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Compression of Multispectral Remote Sensing Image Based
on Integer Wavelet Transform

LUO Jian-shu ZHUO Hong-yan LI Ming-jun
College of Science National Univ. of Defense Technology Changsha 410073 China

Abstract 3D SPECK compression of multispectral remote sensing image is presented which is based on integer wavelet transform

IWT by analyzing the characteristics of transformed wavelet coefficient. By the method the zero-tree coding of the compression of

wavelet transform is extended to the compression of multispectral remote sensing image . Integer wavelet transform is applied to reduce the

spatial decorrelation and DCT is applied to reduce the inter-band correlation. 3D SPECK is used in processing the transformed wavelet

coefficient. The results of experiment indicate that hardware is easier to realize the time of coding and decoding is less and the
requirement of EMS memory is lower.
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Fig.1 Grey histogram of TM image with band 1 to band 6
1.2 ™
™ 36 256 512 x 512 9-7 5
3 6 16 12 1~4
0 5 LLS HLS5
™ LLS HLS LH5 HHS ™
™ LL5 0
™ ™
1.3 ™
1
1 97

Tab.1 Contrastion of energy distribution of decomposing remote sensing images and portraits with wavelet transform

LL LH HL HH
Landsat TM 1 96.69 0.61 0.73 1.97
Landsat TM 3 98.29 0.40 0.49 0.82

Lena 99.859 0.057 0.025 0.023
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Fig.2  Grey histogram of bands in first level of decomposing Image with wavelet transform
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Tab.2  Statistical of coefficients of high frequency bands

Landsat — TM Band 3

Max Min Average Var
LL5 1647 350 1083.4 4.8365
HLS 451 - 401 16.672 2.2502
LH5 337 - 490 -5.8672 1.7508
HH5 444 - 461 -4.9102 1.6728
HI4 569 - 440 0.21387 1.0008
LH4 390 - 342 1.668 0.82066
HH4 481 -329 6.7969 0.63983
HL3 341 -320 2.9116 0.3594
LH3 312 -319 0.94897 0.34533
HH3 270 -277 2.22 0.25532
HI2 213 -261 3.1604 0.13124
LH2 271 - 261 0.70013 0.13619
HH2 211 - 234 1.9673 0.099071
HLI 154 -201 2.8676 0.032086
LHI 167 - 191 0.86664 0.041476
HHI 92 - 108 1.4407 0.01717

Landsat — TM Band 6

Max Min Average Var
LL5 1851 377 1259.6 10.965
HLS 583 - 568 10.852 2.9603
LH5 557 - 526 4.5117 2.7871
HH5 396 - 638 4.6367 2.4176
HIA 395 - 488 -3.291 1.067
LH4 427 - 478 -0.32324 0.94921
HH4 334 -372 4.3008 0.5563
HL3 206 - 297 2.679 0.18478
LH3 269 -215 1.6816 0.20575
HH3 150 - 126 1.5222 0.063795

HI2 117 - 144 2.6439 0.012842
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2
Max Min Average Var

LH2 99 - 133 0.58887 0.015099
HH2 36 -29 1.3925 0.0020779
HL1 71 - 128 2.3721 0.002601
LH1 71 -93 0.71783 0.0020215
HHI1 18 - 14 1.2049 0.001204
3 Landsat — TM Lena512 boston

Tab.3 Energy statistic of coefficients of wavelet bands Contrastion of energy distribution of Landsat — TM Lena512 and boston image

Band 1 Band 2 Band 3 Band 4 Band 5 Band 6 Band 7
LL5 53.512 56.123 61.047 60.485 71.219 85.227 68.416
HLS 1.1251 1.1002 1.1336 1.0795 0.92028 1.4879 1.0748
LH5 0.94538 0.83692 0.87291 0.99336 0.77725 1.3963 0.92784
HHS5 0.78224 0.77285 0.83357 0.81584 0.75167 1.2114 0.88535
HIA 1.9056 1.9416 1.9979 2.1314 1.6415 2.1451 1.8871
LH4 1.6855 1.655 1.6388 1.8655 1.4252 1.9064 1.585
HH4 1.2982 1.3153 1.2865 1.4487 1.0206 1.121 1.1762
HL3 2.9469 3.0188 2.8787 3.164 2.4706 1.4913 2.674
LH3 2.8504 2.8494 2.7602 2.9494 2.2377 1.6564 2.4117
HH3 2.2502 2.2313 2.0441 2.253 1.6067 0.51475 1.7478
HIL2 4.6042 4.6561 4.2275 4.5314 3.2415 0.43555 3.5028
LH2 4.9319 4.8806 4.3556 4.4459 3.2446 0.48677 3.4801
HH2 3.9851 3.7656 3.1796 3.0582 2.1719 0.073071 2.3386
HL1 5.8607 5.1373 4.2084 4.0824 2.8548 0.40705 3.1358
LH1 7.2169 6.5845 5.3136 4.606 3.1302 0.26673 3.3001
HH1 4.0995 3.1316 2.2223 2.091 1.2863 0.17358 1.4567

4 TM1 4 7 97 + SPIHT 97 + SPECK

Tab.4 Compare time of compression and decompression with TM band 1 band 4 band 7 image under 97 + SPIHT 97 + SPECK

TM1 TM4 T™7
bpp PSNR PSNR PSNR

SPIHT ~ 0.0630 0.0310 18.325 0.0620 0.0310 20.1018 0.0630 0.0310 18.7800
008 SPECK  0.0620 0.0150 17.5740 0.0620 0.0150 19.6852 0.0470 0.0150 18.0515

SPIHT ~ 0.0940 0.0620 19.4045 0.0940 0.0470 21.2860 0.0930 0.0630 20.1093
010 SPECK  0.0620 0.0470 19.4177 0.0620 0.0310 21.4044 0.0620 0.0310 20.0904
o s SPIHT ~ 0.1870 0.1410 22.6352 0.2030 0.1560 22.9210 0.2190 0.1570 23.7793

SPECK 0.1560 0.1090 21.3684 0.1400 0.1100 21.5938 0.1570 0.1090 23.2584
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5 TM147 97 + DCT + SPECK
Tab.5 Compare time of compression and decompression with TM bandl band4 band7 image under 97 + DCT + SPECK

PSNR
SPIHT 0.3910 0.2340 0.6250 0.3750 0.0780 0.4530 18.9612
008 SPECK 0.3900 0.1720 0.5620 0.3750 0.0460 0.4210 18.3056
SPIHT 0.4060 0.3280 0.7340 0.3750 0.1560 0.5310 19.9132
01 SPECK 0.4060 0.2190 0.6250 0.3750 0.1090 0.4840 19.5402
0.5 SPIHT 0.4060 0.6570 1.0630 0.3750 0.4370 0.8120 22.6981

SPECK 0.4060 0.4840 0.8900 0.3750 0.3130 0.6880 21.9314

=21.9314 =0.5

7 TM1 4 7 5

Fig.7 Primal image and reconstruction image of synthesis TM image with band 1 and band 4 and band 7 decompose 5 level
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