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Lossless Coding of Audio Spectral Coefficients
Using Selective Bit-Plane Coding
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In this paper, new lossless coding method of spectral coefficients for audio codec is proposed. Conventional
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lossless coder uses Huffman coding utilizing the statistical characteristics of spectral coefficients, but does
not provide the high coding efficiency due to its simple structure. To solve this limitation, new lossless
coding scheme with better performance is proposed that consists of bit-plane transform and run-length
coding. In the proposed scheme, the spectral coefficients are first transformed by bit-plane into 1-D
bit-stream with better correlative properties, which is then coded into run-length and is finally Huffman
coded. In addition, the coding performance is further increased by applying the proposed bit-plane coding
selectively to each group, after the entire frequency is divided into 3 groups. The performance of proposed
coding scheme is measured in terms of theoretical number of bits based on the entropy, and shows at most
6% enhancement compared to that of conventional lossless coder used in AAC audio codec.
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Fig. 2. Example of bit-plane coding (a) Input symbols (b) Conventional bit-plane coding (c) Proposed bit-plane coding.
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Fig. 3. Scan directions for bit-plane coding. (a) Conventional bit
scan. (b) Continuous bit scan.
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Table 1. Number of bits for bit-plane coding based on entropy(frame average).
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Table 2. Coding performance of frame-based selective coding.

Input #1|Input #2

# of AAC Huffman Coding Bits(A) 1079.9 | 1051.6

Frame Selection | Huffman Selected | 18.7% | 74.7%
Ratio Bit-Plane Selected | 81.3% | 25.3%

# of Frame—Ba;ietg(gfflectlve Coding 1030.0 | 10457
Bit Ratio(B/A) 95.4% | 99.4%
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Table 3. Proposed selective coding modes based on section
groups.

Mode | Sections with AAC |Mode| Sections with AAC
Index| Huffman Coding Index| Huffman Coding
0 None 8 0, 1, N-1, N-2
1 N-1 9 0,1,2
2 N-1, N-2 10 0, 1, 2, N-1
3 0 11 0, 1, 2, N-1, N-2
4 0, N-1 12 0,123
5 0, N-1, N-2 13 0, 1,2, 3, N-1
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Table 4. Performance of section group-based selective coding.
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Table 5. Huffman table used for run-length coding.
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. ISO/IEC 13818-7, “Generic Coding of Moving Pictures and
Associated Audio Information - Part 7 : Advanced Audio
Coding,” 1997.

2. ISO/IEC 14496-3, “Coding of Audio-Visual Objects - Part 3 :
Audio, Subpart 4 : General Audio Coding - AAC, TwinVQ,

BSAC,” 2001.

3. 3GPP TS 26.290, “Extended AMR Wideband Codec:
Transcoding Function,” 2002.

4. 3GPP TS 26.403, “‘Enhanced aacPlus General Audio Codec :
Encoder Specification AAC Part,” 2004.

5. John Watkinson, The MPEG Handbook MPEG-1, MPEG-2,
MPEG-4, (Second Edition, Focal Press, 2004)

6. Marina Bosi and Richard E. Goldberg, Introduction to
Digital Audio Coding and Standards, (Springer, 2002)

7. Khalid Saywood, Lossless Compression Handbook,

(Academic Press, 2003)
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