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Introduction

- Applications of human pose estimation

< Human pose estimation (HPE) &
«  QIZIO[ XtM|E QIAStE 4T SR M0 ALE
O AA2p L0 XM7F SR8t 25 &E £5F M (Motion analysis)
@ =2EX[EAEA F7HEQl HEE X SSh= S5 (Medical assistances)

e  Animation /A

Motion analysis

- https;//mobidev.biz/blog/human-pose-estimation-ai-personal-fitness-coach

- https;/cv-tricks.com/jpose-estimation/using-deep-leaming-in-openav/
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- Applications of human pose estimation
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Introduction

- Input data and target (label)
< Human pose estimation (HPE) &= 3! =2 H|0|E{ Oj|A|
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Introduction

- Dataset generation and preparations

< Human pose estimation (HPE) GH|O|E{ Al 20| 2 & =7 A7)
« 1 H: Supervisely (https://supervisely/)
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Introduction

- Hierarchy of HPE

< Human pose estimation (HPE) & A&
. 2 O[OIR] U AL B e 4o
>  Direct regression: 2= &
>  Heatmap based estimation: 58 2H20| ZX{g Bt ot XS Heatmap SEIZ =3
- R O|0[X[ Lif AFEO| &= & Ol EX|St=
»  Top-down approach: Af2HS QMAH O Z EIX| 3 EHX| Z1}F LIOM 2HE Y B E 0=

>  Bottom-up approach: B K|S 10K} SF= 2HE0|| LTt /X 0= = AtE B2 Lises 2 21

—
A% Multi-person pose estimation
E

Direct regression Heatmap based estimation
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Introduction

- Hierarchy of HPE

X/

< Human pose estimation (HPE) 212|& HS L

- = O|O|X| L AfEh ot HTt 42 Single person pose estimation

>  Direct regression: 28 & XHEE

>  Heatmap based estimation: £°8 20| EX& O oF XS Heatmap HEN=E =&
A

= =
- 2% O|O|X| Lf AFEO] & & O|& EXdt= &% Multi-person pose estimation

>  Top-down approach: AFEIE SME = BX| 2 G| 21t L{ofM 2HEE &tEE oS
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>  Bottom-up approach: EfX|St 10X} &= 2 5 2 AE EE Lees 2 T
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Introduction

- Hierarchy of HPE

X/

< Human pose estimation (HPE) ¥112|& 7-'||§E
- & O[O|X| Lf AtEf oF FEF EX5t= 8%
>  Direct regression: 28 ¥ XIHE 0%
>  Heatmap based estimation: §78 22 0| gt Tt oF XS Heatmap HEHZ &
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Single Person Pose Estimation

- Direct regression method

X/

% DeepPose: Human Pose Estimation via Deep Neural Networks
« 20144 IEEE conference on Computer Vision and Pattern RecognitionOf|A| & &
«  XXIS Google 2%0|H 2021 28 22¢ 7|&E 19203 218

«  Deep Learning= HPE 200 =2 M5 =&

DeepPose: Human Pose Estimation via Deep Neural Networks

Alexander Toshev Christian Szegedy
toshevigoagle.com szegedylgoogle.com
Google Google

and in the recent years a variety of models with efficient
inference have been proposed ([©, 15]).

The above efficiency, however, is achieved at the cost of
limited expressiveness — the use of local detectors, which

,,,,, reason in many cases about a single part, and most impor-

- tantly by modeling only a small subset of all interactions

L2 A ds = o between body parts. These limitations, as exemplified in

Figure . Besides extreme variability in articulations, many of the Fig. 1, have been recognized and methods reasoning about

joints are barely visible. We can guess the location of the right pose in a holistic manner have been proposed [15, 2] but
arm in the left image only because we see the rest of the pose and with limited success in real-world problems.

anticipate the motion or activity of the person. Similarly, the left
body half of the person on the right is not visible at all. These
are examples of the need for holistic reasoning. We believe that
DNNs can naturally provide such type of reasoning.

In this work we ascribe to this holistic view of human
pose estimation. We capitalize on recent developments of
deep leaming and propose a novel algorithm based on a
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Single Person Pose Estimation

- Direct regression method (stage 1)

< DeepPose 2 - H|O|E{ =0l A O =Z7kX| 2P
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Bounding BoxE AH&dH AHEO| EXSH= &

»  Bounding Box (x, y, w, h) = (120, 150, 200, 300)
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Single Person Pose Estimation

- Direct regression method (stage 1)
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Single Person Pose Estimation

- Direct regression method (stage 1)

< DeepPose 2 - H|O|E] Y=0f|A O=77FX] 2P
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Single Person Pose Estimation

- Direct regression method (stage 1)
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Single Person Pose Estimation

- Direct regression method (stage 1)
< DeepPose 2 - H|O|E{ =0l A O =Z7kX| 2P
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Single Person Pose Estimation

- Direct regression method (& k<)

< DeepPose et5 117
1. Stage 1 Z¥ES &
> Y oolOx| L |

> A A0l
> TEERES <
>

55 x 55 x48
27 27 x128
W
13 %13 X192
W
13 %13 x192
v
13 %13 192
409
409

2k

—

Sze (220 220,3)

Copyright © 2021, All rights reserved.

- 25 -

2 Th= k)

= =N1™o| =xjgt

55 x 55 x48

27 x27 x128
13 x13 x192
v
13 13 X192
13 x13x192
4096
4096

2



Single Person Pose Estimation

- Evaluation metric for direct regression method

< Human Pose Estimation 7} X|& 5! 7|4t Al

«  Percent of Detected Joints (PDJ) X| &

- https//ctkim:tistory.com/101?category=906618

> AR U= 7 (2 2o
> AR UAs 87 (EE Zho
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Single Person Pose Estimation

- Evaluation metric for direct regression method

< Human Pose Estimation 7} X|& 5! 7|4t Al

«  Percent of Detected Joints (PDJ) X| &

> AR U= 7 (2 2o
> AR UAs 87 (EE Zho

@  O|A] of|= Antof CHSE PDY A&k
> O 2787
> O 9o 7= 174
> PDJ = @2t A7)/ (TIH 2R ) = 8/9

- https//ctkimfistory.com/101?category=906618
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Single Person Pose Estimation

- Evaluation for direct regression method
<« A9 g
«  Percent of Detected Joints (PDJ) X|HEE Detection rate2 £ H7|
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Single Person Pose Estimation

- Evaluation for direct regression method
< &g Zn
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Single Person Pose Estimation

- Evaluation for direct regression method
<« B 21t Al Z=t

FKEM M. Al 2b gl

¢ T e =
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Multi-Person Pose Estimation

- Top-down approach

% Mask R-CNN
« 2017 IEEE conference on Computer Vision and Pattern RecognitionOf|A] 2
o XXH=2 Facebook Al Research 20|04 2021 2/ 222 7|& 102282 218
o4

«  Object Detection, Instance segmentation, Human pose estimation= StLIC| ZEH = 75

Mask R-CNN

Kaiming He  Georgia Gkioxari  Piotr Dollar ~ Ross Girshick
Facebook Al Research (FAIR)

Abstract

We present a conceptually simple, flexible, and general
framework for object instance segmentation. Our approach
efficiently detects objects in an image while simultaneously
generating a high-quality segmentation mask for each in-
stance. The method, called Mask R-CNN, extends Faster
R-CNN by adding a branch for predicting an object mask in
parallel with the existing branch for bounding box recogni-
tion. Mask R-CNN is simple to train and adds only a small
overhead to Faster R-CNN, running at 5 fps. Moreover, Figure 1. The Mask R-CNN framework for instance segmentation.
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Multi-Person Pose Estimation

- Top-down approach

X/

< Multi-Person pose estimation
- H O|O[X| Li AHEfO| = B Ol EXliotes 8%
>  Top-down approach: AFEIE SME = BX| 2 G| Z1F Lo M 2HEE &tEE oS

>  Bottom-up approach: B K|St 10X} 5F= 2HEO|| LTt /X 0= = AfE B2 Liss 12 21
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Multi-Person Pose Estimation

- Overview of Mask R-CNN

X/

% Object Detection and Instance segmentation
-  F oM EF ZUH o= RGB O|0[X|E ¥ HO|HZ ArE
«  Object detection: B X[St11 A} St= #HZ=0]| i3} Bounding box regression & classification

*  Instance segmentation: 2t = M| S &0 2 ZHH[Of THSH Pixel-wise dlassification

(350, 1

(0, 440, 160, 450)

009
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Multi-Person Pose Estimation

- Overview of Mask R-CNN

% Object Detection and Instance segmentation
- F oA 2F O = RGB O|0|X|E ¥ HO|HZ ALE
Object detection: B X|St11A} Sh= EH3=0]| TS Bounding box regression & classification

*  Instance segmentation: 2t A= M| E &0 22 ZH|0f| CHSH Pixel-wise classification

Semantic segmentation
AEM GG - A

>

Instance segmentation
A7 =

»
>
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Multi-Person Pose Estimation

- Overview of Mask R-CNN

< Mask R-CNN 7|2 ofo|C|of
@ 4K 7 ASEsE FH EFX| (Bounding box regression) — AFZte AXE
@ EAXgt Y LY ot HEI} JUZX] O|F (Classification) — 28 AF0]| CHoH B3
5

—

® &AL EHE @0M B X|et HZECIX| OFHX| 257 (Segmentation, Pixel-wise classification)

’l\l. = AL
AZHZE) -
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Multi-Person Pose Estimation

- Model architecture of Mask R-CNN

== Hlo|H

% Mask R-CNN T+ - 4| 7IX| 2E2 4
«  BE 1: Feature extractor (backbone) - ResNeXt @g%@
= . ‘”.m‘ \ H‘ |
- B 2:Region Proposal Network (RPN) - ;{iqgr’ "I} 510 |L m

-  B-= 3: Bounding box regression and Classification

- B-= 4: Binary class segmentation . 2E3
Bounding box regression &

Classification

B=S1
Feature Extractor
(ResNeXt)

2E4
Binary class segmentation

- Xie, S, Girshick, R, Dollér, P, Tu, Z, & He, K. (2017). Aggregated residual transformations for deep neural networks. In Proceedings of the IEEE conference on computer vision and pattem
recognition (pp. 1492-1500).
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Multi-Person Pose Estimation

- Mask R-CNN for human pose estimation

hcal

& DMQA
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Multi-Person Pose Estimation

- Mask R-CNN for human pose estimation =2 40|

< Mask R-CNN 7|2 Z0f| Human pose estimation 7}X| 37}

« 7|& & 3, 40 human pose estimation2 ¢/3t Z& 58 F7}

SHOEDY
253 Bl
Bounding box regression & [ & de. k]
Classification

X [ ﬁ ’

Feature Extractor
(ResNeXt)

2E4
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Multi-Person Pose Estimation

- Mask R-CNN for human pose estimation

< Mask R-CNN =4 g

* Lossyask r—cnn = LOSSgpN reg + LOSSgpy cif + LOSSpp reg + LOSSpp c1f + LOSSsegment +

o FAPSH TaskE A0 =&otH H50| 7k Zd(Multi-task learning)

«  L}HX|E= Cross entropy =4 &t AL

Z9 Mol

B2E3
Bounding box regression & | Sider
Classification

A
W
Binary class segmenfatlon\

\
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Multi-Person Pose Estimation

- Dataset

X/

% Microsoft common objects in context (MS COCO)
«  Computer vision 2tH Y1 2|5= 2[5 OO[AZ2AZEON X|Sot= X0
>  Object detection, Instance segmentation, human pose estimation & 2 2|0|= =Y

«  Human pose estimations {8+ HIO|E{ 270

120 | 310 2_1. orory == ojojxjo) =5 x

120 330 | 0 |

100 | 330 0o | HHv==17ERZR

80 350 2 . BtoFy == 2, &SI 2
= 130 320 1
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Multi-Person Pose Estimation

- Evaluation metric for Multi-person pose estimation in Mask R-CNN

< Multi-person pose estimation ‘7| X| &
«  Object keypoint similarity (OKS) based mean Average Precision
« (v>0) 2 EhE = T BE ) -3 =13 > 282 (M0 k = 16)
«  (v>0) 2 ZHEO| CHIHAS Oz A ALt
> dg iy ot &M =& AMo] F22|C[ AHE|
> s:ollE ZK0fl CHSH Bounding box CHZHM 20|

> kiR ZEEO| o & AFEOf XI7)

120 | 370 > mpEhA &K} LY Z4H[ofl CHeE OKS
120 | 330 | o |
100 | 330 0 K ( d;? )

=1 exp| ———-—~= | 6(v; >0
80 | 30 | 2 = 252k, (v > 0)
.................. 5(171' > 0)
130 | 320 1

- https//ctkimfistory.com/101?category=906618
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Multi-Person Pose Estimation

- Evaluation metric for Multi-person pose estimation in Mask R-CNN
<« &9 2y
0| 2t&5H= Multi-task learning 241 2| Mask R-CNN &t 24l

Gl
- QIZHOj| it O] HEE AHESH Human pose estimation s S7tE 240l

(OD d5) (ISd3s) (HPE d5)

Faste(rOFé—)CNN ot ] ]
o). 536 458

I\(/claagl;f{c; ﬁEIEI;I 507 642
OBS and 19D 520 451 64.7

* Object detection (OD), Instance segmentation (IS), and Human pose estimation (HPE)
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Multi-Person Pose Estimation

- Evaluation visualization for Multi-person pose estimation in Mask R-CNN
o B 0l% Za} A|Z3

- = O[O|X| Wi o] A0 LA & Z=to] EAlots As =&l 7ts
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Conclusion

» ZE

«  Human pose estimation: 17t2| HEH XHE 0| F5t= X

>

28 Ho|H=

2 RGB 0|0|X| (3D human pose estimation =X = Z=X)
=3 [[O|E &= 217H0f| 3| E 5= Bounding box@f 3 & Xt

- S &A= Single person estimationt Multi-person estimation2 2 1=

Aol CHSH Bounding Box: (x, y; h, w)
> Box@| S (x y)=(120, 15)
> =0[2f HH|: h w

BIA[SIA} St= 22 7= = 1670

@

® © ©

2| (x y) = (120, 370)
IZ of7H: (x, y) = (120, 330)
21 =EXL: (x y) = (100, 330)

Z 22 (x y) = (80, 350)
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Conclusion

~ A&
«  Human pose estimation: 217+2| #EE ZtHE 0| F55t= =X
> Y Oo|H&= LB O 2 RGB O|O|X| (3D human pose estimation =Xl = ZXH)
> =9 Oo|H+& 217t0] 8l S dt= Bounding box@t #HA & XtHE
- offd &K= Single person estimationt Multi-person estimation2 2 &
>  Single person estimation CHE Y 112|F: DeepPose (2014)
> Multi-person estimation CHE 211 2|&: Mask R-CNN (2017)

Single person estimation Multi-person estimation

2k
1
- 502
MSE = 2k i_El(J'I 1)

=2 oje

g 8§ ¢ 4 ¢

I Y P - g5 3 o|o|x]|
b 5 a a2 a

8

55 x 55 x48
27 %21 128
v
13x13x192
13x13x192
13192

40%
0%
2
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