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3D Hand Pose Estimation Based on Double Branches with Multi-Scale Attention
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Abstract 3D hand pose estimation aims to regress 3D location of the hand joints based on the input
2D image, which has been widely applied to virtual reality, natural human-computer interaction,
automatic driving and other fields. The hand pose estimation from a single RGB image is more
pervasive but faces many challenges. To model complex hand joints, this paper proposes a kind of
3D hand pose estimation method based on double branches. In the proposed double branches
network structure, one is used to describe the classical physical connection among the joints of the
same finger, and the other is used to describe symmetrical connection among the corresponding joints
of different fingers. The complementary topology effectively models complex associations among
the joints. With regard to each branch, this paper presents a kind of multi-scale attention for hand
pose regression which improves the hand pose estimation accuracy via multi-scale representation and
scales attention. Experimental results on STB and FreiHand datasets show that the proposed
method is superior to existing hand pose estimation methods, and the average joint error is

respectively reduced by 0. 6mm and 0. 8 mm relative to the baseline.
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A7 52 5 32 B AL R Fil S5 - B 5 B4 SOHE BR 1 A AL
PRI 22 RUBE T 5 ) 52 50 B ik L ek i S 46 AR
AR IE 5 A T7 3R X SE R DL K I 2 9
TOE B PEAL 5280 A SCHE S I B % B itkfT T B
R SEI LI 0 BORE R A R R 1R,

F1 TWHEHANREER

LgE| e

CPU Intel(R) Core(TM) i9-10900X

N 128 GB

GPU NVIDIA GeForce GTX 3090
BIERS Ubuntul8. 04 64 {3

Cuda cudall. 0. 221 with cudnn 8. 0. 3
18 S s Python3. 7

4.1 HIEE

A FHT Obman,STB, FreiHand =¥ &
HEAT 25 oA Obman £ BUECHE 58 FH T M 46 1T i1 25
STB il FreiHand P4/~ B 32 £ 96 42 FH T 60 Al it
FE AT S B AR AR T T 21 A4S 0671 A = 4 AR 4.

(1) Obman s 47 Z 80 £ 1 FHE %
ST E Y T A R R A5 B A R B . A
141550 PMYIZRECHE 6463 4> 5 3iF F 4 1 6285 4~
A, 3 4 I .

(2) STB Hdlg 57" . FH AT 1 & gk
PWHEZ — ZBIRE RN AR AL T oREMN .4
555 T AN [ ) - 34, — 2 T B P B T A S —
S 2R W R LT . B R AR 12 ST A,
BAF S H 1500 WiFFEGRLHBL, ETt 18 000 5K &
BB ERE T FEPOMTF XA 3D ARjE. A
XS k4,16, 28 Tk, ¥ 8 15000 5k F
Y5 ,3000 5% FH F 05K, 52 56 1K BT A 145 8k 5 %)

Gy PR 224 X224 W EMG . th Tz R 4 h i F
FG IR T T3 3h 1 LA, R I A 208 it 12 1% 1 A B0
Ko A UL SR BUE] B SR AE ) 7 b 4, H e R
AN NG SER I B T B S bR T A R
T 21 AT TR B BR T Y 2 e G T I A4 IR
22 SCMR LA TR S0 W 25 OG5 e 4 0 Jigi G

(3) FreiHand 4 45777, % 50 42 2 2019 4F
RATEH) S AHE 32 DX R F . FREEE =28
W 278 R I, — e F 32 5 YR B 1 3)
. A SOk B 5 B B 2% 19 33 000 5K &% i 47 5K
5. AIA T STB %4 48 - 1z B0 4 h i 502 24 L
BE ML A . A% SC I B 36 B 80 Yo i) A5 0 T Il 5
HAx 20 % H F K.
4.2 iTfEIEER

F VY T = AT A o AR SOR
AU SR H FH S 35 56 1R 25 8 bR AT B i, LA IR
oL R o) R i S N VAR B R I 5 S VR VA S e |
IR G 8 AR .

MPJPE=1 - SIS I =0 2o
TNt 1 i=1

Hrp MPJPE J2 V-3 6518 2% T RomtE AR = N
FR AT MBI BN ¢ Tk BUR AR T 0 5R
PN = YE OB T RN ¢ B R R B Y
B AR S B
4.3 MESHEE

ARSI AE T IR Y M 28 HE SR Pytorch i 17,
0 A BB 45 Obman % [ 28 155 %0 53 47 Fi )|
G BR 5 AE LR A O BN ZR I 4G 2% > R
WHE N 0.001, & 500 $& 22 2 K I LI 0.1, il Zk
5000 §&. FLACEHE A2 B O Y B B R < il S
Bt A28 P o B g 3 i Y1l 2k 1000 48 9] B2 )
K 0.001,% 100 #2422 RFe L) 0. 9.
4.4 ZWHER
4.4.1 THRESEES

ASCAT N AE STB 4 4 Al FreiHand (4 4 -
HEAT T IH RS B LA UEAS SCR $ S B OBy 3 2 R
FERE RN 2 ROBE 3 B 07 DL Rl i1 LA R
9 RO AR i i O SR 5 A0 300 Y VR R kAT
TS PEAR

RT I UE AR SR B4 S R 2% HE 4R A AR
P AR SCAE SR 2 HB T BE£R U7 ik (Baseline™) [ JEF
Py B 3% B2 1Y) B4 3 45 #) (Physical Branch, PB) | %
TR 3% B2 A P 4y 32 45 #) (Symmetrical Branch,
SB) P K F F ) B R0 X6 FR X4 572 (Double Branch,
DB) B #h 25 #4 # I F- 5C 15 = 4k {7 B 17 3 ¢ iR
2. KT RUr LA MR G A S I T 5T B R
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I T 2 o 9 B INASL R 5 Bl SR L O (T X
O3 TV SRR SRS 89 07 15K O DB TR SR T
) U Fil 5 19 75 15 509 DBW.

F2 WHZERERIELHE A mm)

iRrS STB ¥iE 4 FreiHand {4
Baselinel2! 8. 327 9. 006
PB 8. 852 9. 888
SB 10. 078 9.194
DB 8. 044 8.637
DBW 7.986 8. 646
DBMSA-SGCN 5.725 8. 158
DBWMSA-SGCN 5.652 8. 261

MR 22 2. A5 SC A5 A T 36 26 O s, B ali iy B8
O3 S BN FR A3 S T 25 R L SR vk 25 X R
TR Ik e Z M AR 1 06 R IR #2115 5,
T A SCH I AN 3 3 40 B TR SE 48 T 61 Z E
TN AR 7 42 06 AR 3k R A I B R RO R BR
PRI 8 F R TR LR T, B, s gk
TP B ) T 2 2 06 A TN T 1 = 4k ST
BRI T [ I A S T B O R TR T 25 R
R Y 0 LA B 3 2 O 3R 1 T i 5 A L ]
BT O B AR B P 4 061 R 22 LR T ik 3R
A T 26 14 4 B 2 0 R RO % ] DA L A AR T G
TR REELR.

Sk T IR PR AN 4 S Rl SR AR SC 4 i) A B
H AR DB HEZE L % DBMSA-SGCN |47 T 52
5. MR 2 0 UAT AR HER H . LA R g S B 4R
A . 78 STB $dls 4 b, 3 T2 o) BUTE A 8l A 0k s
FAF T 7€ FreiHand 3088 45 b 58 F 3 E 1 fl & oK
W AR, X & B T STDB 4 4 AH XT f 20, & T2
AU B IR Rl A T 925 BB A DA BRI Hh 2 AN ST HE
TR o 5 A R AE HP A AR X L L T LA s O T 2
A KW 1M FreiHand 2085 4 09 8088 &2 44, Mk LAAZ 3
PR G5 A 23K BB 1 1 GE T e L Ir LS (A Al A
TR T AL AR A 2, T 2E S B 1 kA R I AN
i PR TS AT MERG 1 T DAAR SC R 22 5050 1 Ok
FH T - S5 il A 1 5R

Ry E— A 56 UE AR SC AT HE XL Sl HE R Y R AN
WhBEE A SCHE IR T PR AR R E TR BG4 R
L2 AT ) B O B B R AT R AN T
HUREE . A AT AL S IS 3. 1 IR 4L MR g
A ASHEHEWT L 55 — 47 0 T 338 A TR o S i
M55 AT T 308 & F W BELA» SO, AU 45
TXWADAFRME TR TR RE, LBE R
W3 3 Fron. X B PB1 fil SB1 £R 8 — 1710 T3
LA SIS 45 PB2 i SB2 R AT TR
By S 2R R YR L 3 RN AU UL L AT A

S &4 FEE R L 58 X T A — A7 T3 0 AR
O3 SCAT HEAE R TN 45 2R 5 TR T A AT T Wy
SCAH AR RTINS R 25 b 4 SR 3 gk — 2B Ul
T WIS [ 73 S0 AN Fah 24

®3 TEAANXLEWFHEEHXITIRE (BAL:mm)
4 B L] FA 1 /M

PB1 2.792 4. 816 6.662 8. 426 7.902
SB1 3. 407 2.004 5.381 8. 829 5.759
PB2 5. 870 2. 641 2.432 2. 887 2.643
SB2 3.848 3. 269 4.109 3.014 3. 743

R T B UEAS SO Y B3 5 22 ROBETE R ) R
(A R A SCH Se 76 9 B8 4y 32 0 i T 3
2 RUBE e F 22 RUBE T 38 00 A5 B 11 7% 00 1 g 4 A »
SRJG 45 T A8 B3 3 I 48 HE BRI B — 43 3 43 31 45 T
2 R o M 2 ROE & B 1) 58 56 45
P4 BOR T YA 2 (PB) (W By X £ R R
(PBMS) W #4y % 2 R & J1 (PBMSA) W43
(DB WU 3 22 ROEE 7R (DBMS) DL K X3 30 %
RO T R (DBMSA) 52 B0 45 5. il 3¢ 4 7]
PLA s 22 R 2R F1 22 ROBE 1 5 B st B 43 32
AL A3 S 9 i &5 49 11 190 000 345 A AR O i) 4 g 2 T
Horp 2 ROBE & 7m b T S8 Al v ) 30000 14 B 32 7 o
.4 PBMS A%} PB 7 STB fI FreiHand %4 4£
TR 22 4 B FEAR T 1. 590 mm Al 1. 277 mmy;
DBMS #f%} DB 7£ STB %4 4 L 97 ¥ & 15 i3 22
FEAR T 1. 959 mm, YL 2 R FRBER IR & LA
[ b SCRFAE o BB T B8 A 7 1) = 2 Ak 1
HROPE 230 25 RAMER . 2 R RN AE STB B4l 4
TR T B S, T RE A SR STB #4411 &
1G5 BB BT LA AT 2 ROBE R85 UG T 3 4f
MIROR T FreiHand %4 48 19 R 73 9 38 O AAIR
JIt LA 22 RUBE 2 9 A R FH R B i 4 BB STB 4L
T LT

F4 SREFENAFLERIERLE AL mm)

ik STB % ¥ 4 FreiHand %44 %
PB 8. 852 9. 888
PBMS 7.262 8.611
PBMSA 7.018 8. 492
DB 8. 044 8. 637
DBMS 6. 085 8. 401
DBMSA 5.898 8.362

AR S LA B 3 S ) m] AR 4 2R O ] 5 Tk
T 2 ROEF R M2 ROEZ B RS A ST =4
BT AE . 7. 58 27 0 T Hal i iy B O3
SCHUIN A 45 R AN BRAEL T AR 3G 22 RO 3R os M2
R RS R  H) BH73 3200 B 45 2R A7 2 =5 4
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1.0
0.8
0.6
K7 RSy 302 ROBE T 78 TH R S 56 ) TT AR Ak 5 X
[T}
Tt ARSI 2 REF B B A B T ok 04
iéj}’j{ﬂ/ﬂ ﬂjwﬂu 'fﬁ ﬁlé 2 —e— Baseline (AUC=0.820)
s " v G A B 25 0. — DB (AUC=0.831)
j‘jTgﬁﬁEzl‘(jC&EHj E‘J Ejz:&llil X@ﬁ*/\ E‘Jﬁ)‘i @ ’ —+ DBMS (AUC=0.832)
R4 PR S 2 BB B2k J7 21 DBMSA 0 Pl e AU 08305

PR EE R, S 45 a2k 5 FToR. R4 & 5, ot
% FU B B S L Baseline-SGCN il DBMSA-SGCN
HH %+ Baseline fl DBMSA fy 3 24 56 %7 1% 22 4 F& AL,
ANMEE H i et i 3 S B UG S B I B BT A
Z B B ) o A S DT B UE T 4 1 LR S
T A .

x5 BXEAEMERAMBIERXE A .mm)

7k STB %4 FreiHand %t ¥ 4E
Baselinel20! 8. 327 9. 006
Baseline-SGCN 7.256 8. 406
DBMSA 5. 898 8. 362
DBMSA-SGCN 5.725 8. 158

ARG 1T ASTE) 58 22 B AE R 9 IR A O A L
5] ( Percentage of Correct Keypoints, PCK) i £k,
STB Ml FreiHand %#i 4 b9 PCK gh £ 4n& 8 A
9 FrR. MR S g 5 SR A SO R T R TR L Ty
25 1 B [ A 8 5 Ve Be AN W7 $2 7. A Scrp DB,
DBMS.DBMSA #1 DBMSA-SGCN # PCK i<k T
m A (the Area Under the Curve, AUC) {& YK 3% kK,
e STB (4% I, DBMSA-SGCN ) AUC ik %] 0. 893,

0 10 2 30 40 50

0
1 /mm
& 9 FreiHand $#i £ iy PCK fii £k

Vo T R R 22 R A A TR RE A 20 mm, A S
e STB B4 iy AUC W3k 0. 999. % 52 56 i
— T T PR AR 1 A R

Jg T FEAS A 323 F Obman 4 8 50HE 4 9617 7
YIZRIEAE B E AR RO M E R A SCet 7 an s
AL FUR TN 25 9 45 100 AS B0 B e a4
EATINA s AN AT W 25, HH24E STB Al FreiHand
R AR IEAT NG IF I, S 45 R gk 6. M4 R 6,
SRS WY ZRECE S AR K A & s B 4 5K
s 4 09 23 A 22 57 HH I RS 100 T AS B L 457
AEAR R B ARG T 25 5 T T 25 O SR AR R BT 4 AR B
SERCHR RV R B Uk 2 0. 3 mm 22 A5 1 T34 06 45 iR
25, 3% g T A BUBCHE S ARG 1 T OG5 1 = 4 A
FabriE , BT A B 2% 20 3 EUR B F =48 75 Z [ 1Y
AL PEMLI 6 &R 25 b AR SO T A R B 4R AT T
IG5 I 76 B S B0 4E R 17 N 28 2 B0 2 b 22 1.

F 6 WG F X TIRE N BT

7E FreiHand #5445 9 AUC i550. 834, Y B . (LAY - mm)
i?‘}gg‘lﬂﬁiﬁkﬁ STB @ﬁ% i AUC —"%—ﬁ 0. 997L30] , DBMSA-SGCN STB %45 FreiHand %% 4
o e X B2 A 23. 311 35. 619
AL BN EFEF MR 2Z A4 20 mm DL A9 AT T 25 6.061 8. 430
T 2RI SO 5.725 8.158
1.0
4.4.2 5 RN H S
0.8 A A B — SE I T B RO A R A T T 4R
DBA 04T T e, X e i 1 1k AR PR
08 VEAESKAE STB Al FreiHand 845 4 | 5256 4 75 2.
N L RN F T MF 8 R,
0.
*7 SIBEEESREAEMLER
0.21 —+— Baseline (AUC=0.833) ik P B/ mm
R s Theodoridis 45 A" 6. 930
—— DBMSA (AUC=0.884) Spurr 25 A [28) 8. 560
0 . . . ~#- Full Tnodel (AUIC:0.893 ). Ge 4 A\ [16] 6. 370
0 10 20 30 40 50 Yang % ALY 7.050
BIfA/mm DBMSA 5. 898
DBMSA-SGCN 5.725

K 8 STB ¥4 ki PCK £k
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% 8 Treiland HiFESME LWL R

VRS V34 G T R 2% /mm
Parelli % A 311 11. 000
Doosti 2§ A [20] 9. 006

Ge % \[16] 15. 360
DBMSA 8.362
DBMSA-SGCN 8. 158

MR R 7 AT A SO e STB i B Ik
Theodoridis % A Jy 35 1 7 35 56 37 1% 25 B K
1. 205 mm, [t Ge 28 AU J5 3 B4 0. 645 mm. 2
% 8 W[ W, 7E FreiHand #(#E4E I [t Parelli % A2
D7 Y [ 4 96 R 22 /) 2. 842 mm, H Doosti
28\ 7 PR 0. 848 mm.

4.4.3 EMEgER

ASCgy T TR 5 AE STB B4 48 Fil Frei-
Hand %4 4 & 9 — 2e 0] 904k 45 28, DL 0 i 7
P& 7 1 B A R AT A AR T i R R T A 3 Y = 4
A bR AR Bl A B 4 F B R

JnlE 10 FOE 11 B L A0 SR SR PBAISB 19
LB R, A SCHT H # DBL.DBMSA LA & DBMSA-
SGCN HA W 4f iy = 4 T 2 A #0251, Hor,

Ground truth

DBMSA-SGCN W % it & 255 145 B 1F 5 Ground
truth JgedEi. WA 10, 3+ DBMSA-SGCN FEAI Fij]
PP F- 3  Z5 F1 Ground truth #238 — 2 & 11
i, 3k F DBMSA-SGCN #5571 3 1) /N F5 19 7T 414k
ZE BT Ground truth. @K 11 28 — 178, 3L T
DBMSA-SGCN Hitiil] (1) 45 R AH % Ground truth 4§
B A /NHE X 2 B A T Y L 15 B A SR T 56 1A
) 45 KA 2 SRR AT B0 s B AN BT 11 58 A5 B, A AT
F Ground truth, 3£ F DBMSA-SGCN #g i il H /]\
Fe A th 23X AR T B MRS 1R 10 RTiEl 11
WARKER . 3T DB R T 45 08 F B — 1) PB 5Y
SB {0 25 5 R L B 11 RS T80 DB
) 25 SR WY A T Lk — A 4 SO S5 R i — 20 L )
ANZREFE G, T DBMSA 145 248 F DB,
1158 —A7 Y T Ak 45 R mT B o b 36 F 3X — a5 4
e SR BB e S 9 DBMSA-SGCN 25 54k T
DBMSA 2588 AHER tH FE B 10 FEL 11 5 1 14 52
B 2% g rh , DBMSA-SGCN 4 25 5 55 4, 108, B 184 im 2l
HETE SCEE RS 4 B G AR E BT AR RAE T 0 2
I 7 o L6 &R

DBMSA DBMSA-SGCN

Bl 11 FreiHand %4 & (¢ 36 73 o] AL 45

444 BRI SHCEE TR L

ASCEE T T BB RL B SRR R R R
Bronzk o. i T AT M BRI S iz 5 &
2% B KRR 73 T AR AE B AR AR 52 HUSY B 9 ResNet50

P2, Fr LA AS SC 45 1 T ResNet50 #idk | Baseline LA
F A S $2 () DBMSA-SGCN 1) 2 $ 2 Mt 8 &2
R B A5k B 4% A 3. 70 GHz CPU #l NVIDIA
RTX3090 b %S4k 1HFE] 2R 7. 8 ms.
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Background

3D hand pose estimation aims to predict the location of
3D hand joints from the one or multiple images, which is one
of the hot topics on computer vision. 3D hand pose estimation
has wide applications in the fields of robotics, human-computer
interaction, virtual reality and augmented reality etc.

3D hand pose estimation from single RGB image is a very
promising but challenging research. The main difficulty lies in
self-occlusion, depth ambiguity and insufficient 3D annotation.
Many novel deep learning methods such as CNN, VAE, GAN,
Pointnet, GCN and their improved versions, have been applied
to increase the accuracy of 3D hand pose estimation from
single RGB image.
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the IEEE/CVF Conference on Computer Vision and Pattern
Recognition. Long Beach, USA, 2019: 11807-11816

[27] Zhang J, Jiao J, Chen M, et al. A hand pose tracking benchmark
from stereo matching//Proceedings of the IEEE International
Conference on Image Processing. Beijing, China, 2017 982-
986

[28] Spurr A, Song J, Park S, et al. Cross-modal deep variational
hand pose estimation//Proceedings of the IEEE/CVF Conference
on Computer Vision and Pattern Recognition. Salt Lake,
USA, 2018: 89-98

[29] Zimmermann C, Ceylan D, Yang J, et al. FreiHand: A
dataset for markerless capture of hand pose and shape from
single RGB images//Proceedings of the IEEE/CVF Interna-
tional Conference on Computer Vision. Seoul, South Korea,
2019. 813-822

[30] Theodoridis T, Chatzis T, Solachidis V, et al. Cross-modal
variational alignment of latent spaces//Proceedings of the
IEEE/CVF Conference on Computer Vision and Pattern
Recognition Workshops. Seattle, USA, 2020 960-961

[31] Parelli M, Papadimitriou K, Potamianos G, et al. Exploiting
3D hand pose estimation in deep learning-based sign language
recognition from RGB videos//Proceedings of the European
Conference on Computer Vision Workshop. Glasgow, UK,

2020 249-263

Her research interests include computer graphics, computer
vision, virtual reality.

WANG Li-Chun, Ph. D. , professor, Ph. D. supervisor.
Her research interests include artificial intelligence, human-
computer interaction.

WANG Shao-Fan, Ph.D., associate professor, M. S.
supervisor. His research interests include pattern recognition,
machine learning.

YIN Bao-Cai, Ph. D., professor, Ph. D. supervisor. His
research interests include multimedia technology, cross-media

intelligence, video coding.

to 3D hand pose estimation based on single RGB, especially,
made full use of the structure prior of hand joints, which
explicitly models the relationship of the hand joints existing
inside and between fingers. Furthermore, multi-scale repre-
sentation and scales attention is integrated into the proposed
network architecture to improve the accuracy of 2D to 3D
hand pose regression. Experimental results on two public
datasets verified the effectiveness of the proposed method and
the mean joint error decreased 0. 6 mm and 0. 8 mm, respec-
tively.
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