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Abstract

As the international video coding standard, MPEG-2 has been widely used in today’s
digital video applications. However, its quantization operation is complex. To simplify
this operation, we propose a new algorithm for the intra frame transform-coding in this
paper, instead of the conventional algorithm that using discrete cosine transform (DCT).
This new algorithm is based on the all phase biorthogonal transform (APBT) theory,
which has three kinds of forms in accordance with different transform matrices, referred
to as the all phase Walsh biorthogonal transform (APWBT), the all phase discrete cosine
biorthogonal transform (APDCBT), and the all phase inverse discrete cosine
biorthogonal transform (APIDCBT). Compared with the conventional DCT, APBT
reduces the inter-pixel redundancy and the computational complexity using the uniform
quantization for the intra frames transform-coding. Experimental results show that the
peak signal to noise ratio (PSNR) of the proposed algorithm performs close to the DCT
for the tested frames, and there is no difference in visual quality.

Keywords: video compression, all phase biorthogonal transform (APBT), uniform
guantization, MPEG-2

1. Introduction

The MPEG-2 video coding standard [1] has been widely used in today’s digital
video applications [2], in which discrete cosine transform (DCT) is adopted because
of its better coding performance. Since the complexity of quantization table, the
amount of calculation of the existing standard is considerable.

To enhance the performance of MPEG-2, a lot of video compression schemes
have been proposed. Reference [3] proposed a new block-based technique for image
pre-filtering to overcome some limits of the MPEG-2 system at low bit rate. In [4],
based on the operational rate-distortion framework, the unimportant data was
largely reduced before encoding, and better performance was achieved. Segall and
Katsaggelos [5] surveyed the fields of pre- and post-processing techniques for video
compression, and applied them to the compression standard. Obviously, all these
algorithms had achieved better compression quality, but the complexity of the
algorithm was also increased.

In order to simplify the algorithm and obtain better coding performance, the “all
phase digital filtering” theory was proposed [6]. On this basis, [7] proposed the
concepts of all phase biorthogonal transform (APBT), which can be divided into the
all phase Walsh biorthogonal transform (APWBT), the all phase discrete cosine
biorthogonal transform (APDCBT) and the all phase inverse discrete cosine
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biorthogonal transform (APIDCBT), and then proposed a new APBT-based still
image compression algorithm. From the algorithm, it was concluded that APBT -
based algorithm behaved better than the DCT-based algorithm at low bit rate and the
amount of calculation decreases.

Therefore, we propose a new algorithm for the frame transform-coding, which
introduces APBT theory instead of the conventional DCT. For the intra frame,
APBT is applied to the original image data to obtain the 8x8 transform coefficients
[8] followed by the quantization operation. In the proposed algorithm, uniform
guantization is applied to the APBT coefficients. Therefore, the advantage of the
proposed algorithm is that the quantization procedure is simple, and the
computational complexity is reduced obviously. Experimental results also show that
the peak signal to noise ratio (PSNR) of the proposed algorithm performs close to
the DCT, and the visual quality has no obvious difference for these two algorithms.

The rest of the paper is organized as follows. Section 2 introduces the image
coding algorithm based on APBT. Section 3 presents the coding scheme of MPEG-2.
The proposed video compression scheme is introduced in Section 4. Experimental
results and comparisons with the conventional DCT-based algorithm are presented
in Section5. Conclusions and remarks on possible further work are given finally in
Section 6.

2. Image Coding Algorithm Based on APBT

On the basis of all phase digital filtering [6], three kinds of all phase biorthogonal
transforms based on the Walsh-Hadamard transform (WHT), DCT and inverse DCT
(IDCT) were proposed and the matrices of APBT were deduced in [7]. For example,
the matrix Vv of all phase inverse discrete cosine biorthogonal transform (APIDCBT)
is

%, m=0,n=0,1---,N -1,
V(m,n)= (1)
N _m+;/§_1cosm(2”+1)“, m=12,-N-1 n=01-N-1.
N 2N
The matrix vV of all phase discrete cosine biorthogonal transform (APDCBT) is
N=m m=0,1,N-1n=0,
V(m,n) = 2
(m,m) 1 mnzn nt . mne| m=01--N-1, 2)
—| (N —m)cos———csc—sin—-— |,
N N N N n=12,---,N-1.

Similar to the DCT matrix, they can be used in image compression transforming
the image from spatial domain to frequency domain too.

Figure 1 shows the main procedures for encoding and decoding processes of JPEG-like
image compression algorithm based on the APBT [7]. It illustrates the special case of a
single-component image; for color image, all processes operate on each image component
independently. Substantially the same as basic steps of the baseline JPEG image
compression algorithm, there are only differences in the transform step and
guantization process.

In the encoding process, the input image data are grouped into 8x8 blocks, and each
block is transformed by the forward APBT into 64 APBT coefficients. One is the DC
coefficient and the other 63 are the AC coefficients. Reference [7] indicated that the
transform coefficients of APBT have the high-frequency attenuation characteristics,
that is to say, the APBT coefficients have different frequency weight during the
transform process. Therefore, the uniform quantization interval can be applied to the
APBT coefficients. After quantization, the APBT coefficients are prepared by Zig-zag
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scan for entropy encoding. The quantized coefficients are then passed to an entropy
encoding procedure which compresses the data further. Here, Huffman encoding is used
and Huffman table must be provided to the encoder.

Original . . Entropy Compressed
Image Dataﬁ:> APBT 7 Quantizer = Zig-zag Scan - Encoder ?Image Data
1 A Y |
| Uniform Quantization Step | Huffman Table | | Channel
\
g Y v |
Reconstructed | | . Inverse Entropy |_ .
Image Data | IAPBT = Dequantizer - Zig-zag Scan ™ Decoder [

Figure 1. Diagram of the APBT-JPEG Image Compression Algorithm

In contrast to the encoder, each step of decoding processes performs essentially the
inverse of its corresponding main procedure within the encoder. The entropy decoder
decodes the Zig-zag sequence of quantized APBT coefficients. After dequantization the
APBT coefficients are transformed to an 8x8 block of samples by the inverse APBT
(IAPBT).

3. MPEG-2

The conventional MPEG-2 system uses DCT in the transform domain, with which
the motion estimation (ME) and motion compensation (MC) are combined, as shown
in Figure 2. In the system, there are usually three types of pictures defined, referred
to as intra coded pictures (I-Pictures), predictive coded pictures (P-Pictures) and
bidirectionally-predictive coded pictures (B-Pictures). Each picture type decides
which prediction mode may be used to code the image data. Wherein, the intra
frame mode is used for | pictures, and the inter frame mode is used for B pictures
and P pictures of the video sequences.

For the intra frame, the original image data is directly operated by DCT,
guantization, variable-length coder (VLC), inverse quantization and inverse DCT to
reconstruct the current frame, which is a reference frame to the next frame. However,
the inter frame is different from the intra frame, which needs to be operated by the
motion estimation and motion compensation prediction. According to the reference
frame, the current frame subtracts the prediction frame through motion vectors (MV)
to form the residual image. Then the residual image is transformed with DCT, and
the transform coefficients are quantized and coded by a VLC. Finally, combined
with the prediction frame by motion estimation, the reconstructed image of the
current frame is formed.

Opposite to the process of the coder, the decoder transforms the quantized DCT
coefficients by a variable-length decoder (VLD), inverse quantization (1Q) and
IDCT to reconstruct the residual image. Finally the residual image is added to the
previously reconstructed motion estimation prediction to generate the reconstructed
frame.
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4. The Proposed Video Compression Scheme

As shown in Figure 3(a), the proposed video compression scheme is substantially
similar to the conventional MPEG-2 compression scheme. In the encoding part,
APBT is adopted for the intra frame considering the advantages of the APBT-JPEG
algorithm. Then the APBT coefficients are quantized by the uniform quantization

value defined by us.
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Figure 3(a). Modified MPEG-2 Coder, (b) Modified MPEG-2 Decoder

The similar situation appears in the decoder as shown in Figure 3(b). The coded
bit stream is firstly operated by a VLD. The decoded data is inverse quantized and
inverse transformed to reconstructed the residual image, which is decided by the
type of the original image. Finally the residual image is added to the previously
reconstructed motion-estimated prediction to generate the reconstructed frame.

5. Experimental Results

In order to test the performance of the proposed algorithm, simulation is
conducted by applying the algorithm to two different video sequences: Football,
Stefan. The format of the video sequences is CIF, of which the output bit rate is
3Mbps (25 frames/sec).The distance between | frame is 12, and B frames are
between two P frames or | frame and a P frame. The quantization step of intra frame
is 30. The rest parameters are set as default values. Figure 4 gives the PSNR of two
video sequences in DCT and APBT algorithms.
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Figure 4. PSNR of 30 Frames for Different Sequences: (a) Football, (b)
Stefan

To evaluate the subjective quality of the reconstructed images, Figure 5 gives the
reconstructed image of the frame 11 in the Football sequences using DCT and
APIDCBT algorithms respectively. Figure 6 gives the reconstructed image of the
frame 17 in the Stefan sequence using DCT and APDCBT algorithms.

From the PSNR shown in Figure 4, the sequence with intra frame using APBT
algorithm performs close to that using DCT. From the reconstructed images by DCT
and APBT algorithms, it can be concluded that the visual quality of the proposed
algorithm has no difference with the DCT for different tested sequences. In
particular, for | frame, quantization table adopts uniform value, so that the
complexity of calculation reduces obviously.
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(b)
Figure 5. Reconstructed Images of Football Sequence (No. 11): (a) DCT, (b)
APIDCBT

(b)

Figure 6. Reconstructed Images of Stefan Sequence (No. 17): (a) DCT, (b)
APDCBT
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6. Conclusion

In this paper, a new algorithm for the intra frames transform-coding was proposed.
Instead of the conventional DCT, APBT was applied for the frame coding. In the
guantization procedure, the uniform quantization was also used in the algorithm.
Compared with the conventional DCT, APBT reduces the inter-pixel redundancy and the
computational complexity using the uniform quantization for the intra frame transform-
coding. Experimental results show that the visual quality of the proposed algorithm has no
difference with that using DCT for video sequences.

Although acceptable performance has been achieved, the PSNR of proposed algorithm
is not higher than DCT. Furthermore, possible improvements can be gained by
considering modifying the rate control in MPEG-2, making it more suitable for APBT
algorithm. Additionally, considering that directional edges exist in images, the directional
APBT [9] could be used in MPEG-2 to improve performance of compression. These
issues are left for future research.
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