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Abstract

The digital system of space vehicle is mainly composed of FPGA, CPU and other digital devices. Be-
cause it works in the space environment with a large number of radiation particles, single particle
flip and other soft errors pose a great threat to the safety and reliability of the vehicle, resulting in
the failure of navigation, measurement and control, communication and other functions. Especial-
ly with the increasing application of COTS devices in digital systems, it is urgent to establish a
comprehensive and accurate method to detect the whole aircraft soft errors. This paper takes
XC5VFX130T SRAM FPGA of Xilinx Company and TMS570LS3137 CPU of TI Company and their dig-
ital system as objects, designs the communication protocol between the monitoring FPGA and the
upper computer based on the test system, and then the host computer software is implemented.
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IR RAT BRI AL BTN DL s M i (5 55 D Re A 2 AT RGUR LI 1] 25 [RIPR B b (14 5
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7 R 2% 2 AL RE - RN 2 A B (A

W HISE TI AR TMS570LS3137 CPU il Xilinx 2 ) Virtex5 XC5VEX130T 5258 4 COTS
R B R S BURARLS, 7R B O SR B R A I VR R LA T IR R 4, Wit T % FPGA
A AL B @R, TR T B T S S

2. MR FR Gk

RIS N A IR RS H DA GRS R, IR HAEE Rt 3. RAFRIEE3].
— MR FPGA 2558 TTE A3 Hh,  DUIRE 6o DIk &5 Hh Gt H 10 s BB 7 1008 088 1 R THD I 2 v R s i
%, SECT WA RIS 2 TR R AR I EOR AR Z . SR Ah, A i g xR A
AP ARR G, SRR RS A O — ORI TH AU TN R G AT AR R, RIS F R A
Pl = B

N, BRI RS NS FPGAL #0 FPGA. CPU FI_EAIHLEE A7 . R R G ) Sk 454
wE 1R, B, EAHLREG R — e TR =4, R R s = R E LT R ], R
¥ FPGA il F B4R Wil (UDP)5 PC #EATHE A4 4, LA S5 2 3R (1) e 1 mT 5 1 40040 58 BLR0
R R] d5 /> 3 28 () U H (1)

EAIHUE IR R Gzl OS5 EAREE S i G, WENRFS S8 WAL R
AU MRS R 548 4 FANEAENT, B FPGA MR B HUE 5 S Ut sent
itk FPGA ML & CPU MK MBI EEHs: ORAE R — K B g R, T R 2805 701

4% FPGA W 115 _EAINLEHAE, H IR Hl EAHL T A& I as hi 5 2 I AT A B
FefE; CPU MAABLZN N A4 FPGA SRR R IR 45 SRl W O &4 AL,

4% FPGA 3= DL R LB 2H k-
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Figure 1. General structure of soft error test system

B 1. BERIRMR RG2S

1) WOz, AT ELS IR 8 TR 1 A7 P SATLAEE T e IR e 36 5 b 4 1 i
A5 MR X ) AL SR [FHI RS S IR s . SR A UDP @ il b BRI

2) ARSI, R “— kBl 177, B4R I — B A]J5 B 30U FPGA il i SelectMAP [
[z, FHIX o B A7 i #5 fI BRAM [ECE S S

3) FAMEBE, 5 BRAM Ffilk 25302 A TE i AN e, JFiionlilimt . S8t <%
B G” AFIZ, TEH FPGA WA I FIRS, 2B iR g, B “i4miiagit” .

FPGA 4B AG I J5 i LLINAR H B (10 sRAE I FPGA HsizBil. FPGA JIREER R, #%ill FPGA 1
Thie R EAFASNABUT, il Select MAP AL B HUHE & 45 1545 FPGA; B8N, @d(E
LM AR 1 25 R F AR I FPGA. T7E CPU MIHARIZUT, #00l FPGA HIThag £#HUCk A
CPU FIMIAEE H 4 H A% S 45 I 4% FPGA [4] [5].

CPU 4B I 793 LLIN SRR 7 () 7 sUAE 40 CPU H S8 CPU [ hBE 32 B4 52 Bl 5 77 2% . SRAM.
Flash S5 ZE YR 0 MARFE 7 s @& O 5 EAALEBARE, 78 CPU MR o i) AT HUAL S A 5SS
=]

PANES)

PO R IR R 1R S b m BRI g AT, ¥ & B B AR 4% FPGA(R DAL Z A1 4 ik
S0 BRIOR S B IRERE . % R B0 R R E K& s EA%, A I 14543 7108 5000+ 5001
i) 5002 f = Ao, B RGH EAIHLS 3% FPGA Z M2 UDP B3 .

1) 5000 3t I EZ T AL T R 68 445 s FPGA. WO R RE 4 Z K E TR 445
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Table 1. Command structure of network ports

1. MOTXESEN

AR iR e

EB 90 XX XX

“EB 90” N5 WA &hn &, HIGHEN NI 8. B4 &S Lk 2 s, H
Al 2 25¥6 4 H T18 FPGA M0 5 CPU WA 2 P14, 28 3~12 2464 H T FPGA M=, H
2T CPU MR, .

Table 2. Instruction issued by 5000 port and its meaning
% 2.5000 IO T RIESREAX

e a4 X

1 EB 90 55 55 Y45 FPGA P10 =
2 EB 90 55 AA 3 CPU MR
3 EB 90 00 AA NN SY

4 EB 90 00 BB 1A BRAM iR

5 EB 90 00 CC TR #
6 EB 90 DD AA TR AR

7 EB 90 DD BB F 4 BRAM i
8 EB 90 DD CC TFo bR #0

9 EB 90 00 33 I EAIIR
10 EB 90 EE BB 1% BRAM ik
11 EB 90 EE CC B Al R A

12 EB 90 FF EE 4558 FPGA AT — AR =0
13 EB 9032 32 THEZFAF AR 1)
14 EB 9033 33 THRZFAF AR (4 0)
15 EB 90 30 30 TF4h SRAM HIIiR(4: 1)
16 EB 90 31 31 FFh SRAM iR (4: 0)
17 EB 90 36 36 FFE Flash WHIK(4 1)
18 EB 9037 37 FFUfi Flash MR(4: 0)
19 EB 90 38 38 FHIR € s K A Th B I
20 EB 90 34 34 S5 CPU AT — AR
21 EB 90 02 02 S AL CPU

2) 5001 it I T Wi 4% FPGA [a] b ARLATL A& M5 0 i Sz it o 2 DK At o v 2 A 0 ki
FEHRFE 15 A5, BARGRIINE 3 Pos. Hr, & Wida 378 755 A ERIALARST -
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Table 3. 5001 port frame format and its meaning
% 3.5001 3K OMHE R R EH & X

T M 7 S5 5 HX
1 EB 90 55 00 XX XX XX XX XX XX XX XX XX XX XX BAPATHLN, XX NHEFEF
2 EB 9055 11 XX XX XX XX XX XX XX XX XX XX XX BAPAT R, XX NIE AT

W5 FPGA SA_EAHL, BUEA shA R EE F4%,
XX NITE

4 EBC3WW WW WW WW WW WW WW WW XX XX FPGA Zh&NNREHE, WW 2417 SEU BilHl, XX NHEE T

CPU MAHHE, Q MM+ 5, YY 9 SEU Hill, ZZ K
S UL 28, SSONRT 6 AN FEATIIRIRA, XX NS AT

3 EB 90 AA C3 XX XX XX XX XX XX XX XX XX XX X

5 EBC3DQYY YY YY ZZZZ SS XX XX XX XX XX XX

3) 5002 it T FPGA & &MAR T, W FPGA AL M dE. T M0 B BUE 2N 49 Mb,
i FH R AT BOE T B AL, — RN 1028 NF35(1024 DT AEERE), — R ERES TR E £ 6010
. EAMEEERS W 4 s

Table 4. Return data structure

4. IR RIRE
(B A R (N

EB 91 wWw .. wWw XX XX

HT XCSVFX130T )[Rl & 2 v 1,538,320 (49,226,240 bits), SEEHE N 1024 ~F75(8192
bits), JLiEERR. Bk, &E—BHIERE 64 NI EREEE, HAR 960 ST LN A FF IE A
T, X ASE R .

3. CPU 8R#it

CPU MRBEAR, A A7 A8 MR FE 7 2 FC gmiE 5 SE B, 17 SRAM A1 Flash FAFR 72 L C 1ES
S, PN CPU M EAEFEF B, AR F AR BRI, &/ BA R MY EN T
fE. B2 RoRMIHE CPU EMHFET

CPU Bt FHLR ), 25 240 56 A 11 B AH 3 (Phase Locked Loop, PLL). #MH47-fifi # 4% 1 (External
Memory Interface, EMIF)%§ % IR 144646 TE. o, PLL 1 CPU IR BIECE G ¢, 1l EMIF T CPU
R4 FPGA Z IR #4504% « 4 4% FPGA WE] ML REE IR, Bz 8di i k4 CPU, CPU ¥
Wil B2 AN 2 — 2R INRTE 2. I RAE, W2 I Ak 2248 R Bl il 4 a2 illilda 4, W4k
FEFF MRk SE . WRiZ48 4 1 H 2 ik CPU JFHINR, X BARE %484 N “IFah SRAM k(4 1)” (EB
90 30 30)E#& “ 4 SRAM MliK(4: 0)” (EB 90 31 31), #3-4 Fifii CPU L4 SRAM I 727 .
CPU 4 JG 52Xt SRAM #il DMA FI¥I44k, SRAM HI#Iiatk TAE#E S5 AVIME (4 0 3% 4 1), 1fi DMA
(I AEAY 2 S i e R USRI v 4% o SR IERTT)S 5, DMA B PRI, e H ok by (6 21 v fr i
JFHH SRAM, WA TR K 4E, CPU KA 8 1d EMIF # 1K 45 4% FPGA, % FGPA BiEp
SRR I B AR EALHLAR R

iR SRMA WHHE 77 DA S H At B8 5 (R ARE 7 AR AT & — MG FE,  fiF DMA $34if 14 00 58 U5 ) B¢ e
HhkE, SCEHT RAR B 4R 2433 . Ik CPU fE— A4S da, SR EAIHLR & R R 1 KL, R
T84 (EB 90 34 34), e, MEEHNR P25, #A CPU AR, S5 o iites 4 &
W, AR ST U 2 A BRI R — kA .
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Figure 2. Flow chart of CPU software
& 2. CPU RO AZE

4. FAINBHERIT S
4.1. EAINEREER AT

MR R G EAIALTERR “ AR R H 7 o S B SE it ” M “MBRSE RARAE” = KIsE, %
Thae AR BRI R -

1) R R4 )

T %6 EALHLR 1% A] LAZE FPGA Wl 20AN CPU IS 2 8] ke [ 48 o 5 il hidk N FPGA AR,
AR B AR BB (S IR, BRMA IR, Flip-flop M1it%%), FEiliztia. B Rk
PR “MATFaE” IR o “DNRG R a4 . KT FPGA MNABEACR 3, 75 B4
AFE I, FHEER FHESNER7 B, ERVOZNRE R, B e RS E %

A RIEN CPU MR, AL S £ B A i MR B 0 2 A7 48 0. SRAM Ui, Flash
M TR A ThRe RS, SRR BT T IR 6000 5 1 LLES: CPU, H4i e MR 28 A7 0 H 5% .
5 FPGA MIABE A 142, CPU MR, FER “WHAIFLE” o “MEIRG5HR” F “CPU A7 iX
R 4. AP R ERRRIVLIAN O, I AT DASER F #] CPU it & 4T EPE) AL BRI
# KL CPU K252 31| SEFI sz sl Hofdy 5 8 i K 7, mTRLSH: “CPU EAL” #4241, DMKRE CPU 27 IE
WA

2) MM Bt geit

EAIHLAT LAS I G v O R R e i B A SR E S SR N, T B AT L SR Gk 2w
AT 2 R B R B 6T FPGA SR e, AT LA ST b mT DASE A S (Rt

3) MARGE RARAF

AN MR S —RINRE R E R, AFEFIER, SEE. LET A, BT, g,
AR SRR, SEIRTFARRT IR DA R 5 . S34h, CPU AR T, BAMLATLAESS &
H 3N {RAF CPU SCB FAR IR RE B, Blinz /28, & SaiHai 2 A kA TR, BAa
AN IRAE CPU A% B 27 A7 45 (1 bk FAAA
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4.2. EAIHEREZR AT

FATHVRAEEE T Qt 5.7.0 HEALSEH, 3= EiAdi | QUdpSocket Al QtSerialPort 25 Qt 25 411125 . /£ FPGA
FRA AT CPU M R, 0 R B R B 5dE EAL DL S S5 #4E, o~ 7% B
S RG2S, DAASE ™ B ) UDP B @, AR 2 2R 77 20, #rh SR R 4R
JRCE AR ZAR), 1M UDP BRI S B R0 17 A AN TR FR (AR LR . Az e
TAELFEZ MR ERH T Qt {55 - 1 (Signal-Slot)HLi .

ANV EEE CSHE” R NIRRT B IS R BHURT R b B R
R

1) “ZSHRE” BRI DR R AEAR AT 461, AN S TR R & S Fh S HOR A, isRESR.
SyTEE. LET fH. B g ie, J7 (B2 10 % A WAL 74

2)  “UlAFE” RPN EAHURA AR OB BT FPGA Ml CPU IR R BEAN ], ik
FE PRI RS 20T A T AN ]

XFT FPGA AU, #EFEMZ “FHSMR” , BAEMmIET, 72k E R n
Hx. MIEHCE AR, SSMEEARII G, THRIGE, BB E, 2
[FET, % FPGA #HAT [F, [l i 5 B 5 S AL E SO Hdi AT e bb i, SRS EE . KB
Jo, AT RAERRAR SN — IR B 4 TR i AR =

EAIHUVATAE R 5002 S 1 s 1) TAEZREd, A7 —AMERERIT 2 X 1) QQueue FAFY, #
f— S S B SO oo N B T LRI ST B R, R E R —BEER A Rl g
B, PR A SR S5 ABISC T, BRI Z N1k, T IAFIE “e NS, BT DU AR )
[ SCA G BAS B R A IR AT 5 DN BER BIIF HEFI Y o 2 AR A — e AR T ik T A8
(e PR “BRAM MR 23 “Flip-flop WX , FIFEFR EAMIAMER, REHEHEINK, 7F
MR AR, BHEREIRRE, TS B AL SR AR AR M B iHE. A “FSEk 7 B
— 8, EFEIR)E, BERTDAARSRIF A T — ik, tHn] PAZE o S A i ik .

XFF CPU MU, WG ZEAE My Rk BRI . SRR I aET, FHfk PC 04
W H 5 CPU IEMESR:, JF HAREMSE R a8 B3, X8 ORI 8 Bk e e, BAiL
BTSSR . WA— BIFGG, BN BRI & O, % w D] kR TR
fi#%. SRAM B} Flash, 7R/, ZIRRBEMAPIE—FAL,

HHT SRAM Hl Flash fUHBEIR K, SRE A RRFTAHIGE, A AR AR, Ao izsw ik
o H O L) N B AE R R, IXANCRE G 1 R R RS AR AR I BN T 5 S W00 T 5 S500T F A
Bz, T HLIG5E 1A SO, B R . W R SRR R A TR R, CPU 2 AR
TR FTTE H bk DL R g 0 B2 s p aZ ik S E, BV TE SR O R B I R, ST X B
(AT FIF1 [R5 2 7R iR

RS AR, CPU 0 BRI SR Rl vl e ol R R EE Gt i . vk ih A B — A
QMap 4%, ZASIS R ML, B IZMIEX NN, BRI 7. 2 CPU # 33E —Hbhik i,
#r R QMap 2% P A E Nzt b s, IAdm N “ bk - WIUR(E” EEX, BEH CPU ALk
HhEXT B M valuel 5 iZHbEfE QMap 254§ TH% RIKIME value2 LU, AP —FF, W EAIHLE FF %308,
BNTLEJG & BN RAE %S, HAE £ S R R R E W RN, ESE AR A R RN S, &
JE R IZHIEE QMap 75 88 6 B S HT N valuel , IXAEHUEE G TSR EE G, 5 FPGA Ml
AFIZ, CPU MR #A “EENR" MIhEs, FANURAERT DLE B MR, T DUE PRSI 4h T
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— K, AT DL BT Al I A S, (B R AE DDA S 6 AR AF 2 R At &
W 23 B S PR IR AT . R T, CPU %M &Ky SEFI B HoAt JR AT # &, PRIVKAE CPU I
BN, ANV T “CPU BAL” ThRE.

3) “UWRALER” Bitkeh,  “8 SEU” FoR HETINAE T 2 R PR RHE; “ 41T SEU”
ARERARIREI GE R O “ SRIRIT” & AT AR THIn, - 200K 5 B S PR £
AETERF “SEERIFARI1a] 7 DTN a6 B (R, TR S A8 RO 8] Dk 2 5 B 4 R A I (] K

4) “CHEHRALTL” BEHE AR LA RTINS R IR TR - R B TR - 4
R HEE R, EFEERENRAAA NS R 7 Brh 0 8 UL sl A AR i v ) Sc 44
AT, RIEFARTEE . X FPGA MBORGE, &2 diE M HIX, R4 Re R Ll
Bl MXT CPU MK, EEORAFEIA] .

BT b 4 DB, BN R TSRS, T BRI R A B, R
FOH EBER

5. g5

WO F R A, X R 3 B DRI R et AT ThRE e LA Rl 7y, Beit 7B R GuiE
WP EXT BRIV F R A 2Rt b, SR AR SR B AN s, R R B, Ptk i AL
B, AT RATE BRI R G AL AR MARAE 4« ST M DA 0 3 e AR e DA R O A e R e e S
FEHIIRE, KRBER 7RI B e, RA MRS fvE, wT BL 2 N 7K.
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