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Abstract; This paper studies a human motion analysis system [or limb status assessment and motion posture
correction. Firstly, to address the problems such as occlusion that are prone to occur during human motion, this paper
introduces delormable attention and generative adversarial networks based on Transformer [or optimal human key point
location detection. Secondly, using the proposed algorithm, this paper designs a motion analysis system by combining
the limb space constraint relationship of human posture and knowledge related to body posture analysis. Finally,
through testing on public datasets and in real scenarios, this paper evaluates the feasibility of the proposed algorithm
and system from both qualitative and quantitative perspectives in experiments. The experimental results prove that the
detection accuracy of the algorithm in this paper can reach up to 93. 7% on public datasets; in the tests on real scenes,
the algorithm and the motion analysis system designed in this paper can effectively solve the common problems such as
occlusion in human posture recognition, and show the multi-dimensional analysis results of human motion posture
through the visualization system.

Keywords: human motion analysis; human key point detection; Transformer; generative adversarial networks;

deformable attention

0 3| Fe ok i3 o sh HEAT B PP AR o (R O R R T
P% e 55 G b 367 5 0 2EAT L 3 4 R R e 2l A B

Wl R AT EMR M TR R EZE, 7 XSRS R EURE BT AR R . Rk, TR
SRR T L4 BRAE PO SR M B A GE PR AR BH MR B ST R R HOR 1 AR IZ 3 43 8T S5 B T O i
RIT R, EBAKEN R €L EIR AR SR, DL S9N R 2 222 R i 5B 5T Uy 1l H s R 5

jilll

R B .2022-11-22
* BT H R A S E ST (20YFZCSY00600) \ R T # & AL B 21 0 B (2021KJ011) K 7 AL 4 31 % T H (22Z2YCGSN00480)
KAl ZE R RIT A (20222D009,2022ZD035,20222D036) K Ml 8 78 4 BHIF Q151 9 H (2022SKY284) ¥ i

. 78



LR FIANGAN ETEHEEZAN ZRAKRBEFH

516 i

TG AR A B AR AH OC s A2 A A, AT 3RS AR I8 B U

AR ZEA R NZSTE H B AR TG v ) 300 45 iz sh A
A EFEATE BRI A 2 3, UL RSN BB % T
B IS ol AR IS AN MRGE S = o A E . S AL
SR EAR N KR, AR E A R0 A A AR 32 3 43 0 0
RITERBEFE T HEERNAE TE T ZMNAHR
I i — s T 8 2 808 5 s AR T & A Bl
AU G0 R A U A AR 3 Bl I A 0 BHis 5 B2 97 S5 AR O 22 B
Frasa B

BT, AR AR BT 5T £ 850 0 B A &
9 AR 2 SR I R 5 B8 A AR B il . BT SR
T 11 A AR A ) 3 od o A2 R 15 8 (SR A A A G
AL B PR AL RS B BOHE 45 5 &1L BUR Bl AT iE 3
PPN, 0 Li ST 45 A B | LA B S 5 (surface
electromyogram, sEMG) F1 T 57 =% i 2 2 LA K R IR R
BEHERERE L 8 TR SR RENAFR LS,
LT ShSAGWAMIZ B L W] R AT A
2 FLTHUIRG S R v 1 L BB BN A b oy A AR B B
o AR XA I BUS BAR B W, R T AL R
REMNFMAKZIIREE., HEFFTUEA T ZHF
NP SR R B4 A D B R AT s 50 Ll
TEARWT A Oy 2 R R, BT SRS
B IR L2 B A B R DX IR BR ) PRI b, B T3 i AR 2
BUNASR BB TTA T B2 S —Fhor ik,

FUAER IR ARESEZEARE TREEZ S48
Tl A HE B I B AR LR S B R S M B L X AR
I BAAL AR B 5, 0 B F 3R Ll A 2 5 Ut 1R 2 52
W. AR B A TIREE TR LU LA H RGB M
HLAUOS B B AR LB PR RE 4R T B T IR AL H AR A
ARSIV B 0 8 AT 5 6 RO AR T 2 M L
RS R A 5 18T 43T B T A0 ARG I 1) A AR E Bl 4 B O ik
BOP AW AR T 2R AR S E R T
BN EE PR %, BTFE2UBRMAREERNC &
B TREZME . Bl Kwon 2553 F 1 5 41 3 AR
R 0L G 3 2 J A L 56 S0 5% L T 2o 400 TRl 0 G R B R AR T
TEARFEEH . Zhang "8 1K 15 Lo H) 5 B IR g1k
LGS , BB E I H T WRESC IR K2 iz 3l
ik, REXEFEC &S TR SR, BEIhR
TENGE - RWBI B RE MR, A, 2R

ARERGIFRAG AR HBRER R, Hik, X
R RS RGeS e = BT, I R B 2
FT A AR LR T EAN R SRR Z TR W
] B

e B P A AAR 5 254G I J 1T, Long 21 IR JE B A
I 2D S50 B B PR OGS R AR IR B, X R B AE R R A
ANFTRB . XM EBRRIERER ALK E ™ HIE
BPTETE S 7= A AT I BN 45 58 . O BB E AHBL I AN s 4

o H AU T B 5, ARG R R T B H AR BLAS & IR 2
SRR IO AR B AT R AT Tk Kim U0
FH T b 2 R 2% 1 32 N RGB & 45 1500 56 35 467 B F1 5% 35 7
BAEL NG T AR IE B B, Jiang FTUET A4
Ui ) 3 40 AR S TR P 2% LB A RGPl 454 7 A (A 458
BB RMEASE, HE, L AURE R 2 0 2L E
A5 T AR RN AR B O B TR, DA T 7 A R ) 4 1R B
MW ERREAREMNE R, WA REHILT R H ML
TR BE 2 2 (W 7 10k 2 e TR AR A e % U e S Ak 3 4 st
Eit, RS M BN BEAERMAGERFIREFLS R,

ZE LR T MU B AR A A 2 AR T B AR
5 A] SRR A K DI AR e AR, BRIy . (38 F)
o A o A SR B MR B2 Bl 7R A Y Bl S A [l AT 2 i 2 B
ME R R EERN R, BRTBCOYRAT B 2 o
AR SR B 12 ST I B ARG % R T i R [T, R
TR o b AR SGE 5 A AT R S Transformer
HEAT O S 05 D7 B A W, 25 G AR BT BT R 4% (generative
adversarial networks, GAN) Xt A& 48 5 #4 B HE 15 0 1k
THA DA T AR R A T A ] SIS %5 R 3 25 455 R0 46 ) AL, S i
MG R AL E PN RO YRR AL T —E
PG B E WL A SR XT A AAGE B i B AT 2 4 S Hr Y
NEIZ BT R

1 &Hgit

AR SCBETHB93E 3 o M R GE 4 D WAy AR B S 4y
HraR 4y S5 NI 1 Fros . B 56 4T Transformer B 2R
b GI AR ARG R WA T R A Y R
KEREDXS 2 R B O R B EEAERE J1 . R T 3SR YU B R X G
VR0 0 A A L % 3 B L S P R A A I A Y
HLTHLRE 7, A SCHE T I B vk He Al b 25 5 AR IR B R 4%
(generative adversarial network, GAN) #% i1 T — > #4 & 5 44
REHE » F T A O B s R A 10 A I 28 o A PR 00 )
7o BRMANMROC S 5L B S MR AR AL E B9 2 R R LA K
B ol R A AR AR AL o AR SE BT AR AR S Rl B s A
SIFT A RGE I PyQu T4 Bt rT A S Ry R
2 EHiEgit

AR Bl A s T A 170 38 TR A 5 0 s ) ) 4 L K 38 Bl A
0 0] B2 52 e AR O R BRS FE I R . A Sl
FIA R AR 1 R Ty R A IR T R 4%, 7E Transformer Y&
fith b BT — b B A A AT a4 5 ok B A P
R MR O i TR 19 25
2.1 XERIAFEEESR

AR CHE SRS IR L O REZR AN 2 FToR . 020 4R Bk
fiF % F§ HRNet™ v % Bottleneck F1 Basicblock &tk , B
B AU E 1 HRNet RIZHAIR 1/4, HA ) Bottleneck
B 3 UL, HA5 i n e 3Ca) Bin 4RI 1X1 B ,3X3

« 70 o



5 46 & woF o

A1 REEEREWM

ks 2 ik A4

A

BIFFHA

— —

B NI S & 1B B TransformerZa s 1 & /1 B

GANMRAL 5 A

L

|
|
|
|
|
|
|
|
|
|
|
1
1
|
|
|
|
|
|
|
{

g =
“:m ¥ ﬁﬁ;@&g Transformergm % 2

Kl 2 3TF Translormer Fl GAN B A 4 5 1 B HE 4L

BRLIXT B, Ep IX 1 BHRATH /DR EEL C,
Basicblock i W24 ik, K5 E 3 i, Bk 3X3
BRLE 1A 3X3 B L KEW AR, W] LLE R AL B
MIRSE 38 2 4 3X3 BRI KN 1, R A T 0388 84,
AN SRR B A KD .

TR KRB A, 8 T IRIE 2 2k ER
FRAE 28 1] & 3 Ak #: A Transformer 1, &id =
Ak 5 R AE B 4 3126 A Transformer fif A 3 %8 3131
B, ACRAMEREFEBAS 2L ET IERE
BhHAXWME 4 P, BT R E NN TS B AT
Tl o R AR AE B2 B B Be 2L ] Transformer 5 ) 4 il 8% , 4%
FHREGFERBEHFBEXESWEEMNERR, BT
Transformer FREA A PR L4 S B EL & 55
RS NE GBS e fr, W E RGBSR
SOl GAN Az pl— 41 19 1 = P T R AL HT 1A 3
BEBAMREAMENEGE SR, ZEHH5E
TRUAH ) 2 1 4 B RS TR, e i ARl 5 RGB &8 AL [m] 4
T, P A S — B AR U R B AE L, &
BT I 46 38 23 2F AR A0 A] 0 25 22 1] A 1 2R A O 4k A
A S 1 P AR YUDRG B DA T 5 5 K B S 199 56 B A A B 0
HE

¢« 8O

2.2 EF Transformer By A& % 82 SR 51

il Fl Transformer®™ 42 g % 57 A A %8 A5 U AR Y g4 12
PR DL 2 M R 00 B SRR AR 22 ) 9 &S AR .
FHBE T HRZE RN, R I 6 2 R 4 78 1R BUR 3
FHE T HEA RSB EHEL RSN &E. (CEA
B A BRI Sl I KRR 32 BT 3 R R A AU A 3K 4 /Al
WX FR, Transformer SLH7E B & By FRAE 7 T A A R K
B, AR BRI A AR R B 88 SR A5 AT A E 2 1)
X KR FFERN — WO, B X R R
Zh HIERABRETE » Mo X WH#T HER B4R, 68
AR 2 p it &R/ WA T8, EEolwtt
B
)

B 5 A Transformer F A £k HIEE IHLH BT 4544
g T T 4% 18 AT AR B 45 N MR 6 R 2 (] A S I
W AMEREWFIERSAZNAE 3 M ESHHERE
W, W, W, £k 8 H g g, Q. K.V 5551 R m %t
W2 B (query) JEE (key) FMHE (value) , i B HE T
Lcal22)h g 5 AL AR EER . AEEN
UGB R Q & NMES W A A B A & E4T

Attention (Q,.K,V) = softmax ( (D



LR FIANGAN ETEHEEZAN ZRAKRBEFH

516 i

l
A R
1x1,C
H—

ReLU

3x3,C 1x1,C
fea—4 fiba—ik

ReLU

1%1,4C
#tE—4

N
L/

RelLU

(a) Bottleneck %5 #4

3x3,C
#A

1x1,C
ReLU 1k,

3x3,C
A

M
N

ReLU
(b) Basicblock £

&l 3 Bottleneck #1 Basicblock Z5#4

Bl 4 mAZRET7HMANEZ L BER RS

AR5 1977 AR N 8 AT SE 3 T X R AE A B R R .
T AR B 0 O R S AR R AR AT RS T LA SE B
AR ROBE R AE A7 R AR A48 o LA SA 1) 3R B 010 1% 5% B o o )

/5 Transformer HF %k HER HHLH

S R A it ) 5 2O 1 TR A i P — A
OB BRI ARAE A B T OCHE S 0 B AR BE X b J7

AR R T S B BFE . IR AR B AT M 4
B LARR IR A b 2 BEA T U1 o o4 T PR 199 26 S 0 AR 3R A B e
FBERAE G 4 BT I 6 HE S A bR, I R 5 S A e 4
BCIAEL . 22 S5 38 1A A L 3 BT I AR e Il R R
A FRES [B]  FRAG OG5 i AR AR TE R R IR A A 25 8] T A o
2.3 WEREEN

Transformer 7E & P 08 50 4 45 1 F 90 1 w8 P B8
FRUERY Transformer B 4 J7) 3¢ 4 | ¢ Ak 47 BE 25 4 6 55 10
MR AR FFER R BE T T T Transformer LAY LY
AR W 2 R RS (Y 4 Ry A RE . AT, f BR ML
FEBNEOESTIE—KRE, —Jrm. EHEEER
TR ESEE ZRNFER B A, I LR ETTRES %
P EOGR II TCRTE A . B— T, SR AR
BRVE R APUHIHE T B R R JLE S W K B TE R BUR Y
R DX RO Y v B, DT IR TR AR B O R G R A B Y g
1. 5AARERIAL, AT SR & — 30w HEmT
T—E MR, 7] 2 1 & 1 (deformable attention)™* [l
#& patch [ K /NP B e AE . W B, patch (17 8 AN
RN — M I — 2R 1 J2 IR, 3 EL A & Y A 22 F
A P AMBUTS 2T B e RERITE W]
BRFEENAER ] P HEBEZEIAX AR HERE
IR R R RE D AN A AR KR F, T 9% & 10 BT &5t F
Kugth#h., B 6 AASCh A BB IER B ESWE.
2.4 GAN

GAN Rt Goodfellow 26548 s, 3 3 B A ¥ B bl 22
W4 Z [ B X P ST R WA M BRI By, K7
FNE TR S B S ) GAN [ fef LA, GAN £
Bl A L W 4% ( generator network ) F1 | B B 4%
(discriminator network) 28 i . 3 7 I 45 B9 VE F /2 31 W 4y
AR BRI S E R B A
FIBCAE o3 A0 A I — AR B SR R R L RS N R
RGP 28 A 1) X 4 AR B A 2 M 4R, &l 2 L
G5, BIVAE BRI 2% B 3 — 3K 1B R 25 i 0 531 19 4%, 40 591 Y
2 R FNWrx sk A 15 h A B 2 R R . TR A B I 2R
Fi2E 2 B b AR A, B 4% Y BE T BOR R , I AR R Y
R .

TEAR SCH Az 0 P 46 5 T 8 A A G B R o)
A5 RRAEE L I LA X 7= A = o S0 14 #3843 R 3 A BT A ik
W, BTG R GAN BB, A= 5l W 4% A i — 20 34
&, I FRALE Transformer 1155 B0 AN RS
R BE o 00 W 254 R 5 A0 0 245 A () ) SR 48, 44 g A\ B D
5 RGB B — & 45 , I8 FEm A0 2 — 43 iy # AL LU IX
Sy FUEAAE . 3 I AR R R 2 A 1 A 4 22 T ) X A O
A AR S5 IR 3

GAN Il st 72 vh S A B 2R B AR

m(in mDaxV(D ,G) = F xwpdw(_,)[logD(x)] +
E oy o[ log(l =D(Gz)))] (2

« 81



5 46 & woF o

¥ #H K

EEARER

BAK |
! | —— RHESE |

i

| P ——

Fl6 AR E R EEEME

BT FTMRASCH SR GAN

oD (o) 20 50 25 (1 B 8. G (=) Dy AR BRI 45 1) o 25
P GO N A s V(DG R RIFELHEAR Y
Az BUREAR 22 18] 2% S 2 B 1 A0 1L BB 85 max Shy D A PP 4%
G BFHRI R 2% D e KA A 5 45 8 i 28 H 8k min 2
e [ 72 PN P28 D 1R A5 A A B 48 B /ML L SRR AR
HEBHEANZS,

W Zhid TR o3 A~ B B, B eI 25 T A 2 A A
M SEARFEAS ) 0 0 2, 2 ) ] ) 2 B, MK (2) Hr gy
B D A ek K IR BE R R HEA T AUAL R e B

Ly = *E_,.Npmm[logD(x)] — E . _~nao.n log(1—
DGz ] (3

T GeA SR i, N (O H 43 B G B BB R R
88 RS B T vk MEAT AR AL 300K BRACH -

Lo = F __yeonllog(l —D(G(2))] 4

FESEI AR oh, i TR A R BE B TR, E S
Az LT 45 RIS B R 0 I 4 i B Y I O, B AR AR
PR 28 Tovk 7 A A ) 551 0 4 O 2B B R p SR R B . L 7
GAN s i B4t 43 K 0 1) 19 48 32 IOy R B B g I —
b J5 R % 5 A R 4 v s BT LAAT A 4 5 AR R ) 485 0 A TR 6
ST R TR B R

3 AEMRESIRBASH

3.1 RFIRIRIE

7R SCHIAR B R 2 4 AT Ubuntul8. 04, 7 Python3. 7.
PyTorchl. 7. 0 VR B2 S HEHR F 4T dm i . AL 256 F1 56
JIF3E T NVIDIA RTX3090-24G GPU, 7EESC = T

¢« 82

By P 7R L O Astra Pro L 30 fps BSRAERR L
R . RG] PyQts #EAT AT, B 3 M R R
TN 8 7R .

B8 Bl ARG A E

3.2 AHEHIRETH

AR H COCO test-dev20177 F1 MPTI™ 15 A4~ $i 4
BT T UMM L. COCO test-dev2017 WIS
H] & AR G SR I R R L A T 20X 10 SR EIR A
25X 10" A B AL Bl RS 17 AR %
B B R L EETR BNBRS  MPIT B A AR S B HE £
Ry 2.5X10° RAFH 16 A 3 5l 5 b5 7 1 R 28 18, 6 35
T 410 PR M AN TE B, Hor 1.5 X107 SRR VIR A,
3X10° JREMRIZE B IERE A, 7X10° i G MHRAE A, I
SRRt RSO A T BB RTX3090 GPU 47 YN 25, 4] 4 2%
2% 0,000 1,4t & K/ A 100, AWK 300, (AL 4%
EEHETHAEMMALKY AdamW, L LB S E N B =
0.000 1,8,=0. 05,



LR FIANGAN ETEHEEZAN ZRAKRBEFH

516 i

1M 2 AR SCE L — 0 OGRS R B A
RN IR E ERSCRN . B TAXREEST S
B, B AR MR RS % 1T O AR T Y
BYLHEAT T H L, R B i 5 A HRNet #12 F Tansformer
ARSI AE R TransPose 47 T, A T EifH
WA RZ R HERE2Z R A SCRA T &5 5 F SO
[7] 5% F B4 P B 4 AR R 1T L

F1 7 COCO test-dev2017 #HIFE FHMHKER %
iR AP APY AP AP® AP”

ResNet-101™" 64.8 60.4 71.5 87.8 71.1
Mask R-CNN"*  63.1 57.8 71.4 87.3 68.7
CPN™- 72.1 68.7 77.2 91.4 80.0
HRNet-W48*1 75,5 71.9 81L.5 92.5 83.3
TransPose ™ 75.0 71.3 8l.1 92.2 82.3
N =R 72.8 70.2 783 91.6 81.1

F2 ZEMPIHEEE FHUKER %
Al OpenPose HRNet-W32 RXHE -
PCKh 88.8 92.3 93.5 92. 4

TransPose

7% 1 h AP(average precision) A 3 385 i B , APL 1
APM 43 5 £ 7R 7E R B8 K H A5 (area™ 96°) F1 b 55 H 45
(32° <Tarea<C96") I} ) 5F- 45 4 &£, AP50 A1 AP 75 43
FaPERETE AR ToU M B{E Jy 0.5 A1 0. 75 B (9 7 2985 £
B, A3#E 1 894, COCO test-dev2017 g4 ., A X
PRSP EE PR EL TR E. HEHTX
OSBRI P, AR SRR TR T 4 Transformer 1
RESEMHMEMERRKW2HEREE . BARELTEMER
AR RIS R . BNy ToU iy B {E M 0. 5 #1 0. 75 B
VLR X8 /0y B AR AR B b i A 0 SR 1 ST 244 A
BT A N R B SR 3, H % T TransPose 1
HRNet-W48,

# 2 e MPILERAE ERIILER . 5 COCO test-
dev2017 H4R 4 [ Y /2 » MPTL 04z 46 0 31 B0 X AR ER
D SEATRE T R 4E , LU & 2D BB abt HG A 000 e IS
A SCAE MPTT $ffs 58 E U SR A 7 48 4524 PCK, [
0 B S 5 HL X B B IE g bR i 1) B 8 — AL R R N T
BEE BAE I 4, MPIL o DL Sk 3R BE B4 8 0 — 4k 2
%, B PCKh, 3 2 P R/RMERFEFFULEHE T AR IEE
AR SR B P B ot . RS IR — SR T A
XWEERAERY., MEENEZE LUILRS D fEEE
Gy e R BUESI AT IR E R I U N GAN Z )5,
H A5 R T 2 A5 B K B, SR 3R 1 AT 2 i PR AN
6 0 R I R AR A0 1 TR O A AT RAE . I, AR SCTE
3.3 795 IR AL PPAR R B VRS A A BE R SR A L R
rhR T AR DG B 5 B BE T AT T IR

RIRERTLEPRAGKEY YR IEERETHS
BeES5AXHEEMPRIERREFSHEMIL. A
F3IHALLE B, % COCO test-dev2017 ¥4 4 F1 MPII
BARE B E H K HRNet-W48 il TransPose &
A HFSEHEELAXEEE R, ACEHEEZ
AAE T RA T4 HRNet #4155 # &4 5 Translormer
& AR BRI B AR B LR/ B T B 3R AR T AR
MR R IR ERE . S AR LR U
B A AT M 2% )5  BERLAE /N B bR DA B 2% 48 B bR e T J T
BT EAFRRUR .

R3 (EF)SHEMLEIRER

% HRNet-W48  TransPose A F T
¥ aE/M 63.6 17.5 21.1
BEEBEAEE/G 32.9 21.8 16. 3

3.3 AKEHIHER

ALELERTLGRhIRmE 9 FaR B 9k
TE T 38 7 AH 0 T B S8R IR B AT R AR S 2R L I 9 () ] i
2 P AR L B 9 (o) FIE 9 (d) 4331 S N T -8 Ak 4 LA
KT s ta mh O B — B0 P R DT A0 8 b I s X B
PR 43 00 T 28R HEAT PR AL I, AR SRR X 324 A B
A5 Rz Bl v 0 B AR, DA B A TP Al R = Ak A A A
FEX AR SO T TR NS SR BE AT T PR

()@Hﬁﬂé (©)
B9 SRR

D Bk A

RTINS AT 3R I Hh A AR R X o0 B R I Y BT
R A5 T TSP 0 QB A A R T AT A e SR
RINMOCHE (i B E 2 WA S, S
o T S it 7 5 R AT T i 5 R B HE AT LU X 2P
BAHHFEEE S BRI M2, AR g, F
SC LTy e BHAE 7% 28 (functional movement screen, FMS)HY
M E R B RET R L WIE HL S S0 F T8
R B T F KT AR E R RN R R e LA Bl
AV, B 53 5 ks P R B g BT A ) L 5 SR A ] 10 B .

R 10 v, BIJE 3 A B 43 AT O 38 2 A8 SO K AR 1 32 i
FH S VERT B 86 S AL, = A8 SO E 4 A O a0t bR
MR W23 — LRG0 EEE. Kb, B 10 A 4r
I Ay DA TE TE 00 T 3R A5 1 1 A2 20 S AR AR, B 10 (o) R (D
43330 A DA T T A0 T 35 A5 00 B B VR BHE L B 10Ce)

. 83



5 46 & woF o

20

(a) LTI EED (b) DU B 5

16

T 18" T1s

20
(e) HEL T HY

28 5 20 BB Sl A Kt B 10CE) O 7 BB R I 4 A I B 0H
Pl 10 o FBR £ 3 4h g S AR O B dle . AWIAT 10 WAl IR
H o A TE LIS B9 5057 € BE Al T 0 A0 4 IF Sy 5 3 5 95000 4R
BUR T3 AR FE AR IR 917 00 T BT A B R 0
Py DLt aUAn o AR 40 07 B A A Pl mT LR B
HH AR SR R A R Y 0 5 S R Hl o0 A B AR SC PR L R
SETE RS2 55 VG 0 A A % i A 7 Tl P AT 4 o B R
I 10Cd) A AR 2 1K B TR B A L A i R R R R
114 J T 5 B S 4 2 -5 T S Ao A R ARG 2

2) BEALPPAL

AR 22 1) A9 L B M i BE A2 Al LB R 3R A —
MRS SEZh A WK 1L R, A SR IRE KR
73 BT R A A IR DT R BBE I OGT AR BE LR SR LR K
A FEN S S RS INCEPNG BN PN I I
TR RA KR AR T RERM KT S
B IR WO SR e SRR BT
5 E B BROC 5 BR B R M OGR4 A R B

o« 84

20
() JR R T

20

(c) IETH RIS (d) 00T 3% 2

20

(g) LR
B 10 @34y FMS )RR 5] 5 00 H 5 B # X b

BRI A XS LA B IR B AR A AT L A B AR ARD B L X A AR
ZWR.Y efnil g BB A BT R4,

3 (5) g N A 56 42 55 T BE 2 3R

d,, = (x,—x)"+ (3, — ;)" )

Hrdr,(zs 2Dy y)) NBER B EAFRD
A DR A5 0 A A

R 206D AT 1380 A 2 7 2 8] 1 1] B A

d\"+d,”+d,’

f = arccos —dd, (6)

FEF R RS 3.3 W D b T Re M B 1R i &
(FMSO) U R AERBERNAR K R A OE BRI
NEZ B R AT T B UL T, 4B I A AL K 3R
B 45 2095 A0 B AT AH SS 5, X 06T =2 (8] 1 £ BE L A X
B RREHATT 24BN 54T

DABE OG5 1Y A O 43 A A 4 43 B i W] AR Ak 45 R
B 12~14 fiR,




LR FAANGAN S TEHBEZAN S EAKEFH S 516 i

| mxwmm || mxwmE | wgses || RwTRA ||
————l( mwrwm | | moxmwEm | | momwses | | swrrs ||
[1‘ micksm | [ mires | [ mTEERA | AmEcs g
—[www ] [aww | om |
e e a ]
Tixasusm] [irowima] [ivosnes | Aweurs |

D [RXTAREAR| [BETAREAE — !
| XS HEER) e B WX SRR ||

B 11 Ry M NE

—=-~E

S A//v L N\j

st N - f 4
N j&rf EL/ if%“h” X%b
% igj

0 100 200 300 400

fh
(@) ZEAT I K T A 2
or — i | —rmi |
« FIFE = FE
20| 20}

10 | 10

M :
g & OF

20+ =20+
30 L . 30 L : : : et
0 100 200 300 400 0 100 200 300 400 E¥Y  HFH |E¥£‘J—
i 1) il AaE AT
(b) A 5K T A B HUS E (c) a5 7K T B HUS B (d) 25 5 7K T £ B T3 (e 0 He
B 12 2245 Bk 5K BE 5 AT
80 F
E’.
m60
l)f_'
A 40 F EWM#P\_/\_\V \W‘»\
20 F e ZE AR M
e EmHAE %JVM% .
0 100 200 %oo 400

(2) BERATHIRT T BB VAR AR ML 22
.« 85



546

. 86 .

B F oM ¥ B KR
of 80 f 60 I
a0l ey wA
et T 60 30
?“)g 30 \,‘.ﬁ\ (/\}2 E Aﬁ“’%ﬁ 71'% 40
E W A 15’]‘ Hao | i3 %30
20} *\ [ g ]
or ) ﬁii‘d] 20
l ¥ . \ 3‘. .‘yﬁgln T | \ \ . | 0 i
0 2 4 6 8 0 2 4 6 8 0 M

G E R
B A b

v ]

B E

i i
(b) RN FAUB YR REE SR (o) AKX T g rEEsiilE (4) 2A KW T8 E Y hiREXTH
270 F

S ERE %

e 7 AR R R
260 = 75 TR S0R f\“‘m
g20] A NN
$oul L/ Ve \.// ’ M
2130 | [
2 . . . . .
0 100 200 300 400
() MR T8 -B Y AR AR 2 AE AL i 2%
250 f = % —¢ 250f
200 F 200 2 -
B/ =
44150 150 ”gi'
2100 5l-hoo 10"&
50 ?ﬁiﬂlﬁﬁ 50 . 4
—— ,I~ st oL, e . R « e .
0% 2 & 6 @ S B W S 0

() ZEMESRATHRT T BUF A AR 235 37 B (g)Eﬁ%n*ﬂﬁ-’J‘ﬁ%HﬂmﬁﬁﬁlﬁE (h) ARV TBUF YR 23 Ik
B 13 2GRS AR N Bl A AR ARl

105 F
100 |
i
®/ 90}
85|
80|
0 100 200 300 400 ‘
1
(a)ﬁﬁ EE:FEEQREFH%E
] - 144
100 - o]
e fff 80 | *’”’“E? 80 1"
80 B 140
6 | 60 {38
60— PSR e P 3‘8"’5'
NEEZ R g
pl o BOK-BAMIRE Wb BRI 40 34l
(et (e ) A
i 32
20 ¢ k- R % . o 20
o i o 3.0
ok Y S

A
(b) ZE M-SR TG shiE

0 2 4 6 8 g;?
e
(OK = SE . TEH:|

Bl 14 BT HKTMELL

T TASAEE WKT 0 A Shi R

(d) 245 10K T £ FE V5 sh ¥ FE o Ee



LR FIANGAN ETEHEEZAN ZRAKRBEFH

516 i

TR

-l

AR YE Transformer 754 8 % R @M F H A KR EE
T3P0 AR 8B RL S5 A A0 U R R 45 T AT T AR
4G NREERI0 FUAE S M T — Rl e U
RN R I B0 R TR I R S B B T £
NEZBB TR GE . R AR 4> TTIRNet (2% L} %5 [H]
WA 4 7 B Ak, DOAS TR) RUBE X 4 A B 48 R AT 47 AE S 3L
DA 58 XF &5 b 8/ B AR 0 A W B8 g5 O, 58 1 7
Transformer 15| ATT 48 T8 7 & 7, 78 3 1 &0 B P it
R R b X RAE R X AT B I S A B,
B RRAE TR 5 7 A T B AR R TR T SN Y 0 B DAY
DTS TUAR s 5 J5 8 0 AR O BT R 28 XF Transformer 4 15
A= B BT R AT BRI S5, A T 4R e 0 2% Xof DG B S Y
B8 1. ZadfE COCO test-dev2017 Al MPIL J§ 4~ $ 45 4
HEAT , X5 N7 fY Pk BE 48 7 AP Rl PCKh 43 B3R E T
72.8Y0 K1 92. 496, FEASCEE L A EER L AR 4 2y fiE 1 S AR
AN 7 FhEAE, AR AR RS AREA LT 8
AEANEENRTZE I RS APl R &AL
TG T4 M0 BE AT 3 BT )G » A SO ST I8 B 0 i R ]
TTHERMERE D AR BB, 28 A W i R 8 L 6 T iR
ARG Ubuntu B4 LHEATHE, S0 T EH I 5
T AT ARALAE AT, H R TR T PR 2 I, D {1 B BE U AN
FEE TR R U — s r R B Ands AE A
5% ik
[1] SEVCENKO K, LINDGREN 1. The effects of virtual
reality training in stroke and Parkinson’ s disease
rehabilitation: A systematic review and a perspective
on usability [ J].
Physical Activity, 2022, 19(1) .4-4.

(2] ZBH XGEM,. K. % ETFHeEry FTREEES
RAEFRGEL ] BT EHA,2020,43(15) :84-88.

[3] KIMJK, CHOO Y J, CHANG M C. Prediction of motor

learning

European Review of Aging and

[unction in stroke patients using machine
algorithm: Development of practical models[]]. Journal of
Stroke 2021, 30
(8):105856.

(4] SRS ROGI KRB, 5. B THRE S I 4 AR
BAGHEERLT] BP9, 2022,33(11) :4173-4191.

[5] ROCHA T E, OROS FLORES M I, ALMANZA-

OJEDA D L, et al. Kinect validation of ergonomics in

and Cerebrovascular Diseases,

human pick and place activities through lateral
automatic posture detection[ J]. IEEE Access, 2021,
9:109067-109079.

[6] BRME,BEMF LM AT AKBHIGNYS 22K
MALE AR ZEZIR S LT] b7 W& R, 2020,

43(12):168-172.

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

LI X, ZHOU Z, wU ],
detection method based on wearable devices [ ] ].
Journal of Healthcare Engineering, 2021(2) :8879061.
HAN J, SONG W, GOZHO A, et al. LoRa based

smart IoT application for smart city: An example of

et al. Human posture

human posture detection[ J]. Wireless Communications
and Mobile Computing, 2020, 2020(2) :1-15.
GOCHOO M, TAN T H, BATJARGAL T, et al
Device-free non-privacy invasive indoor human posture
recognition using low-resolution infrared sensor-based
wireless sensor networks and DCNN[ C]. 2018 IEEE
International Conference on Systems, Man, and
Cybernetics, Miyazaki: IEEE, 2018:2311-2316.
JILTANG M U, XIAN S, JUNBIN Y U, et al
Flexible and wearable BaTi(3/polyacrylonitrile-based
piezoelectric sensor for human posture monitoring| J .
Science China Technological Sciences, 2022, 65(4):
858-869.

WU C, AGHAJAN H, KLEIHORST R. Real-time
human posture reconstruction in wireless smart camera
networks[ C . International Conference on Information
Processing in Sensor Networks. USA. IEEE
Computer Society, 2008:321-331.

TToy, A . B TSGR S8 A B A
LI 5 P 56,2020, 35(11) - 2761-2766.
XA E T, B IRNE 55 B TRIBIZ R AR E S
MR B ERT L) ] AL AR ¥R, 2020, 41(4) -
208-217.

PATRUNO C, MARANI R, CICIRELLI G, et al.
People re-identification using skeleton standard posture
and color descriptors from RGB-D datal ] ]. Pattern
Recognition, 2019, 89.77-90.

KWON B, KIMJ, LEE K, et al. Implementation of a
virtual training simulator based on 360° multi-view
human action recognition[ ] ]. IEEE Access, 2017, 5:
12496-12511.

ZHANG Y, LI Z, AN L, et al. Lightweight multi-
person total motion capture using sparse multi-view
of the IEEE/CVF
International Conference on Computer Vision, 2021,
DOI: 10.1109/ICCV48922. 2021. 00551.

LONG Y, YU H, LIU B. Depth completion towards

different sensor configurations via relative depth map

cameras [ C]. In Proceedings

estimation and scale recovery[J]. Journal of Visual
Communication 2021,
80.103272.

KIM Y, KIM D. A CNN-based 3D human pose

estimation based on projection of depth and ridge datal J].

and Image Representation,

o« 87



55 46 % L A T - S
Pattern Recognition, 2020, 106.107462. [27] HE K, ZHANG X, REN S, et al. Deep residual
[19] JIANG M, YU Z, ZHANG Y, et al. Reweighted sparse learning for image recognition[ C]. Proceedings of the
representation with residual compensation for 3D human IEEE Conference on Computer Vision and Pattern
pose estimation from a single RGB image [ ] . Recognition, 2016, DOI; 10.1109/CVPR. 2016. 90.
Neurocomputing, 2019, 358(SEP. 17) :332-343. [28] HE K, GKIOXARI G, DOLLAR P, et al. Mask r
[20] SUN K, XIAO B, LIU D, et al. Deep high-resolution enn [ CJ. Proceedings of the IEEE International
representation learning for human pose estimation[ C]. Conference on Computer Vision, 2017, DOI. 10.
In Proceedings of the IEEE/CVF Conference on 1109/ICCV. 2017. 322.
Computer Vision and Pattern Recognition, 2019. [29] CHEN Y, WANG Z, PENG Y, et al. Cascaded pyramid
DOI: 10.1109/CVPR. 2019. 00584, network for multi-person pose estimation[ C]. Proceedings
[21] HE K, ZHANG X, REN S, et al. Spatial pyramid of the IEEE Conference on Computer Vision and
pooling in deep convolutional networks for visual Pattern Recognition (CVPR), 2018, DOI. 10. 48550/
recognition [ J |. IEEE Transactions on Pattern arXiv. 1711. 07319.
Analysis and Machine Intelligence, 2015, 37(9):1904- [30] YANG S, QUAN Z, NIE M, et al. Transpose:
1916. Keypoint localization via Transformer [ C ]. In
[227 ASHISH V, NOAM S, NIKI P, et al. Attention is Proceedings of the IEEE/CVF International
all you need [ CJ. In Proceedings of the3lst Conference on Computer Vision, 2021, DOI. 10.
International Conference on Neural Information 48550/arXiv. 2012. 14214.
Processing  Systems, 2017, DOI. 10. 48550/ [31] HARVEY A, GRAHAM H K, MORRISM E, et al.
arXiv. 1706. 03762. The functional mobility scale: Ability to detect change
[23] XIA Z, PAN X, SONG S, et al. Vision transformer following single event multilevel surgery [ J 1.
with deformable attention[ CJ. In Proceedings of the Developmental Medicine & Child Neurology, 2007,
IEEE/CVF Conference on Computer Vision and 49(8); 603-607.
Pattern Recognition, 2022, DOI. 10.48550/arXiv. EE®/A
220100520, TSR L BT A B 5 6 VR I T 5 L
[24] GOODFELLOW I, POUGET-ABADIE J, MIRZA M, AEAR.
et al. Generative adversarial networks [ ] . E-mail : whsun@ tute. edu. cn
Communications of the ACM, 2020, 63(11); 139-144, B e 3k GEAEVE ) ML 3052, £ B BT 7 1 LI
[25] LIN T Y, MAIRE M., BELONGIE S, et al B MU T LTS EE LS AR R,
Microsoft COCO: Common objects in context | C]. E-mail:lugd1229@163. com
European Conference on Computer Vision, Springer RN HL N, TEM R A N EENRALE S
International Publishing, 2014, DOI. 10. 1007/978-3- [ {5 4 P 2
319-10602-1_48. E-mail.:qzp2013@tute. edu. cn
[26] ANDRILUKA M, PISHCHULIN L, GEHLER P, SREEM ., Y M, EERFSE T I o e gl B R AR K

et al. Human pose estimation; New benchmark and
state of the art analysis [CJ. Computer Vision and
Pattern Recognition, 2014, DOI. 10.1109/CVPR.

2014.471.

88

WA 5 WA

E-mail : guotinghang (@ tute. edu. cn

B B AT S AR, EBWT R 7 1 9 R E LA A it

E-mail . Z1069593108@163. com



