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Abstract: Recognition of complex dynamic gesture is a key issue for visual gesture-based human-computer
interaction. In this paper, an HMM-FNN model is proposed for gesture recognition, which combines ability of
HMM model for temporal data modeling with that of fuzzy neural network for fuzzy rule modeling and fuzzy
inference. Complex dynamic gesture has two important properties: Its motion can be decomposed and usually being
defined in a fuzzy way. By HMM-FNN, complex gesture is firstly decomposed into three components: Posture
changing, movement in 2D plane and movement in Z-axis direction, each of which is modeled by HMM. The
likelihood of each HMM to observation sequence is considered as membership value of FNN, and gesture is
classified through fuzzy inference of FNN. In this proposed method, high-dimensional gesture feature is
transformed into several low-dimensional features, as a result, computational complexity is reduced. Furthermore,
human’s experience or prior knowledge can be used to build and optimize model structure. Experimental results
show that the proposed method is an effective method for recognition of complex dynamic gesture, and is superior
to conventional HMM method.

Key words: gesture recognition; HMM-FNN model; complex dynamic gesture; human-computer interaction
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Fig.2 Calculation of gesture feature value
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Fig.3 HMM-FNN model of dynamic gesture
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WA B o=p(sifsi), WL bj(K)=p(0k/s;), 1 a(i)=p(01,02,...,040:=Si/2)
1) WA ay(i)=mixbi(0r),m K 56 1 IRA IR L.

2) b am(j):{leat(i)ayj}bj(oM); t=1~T-1j=1~N N AEKIREMNE.

3) M t=T &l 15453 p(0/2) =ia7(j)-

=
SR 3.1 75T R A 8 I 5 5 e N i o B2 X B A 8 I 6 A Y R Y T 1 T B
B B AT A9 21 e 22 1 20 SR &5 B A ST 3500 Y (VB (0,2],B ST 3510 Y VI A (2,4], 4545

4 £ B

AT VC++32IL T _FIR SR, 3: 45— & CPU 4 Pentium IV 1.7G, N 17 4 256M 1 3% PC H1 k4T T
F A T80 1 S N IR R e X T 10 MhER S A WifE 5 s b dE L MR R FIE. 3 R FR
T 2HMPTFIRTE. 27 3 FHRTFE. LA 4 FIRFEM LFFIREM T, 2 5hkid ok posture A~

posture J.
\
© (D) (E)

(A) (B)
ﬂ
- —
(H) M O
Fig.5 Ten predefined static postures
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PosHMM (145 #4517 3~6 AR AT AL TR A iy WA Y vp (10 vy A ) s A B0 3 55 IR AT s AN SO 1RD.

6 B A TR e sh LI 10 Bl Br 1 5 M6 HL A 1A
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o 5T T 1 ARG S 6 38 TR 1 02 20 ZHMM BT [tk A A Fig.6  Ten predefined trajectories
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AR AR AR M BRI S R [ R R AR T T AR A B [ I 48N T AR R AT i A 0 K
Vs sl 7(c) TR s A T — AR T M AR R Bl [, T8 42 28220 B ORI A 5 e R4 ]

EEE SIbpUR i

(a) Dynamic gesture A
(@) ZEFHA

(b) Dynamic gesture B
(b) BIA&FHB

(c) Dynamic gestu C
(c) Ah&THC

Fig.7 Three dynamic gestures
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(a) Curves of posture feature
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(b) Curves of palm area
(b) T-HE AR 2k
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(K) 35, T EATAE € 5 T HARB S P KR A K, E T IRAM I R % D) AL 52 M4 e, Lk S
P THI AL HMM P 5 1R 3242 10 A 05 U 4% A1 (K A0 A BT IR, T 1 2 PRI B L Z Sz sl 46 PRI B R K.

FERH TS AN (K 5 A SL50 4 3 IR ] 15 AT SRR W 0 T 14 BTS00 4 210 HIZREL
P WZRI, 508 TR 224 PB4 5 TF S AR A A EdE 70 0 B B oK, 24T HMM BRI 254 HMM A
RN 2556 e HHEAT HMM-FNN B (838 B I kA2 U 2RI R i BEATL A EBCEE A 1) 180 284 DA DI 25 Kol
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* 1

Table 1 Comparison of recognition rate of proposed method and conventional HMM method

F 1 AL EG HMM PO R ELEL

Gesture type A B C D E F G
Conventional HMM (%) 73.3 70.0 73.3 80.0 70.0 83.3 70.0
Proposed HMM-ENN (%) 86.6 86.6 83.3 90.0 86.6 90.0 80.0

Gesture type H | J K L M N
Conventional HMM (%) 66.6 80.0 73.3 70.0 70.0 76.6 70.0
Proposed HMM-ENN (%) 83.3 80.0 83.3 90.0 83.3 83.3 86.6

S A AT R BLHMM-FNN A58 1 (3 20 HMM A28 43 506 038 T 3420 15 ) T I 28 4k 3 81« I8 Bhids A
K Z 5077 W8 ST 53 28, B AT RIS 2 SR IE i 2693 T A 76.6%,80.0% 1 73.3%, Ifil 211 45 T 94 1) de 28 F 34 3 2K 1E
RN 88.3%. th gt A U, HMM 4328 rf i) &5 S5 1 5 Stk 358, 20 ol AR JOR DI (0 0 R 40 4] 1 1T 13 30 e 2 A 11 9 2
25 L AN AR SO VRN T I8 B I 2R A8 R AN BURR 1), BT A0 38 Bl ok B AL, A 4 45 B AL 23 28 45 2R

5 B %

ASCHW T — T HMM-FNN BRI 3 AT S B 5 PO T35 8 5, E e AN T ah & T HA 5
R i, R B 2 T 02 SlRe AR ) T 20 Ak L i SCHA b RSO PE f5 3L 0 i 4 TR 224k . 2D ~F iz sh 5 Z By
W38 5l 3 AL 73, M 0 T S FHR4R R B B ER, 3R AT 3 AURFAEAE 7 A1 HMM-FNN A58 ) iy A\ 4l
HMM-FNN 8 — T 46 4 7 K3 7K n] SRR (HMM) I 7 @5 e ) 55 ORI 1 28 199 2% (FNIN) (I ORI 12 4 ik
JrRAE T IR HMM X AR 91 RO ADUR M 3 A1 DA 6 251 R A RO SR Jim B2, T ok FINING RS 08 ) 4 P45 39
T HI.

LT HMM B b AN SR A0 7 3 A0 SR 2% 8l 2 T FARUM I S e A T 345 5 F R R 52 23 1) i
HEAT 73 fift 6 G T e 2 P2 R RS T BB AT iR, I A T Ie R L B T R AENE RE UL AN AT IR
JE& BT A BRI RS ML, I FNNC A T 2 AT RORN 0 1ty A5 5 AR A B A ] R P s 2 P9 B, R S 0
PRk S 10 H HMM-ENING AR ] D78 70 A1 N FRD 56 56 S0 U, £ BRI PR A s 5 90 2 3 1 45 H) Bt AT P Ae A
BLAE ARSI RS TR0 03 S SE I R W A SR Y (R T VA2 — Bk AT RE I R 28 Bl T 3R T .

£ 8 20 TAR b AT 25 B8R T 22 A S5 B W L3t SE N HERfG (1) T 342 30 (1) 3D R AL, AT 2E— 20 25035 T 4411
IR AN, B HE S )L I A) bR SCATROG FR T AAIEEAT B Bl 3 1 o JA 18— W ST R 5 ).
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