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A Codebook Design for Vector Quantization
Using a Neural Network
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ABSTRACT

Using a neural network for vector quantization, we can expect to have better codebook design
algorithms for its adaptive process. Also, the designed codebook puts the codewords in order by its
self-organizing characteristics, which makes it possible to partially search the codebook for real
time process.

To exploit these features of the neural network, in this paper, we propose a new codebook design
algorithm that modifies the KSEFM (Kohonen's Self-organizing Feature Map) and then combines
the K-means algorithm. Experimental results show the performance improvement and the ability of
the partial search of the codebook for the real time process.
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Table 1. The performance comparison with increasing codebook size of the K-means, KSFM, MKSFM and

MKSFM + K-means.

code book | bit Rate K-means KSFM MKSFM { MKSFM + K_means
| size (b/p) | PSNR | RMSE | PSNR | RMSE | PSNR RMSE = PSNR | RMSE
16 0250 | 2728 | 1103 | 2684 | 1161 | 2714 | 1121 | 27.27 | 1L04
B 0313 | 2843 | 966 2778 1041 | 2821 | 991 | 285 9.57
64 0375 | 29.44 856 | 2920 | 884 | 2915 890 | 2961 8.43
128 0.438 | 3051 | 761 . 3041 769 | 30.00 806 | 3062 7.51
256 0500 | 31z | 707 | 086 731 | 30.92 726 3151 6.78

H 2 a9 Ul j)o] Wl wit A2

L’l ath,

Table 2. The performance comparison with various a's and U(1, j)'s.

MKSFM MKSFM MKSFM +K -means
initial alpha KSFM U(,7) =n U, ]) =n* TG, jl=n®"'
PSNR | RMSE | PSNR | RMSE PSNR RVSE | PSNR | RMSE

0.1 23.34 1737 | 2375 1657 | 2426 | 1562 | 3162 6.69
03 2763 | 1060 | 2750 | 1076 | 2817 | 995 | 3172 | 661 |
05 29,34 870 | 2916 | 888 | 292 876 | 3172 6,62
0.7 30.86 731 | 3062 | 751 | a0 726 | 3151 6.78
0.9 31.51 6.78 30.36 7.31 31.03 7.16 31.43 6.84
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Table 3. Spacial organizations of one-dimensional codewords.

L KSFM ] MKSFM . MKSFM+Kmeans |
I 2 3 45 6 7 8| |1 23 45 6 7 8|/ |1 23 456 7 8
39 47 60 71 81 83 87 89| 1|38 49 63 76 92 105 110 114 i36 48 62 76 92 105 110 114

1 1
52 56 67 75 85 86 89 91||2 44 53 64 78 97 113115 118| |2 | 43 53 64 78 97 113 115 119
78 77 84 87 97 99 95 93| |3 S8 65 74 88112124 126 122| [ 3| 58 66 74 88 112 124 126 122
4 (
5 g

‘119 119 119 117 109 108 100 99 " 68 72 86 102 123 133 136 138] | \ 68 72 86 102 123 133 13¢ 138
3 141 137 133 121 111 104 102 81 84 95 117 131 140 142 144 81 84 95 117 131 140 143 144
1162 155 150 139 130 114 107 1051 [ 6 90 94 108 129 150 166 158 155{ | 6, 90 94 108 129 150 157 158 155
196 175 157 146 135 119 112 108] | 7 : 92 85 115 141 153 167 184 201} | 7 : 92 96 116 142 153 167 184 202
1210 185 169 152 140 125 115 110} | 8 \ 93 99 120 147 161 174 193 212 | 8 ¢ 93 99 120 147 162 174 193 213
(a)KSFM 51128 (b)MKSFM st & (c)MKSFM +K-means Zx=%

QC ~3 O U s W N
o
e
w

4 845930 v ahEd Aol i@ Ak g R

Table 4. Full search and Partial search for trained and untrained images.

I KSFM [ MKSFM | MKSFM+Kmeans
o Fs | PS o Fs
_ lemnasiz | ] 3143
_ banks5lz | 2380 |
_ gz 5 AT
_Jdaguar512 2211 | ; 83
cheer,512 . 2587 26.54
(at 0.44 bpp)
4
e |
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Hv'
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e =B dY xc
O @ 1AFAA HYd L=
O : Mo 498 v
(a)12} b (970 u=io) (b)2apgh«d (1674) (c)3apyta) (2570 412)
(a) First search (9 nodes) {b)Second search {16 nodes) (¢) Third search (25 nodes)
131 3 ek Aol Abg-s g,
Fig. 3. Steps for partial search.
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Fig. 4. The original and the reconstructed images by FS and PS for each algorithm,
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