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Improved Algorithm for 3D Human Pose Estimation

CHEN Rong-Gui, JIA Zhen-Tang

(College of Electronics and Information Engineering, Shanghai University of Electric Power, Shanghai 201306, China)

Abstract: Aiming at the current inaccurate predictions in 3D human pose due to factors such as occlusion and complexity
of poses, this paper proposes an improved 3D human pose estimation algorithm to obtain accurate 3D human pose and
enhance the performance of human pose estimation. Meanwhile, it adopts the graph attention block“from the spatio-
temporal graph attention convolutional network to construct the entire network. Qn this basis, the network structure of the
global multi-head graph attention part is improved to facilitate better information propagation and fusion among nodes
and capture semantic information not explicitly represented in the gréiph. Kinematic constraints are introduced as well, and
a bone length loss is added based on the MPJPE loss. By the modéling of local and global spatial node information, the
learning of kinematic constraints of human skeletal movements is achieved, including local kinematic connections,
symmetry, and global poses. Empirieal results show that the improved model effectively enhances the performance of
human pose estimation. Compafred to the original model on the Human3.6M dataset, a 1.8% improvement in mean per
joint position error (MPJPE) and a 1.3% improvement in the Procrustes aligned MPJPE (P-MPJPE) after rigid alignment
of predicted and true joints have been realized.

Key words: 3D human pose estimation; graph attention convolution; bone length loss; deep learning (DL)

AR, NG THE T SR T 24 b A8 5 73 A — e BB P AR S, ST L X I ) = ¢
IR FCORE, 322 7 2 (08 H . =4 ARSI 2 ) o N DGR A b B AE SN, BA R B —ANE

O HEETH: BHEARRBIAIES (62105196)
ORI ) 2023-09-12; A& TA]: 2023-10-09, 2023-11-24; SR AT [A]: 2023-12-07; csa 78 £k H RIS F]: 2024-01-30
CNKI [ 4% g5 K I []: 2024-02-01

Software TechniquesAlgorithm FXAFH AR 5% 187

© EREERREST  hup/iwww.c-s-a.org.en


mailto:462458081@qq.com
http://www.c-s-a.org.cn/1003-3254/9467.html
http://www.c-s-a.org.cn/1003-3254/9467.html
http://www.c-s-a.org.cn/1003-3254/9467.html
http://www.c-s-a.org.cn/1003-3254/9467.html
http://www.c-s-a.org.cn/1003-3254/9467.html
http://www.c-s-a.org.cn/1003-3254/9467.html
http://www.c-s-a.org.cn/1003-3254/9467.html
mailto:cas@iscas.ac.cn
http://doi.org/10.15888/j.cnki.csa.009467
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

2024 4F #3533 % H 4

U i B X AR 4555 T S B AR AL B SE LA
REUfA A RS AT T BT AR R
X, B ARAT DR R H A S A B IR, AR S
MUHEAT 55 (s VR A0 32 A\ R B f% 2505 TH 115 2.
BH =g NARIZEASAL VW FT T R
— i M BB VA5 3 3D Akdr B — Rk
FREL 2D 5 B4R THE) 3D L& BN BE e iR
552 FPOTE X r NPRS. — 2ak  3) v P D 2%, i N P
FIG 43S 2D fl 3D B ML FEIZ. 0 A —FK e H
LA TRVIZRI 2D 245 W45, FESRELE ) 2D o i A
FrAE 9 3D B3k v D 28 IR 4 AR Ak T AH B 3D A,
H T 2D ARZSAE TR AU J&g, At 71245
BRI AT 3 HLEUAS T AR CRY Y, %R A
2D BEAAE 1574 Hourglass™™'. CPNU"*F1 HRNet!"?),
Martinez 5 H 3 TV B 5 S0 4= i e 4%, K
AR T = A A5 IO RE, o1 T oy 5 S
%Dﬂik1$5‘ﬁ%%ﬂ?ﬂ,«.%ﬁﬁﬂ‘:é&% SR, Kocabas
VST 2 AN I e 388 NN, i 2 40 A
JUT 20 = 3530 T B IR B 5= 20, e 1 344 i)
. Wandt 2517 43 Bz 2 M T 55 B I A e ot
U2, 52 2] 3D AAARAAHAL S 4L, R U T B 200K
R S AR Sk FO A ) T, 0 Atk BOHE A A
LB 7. Zhao 251 VR IR LB L%, &4
W2 R 2 5 2 JE W L BT 45 0, i il gk sl E
R F NAR ST B HR 4 00 R AT A, MY ] 5 2
AR ER A B, B A 30 R R DG B i 4 2R 3 R U1 5 X 8%
Liu 25318 SRR, P AR 40 B A B B ke 26

B R, B5 5 2 SR RN T R R R T AR,

Wl 7 B 7 RO B BN 4, WS T 7 A A 7
[0 3D 425 B T R, 76— 52 R 287 1 4 1
1] . R’

AR SC B TEFR B R 7R, N Y 5 R O
VST HH R A 1) = 4 A A 45 A5 6 PRI S B M () CPN
(B4 15 P40 V6 A 2D S8 T 732, Mo B IEL A
R 2D e 1, K0 HEAE A I % [ A SR T
[ty 3D 4245, % Zhao U A Liu 20 s FH 14540 T 00
YRR R, A SR I 2 T A 4
(PRI B 0 R K B AN P 2%, BN B K B R 1
NAKIZF 20T, FE 4S5 2 Sk B 11304 1 90 24 6
VIBEAT 24k, 55 7F Human3.6M $0E4E 136 7 AT
BT R I R

188 4 AR H 1% Software TechniquesAlgorithm

1 MXRIAE
L1 BHETEHML

AR 8 25 10 26745 AR LI R A P o 4 2, AT
2 T 4 T L 2 7% A PR o 321, 3o o 1 465 4 R AR
AT NSRZS (RS 5. R G5B A 2 9 4 568 -
H UL iy ] 4% ) 2 B3 R e, 17 D I 4% DU T LA AR
P HbAR B R 2 MRS R G = (VE) R FR—
A, VAR S S, ERFLMELS, BT
P LR GE i 227, FoMIAR Mgk e NG), 25 N Y
5 BT RFE RO D, AT HY Xova 19715 AU %
7. AR

< XD = o(wxDA) (1)
FOHR AR AL A S BRI — b, X € RPo<KI 75
RS AE ), XEDFOR B+ VR, We
RPwD ST 23 3] () MR RE, o — i JR ek BT B
# ReLU.

T EE B (GON) (R IREE, b iy sk =2 2
KU W, A T4 A AR P 3 4 4 1 06 R IR A 43 31
RIFFRIF, H R BB T — M40 2 1015 B AR T
A JRRHER 22 3] 8 LB (SemGCN) $E H — &
TRRE F AR 7 388 1, %7 ONN i MR
UL AT (1 B 2K L3 GON |, 48 GON X434

R SR 2 2 X A ) B SR B GON 72745 5]
S SRS R (P e ST DA B P A B R R
{93 L1 B SemGONAE GON JE i -4 T — A~ 22
STHIBUERE, HA=5E SUA:
XHD = o(wxDpi(M o A)) )
HrR, pift Softmax FEZEME I E; M e REKJE AT 23] 1
TIAURERE; o — AN IJCERISH, ANHERY, 25| X 15 i
PREAT VR, TSR AR AR TS A j € NG) AL
HT SemGCN [ EAH ) Liu ZUSH 7 B 2= &%
TR 2. 7512 0 45 (1) J=) 350 1 = 0 b, b
N BRSP4 DR TR IR 1 U B 3Rk
HFIH SemGCN H & X ) SemCHGraphConv X £%HESE,
PLIX /M HEZL N LRSI N adj_sym F1 adj_con 15 2 530
BIER 120, Hob adj_sym &0 720 45 X FR 1) 5671 14
HEAT R HIAEFE, adj con A2 — B Al — [ AR 20 B AH
IAS B —Fr P BR G A0 . T O R (AT
TE R SR R O &, =) 38 B B /I B A 5 2]

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

2024 4F 5533 % 4

http://www.c-s-a.org.cn

i H AR SN A

PSR DAy et B N A 6 Rt 4, IR T B A4
KATHILY A, TR IZ b O 2808 G2 Ak 1B ST B 224
F, JCHAR A A B A N P AT F T e A R B R R
DRYVGALE IS, A = (A+1), 4 BUZ K rURF
fiE, i BRUEAFRN+ LR R AL

Ciy -
XD = ||l p(M.0A)XOW, (3)
o=

H, pse Softmax Lk 1 bR, M, e RE>¥K 2] 2 5] #
THERE, OB LR PRIEIEH, W FEW 5 AT
1.2 2FEEKENEEIME

B T BELEER N OCT SR ) EEOC R, A M E
RS (N T B AN BROCTT) Z [R5k R AE i 4 Jm) S 34
ML) A B Kk H58 EEAE R, 47T S (R ) 42 =)

o, BT AN A2 05 R, et — AR

AR Pt B S AT WA RS e

Liu 4519 45 FEROAHU] 5 GON RS54, et
T2 S R U () LR AR 2, A 2
SO RS Al SR 1Y AR R, S T R LR R 4
7 )5 AT R, 2 Sk B I A7 H B i
R JTHLIRIE B (R IK R ), 0 T M AR R
B2 3. AE GON th, & THAL 3T R 2 340
EE (R I3, 0 4 R 9 B 0 T P Sl
AL A Sk FE R MR (3) AT T

(128, 1,17,2)
B,T,N,C — o
by 9 S = =
g T Eo |EBR &
; — S — | 2 R~ —» R
g =l = LN i
3 3 pa #H
2 A il &

A
v
s
®
¥ Bl

AT vE R B B B 2 FroR, Ay A
Ja 2 S BRI T T R 28, A N S 8 PR i R 8% RS
Pl 3 0 W9 % 43 RS 43 3, A HE SCEE R R )
SemCHGraphConv W ZEHERL, 73 Jil#i A\ adj_sym FlI
adj_con, i IEEHCA N EIE L 2 65, KA R4
RPHEAE &, AEEE R A 1 ERER A
HH I TE HOR B — B, 0 R R S (AE B AT A, I A
iz sl 2 IE A PR IEAS B, F S B A B T s /). 7R
2R ZREER I T, 5INT 4 AL B

128,256

.

K
xD = k” ] (B + C)X W, 4)

Forh, KAETER S HOHOR BLK g 4, By e RV R
R4 e AR BB, Cy € RVXN ST 2 3 4 Joj 40 B S
Wi € ROXCUR AR e, By e — Bl M SE B,
RAEAN A 25 53— AN — (P S ) R )
KT 52 44 4 2 D 75 4 E T L B R %
CiJe /AT ST AV AR, C TR R 2% 1, 7E 1 %5
so T ot 4 0 2 1 . €y SR (3) HHe R e
M BT B R BRI M, L M 58 .

2 P i = e N AR A T
2.1 MLRLER

N i 1 I 74 (i G & RV w9 £ ) O
LA EEMEER ., F CPN (& FIE M 4%) I
N R R O s, R R AR

Ja I =HE NS AT SR I I 25 4 [, 2T SCRR[18]
1 VRl T R A T R, SR P T B e SR A PR
TI R 42 JRy 25 Sk P T 0 R 248 AR 10 45 SR 42
IBPHEITK, EILRAL Bl T EEERT 2R 2k
Pl 550 IR 45 1) P S 5 4, ﬁﬂﬂl)‘\%%%ﬁ%.

(128, 1,17,3) *
B,a4N, C

o <t

& K+ o _

= | ES =5 f
—>R6—>-Rj—>v"—>| i

ek #m o =

feal Hw —

=2t & N

Kernel size: k
Channels: C,,, C,,,

o) 2% 25 g ]

T35k, B B R SRR BN RFE I 1/4, R 5
B 4 DN EERE SRS R PHRAE i, R8I EM
1 1 G AR A N\ i e DR — 2, X FO VR AR
RIPEANTA] (R 2 8 R 2 B SEAN R 145 2, FFAT
b2 SYANR] A7 125 16, AT 3t 31 AN [5] J2= M1 £ JEE
M5 S, A R 2 BN A R L35 B R 42 R MR BB
IXHHER I ) 4 R BB P A, FEn_E R R f
N, UL 1 B N\ o S E SR
B B BT R T a3 AR D N\ 1 2 £

Software TechniquesAlgorithm #1F4 AR« 5%: 189

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

2024 4F #3533 % H 4

W26 1B AR A A LR H— 4R A1 ReLU £ M2 1E
BTG, FH T IR A 22 I 25 )1 2k, 5 Bh % g B R T K
ARG [ 7, A3 Bl N R BE IR IR X 2% B4 BT R Bk
RO TR EE, VRGBSR T
— R, XA BT AR E 2 AT AIE R,
BT IR R K.

ER R E NS E WS Rl PRI 5

R R too

| GCN,Global i GCN. GEN,
multi-head connections symmetry

sitEmiien BatchNorm 2D BatchNorm 2D |
ReLU ReLU

res :
L CxTXN l

C.k, C, o 2C, k, Cy,
I BatchNorm 2D BatchNorm 2D
: ReLU o ReLU
Dropout

2CXTxN |

Dropout

2C,. k, C,,, Kernel size: k&
BatchNorm 2D Ci, k, C,, Channels: Gy, C,,

ReLU Cou=Cin
| CouTXN C~CFC,

K2 KEE
2.2 MRLEHIHY R
2 SCHR[2011 8 K, AR SO0 4 = 2 Sk B 3 W 2%
HEAT R, B 3 RO R 4 R £ Sk R B N 4% 4
FIH.

XU pr<oxn

é‘ K=3 -
1

BTXCxN |
Wi
BTxNxClk /L BTxNxN
%,
[—>
G

4
BTxNxN  Softmax B,
I\
LeakyReLU

TXClkxNx

k P
1722 f
X0 BTxCxN

K3 st E AR 2 Sk EE R M 4R

190 45 ARH % Software TechniquesAlgorithm

TEJR MG A R 2 S e s i3k b, % 3 T4
7 [A], PR 3 A TR (R A2 )R 22 3k B R 0 N 465 1)
g HH A5 AR N S0k S 1 A R 2 Sk R R 2 R
P 577 TP i A A ) 2 SR 4 e T R 4 OB
Bl i, JE5I N EERE. 5 @) —FFREN
AN EER T3k, AT SRR A ol 45 R4l iE £
PHETE—HT, Rk 4 LD 2 L EER ). 020 4) @
— i, B KN 3 REFEN K 3T HEMS
R EIEREEA S % . Eﬁzﬁﬁﬁ@%%ﬂ/\iﬁEXﬁ

x“he MZ& Wk (B, +C) ()

ﬁ%Jﬁ%@&%ﬁ%ﬁamﬁm%%ﬁﬁ%&
B 17x17 (5ERE, FI2X (4) th B —FE, B— AN
P B, R s S AR M — 1, B E R
K5 oR S B G 2 (R AR RAE, SR T s A S
TELEERE DL OB B 2 /0. Bk U, 5 N FFE
M x AT 3 A 11 B0 ¢(x) Flgx)iaH,
FoA 0 A () T 1HH AN S AL, g(x) ]
Hﬂ?iﬁmnﬁiﬁn. HERIFHA LT LN

e (@ 00x)llg(xi)])

ZN PG UEHIZEM))
k=1

@;j = (6)
Hob, gRIg RN A 1 HIBRL [ 1 RmEEE o &
AR VSO B 8 LeakyReLUS U NG % a = 0.2,
qm%eﬁnwaﬁ%ﬁﬁm@¢q#ﬁ%
— A AT GRARE P e 3R T 9 AR R, e 4 e 5
Heies: 5] 8 1.
23 Rk EHHEGHE
B AR B R 2 (MPJPE) i i TR A
U0 AR S A B R T R 1 PR A R R R —
T 5 5 U0 = o e 1 o A 5 S = o
FORRAE L B AR I PSB85, FoE S

MPJPE = —Z

(7

Horp, NSRRI HEN 17, S RAIKALE, I
TR AL E, ||| Fn BRI LR AT,

BA W 2 K% R R T BB RZE AR, AT # R
AR S R I SE A SR A R SR B AR 0, R e b
FINE KB A LR, i R AR B B3 A K
JEANAN S b N B B AR R — B, BAORSE N 2R
W 7725 — S B B R A S XA F T T I B4

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

2024 4F 5533 % 4

http://www.c-s-a.org.cn

i H AR SN A

AT R, DA Bl 2% B 4 i 2 3] JF A OE
HERA IO =28 NS B FE B R AN it i 0 45 A
INEGENEE (T Sk

loss_bone = Z H
i.J

Loss =0.0025 x loss_bone+ MPJPE C)
b, (0, )2 SR B BN R A, B RS LS = 4k
SR R A A S BE, BRI T P = 4 5714 i 18] F)
(AR

«
B;;

= 1Bl ®)

3 SEE
3.1 BIRERINZNIK

i 23 FF 7T FH B 308E 42 Human3.6M ™'t A 52 g
PR HEAT VI ZRPF A . Human3.6M & — M8 4 360 /7
AP EE B, 11 48 52408 19,1 5 00 B 53 (W
WM. BB, AAE S K AR, AR A 1 2D
R 3D ok A, LA R 4 1L 50 6. 7.
8 I 5 2 W AMEE A N IIZRER, 9 B 11 4 5321
HWBE B R E IR A SR R AT VP4 20 AT

fi H PyTorch HEZL R SZ LA SC 5%, i H RTX
2080Ti, PyTorch 1.11.0, Python 3.8, CUDA 11.3, N {¥
N 43 GB ) GPU. & B HLIRECH 128, I EH 60.
2JEM0.001 TRAA, BRI 14 0.95, BEAL
KIESHKEN 0.05.

FE S50 rp A FH P AR LI T AR S Al TR PP
flifabr. Fabs 1, THE EAE AT K 3D AL bR 8] (1R
AN AT (T4 B AR 22 (MPJPE). T8 F5 2, ¥ TN ¢ 35
5 EAE RTINS 555, F BN I A B
# 2% (P-MPJPE).

3.2 KWWHERRSM

X T = NS AN TE, 3% B0E AN 4
MPJPE 1 P-MPJPE, ¥.47 3 mm. X A FE bR/, 3
PR AR TI B = SK o B  FSR B M, B
(I B AR A . 33 FEL R 2 T 1 S AN B A 4 B B
BIFATALE IRIE(MPIRE) RIERS 55 J5 1 24 5645 iz
BIR (P-MPJPE), U\ JeRE 15 AN Z01E B4R bR 4 SRR 3).

% 1 2 H CPN 1EJy 2D W 23 14 I 252 1
2D A s, UL A 7543 B 3D B AT AR AR 1 4
R, % 2 J2 H CPN {1y 2D il #5 145 F 5 5211 2D
S, DR A RS 3 3D SRR A AR AR 2 45 R
JE 46y 7510 A2 PR A 1 PRI R D B A R, it 12
TE SR U6 510 A o5t P 4 2k oR L, AR SO ) 22
A5 HH B B RRT S B 1 R 4R — B, DA B 4% B8 4
Hb 2 3] A RS AE R G = 4 AR Bk 2 AR R
G5B 1 nF I 25 AT S0, SREEITE 2 (R AE TS
1) 5 A P TN £ SR T A SR SR AR T vk B
B, GT RR LI 2D K. IR0 45 R AR A AR
Hh, UCHF ISR P Rl bt

_ %
#1 k1 45 (mm) % g
Protocol #1 Error Directions Discuss Eating Greet Phone Photo Pose Purchases Sitting SittingDown Smoke Wait WalkDog Walk WalkPair Avg.

Cizg 468 523 447 504 529 689 49.6 464 602 78.9 512 500 54.8 404 433 527
Liu& 46.3 522 473 507 555 67.1.492° '460  60.4 71.1 51,5 50.1 545 403 437 524
XuZl 452 499 475 509 549 66.1 48.5 463 597 715 514 486 539 399 441 519
JRAGTT 474 511, 4797510 53.1 60.0 485 482 586 65.7 515 480 552 400 423 512
Eigua| 472 500 478 510 539 602 484 480 594 65.3 519 480 546 393 417 511
B2 461 | 495 4701 504 53.1 592 485 471 579 64.7 507 471 544 402 426 506
KRILTTE 448 49.6 460 49.6 51.7 59.7 46.6 467 585 69.9 505 47.6 53.8 381 41.0 503

ALTTiE (GT) 35.4 389 299 345 350 388 394 333 36.8 41.8 355 354 339 283 311 352

#2 1R 2 4 F (mm)
Protocol #2 Error Directions Discuss Eating Greeting Phone Photo Pose Purchases Sitting SittingDown Smoke Wait WalkDog Walk WalkPair Avg.

Ci% 369 416 380 410 419 511 382 376  49.1 62.1 43.1 399 435 322 370 422
Liu&®™! 359 400 380 415 425 514 378 360 486 56.6 41.8 383 427 317 362 412
JRUGTT 5 36.9 393 37.0 417 407 458 372 357 460 533 407 367 426 311 354 400
Bk 1 360 390 377 4L1 409 457 370 363 471 52.2 409 361 427 307 346 399
k2 36.1 389 371 412 406 447 371 357 469 53.5 406 360 426 31.1 346 398
AT 351 385 361 400 39.7 454 359 354 465 57.9 40.0 36.0 424 301 338 395

ALTT (GT) 24.5 292 245 260 266 299 29.6 247 29.3 324 279 269 263 227 252 27.1

Software TechniquesAlgorithm FX AR H % 191

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

i E RSN

http://www.c-s-a.org.cn

2024 4F 55334 4

MFE 1. R 2ATLLE W, 1 CPN 1E 2D £l
W, ARSI AT R Tk, K o s AE 1 f A
1 FIFE bR 2 45 A T 38T, X F 15 AN shifEdE e
1 AR R 2 17318, 2 BIEETH T 1.8% Fl 1.3%, [R]i
55 LR 28 7 v Bl A, TR K 43 sh AR AR AT B AT
MIEETE, 3R13 7 NG 3D Jeb . s
2D {HAE A AR 3 3 EUAE 35.2 #127.1 [ s 1 AR
Fr 2 BIgE R R, {4 Human3.6M £ 4E,
BE J5 A ST R B R SR A R AR R, B T
i JUFR 7 V.

B 4 2 AR ST IR 0 = 4 NAR 23S, R A

S
i \\\ —
,_(e | %
(a) Input (b) Hik 1 (c) Jiik2

K4 A RCR

4 e
RSO I A PR R A AR A 4% 11 P R A

N =GR E, Bt T R CREE R

4%, S HTRETE TR R, T X R R AR 1 I
0 B R, SRR B R« TR 4R
BAI N HEE) AR 2], A0 B T IR
FERORIR Y, B850 T ARSI RE, 308 T 8%
?'\j**ﬁﬁﬂﬁzé&}uzl:a‘%%%ﬁ (i, 5 [ R % B

AT =4 NS AS T I — SR L, R 2D B
K %% CPN B 8 FH 52 2D b NN, A S0l

BERFIEAE VN FEAR Lt B ik,

SE Rk
FEAERR, B, BRER, 55 RS 510 =4 AR Al
SRR, THENLRE SRR, 2023, 17(1): 74-87.
2 Erol A, Bebis G, Nicolescu M, et al. Vision-based hand pose

—_

192 4 ARH % Software TechniquesAlgorithm

CPN 211 2D L 5A1E A ML AG E i br 1 T340
BHiRZ. [ 4(a) & 2D B3, Bl 4(b) J7iE 1 ZF8STHR[23]
TrFAFEIN 3D AR, B 4(c) F7i2: 2 & da SCHk[24]
TR 3D ANREZS, B 4(d) 2R R 7R E
1) 3D NS, K 4(e) 248 SUlt 5 46 77 iE R B A
CHVER 3D ANRES, B 4(f) FRom H LK) 3D %4,
BT 3 FOASFIBIMESEAT R R, 2 1 1T /& Directions )
E, 28 2 1772 Eating I1E, % 3 1772 Greeting 3)1E.
AR AL 1 45 SR AT DUE Eﬂiﬁn R 5 55 ST
fiE, ZIKIﬁ/QiTﬁUHJE’JE/M% SO W AR S 5 v T
R R A 25 2 BT, E% TR 3D KA.
L\

e
| st \
> ‘ =S ‘1 it
flf L Tl[ * T‘[

v Ay, U v S A AV L
EliEE e

—— \\ e e
e N

(d) JEas 751 (e) A3CTr1% 6 GT\

-

estimation: A r&v1ew Computer Vision and Image Under-
standlng, 200‘7 108(1 —2): 52-73. [doi: 10.1016/j.cviu.2006.
1’0.012]

3 Zhang HT, Sciutto C, Agrawala M, et al. Vid2Player:
Controllable video sprites that behave and appear like
professional tennis players. ACM Transactions on Graphics,
2021, 40(3): 24.

4 KRR, JTHERR. BT B SRR (R A\ ARAT D . H TR
HiR, 2021, 42(8): 68-73. [doi: 10.19651/j.cnki.emt.1802315]

5 Chen WM, Jiang ZJ, Guo HL, et al. Fall detection based on
key points of human-skeleton using OpenPose. Symmetry,
2020, 12(5): 744. [doi: 10.3390/sym12050744]

6 Chen YC, Tian YL, He MY. Monocular human pose
estimation: A survey of deep learning-based methods.
Computer Vision and Image Understanding, 2020, 192:
102897. [doi: 10.1016/j.cviu.2019.102897]

7 Martinez J, Hossain R, Romero J, et al. A simple yet

baseline for estimation.

effective 3D human pose

© TEREBIK R

http:/fwww.c-s-a.org.cn


https://doi.org/10.1016/j.cviu.2006.10.012
https://doi.org/10.1016/j.cviu.2006.10.012
https://doi.org/10.19651/j.cnki.emt.1802315
https://doi.org/10.3390/sym12050744
https://doi.org/10.1016/j.cviu.2019.102897
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

2024 4F #5334 H 4

http://www.c-s-a.org.cn

i H AR SN A

10

11

12

13

14

15

16

Proceedings of the 2017 IEEE International Conference on
Computer Vision. Venice: IEEE, 2017. 2659-2668.

Fang HS, Xu YL, Wang WG, et al. Learning pose grammar
to encode human body configuration for 3D pose estimation.
Proceedings of the 32nd AAAI Conference on Artificial
Intelligence. New Orleans: AAAI, 2018. 6821-6828.

Hossain MRI, Little JJ. Exploiting temporal information for
Proceedings of the 15th
Munich:

3D human pose estimation.
European Conference Vision.
Springer, 2018. 69-86.

Pavllo D, Feichtenhofer C, Grangier D, et al. 3D human pose

on Computer

estimation in video with temporal convolutions and semi-
supervised training. Proceedings of the 2019 IEEE/CVF
Conference on Computer Vision and Pattern Recognition.
Long Beach: IEEE, 2019. 7745-7754.

Zhao L, Peng X, Tian Y, et al. Semantic graph convolutional
networks for 3D human pose regression. Proceedings of the
2019 IEEE/CVF Conference on Compﬁte; Vision and Pattern
Recognition. Long Beach: IEEE, 2019. 3420-3430.

T, A, A, S SRR 2 5T ) o AR
T EELEIR . TP EANLR SN, 2022, 31(10): 36-43. [doi:
10.15888/j.cnki.csa.008711]

Newell A, Yang KY, Deng J. Stacked hourglass networks for
human pose estimation. Proceedings of the 14th European
Conference on Computer Vision. Amsterdam: Springer, 2016.
483-499.

Chen YL, Wang ZC, Peng YX, et al. Cascaded pyramid
network for multi-person pose estimation. Proceedings of the
2018 IEEE/CVF Conference on Computer Vision and Pattern
Recognition. Salt Lake City: IEEE, 2018. 7103-7112.

Sun K, Xiao B, Liu D, et al. Deep high-resolution
representation
Proceedings of the 2019 IEEE/CVF Conference on Computer
Vision and Pattern Recognition. Long Beach: IEEE, 2019.
5686-5796. ) *

Kocabas M, Karagoz S, Akbas E. Self-supervised learning of

learning for human pose

3D human pose using multi-view geometry. Proceedings of

estimation.

17

20

21

22

23

24

the 2019 IEEE/CVF Conference on Computer Vision and
Pattern Recognition. Long Beach: IEEE, 2019. 1077-1086.
Wandt B, Rosenhahn B. RepNet: Weakly supervised training
of an adversarial reprojection network for 3D human pose
estimation. Proceedings of the 2019 IEEE/CVF Conference
on Computer Vision and Pattern Recognition. Long Beach:
IEEE, 2019. 7774-7783.

Liu JF, Rojas J, Li YH, ef al. A graph attention spatio-
temporal convolutional network for 3D human pose
estimation in video. Proceedings of the 2021 IEEE

International Conference on Robg)tics' and Automation
(ICRA). Xi’an: IEEE, 2021. 3374=3380.

Velickovi¢ Py Ctlcurull G, Casanova A, et al. Graph attention
networks. Proceedings of the 6th International Conference on
Learning Representations. Vancouver: ICLR, 2017.

Shi L, Zhang YF, Cheng J, et al. Two-stream adaptive graph
convolutional networks for skeleton-based action recogni-
tion. Proceedings of the 2019 IEEE/CVF Conference on
Computer Vision and Pattern Recognition. Long Beach:
IEEE, 2019. 12018-12027.

Ionescu C, Papava D, Olaru V, et al. Human3.6M: Large
scale datasets and predictive methods for 3D human sensing
IEEE Transactions on Pattern
Analysis and Machine Intelligence, 2014, 36(7): 1325-1339.
Ci H, Wang CY, Ma XX, et al. Optimizing network structure

in natural environments.

for 3D human pose estimation. Proceedings of the 2019
IEEE/CVF International Conference, on, Computer Vision.
Seoul: IEEE, 2019. 2262-2271.

Liu KK, Ding RQ, Zou ZM, et al. A comprehensive study of
weight sharing in graph networks for 3D human pose
esﬁynation. Proceedings of the 16th European Conference on
Computer Vision. Glasgow: Springer, 2020. 318-334.

Xu TH, Takano W. Graph stacked hourglass networks for 3D
human pose estimation. Proceedings of the 2021 IEEE/CVF
Conference on Computer Vision and Pattern Recognition.
Nashville: IEEE, 2021. 16100-16109.

(BT e 7 FRAst)

Software TechniquesAlgorithm FXFFH AR 5% 193

© TEREBIK R

http://www.c-s-a.org.cn


https://doi.org/10.15888/j.cnki.csa.008711
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

	1 相关工作
	1.1 局部图注意力网络
	1.2 全局多头图注意力网络

	2 改进的三维人体姿态估计算法
	2.1 网络结构
	2.2 网络结构的改进
	2.3 损失函数的改进

	3 实验
	3.1 数据集及训练测试
	3.2 实验结果及分析

	4 结论
	参考文献

