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Human Pose Estimation

Heatmap-based model

Bottom-up approach model
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https://www.news1.kr/articles/?4385246

https://www.youtube.com/watch?v=GBpnsFfLt2Q
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https://www.quytech.com/blog/human-pose-estimation-technology/
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Contour-based model Skeleton-based model Volume-based model

Chen, Y., Tian, Y., & He, M. (2020). Monocular human pose estimation: A survey of deep learning-based methods. Computer Vision and Image Understanding, 192, 102897.
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http://cs231n.stanford.edu/slides/2017/cs231n_2017_lecture1.pdf

Generalized Cylinder

(Brooks & Binford, 1979)
Pictorial Structure

(Fischler & Elschlager, 1973)
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http://cs231n.stanford.edu/slides/2017/cs231n_2017_lecture1.pdf

Histogram of Gradients

(Dalal & Triggs, 2005)
Deformable Part Model

(Felzenswalb, McAllester, Ramanan, 2009)
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Chen, Y., Tian, Y., & He, M. (2020). Monocular human pose estimation: A survey of deep learning-based methods. Computer Vision and Image Understanding, 192, 102897.

Contour-based model Skeleton-based model Volume-based model
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Polygonal mesh data 3D mesh modeling
https://en.wikipedia.org/wiki/Polygon_mesh

https://www.turbosquid.com/3d-models/mesh-male-body-t-pose-3d-model-1268686
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https://eehoeskrap.tistory.com/466
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Golda, T., Kalb, T., Schumann, A., & Beyerer, J. (2019, September). Human pose estimation for real-world crowded scenarios. 

In 2019 16th IEEE International Conference on Advanced Video and Signal Based Surveillance (AVSS) (pp. 1-8). IEEE.
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2D Pose Estimation

Single Person

Multi-Person

Direct regression

Heatmap-based

Top-down

Bottom-up

3D Pose Estimation

HPE
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2D Pose Estimation

Single Person

Multi-Person

Direct regression

Heatmap-based

Bottom-up

3D Pose Estimation

HPE

Top-down
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2D Pose Estimation

Single Person

Multi-Person

Direct regression

Heatmap-based

Bottom-up

3D Pose Estimation

HPE

Top-down
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https://developer.apple.com/documentation/coreml/detecting_human_body_poses_in_an_image
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http://koreascience.or.kr/article/JAKO202021853968943.pdf

𝑃𝐶𝐾 =
𝑇𝑟𝑢𝑒관절의수

총관절의수
×100

예측값

실제값

𝑏 : 몸통직경

𝑑 : 실제값 − 예측값

ቊ
𝑑 ≤ 0.2 × 𝑏 → 𝑇𝑟𝑢𝑒
𝑑 > 0.2 × 𝑏 → 𝐹𝑎𝑙𝑠𝑒
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𝑶𝑲𝑺 =

σ𝑖[ exp(
−𝑑𝑖

2

2𝑠2𝑘𝑖
2)𝛿(𝑣𝑖 > 0)]

σ𝑖[𝛿 𝑣𝑖 > 0 ]

𝑑𝑖: 정답 관절과 검출된 관절 사이의 Euclidean 거리

𝑣𝑖: 관절 점의 주석 여부

𝑘𝑖: 관절 점 종류에 따른 설정된 상수

𝑠: 해당 객체 세그먼트 영역의 제곱근
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2D Pose Estimation

Single Person

Multi-Person

Direct regression

Heatmap-based

Top-down

Bottom-up
3D Pose Estimation

HPE
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Deep Learning-Based 

Pose Regressor

Input image Key points 2D pose image

Direct regression method

X1, Y1

X2, Y2

X3, Y3

X4, Y4

…, …
X17, Y17
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Deep Learning-Based 

Pose Regressor

Input image Key points 2D pose image

Direct regression method

정확한 관절 좌표를 예측하는 것이 매우 어려움
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2D HPE

network

Input image Body part heatmaps 2D pose image

Heatmap-based method

Part

association
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Heatmap regression method

관절별좌표 Ground truth관절별 heatmap

관절 수

Gaussian 

fitting

0.7

0

0

0

관절 수

𝐳 𝒙, 𝒚

1.0

0.9

0.8

Input image
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Input image

Heatmap regression method

Feature map Prediction

관절 수

2D HPE

network
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PredictionGround truth

‖ ‖ㅡ
2

2

𝑓𝑡 =
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Pose Machines Convolutional Pose Machines OpenPose

2014 2016 2017, 2019

Shih-En WeiVarun Ramakrishna Zhe Cao
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• 각 단계의 입력 이미지에 대해 하나의 필터가 커버할 수 있는 이미지 영역의 일부

Input image

Layer 1

3 X 3

filter
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• 각 단계의 입력 이미지에 대해 하나의 필터가 커버할 수 있는 이미지 영역의 일부

Input image

Layer 1 Layer 2

(3X3)

3 X 3

filter



- 42 -Copyright ⓒ 2021,  All rights reserved.

• 각 단계의 입력 이미지에 대해 하나의 필터가 커버할 수 있는 이미지 영역의 일부

Input image

Layer 1 Layer 2

(3X3)

Layer 3

(5X5)

3 X 3

filter
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H X W X 3

Input image

9X9

9 X 9

filter
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H X W X 3

Input image

9X9 26X26

9 X 9

filter
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H X W X 3

Input image

9X9 26X26 60X60

9 X 9

filter
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H X W X 3

Input image

9X9 26X26 60X60 160X160

9 X 9

filter
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CNN

9X9 160X160
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신체 구조를 활용하여 관절 위치 인식

CNN

9X9 160X160
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Heatmap
Input image

(관절 수+ background)
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Heatmap
Input image

Ground truth

Loss 계산

(관절 수+ background)

𝑀𝑆𝐸 = ෍

𝑃=1

𝑃+1

෍

𝑧∈𝑍

∥ 𝑏𝑖
𝑝
(𝑧) − 𝑏∗

𝑝
(𝑧) ∥2

2
𝑧: 𝑥, 𝑦

𝑝: 관절

𝑖: stage
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HeatmapInput image
Stage 1

Context feature

240X240 400X400

Image feature
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HeatmapInput image

Image feature
Loss 𝑓2

Stage 1

Context feature
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HeatmapInput image

Image feature

Loss 𝑓3

Image feature

⋯

Stage 2

Context feature
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Top-down approach

https://www.mimul.com/blog/realtime-multi-person-pose-estimation/

사람 탐지 자체 추정

관절 탐지
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https://www.mimul.com/blog/realtime-multi-person-pose-estimation/

Bottom-up approach

관절 탐지

자체 추정

관절 이음



- 62 -Copyright ⓒ 2021,  All rights reserved.



- 63 -Copyright ⓒ 2021,  All rights reserved.



- 64 -Copyright ⓒ 2021,  All rights reserved.



- 65 -Copyright ⓒ 2021,  All rights reserved.

Input Image

Part Affinity Fields Part Confidence Maps

Bipartite MatchingParsing Results
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Input Image
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𝐿𝑜𝑠𝑠 𝑓𝐿
1

𝑀𝑆𝐸

𝐿1
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𝐿𝑜𝑠𝑠 𝑓𝐿
2

𝐿2
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𝐿𝑜𝑠𝑠 𝑓𝐿

𝐿𝑇𝑃

𝑳𝑻𝑷
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𝐿𝑜𝑠𝑠 𝑓𝑆
1

𝑆1

𝑆𝑡
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𝐿𝑜𝑠𝑠 𝑓𝑆
𝑡

𝑆𝑡

⋯

𝑆𝑡
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𝐿𝑜𝑠𝑠 𝑓𝑆

𝑆

𝑆𝑡

𝑆
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Input Image

Part Affinity Fields Part Confidence Maps

Bipartite MatchingParsing Results Appendix 참조
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MPII dataset

COCO dataset
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Input Image

Part Affinity Fields Part Confidence Maps

Bipartite MatchingParsing Results
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감사합니다



Appendix



- 84 -Copyright ⓒ 2021,  All rights reserved.



- 85 -Copyright ⓒ 2021,  All rights reserved.



- 86 -Copyright ⓒ 2021,  All rights reserved.



- 87 -Copyright ⓒ 2021,  All rights reserved.



- 88 -Copyright ⓒ 2021,  All rights reserved.



- 89 -Copyright ⓒ 2021,  All rights reserved.



- 90 -Copyright ⓒ 2021,  All rights reserved.

관절 연결 수 = 사람 수 = 4
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관절 연결 수 = 사람 수 = 4 관절 연결 수 – 공유하는 관절의 수= 2
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Parsing Results관절 연결 수 = 사람 수 = 4 관절 연결 수 – 공유하는 관절의 수= 2
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Action Classification

Action Representation methods

Interaction Recognition methods

Action Detection

Human Action 

Recognition

Human Pose Estimation

⋯

센서 데이터를 통한 행동 분류 실험
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Action Classification

Action Representation methods

Interaction Recognition methods

Action Detection

Human Action 

Recognition

Human Pose Estimation

⋯


