AL HAM
2019 4 8 J

B B M E X FEFE R
JOURNAL OF NATIONAL UNIVERSITY OF DEFENSE TECHNOLOGY

Vol. 41 No. 4
Aug. 2019

doi;10. 11887/j. cn. 201904013

http://journal. nudt. edu. cn

f& Al FPGA %115 7] 5 SpaceWire B H a5

e &L EHE X ELW A LFAMN

(1. A FMEMRKRF BHRFR, LH @w

211106; 2. iz H AR AT, L% 100190)

O OEO TR RGN A SRR B — R TR A B LA BUAE A% 2% (Static Random-Access
Memory , SRAM ) B B 37 0] 4w #5 | ] [4 5] ( Field-Programmable Gate Array, FPGA) [ SpaceWire i #3111 .
H6 E A A R GRS TUAR BN , SR JTI L T2 3t 7 5 57 1) 3l 25 50 40 Wil B B AR M8 52 3 496 v i 2 A el e
FF4R L — b oBE T AR AR FE LA 14 S IR RAS TR 28 U v, LA DRSO A8 52 )5 RpIRZS 5 At A e ] 25
R, % R SR e T4 R IEROR H FAE S . 7E Xilinx Virtex =5 FPGA H & ARk ML507 FXT & i i # e 25 &
GEAE AU Iy AT SR GAIE . SEIn 25 SRR Y, By 2 1 T S RN AT R S R, B S SE I PEAR
Uf , BETRIIE RS H 28 70 AR AR R AL IE B IR S5 AN 23 5 [ R G T e rh i sl S JR o7 it 2 8 LB AR R
P I AP S [N =53 2 = R IR AR T s 67 A A B e 1y v e o

K481 : SpaceWire % i1 #% ; U FT SRR 1 1 BE3 s —BETUAY s AE R IR RS s AL B 1L

RESES TP274 XEREG:A

NEHHS 1001 —2486(2019)04 - 086 — 08

Design of highly reliable SpaceWire routers based on FPGA
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(1. College of Automation and Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China;

2. Beijing Institute of Control Engineering, Beijing 100190, China)

Abstract; A system design method for SpaceWire router based on SRAM FPGA ( field-programmable gate array) was proposed to improve its

reliability and availability. The router was hardened by system level triple modular redundancy; and the dynamic partial scrubbing technique based

on bitstream relocation was adopted to repair the faulty module in case of soft errors. Meanwhile, a real-time state synchronization approach based

on present input and healthy state was introduced to synchronize the repaired module’s state with the other modules’ after scrubbing. Hence the

router is capable of error masking and self-healing. The proposed design method was implemented and verified on the Xilinx Virtex —5 FPGA

develop kit ML507. Experimental results show that the reliability and availability of the router are increased significantly. And the router’s real-time

performance is satisfactory, such that it can offer normal service during the entire work process, without any interruption or delay in system

functionality. Meanwhile, the amount of memory required is reduced to one-third of the original amount as a result of adopting the bitstream

relocation technique, and the failure probability of the original bitstream is also greatly reduced.

Keywords: SpaceWire router; field-programmable gate array; triple modular redundancy; self-repair; state synchronization; bitstream
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