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Abstract This paper presents a sine series-based method for action recognition. The proposed method
can be divided into three stages: feature extraction, series fitting and feature matching. In the stage of
feature extraction, the method gets binary human silhouette through background difference and
Gaussian background modeling at first, then uses the binary silhouette to represent the given image
sequence and calculates the distance from the silhouette centroid to the boundary points according to a
clockwise movement, thus changing the human silhouette into distance curve. In the stage of series
fitting, the method fits the curve with the sine series and changes the distance curve into sine
parameters with different amplitude, frequency and offset, which reduces the computational cost
greatly and changes the process of action recognition into the matching of curve parameter features.
Finally, in the stage of feature matching. the method classifies each frame in the given image sequence
through calculating the minimum distance between it and the known action categories at first, and
then gets the category of the given image sequence by voting. We adopt a leave-one-out scheme for
experiment evaluation. The experiment results on a database of 90 short video sequences show that

the promising performance is both effective and efficient.

Key words action recognition; silhouette distance curve; parameter fitting; sine series; feature matching
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B2 TR AR 4 R B e it 4



382

HENMR S R B 2013, 50(2)

1.3 EZRZHEMUE

WAL K 2 LA AN [ 6 R R B h 2k g TR R
ST P PTE o7 LA 1 4545 5 5. % A
AT A BB S Xt L5 5 31 84, a2 0
2 T PR = A R B CIE 5% oK B0ORN 4% 5% PR B0 Al
LGB TTRE AT S TR ] 3 Ak S R AR 25 (]

Base Amount
(a) SSE
1.0
0.8 7
g 0.6
=
o
 0.445
0.2
oob—i &+ i i @i i
2 4 6 8 10 12
Base Amount
(¢) R-Square

—4%— Polynomial

RS A P A ) R

T E AU T P G 2R R 2R Y e A R . A
B i rh REAILA B 100 2% 58 5 5 i 2L 20 ) M
9 W Z 3 i 0 BRI R L X B BOR A L SRk A
A A1 BB & IR AR AN AT 3 B R

3Ca) (b) 73 3] 32 7% AN [A] 26 Jie 1) 5k 22 % J7 Al

Base Amount
(b) RMSE

Adjusted R -Square

2 4 6 8 10 12
Base Amount
(d) Adjusted R-Square

—#%— Gaussin —%— Fourier —%— Sin

Fig. 3 Fitting performance on different bases.

Bl 3 A [ 5 6 4 2% T ALL & 46 A

(SSE) 5 #r#E1% 2 (RMSE) L [ 3(c) (d) 43 1 F R 8
& ZBU(R-Square) f11# 2% J5 1 & & # (adjusted R-

Square). & 3 Y Z WA 9 W WA, X — REL
(3 BUR 2545 25 IR AU 52 2% B R 45 158 25 75 31 1Y o

PLas . e 3 nl LU . 2 00 ) 10L& P A 2
AT bR AR T Al 3 b0l A Ty 2. 4 B g
(4L 8 R R 5 TEAT P /0 B S 1 1 0 R Cli At
I 2 AR A ROR IR AL T KA 85 77 20 (A
— A I T T B4 A Bk 4 AU SR E B AR R B
. TE % R R T 0 ek RO B A A S T S R K.

22 31 3R L I 9 80 T 1 S8 R X e A
PR — A 78 B4 £ 5 B R AP SRR A L TN Az B
b B R R AR B HA AR 22 Jy B8 AL R AL L 4 1E 32 KR XS
FEHEAT A5 0 SR T0 VA IR B BRAE A ROCR L & 3 By S50

ZERUEH] T aX — i AH 2T o I 5% R EIOR i 7 R AR
& T AR 1E 22 K pR B 5 T S R ROH FE L A I ST R
Bl —E WU B E RIS 1 T )R F Ak R A
FRHS 20 Z20 1 R EE 22T S IE 52 R BT 25 TR AR R B
TG A I o 28 5 WL A B ) — 6 XS il 2k R 47 40
A I v 30 o Bl 2 1 B U 5 0« T IE 52 RR RO L
BRE A R

g5 L P id . 2% I8 R I AE 5% GBSO B g il 2 AT
A A A D R

M
flo) = Za sin(hx +¢,) s (D

Hrp, f(x)%%/TEE%EHEI% B o Rom NIREE R
PR BT AE o, N5 @ A IE 5% pR R IR 1 0, %%
NG A IE SR BRE B L o RORE @ A IE 5K PR



B A T IE SR GBO A B AT R B

383

AR AL - M AR LAl 22 /0 A IE 52 pR B AT U5
P 2o R /N eI (R N 2B R o 5 22
R AR 72 Al B FTD 5 A LB . B AL 5 1k 25
K (2) FR
| S/ _Slfl ‘

R, >r, T<s, (2)

Horb 1 R IE B R, Fm 88 L IRAUA WA L
S, TR L WRPLA WARMER 22, r RARFF A HRMEW
UG AR EE B e/ IMBL s s RORFFA SRAFIIEE L IR 55
L= 1 WABLA B b o 15 25 AR 0 78 £k i 1) e KA. AR 4l
SRR A SCH =10, 95,5=0. 05.

& 3 R LA R HIE 5% B AT L4 1 45

THLAE b Bl R IS A 0 A B 4 e AR A 2 (2) L A
JEANER T 8 I — 25 i iy 2 JiE A JOH 48 A 19 42
3 A RN A EPELRY IDNNE Sf g SE-R S Sl
B LA BTl B BE I K M= 8, it i R AR IE T L&
BT R BRI 73 85 B A RO ® TR E
2% JBE T 45 0 K dls i R A 87 v g — WG
BRI 9 0 107, 25 IE SR BOR LA J5 B9 R AIE
B 24 A ORI > T i

4 JE7R T A5 S S AR YR8 R B il £ AT IE
SEYBAU A IS B S 200 B RS 55 18T 2 AR TR, e
P 4 o ml LUA H SR IE 52 9 800 5 J5 B il 2% F
TG n] LUBRAS R4 A L5 2OR

1.0
A 0.8
. 4 o .
5 % e g0
17Z2] & 172} 172}
A % A 2 0.4
oopL—i T i 0.1L— R 0.0 ; :
-2 -1 0 1 2 -2 -1 0 1 2 -2 -1 0 1 2
Silhouette Position Silhouette Position Silhouette Position
(a) jack (b) bend (c) jump
T T 1.0
0.9 N A Y
ST |75 SO IR ARSRTU0, RO SRRURY: WO / X ____________ 0.8
g 0.7 ittt f e b 3 IR T T Y 9 0.6
E B A A 0 E % g :
a ) \ L | W - ; A 0.4~ } ------ =
0.3 £ I D\ YN T S S i 0.2*} .
o1l ¥ u’ 0.0 — 5
-2 -1 0 1 2 0 =2 Sl 0 1 2
Silhouette Position Silhouette Position Silhouette Position
(d) pjump (e) run (f) walk

—— Original Distance ~ © Sine Series

Fig. 4 Sine series fitting with different action types.

P4 XF 2% 26 Sl 09 e S ol AT IE SR B &

1.4 HF{ELE
A SCR T — T (4 TH ST DA AR B B
L =B IR

M
D = E[‘Pb;*Qb, |7+ ‘PL-,*QL-, 177, (3)
i1

Hh D RIR 2 D IEZ G Z BB PR . P.Q
Fon 2 DA IE XA P, 3RoR P T RR (1 1E 5%
GRS N IESRIEN 0 Sr L WL P KON P TR
7N B IE SR B AR 0 D IESR PR ¢ 7. Q, KR Q
BT 278 BYIE SR RA 5 @ N IE SRR 0 . Q. &
N Q FT RN B IE SR B AR @ D IESKH) ¢ s By
FRaRBESH LR E. AP N 0.5.M
5D d & SCH R R BE B T 4k i M A IE 5% bR
AL, 5 T ik

FE— D IEZ R 3 A A 7 . a RoR R
Wi 0 RN, o FRom ML, B A8 & O T BR A
PRANE R i O 19 52 Wi L 3153 2 A 1E 5% GUBOR B 1k
p 3L A AR A7« T AN 25 JE IR i AT L3 s DT e
F14 9 i 3 RTOAS A8 P [0 P i A PRI AR B 9 v LE 30 AT LA
T IR RN B TR 22 L 2 4R VA R SR AR
HEM T X — 458,

SFAEDCE AT A S

M
T(k) = arg min >, [| P} —Q(j), |7+
J i=1

| PE— Q). 7], (4)
Horpr ke RORFETINAT 9 5 50 oh 1 25 e WIS T (k)
W 2 7m L SR ke WTIRR T IR B 2R 0. T s A
FEPENAT A FF AR 200 26 A T G Y #4521



384

AP S EE 2013, 50(2)

PSRN R WUEMR B IE RGO QD RN ER j 2K
VB IE 52 G HAl 2 80y & LRI (3).

2 XBEERSH

A SCHY S5 R ) Weizmann 8085 22 . 2% 808 4
£ 5 90 AN 8 B S AL, K/ 180X 144 2%,
W 3k 25 fps, J& T2 BE R i L R Horb
15 10 FhahfEZ AL, 73 5 & jack, bend, jump, pjump,
run,walk, side, skip, wavel , wave2. & F sh fE i1 9

AN 7R 3K A N HA A [\ 524 51 F A B R
fiE iz SRR FA B8 22 5 (6] i sl VR A G ) A1 [n]
FRE 75 o PRI R L A 1) A7 A PR ) S5 3 B
FE. B PE v i SRR B AL 5 B L N BT
NIAE S 3 M jack, bend, jump, pjump, run, walk,
side, skip,wavel , wave2.

B SR B — 28 OB IE 7R 6 SRk MR AT AR 5L X
B — A AT R O 8 A N AT S AR
FEA S50 1A NAT e il ik, B4 10 1K
3N S50 45 R IR G A PR AN 1 s,

(a) jack

(b) bend

(©) jump

(d) pjump

(e) run

(f) walk

(g) side

(h) skip

(i) wavel

(j) wave2

Fig. 5 Actions in Weizmann dataset.

K 5 Weizmann 038 & 09 sh 1E

Table 1 Confusion Matrix for Recognition on the Testing Data (CCR=95.56%)
F 1 MREIE EMIEBER (CCR=95.56%) %

Cross Correction Rate (CCR) between Different Actions

Action Types

jack jump pjump run side skip walk wavel wave2 bend
jack 100 0 0 0 0 0 0 0 0 0
jump 0 100 0 0 0 0 0 0 0 0
pjump 0 0 100 0 0 0 0 0 0 0
run 0 0 0 88. 89 0 0 11.11 0 0 0
side 0 0 0 0 100 0 0 0 0 0
skip 0 0 0 11. 11 0 88. 89 0 0 0 0
walk 0 0 0 0 0 0 100 0 0 0
wavel 0 0 0 0 0 0 0 100 0 0
wave2 0 0 0 0 0 0 0 0 100 0

bend 11.11 11.11 0 0 0 0 0 0 0 77.78
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Table 2 Confusion Matrix for Recognition on the Testing Data with Only One Person as Sample (CCR=77.78%)
F2 NA-AEHRNEHERE(CCR=77.78%) %

Cross Correction Rate (CCR) between Different Actions

Action Types

ROBEARASE. T — 20 59 TARRE X g 47 2ok o ffi e mT
SCRAATAEIE P 9 1 T2

jack jump pjump run Side skip walk wavel wave2 bend
jack 100 0 0 0 0 0 0 0 0 0
jump 0 88.89  11.11 0 0 0 0 0 0 0
pjump 0 11.11  88.89 0 0 0 0 0 0 0
run 0 0 0 55.56 22.22 0 22.22 0 0 0
side 0 0 11.11 0 88. 89 0 0 0 0 0
skip 0 0 0 11. 11 11. 11 77.78 0 0 0 0
walk 0 0 0 55.56 22.22 0 33.33 0 0 0
wavel 0 0 0 0 11.11 0 0 88. 89 0 0
wave2 0 0 0 0 0 0 0 11.11 88. 89 0
bend 0 33.33 0 0 0 0 0 0 0 66.67
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