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Abstract: Action recognition is a popular and important research topic in computer vision. However, it is
challenging when facing viewpoint variance. So far, most researches in action recognition remain rooted in
view-dependent representations. Some view invariance approaches have been proposed, but most of them suffer
from some weaknesses, such as lack of abundant information for recognition, dependency on robust meaningful
feature detection or point correspondence. To perform viewpoint and subject independent action recognition, this
paper proposes a representation called “Envelop Shape” which is viewpoint insensitive. “Envelop Shape” is easy to
acquire from silhouettes using two orthogonal cameras. It makes full use of two cameras’ silhouettes to dispel
influence caused by human body’s vertical rotation, which is often the primary viewpoint variance. With the help of
“Envelop Shape” representation and Hidden Markov Model, the inspiring results on action recognition independent
of subject and viewpoint are obtained. Results indicate that “Envelop Shape” representation contains enough
discriminating features for action recognition. Extension of “Envelop Shape” is also proposed to make it run under
fewer restrictions of camera configurations, which increases its application value effectively.

Key words: action recognition; viewpoint independent; envelop shape; hidden Markov model
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T OEH KRG Y AT VMEERANREANF R T E R EH — ARG E S T AT AR A EAR K
BRIVt R g e R

KR AEIRAA R LETIK R D R RARR

REESES: TP391 SCHRARIRED: A

NARBHAE P v AR D2 L — AN 8 BRI 5 7 100, 23X AN J7 1) A AS > 2303 g P14 DL 149 AH G AIE 5 07
VEREAT R A5 53 28, B SCR[1-41 A4 SC S i S8 m Zh AR RO R S50 A TG R RS R [l I $2 H T — N
FH R EESRR & AATEAAA N IR 5 5 2.

EBRARE S E R R, 3 AU AR PR . 228k VAT A1) 7004k FT RS B 435 A A4 K 00 R
BR, BN ST AL R 2 I AN AR R ISR B LS Al v AR SR iff o AR I N IR 8T R A4 7E — AN i 2 ot BT
SXof 7 T DRI T YR S AR B IR R o A — W AT S 2l 45 B 1 45 AL B AR EAT 3 AR

T 8 AT (posture) Ky HEAN I Z0) (19 AR 2225 /20 nl FH AR Y. I 220 R AR o FR) N A4 28 25 RFAIE ) B R RO B
U, N A 3R A KT R R T PRI O A 100 515 3% a5 380 N A5 8 3 A o 1 ) OV 45 48 s A ik N AR e 3
(ARG [1 A it — 20 Ah B TR A DAL b e N AR S A TR0 1R DB 8 2 i 1A 1) L A2 R i ot <] 5 ok 5 i 224
HF 200 N AR o A2 TR 4 DR T 2 08 20 0 2 2 I RSB P A B 20 b g A — o m DA B4 B — N REAE ) s, DT
P48 3 51 BT LA B 38 S R AAE 1) 7 90 FH - — 25 19 R VU0 FRAT 1IN R, B0 AT LR JlA A s B 1 ST — BEAR S
PR s . DA77 H0 A5 AR B A DRI S EEOW RS T SN HEAT 23 AN T AR S T 2 AR B R
FR G5 Pt ol FE AR D ) — AN 4

WSCRRL 7] TR, — A FH T 20 200 R I 28R 7 s A% B AT W T 8 i R A ] 20 28 I 8 i 1 W% A
BRI X 43 BT AE [] — A 2 288 v [ 0 a4 R 9 2 AR AR AR A S A W e FRAT D 75 22 3 R R HL A v X 49 [ )
X ANTE 5 A AR A B AT 25 B8 D7 (MR AR T8 Ry 8 A AT AR S VR OIS S50 R A A A2 4k . RO AR 4k
T 5 A GRS AR A IX O UL IR 2 AR A FRAT T B R B — AN (R R A 2 s m] LS 2 IR axX S84 1Y)
Y0 A AX AR A T g T B LR R R A AR 1R AR A A A A Y ke 1) T P T URR B N 3 el AT R s 1 I k2R
M oA T AT BRI AR SIAE R, B AT TR V5 BRI B0 VR N 1R S AR EAT B 20 FH e e, 1T AR (1032 3 JU) 43 S T 4
O EEA A AR AL

SHRTTCAH T2/ R0 . Re s 28 A0 A0 AR Ak AR 25 2 0, B A AN A8 AR S R e — IR A B Pk ) 1
P4 3 T — S A AN AR (9 B YU J7 7. L W Campbell 55 A\ 35 H 1 25 - S AR 0 5040 1) = 4 = #4R
B ARG Seitz A Dyerdifiid 17— FH -1 00 5 938 S0 47 5 A2 109 )7 75P).Cen Raodl i T 2 Fh AT N1k 3h 1k
T AR A A 1R 40 7 3 DO A N T2 50 PR B 328 SR i a el — R T 50 1 R sh A, R PR 232 1) 47 S R A
BIFR T AL A ShiEVE I 5] R 4. Vasu  Parameswaran 52 5T 58 T 8 A ANZE 8 AR SD/E R 500 07 32112130 Ay age 4%
TR 6 AN IERZ 05,1 HAT AR — RS R B AT = 4E A AR S X RE MRS AT DU 2 BRAE = AN AR 1 25 ()
I — A2 5l Daniel 55 A4 H A )77 5232 8)) 4 (motion history volume)fE 2 2l 5 1R 51 1 — /M1 JE K1
FIR XN 1 7 A b (RN Ogale s N I SE ot 2 AN 22 A5 (A7 45 B [RI KL AR 1) 28 A4S R LA 7Y
SKIEAT RS0 ASZE R B 1 43 B,

FBARTE LMY B OV 28 TT e 7 7S 20 B RR A0 8 2% 1 30 A DR 3 R TE 8 A, T 4756 1R 22 1) i AR At e b oK 22 4
(1) 75 32 MRS 65 A 11 1 SRR AR R RS I B0 A 0T I, T X 48 5 IR e 2 L 22 DR S 1) 5 — 7 T, A # AN 1) T v
WSS B RFE, S BOH TR B R AR 18 X 2015 B IR 5l 2 i A 45 44 385 1 3 7 T LA 2000 48 1) A2 AL TR
F AR B AR 2 14T LU T S VPR 0 0 ] DX 2047 8, 32— AN DGl ) 8

HT XA S R T — Ry i 28 FE AR (envelop shape)” 138 7~ FE 47 5 B AR WL BE AR T (RBE T,
AER TR S 56 T 5 T B 73X A 0 X T A0 A 10 AR 40 B AN GO AL R TIRAR 75 55 A 245 B b 3R B AT LA
HEW I A IE AT BAR ML B B0 AR A R4 3 oh 53Rk A3 & b URT AR A AN AR T /s B8 T 38 2 1645 8,1 AL
AN TR S AT A Ao S5 I X 5% 25 AR BB I 0 SO UK AN st R FR AR 1 rp AT I R AR AR I
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BNAE VU T R B TARHEAT T LEERCFI VP, 23 0 1028 T % AR ot s R0 B Ao, 25 T AR A A 25 2 s BT i
IRA]RAERS RATF A T H SIS PE R R 48 LR 45 RAR WL AT R G TR @ A ARSI A FIREEA
AR AR RE 0 RN, O T AE AN SRR HLIE A 58 2 IE AT I B4 — MR IR HLIRC & 4 1 B F A D3, A 3
A T ABTEAR R 78, XA R I 1 & (0 52 A .

Table 1 Comparison of some view independent action recognition methods

R RIRL A AR TT V1 B S R

Methods Used features Advantages Disadvantages
Cen Rao!™™ Trajectory of hand Simple, one camera Just fit for classify simple actions
Vasu!'>!3! Articulation One camera Need articulation points
Daniel!"! Silhouette Better distinguishability Need multiple calibrated cameras
Ogale!"”! Appearance Also classify view-point Need data from all kinds of views
Envelop shape Silhouette Easy to apply Need a pair of cameras

ASCH 1 AR B R R A I A R 5 2 RS IR Z LR RS L2 90 4 .
55 3 LT U TR AR S 4 W 26,

1 AT KBERSRT

FEN A B A VRN T P AR AR R 2R R — R — N AT S 1 il K 22 B A Bl A VR O R TR K
A S i) AR AR LT R, B D o T 00 T 3K IS A0 A T 5, DT PT DAKE 40 A A G ) AR 28 3 s B AT U0 AR
TM0,08 T SELSE BRI R BN AR E ARSI 13000, B 4, 2 03 UF & B30 S 4 I B0 75 ZAEUF S 1 A it
B, 0 P BRATI TGV RS 1 N L R TR RS 2l A1 % X 8 A 38 50y 25 7 W b A -3 BOW S A A4k — 4
T (1 2 A DR 2R 8 N e 0% A1 R TR AL A1 AN AR AR 1, DS R AR AR R ARV il 2 26 e A0 A1 JE SR IR AR S s R A
BRI AL AR — S A S AR R LS.

1.1 FERA PR AT

AL WA LA AR B TR 2 B SR 5 AR (N AR B T 17).
FENAR SRR WA A 1) A A AT LA H g b it Rl —— N ARG 5 5
TBHIE B 51— B B A D) R T 1 E (K B AGAL,AS SC s 2% 18 5%
AL 5 175 100, I I LT 25 18 el A AR IE 5l 5 PR R A7 A2 A Bl T

WA AR AL TT LAY B A 8 23 -~ B MU e A s VR JL-F- T AT 1
R LRECEA T PRI ALK Pk, I DLEAT T 255 i e i A A 1tk
BT S T 3RATTI AR R R B AR bR R AR XA A bR R, Yol R e ) b
M AE AR bR R, — A AE 3 Bl e 70 T SR AR 2 g e e 110 ol i - e 5l
(roll). MHURH(pitch) Il (yaw).iX 3 A~73 570 ik T 98 Z #li(a). X , ,

. Fig.1 The coordinate system

T NARLEA A& R AR 2 B AR A B A A 8] 1) 1
AR Ak A BT < i) AR N A L 5 6 T A D A L AT 1 BT, 5 A o T ) A IR, i S e DA TR )
AR A A A B SER WL AT 58 S 2 15 AR S A 8 I, N A 5 1) S AT R, BT LA E T 1 W] B
SN T AR A3 2 [R)— AN B A AN 7] R N AAR 5 1) 2 1) AASRE 2 T A 8 e 2 e b 33X 077 1T K 25 8, B 2R
SV i e 53 B3R A, FRATT N AR A IR L AR 25 JA 4 [ — AN 2 v i SR04 A7 45 55 b 1 b T 2 3 8 (e 80 s iRt ), 3
AT A AT AR 23 28 v A5 G, — AN L S7 3 R A b T L 33 IR 7 16 2 0y 8 AR ) R I 2 140 0 2
AT A CATE B PRI AN 7 B0 4 25110 24— NSO 8 Al 0 5 B 2 38 53— AN 5T 1) FRATT I mT RADA A Al £
PAZS IS R — PP B 0 e, AT AT LU 0N 4518 B SR TG S I B RO o T 5 R A B 1 L AR
AR,

+Z
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1.2 BEBROESRT
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B 2 J 73X N SRR IR 5T T RN B B4 Y SPAT, e AT IR DG A2 A8 1), R I B AT RSP T AR A AR b (1 7
AEREHRFN Y Hl-PAT AL TRATR S I8 AR — AN ACE AU H XA BB s 2GR
2 L1 b 7EE AN BT SERCTI 2 B TR Lk L2 (AP L1 J2 A8 p2 IAMRER, i H 4%
L2 U2 AL pl M AMRZR) X FE, N AR 50AH 24 T N ARG 18 KPR TR B 50 1R 4P T A T — AN e .
T IR AR AN AR S FRATT RS By A AR TE Z 4E AR H B B D) IR AR TE e % I 1 552 AL A0 s L.

W 3 fros, A EHEFLGENERS, BT LL U8R U2 532 M S 90° AR 4L /K Pk A b N RAh e R
SR TEAR S B ARSI UL U2 Blidh i $e 4eBoie AB Fl BC IS4 S 7EATE ABCD HLULAE S 4 AN Tefe T
T O UL AN U2/ 4k & (B AE LR BE EF A FG P X L IRATT o MR BA R 2k BERI K ol x ALy, 1 37 1

RS B B 2 X Ay TR BT AT ARt R OC &R
x'<xcosf+ ysin€ y' < ycos @ + xsin 6 (D

A

Y A Vv
V24 41 . . /
\/ > - H
Image : Image N
i plane 2 Poinl plane | L e
Epipolar Epipolar
Line L2 Line L1 \
= | - : —
Horizontal section / & N
p2(ul,v2) %) % !
U2 Ul
“‘i‘\ / ; ) D
i \ Ciamera i //7
Camera 2 et F xcosd C ysinl Gy
U
Fig.2 Two cameras configuration Fig.3 2D shape projection on different rotations
SV DI S K3 AR R E e R 8
X7
r=qx>+y’ 2
M2 T I 1 'k
r':\/x’2+y'2 S\/xz + 37 + 2xysin26 <+2r 3)
o S BITAT T 2 X 12 25 8 i /ML IS A AEAT AR 1 00 A 2 18 (08 6 A S DA X 1)

g Sr< \/Ero “4)
SIRIRBOEAE XM x BUE ' F1 y 2 (8] EOAE ¥ T8 R B X TR AH BE, 3 AN AH 24 (R B X, gl 2 936, 3R
AR T — P AN BRI AN AR 7R 6 T — A ACE P T, B AR A Q)R ok A r {3 FE 0 T4 —
A BRI NS, AT LA B A A8 1) 3 R T3 1 S 4 BRI TR IR T AT A F %6 o L A 19 5, A
TERATEIXA 7 () FEFR (0 2B (envelop shape)” Ffl 124 ti— 6 26 AR [l ML T 2 AP ME R 140 3 TR
KB A 4 v (a),(b) 9 2L KR 23 3 2 s P R A4 25 T 8 55 s Tl (Y ) e e 17 8 S ANTR] S S I 1R 155 D0 B 41 i
AT R IEAT AR DL B 150 3 5T 28 3 AT 0D B 2 TR B G AN BB v J AT T T LA B, 70 AR R AR R A,
AL TEAR A AR A,
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(a) Posture A at different viewpoints

(a) AFEPM T HEE A

(b) Posture B at different viewpoints
(b) AP Nk B
Fig.4
Kl 4

I 128 H PSRRI I AR A B TR R i Bk

(1) APHASSEAGAUAH B [ B it op R BN A S 48 )5

(2) XA ERREAT RS IE R A P A ARSI SR R — A i

(3) RF T HRAGMUAT— 08 of P, £ U — A A0 A 5 AR s — A e B2 L BBOGS 2 P K~ 48R iR 4 2 SRR vk 5 7
AELF X Ty S T e SR A 2 I v 1 B

WHRIBREA W LR

(1) BT HA A B R B AT AR 5 1% s B U O R A R AR AR L, B A T
52 4 R IX LA A AN i SE B U — YRR R R B A TR AE T LA A AR AR A (4 R A S A X
Y.

(2) IR ARG A EEAN AT S N S HCA e 0 B SOl EREREE E RN N E R BB

SR AR FRATHE HH T A B AR LI 2 T80T B ORI B AR T TN 8 LA AT [ I DG A IE AT (H 2 S B B AN T 2
FERE TR PG AR 52 FRAT] ST RS 80 1) PG LA 2 e LA IR S T 7 B AT TR 3R Ty G b B AR ML IV 32 JBOK B0
AT IR SR B AT 3L SO JATT TG 20 A6 S AR AL IR RS B 42 BN 5 2 Bl K5 1R I I 1 0 A SC i 4 1Y 1,3
Toft s (USRI A AN BEURR, e R LA R A — N R 90 LA 2840 BT B R B PR T3 Rl FR AT AE 28 2 5 e
JEZS TRA TP HEAT 149 I 56 AR G 1A A AR Al 40 1 A1) P PP A DK S T RN W8 A M (X B AR LR AR 10, 10 FRAT T T LA
B S A5 RAKOR AR H BLAR

2 HARFENLLE

2.1 HEIRR RFFNHMMAREY

BT X B AL TR A S 2 7, JATTTT BARE B A 00 5 — i o 48k ple R A0 1) 2, 3R B — AN Bl 2 — MR
) 5 )7 41 S AR RN R G 7 o0 AT REAE 1) £ )3 90 BT AT JRATTHE — AN R 0 v SR 3028 TR AR T I3l 4
ARG 5 JBR T RGHFE K IA T 56 R PRinder 5 i5: S 3 B AR SRS BR AR , ol AN B AZ AL 40 45
7 AUAE A R b N BATT Ry 5 — ot I 220 A i T AH I PR A 28 T R 1) =, 88 ) R 3 43 185 49 AT (principal  component
analysis, fil FRPCA) K BEAT [ 4.
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Video
Silhouette Calculate
|- | - PCA
extraction envelop shape

Train

Recognize

Fig.5 Action recognition system flow diagram
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K& S /K AT KA (hidden Markov model, R FRHMM), £ 4 — Ffk T BEAIL L R ATHE 5 U0 ) 3) &5 S v B it
IR R FH A V5 UM rh I ELARA T AR ORI et POV B 5 72 b R R T A5 S AL B TR SCHRAR L TS A
PO B PUM S BT A5 2 B IR A B 1) 2h A AR AR e 1K U b H R AR S TR (1 AR S A U3
A B 2R AT R AR e L e AR IR L 2 I ] i k) 1 Pl AR HMMUR A B K R R B R Sl b e i
SRR, 5 R AT KA A DR A AN 1) 2 00 89 101 B 2K PTG A, A% AT T At s S0

BEALT 51X, AT — B Zn, 6 T LA AE RS 6,05, Oy KT m I Z0 TR AR 25 @, 75 mA KIS 20 BT AL TR AR 5 Gk
LR L g, A1, T -5 m I 220 LA & I AR FR 1 SRS 2 A AR ST B

P(Xm+k =qm+k |Xm =qm’Xm71 =qul"""X1 =q1)=P(Xm+k =qm+k | Xm =qm) (5)
HF g,Gs0es G sesGyir € (O1seens 0y) FBAFRX, H Markovi, 11T H AR
By(mm+k)=P(X, ; =q,.,| X, =q,),1<i,j <N, mk JIERE (6)

KB RS WL 24P, j(m m+k) 5 mIC I FR X, A 55 4y 7% AT

HMM - H RS RO I 4 748 3 2L ol R A5 2 7 24 i IS 200 P9 A i g P, e i JE Y2 A £, L e 2 o i ofe 9
FAL T LI R S Y AN AE I, A2 7T LA ol v S50 2 . H I B B B 2R T R RS ST S R e T —
B 55 U0y 2R R] R, G SO R G T AR IRZS IO BE A L S A I PR S AT R R, A I s RS S A
6 UL AR IL 1K S /- n] R I, 6, s ¢« N ZUHPIRAS, O, 3w ¢ I ZIHPIRES 6, I R Zs 6, 2
W 11 TG v I ), R e AT 3 i O, ZE I k. 1T HMM B AL e IR 2 7 5102 — B 55 4k T 7K A K i, B

P, 46,,....6,)=P,16,) (7

Forh, P(6,10,. ) FrOVIRHFE M A4 /> HMM Al LU B 2804 :

—» O > O » O —>

Fig.6 Hidden Markov model
K6 K& th/Kml KA
N: HMM A 5 R o] KB RS B H R NAIRE N 60,60, 38 e 20 5 7K w] R BE P AR 2 g,
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q,€(6,....,0,) .

M BEAS IR 20 I FK) AT AR AR OW DB ) B H Al MAS BLIAE R V.,V 20 2 ) A A O,
0, eV,,..Vy,).

m MRS R &, 7 = (7,,...,7,) S 7, = P(q,=6,) ,1<i < N.

A: REHBBFRTIE, 4= (a,) v HeF a; =P(q,,=6,1q,=6,),1<i,j<N.

B: MMMEMERFENE, B = (b)) yurs e by =P(O, =V, 1q,=0,), 1< j<N, 1<k <M.
KR AT LLIE—A HMM 2 A = (N, M, 7, 4,B) &SN 1 =(n,4,B).

R HMM RO S MAS B B AR, A S B N P o i 6 5 S 0 UL AR 1) 6 A 10 07 0 o 1 X R
W 2 T RIS BT L BRATR A T 8 6 ek B AL 5% 4 HMMLAE T B2 HMM (1) BAS T2 R B 17 SR FH — 200
AR 2 5 18 B R 27, B B= (b (X) =1, M} I HL b, ()38 5 H0 i A7 Wk 2 3 o 4

K K
bj(X):;cjkbjk()()=;c,k/v(x,ﬂ/k,2,k), 1<j<M (8)

Hor, N(X, 1y, Z ) h 2 2 e 3T 20 2 P R 50 T L) K R TR TR 1 e 9 R 80 280, 3 0% 110 M AN FE 7R
S RHOWL I A P S 0, T A WL 1) B 4 T

FH T B TR NS I 18 AR AL ) e ) 40 6 v, O HL A% 2 2 T B TR 22 IR U AR A5 B T LA AT 1 S 0 0 25 0%
RIEEFIF PCA HEAT 44 4b BT 73 00000 1) 5 A R GE P BRATHARLERE 0 8 48 IXFE LRSI E U R 4
HUHMM 8 1) S48

N: HMM R FPRES B A RS8P N=5.

M R Ak A R G L M=8.

K AR v T ek B B R RS L K=10.

Bt T IR ) SRASE IR A D Ao e A R B0 A R G840 A L R FH AR S A TR0 b T BABE B A JR G800 BT 4TS N
ML FRATT SN L33 T30 AE U b i B A R s PSSl ot
2.2 RRKE

N T BEAT ARV 1) SE S, AT R AR T AH N R MR ARB T LT O AR P A XA P,
AT T AR SAEF A SEF RBLT 9 TP EHARSE X LEFE g IR, BT, “PEF7. Bk,
T B CRRRT) BRI AT X R T AT Ak IR RIS S AE —
SE IR MY SR 25 3 MR A T AT R A sk 3 i, Wl 2 R sl EE L — AN sk 9 . & 7
I 8 Wos T FATT S g0 s 1) Seom i) B A B A 5 AT B P AT & A SRR LI BB 3 kI Wi AT &R H
PFinder J7 52 LA 2 1K N AES J35, 55— 47 W0 AL 2 TR v 2 B 1) LR (B — N 52 B I B A A0 8 K 20 30 1o
2o R UG BB T A 7S T T 20 R ). B A P B A AEAT LA TR AR 10, I SR A AT RS2 3 R ML A8 T
KA.

Fig.7 One group of “Walk” sequences Fig.8 One group of “Point to” sequences
K7 —d<PAT st sl K8 —dl g shfE 5
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AL B A VR S50 R GEAALEE R 28 03 H1 4 1) S A Bk AT I ZRoRR 0 00 - 3 2: 3 4F R TN 43 B R
TR SRS E N A B AR AR =L PCA BR4ES 1 H 1 B M4 2 8,51 HMM
BRSPS HOE 5, 1 V0 A WL S 7R o 0,5 1) v SO RS B0 10,38 1o AT RIS EH P2 3RAT 170 o 64T 7
& N B SES.

TEAE i N PE UM X RIS D0, 3RAT A B AN S PEE NGt ]S A HMM sh7ERERL AR5 A HIAb B S
HMM R BEAT B AE PO R A — A E, AT 6 AN Fe ZIE R IR, [RIINHE 55 41 3 AN Fe#I4E il g 4 2
7 T S A T 14 50 BAE SRR SR S A T VU E B AN B T REAN SN VE R R T 4155 1 812 I R
(L 6 WBNE) MR S5 AL HE 2 R MR G 3 3546 IR0 45 55 S5 WIS IR A 2 B s AR T AT s E 5 1)
PR TR R

Table 2 Subject dependent action recognition results

eI YN EE(RAVHIESE S

Actor 1 Actor2  Actor 3 Actor4  Actor 5 Actor 6 Actor 7 Average (%)

Point to 6 3 6 3 6 3 6 3 6 3 6 3 6 3 100 100
Raise hand 6 3 6 3 6 3 6 3 6 2} 6 3 6 3 100 95.2
Wave 6 3 6 3 6 3 5 3 6 3 6 3 6 3 97.6 100
Touch head 6 2 6 3 6 B 6 3 6 3 6 3 6 3 100 95.2
Communication 6 2 5 3 6 3 6 3 5 2 6 3 6 3 95.2 90.5
Bow 6 3 6 3 6 3 6 3 6 3 6 3 6 3 100 100

Pick up 6 3 6 3 6 3 6 3 6 3 6 3 6 3 100 100
Kick 6 3 6 3 6 3 6 3 6 3 6 3 6 3 100 100
Walk 6 2 6 3 6 3 6 3 6 3 6 3 6 3 100 95.2

XF AR 2 A S A PRI R O, B AR N 2R 4R b P AT NI 8l 41 D A — A sl A1 S U I 0k 1 3 £ 11
HMM 8 50 F- i — Rl 45, AT 5 A>3 BRI 15 A I R4, 55 A A sV (0 it A D it 4 X
FE R T4 — R AR I ZR A h — AT 45 D RUAIB IR AR h — 3047 18 ML .3 3 #HH T YU I IE# A il 1
S8 B Hl AN RS 5% L 2 ) — AN O3 R — IR R S E AN S8 . — B0 IR, SR e (9 A0 BE i 5, 30
PR (1 S 36 4 R JC SR AR 5 N (0 TR S 56 45 SR R WY T AR G0N 95 5 3 A i 22 A7 AR B () 7 B BE AN
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TOETARITT A2 5 2 FHO7 b AR AN B w6 FE A5 Y B B il i (B A X)) I ) 1 N R,
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Table 3 Subject independent action recognition results

=3 AR AU S5 R

Train set (%) Test set (%)
Point to 97.8 100
Raise hand 100 100
Wave 95.6 88.9
Touch head 95.6 94.4
Communication 88.9 83.3
Bow 100 100
Pick up 100 94.4
Kick 100 100
Walk 100 94.4
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Table 4 Comparison with view dependent action recognition methods

x4 LUK REEAT LR AR

Envelop shape (%)

Silhouette projection on Y (%)

Motion feature' ' (%)

Point to 100 94.4 44.4 88.9 38.8 100
Raise hand 100 100 61.1 94.4 333 94.4
Wave 88.9 94.4 333 61.1 55.5 94.4
Touch head 94.4 88.9 38.8 83.3 22.2 100
Communication 83.3 83.3 27.7 61.1 27.7. 88.9
Bow 100 100 61.1 94.4 38.8 94.4

Pick up 94.4 100 38.8 72.2 333 83.3
Kick 100 94.4 55.5 83.3 38.8 88.9
Walk 94.4 94.4 33.3 72.2 44.4 100
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Fig.9 Section projection whose optical axis
angle is T—a
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Fig.10 Viewpoint invariant of envelop shape: f{a) curve
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Table 5 f{ ) value at different « angle
x5 AT Aol

a /6 n/4 n/3 /2 2n/3 3n/4 Sm/6
flo) 2 1.414 1.15 1414 1.15 1.414 2

H1 B Lok 2 o3 ha=2m/3 I A o) U S5 /ISt 3 5 0 IR A0 A AN AR AR P i e AN L AR S Bl A DR )
Pt B A 25 4275 10 55 cos SR R 22 SR10) U SETOK (1 r (H 2B M i1 T 2xycos AR 1M1 92D T JLAR 5
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Table 6 Recognition results of different o (%)
&6 A affi TR 4E5 R (%)

a /4 /3 /2 27/3

Point to 72.2 94.4 100 100
Raise hand 83.3 100 100 83.3
Wave 77.8 94.4 88.9 94.4
Touch head 88.9 100 94.4 94.4
Communication 77.8 83.3 83.3 88.9
Bow 94.4 100 100 100

Pick up 89.9 83.3 94.4 88.9
Kick 77.8 100 100 94.4
Walk 89.9 94.4 94.4 100

Fig.11 Envelop shape of different o
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