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ABSTRACT
This paper proposes a view-dependent light ﬁeld coding scheme using some image-based rendering techniques prior to coding. The
proposed coder ﬁrst synthesizes an image at a given viewpoint, which
is called a representative viewpoint, and then predicts all input images by using the synthesized image as a reference. It can produce
a view-dependent scalable bitstream. This means that the quality of
synthesized views around the representative viewpoint is kept high
even at extremely low bit rates, and the quality of views away from
there is improved according to the increase of the bit rate. Our experimental results show that this coding scheme also achieves good
coding efﬁciency for both multi-camera images and integral photography, which are common light ﬁeld representations.
Index Terms— Image coding, Data compression, Rendering
(computer graphics), Prediction methods
1. INTRODUCTION
Image-based rendering (IBR) techniques have attracted a lot of research interest since they have a great potential for synthesizing photorealistic 3D scenes. IBR data sets, such as light ﬁelds [1], are often
constructed from multi-view images captured with an array of cameras [2, 3] or lenslets [4]. For high quality image synthesis, however,
hundreds or thousands of images are necessary. Consequently, efﬁcient coding schemes are required to transmit or store such large
amount of image data.
A number of light ﬁeld compression schemes have been developed in recent years [5, 6]. Basic methods for this purpose include
the vector quantization (VQ) [1] and the disparity-compensated prediction (DCP) [7]. If 3D geometry information is available, the coding efﬁciency can be increased considerably [8, 9]. While predictive methods typically improve the coding efﬁciency by exploiting
the inter-image correlation, they introduce dependencies between
images, which restrict random access to the data to render a novel
view [10].
These techniques are commonly designed to compress a light
ﬁeld uniformly. Therefore the ease of random access and the reconstruction quality of a synthesized image are approximately constant
regardless of the viewpoint. However, there are many applications
in which a certain viewpoint image is signiﬁcant and required fast
decoding. For example, when we interactively browse synthesized
views over a network, the data for our current view is more important
than that for the other views. If the current viewpoint image is only
transmitted, however, we can not change the viewpoint immediately
due to the network latency. For enabling us to change the viewpoint
before the arrival time of the next frame data, the data for the neighboring views should be transmitted with increasing bandwidth.
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Fig. 1. A block diagram of the proposed coding scheme.
This paper proposes a scalable light ﬁeld coder based on freeviewpoint image synthesis. We call it a view-dependent coder because it places priority on a given viewpoint, which is called a representative viewpoint. The proposed coder ﬁrst synthesizes an image at a representative viewpoint, and encodes the light ﬁeld data by
using the synthesized image as key information. It produces a viewdependent scalable bitstream, with which the representative viewpoint image is decoded ﬁrst, and the quality of views around the
representative viewpoint is kept higher than that of other views at
low bit rates. The quality of views away from the representative
viewpoint is improved according to the increase of the bit rate. Our
experimental results show that this coder also achieves good coding
efﬁciency for both multi-camera images and integral photography.
2. VIEW-DEPENDENT CODER
2.1. Coding Procedure
Shown in Fig. 1 is a block diagram of the proposed coder. First
of all, we synthesize an image at a representative viewpoint using
some image-based rendering techniques. A view-dependent geometry model is also estimated during this image synthesis. Secondly, all
of the input images are predicted by using the synthesized image and
the estimated geometry model. The residual prediction error is generated if the quality of the predicted image is not sufﬁcient. Finally,
the synthesized image, view-dependent geometry model, and residual prediction errors are compressed and stored into a hierarchical
bitstream shown in Fig. 2.
This prediction process is similar to that used in the model-aided
predictive coding [8], but we take a novel approach that uses a synthesized image at an arbitrary viewpoint as a reference image. Thus
this coder provides both direct access to the representative viewpoint
image, and good coding efﬁciency by using a predictive method with
a view-dependent geometry model.
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Fig. 4. A part of input multi-view image set.
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Fig. 5. Synthesized images at the representative viewpoint.

with the input images. Such evaluation is essential because the proposed coder provides view-dependent reconstruction quality of the
synthesize image by using a representative viewpoint image as a key
frame.
Shown in Fig. 3 is our evaluation method for the synthesized image. We synthesize images using the original and compressed light
ﬁelds, and measure the reconstruction quality by comparing these
two images. The measurement is repeated for changing the rendering viewpoint whose distance from the representative viewpoint (P )
is denoted as r. At low bit rates, the reconstruction quality would be
lower when the distance r becomes longer.

Fig. 3. An evaluation method for the synthesized image.

2.2. Hierarchical Bitstream
Our coder produces a hierarchical bitstream shown in Fig. 2. This
bitstream can be used in three classes of applications depending on
the bit rate or decoding time as follows.
The layer 1 is a synthesized image at a representative viewpoint.
This can be a thumbnail of the light ﬁeld because we can see an
overview of the 3D scene. The layer 2 includes a view-dependent
geometry model. Using layers 1 and 2, we can synthesize novel
views by model-based rendering techniques. However, the quality
of views away from the representative viewpoint might not be high
enough due to the geometry errors and occlusions. The residual information is stored in the layer 3. Using all the layers, we can render
high quality views with some interpolation methods like the light
ﬁeld rendering [1].
Thus our coder provides the view-dependent scalability. If the
bit rate of the residual data in the layer 3 increases, the quality of
views away from the representative viewpoint could be improved.
In addition, our coder can also achieve the compatibility with conventional 2D image formats by using the layer 1 image as a base
image and the data of the layers 2 and 3 as its extension information.
For example, we created a JPEG-compatible bitstream in [11].

3. IMPLEMENTATIONS
We implemented the proposed coder for two different data sets shown
in Fig. 4: (a) Doll and (b) Car and Flowers, which are an example
of multi-camera images and integral photography, respectively. The
Doll image set provided by “the multiview image database courtesy
of University of Tsukuba, Japan” consists of 81 (9 × 9) images of
640 × 480 pixels. Recording camera positions lie in a plane and are
arranged in a regular grid. On the other hand, the Car and Flowers
image set is created from an integral photography captured with our
real-time IBR system named LIFLET [4], which employs an array
of lenslets and an XGA camera. An integral photography consists of
a set of small circle images, and each image is called an elemental
image. We used 598 (26 × 23) elemental images of 31 × 31 pixels
as the image set 1 .
The proposed coder ﬁrst reconstructs a view-dependent geometry model of the scene at the representative viewpoint, and synthe-

2.3. Evaluation Method
We typically evaluate the coding performance of a light ﬁeld coder
by reconstructing the input multi-view images and measuring their
quality. This means that the quality of the synthesized image is not
evaluated directly. In this paper, we evaluate the proposed coder
with the synthesized images as well as the normal measurements

1 Invalid pixels among the elemental images, i.e. the exterior portion of
circular region, were padded with the nearest valid pixel color in order to
reduce the high-frequency components.
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between the elemental images dose not work efﬁciently. However,
the proposed coder shows good performance because it can achieve
efﬁcient prediction using the representative viewpoint image that
records an overview of the scene as a reference (see Fig. 5(b)).

sizes a novel image. In this implementation, we used a modeling and
rendering algorithm described in [12] for multi-camera images, and
[13] for integral photography. The representative viewpoint was set
behind the center of the input images’ plane. Shown in Fig. 5 is the
synthesized image at this viewpoint, which is clear and sharp in the
whole area due to the geometry model.
The synthesized image was once encoded using a standard blockDCT scheme, and then locally decoded to be used as a reference image. The input multi-view images were predicted by warping this
reference with the geometry model. Since the prediction accuracy
varied widely, a coding mode was selected for each macroblock of
16 × 16 pixels from the following:

4.2. View-dependent Reconstruction Quality of the Synthesized
Image
We evaluated the reconstruction quality of input images in Section 4.1.
In this section, we evaluate the view-dependency of the quality for
synthesized images using the method described in Section 2.3.
The experimental result is shown in Fig. 7. The reconstruction
quality was measured at 36 viewpoints for each r, which is the distance between the representative viewpoint and the rendering viewpoint (see Fig. 3); these rendering viewpoints were placed on a circumference at regular intervals. The average and the standard deviation of the PSNR at these viewpoints are depicted against r. The bit
rate of (A) to (H) corresponds to those in Fig. 6. At the rates (A) and
(E), no residual information was used, i.e. the synthesized image
and the geometry model were only used to reconstruct the synthesized image. The bit rate of the residual information increases from
(B) and (F) to (D) and (H), respectively.
The view-dependency of the reconstruction quality can be observed for both data sets, that is, the PSNR value of the synthesized
image decreases with increasing the distance r. The quality of views
around the representative viewpoint is kept high even at low bit rates,
and the quality of views away from the representative viewpoint is
improved according to the increase of the residual bits. Our coder
achieves the view-dependent scalability since it produces a hierarchical bitstream whose reconstruction quality is view-dependent as
shown in this experiment.

• Only predicted
• Predicted and residual coded
• Intra-coded
If the predicted macroblock met a preset minimum reconstruction
quality qmin , the “only predicted” mode was selected and no further
information for this macroblock was coded. Otherwise the coder
compared the evaluated value between the residual prediction error and the original input macroblock, and decided which should be
coded. The “intra-coded” mode was selected if the evaluated value
of the original image was better than that of the residual error. This
decision process for the latter two modes is equivalent to that used
in MPEG-2 Test Model 5 [14].
Finally, the residual errors were encoded using a block-DCT
scheme as well as the synthesized reference image. The geometry
model was losslessly compressed with a DPCM method. In the following experiments, those bits are taken into account for calculating
the bit rate.
4. EXPERIMENTAL RESULTS

5. CONCLUSIONS
4.1. Rate-distortion Performance of the Input Images
In this paper, we proposed a view-dependent coding scheme based
on free-viewpoint image synthesis. This coder produces a viewdependent scalable bitstream, with which the representative viewpoint image is decoded ﬁrst and the synthesized view indicates viewdependent reconstruction quality. The experimental results showed
that this coder also achieves efﬁcient coding performance for two
image sets captured by the different methods. Future work will be
focused on extending this scheme to dynamic scenes, and developing a real-time streaming system of light ﬁelds.

Figure 6 illustrates the rate-distortion performance measured with
the input images. The proposed coder was compared with two conventional coders: the JPEG coder encoded input images independently, while the MPEG-2 coder encoded them as a sequence of
moving pictures. They are simple implementations of an intra-image
coder and a DCP coder, respectively. The performance of the proposed coder was measured for changing the quality of residual information. This means that we changed the parameter qmin , which is
a threshold value for selecting the macroblock modes, and the quantization factor of the residual information. The quality of the synthesized image and geometry model was kept constant through all
measurements. We calculated the peak signal-to-noise ratio (PSNR)
for each input image of the luminance value, and expressed its average and standard deviation as the reconstruction quality.
The proposed coder shows better performance than the other
coders especially at low bit rates. The minimum bit rate of the proposed coder is much lower than that of the MPEG-2 coder since the
geometry model introduces less overhead bits than the motion vectors for prediction. Though the MPEG-2 coder exceeds the proposed
coder at high bit rates for the Doll image set, note that the MPEG2 coder dose not have the view-dependent scalability. The performance of the proposed coder at high bit rates could be improved by
using the predictive coding method between the residual errors.
It can also be seen that the performance of the MPEG-2 coder
is worse than that of the JPEG coder for the Car and Flowers image
set. Since the elemental images of the integral photography record a
small part of the scene separately, they have less inter-image correlations than the multi-camera images. Therefore the prediction
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