Fast inference methods in Whole-Body Pose Estimation
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1) Rong, Yu, Takaaki Shiratori, and Hanbyul Joo. "Frankmocap: Fast monocular 3d hand and body motion capture by regression and integration." ICCV (2021).

Background

» WWhole-body-estimation
- 2K (body) £ 2F OFL|2f, &, H=S E&or T L0f| CHSt 3d poseE 0|5

-
Input Image Part Poses Whole Body Pose

8. Frankmocap? 2&: 7| &2| Whole-Body-Estimation &t
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1) Rong, Yu, Takaaki Shiratori, and Hanbyul Joo. "Frankmocap: Fast monocular 3d hand and body motion capture by regression and integration." ICCV (2021).

Background
« Whole-Body-Estimation
- SHAIE: A H (body) oF E2l, =3t d=2 HA| OO X|of| M KX | Stz YO
- S =71 £O0FA O Sot7] o2&

A
0jo

n

Part Poses

o
Input Image

A& Frankmocap’ 2&: 7|E2] Whole-Body-Estimation '3

A szuta VDS
S

SOGANG UNIVERSITY 5 LaB



A

OSX: One-Stage 3D Whole-Body Mesh Recovery with Component Aware
Transformer (CVPR 2023)

AW THdkn VDS

SOGANG UNIVERSITY 6

-
>
o



Abstract
. 013 E C|AG Hef 7/%+e| OSX
. 7|Z : Detection 2P’y = ZtZto] M8 R H 0| €2 multi-stage T+

- One-stage 2|20 C|ZE HEHE MFS A At
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(a) Previous multi-stage pipeline (b) Our one-stage pipeline
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Proposed method
. VIT X9 013
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Proposed method

e Feature E2 0] CHSHA| bbox 0| 52 ALE

(Hand , Face Detection)

bbox
| FFN |
[ Body Params., Shape, Cam. ]
[ Regress?on Head ]
Tttt ttw oW
B0 '_"____l__lTl ______________________ ~— [ Decoder ]

Transformer Encoder
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Proposed method

« Hand @} face I}2}0|EH & =ZS5= C|2H

l Hands&Face Params. ]

Nk A 1
* o= E 7 H I__| | i e Regression Head
LU B2 MY e B A O B
o _ (Encoder) > 1 P i
- (Face , hand 2| 2d keypoint ) N G A
X N
N |
- Lot A 7|2| feature map = AtE vz g ® | FEN |
. u F Y
- Feature token = M E v
| Cross-Attention |
3 Q
° HH"% ZF—E z_'I\—E §D|_:| | Self-Attention |
. F 3
. 4 m ©®
- ROl align 2 2 22 feature map = ‘43 R

Keypoint-guided
Component Tokens (T,)

High-Resolution
Feature (Fy;)

R A | &l;_.n_ . VDS
6 LaB

SOGANG UNIVERSITY 10



Proposed method

e Loss &t ™ 9|

L = Lspmpiz + Lgptsp + Lgpt2p + Libos2D-

@ @ ® @

- SMPL-x 2| It2t0] E{ 0] CHSF L1 distance
-SMPL-x 9| I}t2t0|E : shape , 2#H9| 4%, &
- Predicted 3D pose 2 GT 22| L1 distance
- Predicted 2D pose 2f GT AFO|2] L1 distance
- Predicted face , hands bbox 2 GT AFO|2]| L1 distance
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Experiment result
» Comparison with SOTA models

= a2 =
'_I_%—l —|E

- 7|F : A100GPU , &Y ol| 2 = 0| 0| X|0f Bt AFRFTE Z=XY
- AGORA —test 0| O|E{ M E

NMJE-AIl (Normalized Mean Joint Error - All)

1

Melhﬂd | ExPose [*4] PIXIE[I] H4W[27] PyMAF-X[45] OSX
NMIE-AIll (mm) 263.3 230.9 141.1 140.0 127.6
Infer Time (ms) 120.2 192.0 73.3 209.3 54.6

Params (M) 135.8 192.9 77.9 205.9 102.9
FLOPS (G) 28.5 34.3 16.7 35.5 25.3
H.OSX 7t CHE multi-stage RRELCHHE F2 S5 E0FE= 25
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Experiment result
» Comparison with SOTA models

Hetd 5™
-MPVPE X|E 7|F 95 HME Y 0| HE EQ (HAW 7|F)
- AGORA —test 0| O|E{ M E

| AGORA-test |
Method ‘ MPVPE | | N-MPVPE | |
All Hands  Face All Body
ExPose [15] 217.3 73.1 51.1 265.0 184.8
FrankMocap [50] - 55.2 - - 207.8
PIXIE [16] 191.8 493 50.2 233.9 1734
Hand4Whole [ Y] - - - - -
Hand4Whole [1Y] % 135.5 47.2 41.6 144.1 96.0
(OSX (Ours) ‘ 1228, - 45.7 36.2 | 130.6 85.3 |

. AGORA O|O|E{0]| [[}2 3d mesh error H| 1!
x . &1 H=0f CHsf =718 Q1 e H|O|H ALE
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Experiment result
» Comparison with SOTA models

-g2td 5 H
- MPVPE X| & 7| & 7.8 HAIE &2 02 & 2 (HAW 7| F)
=0 =0l AN =2 0f 2
~ Whole body 0| LS A= soTAE 2
21t AZ0f CHSHAM ACHA =2 03] 2f => 0sx 7t S = 2 X E 2tF 5| sl AS|HX|
Xot Ao = ofj A

—
| EHF |
Method | MPVPE | PA-MPVPE | |
All Hands Face | All Hands Face
ExPose [15] 77.1 51.6 35.0 | 545 12.8 5.8
FrankMocap [56] 107.6 42.8 - 575 126 -
PIXIE [16] 89.2 42.8 327 | 55.0 11.1 4.6
Hand4Whole [ 9] 79.2 43.2 25.0 | 53.1 12.1 5.8
Hand4Whole [ 9] x 76.8 |3').8 ” 26.1 I 50.3 Ill].S I 5.8
05X (Ours) | 70.8) - o 53.7 26.4 | 48.7 159 6.0

mesh error H| 11
Ol st& H|0|E AtE

-

H. EHF HIOo|Eof Etr% 3d
x . =1t =0 sl =71
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Experiment result

+ AGORA H|O|E M E0]| Cliet 395 Bt

(a) Input image (b) ExPose (c) Hand4Whole (d) OSX (Ours) (a) Input image (b) ExPose (c) Hand4Whole (d) OSX (Ours)
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A

Effective Whole-body Pose Estimation with Two-stages Distillation
(ICCVW 2023)
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1) Li, Yanjie et al. “SimCC: A Simple Coordinate Classification Perspective for Human Pose Estimation.” European Conference on Computer Vision (2022).

Background

« SIMCCY == 7|8} pose estimation =&
- Pose estimation =X 2 heat map X2 EX| 211, class =& =X 2 0[5
11l ll““ o
rix = _ :
- \XAX(I;aCs(;;ir::nate — (0% 0% .., 0%) ’ (0x, 05)
77 : (0% 03)
Backbone —> "7 L»Fc— cau | £ ‘ | ‘ Oy
— , _ : " :
Y-Axis Coordinat |
( gas?f:e:nae —> (oy' oy! z noy) ' (01;, 0';)
. L ! ¥
8. SIMCC RS ke e X
ﬂ SB NS D [vDs]
SOGANG UNIVERSITY 17 LaB



Background

« Pose estimation Off L} Class &= &F =X &= H
- AEHO| QU= O|O|X[E &8t 37| Bin 2= x, yo| Cisl L=
-E7d 2H0| x-Axis Off CHSHAM OC|0f| EM K| SeHA &
- &2 Feature & FFN 0| 201 M =&ES ALt
- x-Axis 2t y-Axis Ol CHaH 2F2t =&
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Background
« Class =& =0 CHSt loss

. SH_210| &2 &4k (KL-divergence) & AtE
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Abstract

« DWPose
- 2D Whole-Body-Estimation & ¢/t {22 & £HA| Knowledge-distillation 7| B S
A

- Teacher Model , 2D Whole-Body-Estimation 2| SOTA @ RTM-Pose ELCt &2
APE =8 (RTM-Pose 65.3% AP , DWPose 66.5% AP)

- COCO-WholeBody H|O|Ef M E 7|&
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Proposed Method

» Two-Stages Pose Distillation

- = BHAE AXl= Distillation 7| © 2 = o50| 2 ol ZEU = AE 7ts
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Proposed Method

- First-Stage (&4 QI &)

- Teacher BH = Feature 2} Student B = === Feature 2| X}0| & Z£0|= g
EH

- Teacher Head 2| Logit 2f Student Head 2| Logit =% 2| X}0| & Z0|= g

. Backbone ., Head
@ < < -
—_——
Teacher :
RCxHxW l R13$ H/W

- Feature Distillatlon Loglt Dlstlllatlon ]

REXHXW, t R133XH/W

—’»GT

— w/o gradient ‘ Backbone Head

Welght Decay

By
S

== with gradient
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Proposed Method

* First-stage loss

- Feature-based distillation

C H
s 2
Lf{a_CHHf Z:ZZIZ:: chu -fhu,))
=4 O M Bof ciet MSE
- Logit-based distillation

N K P()

Liogit = — S‘ Y S‘Tzog(s Dkr(P|Q) =) P(z)log,
n=1 k=1 i=1 TEX Q(I)

=4l Logit Of I3H3._(§|Ii_—divergence Loss AA1, KL-divergence

N : HHXlOﬂ AN A|'_'__|£||-9| _)F
K:7|Z9E YH
L: XY O Cislf L= Bin
Rﬁ S N3k
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Proposed Method

* First-stage loss

L =1L,;+ CELfea + _.SLfogiﬁ-

{a = 0.00005,8 = 0.1}
- Logit-based distillation loss (RTM-Pose uses)

L ol ST z Vilog(S5),

n=1k=1
44l RTM-Pose 2| Logit loss

-N : HiX[Of U= ALEQ| ==
-K: 7|22 E HH
-L: XY Off CH3H L= Bin
W 7|ZQIE HO|l= 882 (0,1)
-V :GT of =X Value
Rﬁ S N3k
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Proposed Method

* First-stage loss
- Weight-decay strategy for distillation

T(t) =1 - (t — 1)/tma.:c

e A O
-t: X o3

- 0.3% AP A5 kA

- Z| 5 First-stage loss

Lgy = Lori + T(t) ' D—’-'Lfea + T(t) ) ﬁLﬁogit-
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Proposed Method

« Second-stage

- 232 0HE student E AHE, 718 Q1 knowledge distillation =2 @
- S S Ot student BHEQ| I HE S
- Student head 2f teacher head & ZtZt AF2 510 pose 0| =

= T T
| o|-2|-

=L map O CHSH A logit distillation loss

_9

- Second stage loss

1 N K L l l
= Liogit=—+3_ ) ) Tilog(S:) Head - . Head
n=1k=1i=1

L.".-‘2 — F}"Liagit .

=4l Second-stage loss

L

f Loglt Dlstlllatlon
Rﬂ S ndka
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Experimental results
« RTM-Pose (SOTA, Teacher) 2t 8= H|u

A

| Method | Input Size | GFLOPs | whole-body | body foot face | hand

| | | AP AR | AP AR | AP AR | AP AR | AP AR
Whole- | SNT [13] N/A N/A 327 456 | 427 583 | 99 369 | 649 69.7 | 40.8 58.0
body OpenPose [2] N/A N/A 442 523 | 563 612|532 645|765 840 | 38.6 433
Bottom- | PAF7 [3] 512x512 329.1 205 405 | 381 526 | 53 278|656 701|359 528
up AE [34] 512x512 2124 440 545 | 580 66.1 | 577 725|588 654 |48.1 574
DeepPose [43] 384288 17.3 335 484 | 444 568 | 36.8 537 | 493 663|235 41.0
SimpleBaseline [47] 384288 204 573 67.1 | 666 747 | 635 763 | 732 812|537 647
HRNet [40] 384288 16.0 586 674|701 773|586 692|727 783|516 604
PVT [44] 384288 19.7 589 689 | 673 76.1 | 66.0 794 | 745 822|545 654
FastPose50-den-si [9] | 256x 192 6.1 592 665|706 756|702 775|775 825|457 539
ZoomNet [19] 384288 28.5 630 742|745 810|609 708|880 924|579 734
ZoomNAS [48] 384288 18.0 654 744 | 740 807|617 71.8 | 889 930|625 740

Top- ViTPose+-S [51] 256x192 54 54.4 - 71.6 - 72.1 - 55.9 - 453 -

down ViTPose+-H [51] 256x192 122.9 61.2 - 75.9 - 779 - 63.3 - 54.7 -
RTMPose-m 256x192 22 582 674|673 750|615 752 | 8l3 871|475 589
RTMPose-1 256x 192 4.5 61.1 70.0 | 695 769 | 658 785|833 887|519 628
RTMPose-1 384x 288 10.1 648 73.0 | 71.2 78.1 | 693 81.1 | 882 919 | 579 677
RTMPose-x 384288 18.1 65.3 | 733 | 714 784 | 69.2 81.0 | 88.8 922 | 59.0 685
RTMPose-1 + UBody | 256x192 4.5 62.1 70.6 | 69.7 769 | 655 78.1 | 841 893 | 551 654
RTMPose-1 + UBody | 384x288 10.1 654 732 | 71.0 779 | 686 80.2 | 885 922 |60.6 699
DWPose-t 256x192 0.5 485 584 | 585 670 | 465 63.6 | 73.5 80.7 | 357 49.0
DWPose-s 256x192 0.9 538 632 | 633 713|533 69.0| 77.6 841 | 427 549
DWPose-m 256x192 22 60.6 695 | 685 76.1 | 63.6 77.2 | 828 88.1 | 527 634
DWPose-1 256x192 4.5 63.1 71.7 | 704 777 | 662 79.0 | 843 894 | 56.6 66.5
DWPose-1 384x288 | 10.1 66.5) 743 | 722 789 | 704 81.7 | 88.7 92.1 | 62.1 71.0
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Conclusion

 Teacher model (RTM-Pose) 2Lt =2 o

=
o

C

=

- HAAZEF GFLOPS 18.1 7| - RTM-Pose 65.3% AP
- ALAFEF GFLOPS 10.1 7| & - DWPose 66.5% AP

« Whole-body-estimation O] two-stage-distillation &A1 2 &| Al &

-F7HHOIH 28 Ble

-02AP A=
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Method | RTMPose* x-1
First-stage v - v
Second-stage - v v
body 69.7 70.4 69.7 70.4
foot 65.5 65.8 65.9 66.2
face 84.1 84.1 84.2 84.3
hand 55.1 56.4 55.4 56.6
whole-body 62.1 62.9 62.2 63.1
E M2 4SS 02 AP T
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