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ABSTRACT

Human Pose and Shape Perception in Complex Scenes

Dongkai Wang (Computer Applied Technology)
Directed by: Prof. Shiliang Zhang

ABSTRACT

Human Pose and Shape Perception (HPSP) aims to infer the fine-grained human struc-
ture information from monocular RGB images, e.g., human pose and shape, which can pro-
vide structured representation of human body for subsequent visual analysis tasks. HPSP is
one of the key problems in computer vision and a basic technology supporting intelligent ser-
vice applications. A large amount of literature shows that HPSP not only has broad applica-
tion prospects in many fields such as human-computer interaction, digital entertainment, and
sports, but also can be used for controllable human body rendering, behavior recognition, and
pedestrian reconstruction in many tasks in the field of computer vision. It provides effective
guidance information for many basic tasks related to people, and has important application
value and scientific research significance.

Benefited by the development of deep learning and large-scale neural networks, the field
of HPSP has made great progress. However, existing methods are still difficult to estimate
human body shape efficiently and robustly in complex scenes, unable to meet the needs of
practical applications. HPSP in complex scenes contains three major challenges, including
severe occlusion, numerous targets and diverse scenes. Firstly, complex scenes contain highly
overlapping human bodies and occlusions, making it hard to separate overlapped persons and
resulting in missed or wrong detection of human pose and shape. Secondly, when processing
numerous targets, existing models cannot balance perception accuracy and efficiency, making
it difficult to efficiently estimate corresponding human pose and shape. Finally, diverse scenes
bring challenges to the generalization capability of existing methods. Traditional HPSP method
is limited by the training data and is difficult to generalize to detect input images from differ-
ent scenes and novel types of human body structures. This thesis focuses on HPSP in complex
scenes and designs several novel and efficient methods from three aspects: occlusion robust-
ness, perception efficiency and cross scene generalization, and validates the performance of
HPSP in typical scenes. The main contributions of this thesis include the following aspects:

In terms of missed and wrong detection of HPSP methods in complex scenes, this thesis
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proposes several novel and robust multi-person processing frameworks to separate overlapped
instances. This thesis firstly proposes a Direct Pose-Level Inference (DPLI) framework to avoid
missed and inaccurate localization of human poses and keypoints in complex scenes. Unlike
previous methods that infer human pose from individual keypoint, the proposed method con-
siders the human pose as an inference objective, thus avoid the missed detection of keypoints.
Furthermore, this thesis proposes a more general Contextual Instance Decoupling (CID) frame-
work to separate different persons in crowded scenes. The proposed CID efficiently separates
overlapped persons in feature map, while retaining sufficient contextual information to infer
dense body pose and shape for each instance, therefore achieving superior performance in var-
ious instance-level human analysis tasks. For example, the proposed method outperforms pre-
vious methods by 5.6%, 11.1%, and 3.5% on the human pose estimation dataset CrowdPose, the
human foreground segmentation dataset OCHuman, and the human part segmentation dataset

CIHP, respectively.

In terms of low efficient HPSP models, this thesis proposes several efficient HPSP mod-
els to estimate human pose and shape accurately and efficiently. This thesis firstly proposes
a Spatial-Aware Regression (SAR) model for human keypoint localization, to address the low
accuracy, high computational storage and quantization error of previous perception model.
SAR introduces the spatial location prior in the input image into the regression process to ease
the difficulty of direct regression. The introduced spatial location prior can also benefit model
to locate multi-person keypoints, making SAR a more general keypoint localization model.
For rotation matrix estimation, this thesis proposes a Sequentially Global Rotation Estimation
(SGRE) to directly estimate the global rotation of each joint to avoid error accumulation of
previous relative rotation estimation model and pursue better accuracy. The proposed SGRE
alleviates error accumulation and produces more accurate 3D human mesh. The above model
can effectively and efficiently estimate human pose and shape, achieving superior performance
on various human pose and shape perception benchmarks. For example, it improves the lo-
calization accuracy of regression model on COCO Keypoint dataset by 17.5% and reduce the
reconstruction error on 3DPW dataset by 5.0 mm, while maintaining the same computational

Ccost.

In terms of limited generalization capability of traditional HPSP methods, this thesis pro-
poses a novel text-guided HPSP method to handle diverse scenes. Different from existing
methods that learn human body structure priors from training data, the proposed method intro-

duces text to encode human body keypoint information, and utilizes the large language models
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that pretrained on large amount of data to understand textual input and estimate correspond-
ing human pose and shape. The proposed method takes both image and text instruction as
input and utilizes the powerful reasoning capability of large language models to understand
the keypoint type, location and relationship to other keypoints to output the desired human
keypoint coordinates. Experimental results show that the proposed method obtains superior
performance on both 2D/3D human pose estimation tasks. Benefited by the introduced textual
description and large language model, our method shows superior generalization capability in
cross dataset validation and novel type keypoint localization, outperforming previous methods
by 11.0% and 24.1%, respectively.

Relying on the efforts in the above three directions, this thesis proposes several unified and
effective algorithms for HPSP in complex scenes. Besides on above methods, this thesis also
verifies the effectiveness of HPSP in typical scenes, constructing a human perception dataset
for autonomous driving and a human visual analysis system for complex scenes, respectively.
The research on the above methods, datasets and systems has effectively improved the accuracy,
robustness and generalization capability of HPSP method in complex scenes, which is expected

to promote the practical application of HPSP and provide support for visual intelligence.

KEY WORDS: Human Pose and Shape Perception, Complex Scenes, Robustness, Efficiency,

Generalization
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