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Outline

« Background

- Camera model
- Weak perspective camera model
- Perspective camera model

 Paper
- CHORUS: Learning Canonicalized 3D Human-Object Spatial Relations from Unbounded Synthesized Images
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Background

« Perspective Camera Model (H2 £9¥ 7IH|2t 2 )
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dHoz EAS U SNt 7HHI2F Alo]e] 2|0 w2} FHE|
=H|e| A 7|7} HElX| = s dS utdot 7
-P' = K[R|t]PE BT = Y

s P:3D & M, k: ZHHI2t L5 m}i2t0|E| T R: rotation matrix, t: translation vector
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Background

« Weak Perspective Camera Model (2$t 2 £F 7HH| 2t 2 H)
e

- Weak perspective camera model2 perspective model2 TH=3$} 6101, 3D 2 Z+e| X7} 7| 2Hoj|

S0l Eel BoN 2o 2E HS0| A2l €t 72l ACtx 7185t 7HHIE 2 &
- O] 20| M = Z4M|2] Zo| H2lot o]0 x| &2l 37| el )X = S FAE 5+ AS

- 0|2 Qllf, B E FEAH(projection)2 Tt AH|UH QA E ZAIE = AZ
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Background (23] The W8S 22D HO/L I8 SOU bz L 4
 Skinning

- Skinning

- B{EH2F QL= S H|of| &

o

H
r|r
"

- Rigid Skinning

- Zt skin vertex 7} &S| SLEQ| i (bone) O] H2HE| O] QUCED 7} 6= B

= 7| W20 skin2| Zt vertexS | X[ A7]17] 218 HEE bonel] transform= 0| &
;2 vj = T;v; 2 deformation0] Z1%¥
oy
- Skin vertices=2| AA|0|M &olX| = EHEE TS

- Linear Blend Skinning (LBS)

|IOI-

- 2 (joint) 2 X 2| vertices (meshE T85t= H) S HAXH2 2 AESHO rigid skinning?| THE S 35
2= vj = ¥ wy; Tyv; 2 deformation %1%

v i : bone2| index, j: vertex2| index
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Background [@2]ce ge 22 Mol L8 e SO
 Precision, Recall, AP (Average Precision)

- Precision

- Positive2t1 ot 0| =

- Recall

-HHZ2 EEHA A S 2HOo| EHo|2tn o Ft Aol H|=E

- Average precision

- Confidence score@| &3t threshold& = 0]l 2} precisiont recall 20| HE

- O] A =E 510 recallZre| 2} }HE precision 24 S LIEHH 2S PREMO0|2t D o

O| A VOZ! precision #2| H#S APEtL StH PR F4M 2| HAE (AUC, Area Under Curve) 2
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Paper

* Overview
[ ] %E
- Human Object Interaction (HOI1)Of| CH Sk 3D spatial knowledge S AFEHC| EH £ X|of| CHSH
occupancy probability distribution2 Z&# 3 5= A
S

;= Occupancy probability distribution : AFgt EHO| ZtE 7t TS W, O ZHEO| object 7t HEE =

2 @, (x]0,s) € [0,1]
v 0: interaction St object, x: HOIZ} ¥ O{Lt= f1X], 0: SMPL pose Lt2tO|E{, s: HOI type

Category: Surfboard

ChatGPT # Riompe
Generation

Text-to-Image

*“A person rides a surfboard”

“A person carries a surfboard™
“A person paddles on surfboard™

A2 EE

Pose Sampled from Various Sources

c c
@5 (x°)
Canonical Space
Viewpoint 3D Human Pose

Estimation
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Paper

« ChatGPTE 0| ¢t prompt M/d1}t, LDM= 0| &gt o|O| x| et/d

=
« Prompt : “A person is riding a bicycle, top view”
- Internet Image Search V.S. Image Synthesis
;= H| =8t C &bof| TSt multi-view O| O] X| & 7|

s S El 0| O] X| 7} top view’2F= viewpoint keyword0| & gtsl= 00| x| A4/d

ro
iH]

o

W 9 E2S s|M YL o|0|X|ECt AEMo = MK o|0|X| 7o H
- Image filtering

o MU El O|O|X| 2 ALEe| =X S5, M=l AlEte

Internet Image Search Results

Synthesized Images
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Paper
« ChatGPTE 0| &%t prompt ‘4/d1t, LDMZ o| &%t o|O|X| &t/d

- Viewpoint augmentation
- ChatGPTE 4/dEl prompt 0ff viewpointE 2|0]5t= keywordE F7F5H0] augmentation £

= Weakness : viewpointZ} H|CH 2 BHHE| R =X]| F filtering St protocolO] EXYf ShX| %S

Generate 20 simple subject- 1. A person skis down the slope.
b-object t wh

vero-oojcet prompiwaere: ChatGPT 2. A person maneuvers thr9ugh

subject’s word is “A person the slalom course on skis

and object's category is|skis ...

Diffusion Fsideview  + frontView  + scemic view
Model
Viewpoint

Augmentation

+ face photo + full body photo + hand photo TFfarview  + close-up photo
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Paper

- 48 olojx|e] EHHE

ld RAE Fof| M E 2D 0] 0] X| 2] inconsistency
Ml S oA 4 E o|o|X| o] Z2 dets| et O &0 CHet multi-view O 0| X| 48°d 27}

;2 O] = Y= SHE promptE control & = = Z0| Ot

= Prompt& control® & U= 22 interactionSh= object®} interaction type =

v Object to interact with : surfboard, backpack, ...
v Interaction type : hold, ride, ...

-4’8 BES SolM ‘8’4 El O|0|X| = poseE HMO{E + S

St

s 7| 20 canonical space®|A{ 2| occupancy distributions 6} OF

0| & =20 ME HOI cuesE€ canonical space®|A| aggregate $tCtIL O] OF7| &t
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Paper
« Canonical Space

- Human pose Ol 42| canonical space

- 0] =20f|M 0] 0F7|35}= canonical space= SMPL2| rest pose2 2| E (483 voxel space)

veEX O R Lt Atolof S 2t AEIE /XISHE A0l RElSiChE AS FEHeE B

s PE(x|s) € [0,1]8 £ &1 0| E pose deformed spaceE warping
v ®¢ : canonical space®| A £ object®} interaction® g =2
v x¢ : canonical space &0 A{ 2] vertex ZtE

v's : HOI type (e.g. hold, ride, ...)
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Paper

* Pose Canonicalization

-UEE

- 3D human pose estimation model (top-down)= O| &8l camera viewpointE 78
- M4 El 2D objectE semantic segmentation 2 & Z 0|6l object2t humanil CH gt maskE &

- 0| & 0| 83}0{ 3D occupancy distribution2 FH
- Viewpoint estimation via 3D Human Pose Estimation

- Off-the-shelf 3D human pose estimator AF& (top-down approach)
= Input : I (image), B (person bounding box)
;= Output : ¢ (global orientation), 8 (pose parameter=angles), B (shape parameter), r (weak perspective camera
parameter), j (image space®|AM 2| projected 2D joint location)
- Camera parameter conversion
= ¢, 2| B2 perspective camera parameter 2 tHgHE

vWPC parameterS 0| 2%t projection2} PC parameterS £l 18t projection0] Y X| 3= & x| X 3}
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Paper

« 3D Occupancy Estimation via Human Pose Canonicalization

or

- Canonical space@| Linear Blend Skinning (LBS) weight |4t / Vectorized weight

>, wi/|[x° =i

iENk(XC)

2, 1/ [xe =il

iENk (Xc)

w(x°) =

- SMPL HA|Q] k 7He| 71 717112 0|2 J/AHO| M| 715X = 0| &
s RI@E o 2 3D B2 71E 712 SMPL BRI E S| 2X1 S gt HAE
;= Canonical spacel| £% | X|2| H|A|7t, Q17 St meshl| BXIHO| &2 O WAHIT EA|

7|E2| SMPLOIA A Ol El LBS weight (w;)E =2 =™ &t
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Paper
« 3D Occupancy Estimation via Human Pose Canonicalization

- Canonical space to pose deformed space warping

x =W(x) =) wj(x°) - B;(6;) - x°
- j : joint2| index (EH)
-Bj(6;) € SE(3), w;: j-'HM ZE0f| 8 2St= LBS weight

- Occupancy distribution computation
|Gl
> TeMi (e (W (x)))

@5(x) =+

> e (I (W(x€)))

k=1

- G: a set of generated images, r}, : accumulation score

- M ;,: mask operator, 7,: image operator, I;: perspective camera parameter

R A | 3_!.._.3_ VDS
S

SOGANG UNIVERSITY 14

-
>
o



Paper
« 3D Occupancy Estimation via Human Pose Canonicalization

- Uniform View Sampling

- Viewpoint augmentationg S0 = S5t £ viewpoint2| 0| EX|

s Z8 binOl s &St 7HH|2F =Xt2] H =& accumulation score r, 2 x|
- Inference for posed space

- Inference A|0f| = canonical space®| A 2] occupancy distributionS posed deformed space 2 HE

- Backward skinning O] & (train A0l = forward skinning O] &)
Zenith

Observer

JL.’,,QI' izon
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Paper
» Experiments

- Dataset
- Image search dataset
;= AutoCrawlerE 0|-&35}0{ 0|0|X| A &3 El H|O|E{ Ml Al
- COCO-EFT dataset (for testing)

;' GT-2D object mask =i

:': Pseudo 3D GT (SMPL) EXf

'.""_ﬁ.*:’k'
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Paper
« Evaluation Protocol

- Projective Average Precision (PAP)
- 3D annotation 10| occupancy distribution2| Et2Hd 2 H7}517| {1t X| &

2 X HE - 2R 71920 W2} canonical space®lA pose deformed spaceR =2 HY

S CHSt thresholdo]l CHSH O] M3t =, perspective cameras

: {2 0|23} : pose deformed spaceOllA] BEE
0| 235} projection Al
;= Precision and Recall |4t : Threshold®j| CHsH #IE| & El OFA 3 QF annotation mask] pixelwise precision 1t recall
H 4t
s+ AP A &b : Precisiont Recall 242 A4S AP 242 A4S, 0|8 B E FHE|nE| L] , 2 = EH|AE o|0]|X| o

ol T250] pAP 2t A4t
GT Human Pose () Test Datasar

& - Deformation —* )‘
6 . ‘ Apply
Distribution in Distribution in Threshold
Canonical Space  GT Mask Pose-Deformed Space l
— ”n G l'( ‘amera Pose A 05 .
. . Compue ,’ = .‘:’ =060
Ground-Truth Ground-Truth Human-Occlusion
A 0.65 -
’ Ve Object Mask Human Mask Aware Ground-Truth

Pixel-Wise Projected Discretized
R &!,.. Precision & Recall Masks Distribution V DS
LAB
——
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