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Abstract: An image compression (HTJ2K-RPRD) algorithm with high-precision adaptive rate
control is proposed to solve the problem that the image compression algorithm with incomplete
embedded coding is difficult to achieve accurate rate control, and the algorithm combines bit rate
prediction and post compression rate distortion optimization. Firstly, according to the Gaussian
distribution characteristics of the high-frequency subband data of two dimentional discrete wavelet
transform, the information entropy of the wavelet coefficients before quantization is calculated to
obtain the minimum average bit number which is used to estimate the predicted bitrates of the
high-frequency wavelet coefficients after quantization and encoding. Secondly, the HTJ2K
standard, which has the same compression quality as the JPEG2000 standard but a lower
complexity than it, is used for image compression. According to the coding characteristics of the

cleanup passes in the HTJ2K standard, the average bits embedded in the code stream of the low-
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frequency wavelet coefficients are roughly calculated and the predicted rates of the encoded low-

frequency wavelet coefficients are estimated by the average embedded bits. Then the predicted

bitrates of all encoded wavelet coefficients are counted to estimate the basic truncated bit plane.

Finally, multiple coding channels are generated from the base-truncated bit-plane coding, and the

generated coding channels are optimized for rate-distortion to achieve adaptive rate control image

compression. Experimental results show that the HTJ2K-RPRD algorithm can achieve fixed rate

compression for bandwidth-constrained compression systems with lower complexity under the

condition of adaptive bit rate control; the compression bit rate control accuracy can reach

99. 997 % on images with different bit depths and pixel sizes.

Keywords: image compression; rate control; coding; rate-distortion optimization;

JPEG2000 standard; HTJ2K standard
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methods between HTJ2K and JPEG2000
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Table 2 A comparison of compressed image qualities using four algorithms at 4:1
U B 7 W 1L /dB 55 K AR AL
it JPEG2000 CCSDS-IDC HTJ2K-PCRD HTJ2K-RPRD JPEG2000 CCSDS-IDC HTJ2K-PCRD HTJ2K-RPRD
lena 44.981 4 44.271 9 44.363 8 44.363 8 0.982 4 0.981 0 0.979 7 0.979 7
mars  42.357 1 40.910 8 41.483 0 41.483 8 0.989 3 0.986 3 0. 986 6 0. 986 6
ice 57.274 4 55.977 8 56.407 7 56.407 8 0.998 6 0.998 2 0.998 2 0.998 2
solar  64.305 9 60. 615 4 63.231 9 63.183 9 0.999 7 0.999 3 0.999 6 0.999 6
A3 RZEA 8 1m R A A4 RSk 0h R AR R B AR
Table 3 A comparison of compressed image qualities using four algorithms at 8:1
U B 5 W 1L/ dB SR AR AL
it JPEG2000 CCSDS-IDC HTJ2K-PCRD HTJ2K-RPRD JPEG2000 CCSDS-IDC HTJ2K-PCRD HTJ2K-RPRD
lena 40. 280 1 39.511 2 40.012 8 39.988 7 0.953 6 0.950 9 0. 950 6 0.950 7
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ice 49.159 2 48.172 2 48.537 6 48.536 6 0.9915 0.990 4 0.990 5 0.990 5
solar  54.317 1 52.144 2 53.525 2 53.527 4 0.997 0 0.995 0 0.996 4 0.996 4
o4 RZCA 16: 18 RN 4 Ak 6 R4 BT 2
Table 4 A comparison of compressed image qualities using four algorithms at 16:1
W {E 7 W 1L /dB SE R AR
Sl JPEG2000 CCSDS-IDC HTJ2K-PCRD HTJ2K-RPRD JPEG2000 CCSDS-IDC HTJ2K-PCRD HTJ2K-RPRD
lena 37.127 1 35.960 2 36. 600 3 36. 602 6 0.925 1 0.917 1 0.919 4 0.919 4
mars  30.936 7 30.3350 30. 300 2 30.312 7 0. 882 6 0. 869 4 0. 867 2 0.867 3
ice 43.984 4 43.319 4 43.323 5 43.318 3 0.975 4 0.973 9 0.972 2 0.972 1
solar  48.448 4 47.320 8 47.746 7 47.748 8 0.989 1 0.985 1 0.986 7 0.986 7

(348 43 51 R 0,992 5.0.991 2,0.991 0 H1 0. 991
0, HTJ2K-RPRD A%+ JPEG2000 ) PSNR {H
TR 0.8 dB Ze A7 . i A X CCSDS-IDC 27 0. 9 dB
ZiAi .5 HTJ2K-PCRD f PSNR M1 22 A ] 0. 1
dB.4 RIS H SSIM (HAH Y, R4l 8:1
B3 4 PP ZRAS PSNR (H B ¥ {8 53 51 R 44. 765
9.43.578 4.44.194 6 F144. 198 8 dB,SSIM {8
A5 k0,973 4.0.970 7,0.970 8 Fl 0.971 0,
HTJ2K-RPRD 2 = 48X} JPEG2000 f#) PSNR {H F
K 0.5 dB £ 45, M A% CCSDS-IDC 42755 7 0. 6 dB
£4i, 5 HTJ2K-PCRD i PSNR {8 1 22 A& ] 0. 1
dB.4 FhE VLIRS HY SSIM (HAHY . JE45 Ll 16:1
Bf L 3X 4 R 3RS PSNR E 0 BE 73 5]y 40. 124
2.39.233 9.39.492 7 F139. 495 6 dB,SSIM ¥ {8
A% K 0.943 1,0.936 4,0.936 4 Fl 0.936 4,
HTJ2K-RPRD & M %f JPEG2000 Y PSNR {§ F
B 0.6 dB 2247 . i A CCSDS-IDC 425 0. 3 dB 72
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4.5 HTJ2K-PCRD (¢ PSNR {HA#H22 K] 0. 1 dB,
4 PR RS SSIM {EAH Y,

25 LTk HTJ2K Al CCSDS-1IDC #4 J2& DL Al
4 TR 40 UG T o Dl AR A DA B 5 4 i A 7 i L
& I+ JPEG2000 J& 4 Bl & B & &% 1E. H K 2
HTJ2K,HTJ2K R4 REE T CCSD-IDC #.ik .
3.2.3 JE4ALE

KH CEH M5 ) HTJ2K-RPRD JE 45 5 1%
(R 2 AT e 4 B8O X 4 g 3 R A6 R 40 Lo
8+ 1HEAT 100 YK FE 4 . 4 1 I3 1 4% e 4 ok A v
T A7 S T 00 55 4 1 A o ST 24 R 47 AR R 1 &5
RUNE 5 FroR. S5 REBIR, g% SRR 5 EGGE R
SVED ST PR OC AR BIMGOB R FE B B . T
Gy HE I (5 B AN R 46 B RIS KT 3%, Btk HTJ2K-
RPRD 575 X} G 40 58 10 52 I BE 2 i/ . R
45 535 i A ki AT kg B I ) P T Ak B £ A
BB = TR S AR B SN TN K 3060 1 R 4
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JE 45 A B
Table 5 Running time of image compression using HTJ2K-

RPRD algorithm at 8:1

EIRES BOMFERS /s BEEE/s  BOWEENR S /X%
lena 0. 004 0.277 1. 44
mars 0. 004 0.274 1. 46
ice 0.088 4. 466 1.97
solar 0.025 1. 154 2.17

I R AE 46 LR 82 1EAT 100 YR 46 . R FHHT Fh
S 4 I IR G i R IR X (E Y H g 4
meE 7 s, B HTJ2K-PCRD 5 ik FE 0 3 K,
SRR R A SCEIER 3 A5, HTJ2K-PCRD 8%
FE I K A =5 B D DR S A T X A6 S 1 T A O Ak ok
TR DT A7 S TSR AT — U S B B 9K T 3R A5 RS Al 1Y R
RECMER AR ™ AL T gt a0

15

[
I HTI2K-PCRDA%:

FERS /s

lena mars ice solar

7 R PIRN S B 1Y BRI LA
Fig. 7 A comparison of total running time between

two algorithms
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(HTJ2K-RPRD) 5.3 . & XF AS [F] B AL 9 A TR B B
FE 4R 23, SR FH R T 8 57 46 T ASE 76 R 34 38 A G )
0] VR o T 9 R 0N B8 v AR A B8 E
R RS YN S ik R VA S T(TINE S m Y
TR T A7 Y- T AR — 57 - T A 4 B AR 2 A g 1
iE L JF R Al PCRD-opt %53 52 3R i 09 5 % 42 4l
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