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Introduction of 3D Human Pose Estimation

> Definition
» 3D human pose estimation from monocular observations is a
fundamental vision task that reconstructs 3D body joint locations
from the input images or video.

» Challenge
* Depth Ambiguity _ _ _
- Temporal Consistency Learning better spatio-temporal correlation
—

« 2D Input Uncertainty IS very important to address these challenges
* Occlusion

Input

Reconstruction Ground truth
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Input: 2D Pose Sequence Output: Root-Relative 3D coordinates



Related Works of 3D Pose Estimation in Video

| - - 1. Seq2seq methods based on LSTM/RNN can not
T parallel over the time.

2. Most of them lack the global modeling ability on
long sequences.

Seq2seq paradigm!’] Spatio-Temporal correlation modeling is
Insufficient and low-efficiency

1. Seq2frame methods ignore the temporal motion
among body joints;

2. Most SOTA methods increase the redundant
calculation.

Seg2frame paradigml?!

[1] K. Lee et al. Propagating LSTM: 3D Pose Estimation based on Joint Interdependency, 2018, ECCV
[2] Pavllo et al. 3D human pose estimation in video with temporal convolutions and semi-supervised training, 2019, CVPR
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Recent Works of Transformer in 3D Pose Estimation
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Lin et al. End-to-End Human Pose and Mesh Reconstruction with Transformers, 2021, CVPR

1. Jitter results in video input.

2. Single frame performance is still
not good enough.
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Video method (PoseFormer)

2D pose sequence (e.g., 9 frames)

Zheng et al. 3d human pose estimation with spatial and temporal transformers, 2021, ICCV



Recent Works of Transformer in 3D Pose Estimation

Multi-Layer Transformer Encoder
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1. Jitter results in video input.

Multi-Layer Transformer Encoder
with Progressive Dimensionality Reduction Network (H/8)-Dim
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A A 1A PR J P
not good enough.
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Why not try to utilize transformer to the seq2seq paradigm to obtain
high efficiency and good performance?

(a) 3D pose for the center frame

(b) 3D pose for the center frame
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1. Much redundant computation
during training and inference.
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Video method (PoseFormer)
Zheng et al. 3d human pose estimation with spatial and temporal transformers, 2021, ICCV



Our Motivation

Challenges =

 How to design a model to obtain

better spatio-temporal modeling 9
ability? {
* How to take advantage of global o !
correlations between sequences time i o SO

-
>

in video?
Each joint has different motion in a
video sequence



Our Method

Each joint has a different motion
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Temporal Correlation
of each joint

Spatial Correlation
of each frame

. Joint Separation

We separate different joints in time dimension,
so that the trajectory of each joint is an
individual token, and different joints of body are

modeled paralleled.

. Alternating Design

We stack spatial and temporal encoders for d;
loops, and the dimension of feature is
preserved as a fixed size d,,, to promise that
spatial-temporal correlation learning focuses on
the same joint.
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Main Experimental Results

Comparison results under Protocol 1 (MPJPE) on Human3.6M using detectors

Protocol #1 Dir. Disc. Eat Greet Phone Photo Pose Pur.  Sit SitD. Smoke Wait WalkD. Walk WalkT. | Avg.
Pavlakos er al. [35] CVPR2018 48,5 544 544 520 594 653 499 529 658 711 56.6 529 60.9 44.7 47.8 56.2
Pavllo er al. [37](CPN, T=243)(1) CVPR2019 452 467 433 456 48.1 551 446 443 573 658 47.1 44.0 49.0 32.8 33.9 46.8
Cai et al. [ ](CPN, T'=7)(}) ICCV2019 446 474 456 488 50.8 590 472 439 579 619 49.7 46.6 51.3 37.1 394 48.8
Yeh eral. [51]() NIPS2019 448 46.1 433 464 49.0 552 446 440 3583 627 47.1 43.9 48.6 32.7 33.3 46.7

Liu et al. [25](CPN, T=243)(7) CVPR2020 | 41.8 448 41.1 449 474 541 434 422 56.2 63.6 453 435 45.3 31.3 322 | 45.1
Wang et al. [16](CPN, T=96)(T) ECCV2020 | 40.2 425 426 4l1.1 46.7 56.7 414 423 56.2 604 46.3 422 46.2 31.7 31.0 | 445
Chen et al. [*](CPN, T=243)(7) TCSVT2021 | 414 435 40.1 429  46.6 51.9 417 423 539 602 454 417 46.0 31.5 32.7 44.1

Xu et al. [45](T=1) CVPR2021 452 499 475 509 549 66.1 485 463 597 715 514 486 53.9 39.9 44.1 51.9
Lin et al. [25](T=1)(*) CVPR2021 - - - - - - - - - - - - - - - 54.0
Zeng et al. [53](F) ICCV2021 43.1 504 439 453  46.1 57.0 463 47.6 563 615 477 474 53.5 35.4 37.3 47.9
Zheng et al. [S7](CPN, T=81)(+)(*) ICCV2021 41.5 448 398 425 465 51.6 421 420 533 607 455 433 46.1 31.8 322 | 443
Ours(CPN, T'=81)(F)(*) 39.8 43.0 38.6 40.1 434 50.6  40.6 414 522 56.7 438 408 43.9 294 30.3 42.4
Ours(CPN, T'=243)(7)(*) 37.6 409 373 397 423 499 40.1 398 517 55.0 42.1 398 41.0 279 279 | 409

Wang et al. [10](HRNet, 7=96)(1) ECCV2020 | 38.2 41.0 459 39.7 41.4 514 416 414 520 574 41.8 444 41.6 33.1 30.0 42.6
Wehrbein et al. [+ 7](HRNet, 7=200) ICCV2021 385 425 399 417 46.5 5.6 399 40.8 495 568 453 464 46.8 37.8 40.4 443
Ours(HRNet, 7'=243) 36.7 39.0 365 394 40.2 449 398 369 479 5438 39.6 378 39.3 29.7 30.6 39.8

Comparison results under Protocol 1 (MPJPE) on Human3.6M using 2D ground truth

Protocol #1 ‘Dir. Disc. Eat Greet Phone Photo Pose Pur. Sit SitD. Smoke Mait WalkD. Walk WalkT. \ Avg,

Liu et al. [25](1T'=243)(}) CVPR2020 | 345 37.1 33.6 342 329 37.1 396 358 40.7 414 33.0 33.8 33.0 26.6 26.9 34.7
Wang et al. [40](GT, T'=96) ECCV2020 | 23.0 257 228 226 24.1 30,6 249 245 31.1 350 25.6 24.3 25.1 19.8 18.4 25.6
Zheng et al. [ST)(T =81)(T)(HICCV2021 | 30.0 33.6 299 31.0 30.2 333 348 314 37.8 386 31.7 315 29.0 23.3 23.1 31.3
Ours(7'=81) 256 27.8 245 25.7 249 299 28,6 274 299 290 26.1 25.0 25.2 18.7 19.9 25.9
Ours(1'=243) 21.6 22.0 204 210 20.8 243 247 219 269 249 21.2 21.5 20.8 14.7 15.7 21.6




Main Experimental Results

Comparison on MPI-INF-3DHP with 2D GT Comparison on HumanEva-l with 2D GT

Method | PCKT AUCT MPIPE|

#Protocoll | Walk Jog Avg.
Mehta e al. [25] ACMTOG 2017 1 794 416 - Pavllo er al. [ 32](T'=81) 131 10.1 398 | 207 139 156 | 189
Lin et al. [20](1=25) BMVC2019 836 S14 798 Pavllo e al. [22[(T=81,FT) | 140 125 27.1 | 203 17.9 175 | 182
Lietal [15] CVPR2020 812 46.1 99.7 Zheng et al. [30](T'=43) 163 11 471 | 25 152 151 216
Wang et al. [41]1(T=96)ECCV2020 869 621 681 Zheng er al. [S0)(T=43.FT) | 144 102 46.6 | 227 134 134 | 20.1
Gong et al. %] CVPR2021 886 573 730 Ours(T=43, FT) 127 109 176 226 128 13.0 | 13.0
Zheng et al. [50] [CCV2021 88.6 56.4 77.1
Ours(T'=1) 942  63.8 57.9
Ours(7T=27) 944  66.5 54.9 Table 4. The MPJPE on HumanEva testset under Protocol 1. FT
indicates using the pretrained model on Human3.6M for finetun-
Table 3. Detailed quantitative comparison results on MPI-INF- ing. The best result is highlighted in bold.

3DHP with three metrics. The T indicates the higher, the better, the
1 indicates the lower, the better. The best and second-best results
are highlighted in bold and underlined formats, respectively.
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H36M SOTA Leaderboard 3DHP SOTA Leaderboard



Qualitative Results Presentation
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Thank you for watching!

HomePage: jinluzhang.site

Email: jinluzhang@whu.edu.cn

Code: https://github.com/JinluZhang1126/MixSTE

Code Link HomePage
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