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Table 1 Multi-camera data management demands
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Fig. 1 Multi-camera connection diagram in Mars rover
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Table 2 Image storage partition address allocation table
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R SRRk
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Table 3 Optimal encoding parameters table

T

X [i] O M2 [X 1] Run_K K
1 [0~0.50) 10 0
2 [0.50~0.60) 10 0
3 [0.60~0.67) 1 0
4 [0.67~0.70) 1 1
5 [0.70~0.84) 0 1
6 [0.84~0.91) 0 2
7 [0.91~0.96) 0 3
8 [0.96~0.98) 0 4
9 [0.98~0.99) 0 5
10 [0.99~1) 0 6
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Fig. 8 Context based adaptive first 1 bit run-length
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b3l Used//~  Available/4~ Utilization/%
Slice 3832 14336 26
4-LUT 6 821 28 672 23
FFarf7-2% 4216 28 672 14
BRAMs 53 96 55
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Table 5 Performance of lossless image compression

bpp

5% Adpt-FIRun FlRrun CCSDS-IDC CCSDS-RICE JPEG2000
Lena 434 4.44 4.40 451 4.16
zelda 4.02 4.14 4.15 427 4.00
baboon 6.04 6.17 6.13 6.15 6.13
bar 7.19 733 7.16 6.93 7.13
Jet 3.80 3.96 3.90 3.97 3.75
office 3.48 3.52 3.44 3.59 327
REZ] 4.81 4.93 4.86 4.90 474

RORBTL T 4K Lena BUZ (1047 451k 45 M RE M)
SO KT E, 4R P S 2 TE A R 4 I R H 97 /N B AR A
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SIS T R] FEAT A Gt A5 AT S5 I e BB R 48, 7
AR F B B SR

o6 BRI EAMEMRMRELR

Table 6 Performance in lossy compression by using Int97 DWT

T2 /bpp 0.1 0.2 0.4 0.8 1 2
ASLHF/AB 2941 3203 3501 37.89 39.05 43.08
F1Rrun/dB 28.69 31.70 34.67 37.70 38.87 43.04

CCSDS-IDC/dB 27.16 31.58 34.59 37.53 3832 4255

SPIHT/dB 29.23 3211 35.07 37.82 3893 4256
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Table 7 Performance in lossy compression by using
float-point97 DWT

T4 /bpp 0.1 0.2 0.4 0.8 1 2
A3 HE/dB 2862 31.82 3502 3848 39.55 44.07
FIRrun/dB 2849 3145 3472 3812 39.15 4347
SPIHT/dB 2932 3225 3548 3871 39.85 4429

JPEG2000/dB 29.68 32.82 36.07 3924 4035 4477
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Design of Image Compression Storage System and Key Algorithm for Mars Rover

XU Yong, JIA Yang, GUO Jian, ZHAO Lei, ZHU Jianbing, WANG Cuilian, FAN Yanfang, TONG Ling

(Beijing Institute of Spacecraft System Engineering, Beijing 100094, China)

Abstract: Focused on the image data storage, compression and transmission of mars rover, system design and key
hardware/software architecture design are carried out in this paper based on the analysis of function requirements and key design
features. Image compression algorithm and transmission protocol are proposed, and the image storage and compression module in
Mars rover is designed and implemented. The multi-camera partition parallel image file system based on FPGA (Field
Programmable Gate Array) is realized. The adaptive first 1 run length coding algorithm for image compression based on DSP is
realized on this module. Finally the function of multi-camera image data storage and management, flexible control of image
compression ratio, quality progressive transmission, coding of region of interest, anti-error code diffusion and image thumbnail
downward transmission are realized in the engineering development, meeting the reliable, efficient and flexible application

requirements of China’s first Mars exploration mission.

Keywords: Mars rover; image compression; image storage; file system

Highlights:

® A parallel image file system based on FPGA with high speed, high reliability and high flexibility is designed, which adopts

many measures such as data RS coding to resist error code.

o The adaptive first 1 run-length coding algorithm is used as the core algorithm, and the simple counting method is used to estimate

the context probability, which increases the computational complexity slightly and improves the coding efficiency effectively.

e The functions of multi-camera data storage management, flexible control of image compression ratio, quality progressive

transmission, Region Of Interest (ROI) coding, error resilience diffusion, image thumbnail generation and downloading are

implemented.
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