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Effectiveness Analysis of Codebook Rearrangement
on Fast Codeword Search Algorithms

QIAO Yang, PAN Zhibin, QIAO Ruiping
(School of Electronic and Information Engineering, Xi’ an Jiaotong University, Xi’ an 710049 )

Abstract In order to reduce search space efficiently, the codebook must be rearranged in the fast codeword search
algorithms of vector quantization. Two kinds of algorithms are summarized in this paper. One is the codebook sorted by 1D
characteristic value; the other is the codebook mapped into 2D adjacent ripples. Comparisons and analysis are conducted
for these two kinds of fast algorithms in terms of the search space and encoding time. The criteria about how to use these

two rearrangement method reasonably is also given in this paper.
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Fig. 1 Demonstration of search space for

ENNS algorithm in 2-dimensional case
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Fig.2 Demonstration of search flow in ENNS algorithm
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Fig.4 Example of planar Voronoi diagram
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Tab.1 Comparison of search space and coding time among the conventional algorithms and the proposed algorithm (N =128)

E % le:i

FS ENNS  IEENNS PVDS(0) PVDS(1) PVDS(2) PVDS(3) PVDS(4) PVDS(5) PVDS(6)

PSNR/dB 31.529  31.529  31.529  28.201  31.281  31.504  31.518  31.529  31.529  31.529

Lena 12 128 8.5 4.2 1 6.6 17.6 33.6 54.6 77.6 100. 1

5} ]/ ms 86.3 9.2 9.3 5.2 10. 1 15.3 21.9 26.9 32.2 36.3
PSNR/dB 28.187  28.187  28.187  26.010  27.929  28.153  28.179  28.185  28.187  28.187

Boat 1821 128 11.0 5.6 1 6.6 17.9 34.0 55.5 79.3 102.5

i} 1]/ ms 87.2 11.3 11.5 4.5 9.4 15.0 21.4 28.6 34.5 39.8
PSNR/dB 28.960  28.960  28.960  26.750  28.606  28.870  28.923  28.954  28.959  28.960

Airplane {8 & 128 8.9 4.5 1 6.2 16.5 31.4 54.3 82.0 110.9

5] [ /ms 86.9 9.5 9.7 4.5 9.1 14.1 20.0 24.7 31.7 36.9
PSNR/dB 29.139  29.139  29.139  26.913  28.837  29.063  29.117  29.126  29.139  29.139

Peppers 18R EH 128 8.5 4.0 1 6.7 18.0 34.3 55.3 79.0 102.9

5 6]/ ms 87.0 9.2 9.5 5.6 9.6 15.3 22.2 28.0 33.9 38.0
PSNR/dB 23.401  23.401  23.401  21.775  23.128  23.349  23.393  23.401  23.401  23.401

Baboon 125 128 25.8 14.0 1 6.9 19.0 36.5 58.391 82.5 104. 8

i} ]/ ms 87.0 23.8 24.0 5.5 11.7 19.5 31.1 4.5 53.1 62.7
PSNR/dB 28.578  28.578  28.578  26.555  28.424  28.558  28.577  28.578  28.578  28.578
GoldHill ¥ 128 12.0 5.9 1 6.6 18.1 34.8 56. 1 79.5 103.0

i ) /ms 87.0 11.9 12.0 5.9 1.1 17.0 25.5 32.7 40.3 46.6
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x2 BREFEEERLEMEDLE AR (N =256)

Tab.2 Comparison of search space and coding time among the conventional algorithms and the proposed algorithm (N =256)

CREN

K% P fig
FS ENNS IEENNS PVDS(0) PVDS(1) PVDS(2) PVDS(3) PVDS(4) PVDS(5) PVDS(6)

PSNR/dB 32.457 32.457 32.457 28.163 32.040 32.381 32.447 32.451 32.457 32.457

Lena R 256 14.9 6.6 1 6.9 18.9 37.2 60.8 88.6 119.1
i} (8] /ms 173.4 14.3 14.2 5.3 11.4 19.2 27.8 37.2 45.3 53.1
PSNR/dB 28.835 28.835 28.835 25.932 28.305 28.725 28.811 28.832 28.834 28.835

Boat 18R 256 20.5 9.4 1 6.7 18.7 37.4 61.4 89.0 118.5
15} 8]/ ms 173.1 19.1 19.2 5.3 10.8 18.6 26.9 37.3 47.2 56.6

PSNR/dB 29.540 29.540 29.540 26.339 28.904 29.384 29.483 29.517 29.525 29.536

Airplane R 256 16.2 6.9 1 6.5 17.4 33.0 51.1 73.7 102.2
5} 6] /ms 173.0 16.4 15.0 4.4 9.7 15.6 23.4 31.4 39.2 46.4

PSNR/dB 30.063 30.063 30.063 27.130 29.622 29.952 30.037 30.058 30.062 30.063

Peppers MR 256 14.9 6.3 1 6.9 19.9 39.0 63.0 90.6 121.2
i [3] / ms 173.1 15.2 14.5 5.5 10.9 18.9 28.3 38.0 46.4 55.6

PSNR/dB 23.797 23.797 23.797 21.679 23.349 23.691 23.774 23.792 23.797 23.797

Baboon RN 256 48.3 24.0 1 7.1 20.3 40.4 66. 1 96.0 129.4
I ]/ ms 173.4 43.6 41.6 5.9 13.1 23.0 36.4 52.8 70.3 86.7

PSNR/dB 29.655 29.655 29.655 26.590 29.294 29.618 29.648 29.653 29.653 29.655

GoldHill 18R 256 20.1 9.3 1 7.0 19.5 38.6 62.9 91.4 123.4
5} 8]/ ms 173.4 18.7 18.6 5.9 12.6 20.6 30.9 42.5 54.8 64.1

®3 BEAEZTTLEMEHEEEALEE(N=512)

Tab.3 Comparison of search space and coding time among the conventional algorithms and the proposed algorithm (N =512)

Bk
SRS PEfE

S ENNS  IEENNS PVDS(0) PVDS(1) PVDS(2) PVDS(3) PVDS(4) PVDS(5) PVDS(6)

PSNR/dB 33.619 33.619 33.619 27.885 32.739 33.371 33.525 33.579 33.613 33.619

Lena R 512 26.4 10.6 1 7.1 20.0 40.1 67.6 102.6 144.5
i} 6] /ms 343.4 24.5 22.3 6.6 13.0 20.8 33.6 49.1 63.4 78.0

PSNR/dB 29.332 29.332 29.332 25.778 28.540 29.098 29.264 29.301 29.316 29.327

Boat R 512 37.4 15.8 1 7.2 20.5 41.1 69.2 104.6 146.4
15} (8] /ms 343.6 34.5 30.9 6.8 12.8 21.7 34.2 50.6 65.9 81.6

PSNR/dB 29.944 29.944 29.944 26.334 29.089 29.645 29.794 29.864 29.889 29.912

Airplane R 512 29.5 14.4 1 7.0 18.8 36.9 60.9 91.4 130.0
1} (8] /ms 343.3 27.5 23.3 5.8 12.0 18.6 30.5 42.8 55.2 66.7

PSNR/dB 30.580 30.580 30.580 26.936 29.851 30.277 30.435 30.491 30.536 30.555

Peppers R 512 27.8 10.6 1 7.2 21.4 42.8 71.3 107.8 150.0
15} [8] /ms 343.5 25.6 22.8 6.4 12.8 22.2 35.6 53.0 68.8 83.8

PSNR/dB 24.251 24.251 24.251 21.748 23.505 23.943 24.134 24.204 24.234 24.245

Baboon R 512 91.3 43.1 1 7.3 21.3 43.4 73.5 111.4 156.6
I} (8] /ms 343.6 81.7 74.4 7.2 15.5 25.5 44.7 66.9 91.6 119.1

PSNR/dB 30.293  30.293  30.293  26.562  29.700  30.151 30.262  30.287  30.291 30.293
GoldHill 44 Z& L[ 512 38.3 17.0 1 7.1 20.8 2.6 72.2 109. 8 155.0
I 6] /ms 343.5 33.7 30.5 8.9 14.4 22.8 37.3 56.4 74.8 93.6
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