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Color image transmission in underwater acoustic channel
based on SPIHT and visual saliency detection

ZHANG Jian
(Shenzhen Institute of Information Technology, Shenzhen 518055, Guangdong, China)

Abstract: In both the academic and engineering fields, the pursuit of obtaining color images with certain availability in
severely bandwidth-constrained underwater acoustic channels is a matter of great interest and attention. In this paper,
a new method for underwater color image transmission is proposed, which utilizes the set partitioning in hierarchical
trees (SPIHT) algorithm based progressive image transmission and visual salience detection to achieve underwater
color images with better availability in complex and highly bandwidth-constrained underwater acoustic channels. The
method dynamically adjusts the data transmission scheme based on the signal-to-noise ratio and employs red channel
compensation to enhance the accuracy of saliency detection in the frequency domain. Subsequently, the SPIHT is used
for progressive image transmission, and the block artifacts caused by high down sampling rates are addressed by using
guided filtering at the receiver end to obtain high-quality underwater images. Experimental results demonstrate the
applicability of the proposed method in compressing underwater color images.
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Fig.6 Comparison of image compression experimental results for different compression algorithms
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Table 1 SSIM comparison of compressed images

R4 S SSIM
1/R=0.01 1/R.=0.02 1/R=0.03 1/R.=0.04 1/R=0.05 1/R=0.06 1/R=0.07 1/R=0.08 1/R=0.12
JPEG2000 0.756 5 0.8252 0.868 8 0.897 9 0.914 0 0.9310 0.9411 0.996 6 0.994 9
RGB+SPIHT 0.194 2 0.460 7 0.476 5 0.633 8 0.726 4 0.748 9 0.809 7 0.986 1 0.931 6
AL 04777 0.6758 0.797 2 0.876 8 0.920 0 0.941 0 0.9519 0.967 7 0.965 8
AEL2 0.4818 0.680 1 0.800 1 0.880 4 0.924 3 0.945 8 0.956 8 0.972 3 0.970 8
2 [E4EEREYPSNR 3TtL
Table 2 PSNR comparison of compressed images
R 5% PSNR
1/R=0.01 1/R.=0.02 1/R=0.03 1/R.=0.04 1/R.=0.05 1/R=0.06 1/R.=0.07 1/R.=0.08 1/R=0.12
JPEG2000 25.70 27.62 29.49 31.08 32.02 33.43 34.52 53.43 51.70
RGB+SPIHT 13.71 19.67 20.21 24.98 28.04 28.84 31.29 41.78 37.80
AEHIE 18.96 25.96 31.38 35.18 3791 39.41 40.20 41.23 41.15
ARCELE2 18.96 25.96 31.38 35.18 3791 39.42 40.22 41.24 41.16
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Fig.7 Comparison experimental results of different image compression algorithms under fixed data amount

PR P 9 E B PR K A 5 T IR —
5E AT IR R R — B — D AR A Ph AR 7]
Ao ASCHE T SPIHT Sk H 44 1 18 15 i 2t A% i g
73, FET R P L TE 2 1) 7 3 e s 2 A I
KT EGEZEERRE S, FIRDRE R R sl &
RAEI 7 A AT I PR TR ORGSR R, 1
Ja i E L R L Y BN S, R R
ERFEJE I C, AN C o EHUEON I I, DAERAS

BRI N EG . s Roaobr, R EMmT
fE45 1 SPIHT J57%, H AR T JPEG2000 5% 5 id
MK TEAEBIIEL, ek T EOEIG L
) S ol FH 75 2K

s £ X M

[1] VACCARO R J. The past, present, and the future of underwa-
ter acoustic signal processing[J]. IEEE Signal Processing Mag-
azine, 1998, 15(4): 21-51.

[2] STOJANOVIC M. Recent advances in high-speed underwater
acoustic communications[J]. IEEE Journal of Oceanic Engi-
neering, 1996, 21(2): 125-136.



212 B

HoOR 2024 4F

[3] DHAWAN S. A review of image compression and compari-
son of its algorithms[J]. International Journal of electronics &
Communication technology, 2011, 2(1): 22-26.

[4] MEEE . Her BIUE A FE(MATLAB RO[M]. db5t: 7 Tk
Jit:, 2005.

[5] SHAPIRO J M. Embedded image coding using zerotrees of
wavelet coefficients[J]. IEEE Transactions on Signal Process-
ing, 1993, 41(12): 3445-3462.

[6] SAID A, PEARLMAN W A. A new, fast, and efficient image
codec based on set partitioning in hierarchical trees[J]. IEEE
Transactions on Circuits and Systems for Video Technology,
1996, 6(3): 243-250.

[77 HOAG D F, INGLE V K. Underwater image compression us-
ing the wavelet transform[C]//Proceedings of OCEANS'94.
Brest, France. IEEE, 2002: 11/533-11/537.

[8] A, X J o~ T AR 1k K 75 PG K 7 [0, R
ITRAA 2R (H ARBHERR), 2008, 47(2): 172-177.

GAO Chunxian, LIU Hui. The research of underwater image
progressive transmission based on bit planes[J]. Journal of
Xiamen University (Natural Science), 2008, 47(2): 172-177.

[91 T 2R¥h . Wb At /e /K T BB (5 i S WE 7R [C/ /v 1 7
SRR 203 4 201 3 AR A [ K R 2 2 R 2 R SR L T,
2013: 331-333.

[10] BRZE, BRI, S48 0% | 1 SPIHT &0vZ% i ROT 4 5 F 7T [7]. K
4, 2015, 36(2): 112-117.

CHEN Xin, CHEN Xiao, CAI Tingting. Research on ROI
coding based on SPIHT algorithm[J]. Computer Engineering
& Software, 2015, 36(2): 112-117.

[11] AHN J, YASUKAWA S, SONODA T, et al. An optical image
transmission system for deep sea creature sampling missions
using autonomous underwater vehicle[J]. IEEE Journal of
Oceanic Engineering, 2020, 45(2): 350-361.

[12] BYLINSKII Z, RECASENS A, BORJI A, et al. Where
should saliency models look next? [M]//Computer Vision -
ECCV 2016. Cham: Springer International Publishing, 2016:
809-824.

[13] BORJT A, CHENG M M, HOU Q B, et al. Salient object de-
tection: a survey[EB/OL]. 2014: arXiv: 1411.5878. https://

arxiv.org/abs/1411.5878.
[14] FEFE, HER, 2B . 5T 305 5 F K T G BA 1 B
PUERLIET]. Ja%54Rk, 2019, 39(9): 16-25.
WANG Guolin, TIAN Jiandong, LI Pengyue. Image color
correction based on double transmission underwater imaging
model[J]. Acta Optica Sinica, 2019, 39(9): 16-25.
[15] ANCUTI C O, ANCUTI C, DE VLEESCHOUWER C, et al.
Color balance and fusion for underwater image enhancement
[J]. IEEE Transactions on Image Processing, 2018, 27(1):
379-393.
[16] LI W P, YANG X G, LI C X, et al. Fast visual saliency based
on multi-scale difference of Gaussians fusion in frequency do-
main[J]. IET Image Processing, 2020, 14(16): 4039-4048.
International Telecommunication Union Radio communica-
tions Sector (ITU-R). Studio encoding parameters of digital

[17

—

television for standard 4 : 3 and wide-screen 16 : 9 aspect ra-
tios BT.601-5 [S]. 1995.

[18] RUI X P. An improved EZW algorithm for image compression

[C]//Proceedings of 2005 IEEE International Geoscience and

Remote Sensing Symposium, 2005. IGARSS '05. Seoul,

(South)Korea. IEEE, 2005.

KAMARGAONKAR C, SHARMA M. Hybrid medical im-

age compression method using SPIHT algorithm and Haar

wavelet transform[C]//2016 International Conference on Elec-
trical, Electronics, and Optimization Techniques (ICEEOT).

Chennai, India. IEEE, 2016: 897-900.

[20] HE K M, SUN J A, TANG X O. Guided image filtering[M]//
Computer Vision - ECCV 2010. Berlin, Heidelberg: Springer
Berlin Heidelberg, 2010: 1-14.

[211 LICY, GUO CL, REN W Q, et al. An underwater image en-
hancement benchmark dataset and beyond[EB/OL]. 2019:
arXiv: 1901.05495. https://arxiv.org/abs/1901.05495

[22] WANG G L, LIU M Z, PAN X H, et al. Field experiment and
analysis of underwater string networks based on PMAC[C]//
Proceedings of the 15th International Conference on Under-
water Networks & Systems. Shenzhen, Guangdong, China.
New York: ACM, 2021: 1-8.

[19

—



