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Abstract: Quanzhou puppet is one of the intangible cultural heritages of China. It is the physical embodiment of traditional Chinese
culture. However, the large size of the puppet and inconvenience to carry and manipulate directly makes it hard to reach a wider audience.
In order to realize the effective inheritance and protection of Quanzhou puppet, this study designs a virtual real-line puppet animation
scheme based on gesture recognition, builds a prototype system which uses MYO Armband EMG signal to control the generation of
animation, and applies it in user experiment to verify the high accuracy and easy manipulation of the algorithm. Firstly, low-pass filtering
and smoothing is used to process the original multi-channel EMG data. Secondly, after eight-channel EMG signal time-domain feature and
time-frequency-domain feature extraction, the dimension of the feature vector is reduced to six by linear discriminator to eliminate the
correlation between features and enhance the robustness of the algorithm. Thirdly, a multi-class support vector machine is constructed
which uses feature vector to determine the result of gesture recognition. Experiments show that the average recognition accuracy of
offline action is 95.59%, the average recognition accuracy of real-time action is 90.75%, and the gesture recognition is completed within
1.1 s. For the puppet task, two users task is designed: the common users and the expert users. In the common user study, the gestures
recognition accuracy is high. In the aspects of user’s willingness to use and easiness to learn, the performance of this system is
significantly higher than real puppets manipulation. In the expert user study, user’s acceptance and usability of the system are also highly
evaluated. These two user tasks indicate the system meets the requirements of real-time and accuracy, and has good interactivity and
interesting. Relevant research can be widely applied to similar systems, such as computer animation. It has practical significance for
experiencing and protecting the puppet.

Key words: MYO armband; EMG signal processing; gesture recognition; SVM (support vector machine); LDA (linear discriminant

analysis)
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RN B IR S KiHE T ik A K (9)5 2K ((10) .

k
Sy =2 M (u; — i)(pt = )" )
j=1
k Kk
Su=25u=2 2 (b—pb-u) (10
j=1 j=1xeMj

LDA 75 35 KA RIS R B8 AR 2 o 2, ID B84 31— N7 B R B W= (W W, W), 35 R A S T
HIORE /ML A B RE B A 24 (1D Fisher £ 1 55 30
[Iw'sw

_ diag T w/ SpW,
arg\AI,naXJ(W)_HWTSWW _1i:1[WiTSWWi (11)
diag
R 2% 11 AR 403 I 7 (Rayleigh quotient) 5% AR 8 51 S,'S, X R 1(1 < k — 1) ZERFAE A1 & x.
T B R A FRATTR R B R ) AT T AR A AR AL A U
x=X=X (12)
o

Ho x BT REAFE AE, X 2 x K T3ME, o x BbriEZE.
24 ETFSVMBLERHANBESHATRE
FARFR A ESE — N2 0 2800 8BS LDA B&4E, I GhAe A 1% 550 PR 4 44 B 8. bk, ) i TR /e AR
TR RIF KRR OVO SVMMHEEHEAT /3 35.0VO SVMs (ERMANEEATEE —4 =42 SVM
PRI o) T N 250 8, TR L T S SVM B R T =CF T AR #8045 HH AR 2 T J , 1 S5 4 [ 2 531 £ HE Bk
B B R BRI 28 ) Score 15 2 i & TR, I
Score; :ign(xi,j) (13)
k(X)) EE n AN 4098 SVM X x; ZET0 K TR0 A § 250 1 Hh 8.
H T YN ZRFEAS D K A5 A Bl 5 1) B8 vy 24 = 1) (), 5 51N v 7 4% o 4
(.29)= 90 803,210 s e
T REARLE R U)o 80 Hvk &8 — M R R 2R T BE 2 B4 3R B FE A, R B hinge 452K pR 2000}
%5325 SVM Z3 KA AT ARAL T 0 b T8 U 46 — 5T A3 A8 20 75 4 28 RV AR AT B SVML L A hinge #1K RN
S e (z)=max(0,1-2) (15)

HALA H A e HN
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900 = min—|f +C Y
& =max(0,1—yi(WT¢(Xi)+b)) (16)
sty (Wg(x)+b)=1-¢
Forp O REAC By AR xq R A IR B T 3 00 A L B i iR g 4 3X(15), 7T 15
o« =(a @t ) (17)
Hik# o PIES & o TS
W= iaiyi¢(xi)’
. (18)
b= y—Zaiyx(x,xi)
e Ja AT S e Bt 5 D 5 bR KL
f (x)=sgn(wg(x)+b) (19)
B BHHM C BIE BN GridSearch 77VE* 13K
3 XWHERSHIESHN

i H % A7 4~ Windows 10,Unity 2017.1.0f3 5 Python 3.6, #f £ 4t il Intel™ Core™ i7 CPU,8.GB N 1%
5 MYO B il AR B 3% R 40iE 1 Windows R4 K Unity 3D 3 & R AL, L MYO B SRR 4L
VLR AR N R G B AL RS R SVM BE R F R SRR AM BT R U2 RV ER RN AR RS
AR FHIRA . SHELRAARMIZEhIX 4 B
31 HERBHES

AR BRSNS B SVML 43 M, 50 I R A HE 22 10 8 1. SR 50 F SRR I BRI G At L RRAE R
AR B o BRI R AT T AT P A T AR T 8 MARFI T E 6 fiaR): X (a)-
EZ(b). 1FH (). #5K(d). SME() WHED . MEFI(Q) TR IA(h),8 AT Fxt R 8 A&l 7 Fros. i TAL
A 5 BN R 00 PR e b o U 500 B 7 s B R ) S R AL N T PR A ST 1, 4 2 B 1 R AR B 800 A,
IRAWEE T 6400 N RIS TEBE B B A5 B 2y 40 41,5405 8 FENER 20 4N % 40 HEE R &%

X IRAE.
(a) (b) (c) (d)
V= i i‘l .
(e (® (8) (h)

Fig.6 8 customized gestures

Ko 8MAEENFH
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(win)

(vault) (slide) (damaged) (die)

Fig.7 Puppet model actions related to gestures

7 5FHMRIAME

ENMEICEEREER,FE Unity3D 1 & LS TS 0n28 5 NDIRERL SR 1034 52, 1 b T 3540 5 R A 3 /R ¢
BB 8 o R G0 BT, & 9 Pron = 4k 3y 5 18 i ST 1.

Fig.8 System interface Fig.9 3D roaming system
K8 RgHm K9 3D EFERS

(1) B IRFAE SR EX

2l FALHL ) EMG W87 5145 5 5 Bofs 5 KB 70 AN )25, BLES 5 9F AR Fase o 7 3804 20
BB e k33— D ER U AN B VR LB TE EMG {55 AT EINE . bl TR FEIX 3 AMFRIE. 3R 2 24
10 BN E A SR RFAE 5 AH 25

TR R 2,3 RFFAEHAEAE — & FRBE B RAED R T35 2 (8] 15 5 40 P 8 X (i S48 8 — 8 7% 52 b S LA [ 38
A5 5 AR5 2R R K T LR FUE 515 B TE AN [F) T 505 25 1] [X 43t A0 W 52 1 b o4 22 S e 17
5 R M AR NG SRE A T 2 AT e RE SVM Bikxf RIA % 8 480 3 SRRRAFHET X 4 Lh %,
Fit— PRl G FTA 24 4EREIE R LDA J5 k3 6 4EAE 9% AR AE 10 8,85 4 5 38 AT 80 R Ll e P 4 )5 i
4 Y AR A B 10 B A XHEBMEMAV). frifE 2 (DEV). BBl & (WL)IE H 1R 1EBUS K35
T 8 AR o R SME. WHEESIMEM T ot RIF R XGE . &7k, (58 MRIEEG S =
EARG T X4
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Table 2 Mean value of relevant features of 10 movement
F2 WO 10 KENTEMAH SR E S B 45 R
R FIERA
wiE FAE ; — -
ik ik E% 15 [ HME R T RN
MAV 10.20 22.13 10.97 9.73 14.62 8.35 11.23 9.34
CH1 DEV 11.31 28.21 17.41 8.67 13.87 5.78 14.75 13.30
WL 620 2325 709 635 937 943 848 572
MAV 13.60 17.09 17.74 13.34 10.08 15.36 13.33 10.02
CH2 DEV 16.01 24.19 31.63 15.65 11.23 17.59 16.56 14.02
WL 948 1505 981 480 742 1652 991 595
MAV 33.45 16.38 15.66 24.65 13.94 40.03 22.27 18.40
CH3 DEV 31.49 12.24 27.07 28.92 15.78 37.65 2391 20.53
WL 1647 2194 1107 1760 1093 2728 1494 999
MAV 22.43 12.90 7.67 17.19 7.33 31.34 16.13 11.72
CH4 DEV 29.30 17.27 11.44 19.23 8.90 34.32 19.62 17.13
WL 1655 2136 477 1204 582 1848 1117 663
MAV 9.58 9.64 7.48 16.40 5.76 28.22 12.68 10.10
CHS DEV 11.79 10.73 6.97 15.54 6.78 31.09 16.50 14.96
WL 655 204 338 1023 641 1390 893 591
MAV 5.57 5.43 5.22 7.19 9.01 21.22 6.73 7.24
CH6 DEV 6.91 4.63 6.78 8.99 .38 24.56 9.84 10.87
WL 422 789 267 385 628 914 520 454
MAV 9.35 12.47 12.0 14.21 28.47 16.38 14.01 13.19
CH7 DEV 9.74 12.30 15.47 15.87 27.45 17.89 16.53 16.40
WL 521 2184 703 1083 1410 827 1008 786
MAV 11.74 24.28 15.93 12.47 21.07 7.56 14.88 15.75
CHS8 DEV 14.81 28.70 19.45 14.66 24.56 6.46 19.53 20.68
WL 849 1979 1201 795 1334 598 1081 911
. . + ik
I du e £ R A R HE 45 o $i8
+
» g];i:ﬂ
4 Sk
< 2 o N
£ o0 e
£, A
-4
5 5 4
~ 3 -2 729
HFE2 © 7 i H{iE2 T s
A
E
ﬁflk:} B 1iE2
Fig.10 Visualization of the first four dimensional comparions of
dimensional reduction features fused in time domain
FE 10 I A e A R AIE BT 4 40T L T AL
AN FEVRHE T A5 A4S B TR A 45 R g2 2 AN — AL FRAT 70 AR HE X 4 SRAFESEAT SVM 43253151,

XA RF AL, 56 RE 3R A5 i £ IR 00 45 R I 28R 5 R L3R 3.

MR 3,46 060 (L vt £ AT DA SR R P 3 X 70 AS [A) T 35, P 2 1 [ R Gk 90.30%. 1A 14 22 (11 45 1 [ R A A
89.91%, T LAY T EMG 155 I SCRFAE T 35, A4 XHE 20 BV R AIE RE 6 2R AT S 4F 1 20 28 45 R N SRS AR R & i
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AR BhAE IR ) 45 I BTt =, P 3 A B R E L 94.56%, L il & 2 /i 3% B 5 4 1) 46 S (Y AR AR SR T T
4.26%. 3% 3 W LLE AT HA B 1, &7 5k S 1 1 TR0 2 B 22, X0k Bl A B 25 5 TR VA . 40 FL DR IR 1% ok
BTN 3R It I 77 B2 AR X BN T ELMYO B 3 R 05 WO B IR 45 5 9 B AR AL, MOt X 7 AN B 2 AN BN AR
5 WEZERN RS A B R R &L IX S A SRR R, LT ERILAR SRR A B KR,

Table 3 Results of recognition of 4 features based on time domain (%)

"3 I 4 AMRRIE 2 0 U 45 R (%)

FEAE Mt E% 58 #Tk HME NiE JHEF N HEHBE(A)

H1E 2 (R) 88.12  91.87 8550  74.50 100.00 99.50 94.12  88.75

MAV FETRE(P) 86.82 9423 9331 79.78 95.35 98.75 87.45 86.37 90.30
F1 score 87.46  93.03 89.23 77.05 97.62 99.12 90.66  87.54
AR (R) 71.75 91.87  89.75  77.12 100.00 99.00 96.25 87.50

DEV EHE(P) 76.79 93.63 92.88 81.18 98.15 99.37 88.40 88.71 89.91
F1 score 7726 9274 9129  79.10 99.07 99.18 92.16  88.10
HIFZ(R) 89.12  93.87  87.25 80.00 98.87 99.00 90.12  92.12

WL % (P) 89.12 9530 9294  88.64 92.19 98.01 89.78 8471 91.30
F1 score 89.12 9458  90.00  84.09 95.41 98.50 89.95 88.26
H1E K (R) 9237  94.87  88.50  84.50 100.00 100.00  96.25 88.50

RhEaE R 1 KSR (P) 92.37 95.83 98.60 89.53 97.44 98.15 89.95 90.15 93.94

F1 score 92.37 95.35 93.28 86.94 98.70 99.07 92.99 92.51
TER AR 40, 2 BT AN R B A REUEME A FE. RECGRKMEMNIT T LDA RBR4EAFEL K 32 4
ERAER 6 4 I 6 4ER I EEN SVM 2 888 N it — SRl & T 3 R AT RRAE, 3t 96 4k, FiE T LDA %
4E T 6 4k )5 VE NR & 45 R 2 #H4TIRL E 11 Fis AR & 45 58 2 WRAT 4 4ERREXT L AL

. Jb[.h"

I AL 5 R A G 25 Pl
[=]

* {E

EFik

o NI

bhife

A

FEiE4

¥

2 - 0
P e (s e = =4 -2
RS YR A3 7 s

Fig.11 Visualization of the first four dimensional comparions of dimensional
reduction features fused in time-frequency domain
P11 I AU B AR R AT 4 4500 LE A AT AL
MR B P RT LA 3, I S R AIE A5 S 5 I S AE A B 28 80, e o, S FE B 5 AN 3 1 B HIUBEB0OK, IX 43 W
T ET KR BAE 5 X S E AR R A — € G, T00E B X 00 s T A I AR 1 45 SR I A R 45 SR AT 0
EE, (8 F BE AT e R 45 RIS 43R 4 40 B RAFIEAE SVM 70 885 N 3R1G HOXS L 45
IS ABUIECREAIE A e B0 L X 20 AN R B A3 SR /N R B B . REUEME R RNE . R EA 78 0 KR
R BRI, A/ R B e BB (ENG) RICR i HE . Rl PITAT R AL, B 4 Jm BB HE R 3R IX 21 T 88.57%, th REH 4
T X ARENE R IIE K FLAEWRE S ENRIEEEELNEE.
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Table 4 Results of recognition of 4 features based on time-frequency domain (%)

=4 U 4 ADNRFAE D IR SR (%)

RHIE Bt kS =5 #Tk HE k& R N HEEA)
BEFR) 7125 8937  77.12  70.87  97.75 96.25 92.87  81.25
SVD FEAEE(P)  78.40 8552 8226  71.59  96.42  100.00 9642  82.92 84.59

F1 score 74.65 8740  79.61 7123  97.08  98.08  87.61  80.34
HEF®R) 7475 91.00 79.75 7350 9887 9687  93.50  83.62

MAX FEHIEE(P)  82.03  88.67 8575 7452 9693  100.00 9693  80.50 86.48
F1 score 78.22  89.82  82.64 7400 97.89 984l 88.25  82.03
HAEFR) 7675 91.50 7637 7887  99.00 9625 9537  85.25

ENG FEWiE®P)  83.31 8829 8557  79.07  97.41  100.00 8544  80.61 87.42
F1 score 79.89  89.87 80.71 7897 9820  98.08  90.13  82.86
ZHZER) 86.62 8875 80.75  78.75 9487 9250 9337  93.00

FhEEER 2 KWE®P) 8896  81.89 9598  91.30  98.18 98.93 9576  68.25 88.57
F1 score 87.77 8518 87.71 8456 9650 9560  94.55  78.73

FEAEH] LDA J7i53845 1 6 4Rl & B SRR RN 6 4 F AR I 2 J5 K IS A B0 b i AR5 A0 7 IR i 45, 4k
BRH] LDA J7 ik HEAT B4R AL P, IE3RAT 6 4 IO RFAE 17 B R & 45 2R 3.

HEHATREG G MEH SVM 3 REPBMARNE S.REEER 1 AR T I BURFAE IR 5 RN X 4 JOR,
Bl g R 2 AR T AR IE B A X o3 B B A 45 1 3 % A TR0 R BT A R AAE 1 X4 R o LR S RT BRI A0
Sl AR AT DX 7 2R i 22 T A 388 5 A 18 T A0S R AiE, (R N, 5 2 i T DAHE — 25 B0 5% 45 R X 70 ROR 45
BT RIS R T LUEF] 95.59%. 18] 12 Fios AR & 428 3 Tl 4 ERpExT LIS T LUE L, 2 B FAEA T
BE— DX

Table 5 Recognition results of fused features in time domain and time-frequency domain (%)

5 IR AU R R AE 23 0 R0 45 R (%)

FRAE ik RE% 15 #r5k S L Ji: ) ik HERIE(A)
BEIER) 92.37 94.87 88.50 84.50 100.00 100.00 96.25 88.50
FEEE R 1 FEHIE (P) 92.37 95.83 98.60 89.53 97.44 98.15 89.95 90.15 93.94
F1 score 92.37 95.35 93.28 86.94 98.70 99.07 92.99 92.51
B EFER) 86.62 88.75 80.75 78.75 94.87 92.50 93.37 93.00
G e 2 TS (P) 88.96 81.89 95.98 91.30 98.18 98.93 95.76 68.25 88.57
F1 score 87.77 85.18 87.71 84.56 96.50 95.60 94.55 78.73
A E 2 (R) 97.75 99.37 95.37 79.50 100.00 100.00 96.75 96.00
faas 3 3 K FE(P) 86.69 98.63 99.34 94.08 98.15 99.37 93.93 95.52 95.59
F1 score 91.89 99.00 97.32 86.17 99.07 99.68 95.32 95.76
ok A2 - o A3 5 R A R B 5 R + W
& ‘]-‘1' s
4 + 7
i e 2 M
= : o Wi
e - _] »{r|.‘:'q.'
A R
i 3 0
w 1 |
4 4
a el
T e W
=0 = 0
£, *.2
-4 =2
G.l_ _
o HHE] 153 T E: k2

Fig.12  Visualization of the first four dimensional comparions of dimensional reduction features

fused in time domain and time-frequency domain

P12 B 3- I AT i £ P A NP AIE AT 4 X LG 1 AT AL
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(2) 7y AL R
i F SVM B3 5 BE LA MR 575 (random forests, TR FK RF) 73 A7 43 28 3R B0 UHIO0S L P & 45 R 3 1B A
BN 6 AR 7 BT IR B A T3 9 RS F A MR A4 .5 Ploengpit™ 42 Hi 1)< Sk BY J) A1~ & GiAH X
EE, AR R ] EMG {5 5 #EAT H e AT P42 2545 Dy Sk IERIAE 9B 707, &F KA A (=35 sh A R 1
NHT AR, SR FH AT H 1 07 VEREAT I SR, 00 O RT 200, 3RATT IR 77 vk B HE R 220 KR B4R T JF HL7E 02K 8 Fh 3~
SN, FRATT AR 5 R I e R A ik 95% LA B T T H BT T R I RO 8).
Table 6 SVM classifier recognition result

F 6 SVM 72 inlgh 1
EEEES

2 o,
SYM WE BE B bk Gk RE R O PEReH

ik 782 0 0 18 0 0 0 0 97.75

B2 5 795 0 0 0 0 0 0 99.37

5 0 0 763 6 0 0 0 31 95.37

. 75k 110 0 0 636 15 0 39 0 79.50

ESER A 0 0 0 0 800 0 0 0 100.00

4% 0 0 0 0 0 800 0 0 100.00

R 5 0 0 11 0 5 774 5 96.75

RN 0 11 5 5 0 0 11 768 96.00
KE I (P) (%) 86.69 98.63 99.34 94.08 99.37 98.15 99.37 93.93
F1 score (%) 91.89 99.00 97.32 86.17 99.68 99.07 99.68 95.32

Accuracy:95.59%

Table 7 RF classifier recognition result
® 7 RF REPIG

RF VU R A [EZ(R)(%)
Wit B 15 g HME W HE Ji: ) ik
Mk 727 0 0 67 0 0 6 0 90.87
E% 5 785 5 0 0 0 0 5 98.12
18 0 0 758 18 0 12 0 12 94.75
. #F 9K 102 0 0 644 23 0 31 0 80.50
RS AN 0 0 0 4 796 0 0 0 99.50
A% 0 0 9 0 0 791 0 0 98.87
i F1 5 0 0 5 0 0 768 22 96.00
=ik 0 5 17 0 0 5 23 750 93.75
FE I (P) (%) 86.65 99.36 96.07 87.26 97.19 97.89 92.75 95.05
F1 score (%) 88.71 98.74 95.40 83.74 98.33 98.38 94.34 94.39

Accuracy: 94.05%

6 53R 7 XA 41,SVM HiE 5 RF 835X T EMG 15 5 70 8125 R 3 R 4F, 5 DU s i 22 15 1) 1Y
AR ENAE, I B, Accuracy iX B T 94% LA b H i, SVM BE I 73 K HE i 20 T RF &%

T UL 4R 7E Unity 3D HFFH SVM S0ESLLSE R F 3500 1 T RH8UE 5 S RE AR X 0 A F 35,5
AT J2 BN T 15U v 28 AR B T AN B 2, BRI 3 EMG {5 5 B SR AIE, % L il 5 B 4 5 4 R o
KRR, SEIL T $E AR B I ) S $R4 IF X RGN AR A R BT T gk Gk S R LR S AL TR
HE 4 B ST R G0 HE AR AN A R, HER RN 90.75%. 73 BT v Aff 256 B AR 110 S DR 1 e, 7 i S 90 SR I,
AR BN R AR [F] 1Y), PT DU OR 7 B A 1K) — SO T AR 52 I R G h BN R R T 33 5 830 1 I — S [
IR SEI T35 R R I, A0 5 P38 5, 4 i m] RS2 U 2 SRR MR R T B

Table 8 Online recognition result (%)
8 SEMEEE (%)

RHE Wi B =& [agis S I WA FN LR BE(A)
AREZ®R)  90.00  92.00 82.00 76.00  100.00  100.00  92.00  94.00
S TR I 45 AR K1 (P) 88.23  93.87  91.11  82.60 96.15 98.03 93.87  82.45 90.75

F1 score 89.10 92.92 86.31 79.16 98.03 99.00 92.92 87.85
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Table 9 Recognition result compared with previous method (%)

T 9 HHILE TN (%)

FEAE 877J) fik i AR E(A)
. HEIER) 75.00 80.00 80.00
[22] =
Ploengpit F1 score 73.17 79.34 80.00 78.00
- B EZ(R) 97.12 99.37 97.25
T H
AH F1 score 97.30 99.49 96.94 97.92

FHEL IR G SDK #2BE ) T B30, R AR & T 6.65%,IF HAE R AL Al By 78 T T34 )54 SDK FIATi
XA R T 35 R IR R B AT K 22 5. SDK. A R R B 1 8% SR B/ R AME B 2 R T 1 BE SR SR e J5€ i
W& T ANEEE 5 K S I A B S EMG 5 5 4 BUG AT T 5 A% 10 4517 B,

Table 10  Online recognition result compared with original SDK (%)
F 10 554 SDK SEBT IR A 45 B Xt (%)
RRAE Wil EFE ik AME M EREA)
[ SDK BEIFR) 76.67 96.67 90.00 66.67  90.00
o F1 score 82.14 93.55 69.23 95.24 87.10

s HAEHE®R) 90.00 92.00 76.00 100.00 100.00
Sz i 3 ) 2
S PR ER Flscore 89.10 9292 79.16 98.03 99.00

84.10

90.75

32 E@AFPHAR

BATR P 52 56 K 58 E VR A0 N B P 1) 6 e 1 D B AR 36 - 592 S B 0 BB 0L 2R 10 mT P @ X Ll
SRR [F B b B R I 3R A B R 0l v A 2 1k P S B B SR 2R A #5455 5 1R 0L R A 45 48, DA TR X B A
ARG AR, IFIRAR B I R G v .

IR MYO BRI 2 F 8 LN BG5S BT DLk 32 NMERTE 20 2 26 81E N 20.34,
JiZER 7.01) HFRTF WEHGIER . BMIE IEH# (374 20.58, 77 Z 9 2.55) M ABECGE H,16 & 534,16 &4 &k,
K B AL B K 2 ¥ 2 A R B ) 8 A P 1) e B 00 B e Rt 2 A £ B4 SR RS 3 5 20 o U £ 1 o
T . N ZRIN T8) B FH P AR B R 7 2 P3G I MY O 8 3 0 B0 SIZ (1 32 26 18 1) 4k 36 82 JRA 18 32 S A4
WAL WA NBORN T L NSO A )L A ZH S R 6 B 3R B 4 S AR 06 2 2R R A,

SE R TR BT NAE B 4R e A 1 8 22 B AR N R B A R R AR AR B T, L At AT 2 2 e £ P 350

AT AT A NAEAE VB 0 2 00, 8 S 2 5 21 I BE 34 14 77 72 DL SRR SR AR AR X 2 8 AN T34 AR HEAT 131
IR, [ BN A2 38 T 27 T AT I RS I T, P A 1 2R 488 42 R AU A 8% 0000 1. A8 AT I, 2 3 5 TR R ) IR A A
B K T A RO L AR AR B A (1 S R () AR AE an B 135 B 14 FiTas.

g Ll EEssrs | ewnmmn] [ sensan T ) N ) I
lel] ;A]T-f.qj)—» = \c_“”:’“}‘ | T ;f\fr:ﬁ - A-‘-imi’,ﬁi L B A “ |11 5 i) 45 WA e
oot || ICKHARSMN || g | fiadsmng

Fig.13 The test procedure of Group A
K13 A HNRR R

surin Y| eEtEA | [mikseren | [ Remmn Ty | it WG | sk
Al Ik A [ s [T] mmokm [ LAk el
. bt 2 . 03 B1 2 2 ]
1L.;J<.ll||!'f};u‘1 [f1] IJE:JJ‘%"‘- I-L.f‘]‘-'-LJH?JI]:U'J [ 1|_',}2'.’¥H\ rﬂlﬁ}m:’

Fig.14 The test procedure of Group B
Kl 14 B AR
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AAB MR AEAE TAEN RIRRSEIF K5 00T e R AR E——3E . B Bk, sk 3THME. BES—
R I I R AR B A RERS U1 2 AR I T B34 5 AR SRR SR IR B DL RS OWE (B )« 1B 22 (4T
) SIS EE k) IR SME@E D) H — B3 E B A B E S TSR AR A i 2=
) AELT AL D 3 AUURH () £ 20 415 3 sk A R A0 18 o T 26 4 BRI 3R 35, DA R /M R R B 060 Bl il o R 2 22 57

S8 UM SIS AT P AT T BRI M PR AL ZFE 10S 924111 2% H o AR T AE L
“H] F 1k (usability)” %€ SCA 7™ R 2 KR L B350 A2 1 7 £ 56 B H AR I R F (047 Rk (R P A5 ) 28 48 58 A 55
(RIRE 7, UL IR B AT 55 1 52 BT )« RCR (BRAT AR 55 BT T AR 1) B /K1) LA K2 3 35 B (L P x5 P 2 48 110 2 AT
) AEIX — € SCHZERE 1 BT T8 AT 52 7 ¥F 22 BRAR MR PP 7 i (0 AT R, R OT A T FH ISE A0 TR R
P AR Davis™ M 1 B IGHESE, BT T MR AT TR A P 15 B R RIS B R GG (K B 52 R 1 AE MLl I
WEREA R R 2 I P R MR G R A H R BRE SN . AR R, SRS
REFFAFEARAE. SR, 525 gieel

(1) NFEE 2 W a6 R o3 Hr

FEZ B HT P TR 2 b FRATTFRAT TP ARSI I 2 41 A B 25 R0 P 0 2 5 e 1) 55 %3 LV 1 A . 2 TR O
P S AR R ER 2R a0 18 15 P, b R 26 3R0R 16 A PRI HERA 2, 1T SR 3R0R 16 D B ALK T A s /E Rl
1l 2B R RT DA H SRR N R 2 AR BT, S A T IR0 30 85.1%, Lk T 38R 2 0 81.7%, 151
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Table 11 Comparions of results between men and women

F 11 Bt mdxtt

BMEGrHEZ) T Ltk BEMEp A
B P EERZE 18.39(4.14)  19.06(4.09) 0.448
IR ARG M 13.42(2.00)  19.06(4.09) 0.113
K2R 16.77(4.81)  19.10(3.91) 0.224
ABRGA M 11.902.82)  12.71(3.22) 0.525
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Fig.15 Comparions of recognition accuracy between gender groups
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Fig.16 Comparions of recognition accuracy between two systems
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Table 12 Online recognition results of 6 gestures in general people
12 6 DENfEKI U AR
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SVM WE RE Bk WE E Ba ANER
XM 290 3 8 8 5 6 90.63
B2 25 261 18 9 0 7 81.56
.. ik 26 14 225 2 19 34 70.31
brTES R I 10 4 3 289 0 14 90.31
ANE 14 2 22 0 281 1 87.81
15 13 8 31 12 1 255 79.69

FEHAE (P) (%) 76.72  89.38 73.29 9031 91.83 80.44
F1 score(%) 83.09 8529 71.77 90.31 89.78 80.06
Accuracy 83.39
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Table 13  Statistical results of user experience

F 13 HPRBR AR A
B A

= (=g
HRGEE) R ) tE B df ki

B 5.13(1.52) 4.84(1.53) 1.041 31 0.306
H R ke & 4.25(1.37) 4.38(1.41) -0.611 31 0.546
W 4.81(1.12) 4.66(1.21) 0.694 31 0.493
=R 4.59(1.56) 4.09(1.59) 2.490 31 0.018
HH 5.13(1.19) 5.00(1.08) 0.626 31 0.536
gy 1 4.09(1.00) 3.38(1.16) 2.864 31 0.007
5 4.88(0.83) 3.97(1.28) 3.548 31 0.001
Dk di A 19.00(4.10) 17.93(4.48) 1.15 31 0.257
Zgn] H Tk 14.13(2.25) 12.31(3.01) 2.781 31 0.009
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Table 14  Statistical results of different groups
14 XHA G LR

AW B B Bk pogis BEM

BEGRHEE) B bR Z) p i AR HEE) BEGRHEE) p i

T 2 18.91(3.70) 19.08(4.58) 0.917 18.39(4.14) 19.06(4.09) 0.448
B RG] B 13.57(2.17) 14.67(2.26) 0.111 13.42(2.00) 13.82(2.33) 0.113
AMEH P EZE 17.25(4.46) 18.62(4.52) 0.432 16.77(4.81) 19.10(3.91) 0.224
B & G0 n] F 12.67(3.03) 11.94(3.03) 0.531 11.90(2.82) 12.71(3.22) 0.525
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Fig.18 Comparison of the results of user scales between two systems
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