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3D Human Pose Estimation Based on Multi-layer Spatial Feature Fusion

LIANG An-Yuan, XIAO Xue-Zhong

(School of Computer Science, Nanjing University of Posts and Telecommunications, Nanjing 210023, China)

Abstract: In the task of 3D human pose estimation, the complex topology formed by the connection?reiationship between
human joints presents a challenge. Effective capture of the connections between local joints is possible through modeling
this structure with a graph convolutional network. Although non-adjacent jdints lack direct physical connections,
Transformer encoders establish contextual relationships betweeﬁrjoints, which is crucial for better human posture
inference due to the biomechanical constraints influencing human motion and pose, as well as the synergistic interaction
of human joints. Balancing model performance with a reduction in the number of parameters is of particular importance
for large-scale models. To tackle\: these challenges, a multi-layer spatial feature fusion network model (MLSFFN) based on
graph convolution and Tranéfofmer is designed. This model proficiently fuses local and global spatial features with a
relatively minimal parameter set. Experimental results demonstrate that the proposed method achieves a mean point per
joint error (MPJPE) of 49.9 mm on the Human3.6M dataset with only 2.1M parameters. Moreover, the model demonstrates
a robust generalization capability.

Key words: multi-layer spatial feature fusion; 3D human pose estimation; graph convolutional network (GCN);

Transformer; lightweight
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NAEZEASAL T (human pose estimation, HPE) 7E i
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23 T BUE A L BRIX P MORFAE I BE ) AN 2, i — 2B s
BRI MERE. 1M FL Transformer 2% 5310 2 ¥R 245 5%
K, P RERL T SRR A T SR AR T PRI
Pk, Rk, dnfer 78 CRUFRBE AL 1 e FO RT3 T, S A
AR A S5 4 LD 28R, O ST AL — A
HEES.

N TR bR X e e @[] I 0 R N AR
O RIS AEE RO R, AT T — Rl 48
F. IX PR RS GCN Al Transformer 2 i 2% 95 N Jl 57
AR HAZ B AT, VR A FE R F a5 R 4 J g 1 1) 45
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GCN(x!) = D™'2AD™"2x!w (1)
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FELSE A S 4t 5% A A S AR vl 1 B R AIE,
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Human3.6M F1 MPI-INF-3DHP.

Human3.6M: /& =4 NARZ A AT v f i I i) £k
e 2 —, H1 360 Tk B, @it 4 & &5 HRiE
AT AL LEERD 50 Ml £y T 22 4 SRALARE 4 . %500
BAFE 1T MR, K 11 BLWE R (6 5995 L) £
& MES, AFE e, WO, R, FTRIESE. B
LB S 1L 5. 64 7 8 ANYIZREE, Tk X 4
9 A 11 53 A,

MPI-INF-3DHP: & — > BB P v 8k 48, &
BAFE T ENREIIAEE. ZEHREEC S 130 27
BUE, 14 MG AEILR 8 S 5H M 8 Fig3).
FEA S i i A MPI-INF-3DHP B4 E 34738
itk — B ERL Kz AL g
3.2 1FMEIERR

X+F Human3.6M ¥ £E, @ K H MPIPE (mean
per joint position error) *ﬂy_P-MPJ‘PE (procrustes
MPJPE) {f J9 Pk f. MPIPE #5 1 i £ 5% 45 Al 0
FUE 2 (8] P34 BRI R B, BA7 9 mm, MPIPE tH#% N
Protocol #1. P-MPJPE & /b 47 NI PE AR 4 )5, i35
MPJPE. il # ¥ P-MPJPE #% A Protocol #2. 1%} T
MPI-INF-3DHP %45 48, 8 K A IE#f OB s 1 1 45
b (PCK). AUC. Outdoor. GS. noGS fENFATEFx.
3.3 XWBHIZE

ASCHEH AR MLSFEN J& — R g B vk, BP
BT YRR TR S 4E R k. B ks R SN B R
) e LA THE A ) AR T VR ) 4B R A AT
P 2 B 4 IS M 4% (cascaded pyramid network,

CPN). #RJ5 MLSFFN LA 4 &5 AR AR A A N AR il = |

UEL AR, A SOR R IR L K BN 3, 5 e 1

I KN C BB N 240, 2 3LEE TSR BONE
N 8. FEA AR AR A MLSFEN 1, # batch-size ¥
BN 512, IARIRECH 50. % )RR IR E N 0.0001,
54~ epoch J&G 2% 21 FLL 0.95 5 HaE i, b gex
FI i) Adam 1tk 25,
3.4 SLIGZERITEE

M 1 T LLE H, MLSFFN 534 757 AMPose
LG, AU TR 1/9 S EEAAE 1/10
V7 IS SLUCH, BB T A AMPose ZE AN Z 1) P1 Al
W ) P2 . iX % W MLSFEN ¢E{R5HE B8 1 I, 5
AR T R R R PR

* 1 ‘* MLSFEN 5 AMPose 7£ % ¥ fll

. VE SUE FLUCH L R L
ik ZHE (M) FLOPs (M) Pl P2
AMPose!'”! 18.3 3122 49.5 39.4
Ours 2.19 28.5 499 392
R 2. K3 ER T AR B W S HAb TR
Human3.6M #4545 | 1290,

% 2 MLSFFN 5 HAth 757:7E Human3.6M I Protocol #1
(MPJPE) Al Protocol #2 (P-MPIPE) %Lt

Fik P1 (CPN) P2 (CPN) P1 (GT)

Ci%e N[ 52.7 422 455
Cai% \(refine) 50.6 402 38.1
Li% A" 49.9 39.2 38.0
XuZE NP 51.9 ~ 35.8
LutzZ A2 50.5 \ B 34.0
Zou N\ (refine) 494 . 301 374
AMPose!™ {495 39.4 33.7

_ Ours ’ 49.9 39.2 38.0
Ours(refine) 49.1 38.9 36.7

T PUAIP243 51X & Protocol #1 f1Protocol#2, CPNZFR /R Ik 4 75 M
#%(cascaded pyramid network ), GTR 7~ ¥42D ground truthf Afii .

#* 3 MLSEFN 55:1@35?2& Human3.6M _EANRIZ)E ) MPIPE K15 by

Method Dire, Disuc. . Bat  Greet Phone Photo Pose Purchu. Sit SitD. Smoke Wait WalkD. Walk WalkT. Avg.

Cig NI 468 1523 447 504 529 689 496 464 602 789 512 500 548 404 433 527
Cai%s N\P(refine) 465 488 476 509 529 613 483 458 592 644 512 484 535 392 412 506
Lig A1 478 525 477 505 539 607 495 494 600 663 518 488 552 405 426 518
XuZg A1 452 499 475 509 549 66.1 485 463 597 715 514 486 539 399 441 519

LutzZ A 450 498 46,6 494 532  60.1 47.0
ZouZ \Pl(refine) 454 492 457 494 504 582 479

AMPose!'”! 449 493 452 488 513 586 478
Ours 453 497 467 495 510 566 484
Ours(refine) 44.8 495 453 492 502 56.0 482

46.7  59.6 67.1 512 471 53.8 39.4 424 505
46.0 575 63.0 497 46.6 522 38.9 40.8 494

448 571 665 499 464 529 39.0 40.6 495
458 575 653 505 47.0 534 40.3 415 499
449 569 638 49.6 46.1 52.0 39.4 40.6  49.1

VE: refine 10K % Pose Refinement, #& 414L = 4 <15 s r B KIH FH 772,

M2 A3 3 ) LUR ), A SCRE I I 5 i b T
FAbEE L 7k, AT il REZAIES R TR
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(38.9 mm) FHERHUAF T S LS R, sk, 1 ground
truth - ZE 55 78 i NI, MLSFEN R BUR LT, 71
FFRATIRZEILF] T 36.7 mm. 9 1 #E— iP5 MLSFEN
FiZ AL BE 77, 76 Human3.6M | i)ll%k MLSFFN, H1E
MPI-INF-3DHP FiEA7lik. Wisk 4 # ff7s, MLSFFEN
i F /> 2 IS 57 FF 7 7E MPI-INF-3DHP 5 AMPose
AT F g, 97 HAE PCK. AUC. Outdoor % 3 4N 4F
b AT A R R AR Y.

% 4 MLSFFN 5 HAth 75754 MPI-INF-3DHP L]

PEREXT L

Method GS noGS Outdoor PCK AUC
ZengZ \ Y — — 80.3 77.6 438
ZouZE NP 86.4 86.0 85.7 86.1 53.7
Xudz AP 81.5 81.7 752 80.1 458
Liv A 776 805 80.1 793 * 476
Zhao% N1 80.1 77.9 74.1 79.0 o 438
AMPose!'” 86.1 87.5 874 © 870 55.2
Ours 845 871, & 831 864 542

TE: RARAREAE B F R BB R R 1B, T RIS AE B B HE 3
b 0
3.5 HRASELE

N T VFAE MLSFFN 7ERE iS5 4 b 1A 250k,
ASCAE Human3.6M 345 BT T JH AR SLEE, £ XA
R4 . SN0 R 1 R AT 1 280 s Y
RORBIRT L. Seier s Rln sk 5 2 6 Fk.

#* 5  7F Human3.6M AN [F S50 I PEREXT LE

Structure Param (M) MPIJPE
G 2.65 50.8
T 2.26 52.5
G-T 3.33 50.4
G|T 2.24 51.4
G->T 2.24 50.7
G->T->G->T->G->T 2.19 508
G->T->G->T->G->T+ SE (Ours) 2.19 49.9

VF: GRREFEGCNE B, Tﬁ%Transfogmer%’ﬁﬁﬁ%%% - RERATLEEM, |
RIFATEE, ->ﬁi§$iﬁ%ﬂz’ H122 |2 25 (A RRAE Al & 45 44,

#* 6 1 Human3.6M _EA[E ZHSEEREXT LE

Layers k Param (M) MPJPE
2 2 1.9 50.6
2 3 2.24 50.5
6 2 1.8 52.1
6 3 2.19 49.9
6 4 2.65 50.4
10 2 1.67 51.7
10 3 2.12 50.8

VE: TR R USRS F B2 Sk & ), sSeie s ok &
11240, 2 kiE R SIWL B E 18, BT LA R Layers (%6 #% & B &
30MF Rl B2 AR AL, SEoe bk 72, 6. 10BEATXTEL.
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