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ABSTRACT

Research on Camera Localization and Delay Compensation
Methods in AR Scenes

Haoran Chen (Computer Science and Technology(Intelligent science and Technology))

Directed by: Assistant Prof. Boxin Shi

ABSTRACT

Camera localization refers to the technique of inferring the six-degree-of-freedom (6DoF)
pose of the camera by analyzing data from various sensors, such as visual information obtained
from the camera and inertial information obtained from the inertial measurement unit (IMU).
This technology plays an extremely important role in fields such as augmented reality (AR),
virtual reality (VR), robotics, and autonomous driving.

At the same time, in the field of camera localization applied to AR, the delay of rendering
on AR devices requires prediction of head motion using sensor data acquired tens of even one
hundred milliseconds ago to avoid misalignment between the virtual content and the physical
world, where the misalignment will lead to a sense of time latency and dizziness for users.
Therefore, a 6DoF motion prediction method is needed to compensate for rendering delays.

Based on extensive research and full-scale experiments, this thesis focuses on how to
perform accurate, smooth, and robust camera localization in AR scenes and how to use 6DoF
motion prediction methods to compensate for rendering delays. A complete set of technical
frameworks is put forward to realize the AR experience with a strong sense of immersion.
Specifically, the contributions of this thesis are as follows:

(1) In response to the localization requirements in augmented reality scenarios, a techni-
cal solution has been proposed that effectively combines large-scale pre-accomplished
3D reconstruction, rapid real-time local camera localization, and accurate back-end
global camera localization. This solution achieves precise, smooth, and robust camera
localization tasks at a low cost on existing devices such as smartphones, tablets, and
augmented reality glasses, thereby supporting the development of augmented reality
experience projects. Furthermore, based on this technical solution, collaborations have
been established with Tsinghua Art Museum and Henan Metallurgy Museum to suc-

cessfully develop augmented reality cultural tourism guide projects. The advantageous
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theoretical performance and satisfactory on-site experience outcomes demonstrate the
high applicability and scene generalization capabilities of this technology, indicating
considerable commercial value.

(2) In light of the delay caused by rendering on augmented reality devices, a novel task
called six-degrees-of-freedom (6-DoF) motion prediction has been proposed, along
with the definition of its objectives and corresponding evaluation metrics. A MOtion
UNcerTainty encode decode network (MOUNT) is introduced to predict camera poses
after a certain period, which estimates the uncertainty in the input data and predicts
the uncertainty in the output poses, thereby enhancing the precision and smoothness
of the predicted results. MOUNT possesses a reasonable data preprocessing approach
and architecture, allowing it to learn the uncertainty prediction of output poses from
training data in an unsupervised manner. Detailed experiments were conducted on both
the public EuRoC (European Robotics Challenge) dataset and a dataset specifically de-
signed for this task. The results not only quantitatively demonstrated that MOUNT
significantly outperforms conventional methods in terms of accuracy and smoothness
but also showcased the considerable improvement in immersive augmented reality ex-
periences that MOUNT can provide. Ablation experiments and user studies further

corroborate these findings.
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