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Light Field (LF) image can be understood as a set of images captured by a multi-view camera array at the same
time. The changes among views can be modeled by a general motion model such as affine motion model. In this paper,
we study the impact of affine coding tool of Versatile Video Coding (VVC) on LF image compression. Our experimental
results show a small contribution by affine coding tool in overall LF image compression of roughly 0.2% - 0.4%.

1. Introduction

While a conventional 2D image carries only spatial
information, Light Field (LF) image carries not only spatial but
also angular information [1]. Many applications can benefit from
the extended information, for example, for re-focusing, depth
estimation, or 3D reconstruction [1]. However, its additional
amount of LF image makes it important to more efficiently
compress the LF data, which has attracted considerable attentions
of engineering research. LF image data can be represented either
in (i) lenslet format, or in (ii) multi-view format. The first format
(lenslet) represents the LF image in terms of spatial macro pixels
which contain the angular information, whereas, the second format
(multi-view) represents the LF image in an array of conventional
images each of which can be treated as a conventional 2D image
captured at different view angles. The difference between these
formats is shown in Figure 1.

Compression methods using lenslet format (lenslet-based

coding) usually exploits the spatial correlation among macro pixels.

Most recently, X. Jin et al. [2] have proposed the macro pixel
alignment technique and three additional intra prediction modes for
HEVC codec. These authors have claimed to achieve 47% bit-rate
reduction comparing to normal HEVC intra coding tool.

The multi-view format is easier to exploit the temporal
correlation among views for compressing LF data. For example,

Figure 1. Two common LF representations: Lenslet (left), and
Multi-view (right) formats
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Figure 2. Center view of LF dataset

the different views can be ordered into video sequence and then
encoded by inter coding tool of H.264 or HEVC. Note that D. Liu
et al. [3] have encoded the LF image in a form of video sequence
and reported gain up to 6.6 dB against JPEG compression of the
LF data fin the lenslet format. An extended work in [4] has further
refined the architecture [3] by having multiple scan orders. It has
shown improvement up to 28.4% against the previous work.

Most methods for LF compression until now are built on the
existing video compression standards (H.264, HEVC) by
modifying their intra or inter coding tools. It is noted that a new
video coding standard known as VVC (Versatile Video Coding) is
expected to be standardized in 2020 [5] with employing a lot of
new coding tools. Therefore, it will be very interesting to
investigate its performance in LF compression. In this context, we
study the impact of the affine coding tool (which is a newly
introduced motion model of VVC) on LF image compression. The
paper structure is organized as follows. Section 2 briefly
summarizes the key concept of the affine coding tool and the
reason why we choose this for testing LF image compression.
Section 3 describes the experiment setup and its experimental
results. Lastly, Section 4 concludes our paper.

2. Affine Coding Tool in VVC

H.264 or HEVC considers the translation motion only while
the real motion can be much more complex, for example, zoom
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Table I. Summary of experiment setup

Table II. Experimental results

Image Friends_1, Flowers, Bikes (Figure 2)
LF Dataset 170 lution | Spatial: 624x420; Angular: 15x15
Codi Random-access with QP =9, 12, 16,
VvVC o d.ltr.lg 20 (only the first frame in intra)
configuration CcoNAIion | Affine: On/OfF test
Software | VIM-5.0 [8]
PC spec. CPU: i7 6850K; RAM 32GB; Windows 10 - 64bit

LF Affine on vs. Affine off (anchor)
images Bitrate reduction Encoding time (%)
(%0)
Friend 1 -0.2% 104%
Flowers -0.4% 103%
Bikes -0.2% 104%

in/out, rotation, shear. To model the several motion types, VVC
employs a block-based affine motion model under which a coding
block can choose either the 4-parameter or 6-parameter affine
motion model [5].

We note that the view changes among different LF views can
be modeled by the affine motion [6]. A recent work [6] has
proposed the homography approximation (which is a more general
form of affine motion) to compensate the changes among views in
multi-view format. However, this recent work did not examine
affine motions in a block-based context, which motivates us to
investigate more on this.

3. Experiment and Results

In our experiment, we used the LF images in JPEG Pleno
dataset [7] which were taken by the Lytro Illum camera. Those
images are first converted to the multi-view format, and then are
ordered following the raster-scan order to form a video sequence
before being applied to VVC encoder as input. For experiment with
VVC, we use the reference software VITM-5.0 [8] under the
Random-access configuration. Only the first frame is encoded as
intra, and quantization parameters are set to {9, 12, 16, 20}
respectively to make the compression ratio similar to the ones in
the JPEG Pleno test condition [9]. The affine coding tool is turned
on/off to evaluate its compression performance on LF image. The
whole configuration is summarized in Table I.

Given the anchor being the affine coding tool OFF, we
compare compression performance (i.e., bitrate reduction) as well
as encoding time when the affine is ON. From Table II, the case
with the affine ON is shown to give bitrate reduction by 0.2% to
0.4% against the anchor condition. Also, the encoding time slightly
increases by about 3-4%. Because the performance difference is
very small, we only show the rate-distortion performance in case
of affine on (Figure 3). It can be seen that the quality of images
Friends_1 and Bikes scale very well at high bitrate, whereas images
Flowers gives very poor-quality scale also at high bitrate.
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Figure 3. Rate-distortion performance when Affine is ON

4. Conclusion

Although the affine motion model is a very powerful coding
tool in VVC for normal video data, from our very simple first trial
to use it for LF image compression, only very small performance
gain is observed. At the same time, the encoding time complexity
increase is also not too much. It certainly calls for more in-depth
investigation on the effectiveness of affine model in encoding LF
data.
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