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Topic: Investigation of Robustness of Single-View 3D Pose Esti-
mators under Challenging Conditions

Untersuchung der Robustheit von Single-View-3D-Pose-Estimators unter schwierigen Bedingungen

3D human pose estimation is a widely used aspect of computer vision with applications ranging
from guided movement exercises in the home environment [1] to supportive systems for athletes
and coaches [2]. In recent years, pose estimation incorporating depth information, e.g. projecting
humans in three-dimensional space, has progressed extensively. Technologies in 3D human pose
estimation and neural radiance fields have been significantly advanced, such as musculoskeletal
dynamics in biomechanics [3], photorealistic head avatars [4], and intuitive physics-based motion
prediction models [5], with broad applications across these fields. Some presented methods include
uplifting from 2D to 3D space using a fully connected residual network to regress 3D joint locations
from 2D joint locations, while another method introduced a volumetric representation for direct
prediction of 3D poses from 2D images [6]. There have been significant improvements in deep
learning methods, resulting in more stable and accurate models that only require a single camera
view [7]. However, these models are still not robust enough to handle all real-life scenarios [8]. The
robustness of existing estimators under challenging conditions, such as difficult camera angles,
varying lighting conditions especially in outdoor environments, and the presence of occlusions
such as overlapping body parts or objects blocking parts of the person being estimated, remains
a significant concern in both 2D and 3D approaches [6]. Numerous advances, such as dual-stream
spatiotemporal transformer models [9], modulated graph neural networks (GCNs) [10], or com-
binational networks of transformers and GCNs [12] were introduced to enhance the performance
and robustness of single-view 3D pose estimations.

This thesis proposes to investigate the robustness of single-view 3D pose estimators by evaluating
their performance under different conditions and testing novel approaches to improve the stability
of pose predictions in a temporally coherent context. Prediction pipeline design choices, such as
heatmap-based methods. like generating Gaussian heatmaps centered at the ground truth joint
locations for joint localization and regression-based approaches for estimating 3D coordinates and
angles, along with the generalization of data augmentation techniques for addressing overfitting
and specific loss functions are thoroughly tested. :
Consequently, this work consists of the following parts

o Capturing data that includes a range of human actions, such as jumping jacks and tying
shoelaces, while taking into account various conditions like different lighting, occlusion by
objects (such as furniture), and occlusion by other parts of the human body in the frame,
to create a comprehensive and robust dataset for fine-tuning and evaluation.

e Capture keypoints with OMC (optical motion capture) setup and compare global joint
positions to test model generalization. If necessary, fine-tune with recorded data to evaluate
model performance, considering the impact on generalizability due to reduced domain gap.

e Evaluate the accuracy [12], aiming to achieve Mean Per Joint Position Error (MPJPE) of
at-least 20mm [6] on the captured robust data, for various state-of-the-art single-view 3D
pose estimation approaches, including graph-based models, detection-based methods such
as keypoint mask R-CNN, spatio-temporal transformers, convolutional models, and others.
Furthermore, testing the effectiveness of various pose estimation methods such as uplifting
from 2D to 3D space, and direct spatiotemporal joint prediction. ‘

¢ Introduce an approach to enhance the stability and robustness of single-view 3D pose esti-
mators by incorporating techniques such as adding additive temporal noise or 2D pose
augmentation with added jitter [13].
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