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An Algorithm to Increase Gaps between Singular Values
in Kakarala-Ogunbona Image Decomposition

KoicHl KONDO,? SYOHEI SASADA,#* MASAHIKO OBATA,?
MasAsSHI IwWASAKI™® and YOSHIMASA NAKAMURA4.5

In this paper, the Kakarala-Ogunbona (KO) algorithm for lossy image compression is con-
sidered. It is a transformation of multiresolution image decomposition like the two dimensional
discrete wavelet transformation, and is based on principal components analysis by singular
value decomposition (SVD) for matrices. The point of the KO algorithm is to use left singu-
lar vectors as decomposition filters. If any singular values are very close to each other, then
existing numerical SVD algorithms may fail to compute accurate singular vectors. In this
paper, we propose a modified algorithm of the KO decomposition to increase gaps between
singular values. The distribution of singular values are variable by adding random bordering
to the original image. We show its efficiency and estimate errors of the compressed images by

numerical experiments. Moreover, we discuss a quantization of the filter matrices.
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(a) Lenald 512 x 512 000 (b) DDOO128 x 128 00O
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Fig.1 Sample images, (a) Lena (512 x 512 pixels), (b) stripe (128 x 128 pixels).
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Fig.2 Kakarala-Ogunbona image decomposition algorithm, (a) decomposed

image (b = 2), (b) multi decomposed image (b = 2), (c) diagram.
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Fig.3 Sample images (32 x 32 pixels) for experiment of minimum gap of singular

values, (a) vertical, (b) horizontal, (c) diagonal, (d) random.
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Fig.4 Minimum gaps of singular values of A in KO algorithm, (a) vertical,

(b) horizontal, (c) diagonal, (d) random images.
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Table 1 Minimum gaps gmin in multi decomposition (stripe, round, ¢ = 2).
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Table 2 Increase/decrease of PSNR (49.3 dB, stripe).
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04 UODOOO0OO0O0OO PSNRO Lenal
Table 4 PSNR in quantized U (Lena).

0.5 bpp 1.0 bpp 1.5bpp
double  33.47dB  37.42dB  40.20dB
float 33.47dB  37.42dB  40.20dB
int64 33.47dB  37.42dB  40.20dB
int32 33.47dB 37.42dB 40.20dB
int16 33.47dB  37.41dB  40.20dB
int8 29.23dB 30.31dB 30.72dB
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