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Key technologies and applications of integrated high-performance storage
and data transmission system for satellites

Zhu Yanming Liu Wenzhong Lyu Yuhua Zhang Junjie Zhang Qianwu
(Key Laboratory of Specialty Fiber and Optics Access Networks, Shanghai University,Shanghai 200444, China)

Abstract: With the rapid advancement of remote sensing satellite technology in China, space missions are becoming
increasingly complex, posing challenges to traditional spaceborne storage and data transmission systems in terms of
high customization and costly migration. This study aims to develop an integrated high-performance storage and data
transmission system to address these issues. Leveraging the high flexibility of field-programmable gate arrays
(FPGAs), the system design incorporates SATA TII solid-state drive read/write access with a file system, multi-
channel DDR controllers with data multiplexing control, and data transmission functionality supporting intermediate
frequency modulation. With minimal device and software deployment, the system achieves a maximum downlink
bandwidth of 900 Megabits per second and offers the most diverse data transmission capabilities. The system has been
successfully implemented in a specific Jitian satellite model mission. Ground tests demonstrate that the payload storage
link bandwidth remains consistently stable above 2. 8 Gigabits per second, with peak bandwidth reaching 3. 69 Gigabits
per second. Both storage and data transmission operations achieve long-term zero-error code performance. On-orbit
verification confirms clear and complete transmission of payload images. The system fully meets the stringent stability
and reliability requirements of remote sensing satellites, demonstrating significant application value in the field of
remote sensing satellite technology.

Keywords: remote sensing satellite; spaceborne system; FPGA ;integrated storage and data transmission
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Fig. 2 Block diagram of integrated high-performance storage and data transmission system architecture

BRI A AR L L)L £ 1 DDS AT R AR TR AR ke, P
BRI R B A, FEWAE TR VREIFHEER T,
PR T B ML WK, QPSK 1% {H 4 55 42 7+ & 600 Mbit/s,
SPSK W {H # Z 1] i 900 Mbit/s, & T 5E 6,

2 XEEA

2.1 SATA III #4288t

SATA TIT PrBOKF 20 4% g s 242 T B T 6. 0 Gbit/s,
P 3T OST & J2 45 e 4044 147 7 4k, A & 04~ 2 42
N E AR E B R R,

SATA I 4%l 2% i 2032 8 U5 ) B AR i i 3 s
3 SR R 2 R 4 )2 T Ak . I8 2 o A g B
B2E P A4 05 N H 2 P9 R F BB A A 28 1 ) (direct
memory access, DMA) & il &5 . 4 KRB 4% 73 28 2 /b
ARV B i R A B X5 A AL SR N R
I 35 15 B 2 0 B I8 )2 A0 0 FH 2 22 180 A9 A 5, o
FIFO ¥ FPGA ik £ 22 18] 1% 32 14 B4 528 S B30 it 2% 52
A L2 5 B B R N | R AT FIFO 4R BE S A SR, L
CRC-32 A B O 7T 5E 4% i s ) 38 )2 5¢ L 8B/10B % i | H
FEEH K28, 5 FAFF OOB Kl | i 5 45 1 Fme iF '

M SATA [ 2558 4% 76 i 3h 525 5088 i 4 & )5 2l i
(] B 332 5 R i 0/ 23 T B0 SR 2, R B AR RO
W RS T 2 BAE IR, X H 38 B RS AN [
B I A RS R INER 1.2 FUR

T A 8 FH 3R T A7 9 AT 86 B PR S A 64 KByte, 7%
SRR 1B R A7 BE U 4 MByte, DAk B e 4 B B2
ER0R AN, o0 A BB ST AR 4 45 ) 25 R B4R FE 5
AT 98 5 Mk E BT TR A L F B DL =BT AR

o A BRI
L4 LR | | mena] | wmin] | oo

AL BEHEE
N

%4} SR AXI4-Stream¥i# | 1 mepEEes
B - —————— = — -] - 1
| |
|
MRAM 1 [ovppese R DMAH] |
— lgaTa :
I m
| g :
L R |
| 5 |
| TF ]
| FIFO | FIFO |
|
| - |
I P EE— HHER  e———— |
I CRC CRC ||
|
l Ik ik |
! | e— I ) I
| WEE |
| i_ |
_________________ a
SATATI
SSDith A
Bl 3 SATA III ¥ il 45 5 i f2
Fig.3 SATA III controller design flowchart
F 1 SATA I = HI 88 5@ E MK
Table 1 SATA 1II controller write rate test
LR/ GEEEi TS 15 9% ik ) SRNCRT
64 KByte 132 ps 473 MByte/s
4 MByte 9.2 ms 434 MByte/s
32 MByte 77.9 ms 410 MByte/s

e 05




5 AT & v F o

T # K

2 SATA I ¥ ) 25152 3 % 3K
Table 2 SATA III controller read rate test

BT B AE B¢ 8] [ER NG RUES
64 KByte 578 ps 108 MByte/s
4 MByte 9.7 ms 410 MByte/s
32 MByte 71.9 ms 435 MByte/s

I ENE A MRAM, 84 MBS E 25 #1Eh ah &
PRI EE T 55 0 8 e FOWUF L S AT LN AT E R AT
AT
2.2 DDR %LiEiE#EH 2%t

T A 43 R e B R R B R,
B 2 R MEBLTAEY 5, mOGiE A 8 20 AL A X,
TR AL i S5 A RRE AL T ) B T B 0 R B i R
PEATHR 2 LAJEAT 2 B, LAY 4 3838 (CTAP) Jg {5, 858 18 &
KA 3K 700 Mbit/s, WK 4 B Bl 23 #r 82 0k
BTG RN O 5 ) BA T AL B, 5% 258 S 45 2 5 R P 4 1
7] DDR, % T %¥ & 8L %S A DDR W7 % . SCR™ 2
KB BR A B YR U | FIFO % I 4% miUg i k47 2%
17, F e A 7 S B SR B L 78 B s R %
IS B B AT SR, (H R — EBE S R i - T AR iR
BB 22, Fh 23BN FIFO %3 RV 77 78 B8 240 1
B BB 1L R AR RO

B AT : FREHE T
B =il v [ BREF B
#LFIFO BOFIFO | ¢ | #OFIFO #HFIFO

Wl £ B P |ecomm| | pocwm

DDR ' 1

ZimiE I ! i

Eetbs

EEEEAE K
DDR 325 Fr 8 M e
b
MIG IP
)

DDR3
SDRAM

Bl 4 DDR £ i i 5 il #% 5 1 i R

Fig.4 DDR multi-channel controller design flowchart

KRGS A T R R B B A U D R B R R
DR A5, B TE T B B & B 4 SRk . BN O G R
DIREEARTEE S B A M DDR M B4 p, B LT
K&k L FIFO WIRM R . It Bzt e s 75 @
TE AR 53 S, 22 55 B U5 0] 38 DL SO P 4 D G D B
FeZ M P RIE i), 24T AT 85 M i ) DDR.

¢« 0F o

Bt A e Bk Bk S BAn | 5 iR, A
S ik AR v Sy A A R R T BSOHE A2 ) T S R A A
{5 4E DDR 2277 )5 th B A % (bitflip) » Bk 51T 2145 9
i Cerror correcting code, ECC) B AL, b Ab, % p& %)
AXT4 PO 58 % 1 4 ik 741 5 (4 KByte) i BRI, ECC
T J5 1138 18 80 E DDR 32 %53 38 P8R 43 & BT 1 2 D)
434 4 KByte /N, 3T 7€ J5 82 DDR 5 AT 55 7 L) 038 5
K 4 KByte #7520, 4% FRES L Se A 5 AT

rDDR'#HF'i%

1
e AXI4-Stream

I
TAPI ]
¢ H AXI-Stream ECCHig A DDR
TAP4 : Aro |, anrre | | RESA [ =g

I_Dll‘—@é’)ﬂFﬁai

itz
'7;;&;' AXI-Stream | | |
g || FIFO |

b —_ _ —

B DDR
R N N

AXI4-Stream
P58 DT A AL AR Ay R A A A T 92 9 T AR

Hyperspectral camera load data merge control

implementation flowchart

AP R L B R E S AR S BN 6
JIe 7R 45 il s LA IE 22 o it 14 07 X35 13 A1 958 DDR , 45 it =5
Dt PGS0 149 1 A 0 ST ) R s A i s ) 4 1
X BT PRI 2 A7 IX I AT PR 0 B3t B TAP #i 4 A
F4 A e Ml

_______ N
PR \ \N « 1 o[ omEsA I\ o ~| -
g y\_m | _TiiE |

________ i BE_____
DDR \ e oaM oo oo
: \/ J—r ‘)‘ u,:——w\\ ;uﬁ}?'ﬁ)\ ,‘\ s‘v
#@&L Hiht /\/ x/ i
l &
%mmq"? AR

B litiE
K6 g s TAE B

Fig. 6 Polling priority working principle in merge control algorithm

n‘|“)'@ 3@‘
4 @ %j%@

B E A & b, 58 6 4 R A Fe R O e pL L 8
IR Ao Z7 A7 4 19 7 SO0 AR B AT M. il an, TAPL
BAEE ASERJE . PR E G U 2= TAP2, FfF il
PEFEAT MR N4> K, 4 W IE AXI14-Stream FIFO Fp i 4
FARRAFE 5 T 48 7% 1% Wt R 5098 e JB — Ik %AIH/
% bt

BN LG R vh 4 ] 28R 4% 12 RS 46 ik DL e 4 A
TAP B# 46 ik, $% W8 B TAP S8 0% 352 0, 52 30 4
T J5 U 1) G I A o G T UM E B R AE K FIFO 3 i
B RUKY . T2 Y BRI 28 2 ECC i 7% 1 He 95 47 46 48 #n 2
1E . fe 2t DDR 52 A ™ 432 108 J50 0 R BOs 15 i 2 05 2
g,



REH F

LR S AR — R AR KRB AL A

5524 W

2.3 HfETigit

FE R 1R S AL I B o B 53 b — R T “FPGA +
DACH {538 75 207 42k , B D BE W 35 20 B {5 5 Ab B A Hh
ATEBIN L B R SRR B L 2 BR T FPGA 1
AR 0T, 0 I8 IR R P AR R I S A R . BRI U
SCHRLS-6 ] H 48 HH A 2 980 2R 49 B 2 6 2 D 5 B ol e 7
FPGA WSt B e 22 5 4b B SCHR(3, 7 B AR SEBL T gt A

YA U AR 3T (5 5 b BT AR A A 1 S, ik g
GBI EAE BTG T RE A SR 18] 5 1 G BT L 18 i A5
BOBE DR LR RS AN S L RIEHEA L .

RSB 48 T AR Y B2 A B e, B F CCSDS H#E#E
B AOS FRUESZIL T £ 15 55 M 5 5 i 25 5 b 3,
Wit S kg an B 7 s, o B0 Mg B 0T i AR i B ol
150 MHz,DAC RAE% K 1.8 GHz.

el b H LT ettt ettt detunten
/
l HAOS LDPC
B i mmw+—> pe
\
SERIE Sk D T 7 -
DA% , = i I
DR | mi <_E'._1L wi (] L I
|| (%z) W | B —
| 12
BT [
: 1T<ﬂ7%§$ﬁ& (128 |
LBl !
\ S
NN Bk R nipnm

7 R IR AR

Fig. 7 Digital transmission unit design architecture
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Fig. 17 High-resolution cloud images taken by satellites in orbit
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Table 4 Schematic table comparing the performance of this system with the existing systems proposed in the literature
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