoDOOooOooOoDbo
gbo0ooOobOoooooooboo

0000000 runningjoggingwalking[Thand wav-
ngO000000000OODOOOO0OODOODOODOODO
O Oboxingdhand clapping0 000000000000
000001000000 boxingd hand clapping O O
obooooooboboooooobobooooobooobo
00000000O0hand waving OO OO OOOODO0O
goo0ooOOobDOo0obO0obDO0oboOOobDOobooOooDoOoDbo
oopooobooOoobOoOoobboooboooooooboo

goooboooobbbboboooooooooooo
walkingd running jogging 0000000000 ODOO
goboooobooboooo

0l1gdobo4000Db00O0000C0ODODOODOD
00000000000 bOO0o0oD0oooDbOoooDOooon
000000 walkkingOODOODOODOOODOODOODOO
running 0 jogging 000000 0O0ODOOODOODOO
goboooobooboobobooooobooooooDo
Joo00oOO0Doo0ooOooOoooDooDOoooooOooDo
gpooo

obo0o0oooOoboooooboOoooboo10oogoo
0o0o00o00DOo0oooDo0ooDooDOoooooooDo
gbo0oooooboooooooboo

000 2003000000000000 walkingd
runningl] jogeing O OO0 0O0D0OO0OODOODODOOO
00000 boxingd wavingd clapping0 000000
gpbooooogooboo

0400000000000DO0O0OOODOOOOD
gooboboboooooooboooooooooa
00000 wavingOODOODOODODOOODODOODOOO
gObo0ooOOobOOo0oO0obOooOOobDOoboboOooDOoDbo
0085.5%00000000000083.3%000000
Joo00oooDo0ooooDoooDooDOoooooooDo
gpoooogodg

gooboOOoOOoO0Ooobobooooogo.oooo
O000O0O0Dollar 00O O [1]0 Alireza 0 0O O O [7]0
Laptev 0000 [2] 00000 15000000000
O00.00000000000 8%, Dollar OO OO
82.3%0 Alireza 0 0 0 0 0O 91.5%0 Laptev D 00O 0O O
0918%000000000000000000O0OOO0O
gooooopooooood

00016000000 [1]0000000000O0O0
00000O0oooO0[1)booo0UoooUooooo
000000000000 KTHODODOOODOO 6000

0.8 -
0.7
0.6
0.5 -
04 -
0.3

H VMR
EVM
LAY
M

0.1 -

walking running jogging boxing waving clapping T

014 00000000000

REFE
¥ Dollar[1]
 Alireza[7]
L Laptev[6]

walking running jogging boxing waving clapping 1

015 0000oo0oooooboooooooo

900

700
[s] 600

500 -

300 -
200
100

REFE

Dollar{1]

016 O0O0OO0OO0OOOOOOOOOOO

gbooobOoboooooboooobooooboon
0000000000000 0000 2/300000
obooobooboooboobooooboooooboon
obooooOobooobooboooooboooooboon
good

4.2 WebOOOOOOODO

obooooOobooobooboooobobooooaon
000 WebODOOOOODOOOOO.0OOOOODO
oobooobooobooboboobobooboooon.
O1voooooboooooon.

OO0OoDO00 WebODOODOOODOOODODOO
g.jobobooobobobooboobooooobon
oooo.000oocoooHSsVOOOoOOooooo.oo
00000000000000x2 0000000 (00



01 booooooooooooo

walking

iogging

‘boxing

waving

clapping

0.01

0.06

0.01

0.01

o2 000oooo

jogging ‘boxing waving clapping

walking 0.01 0

0.16

running . 0.21 0 running
ljogging 0.03 0.15 0 0| |iogging
boxing 0 0 0.02 0.06| |boxing
waving 0 0 0 . . waving
clapping 0 0 0 0.07 clapping
03 0DO0oDbooog
walking running ljogging lboxing waving clapping boxing
walking 0| 0.06‘ 0.03 0 0| |walking
running 0 0.64 0.3 0 0.02 0.04/ |running
jjogging 0.04 0.13 0.02 0.03 0| |jogging
boxing 0.01 0| 0 0.59 0.32 0.08 |boxing
waving 0 0 0.01 o.17h 005 |waving
clapping 0 0| 0 0.18 0.33 0.48| clapping
goodobobbbbdooooooooooooog
wiE migz | veee- ooooooao
ooooboooobooooooouboooo 1ooo
| oo aE | godoob 200000b00000ob.ogogboobo
a3y
pr— goodobbooobboobuobbuooobbogo
| O | dodoooooooobbboooooooooooo
—— 0goooooooooooboboo.0obboooooogg
[ @sow | DODDD00000000000000000000
|@i?1§7 > 9‘”@21*3‘17 > 7'| gdobdoodouoooouobooouoobooooao
BEEDIZRFIY DIZRZ)
dooooobobooooooboooooooooog
| wEsonmes || 2uonmez | ooooooo.

017 WebOOOOOO

oooo).
000000000000000000000000
(00DD0OO00).00000000000000 bag-of-
video-words 1000 (000000). 000000000
00000000000000(000000)0000
0000000000000 (000000)0 k-means
000000000000000000.000 k=50
0ooo
4.2.1 0000
0000 Youtube 00D DDOO0000O00 WebOD
00000.0000000000000000000
10000000000.
4.2.2 O O
0180000000000000000000000
000.0000000000000000000000
0000000000000000000000000
0000000000000000000000000
0oooooooon.
0190000000000000000000000
000000.000000000000000000
00000000000 00000000000000
0000000000000000000. 00000
0000000000000000000000000
0000000000000. 00000000000

gboocobOoboobooboooobooooooao
oooooboobooobo.boboobobooobo
obobooobooooooooobooooooooo.

5. U ogano

dooodooDooooooooooooooooaon
00o00o00ooooDooooooooooooooon
do0o0oooooooooooo SURFOOOOOOO
00o00o00oDo0ooOoooUooooooooooon
000000 ooooooooooooooooooon
Joo000doo0ooooooooooooooooon
J0o00D0DdbD0o0oDoOoooUoooDoooOooDoOooon
000000 SURF O dominant rotation 0 0000 O
ooooo

00000 KTHOODODODOOODODO6ODOOODO
dooooooODOOU0O0U0000OoUooDOoOoUooo
%00 0000000000000 0000000O0O
000Do000oooo0ooooooooooooooooon
doodoooooDooDO0oOoDoooooOooDOooo
doo0ooooDooooooooooooooon

0oodooooooooooooooooooaon
Joo00o0o0o000oooooDoooooooooon
J0o0000D0D0o0ooDOoooUoOoDoUOoOooDoOooon
00o00o00ooooooooooooooooooon
ooo

Jood0odDoodoOooooooooooooao
doo0doD0oDo0ooOoooUooDoUooooDoOooo




018 JO0O00ooO0oO0o0oO00U0ooOoO0: o000 (D)ooooooooooo

(0)00DO00D0D0000000000 (3d)

019 00000000000 00O0O0000D: 0000DL0O0DO0O0ODOO (O0)o
000000000 () DoOOooOOooooooooooo (o)

gboobooboooobooooboboooooobo
oood

(1]

| U

P. Dollar, G. Cottrell, and S. Belongie. Behavior
recognition via sparse spatio-temporal features. In
Proc. of Surveillance and Performance Evaluation of
Tracking and Surveillance, pp. 65-72, 2005.

I. Laptev and T. Lindeberg. Local descriptors for
spatio-temporal recognition. In Proc.of IEEE Inter-
national Conference on Computer Vision, 2003.

B. Herbert, E. Andreas, T. Tinne, and G. Luc. Surf:
Speeded up robust features. In CVIU, pp. 346-359,
2008.

C. Fanti and P. Perona. Hybrid models for human mo-
tion recognition. In Proc.of IEEE Computer Vision
and Pattern Recognition, 2005.

C. Rao, A. Yilmaz, and M. Shah. View-invariant rep-
resentation and recognition of actions. Int J Comput
Vision, Vol. 50(2), pp. 203-226, 2002.

Y. Yacoob and M.J. Black. Parameterized modeling

[10]

[11]

and recognition of activities. Comput Vis Image Und,
Vol. 72(2), pp. 203-226, 2002.

F. Alireza and M. Greg. Action recognition by learn-
ing mid-level feature. In Proc.of IEEE Computer Vi-
sion and Pattern Recognition, 2008.

D. Lowe. Distinctive image features from scale-
invariant keypoints. In International Journal of Com-
puter Vision, pp. 91-110, 2004.

B. Lucas and T. Kanade. An iterative image registra-
tion technique with an application to stereo vision. In
Proc. of International Joint Conference on Artificial
Intelligence, pp. 674-679, 1981.

G.Csurka, C.Bray, C.Dance, and L. Fan. Visual cate-
gorization with bags of keypoints. In Proc. of ECCV
Workshop on Statistical Learning in Computer Vi-
ston, pp. 1-22; 2004.

S.Konrad and G.Luc. Action snippets: How many
frames does human action recognition require? In
Proc.of IEEE Computer Vision and Pattern Recogni-
tion, 2008.



