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Design of Flight Control Software for Laser Semi—active
Guided Missile Based on DSP+FPGA
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Abstract: In order to meet the requirements of real —time and reliability of missile—borne flight control software, a laser semi—

(Shaanxi Zhongtian Rocket Technology Co. , Ltd, Xi’'an

active guided missile flight control software based on the hardware structure of DSP+ FPGA is designed. The main processor is
TMS320 C6713 DSP and the coprocessor is FPGA, Both of them process data parallely. Flight control software includes test mode
and normal mode. Test mode completes the test and maintenance of missile equipments and normal mode completes the launch and
control of missile. Based on the principle of high cohesion and low coupling. modularized design method is adopted for flight control
software. Module composition, module function and the relationship between the modules are given. The hardware—in— the—loop
simulation test of flight control software is carried out, and the calculation accuracy of guidance logic and guidance control algorithm is
mainly verified. The test results show that the guidance logic processing is correct and the calculation accuracy of flight control soft-

ware is consistent with the digital simulation results. Finally, the existing problems and improvement direction of flight control soft-

ware are given.

Keywords: DSP+FPGA; flight control software; real—time; test mode; normal mode; modularized design

0 3|5

AR IR R G A A (4L, S99k . eI
LR LA IR . BT GREPL R,
SERLIE A A B TR . A T R OB S AT A 4R 4 it
B, 5l MG Sy R E AT, HRERAART
BRI T8 A 3 . BRI R S R kAT
S0 R R IR R RIS

TRAE IR LB SR, B 0 AR S5 A B B T A A R
AR A S8 RS 4% R AN B T g AT
BRI I 454 45 RIS R . AT R
U BRI, R E R R AT R . AT RE R £ RN B 4
T REERCE RS AT Y B 45 R T R I A5 T A A
B KT %A

ol TR A S I A R T SR AR SO T 1
RV 3 77 1T AT DR IR 5 B O R R PLR

Wi EHI:2019-04-27; {EEBEHH:2019-05-17,
fEFERNA = AI1987 -, L BRI, W i 55 4, T/
Ui s 32 B S A SRS AR Ty 1) Y B T .

DSP+FPGA Z5# . B R I YA Bt Jr ik .
1 Xt ENRE

TR LA R 1 s, A EPLE R, FPGA
Bk, DC/DC g, MEHE ., fy Ad b P GBI, A/
D g, Horp EALBE et DSP IR b A % 20 B, FP-
GA BEG A5 42 ) 22 BB | O 5% dk 42 i 158 B 2 4 R

| |
: w0
Pl g I FIAR :
— fialped::e : :
o — == A\ i H I
% T —| KRB
g U5 wies || | | s
FPGA = a/mgn | | EH
Eﬂfﬁgﬁﬁ T AR R !
& e
T ek ok T
S5
DC/DCREHR (el SN 28V = A 3R T+ HALBT 5 K1 +5V)fS

K1 kPSR B A



. 126 - TR AL I 5 s il

82T &

DSP %A T1 A 5] A= 7= i TMS320 C6713 4.0 4b 8%
LA Yo B b B UL R v kG BE A 98 Sl A B A v T 5 RE
J1s PRIET REERE R AR, JF B bR O F
. BRI RGN, DSP ik EMIF B4k 5 FP-
GA M, i FPGA 50— Uhab 8%, FPGA R i)
TP A%, JE AR A7 A% 78 iR ok . ik, Wik, K
FEL REWIL, WRE. WARRMNE, FPGA MR i &
XT38 A5 B AT FI T, an R A% X A 0D B A A
EABRL Y fifo, JPRHEWE MRS F A E R 1, & NKEL
WEF, BWGEBCREFFRE R 0. DPS HFE & H 158
BORZSZAAE A% . A5 P Ak B 48 10 12 01 o8 B0k 7T 52 30 50 4
BRI R % .

DSP+FPGA B {45+ FI F§ T FPGA 4 # il fig 71
1 BE IR AT A B B AL 1 7 T L, A DSP #EAT i AR AR
SR SN AR AERAE T EZ M AR S, W T
DSP {15 7 ARIE T RHa B ) SR 1
2 kIERHGIhEEFERE

JE U S R R A D T A R I R A
B, M TR EEZA TSR ZE, WX
WA RE R AL A e, IE R AR 5
TR ) R SRR A

EH AR B AT s B B BUs B £ AT/
B, B NG A B B 2 B 8 R AR T B ALRE 14 40 4 Ak
MR AR, X, EEES REMAN: HP)E
HE AT B s SR WS AR ST B
Hopifl S w6 RERFE P H S0 B, PR R B
R e

FEWOEH TR R R R AR A 2 B .

- 5 [HE
e Eaa TR | s
BRI % E R e
S5 IFHL
2 R A
B H
7 =
i i

LE s gk H A
B2 R E A

SRR T 58 R TR B R i IR IAT 2 BT O A
FIAT 55 4 BRI B2, O H 2R EPF S P . DSP 4 1ms
BT — ORI TR D8 BOR S FF A7 A% . O 58 U
bR R A B R AT s A T R T — R,
R SRR G e P s B T2 R
B 10 SR B A Ik — i U ol

ORI ARF D RE AN PERE R AT A R I RE AL O

ERFHESE . A TRT S THE . iRy, 32 E R4
R, FFEMETOIRRY R, RA TEELRI L.
3 XERHERAIET

RPN R S R R R E B R R T
=Ry REEIHEEAL b Sy B AT A 0 BB B R AT —
W, BCETAREEAERTIER, — B Er Bl k. W
Bh BRI IAT T, AR WA T e 4k S Il B =R

T e B B AR IF AL EMIF @2k, PLL. il
JHBIEL B AN RS422 8 ORI GR k. MREE A AR AN 2 L, K
PERT BB A RSA22 T 20 miisk . W, bk, AR
B, FPGA e B8 B it g =0 B 432 05 i) 25090 it 2 5
ERG . SR IE R M AE K fifo, 75 NDE IR EFF .

KT PRIEROE R R SE B . EAR AR R T 1 ms 8
B DB BRI A P T R BRI 9 A A R U TE O AR
P, WNRAREA N 1, WEEER fifo Bl . FEARIEE 1 Ph 0K
B BN A AT Ry E VR AR, S gk S A A R —
D,

TR EEEE SR, 4P RE 2 R B R
PERE, AR, WA K. B, HHES
FIW ., AT BT BRI 7 B, R
T2 44 [ e 3 i

W
____________________ ETCS L
s e
T O R LR
_____ RO | ol

eral)

P 3 TR ARG FISE Lk 454 4]

D R gE it S 2. RA ER
PLS R Tl 5 e 1. 3 E e A a5 I 1 B E
M. D8 THEA SRS T, S B0k 3 4% 350 A 1) 00 3 RA A
TFR T REEFAF I G 4 B e, B P A AR T S ALY
B ohae. & STR R om0 S 4 B e BIRT L L BE A
HoRg o I 45 SR B e 2 S A8, 3 a0 ) 3
LEREAT RN AT, X BEH S B T AE AT T T B A
FORTHE T . 58 RO i BB i Ik, HLAR AR B, R e
KR ML) LA 1k 58 BT T3 I ) Py 2 25 i S5 0 1) = it i
P84 A REHER M 4E B B 5 W A B A A BT
WRIAT I 2 B R B R

2) BEE ARSI RITPIK IR EIE 58 i BB & A



511 A, % BT DSP+FPGA MO £3) 5 R KMkt - 127 -

WA & W15 &
' R AN
Qe o N B R A
ARE

Pl 4. s A A e Ty i T

K CREERE S Sl kL REHL. BLAL KR A KR 4
A B A [ RS T AR IR R A
TREEEF R ILHE AR A IR AR SR BRI
G, RAEH IR B A B R IR 2 PR R 4K 2 e A i AR
AP E2 IS R Y

3) AR UERL IR TR PR AR 4 e RO 45 R
iR b e e K . MR K AR R I 1] N Al
THH S R PRIR AL L G T AL, I X B B4 R 24T 8
PEFIWT, 25 X A R A 4598 A T 365 1 3 X 5
L RPMESS RSN | A 0T S SR = Ay

O BEUE TR CRERERE SR R A/D (A
2B A0 B U AT B (RS B M55 FFORREN
LF s BIGA A AR 20 25 . A H b 380 A0 46 0 8 A 25 1F
P WD AR R, TR AR EEA A E AT B B
T ARFE AR AT, kR AR B S SRR RIS
BOREAM TG R EA A 2 RATB BE, 0 BB S 5 T &
FAW a0 SR A 2 B A 1) 0 2% 22 100 ms 2R T 20
g WAy T e B,

5) ARSI M UICEOE TR B, HA
YE AT b B IO A SR A L T A 2 R A e o
8 T AR A5 i ) o A L R R B AT bR R . SR A BEAT AL
HOEETE . X GPS TAIRZSUEAT FIBr . 2R GPS i
BECORT 4, JFHMEFIER . WH GPS £ B2 IE AR
ML . RSP IR T oC O R AR, GPS &
B E =HB )

6) il FALH: ARG AT T KRR, S
MR Rl L PORE S 8. RS 3 ANy,
il 5 B B R L B IBCABY S A D I R A O SRR e 2
VT EARTT s R B BEFH T 51k A5 80K R S 1 B
bR, BEMH HR: PR B R Tk RSBk,
HEAT P BRI T LA P AR AT AR P A2 B R A
FHRZEFEHZE . F9 k2 m AR ARE . WS
ER BRIEWEL FEKJE AR ERSF 2 Bl Al BE N O
TRAEHAE G X T 51 Sk 25 Bl AR B0 AR R 1Y 22 A Ak B
PRAE ' AT 4. i S 2 H TR 5 P,

T PR PO IE A SR B SO AE 2> Bl P
g3 E S ANy R A JE T A E G L VR e 2
FE IR /i A0 R T 9 B0 0 S8 25 R/ ff JEE BC Bt AR ER Ry il
ARG = (0] % 2 B 4S5 VR A SR T A T R B S A
R 1A o g% 25 S ASC. A Bl B {SOAR B o S AR B R A

=

BSOS E O
e R R EFR L TN U A O B NP O - R
BITHE A AT, TREE 3 A E AE R . B2 IC S A
RGN 3 N E R SR Oy 4 MRS 4 RS
FIR L HENL s HEHLBEATHE T % . o BOR 5 424

01 = 6, — 0.

JBZ =0, +0,+0.

0; =— 0

=)
=]

lé\ =0.,—0d, —0.
EANEANEINEAESES
fieds & ¥t S ECB R . Horb o, HIRE e . 6, o
LA . 0. AT AE I . 60 ~o0 230 4 AR AR 4. 6
6y HBRBIAE . DI R/AMASE . T .

B B 1% 3 O R N 6 Fim . REs e L E R
AT AL NN R (R R R €T (AR NN e PR €A 1
R RO E LR AL IR A R A K
32t 8 3o A AR BT S8 I, R T R IR A T RE B 45 5 T
19k S PR S8 BT (TR ] A B
ol

[ 3

| man

P
_('Q:
&,
Fa

Wk S 3 T

FE
ST
Hdo

T

3

PR
A PLE

s s ] HETR

6 b ] S 16 38 55 R K]

4 XEREHRE

R R L S iE S M C il SR A g, P &
FUCE LK IRIZFE T bootload & X} 25 47 v Fl A7 i & Y £ F:
RANCGIEF 95 . 1625 HNAD, IATEEZ TR
BOPE B ARy B BAR AT R, SR A C IR BT S



. 128 - TR AL I 5 s il

82T &

e F0 50 G 15 A B R RS B R SR R T A B
FEALHE— A W P TR BOR R, R BCR A switch
—case BRFE L5, MRS K IE IR S, B B AH N R 3,
PP Y T2 B2 AT TR

Interrupt void ExtIntl () //1ms 5& 5 b Wt

{

DataNum= ComRev(FKaddr) ; / /25 ] & ¥ 2. 70
if(DataNum= =FKlLen)

{

}

DataNum=ComRev(DYTaddr) ; // 25 if] §: 5] &
if(DataNum==DYTLen)

{
ceveeeennnne [ VRO AT
}
ceveeneenenes / /253 GPS H [
ceveeneennns /2 I 2 4B RS
}

void main() // 3 R %L
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InitDeviceO) 5 / /T4 #1461k
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{

switch(Order) // & #5484

{

case 10

TestMode() ; / /M 4k 4 #58 He
break;

case 20:

DeviceCheck(); // H K B
break;

case 30

TransferAlign() 5 / /4% i X} E 5
break;

case 40

TransferAlignO) 5 // B HLAE S F i
break;

case 50

Navigation() ; // 5 fii i B
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break;
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break;
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