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Abstract: To solve the problem of low bandwidth between Mars and Earth and the high-output image data
rate of the high-resolution camera of Tianwen-1, an electronic image-storage system was designed by us-
ing a NAND Flash as a storage medium and a FPGA as a control core. The NAND Flash was designed to
use parallel processing and 4-level pipelining technology to meet the requirements of high data rate storage
of camera images. To ensure the reliability of the image storage system, the storage system area was di-
vided and a bad block replacement mechanism was established. Moreover, to avoid the influence of the

original bit error rate and the single event radiation effect of space, a 12X 4 bit Hamming verification was
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proposed. The experimental results showed that the designed electronic image-storage system could

achieve the highest real-time image storage data rate of 1 276 Mbps on each single channel, reliable stor-

age of image data, and 1 bit error correction for a 12>X4 bit unit of image data, meeting the requirements

of the space mission.
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Fig.1 Block diagram of Image storage electronics system
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Fig.4 Image storage channel logical layer and physical layer mapping
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i1 RP3 RP2 RP1 RPO Bitll Bitl0 Bit9 Bit8 Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 RPO
ym2 CP3 CP2 CP1 CPO Bitll Bitl0 Bit9 Bit8 Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 RP1 RP2
w3 CP7 CP6 CP5 CP4 Bitll Bitl0 Bit9 Bit8 Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 RPO
g4 0 0 0 0 Bitll Bitl0 Bit9 Bit8 Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bitl Bit0 RP1 KPS
CP1 CPO CP1 CPO CP1 CPO CP1 CPO CP1 CPO CP1 CPO
CP3 CP2 CP3 CP2 CP3 CP2
CP4 CP5 CP4
CP7 CP6
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HEAT 5 REAE AR R M BUR T Iy 4% 44— AR A
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Fb R 7 (1 B A% AN B0 — 21 ) o 1, sk i 81 1
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Fig.5 Hamming calibration flow chart
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£3 1bitHRITRBB/EITSHME R
Tab.3 Corresponding relationship between the row
check code and row number when 1 bit error oc-

curs

115 RP3~RPO H
1 5
2 6
3 9
4 A

x4 1WitHRIIKWHBE I SHE F
Tab.4 Corresponding relationship between the column

check code and column number when 1bit error

occurs

LIRS CP7~CPOH 515 CP7~CPOH
1 55 9 95
2 56 10 96
3 59 11 99
4 S5A 12 9A
5 65 13 AS
6 66 14 A6
7 69 15 A9
8 6A 16 AA

5 ALk AT

Ko — 5w o AL E R A7 b B T2 R G
6 JT 7, X L 2 2R e 1 PR 0, 4 R4
T RGBT RG AT &R G L0 O T
B AT A, HEAT Flash 77 #1056 F1 2] 55 50 IE 05

K6 w o AHBLIER A7 T2 RS
Fig. 6 Image storage and processing electronics system

of high resolution camera

5.1 BEEGHEFHIR
P 4 1) AR T o R AT B AR IR R

54 B CCD 2 @174l 8. 1 kHz B9 £ 4l %
PRGBS HT T) B A2 B 2 A7 At 2R 90 Rt T 3 1 %
AT S5 HG B A 0 R AT 2 R i
2,005 BN AT RS EEAT X L, W 7 R
RGP B R X LT, H N AT S A
it J5 AT HEOHE 78 @ — B0, TR M E B L,
BT A0 3R G0 A it o R 0 2 TR

K7 REEIRSS

Fig.7 Results of experimentation in the system

5.2 Flash 25X 38

HEAT Flash B8 20 f5 05 - 1 e A48 i 1~4 1
B3 B B, 4 BB 3 2 o B0 A A% 0B BodE Y
17 50 A 50 i 4 43 b 35 8 40 5 S, o B 1Y
55 2 bit WU AE B BR AL, TR 4 A BOEE AR A
NAND Flash #1 ; #& J5 ¥ Flash % 48 i3 15 3
FLASH _DATA _READ, f# i J& 4f 17 % 5 5
RP_DATA I £ 5 4% CP_DATA ; [A] i} A4 f% 32
OB AT 8 K B 5 RP_DATA _NEW A
CP_DATA _NEW, X 9 41 % 55 % 5 5l 4b 28 Jf 2
55, 75 I Hamming 2 56 (%) 3 #2817 2 4 4 2
it B A9 808 DATA _VERIFY _OUT, fifi [
Chipscope #UH Y B8 24 48 45 H an 1 8 Ji 7w , i &
rh g5 RN R R B B 1A AR 2 bit U
O, i 1 B Hs I 1~ A PRI 1Y 38 I3 T 5k A A B
P, SEBE T 1 bit B BRACHE 2 A5 00 B Y T8 B RT A

K8 124 bit &1% 1 bit 24 Chipscope i J#
Fig.8 12X4 bit image 1 bit error correction Chipscope

timing sequence
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