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Fast Recognition of Sitting Posture Based on Neural Network

under Bone Feature Fusion”

FANG Zhiyuan ,SHI Shoudong ™ ,ZHENG Jiaging ,HU Jiadian

( College of Information Science and Engineering , Ninbo University , Ningbo Zhejiang 315211, China)

Abstract ; The accuracy of sitting posture recognition based on deep learning has been improved , but the model can-
not possess the characteristics of both high accuracy and rapidity at the same time on the embedded platform , and it
is difficult to be applied to fields such as edge intelligence. A fast sitting posture recognition method based on neural
network is proposed. Light weighted network is used to replace backbone network to extract underlying features , and
adaptive batch-based normalized layer candidate evaluation module is used to optimize the model. At the same
time , the sitting posture recognition method is improved ,and the bone image features are merged on the basis of the
bone joint characteristics, which improves the detection speed while ensuring the recognition accuracy. The experi-
mental results show that the accuracy rate of the improved model is high and the detection speed has also been
greatly improved.

Key words :sitting posture ;embedded platform ;feature fusion ;lightweight network ; model pruning

EEACC.7230 doi:10.3969/j.issn.1004-1699.2022.05.006

LT 22 W 25 Y B B PR AR RS AR 2 R R )
BER,EFR AR, H i

(TR 5 BB TR, Wi T 315211)

W OB T IR ST (A R 7 v A TR R B B A T B T (B R A ik A S A b Tk S B v T AR
B S TTHME L FE T 10 SR RS A0R , J T o 28 R 208 4 1 17— Al SR S 30 1 0 P 0 DO 4 25 4 T ) 4 412 HUTG
SRR IR ST H S N AR T — 02 B PG A X AR B AT BT AL LA . TRV, X6 Ak U T vk A T et e B Bk e
FEAIE (0 AL 5 PEMGRAAIE , 7E B TR I B 1 () IR A IE T IR IS 2 SR 46 R W | O U R R I A 2R i, OF
LRSI S R AT KRS T

KR ; A 2R A B I 2 R AL R 45 A0 B A

& 43S . TP391.41 X ERARIRAD A N EHRS.1004-1699(2022) 05-0613-08

BRI PR AR LA ARG K, P 2
N T -5 33K Al A A ) A 35 7 3B A DG A 45 g
P, AN ZE TAR N AN S A3 5 TARA R
JULPA B B s P o T B ARG B P R 2 — | LA 2R
REZTFIRT , []32J5 SR 0N 5 SUHER (A o L 1
RRFETA N L, A BT ANLAE H. B
TRERE A2 22 4 A5 U AT B 1 FHAN (L

N AR LU g AR LSS P — D2 )
S, FUR SR BEWESE 5 V5 G4 T 4 fnh o S e A i
THRAPSE R T T, Herp, 26 T b AL IR 7
BB R (AR B e LR S
R A, —EFERE BRG] T TAENG S AT A

B SRR T A 2551 H (2019€50020)
s HHE:2021-10-26 & BHE.2021-11-26

FR , FEF - EALAE AR50 5 2 BUAS FH X 31K 5
e, TRIAS GRS 4 o) S AN T R e S AR B T
BT IR AR R Az N GTE

H AT T AL A ARy ik E 22
iR AT B ST AR ZASRHE  IE R 43 2 48 S
AP, o — 7 R R B B O (5 B A
T 6 A TR FE B AG L A IR B MG R i A 2. (
K Kinect FIHE4F /R Realsense ) , 45 & W & 15 8 &
SEEHE AR Z D . SCHR 10 ] A Kinect $RAZHLIR
P ITR B L GOR AAR%E 3R 181, 4 BT S AT — AL ]
WL SF, SR FH =400 P 5 X X 4 E AT U 25, I 2
B R S B ) FUAL BT = A R b



R

HOA F R

614 chinatransducers.seu.edu.cn

% 35 %

T RO ABA T 1 WUk 23 531 35000 22 A M fS
AP T AR NGRS, SCHR[ 11 ] {8 H Kinect
RAEE AT B IE 2 B 5R SCHF1a] JE AL (SVM) AT
TP ML (ANN) SEBUEZS P2, Sk 12] 424
—FpIETF RIPPER AR > 555k FIH bagging 5.1k
FBEAL T2 18] J7 2% A AL 4 B, Ao 7311 25k 100 4>
TN B 2H R — K0 B 8, I3 it 22 H0A SR R AT i
L6, SCHR[ 13 4 ) — ik T = 4 45 AU 22 0
2R LSS5 125, ) PR BE AR ML ARG = -Gy
ALE I 07 PRI W = A S T AR R R AR B SR
H A S| = e 28 W AT B8 28, SCHR[ 14 ]
FHER B B854 3D B8y SRS 18R 3D Gy
FE B ARFAE AL A BERRIEAE DR 3R SVM 4328
ATy, SCHR[ 15 ] $2 1 — Bl & T MobileNetV2
TR BE A2 U 45 ( DRHN ) 1520 | 32458 R0 3 e 45
3% RGB-D W73 3177 A 1 ARG AR FRIR
WD TR TR T B AR M, D By
BRARAT T AU ARG B AN S I (B el T 550 S THT 1)
PC iy , HLACH T HAT B8 OG5 K60 00 B R 1) 98 B £ 15
3K, B e B AR AR AR I P T KA

5 T U2 R PR B2 2 20 5 v S A i
IR RGN ( PR AG ), I H B8 O SR
B ARZRE, SCHR[ 16 ] 2 14 22854l 11
OpenPose #7441 Fe fiE N AR 28 25 10 1 BS R 1E B g
8 IFFHIRI RGBT 2 M 45 XN R AR 4743
J5, SCHR[ 17 1L FH OpenPose BRI B
KT AR, A I 43 36 AN T 28 I 4% | S 4T o
BUFIPESRA , X 43 FS v SR A T A, T 2%
R EEIR AR AT AL A% . SCHR[ 18 ] 4t — b
FET OpenPose 15274 {14 v [ vy M 56 =467 U1

E SNk

2, PR HRE BT BETF Kbt . SCHR[ 19 ik
OpenPose BRIRICE 25 B IF A 18 4581y it
SRR I 1) £ BRI B RPALE , 5 e P TR U g e
SROTEERS AL RNl s AT 736, ST 20 ] 4
T —FhHET OpenPose F57Y fY I (4G DU ASS Y | 75 B i
ST B SERE I, 254 SSD-MobileNet St 2 Kl HE 42
THBRAR A X IR 3 1 OG5 A5, DD S i 1A
N EFRP R IBOCT 7 IR A SVM 73 2K 85564773
. MR TR A ] SRR A M BE Y A T 4
Tt TR1 Bk DA by 1) A5 Sk 2R A — 4 FRIR B 7 VR A
AR, OB HIFE FETBOR T2, (E R s 2 0 28 A5 8L Y 25
AT A R O, (AR E ¢ T FR A
AR B ISR A

N T RRAEA BR BTV | 52 B AR S A B TR
Sl ) TR 8T, AR SO 1 — ol e~ o 28 0 2% 1) A
AERE T A P TR 7 12, X D5 A ) A 1
OpenPose"*" SRR 5 % A0 i 2L A
& 0 R, B 6B T I 28 A T Ak DR R T A
T A Ak ( BN ) 2 10 328 TF Al A H o 1 )11 2
TF AR R FEAT B A, DA T 9 2 A 3 i 5 S 1 1 4 E
PR, [ oy Bt Al RO BRI 7 IR B % O R
il b Bl 51 LR SR THFUIRS B
1 ARSI KR
1.1 BEEBEEN

1R G H T IR BE 27 2] (R A 23 FU vk AR S5 A4 2
K1 s, E2H =340 OpenPose B4k 1T
(R AR I ) 5 4 R AE 582 BBUS 43 AR Al 2R 51
g3 FAARRUL, Bk B e A OpenPose 25254 1145
UIESYIPNN =S lEY Rl ISR %73 i I P

FAT A

h . B
it |

*w%w%\ e |
N =

]

/

LR ELL

PR
ol X g [ / —\
L KT AT

- N\

I BL ~

BUF
\
UL

ST~

EH — Softmax -
e S i

fER

EFHR

HEk
\

—

\

¥
4= E = HR

AU

1 ETREZFINLEIRF T EBIEEH



%58 Br&iE  G T RF A TAN G W &6 T BRAFAEaR AT A 4 e ik 17 B 615
WG BT AR AR AR AE B B AR s AR 2 BRI AR B DR, ZEIX R G 0 7 B o

W28 SEIAR B2, AR PRI — AR 2
B }:'Uﬁl/\ﬁjtﬂ}zéﬁ)ﬂﬁ BABRS R
300 422

ﬁiﬁ%@t'ﬁﬁi HRA O] AT S ) 5 26 Ak S R
JEE I B P T RS AT RA R I T R
AIEEE DL R URRIE R AERE S . i T A R
S FRDHRG BE W RRAE SR BB 23 E A Tkt | A6 B A O  E
I [ F Al il S TR R ] o R AR B BOUR
A 2 FR,— A 12 B O sk
SAE MR A S (R R AIE 1) i 43 AL 4 . 10 4> fA
FRAE 12 A% ST 253 —f Ak b 66 A~ IH—fk iR
BIRFAE 22 AT ARAE 55— 1 i U R A
TR 22 o) 28 A5 7 88 TL B 8% (RTARRRAIE 5 T 6% 1 i 1
5B RHE R RS T 0T Y Ak 2R E ] 4
Al 5 B RRAE ) R R R L SRAE T AR Ak ks
i, G Ao 2 P 28 R A T 25 P A 12 2 RS

p gl openposef RS A

:'*,‘ | AU | | fEEHREC -—)
~ PSS TRFIE [
1 e
R
fH

P I
i T\ R

2 FHHERBUREE

1.2 BEEXTHER

BT B B AR SRR RS TN R
FE L, AR 32 85 TR 5 2 WAAATHRE
() kG FE Az A RE 1, v R AR R BE AR AILER BRUG
WIER.

H AR BE 2 2] A TSk v 4 i, —
BN A, Tk Bk SR s B R rh
PR T AT DT s A, SR 3 S O AL R —
AR, FR, A B B RS AT 2k e i 4
— AR T OGN A ARSI B T A R L
I EEA S, Hp | OpenPose J& H Bl FH % A
Pzl g R I A AT, X AR
B - T B O T SR, B R B SR IMVA T 5T
BAG K — A, T N IE A7, T LG B vl LA 5]
18 N AR i, X HIERAH T B2 & 12 -8
KA SRR B AAR AAE AT WE T
KR A TN T,

FESE PG S R A B AR, DRSS A
SR BRI I A bR 25 5, 2 R BB O R
Y X3 ML EAETE R R 2T o R T — D84 T HREE
L S ONNEAIA /%! YA ab S VRO E D Ot |51 A 1 & D

WHYAARIA LI [0, 1 JJEE N, R T fdkix —1a]
R A SCR R T R B A — k™ O
F B A N R A v SR 0 B 30 FAE 1K %
B TIH— b, BT, X ?UH@?%*QA%E’J
i EARCES 12 a0 A 2D A AR B
LR Y FE (1) e K A B /) \L*Tﬁﬁa‘rﬂnz)(ﬁ Xl
X Y s Voo XA E AW I K AHEH KN [, =
max(xinax_xinin’ymax ymin) R, A N PERER
IR RS , e R A HEL K L=max(1,) ,ie N,
Ja BB AR T (1) T
% pyin T2
2
X porm =T+0.5 (1)
e, x 0 A BB A B KRR/ X AR AR %
Flshh X %JJT,x,,U,m?bH TRIE ) X fhsetr, YAk
FRIAE IR 7 A AR AR AR A, 8 i A =, BB
PR RO L A —4k, I B 2R py o Xt 5531 0.5,
0.5], 0T L AR, ARG FE W IR EE T —
Bt BB AR SR DG TR AR BEREAE 5 T4
FE B A T [A] 1Y AR BERRAEAS 2352 FH P 1 e 52
M), 3 — 3 THI O F BE 408 ORI e e AN 23 R HE 2R
BB AN T A i) v B B8R P AR AR BIL A HE
BERIJT 1], 3 HARICT 11 0 BHR R 10 A, Hop
11 XA TSN S8 R S5EF EF 55
T S SR DL ARG 5 By SSO8 G, AR BE R
D H 25 RSP AR B e R, 57 = A RR e I3 —1k
BRPERE B e B 11 X B AR 22 A ) i
FRAE, o s R AR i X R Y Sl ) d
1.3 EHHREREFIERE
RICE Z 6 W (8 1 B RHIE 242 = B8 kG
FE ) OCAE  X HL B S Openpose 28 254k 11455 AU
X TR EICHE AR DEA T O T AR I, AR R OG5 5 8 iR
B EUGEIR R PGB R M2, Y251
G AR 28 25 1 T P2 B i R AR AR, B e — )2
SR AL AL A RN 2R A 2 U 4 i
GRS URIRELR G I 3 o, Horb A B
F% R 224x224 RGB &, & BURVE R 33, 31k
BRAE 22,

Conv:3 x 3
Pool:3 x 3

Resize Fully connected

- -~ | |1

112 x112x32 56 x56x64 28 x 28 x 64 8

B3 RHMSERWEMEIRFIIELR




HOA F R

616 chinatransducers.seu.edu.cn

% 35 %

2 REISGHFMMEKL

OpenPose ZA Al THA Y B AT BT I R I FiE
AR THRIA 5 S50 MR 2 RO, S35
T ia ATt R AR 5 L T A R o i R
U5, FEGEIRAT PR A A IR A L0 R

&l 1 LiﬁﬁEﬁA OpenPose /2% 454 W] 11, FL
P 2K 2540 2 = AR 4 VGG B T M % —
/l\%JJil“ftlﬁl‘&Eﬂ%/\éﬂﬂtﬁﬁ&o Hrpk 1 B4
W B v 53 RS BE X T AP O O O B
GFLOPs S5 P07 iz B UCE, PG4 A R/ 368
368, IH LA HTRT L AT IR AL Y 3 R A A AR
TR T A e B b i F a2 22 a0l b 1
28.14% %1 68.33% .,

# 1 OpenPose HE &M ITEEFEEITLE

A K AP GFLOPs  GFLOPs total
VGG — 38.3 38.3
Conv4_3 — 2.5 40.3
Conv4_4 — 0.6 40.9
Initital stage 35.5 2.2 43.1
Refinement stage 1 43.4 18.6 61.7
Refinement stage 2 46.2 18.6 80.3
Refinement stage 3 47.4 18.6 98.9
Refinement stage 4 48.1 18.6 117.5
Refinement stage 5 48.6 18.6 136.1

R T B A B BE X i OpenPose [ 28 574
HEFT T S5 A4 R BT R ) AL T AR DA AT 2
B AR B IR B P e M B B, &
Ja A G BB i COCO B 8% T i Bl 4 3t
RIS, LIRS A B A AL S BOAS BER 2k . TF
AT R WER
2.1 BTMEEHK
OpenPose P41 Z5 it B2 AL 56 BB 43, 55 — &R 53
BT ML TE ImageNet B854 L4711 45, 55 =34
SRR MS COCO B 1Y i el FE o RS
(e %ﬂfﬁﬁﬁﬁﬂ%ﬂ:m% VGG S Mt
S PR IR, 25— R 3 (0B R 28 ] phy HoAth P
REACH: H 2 A0 A S B AR B AR B AR
X HL R T =AY TNk 2 Fis
F2 MEMERELLR

e Imagenet i@]ﬂﬁgﬁz 72‘%&%
KR/ % ( Million) ( Million)
Mobilenety1 ™ 70.6 575 4.2
Mobilenetv2 ! 70.2 300 3.4
VGG 71.5 15 300 138

Xt e & IR EAE N 2% Mobilenet 7] LIARISFNE 4G
DAL HE Y ARG B RIS TR A30 0 2 B S 480 KR
FEW/D PRI, 3 B Mobilenet W26 30 54 VGG
HATE e, [ BT MBS T Conv4_3, Convd_4, DA K& Bk
Block _12 _add )2 [ % tH AR AE 8 RS, e 5 4 5
Block_5_add JZ B thARFE BT TIE AR AW LBy
&E’Jiﬁj/\%ﬂ:@o B I ZE L AN R 4 B

b B

%f'g P | o otate]

Bt
Mobilenet

4 BREHMZ

2.2 LK RN

ZA-411E Bt ( Refinement stage ) (45 £2 T 1 45
TR O a5 A R A L RE ) 2 1 TR0 B, [ B
AN]SR I I TR RS . S TR AT R R A
Frs IR, A ST A At 3 — 16 (BN) 11
1@1.%4?51‘%5’% AN B AT B AR AR A 15

B3 1 4 R B A ARG T B i SR ARG AR
Jéji/l\lfﬂ P15
2.2.1 AN EHE—1E(BN)

BN 22 5 A 03 9 25 Ae S50 4 T o B R 1 A
FHLE Tz 0 B G RR e B 28 v 7 52 BRI 2%
iRl BN — & THERZME&N 225, 6 1)z
PRAEAR B RRAE B HE AT 00—k, DT 7= AR T A e
15340, JR iR BN BRI (2) Fow .

y=y 8 (2)

Ay FB IR ATYNZRE, 70 AU BN B RRAIE 45 i
FRANRS R B, & I— AR /NEIE, T kE G
SRR, F o AT i RS R R —
TEAFAE P RSB AN 7 22 , HOUERAE SRR ) 15 1%
PRI, X T —A T Vgt (batch) FEAR,
p flo? ?ﬁlﬂﬁﬂﬁfr%ﬁﬁnf(ﬂ

B—E[xB] = Zx

R (3)
1 21 (i -

LHATINRRS 0 *ﬂ i B s PE R 21
amr, wm(4) .

M =mp +(1=m)py

0'2. =Var[x, ] =

(4)

o} =mo} +(1-m) 0,



%58

BB BT RE R TANZ MW T RAFIERR A T AR P ik 17 3] 617

X om R 28 MR RNk Rk, fE—
ANt R, IR A S AU R IR BN T,
oy WA e 2 M B i) e L o

DAL B i) P I BN S8 3 (B 3 T 5 % 19 4%
PR, T — IS BT M 2% HGETHE
{H p F1J5 28 o CZad I, PRI A1) 38 53 2 i
AT JLUCHE R, OB 5 F & N e A 0 H
HJEA T BN G {ELIE N T 89 BOUR 9 R 2%, A A
KL, LEIN Gk Z BT R 25 B A R 1) % 1% nT SR )

WBBW, Sam e SRR G4, fl = (4) it
RS AE A Ty 25 3547 S 0T, OB R W YR RN O 2%
ESXCH p ot
2.2.2 BRI

FH2% 1 AR o B h 53w e 3 4 £k
W% 3 .4 1S T A ARG B B T4/ (B LR 2
SN BT | W o T o o W 2 175 41 S B T
P HIELY BN B9 B et H A B Bl 17 4% 5
K, SR TAEG R AN A 5 Frs

STTTN
Lo u, 07 o, fty 0
EmNLE: I | FII& BN %
0205034061 | o | |l|| :a;. |!I‘.3/‘1 i
Bk 2 & BBN e
WO | s | FERFIS 1050405 Cok TR (el 0]
{123,124,125,-- 412} [ i o i &
. | B | B H a7 Mriar Or sar
- I o
AMEB LR [0.4,0.50.3,-,02] | ||F :ﬁ’ﬁ@B.N ||||10%
L SO
\ v J \ v J \ v \ Y ) v o . J
(1) Il Q) B S 50k Q) EMRBIEKEN: (4 HIEQG)IIHY  (5) T HENBN  (6) K73 8RR AR
iB=EE] figek ¥ 45 fEk A

Bs5 ETEEN#tER—UTHERNERITERE

SURGE R E i 6 WAL gy AMOREL, B
XFEE— R AL 5 B I 28 AT 2, SR f U 7Y
AL BES S IR G BUR R G|l ad LA K
ZABIRCR MG, B — AR 25 KGR M BTRCR
S VUM T L1 i K D], AR 40 B A 5 s AT 5
B, A5 BMRE M5

S T A IS BN A PP A 5 B
X A AR R (1 BN SGEiHE w il o BEATEE T, JF
AN DN SR VAl B — M M 45, fe ), Bk
BEHAT I UG IEE A o e 1y B 28 AR TR - 3
TR R

3 ZWERKNSH

3.1 KEIFE

SEue BT B U 2k & T IR B A S RE 4R
pytorch1.6, LA & X Nvidia RTX3070 8G GPU .+,
W5 4 Nvidia Jetson-nano ik A S TF & A, #5 2%
128 #% Nvidia Maxwell KITEALFRES
32 HE&E

OpenPose ‘B 7 SR B AR MS COCO
N BB FEAT I S, (BN T Ak AR (1) 3
S A A 23RN TAEXT T A B A3 AR A W] S g 1Y
NHFHRE . REZA TAEERE & ORI
BRI AN R SRR T A 48 FUR 1158 1 B2 Fh 45
BB EAFEE R 5 . X FASO ik, H
BEWFFE AR LA I I7 EEAE iR A - 15 S BRI
PRIHASORT H I8 2 21 TR AR S A B A E T T

Gt 1 WL LR AR AT RIGOR B . R AL ]
BER ARG 8 Mk % AR BUE kAR A Sk
PR AR R B AR R AR Ak Rk,
RAEXT G 10 A BT 10 A L&, B
HAIFEFE 2 500 5K RGB &5, 8 it Ak 45 DL K FI
OpenPose Kl 21| (1) X 137 & % 4n 18 6 Jrzs . A SCHE
B 1o I, AL 45 XF A Openpose 83K 5G4 45 2%
VAR B AT S, X S R A A R A T AR5

“‘;
o

GeRfE AR ETHL AT

6 BIAEDUK B A NS
3.3 SRS HRESERMOH

SR T R R A U 2 ARG BE AR SCR
YIS Gf B 5 FE A 28 O 285 R 70 o) 15 R AR A T AR AE 42
B, IS Eak m mp e T Al A, RRAE LA RS Y
W& YNGR AE AR P A AR AL i e an il 7 P, il
A AGE 3 5 SE TS B 0 BB R R X X 2%
AT IR, SN 2Rk AR EGE 2] 600 4™ epoch B, 45
P BB, TRl B R RAE S X R 25 R A 7)1
2k, 25 300 YAEAC 4 5k B SRR, SRk



R

HOA F R

618 chinatransducers.seu.edu.cn

% 35 %

FE0.31 227, PTLIASH  DCEFE 5 b R ORI 1Y)
fEPE T LS PSS B, D3 A, Ak Al 5 i S 7
AR IAE FE NI 8 T , 25 R T A5 FRIE LA
HITF R Z8AN KA T 85% Y B UEHE B, HASAiE il & I
(M8 IRAT T 92% IS5 ENG BE  AE FERR T T 7%, i
— UL T RRAE Rl A R

2.2
2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
044 L L L L L 0.25 L L L L L Il J
0 100 200 300 400 500 600 0 100 200 300 400 500 600

(a) FEAERA AT (b) FFIERL G IS

E7 SEmMGEIEMERATHMLE

1.0

O FHEGA R

0.6 -

04

0.2+

0 - b3
LSaNRCE IR BN

B8 HEMARIELEDLBE

BeAh, o 1 B — 25 Ir B i X 45 2 AL 221 4y
Jebihe Rt 1R AR I ZRAE L RTRVB AERS
DAY 44 28 A 28 T A PERESR bRt T g,
T R ARG RS I 2R RO TR B FERE A5 RN 9 F
7NN T RGBS T AR R IE R Sk
AELF R BIERE . — 8 IR X LA 2 22 ]
HAB X e, 55 —F8 73 R B A 25
A PP A 2R AL YRR NP | U RO B 2 A 26
ARG RE . BRILZ AL, TR vEA T
S BT AE 0 26 s S A S A B ALY
THOL, FEOPRIRNE, e, X T 228 R2EA 28%
PRRNAIEH I, SR RHIER G )G, — 2 I
T T RS S IE W R Z 8] iyl X3Pk, A 72
JRARZE BRI A I H 2  LE B 2 22 I\ 28% [ AR 2]
0.03%, B33 3 FAERLG AT HRTE 8 JEAR S |
FIPERETE bR X LE [ T LAt AR Rl I AR T

62227324913893)
000 001

9 FHERARTERBEGENEBER

Bl GRTRS BE A R T T 4% 17% 15% 14% 14% .
12% 15%F1 15% , 43 151 5453 5 32 7+ 3% . 13% .18% .
9% 33% 12% 22%%1 10% .,

R3 BERMATIEERESRLE PSRRI L

25 F £/ % AR/ %
WE 96.2:99.6 97.0:99.8
AL 79.5:97.3 83.8:97.3
KA i 83.8:98.8 79.5:97.4
ER 85.3:98.8 90.4:99.2
LR 80.6:95.0 63.3:96.2
A 86.9:99.1 85.3:97.2
Ltk 85.0:99.8 73.9:95.7
VEEESS 84.2:99.0 88.5:99.0

34 ETSHITEBERLERFSH

OpenPose 2 A 15 75 J2 A S S P A 1 51|
OGS, HMERR A — B TR B g | e & A 4y
KOPRERE, B, T 7EORIEAG IS BE T ER T, £
e R0 R | A SO I AR A T T AR, IF R B
AT B AR Jetson Nano #EATINEL, o BIAUAR
fERTfE M MERE b B 3R 4 Fron, b 5% 1
MobileNetV2 &1 /45 1 DHIIR AL B A 2 4k
BrBCgH Rk, 756 2 TE 7 1 3R XT3 4 stage 1%

B 0.4 BYBTRRE,
F4 BRBERUBIEERELER
LN SRR AR L S HE
R/ MB 68 23 15
S 16 241 104 5700331 3769 971
FPS 1.4 4.4 5.5
AP 48 41 39
PR % 92 90 89

NEE ST, D iy 577 G T A% 28 L A i -
BIRGRE (AP ) FlAR R IR B, v A5 78 R /N Oy
68M, KIS SR WKl 6, 7E i AU 45 NANO | 58
Priz ATl A 1.4 WA AT, Jo ik e B 5 i P e
ARSI 55, dE—2 M, 5 1 XS T M AT
BAC, LR KRG 3 AL Bedb AT R ok , AR 10 S
WK B2 RUIRG BE B 53 08 7% 0 2% 72 A7 AT
R AR IR/ NS 28] A 88 sk /0>, S5 o A Y 3k 5 4 T+
3MEAEAT, TS 2 TERCIEAE b X 52 2% i 4l Ak [ B
W25 AT B A HRAE  TERE FE T R 2% I DL T, AR 51
KEFEMRIR T LUGA B 89% , A58 K /N HAT 15M, SEBr
IR B T IR F] 5.5 ML, bb JR AR A% AL S R T 4 A%
Kedi o JrEE 2 BRI A AL A AR an & 10 B
No ATLLEIL, X TIEE IS AT BiR
AT LAER M SRR DG 7 B, % A A 2 45



%58

BBk BT RS R TAYE W KR A AR GRS T AL 4 b i 97 7 619

TR G 00 28] A 300 D4 A5 22 A i A A ARG T 28] ) 17
B AEAR IR T B B ARG I 3k SR S B g Hh )y
E2WRIEHE TR,

BT SR ZE

U e

KA 1EH

JER AR AR VSRS A T4
E10 FAE2ERHERLEKMHYHR

3.5 HRAEEIEIE

X TR HUHE SR A SCAf FH 943K Jetson Nano FF
BAGHAT I, RN = — A 128 #%1Y GPU,
S BT A A B R A S B 4 BE A
P1LIT 7, B30 vk 4 38— ot A9 G 1K I 18] 1 #E 78
286 ms, WIZE AT Ik B 3.5, Horp 5 L £ 0 2 R
OpenPose FEARUKGIN OG5 41, I AITH AE 182 ms, /i Lt
63% . FLUR A AL SRR (1 42 O FRAE Rl 5 i B B
FLAE T B OC T REAE [ i B R0 R R CRAIE 4
I, BRIV AE 69 ms, (7 bb 24% Ak 2843 A LV

FET 16ms, 1 X 5% , XF 52 (ARG 3 B2 S MR /N
HE R i (] FE/ms
l;% \

A%
5%

\

O R AR ERHIESRIRC w AR
B 11 EBR e

3.6 HEXFEXLDH

R TSRS O VA AT AR M X L L T A
TAERYEE SR 25 R a0k 5 Fror, il RGB-D AIRE
FHHL

ARSI TT IR FRVFAER R AU Jetson nano [ 5E
PP AHE R | HA BT iR IR BE RS2 8k, il
SCHRL 13 18845 1 8w 1 SR 10K BE A 43 2688, B2 1%
TAERmEM PC ¥, H 72 Kinect IR AHHLR £ K
8 SCHR[ 15 ] A FIER BE AR LA 5 L BE Nvidia 1070
GPU SEBL 1S RUN AR 2 H HAT 3 MR 2045 1

A PERFIEFIR
24%

AT A
64%

BRI BE . SCER[ 18 ] A A A H AR AL AR AR 5
e A TEOIOHG B2, (B RS HLRE XS 3 S A S ih AT 402
FH R BEFRAILAR 1% — 215 B ik, 45 Ak iy
FERVS TR AP A AR T AR AL ) 2 2h i Ak 2
(SCHR[ 13T A 18]) , A SC 5 ¥k [A A AT LAAR 5 L 4F
AR RS BE, IF BT O F 5 B8 1 B/ I Nvidia
Maxwell FEIJEALBEES  7E 8 AR R BN 89%
FITEOL T, ARA5 T 4 WA A TR R
x5 MHXAEILE
Tk W R W/ %
Ek[13] 11 15 98

AhEREE ML
i7-7700HQ RGB-D

HR[15] 10 3 91 1070GPU RGB-D

Hk[10]  — 4 87 — RGB-D

SCHER[ 18] — 3 95 — RGB

AKX 4 8 89 Maxwell ~ RGB
4 ZRIB

AR SO H R T 28 R 45 1) B BRI R T A 2
PRI R TR B 2] N AR T 55
RIS H L TR AP, X LLTE B8
AR A A IR b S5 R e A R AR g ) R
ASCHTER T 15 5 A 0 45 235 4 VS A B A% 7 A X
BRI OUAL , I A AR AR Rl S S THEUIRS
FEARIE RIS FE A [R] AR5 1 S PR A A R B, 7
Jetson Nano [ [ SEFRIMTR ] 3K 4 Wi, A3 T pR R
AR AR T A 7 A TR R B B I
FHHME, I ASCE AR MAFAEAR R Z 4, kb2
{5 B G AN HEA T A, X 0 3 s T i A A 45
A ZEUNNE BEAE, B T3 BAAA AR, 5
FCRFIESRIBGR 73 B A 15 B i, J5 28 TARR % 1|
FH BRI — 20 s
S 230k
[1] Cagnie B,Danneels L, Van Tiggelen D, et al. Individual and Work

Related Risk Factors for Neck Pain Among Office Workers:; A

Cross Sectional Study[ J]. European Spine Journal ,2007,16(5) :

679-686.

[2] Edwardson C L, Rowlands A V, Bunnewell S, et al. Accuracy of
Posture Allocation Algorithms for Thigh- and Waist-Worn Acceler-
ometers[ J]. Medicine and Science in Sports and Exercise, 2016,
48(6) :1085-1090.

[3] Qian Z,Bowden A E,Zhang D, et al. Inverse Piezoresistive Nano-
composite Sensors for Identifying Human Sitting Posture[ J ]. Sen-
sors,2018,18(6) :1745.

(4] HELAMERS. T RENLBAF S 10 ARSI E R DI R AT 5T
JR[J]. W5 B%,2018,16(2) . 76-82.

[5] HEA ZETREABGESIENSIERDT]. RSP iR
( BERRLER) ,2017,24(1) :39-45.

(6] MU, HmARA. BT H A% A 14 A A 223500 a1 52



620

R

HOA F R

chinatransducers.seu.edu.cn

% 35 %

[7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[J]. FRHE,2021,34(4) :47-51.

Jiang Y X,Duan J L,Deng S P, et al. Sitting Posture Recognition
by Body Pressure Distribution and Airbag Regulation Strategy
Based on Seat Comfort Evaluation[ J]. The Journal of Engineering,
2019,2019(23) :8910-8914.

Ahmad J, Andersson H,Sidén J. Screen-Printed Piezoresistive Sen-
sors for Monitoring Pressure Distribution in Wheelchair[ J]. IEEE
Sensors Journal ,2018,19(6) :2055-2063.

Ma C,Li W, Gravina R, et al. Posture Detection Based on Smart
Cushion for Wheelchair Users[ J|. Sensors,2017,17(4) :719.
LS A, A BT MIMO-CNN ) 2 B35 A 23R
(3], LT AR 50T, 2021,42(3) :770-775.

Chin L C K,Eu K S,Tay T T,et al. A Posture Recognition Model
Dedicated for Differentiating Between Proper and Improper Sitting
Posture with Kinect Sensor[ C]//2019 IEEE International Sympo-
sium on Haptic, Audio and Visual Environments and Games
(HAVE) ,Subang Jaya,Malaysia,IEEE,2019;1-5.

Ding W,Hu B,Liu H,et al. Human Posture Recognition Based on
Multiple Features and Rule Learning[ J]. International Journal of
Machine Learning and Cybernetics,2020,11:2529-2540.

Liu J,Wang Y,Liu Y,et al. 3D PostureNet: A Unified Framework
for Skeleton-Based Posture Recognition [ J]. Pattern Recognition
Letters,2020,140; 143-149.

Elforaici M E A | Chaaraoui I,Bouachir W, et al. Posture Recogni-
tion Using an RGB-D Camera: Exploring 3D body Modeling and
Deep Learning Approaches[ C]//2018 IEEE Life Sciences Confer-
ence( LSC) ,Montreal ,QC, Canada,IEEE,2018.69-72.
Kulikajevas A, Maskeliunas R, DamagSevitius R. Detection of
Sitting Posture Using Hierarchical Image Composition and Deep
Learning[ J]. Peer] Computer Science,2021,7 ;e442.

Chen K H. Sitting Posture Recognition Based on Open Pose[ J].
I0P Conference Series: Materials Science and Engineering, 2019,
677(3) :032057.

Zhang K J,Zhang Y Y. SmartPose: An Intelligent Household Ap-
pliances Controller Based on Visual Recognition of Human
Postures|[ C]//2020 International Conference on Artificial Intelli-

gence and Computer Engineering ( ICAICE ), Beijing, China,

BRSIE (1995—) , 95, i1, EEWF5
J7 181 A 4k A 20 i, fangzhiyuan95 @
163.com;

SRR (1997—) , 4, i+, EEHFE
SALP LAY

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

1IEEE,2020,218-223.

Zhou Q,Wang J, Wu P, et al. Application Development of Dance
Pose Recognition Based on Embedded Artificial Intelligence E-
quipment[ J]. Journal of Physics: Conference Series, 2021, 1757
(1).012011.

Ghazal S,Khan U S. Human Posture Classification Using Skeleton
Information [ C]//2018 International Conference on Computing,
Mathematics and Engineering Technologies(iCoMET) , Sukkur, Pa-
kistan, IEEE,2018;1-4.

Sun G M, Wang Z Q. Fall Detection Algorithm for the Elderly
Based on Human Posture Estimation[ C]//2020 Asia-Pacific Con-
ference on Image Processing, Electronics and Computers ( IPEC) ,
Dalian, China, IEEE,2020.172-176.

Cao Z, Hidalgo G, Simon T, et al. OpenPose: Realtime Multi-
Person 2D Pose Estimation Using Part Affinity Fields[J]. IEEE
transactions on Pattern Analysis and Machine Intelligence, 2019,
43(1) .172-186.

FRER G , £ 5F 75, ROERE 4. BE T2 0 2% i XU H A58 T Sk
LML) ARBEOAR 0, 2021,34(1) :57-63.

Osokin D. Real-Time 2D Multi-Person Pose Estimation on CPU:
Lightweight OpenPose [ C ]//ICPRAM 2019 8th International
Conference on Pattern Recognition Applications and Methods,
Prague, Czech,2019.744-748.

Howard A G,Zhu M, Chen B, et al. Mobilenets ; Efficient Convolu-
tional Neural Networks for Mobile Vision Applications[ J].
Preprint arXiv;1704.04861,2017.

Sandler M, Howard A,Zhu M L, et al. MobileNetV2:Inverted Re-
siduals and Linear Bottlenecks[ C]//2018 IEEE/CVF Conference

arXiv

on Computer Vision and Pattern Recognition, Salt Lake City, UT,
USA,2018:4510-4520.

Simonyan K, Zisserman A. Very Deep Convolutional Networks for
Large-Scale Image Recognition [ J]. arXiv Preprint arXiv: 1409.
1556,2014.

Li BL,Wu B W,Su J,et al. Eagleeye: Fast Sub-Net Evaluation for
Efficient Neural Network Pruning[ C]. In; Vedaldi A, Bischof H,
Brox T, et al. (eds) Computer vision—ECCV 2020, Springer,
Cham,2020, 12347 .639-654.

BFER(1964—) 5 B # 2, -1 o
FETHAHRA R A | EUR AL P A
shishoudong@ nbu.edu.cn;

HAINEE (1996—) , 5B, W4, EEHF5T
J7 Tl 2 4



