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Abstract
Volumetric video is becoming easier to capture and display
with the recent technical developments in the acquisition, and display technologies. Using point clouds is a popular way to represent volumetric video for augmented or virtual reality applications. This representation, however, requires a large number of
points to achieve a high quality of experience and needs compression before storage and transmission. In this paper, we study
the subjective and objective quality assessment results for volumetric video compression, using a state-of-the-art compression
algorithm: MPEG Point Cloud Compression Test Model Category 2 (TMC2). We conduct subjective experiments to find the
perceptual impacts on compressed volumetric video with different quantization parameters and point counts. Additionally, we
find the relationship between the state-of-the-art objective quality
metrics and the acquired subjective quality assessment results. To
the best of our knowledge, this study is the first to consider TMC2
compression for volumetric video represented as coloured point
clouds and study its effects on the perceived quality. The results
show that the effect of input point counts for TMC2 compression
is not meaningful, and some geometry distortion metrics disagree
with the perceived quality. The developed database is publicly
available to promote the study of volumetric video compression.

Introduction
Capturing and displaying volumetric video are becoming
easier with the developing technology for augmented reality
(AR), mixed reality (MR), and virtual reality (VR) applications.
Recent technological developments made the acquisition of volumetric video feasible [1–3]. The acquired volumetric video can
easily be used within various AR and VR applications using the
head-mounted displays (HMD). Thus, within both industry and
the scientific community, the interest to the effective acquisition
and display of volumetric video is increasing [3–5].
A popular way of volumetric video representation is using
point clouds (PC). As PCs are getting used more commonly [4,6],
the interest and need for creating a content delivery chain for PCs
increase. In this context, both compression and quality assessment are crucial aspects to improve and spread the use of PCs
and volumetric videos. Although there are both subjective [6–14]
and objective [15–17] studies on the quality assessment of PCs,
the quality assessment of coloured PC compression for acquired
volumetric video is still very rare. In fact, to the best of our knowledge, this study is the first to consider TMC2 compression for volumetric video represented as coloured PCs and study its effects on
the perceived quality.
In this work, we subjectively and objectively evaluate the
quality perception for the volumetric video compression scenario

using a state-of-the-art PC compression method: MPEG Point
Cloud Compression Test Model Category 2 [18] (denoted as
TMC2). The contributions of this paper are threefold: (i) The effects of the TMC2 compression method on the perceived quality
were analysed for the first time through subjective experiments,
(ii) the relationship between the human observers’ perception and
the prediction performance of the state-of-the-art objective quality
metrics was studied, and (iii) an initial subjective quality database
was created to stimulate further research in this subject.
Detailed information on the related work, the volumetric
video quality database created, subjective experiments conducted,
objective quality estimation, and results is presented in the following sections.

Related Work
A 3D model can be represented using PCs without the need
of connectivity information and a texture atlas. Instead, the colour
information can be provided with each point. However, for proper
visualisation, the number of points should be high, and this increases the size of PCs. Compression is necessary to store and
transmit the PCs. Three compression approaches are mainly considered for point cloud compression (PCC): octree-based compression [4, 19], graph-based compression [10], and video-based
compression [18].
A few point-based objective measures were proposed to evaluate the geometry distortion in PCC: point-to-point [15], pointto-plane [16], and plane-to-plane [17]. Although these metrics
are the state-of-the-art and used in many recent studies [6, 9–13]
and in MPEG standardisation activities [4,18], the performance of
these metrics was found to be not sufficient to predict the visual
quality for different types of contents [12, 13].
To evaluate these objective quality metrics and to understand the effect of visualisation, many subjective quality assessment studies were conducted. Most of these studies concentrate on computer-generated PCs without colour information [6, 8, 9, 12–14], and all of these studies used Gaussian noise
or octree pruning as distortions. Some of these studies compared subjective test methodologies [9] and different visualisation
strategies [14] which did not yield statistically significant difference. In another study, it is found that visualising PCs as raw
PCs and reconstructed surfaces yield statistically significant difference [12].
Coloured PCs were considered only in a few studies. Zhang
et al. [7] considered only Gaussian noise either in the location
or colour of the points. Mekuria et al. [4] conducted a subjective evaluation for the validation of the proposed codec. Javaheri
et al. [10] considered an octree-based and a graph-based compression method and compared geometry-only point-based objective

