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Fixed-point Implementation of L.S9/7 DWT

DU Lie-bo,XIAO Xue-min,LU Qin,LUO Wu-sheng
( College of Mechatronics Engineering and Automation, National University of Defense Technology, Changsha 410073)

Abstract JPEG2000 compression algorithm has broad applications in the field of satellite remote image compression. However,
the lifting coefficients of CDF9/7 are a group of irrational numbers, which result in complex computation and require vast storage
directly used in lifting algorithm, plus a fixed-point method is needed. The existed fixed-point implementation methods of CDF9/
7 can solve the problem of computation and storage, but they degrade the quality of the reconstructed image. In order to solve
this problem, a fixed-point implementation method of 1L.S9/7, based on constructing L.S9/7 wavelet bases and adopting post-
scaling method, is proposed in this paper. Compared with two fixed-point implementation methods of CDF9/7, the complexity of
computation has been decreased by 34% and 28.3% and the quality of reconstructed image has been improved by more than
3db. Its performance is very close to the float-point implementation of CDF9/7.
Keywords LS9/7, CDF9/7, JPEG2000, fixed-point implementation, lifting algorithm, post-scaling
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Tab.1 The comparison of the lifting coefficients based CDF9/7 and LS9/7

NI 2 ) a B y s re
CDF9/7 ~1.586 134 342 -0.052980 118 0.882 911 075 0.443 506 852 1.149 604 399
1.89/7 -3/2 -1/16 4/5 15/32 4 2/5
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Tab.2 The corresponding optimal shift-multiply operation with different value of N

N 4 5 6 7 8 9 10
AR - T4 AE x13 >4 x13 >4 #51 >6 %51 >6 %205 >>8 %205 >>8 %819 > 10
5 {38 3T {1 0.812 500 0.812 500 0.796 875 0.796 875 0.800 781 0.800 781 0.799 805
IR E 0.012 500 0.012 500 0.003 125 0.003 125 0.000 781 0.000 781 0.000 195
N 11 12 13 14 15 16 17
B R - T Bt %819 310 %3277 >12 #3277 12 %13 107 > 14 =13 107 > 14 #52429 >16 52429 >16
5 {38 30T {1 0.799 805 0.800 049 0.800 049 0.799 988 0.799 988 0.800 003 0.800 003
JE T iR 25 0.000 195 0.000 049 0.000 049 0.000 012 0.000 012 0.000 003 0.000 003
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Fig. 1 The definition of subbands from DWT
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Tab.3 The factors and corresponding shift-multiply

operations of four-level DWT

NPT Ei/ G RN - T HRAE bt~
0 1/¢* =25/32 %25 5 0.0
1 1 To s BAE 0.0
2 1 To A 0.0
3 1 Pt (e 0.0
4 F=2°/5 %41 943 > 15 0.000 001
5 7 =2°/5* %41 943 > 15 0.000 001
6 2 =2/5" %41 943 > 15 0.000 001
7 =25 %53 687 > 15 0.000 003
8 =25 #53 687 >15 0.000 003
9 =25 #53 687 >>15 0.000 003
10 £ =2%/5° %4295 »11 0.000 016
11 8 =25/5° #4295 »11 0.000 016
12 8 =22/5" %10 995 > 12 0.000 028
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Tab.4 The comparison of complexity about the fix-point implementation based LS9/7 and CDF9/7

RE S vk Fe ik BAE () BALHRAE (R) i AR (R) e 8 ()
CDF9/7 /N 43 %0 S 30 )7 1.392 64e +7 1.392 64e +7 55 6.963 2e +7
CDF9/7 /N B AR o7 52 IR )7 32 o 2.785 28e +7 3.620 684e +7 6.406 144e +7
LS9/7 /N A SCSE BT 1 4.177 92e +6 1.810 432e +7 1.114 112e +7 4.595 712e +7
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Tab.5 The comparison of reconstructed image
quality about LS9/7 and CDF9/7

AR Bk &2 45 5 = ) PSNR {H (dB)
FERS  CDF9/7 /NS4S CDFO/7 /NI A 1S9/7 /NJ CDF9/7 /)
BOke S Bk E S EASEE B

01 37.738 9 36.254 5 40.035 4 41.001 5

02 37.644 7 35.965 4 40.000 2 40.973 8

03 38.243 0 36.354 8 40.702 4 41.619 8

04 38.557 8 36.587 5 41.113 2 41.901 2

05 37.241 5 36.063 2 40.354 7 40.884 3

06 37.968 4 36.789 5 40.628 8 41.100 2
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