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Single bitmap block truncation coding using binary fireworks algorithm

ZHANG Lige'?, QIN Xiaolin'?*, YANG Yong'*, HUANG Dong’*
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2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. Chongging Vocational and
Technical University of Mechatronics, Chongqing 400036, China; 4. Guizhou University, Guiyang 550025, China)

Abstract; In the application of image compression, to generate effective common bitmap and reduce the distortion
risk of color image compressed by single bitmap block truncation coding while remaining compression ratio, a single
bitmap block truncation coding method based on binary fireworks algorithm is proposed. First, the color image was
divided into non-overlapping blocks, and the initial bitmap of each block was generated by the weight plane
method. Then, the positions that need to be optimized in the initial bitmap of each sub-image block were
determined by two different strategies, and the values of these positions were used as the initial values of the
fireworks algorithm. Next, the fireworks algorithm was changed to binary form and optimized to generate a common
bitmap and six quantization values for each block. Finally, each block was restored according to the common
bitmap and the quantization values, and the color image was reconstructed by the restored blocks. Through the
experiments on the test images, the proposed method was compared with three reference methods from the aspects of
the detailed visual effects of the compressed images, the mean square error, and the structural similarity between
the compressed images and the original images. Results show that the common bitmap generated by the proposed
method was effective, and the global optimization strategy was better than the local optimization strategy. The mean
values of the mean square errors between the compressed images generated by the global optimization strategy and
the original images were 56.939 7 and 106.317 4 when the block size was 4 x4 and 8 x8, which were lower than
those of the three reference methods. The mean values of the structural similarity index values between the
compressed images generated by the global optimization strategy and the original images were 0.968 2 and 0.943 1
when the block size was 4 x4 and 8 X8, which were higher than those of the three reference methods. It indicates
that the similarity between the compressed images generated by the proposed method and the original images is
higher, and the accuracy of the compressed images is effectively improved while maintaining the compression ratio.
Keywords : image compression; block truncation coding; common bitmap ; binary fireworks algorithm ; optimization
algorithm
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Fig.9 Comparison of the SSIM of the two strategies
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Tab.4 MSE for images reconstructed by the five schemes with block size 4 x4

&4 STAEREMEBR MSE (LB (4 x4)

R Pepper Fruits Baboon Tiffany Lenna Frymire W (FS

GA-AMBTC [0 10.577 0 18.150 0 94.603 1 12.914 1 19.008 1 223.907 1 63.193 2 4 bpp

GSBTC V7] 13.282 0 19.140 9 98.500 5 24.190 7 20.187 1 336.033 1 85.222 4 4 bpp

BACO-BTC " 10.525 3 16.990 1 90.796 3 14.905 5 18.782 6 226.087 7 63.014 6 4 bpp

A — 10.567 6 17.938 4 89.898 0 12.516 6 18.696 6 217.221 9 61.1399 4 bpp

Hmg 10.273 1 15.840 4 88.380 1 12.238 6 18.205 3 196.700 7 56.939 7 4 bpp

%5 5 HITEBWER MSE LE (8 x8)
Tab.5 MSE for images reconstructed by the five schemes with block size 8 x 8

A Pepper Fruits Baboon Tiffany Lenna Frymire I R
GA-AMBTC [10] 30.960 9 33.3320 146.936 7 24.110 8 37.378 7 400.937 8 112.276 1 1.75 bpp
GSBTC 17 35.410 7 35.3892 146.295 0 35.083 6 36.583 7 551.369 5 140.022 0 1.75 bpp
BACO-BTC " 29.924 3 31.2399 136.167 2 26.052 2 35.49217 414.156 7 112.172 2 1.75 bpp
A — 30.004 5 32.518 2 135.612 0 26.403 1 35.957 5 406.266 8 111.127 0 1.75 bpp
Mg 29.170 3 30.167 0 133.854 3 26.389 7 35.2279 383.095 2 106.317 4 1.75 bpp
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Tab.6 SSIM for images reconstructed by the five schemes with block size 4 x4
Bk Pepper Fruits Baboon Tiffany Lenna Frymire HIE it &
GA-AMBTC [0 0.992 5 0.979 8 0.901 5 0.986 3 0.986 7 0.944 5 0.9652 4 bpp
GSBTC 17 0.991 1 0.979 0 0.902 9 0.975 8 0.9855 0.921 8 0.959 4 4 bpp
BACO-BTC " 0.992 5 0.980 4 0.905 9 0.983 8 0.986 7 0.944 9 0.965 7 4 bpp
A — 0.992 6 0.980 4 0.907 9 0.987 0 0.987 1 0.946 2 0.966 9 4 bpp
Mg 0.992 8 0.981 7 0.909 2 0.987 3 0.987 4 0.950 7 0.968 2 4 bpp
RT 5SHMITEEMER SSIM LLE (8 x8)
Tab.7 SSIM for images reconstructed by the five schemes with block size 8 x 8
Bk Pepper Fruits Baboon Tiffany Lenna Frymire ¥IH fih %
GA-AMBTC (!¢ 0.987 5 0.961 9 0.8523 0.976 2 0.975 8 0.894 6 0.941 4 1.75 bpp
GSBTC!] 0.976 8 0.960 6 0.859 8 0.963 9 0.976 0 0.863 3 0.933 4 1.75 bpp
BACO-BTC!"! 0.979 0 0.963 6 0.864 0 0.974 0 0.976 7 0.892 7 0.941 7 1.75 bpp
Mg — 0.979 0 0.963 0 0.864 9 0.973 9 0.976 6 0.8951 0.942 1 1.75 bpp
Tmg — 0.979 5 0.964 5 0.865 6 0.973 7 0.976 9 0.898 6 0.943 1 1.75 bpp
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