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Abstract 3D template tracking aims to accurately align pre-constructed 3D CAD models with the
corresponding targets in the input images, and has important applications in augmented reality and robotics. It is
also one of the key problems in the field of computer vision. In recent years, various approaches have been
proposed to improve the accuracy and robustness of 3D template tracking, but only a small amount of work has
contributed to the construction of 3D template tracking datasets. With the development and wide applications of
deep learning, the construction of large-scale datasets in various fields has been paid more and more attention,
laying the foundation for the training, testing and evaluation of algorithms, which has greatly promoted the
development of related fields. Previous datasets for 3D template tracking are acquired by either video capture or
computer rendering. Video-captured datasets are realistic, but since the pose is computed based on hand-crafted
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markers, the accuracy of the ground-truth pose is not guaranteed and the size of these datasets are also limited
due to the time-consuming labelling process. Computer-rendered datasets could be synthesized massively, but the
quality of rendered image sequences is limited by the adopted render techniques. Altogether, previous datasets
suffer from problems such as limited scale, inaccurate ground-truth poses, unrealistic images and insufficient
diversity of model settings, therefore it is meaningful and challenging to construct a high-quality and large-scale
dataset for 3D template tracking. In this paper, we propose to construct a large-scale 3D template tracking dataset
RDOT (Render Dataset for Object Tracking) based on photorealistic rendering. RDOT is rendered with
photorealistic rendering method. The model set contains tens of objects with different physical structures and
realistic materials, it also allows the camera and objects to move in pre-defined complex motion modes.
Moreover, compared with previous datasets, RDOT takes more accurate control of settings of rendering scenes, it
offers various detailed settings of lighting, noise, motion blur and occlusion in different degrees of difficulty. To
the best of our knowledge, RDOT is currently the largest 3D template tracking dataset which meets the demands
of performance evaluation. Based on RDOT, we evaluated previous 3D template tracking methods in an
objective and fair way. Previous approaches have been evaluated on different datasets that suffer the
aforementioned problems. In our evaluation, the tracking methods are evaluated with three precision metrics,
including ADE (Average Edge Distance), ASD (Average Surface Distance) and RR (Reinitialization Rate). We
analyze the evaluation results from multiple aspects considering structures of objects, materials of objects and
different settings of rendering scenes. In addition, since RGB-based 3D tracking method usually produce
significant errors in the depth direction due to the missing of depth constraint, we propose a statistical model of
tracking errors that can be computed based on the accurate ground-truth pose of RDOT. By applying the error
model to compensate the resulting object pose parameters, the tracking accuracy can be improved significantly.
Finally, we discuss the disadvantages of different tracking approaches, and give an overall conclusion and

perspective for future 3D template tracking approaches.

Key words 3D template tracking; dataset construction; algorithm evaluation; augmented reality; photorealistic
rendering
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Background

3D template tracking is one of the most important tasks in
computer vision. As one of the fundamental technique, 3D
template tracking has a wide application in augmented reality,
the human-computer interaction and robotics, etc. In recent
years, many 3D template tracking methods are proposed, with
better accuracy and robustness evaluated on different datasets.
However, previous datasets are of limited scale and low quality,
and it is difficult to comprehensively and objectively evaluate
the tracking approaches due to the lacking of uniform dataset
and standard metrics.

Currently, several works have constructed 3D template
tracking datasets, including both video-captured datasets and
computer-rendered datasets. However, the ground-truth pose of
the video-captured datasets is inaccurate, since the pose are
obtained by the calibration method of hand-crafted markers.
The scale of these datasets is also limited due to the
time-consuming labelling process. There are also some
problems in the computer-rendered datasets, such as unreal
pictures and insufficient settings of rendering scenes.

In this work, we construct a large-scale 3D template
tracking benchmark RDOT based on photorealistic rendering,
which effectively addresses the problems of inaccurate
ground-truth and unrealistic images in previous datasets. It

includes tens of objects with different structures and materials,
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and allows cameras and objects to move in complex motion
modes, which increases the difficulty of the benchmark. RDOT
also considers different settings of noise, motion blur,
illumination change and occlusion. RDOT simulates the real
lightings in order to evaluate the performance of the leading 3d
tracking approaches under various conditions. Three metrics
are used to evaluate the current tracking approaches, resulting
in a comprehensive analysis and perspective of 3d template
tracking.
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