% 37 % 8 M B K FF R CERAF R 2015 %8 A
Vol. 37 No. 8 Journal of Southwest University (Natural Science Edition) Aug. 2015

DOI: 10. 13718/j. cnki. xdzk. 2015. 08. 022

ETF Kinect ERSEHHSFRLHIRS
X B, 4 Ja, FEL

POm R LS E B A2 be . HIK 400715

WE: ALRHT—HET Kinect HREGFHEFH LR FE, ERALEAEEL OpenNI/NITE ik 3% 3
AKRBER, FAFPRIAXFIEXBEATELHDSTF RN B IR TR EHE T RET —HELBHYRESTHRE
B UHFENF S A EWM-DTW) kst F it 5 5 3470 4 AR5, SRS R AW, AXHRAF %k
W LDA kg st M amm (DTW) Bk £ 356 R 5] %,

X # if: Kinect AR REXKE; F415,; snrmay

FESES: TP391 XHkERERD: A XEHS: 1673 -9868(2015)08 - 0132 - 06

FHR AN T iR AR H ARG 72, A3 T TSP 2 28R T S 3B — AL
SEH B RBPEROR. F T AU, SR AR TR AL R B IR TR SRR AR R AT AL B, AT a5 B R
RS B A RIAEE WYY R, BT T ROR S B 2R 2 SOME DA ) R A ] A S A
R T ALAE S B A T30 AR A5 A R S

2010 RN FMR IR B AR Sk Kinect Wi, fEJRZARE] 1 AR af ) B, 3k F% 0 & W RS R 1ok,
J. L. Raheja 3CE PR T —FFH Kinect SRER T4 R T H 00y 71k, %07 B TR BB 1
(5 (LK 50 X0, 7R 9% X3 PN R 30 R B A5 R st B Ok T 0 b L R 9 S 1 Y 1 R B
PEAT RS, T, T4, AR RE4. G F. He & AT Kinect % B0 20 % H T35 X 6
J& » FIFH Graham Scan FykUY 4R T80 DI AL AR G, DI AR o™ A0, Sl d 15340 35k 18] 19 e £ Ok
PENAAFAE. Y. Lit"W ZE LR B T —Fh 3 S S O Rk 2B R B RS R AR AR, IR A —
SRS RBRA A — e W T B R Z0 Ren AT VAR T — Pl 19 Mo 3R 3h B B (Earth
Mover’s Distance, EMD) 3k JC it = #, I Fn A 21 F= 5519 in ok Tfe B iz 550 F A Sk 5 0 A 19 T 3k 25,
C. Yangf AU T T Kinect FRBREEF B PUN T H09 R G0, J08 JLR FIAE T 2 I 0R 15 il &% 1 42
il b, 2012 EF W ORI T — BT SVM ik i TR B AR R 48, AL Kinect 4 38 09 ARG
TR AE R RS b A, IR SVM X BRI 1] 5 54T 7338, 2013 4R MU #F e 2 | X, Chai 58 A 42
T — R T DR C Oy R TR R BE R S, UM Kinect 38 T35 19 3D Bl AR 1E . Lk R T
H4 B0t AR T AR R B VT FE A A (HL R AU T R S8 T AT R R S AR .

AL TAEFEALUT 2 88 56—, 45518 3 G # A B0k DL e ) 2 25 T #4756 =,
P T —FTE A R AR SRR B 2 AUE 2 AR B I R Bk L g T AR i AU B BUE 7 KL LR 4
SRR, ARSI A R R UM SRR B T 89. 64 %0, HSERTPER .

O WHHWH. 2014-04-16
RETH. ERARPEIES(61372138); e @ A A B 55 3 4 (No. SWU1309265, No. XDJK2014B012); &R H AR B 2= 5k 4
(CSTC2012]JB40012).
EZER A X BA991 5, &, TTFETPRA, MBI A, NS5,
WAFER . R, RIBHR.



2 THRFFRCE A SR http://xbbjb. swu. cn % 37 %

1 SRIGFAbiE

1.1 BREESFHRXBXTA

Kinect 3B BEROHE ISR 2 M0 s B0, BRIABEE N 640 X480 18 K, $4k i = BIA 307 200 4
B BCREDE TSk R R AT 17, 6M KU/NEUE , X s G ER b R 2 T E A
CHe Ty 5ef5 B5) . BEAL B o34 K a7 X BE IO B0 W AR AN 5 52 B, TR b i e i DA D 4 i b 4 R A Y
FHAE B ASCFIH OpenNI/NITE S BRER A &5 5, T P F i & gl adr, A 64
B FARCPIE S FHRMRIR T R ELEEN, H0lE:. £FLH). HFRH) . EMNLE) . i
(RE) . Z£IF(LS) . FH(RS). ARSCIEIUH P J 8 i i FE I an &l 1 frs.

User
Generator t AR — BRERFI P EES il
Skeleton — — — et —
BREE [T REFE BOREER BRER 5 B
i
E
RE B

B EEenniEE

1.2 FHEFFEORENL

BT s S A S R AT DL I, AR P A AR A A A B v R P R B AR RN RS BR A R R OR
AbR R B R A AL ABEXT TR —F P 5 . ST 24080 5 5 P AR 561 5 4 AH XA B S AR N AR,
DRI I AR ek T A i B2 AR B R 2R A b K O E FH P A7 AR AR A B P AR G H 3 T 22 A3 1) 40 1) BR
AR R B SRR IE R R TP T B, R, AR SO 3 R g Bk Ak bR F TR A R AT AR Ak

R A A A R SR = 2 A B R 1 — o, DL "
bRl AR 52 5 R SO AR bR R i Sk
W 0. M EE . A AR OR A AR .
B pla, vy, ) N —H, 5 p Wl
IH 3 N AFEG, 0, o) #iE. b r R
R S B RO O MEEE (re [0, +o0)),
O RN ff, =AML EB OP 5 = ik Jr )
mmeae0, o], AXH €0, n/
2. o BRI LA, SR o IE 2 Bl g
HE OM ¥k fMpc [0, 2n], M J& p 7£
XY F- 1 A5 B2 FAEFES SRE LR

FE b3k e SO, B Se AR O A5 %
FIBRM AR R . 1 FIK T2 08 T 722 gl ad 2 v X 1 M Al 515 A AR G 7 B R FF AN S . BB T
PR BRTH AL A R B RS O ISR LR A A S A BRI AR AR B DL P A F O A LH SR
(B 2), \TXT T(T,, T, TORNKIEAERPWIEL O, REAEF LT AWML N LH oy s
Jimy s T WHZSHE XY FHAPAHRE M N w s Jonys Ty BCATRATHR I A LH 893K AL A5
Siu(r, 0, @), B

dig=~UJn.—T, )+ Jimy, — Ty)z + Ui — T =y

0 =arctan(/(J 1y, — T+ (J iy — T, /(T — J 1)) D
o =arctan((Jpyy, — T D/ J 1w . —T.))
B P BRI, BTSN T T SWESMS X NEBAHCH 2 NMAE 0, ¢ Fm. fHiEH
FURT S br T (T, T,. T, FHCHCTSES JS={Jns Jrus Jies Jres Jiss Jrsts MIE
WS ERTEABAR S (¥s 0. @) R




% 8 4 2 3%, F. AT Kinect & £ 8930 & F % 5 w42 3 3

y=d(ie;s =G, =T +G, =T+ G.—T*
0=00),cs —arctan(/(G, — T, )"+ G, — T /(T.—j.» 2

o =¢()e;s =arctan( (G, — T, /(G,. —T,))
FRECE T s AL AR AT RS FIZAR BOR & T3 iz s i B b i A IR iR .

2 HEFBEHSFMEREIFIRS
2.1 EPTFHEFHEL

K 3 45t T AL A T @S R Bl . B E s TR — AT R AL, By H. S0 B —
Mo 440 35 — 4 2 RO B 3 TR AR FZ W T HBVERAE . A 43z 3 T S0 BT RIS S i 3R T 0 A RO
Horp, BTG R A 7 3 A2 WA SR A BIRT R~ J2 L 0 )2 2, B2 B9 BCE B A% it o e B ey
RUXT I A ER AL BR . BT AR A 0T S5 6 AN, B, B s BT SRR 7.0, 3X 3 ANME PRI AR i
R TR — =5, HREgErh&A 6 e hnfE.
2.2 EHEFHMIRGE

PIAFHRGNFE H T IEA RS I/RA] R
(Hidden Markov Model, HMM) %)% %] T fig
Jre . 3 & AL (Support Vector Machine, ]
SVAD N5 K60 T EBIE IR AL ) — =
# 72 i (A 41 fli ( Dynamic Time Wrapping, *
DTW) 8 45 779

1 55 1) 3 245 B[] il 530 7 BB AR 4 M i e 2
AR BE 3 %0 A9 DC B ) A3, T L R

U0 R SN O e R, ot omnoie. ]

B 1. DTW #9548 2 5 F 3 4 8080 B0 (Dy- Tecm oo 8 wons
namic Programming., DP) . 78 ik $ AT ) 1 2 || d®E).4@S).d®S) T // maY
o SRR TG 2 SR AR R |

5 LBl 2 AR o 6 b3 2 i 2 o ERRERET

Koy [V 2, Xf T3z gl T H5 U0 B R 7 20 SRR 3 09 07 0k o 3l D RS AR R Sl A e A D R BRI,
I B SAE 0 DTW B AL (BB 35 0 T 35 i 24 JEASE Al P2 2ot 088 o ol 8 4 3 S R 51 R 90 i i
K.

BEXS L3 ) BB SR 1 — i ASUEE b 22 4k Bt 3 25 Ll 35 7% (Weight Multi-dimension data DTW,
WM-DTW). %5 2 AWidE Fo. Foo HiX 2 Wiils T 2 A sifEe sl 4E sl b 2 A s s Pyl
P, R 6 AN SR B R k4, I 2 R AR

jeJS
distance’ (P, P,) = | > [d(y) +d ) +d(g)] (3)
R O E B B0 X s 0, o AR 25 5 BB ’
d
dP(xy y)=[ D> |z, — v, |?]"* 4
i=1
|
3 j€JS
distance’ (P, P,) = | D) D (P, — P, )" (5)
i=1
Hp
€IS
distance’ (P, P,) = | > [(P,,, —P.; )" +(P,,,—P,, )"+ (P,,,—P,,; "] (6)

r 0 ﬁfUE%ﬁFﬁ%ﬁ@ﬁd(r{ M d AT AR TCER B 1 22 57 (L o (1922 57 o8 KA BE T 50 119 11 1
ZEWFIT ISR FETHEE d (@) HiTd BT Wy, BRI



4 THRFFRCE A SR http://xbbjb. swu. cn % 37 %

jEJS
SV Py, —Po DY M Py, M., fAEE/ANT

d'(p) =1 (7
Dx—1|P,,,—P,, D" A 155 0 P I 5

T AEACHY BRI R B (S REAC R SE PR O, 3B T BB B NS A S AR T R o 0 A AU RN [
WL RS2 AN SR A T AN R B R, DU 8] v T 4 A A 28 PR KRR
JEJS

distance’ (P, P,) = [ D) [d(y) +d @) +d (o) ]XW, (8)

Hop W, RRERFE T SAAE. BHA W, (A 1, WA AR ZF A TR ER ., BT LUK
W[.H ’ WRH ’ WLE ? WRF: ’ W"S ? WRS ﬁ 6 4*1@&% 3 4*2@@7 WH ’ WE b WS %%UXTJ»@%;‘\ HTJ‘\ )ﬁa\éd—l{l‘/lﬁ
WEM, HWy +We +Ws =1, 25 EFTR, 7540 2 50 T AE 16 2 48 Bl o A5 i) () 41 th B s i A an F
B

BiE 1 AUEALZ 4B 3h A i R i 5

WA 2 2R FS, ALF,F,], BLF,-F,1;

Sk AN BEARIEE DTW [y m J;

FE X ¢ distance”(A [ ], B[j DA i, j BAHE AKX

Begin int DTW [0+*n, 0+*m J;

int 7.,j ., distance;

Fori=1 tom do
DTW [i, 0]<co;
End For
For j=1 ton do
DTW [0, j]<oo;
End For
DTW'[0, 0]<distance’(A[0], B[0]D
Fori=1 ton do
For j=1 tom do
While (2{ —j>=3) and (2 —i>=2) do
distance”"(A[:], B[j 3
DTW'[i, j —1]4+distance"(A[i ], B[j D
DTW'[i, j J«<—min{DTW'[i —1, j ]+distance"(A[i ], B[j D
DTW'[i—1, j—1]4+2distance’(A[i], B[G D
End While
End For
End For
Return DTW'[n, m]/(n+m);
End

3 XBWERSHH

SR B 25 T HABOR 8 3 AR T EBAE DMT fig 10 BB e A R SRR . E LY
FHmAE 4 s,

AR TG R 8 NN THYGE, B NG TH 4 A, Hdny 7 60 P BT #0E il
£ M AR il R AR BB H Ol 2807 X 10X DA, F 4 1 — A [7) 2 o AT Eom AN 2R 4E b, R b i T
PREAR, St 2R, M W, =0.7, Wp=0.2, Ws=0. 1 BR800 5 B4R A,

WS . XA REE R S8 p SEAT TN, W1, 24 p=1 W, TFE 0925 AW 2 A I0 K (8] 1Y 2 0 0 5
Mop=2 B, IFEMERAN 2 DT RE R EER; Y p=coff, itHENEHMAMN 2 AN TREMD LS
KR, WESE p (AR, FH2E5 REUEBRER /N, ¥ p EHF 1~4, HRFIERNM TR Fix, o]
A, M p=28, FHMEGERE.



% 8 4 x| 3%, F. AT Kinect & B0 A F H Lt 5

l
|
D
2

I
I
L
|
I
L

-/ Z || X

URBIDE R, 2%, ek, Thesf, T4H ., AT . ks, @ietst, 258, 58X,
B4 ZEYPTFHEERE DMT
F1 TE p HEHFHIRANE
pH 1 2 3 4
P2/ % 59. 23 89. 64 80. 21 75. 55

R TR E A B S B A AE A Y O P AR, SO X b TR AN 2 R AR RN A, ik 1 M EE T
LDA i) 453 0 5 vk, S B0 HE S8 05 S SOk (19 i $2 1 Oy vk IRk Lh S i #2 . SR HI SIFT + K-means
+LDA BJiRBI Tk, ik 2 sEBUE S R sh 2 a HL A (DTW) Jrik. MR 2 88 40wl 70, 7 DMT 3L
P bl R AR SO T k3R 381 B K BT 2R 36 89. 64 4.

2 DMT LARPSMFBRHNEHIRANE

Jik 1 SIFT+ Jiik 1; SIFT+
ik 2. DTW SRS itk 2: DTW S ¥k

F# K-means+LDA b AT FH# K-means+LDA ik FXH

POIEC UM OB R % R IR Y PUMEC UM/ U RBIR % BB IR
— w10 8 100 7| 5 s o s2se 2 9643
— % w28 oz osmmoa s | |C )] s sea 2 w64 21 9643
R R U A TR R RN T @) ] R SO A R T TN

1 _ . / ,

il o s o2 w2 owmy || Z| n osmu o2 BE % 2
/ uomnon owsrowo sn | |(OK] = omsr o ow s w0 e

PN, Yk 1. 83,57 %5 Ak 2. 84.64%; AU K ik 89. 64%.

Y

4 B 4

I3 T = 2RO £ S T S5 S A 1) T R B AR B AR B O I (R RI R 3 B AIL A ) LR
I BRI AR A SR T — b2 SR 2 AR R TR AR A 2 i i 2l 25 i ) it O vk ) 22 A R0HE i
R T T3 SEANEAL L K3z 2l T 3055 5y 22 2 Bals (9 WL I8 R AIE 804 5 81, PR TR] RS 16 R ot
MR AR 3R PP 51 RO DT AC. SCER 25 SRR T, A SC8h 28 T H RN AT B i U R A SCiE— P TAR e 2 4
Kinect b JEIT, LU % 21 5 55 A9 U308 B2

o

(1] LS, W ETEOHERGER RN [T, UK. ARBIARE, 2012, 34(1): 128—133.

(2] WA, XBRESC. APEA RS ERGAERIR A [T, PR R 2E2 4. HARBRR, 2014, 36(2): 178—185.

(3] WA4kH:. M ESR. T HBEM MRF A9 @ EG0# 05k [T VU iliie R2e2sd. BB, 2014, 39(4).
113—119.



6 THRFFRCE A SR http://xbbjb. swu. cn % 37 %

(4] FERUM. BT R4 KIS FOE B HE R R & R o R FA M 59000 [T, ViR B R %40 . AARRI. 2013,
38(8): 125—129.

(5] fRWES. BLihr. Ot % ETWEFAPMETE [J]. 87244, 2000, 28(2): 118—121.

(6] WA, FHRRBEARLEE [J]. PEBHUFE, 2005(2): 41—42.

[7] RAHEJA J L, CHAUDHARY A, SINGAL K. Tracking of Fingertips and Centers of Palm Using Kinect [C]//2011
Third International Conference on Computational Intelligence Modeling Simulation. Langkawi: IEEE, 2011 248—252.

[8] SHOTTON J, FITZGIBBON A W, COOK M, et al. Real-Time Human Pose Recognition in Parts from Single Depth
Images [C] //Proceedings of the 2011 IEEE Conference on Computer Vision and Pattern Recognition. Providence: IEEE
Computer Society, 2011: 1297—1304.

[9] HE GF. KANG S K., SONG W C., et al. Real-Time Using Gesture Recognition Using 3D Depth Camera [C]// Software
Engineering and Service Science, 2011 2nd IEEE International Conference on. Beijing: IEEE, 2011.: 187—190.

[10] GRAHAM R L. An Efficient Algorithm for Determining the Convex Hull of a Finite Planar Set [ J]. Information Process-
ing Letters, 1972, 1(4): 132—133.

[11] LI Y. Hand Gesture Recognition Using Kinect [C]// Software Engineering and Service Science (ICSESS), 2012 IEEE
3rd International Conference on. Louisville, Kentucky: IEEE, 2012;: 196—199.

[12] REN Z, YUAN J S, ZHANG Z Y. Robust Hand Gesture Recognition Based on Finger-Earth Mover’s Distance with a
Commodity Depth Camera [C]// Proceedings of the 19th International Conference on Multimedia. Scottsdale, Arizona,
US: ACM, 2011: 1093—1096.

[13] #AHR. ® . 2T H-EMD WJER LR SCRMETE AR DAL 53k (1], #Hl 5 uesk, 2012, 27(11): 1639—1643.

[14] YANG C, JANG Y, BEH J, et al. Gesture Recognition Using Depth-Based Hand Tracking for Contactless Controller
Application [C]// Consumer Electronics (ICCE), 2012 IEEE International Conference on. Las Vegas, NV, USA:
IEEE. 2012, 297—298.

[15] YE M, ZHANG Q, WANG L, et al, A Survey on Human Motion Analysis from Depth Data [J]. Time-of-Flight and
Depth Imaging. 2013, 8200.: 149—187.

[16] LV F, NEVATIA R. Single View Human Action Recognition Using Key Pose Matching and Viterbi Path Searching
[C]// 2013 IEEE Conference on Computer Vision and Pattern Recognition, Oregon Convention Center in Portland. Ore-
gon: IEEE. 2007. 1—8.

[17] PANSARE ] R, BANSAL M, SAXENA S, et al. Gestuelle: a System to Recognize Dynamic Hand Gestures Using Hid-
den Markov Model to Control Windows Applications [J]. International Journal of Computer Applications, 2013, 62(17):
19—24.

(18] &F k. sEnd s FHR B B AR WI5E [D]. )M . MErg R TR, 2011,

[19] NIEBLES] C, WANG H C, LI F F. Unsupervised Learning of Human Action Categories Using Spatial-Temporal Words
[J]. International Journal of Computer Vision, 2008, 79(3): 299—318.

Real-Time Dynamic Hand Gesture
Recognition Based on Kinect Sensor

LIU Yao, YU Xu, HUANG Zhi-xing

School of Computer and Information Sciences , Southwest University s Chongqing 400715, China

Abstract: A reliable method for dynamic gesture recognition based on Kinect sensor is proposed in this pa-
per. Firstly, the human skeleton is extracted by using OpenNI/NITE toolbox in the pre-processing stage.
Then the feature descriptor of hand area is established for dynamic gesture trajectory. Finally, an algo-
rithm of dynamic time warping called WM-DTW is proposed to handle the weighted multi-dimensional data
under the global constraint for trajectory sequence matching. The experimental results show that our WM-
DTW method improves the recognition accuracy compared with Latent Dirichlet Allocation (LDA) and
conventional Dynamic Time Warping (DTW) methods.

Key words: Kinect sensor; depth data; hand gesture recognition; dynamic time warping (DTW)
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