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Abstract  Vision-based hand pose estimation has become a crucial research topic in the field of
computer vision and plays an essential role in understanding human interaction intent. During in-
teractions, the hand is inevitably occluded by either itself or external objects, resulting in the loss
of image key information. This occlusion degrades the accuracy of hand pose estimation not only
in the occluded regions but also in the visible regions. Moreover, the lack of large-scale occlusion
annotations in existing publicly available datasets results in insufficient research focused on ad-

dressing the occlusion problem. Inspired by this, we propose a joint occlusion classification meth-
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od to improve the accuracy of hand pose estimation under occlusion. For complex interaction sce-
narios, based on the MANO hand model and topology. the hand is divided into independent mo-
tion sections that have rigid body motion properties. Then discriminators based on the bone-eye
angle strategy and the projection strategy are first presented to classify one-hand self-occlusion,
two-hand mutual-occlusion and object occlusion by principle of camera imaging. Discriminators can be
used to create occlusion labels for most public datasets, significantly enriching the dataset’s annota-
tions. To verify the effect of suppressing occluded joints for improving hand pose estimation ac-
curacy, we integrate joint occlusion and joint visibility into a dynamic feature selection module
based on POEM and present a hand pose estimation network fusing joint occlusion information.
The network is implemented by cascading feature extraction, dynamic feature selection, and fea-
ture utilization module. It can select only strongly related features for utilization and filter out
weakly related features, which reduces the influence of occluded joints on the accuracy of hand
pose estimation, thereby improving the accuracy. In addition, based on the occlusion classifica-
tion method and augmented reality technology, we propose a hand occlusion dataset with occlu-
sion labels, named HODA, where the joint occlusion classification method automatically anno-
tates and augmented reality is used to simulate grasping interactions. Under the guidance of vir-
tual objects, the data collection process is divided into pre-grasp and grasp motions, which not
only provides real-time feedback on actual operations but also effectively avoids the influence of
object occlusion during the grasping motions. A natural and coherent background is crucial for
the dataset. To address the problems of unnatural position and semantic incoherence, we use a
text-guided diffusion model to generate a natural and coherent background for hand images based
on the content, style, and semantics of existing images. In the experiment, the proposed joint
occlusion classification method achieves an impressive accuracy of over 95.07%, as verified by
seven public datasets and HODA covering one-hand, two-hand, and hand-object interactions;
three datasets are categorized into non-occlusion, slight occlusion, and severe occlusion based on
the number of occluded joints, to validate the adverse effects of increasing the number of occluded
joints; through comparative experiments and weight matrix ablation experiments, the hand pose
estimation network fusing joint occlusion information outperforms existing methods, realizes sat-
isfactory performance on the HO3D dataset. Especially on DexYCB and HanCo datasets, the net-
work achieves the state-of-the-art performance; the effectiveness of the HODA is confirmed by
the generalizability, similarity, and complementary dataset experiments.

Keywords joint occlusion classification; hand pose estimation; self-occlusion; mutual-occlusion;

object occlusion; hand dataset; diffusion model

1 5

T

TR TAES AR EWE R T AE
ZHEBEENY . LT TR ESAMA M C 2R

MR RS BE T K 4. 76 22K, SRS 22 i
ERHIPS ST a e A IR S E Y b i)
A S P 5 20 B 10 KT, R R R
ANy i v T 0 28 A5 TIRG R 2 iR AR A D 1 X

TR A B AN AT A P B R . RS

Yy e ] LA I B R ) 43 o BT RS T R
PSR AR R BT A PR R T e
BT B SRS, FEL AT R B R A E A i
SR ILSC (Augmented Reality, ARD$#E/ENY . WFEH
PR — R TR o — R T, X F g ol
2 RN A BT R WFRLRE . W
A HE 4 2 T4 28 L0 ) AR GEE Y 33X R I L A AT
st R AT — WS o, i R e
R 2 i T RO B R R AN IR
PO A TS Bt 235w v] WL OGS Al A BE L R



1214 it (=3

Bl

2
£

Eind 2025 4F

XX b 5 W 2 5 Al 0 O T 9 g ek 555
AP58R 23 5 ) -3 4 Ja) il VRS ST T L
iy VR T 2 ) HLBK i B i AR L
I 44 O 1 {5 S S e A R A A S s A — I 4
IR At — e 42, AT S T B A Jm 15 R . At
$ 58 T AR A R A — b B e A TR R A ok R
Cheng %5 A" R 2 00 f1 50 34 5 T30 45 B 42
FIRESA TR ER 2 AMAE B ITR TR
Zet  Madadi %8 AP R Chen %5 A 5% H 346
Dy 32 2y 30 5 i 25 A i T AR S X T P A
REEAG TR B T — 5 HOR BRI P65 SRR R
G IRR 22 AL 1 AR I RE A PR

BeAh A D BT L T TR A R R TR
BT REEE . JoonKyu 45 A f G b AT UL X 35k
VD9 T2 B AR T3 P X SR A D YR B R AIE Ll e 4
FURRAE T B U AL R 0 i A B A R R A
o TR S A A RS BE L (H 2 B A UCEURRAE o e
KRR TR B TR Xu A DLF48 WA
BT Y DI A ) AR SRS L R T

RS A AR BE AR A T8 4 0 2R A0 IF AN iE
TS e Joy 0 4 5 2 B THBOR A FR

SRS T TSR L R RS — A E
TN F R B Z KB AT A B2 0 T AR B S . A
T A B TR A R B A R IR 3 RN T R
WA K, e R A7 AE S R B s AL 5 A T bR il .
B A A BN BT AL 3 A & 3 T 3l 4 28 B R AR
NSNS E1TE S\ W i A W I SR S [
TR

52 3 E IR R K 28 T £ 0 T UL S Ao
AP G Xk A DL 5G9 B 0 L A B TS Rl 4 1) A
A ROHILRE e 1 Tl 4 9 T R A e 4R L R R T
P (A2 B A VN R B IR JR A Bl T A Bl 1] L, AR
SCTH i) 2 4% 58 B 5 4 HH O Il 0 2R 07 1 (R XX
FE AR R 432807 ) I 1 7R o %07 R TR 4
ey S 36 SR PR R T S TR 3 AR Al AR AL B A5 B R
FH =0 5300 8 23 530 ke B 1 G 4 L 0T Ll 5 A
PRIEPS T IR 326, ARSCEN X = Fh g Sk 42 17 7
A EAARNE 2 TF R 4 L 45 5 A SCHR e

( @mFoms 4 L A pepm
il FRREUAW | Cucersns | FRSECEEANE ) .
1 JUHIREA), e
ﬂ ¥ 2% : Je Y
v &
5
. L
a \\\/ 204 B L G 4
- : @ FRX
FHMANOSRY ) @ XA
C (b) WF 1L D ( F PR B N
RGBA FHRNAN  |(ASTCERANE ) ( FRSTCERAAE )
- | NRGE 351
Shlal % "gf ' BRI \-.,
{ﬁ » P T
;| bl = ,
K_/ = .;-J'_}‘ i :
4 7 A mamary @ HFTRX
#%MANOE&E! 4243 37 B T J A Zq&j&ﬁj{ﬂs
( () PR 4 S
RGBER F AL i
//
o
z T —
IS 3 \-’;
L, TV ARX ) A R KA
e © )] @ mexw

FMMANOHIRY

B ST 2 T BRI 4L



5 ORI G R T A R E W TR ST 1215

BB, TF IR B B 28 o P 0 E S 58, v i R 88 0
95.07% o SRJEARHREE P G B 3 AR 4R
Sl 43 F TG IHE B | T B0l B R o R G Y L DA G Y
SEATBCE TR BE AR Ry TR — 2 B v Y
AR TIRE BE AR SO T T B SRR IE S BT, 25
FEE B BR DGR S T WO R . A
PERELLSCHERT™ 9 POEM [ 45 S L0l 48 1 T RilA ¢
TP E B FE LS AL . POEM i i i
ZfME B A H 07 AREL 3D S5 1M A% i A7 &
TEH A T EE 45 DexYCB,HO3D | %805 11k
FZ R EMEN, HE POEM &AL 5 B
X FARE 3D e B HL A AR AR L Al &3R0S
BTSSR R TUAR - 38 A 5 18 1) 3 14 ] 1t
XA TR BE AR . BRI AR SCA gk 56 9T 3B PR A 4
FE T AN R P IR AT S AR AR R 4 A B 4 T DL 6
FROESEAT RN . Bk fe 115 R ITAY, SRS 1 I HS ¢
THRE T . 7E5ATF DexYCB,HO3D il HanCo (4%
B L HEF IR ORS EAR L B AT ik T2
I I AE N T EIE 4 InterHand2. 6M _FIE T 3h 45
FRIEERR A R . e AT AR HH# T
FEBBEFY B HE 4E (Hand Occlusion Dataset based AR,
HODA), DL AR 22 B 7 S T SRS 2 X
TENLAS AR 7 rh AR # 2L, Ik 4h, HODA 2k
SCAR G B BB R A i A AR L% B 28 B 5L O
i FH 23 28073 A hbm e R An 2 L R Rz Ak 1 A AR
PESEEG DL B [R)ECHE B9 78 850008 4R 92 0 3 0E T HO-
DA . B2 AL EE Tk T

(1) T 1] 52 2% 38 B35, Bt T —lod FH % 3 14
S 5 0] UL ST 1 4 207 L REMERR LN BT T
MTF =W E T T EPPRE I N = Fg 5T
(7 AN T B 2 A BGE P bR 25

BT — A S A IE B 42 Tl A
DT P A B T 4 A A T I 4 v ORI T
SR AN B 5T 5 A, 7E A T BG4 Dex Y-
CB.HO3D #l HanCo L #4735 ik , Al 7145 B L H 1
E A T — 58Tt

(3T AR B AR T — A T30 30 P4 50 46
HODA, FI| FH 9 8O 8 A 1 A 45 FL%E Bt 28 B 5
K425 071 A Slbm e P AR 2 R IZ A AR
PELA Y FEHHE A S 50 UE T HODA A %5t .

2 H=xXIE

2.1 FEHEEHFR
T3 1 T AR o AR LAY 0T L e T AR

LT R AR R 2 A AR R A (A T LA
FOnEe = AR ACRE T R RRE R A B
A LM A 5 B = A A% B R R B 3 B4 43 A AT
DA G 58 T30 J A B 2 3% % L AHL A2 3] i e
5, LR RS A Ak fiE 7 AN 25 i De 4E Y
PEW T —A> = W% AT [ 3E N AT 58 5 5
NGRS HORIE R ZF FIE Bl T HIR A % EY
FLOE A, T M S MM A S, MA-
NO BRI ] it 2% p 1 T35 Jmh 0155 6L A0 4y B as 2
B B L 3 R 2235 2 BORE AR 2 80 0m] 5 T 3R
B, Z 25T & T2 e W T A SC B R
Gige
2.2 EETHFRESHITHAR

HETURMF LS AR AWM R T AE
2 7 R AH T35 58 TN AS ] kS A AR P B i
B AR B F K T HE R T 4 R A RS B
2 35 P4 5] R B 1 5 & 3 T A R Y ) Y A 5 AR
AR . Z 00 A R P A5 02 A B Y o 0 P R AR
AT, AREIAGREEZ M ERY Bz
BT ae B 5o LI B # 38 Boh e R B
SRANZAE B 5 IR AR TS TR 22 S G
AT A2 36 il R A iR 22 B Y, Zhang %%
NI A 1 AR it o LS RS oh T 3 1 5
AL A 1R BEAIG (] F8E, (E & i G 5 L SRR 1Y) 25
SRR B A A B e, JoonKyu 25 AR %
AL DX Sy 3 B RRAE T 35 1 DX 30 S Uk LR AE
STIRUR S R (IRE AN /i =1 St A [ 7 o e A (E 3 i
BRI 7 LE 38 I, A B2 R T RBOR W3 R . Asu-
ka 2 NUDRE A AR AR T4 R0 4y O — A B AL
3 P 6 X T A R RE B R . Qi AF TR
Z2AT 55 AL 43 A T 3 4R AT UL 56, {5 X DA
WERG NG . Xu 25 N LFAE b LA AT R4y
HEFY DX, i T it ] 48 15 B Al A (ER e DL B0 R
M Jr P JEE P A L AR T ROR A B . PR, B OGS
RS A3 SR B R JR 8 G0 £ 15 2 4R T A A
TR FE A B2 fifk T 8 4 A
2.3 FEHEEEMAR

TR A AR 2 5 e T I L A T RO I H A
RZ— MR BT oK AT DO T34 42 ) 43
FEFLHE WFLEMF YL, BFLHZE
R IR I 7 11 22—, B8 T RS T
R E R RS, NYUS ICVLPY  MSRAP
N FPHAM 48 40t S 6 F T B DR T 3D 56
W%, RHD'Y [ STB" | FreiHAND ““/F1 Han-



1216 it (=)

Bl

2
¥

Eitd 2025 4F

Col" M SR AT I A THR F Ybn s ol W 45 4 41k T 0
B AR G T N RGB B4 I1H 3D AR
B 25 ) JE 0 Bl B T RS A T R B T B XL
FMF — P8 HABRE IR T & 0T A%
AR E W FE 2 ¥, InterHand2. 6M" # & T X2
FREHIE, DexYCB', HO3D" & 48 F —
YIS, B E T 3D X9, MANO #r%,
Zi b BT T T AT — W AR A 2 A L
5 TR R AR R LT A RO B L i T Y ]

AR W AP TSR AT R EREZ
o JCIT BT Y A AR BRI O 1 R B R T
ENY A i b OB AR R T Rk R
FHBCHE B B T AR Wk,
ASCHE N AR 28BN P AR 2 0 T A 4 L O
it ChatGPT FISCA G| M4 BB A £ 5 17 Al
LT ELA BRI TR RS,
BT 5 B0 PE 42 F1 HODA B 3R 40 4 e (5 B 3 1
fims.

&1 HODA EFHAFHBE\EMNILE

G S 38 .5t HERTT I RS 53 R Ko o] 4% P A 4
NYUH one-hand computational Depth 640X 480 243K X X
ICVLEs! one-hand computational Depth 320X 240 18K X X
MSRA?] one-hand computational Depth 640X 480 76K X X
FPHAMY one-hand marker RGB-D 19201080 105K X X
RHDMY one-hand synthetic RGB-D 320X 320 44K X X
STBH? one-hand manual RGB-D 640X 480 36K X X
FreiHAND! one-hand computational RGB 224X 224 134K J X
HanCo!'" one-hand computational RGB 224 X224 810K N X
InterHand2. 6 M-® two-hand computational RGB 512X 334 2. 6M N/ X
DexYCBH hand-object manual RGB-D 640X 480 582K J X
HO3DM® hand-object computational RGB-D 640X 480 78K J X
OakInk ! hand-object manual RGB-D 848X 480 230K N/ X
HODA (ours) one-hand computational RGB-D 640 X 480 528K N N

3 &R

AR BB G507 T B A L AL 4G MA-
NO B | T35 45 44 56 56 J1 3UR F= 35 8L Y 43 ),
MANO B 5328 5 15 1) S fly , T30 45 48 S 56 1
FIF ALY 1) 2 43 2 0 VR T4
3.1 MANO &5

MANO A ] i 2% 5 1 35 Jag 30 15 S8 A4
Mz g &M, Z BRIz k. MANO
WL EH LSS 0 € R RS H B € R”
KAHE L 778 AV, € R7TYY H 21 AT
J e R M, H, BESH I E F s s E
&IJERSE e T35 .
3.2 FEHEMERMIA

FHREALEREWPATHRETZ — M 1 W
KT 20 A FHE T AL A0 2 B, BEOGTT R
WK T TR RN T, sa IFA%55  BUE N
{1.2,3.4,5) ARWA N 48 L & 48 b ds . o 44 48 F
IR b TR BRI S A R (1,2.3,4) 4K
YR I O I O 18] OG5 L 3z 4 1] ¢35 Fi 4
A, R T TR ST AT B X B bR O

SCT AR AIAR AR QB 5, an e 2 i e gk o o¢
TR . PRI EE— D SRR UAE N B AR SE T A
BB AT T H AR T A TR — R TR B
E S PSR UNITE iR PSP S PSR Y KPS
AN HAR T,

4 "
@i
SRS

M

B2 FRRE R ARG R

3.3 FEHERSE

HOER RS T A F IR, i T T2
Z HH BB g, O TR DT IR o A T
o EI A 21 A7 s B Hon (R R K2 38
PESY L3 g BT e R AP 8 G T 22 1A B AR AR
G, AT E TR T A T MANO ]



5 DRE EIRT YR

=T A O I A

B F LB 1217

R FERE L T B8, K 3(a) Iin, B BT
MANO 8] | g7 545 3 BV, T3 8 B 1
V- T R T A 5 =R T A9 25 A 7
KESHEW 21 iz T,

FH6 T V- 12 R DURH S8 OGSl 2
ik i, Had TR T B-F1m . & 3 (b) B
(R NV B =3 (1Y A (B Y L 93 7 1 A E Y
ST R OV T RN

I ={x eR | (x—J) - J."
a € {1,2,3,4,5},b € {1,2,3}

—J =0},

D

=

K3 FErem oI

FAARX (O Lgdsy 15 A~ FHEEFm,
EREE IR AP AV PREIE £iP SR IS
R, Hok R LR =S S, dn el 3
(IR, B Jo F6 1 J . A8 8 5% AR Sy 3 vk it
HRH T, g, RS J) =5 m T s F
A O T, FRIE .

I'={x e R | (x—J)) -

a € {1,2,3,4,5}

FIRAX O idsr 5 M FHEEEFm. M
-G 1l 2 o AH 48 T4 AT - ek B, HoEEE T
AP A e 1, WA 3Cd) FrR, i J, 351
Jo RV A8 J 0 43 iR E AR AR T4 i L 3 T A
AL E R o, FIHMHLSFIEHLS o,
17 XS B K 1t VBN V-1 1) i, IR A i 51y
Jo EX AT W, RRWT .

(Jl _Jo) D)
/ (2

1 o r_
m]: le(+l J() + J(l( JO
‘J(1+1*J0| ‘J((*Jo‘
n, = —J) XU, —J) Xe;a=j (3)
Hj:{xelm.‘?'(xftlo)’nj:o}?

J € {1,2,3,4}

AN OIS 4 A MAForim, R4S
BT F 5 H 24 A (A1

IR Ji G A ) B P A S 24 A A5 JE] A TR 7 B
KA N AR 10 22 8 L B s R ) L SR R KA £,
21 /\Zﬂjiﬁiﬁ LB RRIR N

Vi = (v € Vb | —J2)« GV —Ji) >0y,
6{12345},66{0 1,2,3}
Vi) = (v € Vi | b—J0 « Ji —J') <0},
a € {1.2,3,4,5},b € {0,1,2,3}
V.= v €{Vy) | b—J +n; >0},

j € {1,2,3.4)

Vo= {ve{Vy | b—=J,) +n;, <0},
j € {1,2,3,4} €5)

o, v B — Mg, VLG LV () LT
T ¥ Ty 13 <l v iy < G R g
V, () RV, (=) AT M40 I, GF 7 8
T R RS SR T RS A5 T - Y 23 )
KRS AT RIS, TR E R

Si=Vi NV,

SI=ViPH NV, NV, (=),

a =j € {2.3.4}

SI=Vi$H NV, (>

Si=Vi NV NV, (.6 € {0,1,2}

SE=ViEH NV NV NV,

a =j € {2,3,4}.,b € {0,1,2}

SE=ViH NV NV, (5 .b € {0,1.2}

5 03
So - {VSD} 7U1/Uo Sﬁ

(5)
Hor, S o 21 AN phSr Rz g ocHE & . W E R,
R T AL 23510 J5 0l T AR AT R A SR R

T T RUZEE.

4 BEESEFIE

S B BT P L UUT L R
PRI WA L R . K07 ik MANO HE i,
T RSASE TR 3 0 440 5 5 4 . MANO 2 ]
PAH B SOR TS 3], TRl BI7E 3.3 WE &%
P A T R A D A ) S 8
4.1 BFHEHSE

P48 T Q3 9 1 B, Bk — 2P ] LA
RIRA TR P R 21 iz sh ooy,



1218 it (=2

Bl

£ Eid 2025 4

A B AR AT AR IS 2 BT N AH ARG sl BT, HH 4R 2
Bl FR TIPS K A AR AH 2R 32 3l BT 4 S A LG R
RIFAT B, BB AR 4B 32 2l 5050 AT W I A5 B A% 2D L 5%
SR W X LA B 0] A O 1 R 75 B AH 4842 By BT I
P Az s s on W G e 4, Rk, i 1 ()
Fi7R , #H 4B 12 ) 55T R EE AH 4R 32 3l 50T 43 il R B
I 1 R W R 52 SR s ST s P4 R0 % . Ol TR )
R L H R 5T A 48 i 3E A 4R 2 2l B I
P4, 00 TC 75 AT

4.1. 1 AHSEIS ) o0 P 0 2%

TEHI BN AR LR I2 2l o R 0, B IR o 245 5t
L, R L, defs. Hb L, 2 H LR SR
) H ARG RIAHALA L, L, & HARKE T 35 1M H
PRAH AR IETT , BRI 42U 2k, &l 4 iR . M FHE2S

4 B IR

HEARALIZ S i, AR 4 A0 AL B AR B B, o BE 95 75 41 AL
25 [B) N TR 0 4 28 b T AT ART A7 B 0 A <8 i3 3 5 T
P AT Z BB W, FEAR SO, # @ ANT 157,
WA g OGS FEAE Y
4.1. 2 ARAHABIZ Bl BT P A ) g

E NSRS R E | K S K e € 2 e i
TR S M RS 2 i . TR AR A2 48 H AR G
TR A 2 K AF A 41532 2 B0 70 R B {E, 11 & TR
FLHEEM 3D Ak bR AR B, J5 # VR B i AE A 4835 g
TG b I WA SR B A E . B SRR AR B
AT AR 4832 sh B oe T AL S B B 2D R
FPH G .2D BFRRT Jop WAL T 2D iz 3 HRICN
mE s iR, T RS &4 FIH Melkman 5
HEUU R 2D B Fh oni B UR BV Q L X Q SR
Gy Be LM AE A AL G X B 0.0 J2is g HoT
F B AL 2% X8, AT DA AL T B MANO #2731
FAERE T A7 PR3 S50 38 4 b 285 A8 S AN o A 1) L, T
PEi's 2 I LINVE TNy

occlusion 3J,, € O
Qe =1 ibles s @ O

BEAR L 43205 3k 38 R LR W o 208 4 90 42 1 L

1Rz 2h BT K 8 SCAC I, VR 7R 398 A 3l P AR A

(6)

3DIEB) G
J #s :’aw- " | B - 1{-“_}’*_ 0
]_ 2DIBEY IG5k Cty \;)
b t . (}.M{.’(% -
- 21 N / ]
& a5 { L ..“',"._ .L_ AN 5{/__/ !
s L 1Y 1, o
WDIEH T p ¥ | : :
iyt fied et L SHBFQ 2D HEFFA A L A KO
K5 B

4.2 WFHEEHHE

T FE PSS 4R TR T H Y, i T AR
S — R, R T E R el X
MANO #8585 42 A~ sh oo, o, W3]
DIAVEIIA 42 DRI g pn T, Fik, AR
F ) g5 0T DL B AT RS B 0T B R A 2 h, a1
(b PR .
4.3 WKIERE S

Wy A S P4 R A T G T A8 HL I A R R
PR B 4y 25 & 1 (o B s, B IF B0 4
DexYCB"" Al HO3D""* 2y il . 1 56 5 U F 346 MA-

NO B Wk S = F K 6D E 8 Bk R =
A — A HE A 4B 32 3l 50, I P A G Y 4 2R
25 A GRS EE A AR A2 sh BT A A B A L
Horp 52 %05 AR — 3%, [\l T A F ik
BB AR RT R SE 3 & 5, 38 3 B 0T VR B (E AN fig TR
HhELCHEREMEMRE. MENEEYEK LS H
T O T f AT A JR B IXOIUR B e N OR b . AR
SCUAA ML AR H AR S L i, UL TR R
IR EE (1R KO Ry B A& f B Ak, Rk 5
A A A 32 4 P9 A R Je /N A R 32 3l B 0T IR
BEAH .



5 ORAF IR H G 5T A ST A

SNUERHIE oY TR/ 1219

5 ESXTIESERMTFRRENETTMS

N Tt PR R RS TR EL AR

SCETE T B AR e A B, 240 7 E A o R
POEM"™ |- il & 3 £ 5 ) W56 15 {5 B, W&l 6 Jr
TR o 2% FRRR AR AR B Bl A5 R E B 5 R AIE R A
e S B

0 FERRRR (a8 AEERAR \( WERFABR )
j} MLP g]mp:qqg..
j DLT with
w . Occlusion
T 2, . Weight Matrix
- J T“‘-\
=T ELJ
. . DA HBLA S A
\_MAE&I mE "\ PACN

6 il OGP AR S B T B S A T 0 4 HE e

5.1 4H{EIRENEBR

FRAE 4R B ResNet-50 Fb AR e 44 5 1) 3 T
W25 52 . AN A TR T € RY™Z i it
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RFAIE B 6 o (08 425 5 AR DG RRAE E 471 3e 10 4 55 4
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loft nursery coat hoodie box quilt pacifier rattle cup
game room pantry parka scarf dice game controller jar tomato soup
home theater attic suit tie popcorn DVD photo album candle
laundry room hallway shrug peacoat detergent clothespin umbrella key rack
lounge workshop | turtleneck cap magazine cup screwdriver nail
basement closet hat gloves flashlight toolbox scarf belt
storage room garage bikini pajamas bin tape tire wrench
balcony gym robe blazer chair plant pot dumbbell yoga mat
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media room den cardigan jumpsuit gelatin box blu-ray disc book blanket
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7.1.1  SCEER
AR ST ) BT 58 B O A BT — W) S H
s k8T 7 A BA R R A TR S A HODA
AT O3S o RS TT R A 3 i S B A AR 1515 2]
1000 5k E% 3t 147 000 A~F#H KT, HODA [RRE#
IR LA 5] 2 000 SRR, 3k 42 000 A TF# %
. SLIAASE 16 AR AR IS 6 2
NI 53 Ry — 20 5 18— B B T P T R
7.1.2 SLEGEER
N 0 R O I R 45 28 Pt 43 2 07 B S B
SRR 3 PR, HT S [FBCE AR 22 SRR BT

Dlac s s W ff e — EFah, I RRMEH
95.07 % ,f =i N 98. 36 %0 A5 A R Ak N 91. 76 %,

o 99.21%, B RN 87.65%, I N
98. 36 % . HODA J&ME— % 73 30 $4 ] 25 %) B 4

HanCo

DexYCB

InterHand
2.6M

& 13
HanCo STI
(FETTH17 216 640) (KT HE3 *snnn:
73.81% 26.19% 87.95% 12.05%
FreiHAND

RHD
(18766 920) (Vi #0923 706)

78.34% 21.66%  78.34%  21.66%

[ 14

u d |
, .
|

P 0 L A LA TS AR TH 8 T o0 T 450808
R R T, Hih, STB 348 48 73 7] F A %, X 2
PR A S A R A P O T AR . VAR b B e
SRR AT R T RS /KF  UEW T 90 207k A AL
o PERINEE R T AN TFEIELE A S ERE T Y
PR £ 40 R 44 56T, 75 0 R T W36, W 13 fr
TR o ASSCRGMT T OSBRSS R 0L O 45 Hh
THERY ST (AT L, A 14 iR

R3 DEAEFEFAFABEELHNIBRER

PAETE S THE WD KR OO FERROD
HanCo*" one-hand 98. 26 94. 06 95. 64
FreiHAND™/  one-hand 98. 19 97. 42 94. 76
RHDM! one-hand 97. 85 94. 03 96. 63
STBM? one-hand 97. 44 91.76 87. 65

InterHand

5. G two-hand 95.07 93.72 90. 97
DexYCBM™  hand-object  96. 01 99. 21 97. 33
HO3D'"  hand-object  98. 26 97.07 98. 36
HODAC(ours) one-hand 98. 36 98. 10 97. 66

InterHand2.6M
(JeHTH:37 307 844)

DexYCB
(K10 085 775)

19.46%
74.75% 2525%  61.23%
19.31%
HODA HOAD
(Y%L 11 088 000) (FATEL:1 386 714)

76.31%  23.69%

1

IS 1) B4 4 v P 1

22.88%
60.97%

16.15%
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7.2 EBEEXTHEEFRESMHITHBEIR
7.2.1 SCEGHES

R T 6 S B 56 T B X T I S A A
B RE R, AR ST 3 5 28 FF 1 B T B0IE 4 FreiHAND,
FYBE S DexYCB FIA SCHY & ) HODA $¥E 4

FreiHAND

6k 160k -

| 140Kk
sk
120k

100k -

fit

80k 1

P2 3

60k -
40k -
20k 4

02468101214161820
RS T S ik

T et
024

HEATSE o MR R 23 I 07 ik DA b = AR A
AT P 328 X P R A R AT G K
15 s . MRAEGETHAS R R I AR 3 — 25 70 O Tl
PHCO AR ST R BUE R RN RT 7 DR
) MV BB CRTF 7 AT .

DexYCB HODA
70k i
6ok "
L ]
50k ™.
» .
& 40k = , "
6 i1
BE 30k
20k | .
10k
------ .
IMEREER R aal " P INEEENEREN R T pp——"
6 8101214161820 0246 8101214161820
RS M 14 XA Bk

15 P e B e it

7.2.2 SLEGZEH

FJH AMVUR™  H20Net"™ F1 Li % A7 1y
Ty MR AN B 4R b = AN o 2t A7 Ik,
PA-J-PEGY [CXT 55 J5 56 5 152 22) 15}y ¥F #4854, 2
ik mm, SCERZERIMFE 4 iR, BAEIREELY R
Wit 25 30 £ 2 Y5 4B (4 56 0, PA-J-PE o B & 8,
o, &N BOHE A 14 % AE TR I P T Y 56 T
TG 2 5 I 1 7 I3 P10 0 6 T0I0RG e v
ST SR SRS 56 Y BRSO B S A
E AR A T SE PSR & i EAPO SRR LR ]
JE R WA, A L AR SCIR 2 B T A () 3 4 2 R
Xof T 3B 4 S AG T B R0 A 16 i L 45 R Ry 2 Y

x4 AEEEEEM PA-J-PE LERER
JHE Y FreiHAND DexYCB HODA (ours)
e 6.77 5.22 4. 85
RO 9.06 6.29 5.11
Y 10. 38 6.71 6.03

ik

EE H
P16 A [m) Gl 5 28 200 T I S A A T AR 1B

2> T O BE R B L B UL 3 T R IR AT AN 7] 38 4
Ry B AT X LSS
7.3 BMAEXTEHEENFHBESMEITIR
7.3.1  HLFAGTEXS LS

(D5 HE

Rk FE R T BUHE 2E DexYCBL HO3D DA K
HanCo /£ FIAEHESE . 7 DexYCB 1, f 8 LA
FG o I ZR A7 25 387 AN A ot IRk 4 £
4951 A2 MM, 7 HO3D i, 47 5 A~ A 1A
8. %183 Z2 0 A oK, AR SCik $“ ABF1” . “BB1”7,
“GSF17,“MDF1” F1 “SiBF1” 1% J7 %1 /£ h Il 25 4,
“GPMF1”H1“SB1”fE B M A 42, o, Il 2R 82 A0 &
9 087 A Z LA it WXL 2 706 S ZHSAMWI., 7E
HanCo H1, 4 8 LA EIE . BE£ERT 1 100 NFFIE N
WA 5 418 NFFIE R4 . Hoh It
79 851 AW AT, MR FL & 27 687 AW,

J-PE/V-PE, F-score fll J-AUC/V-AUC & F
LA HE S AT I fe 4. J-PE/V-
PE 3R7R &7 8 % o5 45 ] v & 1% 2% , PA-J-PE/PA-
V-PE /R % H ¥ [CXF 557 (Procrustes Alignment) Ji
I B A 05 A (R B R 25, B8 mm, F-scores
FER O TOE 5 B0 A A ] FHURS BE 1Y 08 R
WE,.EP F@5 fl F@15 £/ B{E N 5mm Fl
15mm, J-AUC/V-AUC 7% 517 o o #% i 7 1% 22
V0 B P IE B DG 2R A TR 7 DexYCB L iR
ZHEUEIEE A 0~20mm, 1] HO3D 1% 2% BUE 15
-~ 0~50mm,

S TE Inter Xeon Gold 6248R CPU.NVIDIA
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Eind 2025 4F

GeForce 3090 GPU R% %% FIF @il 4. Batch Size
WE N 32, AL AR I 2k 100 %8, % ) W] A H
BEEA 1 X 101,70 8 )5 #2410 #2101 1
#1328, Cross-set Transformer #3451k 58 F xavi-
er A oA . A, B TS SO BEOCTE ER AR BN
TR AN B AR R e Rl R AR R T
PSS AN T 9 450 2 Be 4 A R EcE 4 b AR
B ) S R 50 A SR 8 AL A

(2) Lo 45

FEAETF — WEHRSE DexYCB.HO3D FI#E T4
P4 HanCo DS gs UK 5 s, A SCHE 5

7E DexYCB. HanCo £#5 4 I 09 B A 458 F5 Al S 4 -
RENT R, IF HAE HOSD s 45 iy R L
BT REZBTE . A A ST I B IE 7 DexY-
CB 1 HO3D %4 [ AH L F 3B POEM W4 B
THETE R e L A RN 17 s, SEEgh Rk
W, 30 1 3l A AR PE A Bl O R AE BT LA
ARCHR R T A AR TR B ASAGUE B T 4 R DG
XoF AT L 5G9 RS B B T A R0, E B T RS 4 25 Y
B, T3 Ah, B I L AE DexYCB $04E 48 | 3%
S 17 Wit/ F, 7E HO3D %4l 4 o 21 i/ #b, 7F HanCo
R4 R 18 Wi/ Fb, I BT —2H Z A A

%5 DexYCB.HO3D #1 HanCo #{{B5 & FXfLE SR £ R

Wi J-PE ¥ V-PE PA-J-PE v PA-V-PE ¥ F@5 4 F@15 A
METRO" 15. 24 — 6.99 — —
Spurr-® 17. 34 — 6.99 — —
Liu % 15. 27 — 6.58 — —
MobRecon"**] 14. 20 13.1 6. 40 5.6 0.508 0.921
HandOccNet?* 14. 04 13.1 5. 80 5.5 0.515 0. 924
DexYCB H20Net ] 13.7 12.7 5.30 5.2 0.521 0.923
Handbooster!*! 12.9 12.5 5.1 5.1 0.521 0. 922
HFL) 12. 56 — 5. 47 — —
IPNet-* 8.03 — — — —
MVPpLes] 6.23 9.77 4,26 8. 14 —
POEM!'®] 6.06 6.13 3.93 4. 00
Ours 5.74 5.85 3.74 3.85 0. 894 0.996
Artib®™ 23.4 — 10. 8 10. 4 —
IPNet"*] 19. 3 — 8.8 8.4 —
HO3D MVPpLSH 18.72 20. 95 10. 44 10. 04
POEMM® 17.27 17.2 9.6 9.97 —
Ours 15.76 15. 70 9.06 9.56 0.548 0.952
Boukhayma et al. Les 13. 00 0. 435 0. 898
Hasson et al. -¢% — — 13. 20 — 0.436 0. 908
HanCo Zimmermann et al. -**] — — 10. 70 — 0.529 0. 935
Christian et al, ' — — 10. 20 — 0. 548 0.943
Kocabas et al, /7% 8.0 4.4
Ours 6.73 6.78 3.44 3.57 0.901 0.996
7.3.2  BUFAG TR L

POEM
B ME S S POEM B E M R4 #

Qurs

& 17

(D) B e

T B R AR SCHE B AR ST RO 4 AR
AR SCHE BT AR YNGR ALF A A InterNet™™
0 Inter Wild" ™ 78 5 % FH B9 ST 28 7 3045 4 Inter-
Hand2. 6M FJFJEXF s iF 58, T POEM &
T[] BRL T T35 T 1 T 465 A 42, TG 12 L 4 ks 2 AT
ZHGET R B A SO AR SO B PPRE T
Xf InterHand2. 6M 48 S 17 AL ¥, BARS 7258 .
FERFAL H R RS E R KN 8 ML
FAVEREI A Q140047 . “006” 40097, “0127 . “027”,
“0397.“0417F1059”, TERAMAMA T A ABLA .
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SNBHOK A A TF MANO RS R 2D {5 B, I
R A3 8] 42 M phsrig sh o, N2 AT is g
BT BT S L R R (R OR B A R G R Il
T 3P DI B A B0 A2 A T AT L X R R R
m. MEFEghfx: MAFiEshfn; HHES
W45 IR T ) R, W A T2 3ot i #
AFB ot P A FHRESDHER S 4 Fis
Tt j S KO A B0 22 F n] LU I, 22 R
IR, BT BT A T AT LB A B A T IR R
F AT 0 UL I A5 3] A2 T 1 v B A i AE Ry
) 246 AR gy L R A Bk Y J-PE R V-PE By
TEAE A SO F8 5

(2) g g ]

KT HE S B 45 B an 3% 6 iR, 78 J-PE $8 45
I .InterNet & 15. 54 mm, InterWild & 11. 31 mm, ¥
JE AR T POEM (% 9. 02 mm Fl A S48 484 v 1

7.87 mm, X &2 A AT LLR LR R T
PR AR B R TR A TR . AT 4R
SR Al TS BE = T POEML, X J2 i 3 $4 15
SAETRATHE 30k b i B R R 5 A5 T AT
FRAE ST 9 HE B . V-PE 45 b5 A FH UL 45 R A TR 25
W AT AR N A 18 R, IR A A R
WA SO B0k A B4R DT A Ll 5 i
A TERT BE L [ IS BE — 20 Bk 1 P O R AR A

& 6 AIEJT InterHand2. 6M 3B & XTSI & R

J5 ik J-PE v V-PE
InterNet-'" 15. 54 mm 15. 88 mm
InterWild"™" 11. 31 mm 11. 66 mm

POEM 9.02 mm 9. 26 mm

Ours 7.87 mm 8.13 mm

FinER ATFEER AFEG HFXRN  AEFRN HFEMANO AFEMANO

Bl 18 Kb IS X RO S A4 2R

7.3.3 U HE R Al S

AR T S 0 G U A R A A P A g
A P A R R B R e, PR e A A
P4 Self” . AN A8 FH 4y 448 44 < Ob;” . 1 [ it i FH 745 b
A G P AL TF R SE 5 B 58, AE DexYCB
HO3D $dls 4 b i TH ah e s 25 B n ke 7 s, # 4
AT EE R an & 19 fifs . 78 DexYCB i 4 &,

PAX 555 PA-J-PE S 4, ) JH 18 45 15 2 4 2 30 14 42
W T 2 A A RS B B8 T AR 4R ¥ Baseline”
453, Baseline 4 3. 93mm , F| FH 9 4 3 $4 15 8 14 £
KR MR 3. 84mm, F AT F I8 415 54 2 AL
B> 3. 79mm , BT 9 P JEE £ 60 3 15 15 B A AL
HAR PN 3. 74mm, 3 U B 25 TR I £ {5 B0 T80 %
AR BE AR A B AE T . (HAURI AT A S 5 A

7 WEEFEHBIRER (FAL :mm)

ViR:S J-PE ¥ V-PE v PA-J-PE ¥ PA-V-PE ¥ J-AUC 4 V-AUC 4
Baseline 6. 06 6.13 3.93 4. 00 0. 68 0.70

Obj 5.90 5.98 3. 84 3.939 0. 689 0. 708

DexYCB

Self 5.79 5. 90 3.79 3. 90 0. 696 0.713

All 5.74 5.85 3. 74 3.85 0.698 0.716
Baseline 17. 27 17.2 9.6 9.97 0. 63 0. 66

Obj 16. 90 16. 87 9.33 9.82 0. 645 0.678

HO3D
Self 16. 54 16. 42 9. 45 9. 96 0.638 0.663
All 15.76 15.72 9. 06 9.56 0. 660 0. 688
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All

Obj
119 5P T P T i S O 2 R

Baseline Self

R FH 00 A S0 24 %o T A A A RS B 4 T R A B
25,0500 3. 79 mm F 3. 84 mm, X FE R H
i 45 b S R R P 5 EE AR LS B, A, )
R P S0 24 0 0 A G 4 ) T 3 S A A RS B
1o TR AR AT SEE P 5 B L 3. 74 mm, X 1 B
T fiff DR SHE P4 0] R, 2 A 25 TR T A I P O
HO3D $dls 4 A MR E5 8 .

H T ik — A H LA A5 R R R L AR SC
SRS TP S e TR A AN TR B L. 7
TR 27 > HP LS P O T A0 AT D 56 Y G AR R AE 2 A
HREL B BIRE , W4 2 B0, IRZ FRE I AT —
G FE A HE BB E &, BT A8 R i 4 & 24 8 Y
AT DLAR B Fe & 5 ) T3 ] UL G As Ah oA B2 . i
1A HE P AN R R U/ T P A A TR )2 IR A
0 36 25 9 P 5 AR A X i ¢ AT L S A A 1A BE A
SO, JCY SR I P S A A Y L R R G
P — 53 o T LA ] 15 2 5 7 28 424 15 8L, T DA e
R P i e T A AN TR B
7.4 HODA B MSH
70401 ZARYE S AR UPE S5

(D5 HE#

S 7E B TR A FreiHAND , SUF 445 42 In-
terHand2. 6M,F — ¥ EHE 4 DexYCB 1l HO3D |
PEATIR . SR FHEZ A R AH B4 ok 363 HODA 5
P A R . 12 Ak SR e R TR R A s 5 o
BRI S5, 4% 3T 7% 31 0t 85 40 4 1 kA7 0, op
“JRAR AR 4 A W SCEE TR B 4R . AR
PR TR 2 AN TR 7R W) — A Bodis 4 1 R A7 0 2k A
W, B TS B . X BN B R PA-J-PE AE.

(2) LI 25 R

FEIZ AL S2 50 h AR SOR B — S8 41 55 19 1 U5 5
ETE N TS A AN T B 7E FreiHAND, In-
terHand2. 6M ., DexYCB #1 HO3D %4 4 I #4171
%R 5 i 8] HODA bt 47 I3k, 56 iF H iz 1k
PR, g Lk 8 fron. M FreitHAND il In-
terHand2. 6 M %04 5 W01l - A5 8 7E HODA | 3k
BRZE4H A — 1. 4mm 1. 3mm, A H B R,
iM% Fl DexYCB H1 HO3D % 8 4 15 Il 25 #55 £ 7
HODA EJHA R 22 430 F 7mm Fl 10. 7Tmm, i 3
R, FHE L, BR HODA B2 AR % B %
AR [ 51 A G T ) U Y TR B, B HODA 5
FreiHAND #l InterHand2. 6 M (48 N 25 9 4238,
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Background

3D hand pose estimation is a critical component in com-
puter vision. Existing hand pose estimation methods are lim-
ited by the problem of missing features due to occlusion.
However, most research doesn’t adequately address the oc-
clusion problem, while some methods have been proposed,
their effect is still limited.

In this paper, we propose a joint occlusion classification
method that can accurately classify self-occlusion, mutual oc-
clusion, and object occlusion in complex interaction scenari-
0s. We generate occlusion labels for public datasets. To veri-
fy the significance of the method, we propose a hand pose es-
timation network fusing joint occlusion information, which
utilizes the joint occlusion status for dynamic feature selec-
tion, suppressing the accuracy degradation caused by occlu-
ded joint features. In addition, we present a hand occlusion

dataset, created using augmented reality to simulate grasp

interactions, with natural backgrounds enhanced via a text-
guide diffusion model. Experimental results on eight datasets
validate that the classification accuracy of the method exceeds
95.07%. And the hand pose estimation network fusing joint
occlusion information achieves excellent performance on the
DexYCB and HanCo datasets, it also outperforms most
methods on the HO3D dataset. The proposed dataset is vali-
dated by generalizability, similarity, and complementary
dataset experiments. Our code, dataset, and videos will be
available on https://github. com/lishaodong—1lab/HODA.
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