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HR A AN 25 5%

Extra Feature Layers
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Classifier: Conv: 3 X3 X (4 X (Classes+4))
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Conv: 3X3X512-s2 Conv: 3X3X256-s2 Conv: 3X3X256-s1 Conv: 3X3X256-s1
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Box (& & AE ) LA VT Fie AN [/l R~ FJE AR 5 4 48K
Kl 4(a)H 8 x8 HYRHEE T/ B 5, Bl 4(b)
4 x4 BRAE B T B0 R H bR, Bl loc:
Aex, xy, w, h) KR FIMEEHE KA BAF S, 535
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FTFHR M ML SSD /g A A W & 5 fr
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PIRTEOLT , BT AR 2 M 45 SSD 114 A A6 1 #5
A RIFHRISCR . R NI S, B e %
Xof R FEAT FUAL B, A 36 A\ IR BT, 4 18 kA
A, A RS AR, RIS 9 B8 X S5k ( re-
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i BB R AR FEAS [R) D R A R) A BE I O T, X
AR 100 5K E 7, FHo I # 2ad AJ B & 3
RRPRAR R, JFTEHEER EAIA T ORL A4k,
DR R ARE & .
2.2 HFEREX

72N I 7 A 4 BCHS 43, ff FH FaceNet %1,
FaceNet & —F AR RN BERL, B4 B0 OB IR
FiIfe B ELAT AR A v, DR filE i FaceNet 158
RUFAT NI ARFAE SR

FaceNet P48 HIRIZE M ANIE] 6 fin, AB KR
it & A S (Batch) S22 45 A b BG4S 38 2o T A
MIEELTTH 160 x 160 R EK KSR, 1E 4 FaceNet [
i\ o Facenet IR 5 3 HEZL (deep architecture )
R T GoogleNet , TEALGE 45 FAM 22 W 4 BLfith | fin
AT ZA Inception 4hi#ty, I 72 I Bl B AT O04L,
5 GoogleNet [1) softmax /3248 =4, Bl pli— > 1.2
FHEH—~EM AR, &l 12 ®IH—bfE, fih—
AN 128 4 1 FRAE [a] &, JF ] = Jo 4 5% pR 4K (triplet
loss ) #4704

‘}Uﬁ@{ﬂ YRE2EY . NRHAFE =ik
m)%% e —»{ L2 )5 —1k —» B — > 3

Batch Deep architecture

Triplet loss
6 FaceNet Z54 &

FaceNet J1sR ik A f(x) , N A E & « w5t 3]
FHIEZETE] R op, B f(x) e RY, @3 ([ A(%) [, =1
KR o ZEHEF 0, AR CEASAH [F) 5 43 9 BT A FY)
07 BEESERAR N, TR 18 AN ) B 3 )N G 1 45 2 [R]
AP T BE RS ARAR K o FaceNet fiff i =045 2k o K02
T KA IT 4432 (large margin nearest neighbor,
LMNN) Yl Skt 128 f7ZELE [l R FR A
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AHPIES HRERT 0 i, BUZIE N HK; /N T 0
i, 4515509 00 N i =Je4 K
= e Ak RO B E— A AR 7K K5 Ho A
NN R 2Z [A] ST — A AR, XA~ A Ao i ] — A
S NBAFEZ I, R RSB R R,
TR 1 55 At B 3 B9 A B9 DX 4o TR 0,



2 S HE T Kineet Z2AEWIRBIHOAR IOE BEMUIIE s S A S8
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Train a model J& 284 R B 2 > HEZR I 5 1) 1Y) 2%
1, 217 run model optimizer (BERIHAL 35 ) K5 A5 5
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WA ff ] OpenVINO PHAE K A¥4RTE T 6 15,
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FENARE R IS8 B2 S , 4 B3 0 R AR AIE 1)
I TR XA A, & B E S AT AR
MY L A SR o R R AR R D PR AR
X A FhIE H MUK, FaceNet (4l 2545 2 % FI PG 7
NI AR SO H AT B0, ZE MR Al B AL SVM A5
R, 5 N ARBLRE T3 2 SR o 1 1 R, 7
1T SVM 43 281U 5 A 38 3k R0 D0 B0 R 4 RGO
T, DASG IR B2

SVM VR EEA S 2Redn EE 00 3 AN IR, R4
VeSS AREARICH SVM S8R0 S, Hh s e &
FUEREHEEAE 1.1 35/ 1.2 HEZ% M. S5 E
B B AR R R S8 3 FhAX R, S0
RN PR B 22T A R BRI e T A% R B, AR A

SCREAS B FIRHIE B, I L PR O AR AS 00 4 T i
B AR LA ] 21, AR SCRE T 1 B TR AR 2k
B R, He =X (3) B -

K(x;, ;) = xiij (3)
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a-b Z ?aibi
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0 e B RN
Hob R a SR b R AR RE R A
{855 SRR 1, B B e A AT O © 1% ) B
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T 1 B AE /N T 0. 4, 23 A B 4 9 S AS 38 3
1, B ASCAREIBI{E N 0.4,

TENBARA S UG , R Bk, JF H A 3
FIOTHE AR o NEARBIASCRT LS SIS0 1 s /Y
B, b ] LB B D LR DUk AR 3, e B AL RE Ay
[, R DGR A2 B R GE, I R AR % s o

SEH ARG S P FR4) , B2 Kinect 158 i1
IR d B T R T R A S B A BT &,
F 50 R T A EAE (] Speech Platform Runtime v11
AT AR, ] Kinect Speech Language i
AT SCAT AN, A SCE S R B AT B ia T, 58
LY v SORIYE SO E T & 1
3.1 FHMAEKEA

A ZR G5 v TR BB 2 A ] Kinect B 22 58 X
[ , Kinect PYIGEZ 56 WUBEF A7 F Kinect £ YR
J7 4 A2 FORGEA XS FRIF AT , B —1> 22 50 XUAR
PARR WS AE S, 22 50 XURE S AT D300 38 7 3
RUE Ty 1w, HAH AR & A5 E H5  48 0 02 A% 1) AR
SRILEAC T, HIR B BRANAH GO R, X 4k d
Z2 B B ETE Kinect A {4 F1 Kinect SDK 2 [a] #4714k
B, 3k LE b P HE R | ) Y g 4 1 R0 [0 7 B
Kinect 22 5o XS A& 10 F7R o

el

10 Kinect E 3R pEF

Xof Rl — B S A , A R /INA ) 1 24
T, F RS Kinect &84 B HE 85 LI 5 Microsoft
P WL AR (PC HLERIA B S AN IR 3h 4% ) 1 BE
BIURFEAEE], Microsoft 75 F BT 5 Al Kinect 1% B #%
7 Bsf XoF - A 5 4 A SR AR, A FH 5 AL AL B A4 Au-
dacity X 25 5 i 47 40 3% B o A, LA A 45 SR
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B - - = B — e
1 g i) LA I
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12 Kinect 5B 8T R EL RITILE

BI11 B 12 Hrgiik B o 28 (R 4 22 & AR
F20 dB, B4 FRm S g A & T 20 dB, FoH B
A A Al FH R R R I R SRR R Dl 20 ~
60 dB, HARF /R & IH R 60 dB LA b A IE 8@ 5 1)
PG EA 20 ~60 dB,60 dB L) b I\ R R,
B & 11 /LA, RAA7ED R AR 2 A R
TS i DA, B R B ) MR 7 L R S 40 A AR ke
4, T 12 Hr A XS 4R , 25 s o A 30, 58
S3ER Kinect f& /8% 45 6 & MR 4 b Al IR EIF H
A DA 7 AT — R B AL B, DA S SR A IR
Fill8
3.2 EFHLIRA

A4 R P2 W R i A R AL A
HIERAIEE . FEANLEE B, IR T 2
AIEE TN, R R E el %
TS B TERB O , A 5P B RN A T4,
IR AR R G0k A A R 0 7 =X, BRI T i & 10
AR L, HERR T IR ARE RO 575 & 1 T4

Kinect SDK S 7 FliE & 915 3R 3, H it
SRR SCRIE SN . A SEE T SCE SRS, R
Gefidi FHA %K ) Speech Platform Runtime v11 47 H
SCEEmA . ARGHE TR ME 13
FirRo

oAy s A TE YR 3 2E AR L TR < iR
R RBIE 2, s S AR (PS030, nEk
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A W3CRIEIERLIEL. b5, AT ARSRGS1. 0, 32
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Kinect3REL
HIEE
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KGR
B 13 EFRANREE

RS 5, R LR 25w i, %
JEE] O 4 B A] BB 16 1Y a2 “ full screen” |
“full” “FS” “ABR”, FEH S TR SO BT R E X
ANFHEE T2t mAH . — BiEE iR 5] %

(a) FECEEHI AR

BWEX 4 DT IRER I, g8 2R 4
o EEEAMTIUR,
<item >
<tag > FULL < /tag >
< one-of >
<item > full screen </item >
<item > FS </item >
<item > full </item >
<item > £/ </item >
< /one-of >
</item >
YERGiia T o, Kinect RREERAEF M AT,
KRR TR B R R, B B R BT IE o A
AP, NSRS B e S AT s S 4
FYUCRC, B A BE R T 0.3, 3 3 o & B L
RGO s A A L ) 2 1 i 2, I ELRR T
i T AR, SR I B9 i AR S . L
T AR AN 14 B

/Nl =

MBS Mgt MR ©
) B ig

mk
HEm
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{Em
=

1P
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+

(b) HcHEflmAR

14 VST Y AR U AR

4 FHEHAERLSRA

RHAGHFHGANEESEHI S, REFR
RN BE SRS B AR, IR A Z A Y B
BHARE, ZRE PR R a4 . 430
BA R T SRR, iR g1 i 5 i
[ I JR B I A A (hidden Markov model, HMM ) A1
MRVCFC A4 B 25 B [H R (DTW) B9k 46, IR EE T
HMM /) F 1 G FE A R G o ik L it ig 475 & F
DTW ) FH PRI | (H 2R P H %
R ST BT IC R, SEGHE K,
R G A EAFLR G N B e 1 sS EE , BT
PLDTW ARG TA RS, WA, RELFTF XA
RS SHVESAT I, PR 5 A SR FAE G2 1) T 4 i8
Pili=R7 R

A SCAE B S FHMANARLS 0, R R

VCRCSHE, BV RGERAE ¢ 5 ¢ + A IS 29 HE 2 %
TR AL E AR, TR A S I, RS R BOE Y
199 (AR o3, HIE 5 E B TR SCE SR A AL,
WG T X FHBIE AR, TR T R HERE

TERA T RGP, 1] Kinect SDK Xf #5TF
PP A 3 FES T CGRIF S 2EKIT) |
TP 1 oARE GRS THM T, 42w T U REma e
4.1 BREERHEAR

Kinect SDK Hrffit 7 A4 i & # Bl , Kb
EPNENIUE S0 W iU I Y A VA o TR 0 S 4
HARXME B A . B8 R AR S R L ind
BRI, f— TR 2 i 25 B #5394
JointType R LEA G — AT SHA 3 Aotk
5,43 54 Tracked ,Not Tracked Fil Inferred , F T3
ANE ORI RIE BRES . NMEB#R T R E S
A 15 s,
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3 Head
2 Neck

4 ShoulderLeft 8 ShoulderRight

5 Elbowleft 20 SpineShoulder 9 ElbowRight
6 WristLef 0 WristRight
7 HandLeft 1 SpineMid N’:andeght

21HandTipLeft 22 ThumbLeft 0 SpineBase 24 ThumbRight 23 HandTipRight

P Y
12 Hipllet 16 X}Rght
13 KneglLeft 17 KngeRight
14 Ankl?eﬂ 18 An&eRght
)
15 FootLeft 19 FootRight

E15 AEBHRDTESHE

B AL B 1R R LU AR AR AR AR R NS
% LRSS FI Z Wik, m) BRI A 55 Y
A TE 1 A X R TE 1 o
Kinect SDK {# F| HandState R f#iid F#, 3LF 5
P FPHRES , Z T HRE R TERRE A ZEA
T B9 AR B AR o HS AR 25 0 931 A Unknown (R
H1) ,NotTracked ( & HR 2 ) , Open (7K JF) , Closed ( [4]
&) ,Lasso(*E5KTF) o (i Kinect R ORI, i
FRIE B AT 8BRS E TE A THE
B, P TR T R GBI T H o 5 G —(EE
B FHEUR, WA 165w,

Kinect

v | ¥

(a) Lasso (b) Open

B 16 FHKREE

(c) Closed

4.2 ZEEEFTEXTARAERESR
A SCHEHR 25 A~ EHE T S 8 B R AL, 23
ik R VER VEF AT AN AN FE
o BBAER—Wi B # G b, BUE T 5875 Ak bn
F T A AR A TR R A AR, 43 BL HR (%, vy,
20) ,ER(%;, ¥1, 2) ,SR(%,, ¥,, ) FR,3 DR
SURBEEIE 17 fis .
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b
HR

RS ES RS

Wi a LN ER B, SR NS, [ b LU
ER Jg s, HR N& i I mE R A 0, N
A

a= (% —%,% Y, % —%) (5)
b = (% %1, Y% =15 2 — %) (6)
lal = «/(xz“xl) +(y2—yl) +(zz_z1)2
(7)
lbI:\/(xo—x1)2+(y0—yl)2+(zo—21)2
(8)
ab=(x-%)(x-%)+0-5)(%-n)
+ {2y =2 ) (25 = 2) (9)

a-b
0050=m (10)

B ERH (7)) ~ (9) A (10) BIATSKR H
3AEMER T A PIPIE R M EI M, (7).
(8) M E A BHE T R A AR R
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LH RGNS T PR, Bl anh T 6 22
L ERELFE 5o+ A I 2N EHEALE
AEARIT TR AR B S RS, AR TR e 1 B fEAH U8R,
e 5 E W sh BT R G AL

FHPGIE 2 LT AT, AT EENE)
STHEMTAKTIT G BRI BT AK
BB EL T B TR EE 9 o2, 17
B TR AR LA 90 o5 il , 2B 5 5K 2 90 ° I HoA
BHERKRE 45, BITTFH BSTFHNANKES
AHEE G, AT LS B A48 Tk A o FH S0 BE Y 422 1
HVEHGHE RIS XT R R 1 R,

ARRGUA R TIEZ NSRRI E 00 20 E /Y
FIE RIS, fHRITIERMEH Kinect REFTATES A
B B EE SR B R , T 8 — A B Kinect /£
JRARHYBEES . BEES B YD A, A A W
B AR, WAL T 220 A N i 2
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Bl A4 - T Kineet Z2 AW HOAR IR BERUITHR I 45 S A S8

&1 ESEFESHER

NZhE iferE X
ZEF W DI~ —
AT 2 DIt b — R
XF-H& BFALT BT B g
XFFIF HFAL T BHART 7 DIt & il
ZFHE A FHIT, EFER i
ZEFHE, HFHRIT, A TR PRIE
ZEFHHIT, A FHIT, AT LW B
EFFIITAFHIT, AT LW ARG 7
AR TR EA 90 0% ik B piE
R TR EA 90 5 il R BIE
ZERE SRR 90 HAB R 45 ° BHHACH RS

5.1 SRR

AU S PR 40 B A AL B Intel
(R) Core(TM) i54200H CPU @ 2.80 GHz,Winl0 64
PEHEHLAAK Kinect 2.0 B4, HAR A £ 5
FF OpenCV A5 2  Kinect V2 JF IR E0HE & Kinect
SDK 2.0 #f1 Intel (R) Distribution of OpenVINO toolkit
2019 R1.1 for Windows, L )2 7 Visual Studio 2017 %
PG MEA C#5 C + + wfRil 5 #EATHwfE, I
eI AR 2 71 220 BRI AR A A IR B2
5.2 ZWHER

AR SRR IR, S il 3 44 SR AR YR
P I A% 32 5. R G2, I3 50! B e G PR 531 A4 B 2
R FHGE G ER AN RER R ER, R BK
ERIRCRIE & 18 frzs, [ 8 (a) A ALAR G T A1,
8(b) N HEH” ThBEERAT

(a) BRI S i

(b) “HEIk” PhBeEE
E18 ZR&ZEEAMEE

5.3 ZBERSH
5.3.1  AJRARGBISE R
FENKR B 1 7 v, S 6 2 AT Sk 42
g GESNAF— R I EIE, DLHORAG 565505 B A 58 1
L&Yk, Kinect fRIRERER IEIE N 30 fps, A
B BB 44 Bl FEARFDERAEL T, BT
X 3 N, B AR 200 Yk, AT SERN L, HA A4S
RN 2 P,

®2 ARIRAGR

M JERRZ ‘ TR
A RIS %  REEREC R/ %
Wang 5 97.5 8 96.0
Li 6 97.0 7 96.5
Xu 8 96.0 9 95.5

M2 W LLE W FERRE S5 R, A ST AR IR
PPN R E A B R B sh. 3 ARSI R P
YRRV GRS KT, HAP 4R BIRIRE T 96.41%

EESHAR SNSRI R % e B 3 Fh ARk
PEdont Xt 4, Bl 1 o8 EWRA e A
1 2N FET FaceNet SR ARG S0k 3 Mz
W45 2 Z MBI G A ek ™ o HIxT gt 2R
3 3 s,

SEEGEE R, A SO KRB A BRI IR
TNEE R AERS 22, A b T HA SR e R 38 1L
ANE ST, I BAS SO L T DUAR G 3 N7 S ) 2R
Be W T Re IR R B NS SR RGN 7
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F3 ABRIRAEHIRAI 3L

5.3.2 DIREEES R

Sk U/ % ARG, S35 3 44 SR AR B SRR
Sk 1 91.20 R SRR A — Al PP L T 5 A
i .12 USSR SRR IO TR B © MR RRE
o o $0, RSB AN 4 PR, 3 A
BIAERIN S R
x4 FEEAMETARNER
St kS %fﬁc/ i PRt/ PLB ‘im‘ o i Bl e/ it flﬂ?%
I RMC R KW S ARG B R P R BRI
Wang 50 0 49 1 47 3 45 5 48 2 48 1
Li 48 2 48 2 49 1 47 3 49 1 46 4
Xu 50 0 48 2 44 6 46 4 50 0 49 1
WAL 148 2 145 5 140 10 138 12 147 3 144 6
BAERII R % 98. 67 96. 67 93..33 92.00 98.00 96. 00
x5 IEFRANER
R DI e g it/ LR Tk B/ R KM ARG
I RMC R KW R R B R g R R R
Wang 43 7 48 1 H 6 41 9 45 5 47 3
Li 47 3 46 4 45 5 45 5 46 4 45 5
Xu 45 5 45 5 47 3 43 7 +4 6 46 4
WAL 135 15 140 10 136 14 129 21 135 15 138 12
BAER IR/ % 90. 00 93.33 90. 67 86.00 90. 00 92.00

FH R 4 AT, XT3 AN A TE N GE SR A R 2R iR )
THRERKT, HPER BN 95.78% . 76 H H{f
FAH B B A5, VB, PR b/ R aR o A0 R B
e, HARGH K3 93% LU |,

HIE% 5 T, A R B R R T
FIERR R ARG, LR PR R0 F IR B R G B 4R
B, SR FAARE R B SORY8 15 , R G0 & i
PUNRCR 2 , T HARATRE 0% B X il = A T
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EERTASSCF S5 ANARESBINEL %, 1
B3 FREVEAE T 4, Bk 4 N IET LA
HRBIATHARIN Sk 5 A A RS
DTW B3ERShASTHRRG™ Bk 6 HE S Rl
LRI B B PSRRI 2 o ot g R nsk 6
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AR, SEE 5 VR AT AT R o
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Interactive system of intelligent video player

based on Kinect multi-biometrics

Li Guoyou, Wang Weijiang, Li Chenguang, Hang Bingpeng, Yang Mengqi
(School of Electrical Engineering, Yanshan University, Qinhuangdao 066004 )
Abstract

In order to realize the intelligent control of the video player under the non-contact operation of the viewer, the
system uses Kinect sensors to collect color images, uses FaceNet to extract facial feature vectors, and performs face
recognition after support vector machine (SVM) training. This process is under the computer central processing unit
(CPU) operating environment. OpenVINO is used to realize real-time operation of face detection and recognition,
which is used for login verification of video players. The audio data collected by the system uses Speech Platform
Runtime v11 for Chinese command recognition, and Kinect Speech Language for English command recognition, there-
by realizing voice control. Bone data is collected, the distance and angle between the bone points are calculated to
recognize human postures and gestures, and the recognition results are converted into control commands to realize the
player’s common control functions such as fast forwarding, switching videos, and adding and subtracting volume.
The experimental results show that the interactive system realizes the user’ s contactless full-automatic human body
control , and provides a natural and convenient way of interaction for the video player.

Key words: Kinect V2 sensor, OpenVINO, face recognition, player control, speech recognition, gesture recog-

nition
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