De-occlusion in pose estimation
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Compared to Image Inpainting
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Introduction

[2] “Human De-occlusion: Invisible Perception and Recovery for Humans." (CVPR 2021)

f M,
" 1 . . T S
i J- Mn,—'? O—[—:
H Conv !
Pretrained Ins(seg . n -‘ ' L/ —T E
I | Network N ] = :

B
\mmwﬂ -

Occlusion . De-occlusion
Human De-occlusion Model

Discriminator D,

| = | Content Recovery [:

e o Hourglass N/ Ho(glassN'
(a) Pipeline Mask completion
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Content recovery
Mask Completion

« First hourglass module to refine the inaccurate input modal mask

= Second hourglass module is applied to estimate the integrated amodal mask

Content recovery

= Recovers the appearance content inside the visible portions
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Method - Mask Completion

[2] “Human De-occlusion: Invisible Perception and Recovery for Humans." (CVPR 2021)
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- A pretrained instance segmentation network N, is applied to obtain the initial modal mask
M; from input image I,

a
)

Feature F,

m

Hourglass N Hourglass N

» Mask Completion

- One hourglass module N,',‘lg outputs a refined modal mask M ,,and the corresponding
parsing result M P,

- Another hourglass module Nfg Is stacked with the template masks finally outputs the
amodal mask M , and the parsing result M?

- A discriminator D,,, is applied to improve the quality of the generated amodal mask
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Method - Mask Completion

[2] “Human De-occlusion: Invisible Perception and Recovery for Humans." (CVPR 2021)

....................

e Concatenation ﬂl Convolution Layer

M, M E
@® : Dot Production M’ M, ,"E . " 1 E
P M —»O O—»m—»

o~
 J
]
L ]
'
L ]
L}
]
'
'
L ]
'
]
 J
L ]
'
'
'
'
]
’

, ‘ h .; :
M ": Ail’ : Pretrained Instseg . n E Wt”_T L E
’ N 1 ' Network N; '~ ................... :
e " . & ' 1!‘
=0 o=l | Kl i
- ; v I Conv ! ™ i,
% : W,,,_, : L @ mﬂll — ll ‘ﬂ mlﬂlﬂ DlscrlmmatorD
—| R A S O i = ae L Initial Mask M; Feature F,, .M’
Hourglass v, Hourgidss N
* Reweight
N « The modal recognition process
- M;: k-means& O| &3}l template masks& ] P ( )
) ” h
HZ=3h Q2| £ My, My, = Ny’ (Is, Ni (15))
Dy : 1, distances of M, and M ,,
» The amodal completion process ( )

" Wm,t = lle,t

- W, ¢ is multiplied back with the template masks to M,, MP = N" (F,, & M,,, Conv.(M; ® Wy, +))
highlight suitable candidates
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Method - Mask Completion

[2] “Human De-occlusion: Invisible Perception and Recovery for Humans." (CVPR 2021)
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» Modal, amodal and the human parsing loss  Reconstruct loss
ﬁgen ES ﬁ!‘f’l (P‘}aﬁ J‘[a) i ﬁp-rec(ﬂ'}aﬁ :Uru)

Looo = Lop(My,, M,.) + Log(M,, M,
seg cE( )+ Les( )+ perceptual loss

Lop(MP, MP) + Lop(MP, MP)

m?

e Discriminator loss e Final Loss

Eadr = E;\“ju [log(l = D-m(ﬂA[a))] -+ IE:J\[u [IC)g Dm(f\[a)] oo »Cn1. — )\1 Eseg + )\2£a,dv e /\3£gen

Minimal
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Method - Content Recovery

[2] “Human De-occlusion: Invisible Perception and Recovery for Humans." (CVPR 2021)
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» Content recovery

- The image I concatenated with the visible mask M,, and the amodal mask M, is passed
into the network N,

- Unet with partial convolution as the basic architecture
- Parsing Guided Attention (PGA) module is used

- A discriminator D, is applied to identify the quality of the output image I,
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Method - Content Recovery

[2] “Human De-occlusion: Invisible Perception and Recovery for Humans." (CVPR 2021)
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 The first stream (cyan)
- Decomposes the feature into different body parts and compare them.
- Feature F/™is reduced to the same channel number with the parsing logits (i.e. 19)
- Multiplied with the two logits to distribute the feature in different body parts.
= Two distributed features are concatenated and a 1 x 1 convolution layer is applied

 The second stream(magenta)

= Establish the pixel-level relationship between the visible context and the invisible regions
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Method - Content Recovery
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« Attention
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[2] “Human De-occlusion: Invisible Perception and Recovery for Humans." (CVPR 2021)
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» Network process
I, = N. (I, ® M, ® M,, ME,, MP)

e Final Loss

¢ =p1 (E; [log(1 — Dc(L,))] + Eg, [log De(I,)])+

15

:82 cé’l(ioa Io) = /83 cprec(iOe Io)""
/34 Cstyie(fm Io)

VDS

-
‘b
o



AHP Dataset

[2] “Human De-occlusion: Invisible Perception and Recovery for Humans." (CVPR 2021)

« AHP(The Amodal Human Perception Dataset)

Discard [

 Image Acquisition

Preserve |

- We collect human images from several large-scale
instance segmentation and detection datasets

- EX) COCO, VOC(with SBD), LIP, Objects365, and
Openlmages

Oclusion Modal Amodal De-occlusion
* Filtering Scheme

- Discard : the human is occluded by other instances
(e.g. desk, car or human or parts of him/her out of view

= Preserve : the human is not occluded and the
segmentation is fine

- Refine : the human is not occluded but the
segmentation result is not satisfied

e Ground Truth

- AHP contains occlusion image, amodal mask, modal
mask, invisible mask, and Recovered image
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Experiment

[2] “Human De-occlusion: Invisible Perception and Recovery for Humans." (CVPR 2021)

Quantitative comparison
» The comparison results of mask completion task on our AHP dataset

Withod | Syn. | Real
| &l IoUtT | & IoU 1

Mask-RCNN [13] | 0.2402 78.4/26.9 | 0.2511 75.6/23.8
Deeplab [5] 0.2087 70.7/20.9 | 0.2179 75.7/23.5
Pix2Pix [1] 0.2329 69.6/19.2 | 0.2376 68.0/16.0
SeGAN [6] 0.2545 76.7/23.6 | 0.2544 77.7/19.0
OVSR [50] 0.1830 80.2/28.1 | 0.1809 82.9/25.6

e [54] 01959 83 1 /901 | 1929218 R1 23/21.92
| Ours |0.1500 84.6/43.7|0.1635 86.1/40.3

= The comparison results of content recovery task on our AHP dataset

Syn. Real

Method |
bid FID| | &l FID |

Pix2Pix [ 1] 0.1126 19.66 0.1031 29.63

Deepfillv2 [52] ‘ 0.1127 21.61 0.1026  32.48
SeGAN [1] ‘0.1122 23.01 0.1027 35.21

OVSR [50] 0.0940 27.15 0.0917 36.23

s | 00036 1850 | 00011
Ours | 0.0519 13.85 | 0.0617 19.49
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Experiment

[2] “Human De-occlusion: Invisible Perception and Recovery for Humans." (CVPR 2021)

Quialitative comparison

Mask Completion

Pix2Pix

Content Recovery

t=)

Input image Amodal mask Deepfillv2

PCNets 5 Ground truth
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Introduction

[3] "3D Interacting Hand Pose Estimation by Hand De-occlusion and Removal ." (ECCV 2022)

HDR(Hand De-occlusion and Removal) Framework

« HASM (Hand Amodal Segmentation Module)

- Segment the amodal and modal masks of the left and the right hand in the image

« HDRM (Hand De-occlusion and Removal Module)

- locate and crop the image patch centered at each hand

- recovers the appearance content of the occluded part of one hand and removes the other
distracting hand simultaneously

» SHPE (Single Hand Pose Estimator)

» Get the final 3D hand poses
A szwmsa " ‘VDS I
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Method - HASM

[3] "3D Interacting Hand Pose Estimation by Hand De-occlusion and Removal ." (ECCV 2022)

« Obtain the amodal and visible masks of both hands
using the Hand Amodal Segmentation Module (HASM)

M, M, Lras = Lpce (Mra, M;,) + Lece (M, Mj,) +
Backbone : SegFormer LBCE (j\/jm: ILIET::,) + LBCE (-Miva ﬂ’fﬁ)
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Method - HDRM

[3] "3D Interacting Hand Pose Estimation by Hand De-occlusion and Removal ." (ECCV 2022)
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« MD denote the region where the target hand is occluded by the other hand
» MR denote the region where the distracting hand occupies Ip=1Is- (1 - A’ID):

In=1I,-(1— Mpg),

Mp = Myq - (1 — My My, = (1 — M,a) - (1 — My,)

Mp=(1— M,,)- M.
S
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Method - HDRM

[3] "3D Interacting Hand Pose Estimation by Hand De-occlusion and Removal ." (ECCV 2022)

HDRNet L,

o mm mm mmm m m m mm mm mm  — ———

Backbone : Partial conv + transformer

Lupr =A1(Ep,[log(1 — D(I,))] + Erx [log(D(I;))])+
)\2[-:£1 (Io; IZ:) + ABEPTBC(IO? I;) + /\4£style (Io-,» I;)
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AIH Dataset

[3] "3D Interacting Hand Pose Estimation by Hand De-occlusion and Removal ." (ECCV 2022)

AIH Syn
« AIH Syn

& - Single hand

Image .

- AIH Syn contains 2.2M samples from the

Right InterHand2.6M V1.0 dataset

Hand

Aﬁodfl - 250K cropped single-hand images with masks

- - AIH Syn is generated by simple 2D image-level

Hand copy and paste

Visible

Mask - Copy the left single-hand image and paste it on

s the right single-hand image

Hand

Visible

Mask .

. - Interacting hand
s - Two hands with similar texture from both sides
e ~- Then we crop the left hand region given its

amodal mask and paste it on the right hand
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AIH Dataset

[3] "3D Interacting Hand Pose Estimation by Hand De-occlusion and Removal ." (ECCV 2022)

AIH Render

Interacting
Hand
Image

« AIH Render

- AIH Render is generated by rendering the textured 3D
interacting hand mesh to the image plane.

Right
Hand
Amodal
Mask

Right
Hand
Visible
Mask

- Suffer from the appearance gap because the rendered
texture is synthetic.

- AlH Render contains over 0.7M samples.
Left
Hand
Visible
Mask

De-
occlusion
&
Removal

GT
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Experiment

[3] 3D Interacting Hand Pose Estimation by Hand De-occlusion and Removal ." (ECCV 2022)

« Comparisons with the state-of-the-art methods

» ‘ALL’ branch and the ‘machine - annotator (M)’ branch of InterHand2.6M V1.0 Dataset
- MPJPE (mm) is adopted to evaluate the 3D joint estimation accuracy.

Method InterHand2.6M - ALL branch InterHand2.6M - M branch
ethods TH26M-SH | TH26M-TH | TH26M-ALL | ITH26M-Inter | IH26M-SH | TH26M-TH | TH26M-ALL
*Boukhayma et al. [!] - - 27.14 31.46 - - -
*Pose2Mesh [7] _ _ 27.10 32.11 - _ _
*BiHand [17] _ _ 25.10 28.23 - - _
*Rong et al. [27] , - 17.12 20.66 - - -
DIGIT 1] ) 14.27 ] i _ _ )

Train (M, IH26M-SH) | Train (M, IH26M-SH +AIH)
TH26M-IH | TH26M-ALL | IH26M-IH | IH26M-ALL
SHPE [3J] 40.98 25.78 32.27 21.66

[HDR Ous) [ 2545 | 1798 | 2459 ] 1780 ]

Methods
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Experiment

[3] "3D Interacting Hand Pose Estimation by Hand De-occlusion and Removal ." (ECCV 2022)

Qualitative Results

o ...-
Baseline
Predicted
2D Pose

Ours
Predicted
2D Pose

Baseline & \ : , 5 =
Predicted SN o 4 :v ~=>> S S &
3D Pose i { ) 3
Ours _ \ \ ) ‘ R
Predicted 2 — ! ¢ - \\ <
3D Pose ; . \
(a) InterHand2.6M (b) Tzionad
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