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Abstract. In this paper, we propose a VLSI design of view-synthesis architecture for
3DVC/FTV. After the compressed video stream is decoded, the intermediate view
point images are created by view-synthesis method using depth-image-based rendering
(DIBR) to produce more view points. We propose a novel VLSI architecture to
implement DIBR. We demonstrate that the proposed architecture can handle 80 frames
per second for full-HD video. The proposed design is 12K gates, and runs at
172.1MHz in TSMC LVT90 process.
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1 Introduction
The demand for supporting various video codec standards is rapidly increasing in
consumer electronics markets such as D-TV and mobile devices. 3D display is introduced
to the D-TV market and many TVs are manufactured as a 3DTV. MPEG and many other
video specialist groups have worked on the standardization of the 3D video codec.
Compression based on the prediction between the multiple views, i.e., multi-view video
codec (MVC) has been studied recently. Likewise, Free view point TV (FTV) is actively
studied to produce the intermediate view images between the existing view images
employing one of the 2D to 3D image conversion technique called Depth-Image-Based
Rendering (DIBR). This technique requires a lot of computation for the generation of the
intermediate view images [1-6].
In this paper, we propose a VLSI design for the view synthesis of 3DVC/FTV using
DIBR. For the multi-view computation of HD video, the amount of computation increases
drastically as the number of view points, image resolutions, and frame rates increase.
Compared with the traditional 2D video codec, the circuits need to be designed to support
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higher performance and bandwidth. There are contributions still yet to be made for the
VLSI design of the view synthesis of 3DVC/FTV.
This paper is organized as follows. Section 2 introduces the background of the 3D video
technology we are working on. Section 3 proposes a detailed explanation of the VLSI
architecture for view-synthesis of 3DVC/FTV using DIBR. Section 4 summarizes the
design results. Finally, section 5 concludes the paper.

2 Proposed Method
2.1 Background
For the design of 3DVC/FTV, we perform view synthesis after the video decoding [1-6].
Intermediate images are synthesized from two left and right images. We can keep
producing additional view images by view synthesis. After we obtain the decoded images
and the depth maps for left and right views, we synthesize the intermediate image from
them as follows. The left and right view images make the intermediate image by warping.
The intermediate image made from the left view image contains holes caused by the
information unavailable from the left view. The intermediate image made from the right
view has holes for the same reason. The two intermediate images are supposed to be
identical because they are made for the same view point. Therefore, they are the same
images with different hole information. Merge is a process to create a combined
intermediate image from two different intermediate images of left and right views. The
intermediate image obtained from merge can still have defects due to two reasons: warping
errors and holes. Holes can exist because of the absence of certain view information. Holefilling is a process to eliminate the holes in the image after merge. After hole-filling, we
have the final intermediate image ready to display [1-6].

2.2 Proposed Architecture
The top architecture of view synthesis consists of image warping, merge, and hole-filling
modules. The intermediate result of each module is stored in the dual buffer SRAM as a
FIFO architecture to increase the throughput. Therefore, the whole design operates in a
pipelined fashion. View controller controls the whole operation. Since the first slice of the
image is not pipelined, the view controller handles it separately. The address generation
module is designed to fetch the pixel data before and after the X coordinate position of the
current pixel for hole-filling.
Image warping is the most critical part in creating the intermediate image. The 3D image
is represented as a 2D image, i.e., the 3D coordinate of (x, y, z) is transformed into the 2D
coordinate of (x, y). The depth map provides the z-value to the 2D image. Based on it, the xvalue of the 2D image is adjusted properly to form a new view point image.
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Fig. 1. Top architecture of view synthesis
Merge combines the two intermediate images of a view into one image. Because they are
supposed to be same images, the pixels of the same position must be identical. If they are
not identical, either some of them have errors during the warping, or holes are present.
When one of them results in being a hole, the pixel of the other image is copied into the
hole. If none of them are holes, then the average value of the two different pixels is used.
After merge, hole-filling assigns values to the remaining holes. For each hole, the average
of the left and right pixels are computed and assigned to the hole. The VLSI design for
merge and hole-filling consists of the control logic and simple arithmetic.
The design shown in Fig. 1 is a pipelined architecture using dual buffer FIFOs between
the modules. If we use a non-dual buffer FIFO, the design becomes sequential, and we can
save the reduced RAM area at the cost of performance reduction.

3 Experimental results
We designed two different architectures: a sequential, and a pipelined. TSMC LVT90
process is used for the synthesis. Table I shows the experimental results of the two
designs. The frame size used for the test is HD 1920x1080 pixels. For the sequential
design, the operating frequency is 51.2MHz due to a long critical path. The size of the
design is 10K gates, which does not greatly differ from that of a pipelined design. The
performance of a sequential design is only 8 frames per second. The sequential design
cannot handle the HD video in real-time.
The pipelined design can operate at 172.1MHz. The size of the design is 12K gates. The
pipelined design's performance is 10 times higher than that of the sequential design,
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which can process 80 frames per second. The requirement for full HD video display is 60
frames per second. The pipelined design can meet the requirement of full HD video.
Table 1. Experimental results of the three proposed designs.
Design

Operating frequency (MHz)

Gate count (K gates)

Performance (frames/sec)

sequential
pipelined

51.2
172.1

10
12

8
80

4 Conclusion
In this paper, we presented the VLSI design of view-synthesis for 3DVC/FTV. The design
of view-synthesis using DIBR consists of warping, merge, and hole-filling. Two
architectures were designed and compared for the paper: a sequential, and a pipelined. The
top architecture of a pipelined design was shown in detail. The pipelined architecture could
provide the performance enough to handle full-HD video.
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