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» JoonKyu Park, Yeonguk Oh, et al. “HandOccNet: Occlusion-Robust 3D Hand
Mesh Estimation Network.” CVPR, 2022

* Qichen Fu, Xingyu Liu, et al. “Deformer: Dynamic Fusion Transformer for
Robust Hand Pose Estimation.” ICCV, 2023
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HandOccNet: Occlusion-Robust 3D Hand Mesh
Estimation Network
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HandOccNet

 Abstract
- 20| 7t T 222 §E & 0| &3t 3D hand meshE A St AL &
- HandOccNet= 5 7H 2| Transformer 7|8t 2 &2 = 4 &
-Feature Injecting Transformer (FIT)
se=1F Ak = occluded regionO| hand information= T+ & (inject)
- Self-enhancing Transformer (SET)

sz Self-attention= O| 25} FITS| Z1}E refine

- HO-3D, FPHA DatasetO| CH F mean joint error, F-scoresOf| A] SOTA &

Primary features.

b’

(a) Secondary features

Feature
injection

T 7

(b) Injected features
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HandOccNet

* Introduction
7| &9| H+L=2 spatial attention mechansim= AF&
- Spatial attention map= ‘& ‘d SH Al networkZ} O C| 0| focusdliOf ot =X| ¥ ei=
- Occluded region®| H| 52 F A human region®l focus& = U EZE guide
= Limitations
-3D hand coordinate= & 7|0 MTStX| A F
- 20| occluded =l 20| B¥ 2™ hand regionO| CHSF L7t &

- HandOccNet occluded region2| E 2 E 0|85t hand region% SRS o] PN =

Backbone
Secondary feature FL,
regressor - _

Feature “"BP NE““'W map (M FIT feature (Fg,) SET feature (F. 3D Mesh (V)

Input image (1

U

Primary feature(Fp )

<HandOccNet2| M A A QI 7=~

R B TUBED

SOGANG UNIVERSITY 5

VDS

LAB



HandOccNet

» Backbone

- O[O X| & &= 2O} feature map(F) ‘&S, F= O]
—Necessﬂy map= O| O] X|Of| A OfH A0 focusdH OF

M-S
- Primary feature(F,)
- Primary feature = hand region
-FE, = FQM
- Secondary feature(F;)

-Secondary feature = occluded region
-FE=F®(1 —M)

Backbone I

Secondary feature(-
Feature map Necessity map (

P "
Input image (1
@ l

Primary feature( F
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HandOccNet

* FIT

P
-HandOccNet2 F5°¢t F, 2| 2 & & 0| &510] 22t
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Secondary feature(Fs)
FIT
vID) ' FIT feature (Fy )

Primary feature(Fp)
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HandOccNet

 FIT
» Softmax based attention module
CIsoftkzoft)
,dksoft
;s query qsoftE FERH =&, key ksoftE Fpi—'?'—a =
- Correlation map Cyopr = 2 HENM qoore 2F kgore 2l HEtEl =& LIEIL = G

|
‘ CSOftE 0| 83} F, 2| Xt2|0f injectot”| & gtot Fp% xe

=Cso5t = Softmax(

ot

e e ) Softmax-based

‘:L" - sofﬂr,/’attention module
P11, | |

iy e — Y= O 08 £9 3

I ] :

i S
FP_‘:" *Csigi i Slgm:ald based

N~ == — === === === ———-3 attention module

. |

( Conv. [l Softmax mm FClayer Sigmoid @@ Dropout

. A

Element-wise Element-wise Matrix-matrix
B RelU ]

Mult. add. mult.
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HandOccNet

* FIT

» Softmax based attention module

- Softmax based attention module2| oA
'+ 578 query pixeldf 2= key=0| HE0| §ICED EHEHE! I, undesired high correlation score
HI-AH
(@)

-Undesired high correlation score

o s [

(a) Input image (I) (b) Multiplication (©) Curt (d) C
result

(e) Input image (I) (f)  Multiplication (g) Con (h) C
result

<Undesired high correlation score>
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HandOccNet

* FIT

- Sigmoid based attention module
qSigkgg )

-Csig = sigmoid(pool \/7
dksig

-SoftMax &= & elementE CHE element%l'f A E 12{5l0 =2t E 2 X2 Het
=

_||0+

=% |O1| AP 0| A2 attention-scoreS £

L, | ~~{. Sigmoid-based
sig; .
------------------------ attention module

Conv. WM Softmax @@ FClayer Sigmoid Wl Dropout I
|

I -wi 1 -wi - '

Element-wise Element mseD Matrix-matrix |

- RelU Mult. add. mult.

"
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HandOccNet

* FIT

- Sigmoid based attention module
-C = Csoft®Csig

- Undesired high correlation score =X SH &

e | [

(a) Input image (I) (b) Multiplication (c) Ceore (d) C
result

result
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HandOccNet
« SET

« Frjp @ correlation map C Ol [EF2} hand information= occluded region0Oi| =&k 4 1}
- SET= distant information= HE @ E self-attention= & ol Fr;r= refine
- SoftMax 2| Hgt

- Self-attention2| query2t key2| FAIE=E Y 2T+ correlation map= ‘48 ot7| ¢t

- Fpir= SETE 010t HA Fopr = refine

Frim—

Conv. [ Softmax BB FClayer @ RelU

Element-wise Matrix-matrix
\ - DrOPOUt |:| add. mult.
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HandOccNet

 SET

- Input image ~1 2 (a)ZF B hand informations & 11 = Primary feature (F,) -1 2(b)

b
T =
- 1 &l(c): FIT= &5l occluded region0| AH2HEl F, & inject
- 1 &l(d): SET= O| &3l FITS| Z1}= self-enhancing
-d8l(c)] &7t E1r &HIEO| HZEE & &2

-1 E
- %(c)e| &1 HAO| 8= occluded region2| H|ES 44

(b) Primary feature (Fp)

(c) Output of FIT (Fgp) (d) Output of SET (Fggr)
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HandOccNet

 Evaluating Hand Pose Estimation Models

- HO-3D2t FPHA datasetES 7|2 2 mean joint error, mesh error, F-scores2 ‘35 573
~Mean joint error: =73 El joint2} & A joint2| 2| K| X}0[2| EH
-Mesh error in mm: =% Zl hand mesh®2} & X| hand meshe| 72| X}0|2| H&
~F-scores: °8 El hand mesh@} A K| hand mesh AFO[2| YX|St= HE
- F@s: smm] ©X15 S18UE 1), ST AH G ALol2] Y|SB
F@1s: 15mme) QA1E S SHE O, ST AH 2 0|9 YKot HE

Methods | Joint Mesh F@35 F@l15 Methods 3Dj0i['lt error
Pose2Mesh [6] 125 127 441 909
Hassoneral. [14] | 114 114 428 932 I2L-MeshNet [26] 21.2
I2L-MeshNet [26] | 112 13.9 409 932 Hasson et al. [14] 18.0
Hasson et al. [15] 11.1 11.0  46.0 93.0 .
Hampali efal. [13] | 107 106 506 942 Liu et al. [23] 16.0
METRO [21] 104 111 484 946 Hasson et al. [15] 14.9
Liu ef al. [23] 102 98 529 950
HandOccNet (Ours) | 9.1 88 564  96.3 HandOccNet (Ours) 10.8
< HO-3DOf| M HandOccNet ‘d s H| u H#> < FPHA 0| A] HandOccNet & -sH| w H#>
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HandOccNet

* Experiment

<z Ve |

4
&

&

Front view Other view Front view Other view Front view Other view

Image Hasson et al. Liu et al. HandOccNet (Ours)

< 7|& 2 E I HandOceNet2| HEH H 71>
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HandOccNet

* Experiment
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Deformer: Dynamic Fusion Transformer for
Robust Hand Pose Estimation
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Deformer

» Abstract

- Video (sequence of frames)Ol| A| 3D hand pose estimation= T
_l

- X} image frameOf| A{ occlusionO| Lt blur IO ZHSHH, M =
informations O| 2l A estimation= &

- Dynamic Fusion Module
-CHE AZHCH el HEE O 85HAM X =2 22| hand poseE deform
- maxMSE Loss L ——

- M 22 loss function X Al

<Deformer Of| A|>
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Deformer

* Introduction
- Deformer+= spatial transformer, temporal transformer, dynamic fusion module 2 T+
-Fo0| YHEIMH, CNNE 0| 8510] =2 ) OFC} hand featureE =
- Spatial transformer
cooh T YO A &= LBt = HE S| 2HA & Iy
- Global temporal transformer
Z} timestamp OFCH Z 2| @ AFO| Q| 2HA| £ L}2

-Dynamic fusion model
o MS Z Yol MEE 0| 8310 AR I Q2| =M El hand pose= deform

T

" Deformer: Dynamic Fusion Transformer Output \
| Vo : A
— 5 “ Y |
IR LN - 0 - .
. . .'“ Transformer "'D T % ~ = & - |
|
Fo F MLP g P C ) [T NG )
=
Temporal - s '
, Self | Tz {
B i i e M ) (sl R
: B 2
. é . 1
. i
t |
Spual |
NN : / _ i 1 L /
Fr — T MLP Friid Bl &y [ E @5.6%)
e H I
E | Cross Adtention | - '
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Deformer

* Spatial transformer

- O|O| X[ o] TAN|A QI L+ ZF IS H A hand informationO| focus F7| 95l spatial

=
transformers 28

_Vldeo7f YHE|H CNNS 0|88t0] Of &=7+2| timestamp(t)OFCF initial hand feature(F,) S
F=
-F: 2| sequence= & = RO} enhanced El feature FFE ‘d-d
;s FE= hand feature vector= 2| non-local interactionOf| Lot HEE L3t
-FEE5FH N;=21 joints location prediction JPPE =

- Skip connection2| ideaE Z-&, decoderOf| A{ cross attention= &6l F2t JPE 2T

- B 2 2 SFLES| imageOi| M £2] 2S T jointS & ()

< Skip connection>

< Hand keypoints 21 joints>
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Deformer

» Temporal Transformer

- X Z | AN occlusionO| L blur/f EHAHSHH T = A|HO| =g &l
estimation =&

= 1100

- Transformer2| self-attention = Clo} =& =7|2| A7t HE|ef 2HA|CI0| M EE =1
Hr= 4\- AZ

-{Ff =15 ©E '=,':FO|-A-| MEZ 2 latent vector {FFT}I_ & =4
—{T{’Jr}t_l% MLPO]| S =350 MANO pose parameter §, 5 ‘4 ‘S

-4,2+2 0] 835 estlmatlong T=AHSHH T ARl =0 2ol

r

MG 0| FAIE|X| &5

(o i=]

;' Global hand shape query2t {F;7T1T_, £ cross-attentionS} O global shape parameter S+ S

ol =
- _ﬂ“_\_ %ﬁ
1 _:D‘H i_
8 - %_
E—| "::::.,,,, —
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Deformer

* Dynamic fusion module
- Temporal transformer2| A1} Q| {FFHI_, Bt= AFESHH X | o CHot
dependency”/| &&
M= =g Yo §EE thed| & 15H= A0| Oft, O|F 0| 8310 oA =g o
2’4 =l hand poseE deform
{FFHY_, Ol M =72 confidence score &, 2F PN EH 22 H F= A 2| hand
motion (d@[w, doP"E &

A

- Forward motion: ae{‘” = 0,41 — 0, (EI= A 2] MANO parameter@t 21 X{ Zf12| X}O|)
-Backward motion: d@?" = 0,_, —6, (O] A|& 2| MANO parameter@t &4 X Zt1t2| XtOJ)

~ %
dg™ dogv 5
Ig}

Eafw Egbw 9‘1
§ 15k

<Dynamic Fusion Module>
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Deformer

* Dynamic fusion module

- Forward, backward motion= O|-&5}'™ frame j2| hand pose parameter= frame i/}

O:lol:; _7|Q_O-| Hilozlol-_/lk_ OIO

5 0+ XiZydoRr  (ifj <)
e +xibdelY  fji> D)
- 2= timestamp t2| HA El hand pose &
Al A ST
O OO
é+ — Zt’ 1€ Bt
t Zt/ 1ect’
R M THED
SOGANG UNIVERSITY

2t/ 5H0] B hand pose parameter 8 =
777777777777777777777777777777777777777777777 ‘\\‘ Output
“n-l—-0
{bentl)l, 3,89
u? t © - --‘m—».
@ a@fw 'é‘i Ot 3 @89
®© & G- - ~m- .
Frid @y o (enel @8Y
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Deformer

* maxMSE Loss

- 7| £9| standard MSE loss& =2| M2 CIE 22 =0 CHSHA] L EX| 2 0f 2=
HY
~-MSE lossE AFE0 REI2 &HIEIO|A ES| W2 of| 2t &7ttt 22 MA|sta &t

220 (oA = =2 of2iE 2
2 =E2 MER loss function £ maxMSES A| ¢t

- maxMSE loss& large error= 7|2 jointLf verticesOf| = large weight= £ 0 St well-
predicted partsOll = lower weight& £ O &

100

—— MSE 10 o« MSE
maxMSE W maxMsSE

80

60

P; Loss Ratio (%)
MFIFE (mm]

N 4 .
MCP |
: : o
o
0 T . . , ! wrist MCe PlE olp IR Wrist
A 02 o 04 06 o8 10 Hand Parts
Normalized Point Error |7 — 7| |2
<Error0i| 2} 2 O E|= weight H| 1> <Error imbalance issue”| 2t2tE 25>

ﬂ A THEE D VDS
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Deformer

 Motion Discriminator

= Temporal Incontinuity

-gGd= =2 ) BHel2l O|0IX| 2 L2, O| & CRAl MM A dgiS M NN FX| 25t
S=87IE s
e o —
- Motion discriminator= hand mesh sequenceS 2 & 20} Mgt d = EHEH
~Deformer= generator= Ot motion discriminator& O| &St adversarial training= T
maxMSE  Motion Discrimination All Occlusion (25%-50%) Occlusion (50%-75%) = Occlusion (75%-100%)
X X 5.72 (33.0) 6.11 (37.8) 6.14 (87.7) 6.75 (86.5)
X v 5.63 (88.7) 6.00 (88.0) 5.92 (88.2) 6.62 (86.8)
v X 5.43 (89.1) 6.05 (87.8) 6.00 (88.0) 6.59 (86.8)
v / 5.22 (89.6) 5.71 (88.6) 5.70 (88.6) 6.34 (87.3)
<Ablation Study>
R B TUBED
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Deformer

» Experiment

- HO-3D2} DexYCB datasetS 7|

© = mean per joint position error, F-scores, AUC
=
scoresE = 5

~Mean per joint position error (MPJPE): =& El joint2t & X| joint2| ¢/ X| X}0|2| W+
~F-scores: 3’8 =l hand meshgf A X hand mesh AFO|2] YX[5t= HE

2 F@5: Smm2| 2kt

s F@l5: 15mme| @XHE S

om =Xz

s M, U =X ot Arole] EX[ot= B
ofEWs M, St &H &

HA L £ ARO[ o] LX[ot= B
-AUC scores: Z&0| d5X 2= A1 HEo=
Methods Input All Occlusion (25%-50%)  Occlusion (50%-75%)

A2 [55] Depth | 12.07 (76.0) 12.44 (75.3) 14.74 (70.7)

[49] + ResNet50 Monocular | 7.12 (85.8) 7.65 (84.7) 8.73 (82.6)
[49] + HRNet32 Monocular | 6.83 (86.4) 7.22 (85.6) 8.00 (84.0)
MeshGraphormer [33]  Monocular | 6.41 (87.2) 6.85 (86.3) 7.22 (85.6)
[36] Monocular | 6.33 (87.4) 6.70 (86.6) 7.17 (85.7)

[40] Monocular | 5.80 (88.4) 6.22 (87.6) 6.43 (87.2)
STHAND(V)[51] _ Sequence | 7.27 (85.5) 7.74 (84.5) 7.71 (84.6)
VIBE [29] Sequence 6.43 (87.1) 6.72 (86.5) 6.84 (86.4)
TCMR [10] Sequence | 6.28 (87.5) 6.56 (86.9) 6.58 (86.8)
Ours Sequence | 5.22 (89.6) 5.71 (88.6) 5.70 (88.6)

P A%
@ SOGANGUNIVERSITY

<DexYCBO{| A MPJPE (AUC) H| 1 H#>
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Deformer

* Experiment

14] & Livetal [35] - Hand Error () Hand F-score (1)
L . Methods Iput | joint  Mesh F@5  F@Is
I— [20] Monocular | 11.1 11.0 46.0 93.0
i g T 1 [17] Monocular | 10.7  10.6  50.6  94.2
€ o | 1L T [26] Monocular | 10.1 9.7 532  95.2
= [40] Monocular | 9.1 8.8 56.4 96.3
T VIBE [29] Sequence 9.9 9.5 52.6 95.5
1L e et aad R TCMR[10]  Sequence | 11.4 109 463  93.3
21 TempCLR [61]  Sequence | 10.6 10.6 48.1 93.7
0 I I O S O BN Ours Sequence 9.4 9.1 54.6 96.3
0 10 20 30 40 50 60 70 a0 a0 100

Occlusion (%)

<Occlusion 3 =0 [tE MPJPE> <MPIJPE, F-scores H| 1l H>

A B IVDS I
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Deformer

» Experiment
- (Top): Semi-Hand-object
- Single-view method
- (Middle): Mask R-CNN
- Video-based method

- (Bottom): Deformer

ok

‘-d" ‘&&.-.

<7|Z& BY =1} Deformer2| H84H H71>

ﬂ B TUBED

SOGANG UNIVERSITY 28

VDS



Deformer

* Experiment
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Deformer

* Experiment
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