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A low-cost hardware-in-the-loop design and implementation
for laser guidance simulation system
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Abstract : In this paper,a laser guidance hardware-in-the-loop simulation system is proposed, which consists of a soft-
ware simulation subsystem,a hardware-in-the-loop simulation subsystem,and a visual simulation subsystem. The soft-
ware simulation subsystem establishes the kinematics and dynamics model of the guided aircraft and the motion model
of the target based on Simulink, which can complete the digital simulation inner-loop attitude control and outer-loop
guidance of the guided vehicle. The hardware-in-the-loop simulation subsystem is controlled by an industrial computer
to control the laser guidance unit and the target simulation unit respectively, to realize the laser guidance for guided
aircraft guidance. An improved fitting algorithm based on Gaussian spot is applied to improve the detection accuracy of
the four-quadrant detector. Simulink communicates with LabView via UDP communication protocols. The three-dimen-
sional physical model of the guided aircraft and the target is built with AC3D,and the co-simulation of the guided air-

craft and target is achieved based on FlightGear,and the view simulation subsystem is constructed. Simulation experi-
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ments show that the system is not only capable of completing the study of the flight attitude control and guidance law

of the guided vehicle,but also realizing the three-dimensional visual display in real time.

Keywords : guidance system simulation ; hardware-in-the-loop ; FlightGear ; LabView ; matlab
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BT ET RGAAETANURIR] T R 745 Simu-
link 1&g fe gl Ko At ieit . BEOFAERRMT T &
Gritiid LabView fi 721l H AUl 70 2 L MO il
T RGNLEIBD AL HAR U AT ER B
i F bR, J R T A BRIt 0] TRl st
DiET R GEH FlightGear HF il T CATAR Y LATHL
B HARE LT RIL 8, AR SCH| T CATIA B 7
Sz R AT S H AR =R LR, I i AC3D
BRI A T IRC B R S A %) FlightGear,

B PEAE B T 2 Gl o Rcm TS SR i e
BT ET ARG AR PTG . HARR DO
W E AR SR E, BOLH] S IR R BRER
AR, HEH ] 3 CAT A B AR I e 45 1R
TARG . W5 ATHR N AT AT A B, 15
4 FlightGear MR HF RS0, 508 150 R 7
3 BRBHETRSE

PO 3 BT I 2 H AR Y 3z B A
0 5 ] T JICH 5 A A 1 DT 038 T A 28 i &>
RS o WNEH H ARSI B T 5
RATARE A Sh RS B, B Bl RO B AR A i A
s Pl S AT R R AT AR A
AEFTRENL, 2 Ab 3, T LA ) 5 AT e AE S
RSSO L, SRR SO G ] BT A W B
(9 PR IRLR R, 3 ) AT ae /AT, BR



1210 O RS TEANE )

054 %

FbR. 5 ATl 0 O HER I 2 frs .

i
R T e
FoR
S

B2 S Res o B A

Fig. 2 Guided mathematical simulation block diagram

HRAE 5 RAT4% 6 A H Ry I #R W Simu-
link FES7 ] 5 CAT g1z 3 B 7 B, JE XL
T AR T R AL R B4 . Simulink 5 HLA R
HLEMARZE RN E 3 B .

t &v 1 .
8 tv s si
FNHLEEA c&ege
J—;mfv th th c&gaf ¢ xyz
w |
th&f  r—D  lga&a -y
m_&v 7] P )
R - ETPETE 5 A
ga&a
Il_yZ |
gada SRR GE
S kAT Ee

@_Xyz C_Xy

REHUBLR
P3R5 E Simulink 1R ZEEE

Fig. 3 Software simulation simulink model mask

4 BHERMIETES
4.1 ARG K

MR B F RS R 2 TaL . H bk
FICHEOEH T ROTAL, WE 4 frR . THpLIE
T LabView (i #LAR ¥4 B AR TT RO
FHIC, LabView &% Hirniz a5 B (iz 3h# FE s
R )) 25 HARBAUL SR 0 SC 3 H AR 78 H A 55 B
ERyiEZh, LabView i HLAR FARSE = 11 4% [l H
PREIE B, St il A 2 Gis 8h, SC B HARER
RN . REE R FL A A 9 T TT,

E bR SR
3

\

3

\

47m N\ B R E)
‘ CEPET SN
Y
WO S0 Ef Ay EPE W

ek ] t B

B4 SR ETEREE

Fig. 4 Guidance simulation hardware platform diagram

T PelcoD 8 MM ( 3 MBI 2 il
P BIT, TR 3 B 795 50, AT
sUEHOGH S BT H AR BT, TEEHLE
UDP {5 MM 5 Simulink #4347 38 (5 4 4, SC0
15 B I S22 HL

H AR UL T AL 8 O B 8 A E bR R S e
AT, PG HRG48 iz BT B 43, v LASE I T
FAFADBGA T (R, B N R LR T
1.06 A IO B 4 , B R4 ke v IO iy 48

AT TR MAT OIS L. = &AL
KA fe /N BE R 0.5 °/s
FOCH ST S5 ks 64 8. F51k1

HOLLa: R E IR CE LR H AR S
WOLBIN . JerE RGO UG RGN 4% . Wi s fr
R AR IR Sy AL B, C,D ARG, B
VUG BRI A5 70N AR AR R, AR R, ASEHE
LR 0,2 p 5 XM 0. E, B, 73 HIFR
WA (BRIEEMRT) , [ Fn ARG R A L, P
FORARR IR e RE R

K5 PURRENEDCRR BIE

Fig. 5 Four quadrant detector light spot schematic diagram
TR bR T A3 A 0 O B 1] T
VU G BRI 45 AT 1A, T B O EHE BLAR S, LS B —
S ST 25 1R TR AT A ST B R A el 6
BiR o
FIbs S S e

HOCHEE RS BOLHBOL RS
/

— DU

K6 FoLHl SR

Fig. 6 Laser guidance simulation schematic

WOGTE FAR SO ) Sk s T HE LR SE Y



% 5 41 4 No.8 2024

SRELMESF  ARSAS O S F S T RGBT 9B 1211

FETAL , BOCREUME A S BT AT i 5, DAt
Jog5 e BARIIBOGRIE . AR A BIEO IR
e RGE, G AR B YR BRI & e B
BR/IN RGO A2 OGO, O 5 2215 BAL
ARG AR, DSt IBOEH S . R RT
MOt RESHEE ARG ER T F51LN, RS
LU R s oy = S e S R S IR O = I K
PR I IR FE RE T A £ S BT 2 T i e R G
RFRHICESK
4.2 frERNEE
FH G L PR D B AT R, e BRI s S 42
FR % i i A5 5 CHRIAD) 28 58 5 1 R BRI Ot %
IR G B R — 2 e R R R (1)
M= (2)
(1, +1,) = (I, +1)
l, +1, +1, +1,)
(P, +P) - (P, +P)
(P, +P, +P, +P,)
ol = Uy el
Y (l, +1, +1, +1,))
P,+P,) - (P, +P,
:((;’a+P),,+1(DC+Pd)) 2)
TG BERUR 1Y Y RE B 10T RL A v 40 3 A 1, I
FH Gauss Infinite Integral ( GII) & Bt it 55 1 G 0
{37 B W R AT, 4R R
erff ' (E,)

E, =

(1)

Ax = Xxw XA(w,R,d)

A

ce) (3)
Ay = 2w o x A(w,R,d)

3

L, o FEHEBER BB A MAMER T 50k
PR Ryd WFEIX iR . #MER T2 o Ml d 5
M, HOGBENAR o B, BEIX 8 B d /), #ME R T
A TEBUE FROKR

A 3 PO G2 BRI 00 O AR S B
ARAk AR BISERER P AN 7 I RS i, DT B 2
BEH LML E

p = VA + Ay (4)
0 = arctan(%) (5)

AR O R A AR B RTAR 3G RSB0y
SRR 5 L A T BE AR X I S AR, AR st gl H B A
L P = G b8l

4.3 LabView 2 % it

LabView & F] UDP ji iR Pip s i il TR B, 1%
Fidh 3= 35 A ok 52 i LabView 5 Matlab/Simulink )
WIS RE L . Bt LabView 45 5215 il
TR 2 SE B LL S IO RE :

(1) =G = 5 2B 1 i I, RO
WSRO 7 LRI AG 67 B o 3K Bl = 6 e % 31 48 22 1 A
JE 0 DU G BRI g4 3K H A

(2) T 513k TAEEE ] 26 3 5 k4 3k H AR I
H R AL B 1 Y G BR A B8 5 i {5 2 D AR R 45 3 5
B, A5 13k St AR A TR AR , 23 At
PG FERI 51k = G IREE H 30, S BLoL -5
SORuRE N

(3) il P W 45 X 51 3k = B 7 AR AR O
BARHEAT AR S 7, 0 DU G BRI 4G ) 3
SR XY Bl O A% i, R AR B R R, e B R
BEAR =G X, Y iz ) f o  5E AL S A

(HFEEAIEE: 2= 6 R Ed ARG
WG AL BARAS S AL 5 W] BT B A e o A R
WAl LUR AR Y . LabView THARANE 7 FiR

Y L 2 B
o

e =
P o) ) &
EEeaz  cFRax x

seneilo 1|5 :.:
e wa i

&7 LabView [fitRixit &l
Fig. 7 LabView panel design diagram

5 FlightGear MRFEF RS

FlightGear J&— MR CATRLL 2R  /E R “AT 15
FATRAL S AR s th e iz i ] . X 24
RATARIS RAT LSO B, O TS B 2P Y RAT
P, H 5 CAT A% 5 H R AR X R —
FlightGear, [E] B, B 4~ FlightGear 22 [A] i B 3 47
UDP 345 DA 06 0y 1 067 B A5 8 . H R GEHESR
&l 8 FIr7n o

N TS H RIS S AT SRS B, W
25 bat SCPFRN 2 383 multiplay * iy 435 B {5
Ui H, SEBMAS FlightGear 2 [A] 5@ {5 o



1212 O RS TEANE )

054 %

|
| I
b s F#iz3) |
| izEhic B HlE :
| I
| Flightgear UDP# ;i _| Flightgear :
| (G E)) (H4m |
| I
el __]
simatink [ T k
| ' o |

T kAT I
: B Hir iz s :
e e e e e e e |
8 MERATTHERSHER

Fig. 8 Block diagram of a visual co-simulation system
5.1 #SXATHEKEARNJUAEAR T

M B RS Wil RATa i AT ER 55
T, PRI AT 2 100 JL A ASE ) e 5 o 7 119\
IRBCR T R AT CATIA B %t 3 A H H AR 4T
HEAT AL, I ] AC3D Bk i AT € UM SGTT R
HI T7E FlightGear Hs X 42 44 B R 42 il X% 4 58 1
T8 M BIE, ir ATE AC3D g 2y X 4 ik E
XFRAPR il 5 CAT A LB H AR J U8
anE 9 FE 10 s

KO il kAT = 4RI

Fig. 9 Guided aircraft 3D structure diagram

K10 Fbnk) =4Izl
Fig. 10 Target 3D structure diagram

5.2 MELSKELE

TR AR BN BT RG0St 1 1 K o i
RATE S R R S RAT R H AR S A R
B AEE R R A A0 5 L A 1) A JBE £ I TG AR i e
i ATz sh. BFrililsd Simulink {75 BEPERT S 6

Fr A B AR ORI LR AR 23 ()07 B A% B CAT B A
STEATHI RN , 255 8 B 2 BBt Y 28 25 R 0d A A
SERE RO T AT AR R

B T FlightGear fif FHIU 32 AR AR 5 8 AL KT 4%
PIRLE . I H~A AR AR 2R A 8 26 R R R P 1K
7S [ B o Simulink {7 FLERAE R R S5 A6 bR R
FTIB5E o KT AR R LR SR s 0 I A, R A 3k i
PRI T2 5 s 12 3l 80 58 SR BT AR XS T K
BRPNLE SR P LAT SR B AR AT AR
R IR
53 HRATHESERERARSRE

FlightGear #{F N AREE L T 24> 7 ot iX 28
FHICAR B[R], 3T 58 i e AL R AR R .
FEE TR LB S AT A RAT IR B Y A
B o P B T ) Simulink % 3% Sk B B R 1T
SRR RO R AT A bR AR B B A, AR R S /AT
#5IY Simulink fY [R] 25, [F] B, FlightGear 75 fifi
PRI A RG] R, AT LAAE 24
S5 7 R

XML SCHFAR 24 F FlightGear #7FH2 AY 3 68
B, BE—A> XML SO0 51 8 L —FB o BL &

1E FlightGear "1 i XML SCHF6f i 5 R AT %
BRI 5 28 37 57 b, IR AE Simulink Hp iz 47 45 ] 45
B RATBE AT A5 i ik GEN FG RUN #i &
% # FlightGear fj ELAF, LSBT i 5 KAT &4
TR EH
6 FIMAERZEREZN

BT E T RS UDP s a iR -5 i - 7E
W H T RS F B ARz shEUE S 5
ERNEHT R T R Y. MR T REEOEH T
FATTIY B U AT T RS, ket
Bl aeort il 5 RAT SR A LA S B 45 R AE Flight-
Gear YL H 5 RGEHAT M TR

11 rp AT OGO BRI 65 2 S
AORLAE H bR o (B SO 22 il 5 R AT 4% B9 B BR AL
o AT RUE Y BOGH] S 0T DL S
] T BRE

12 252l AR GE P LabView S5 SUHT
RS S IR 42 1) A M 4 o

il S FLEL g b, H RS ST O S 5
JTla)ff 0. 5 m, I HAR A A 4. 7 m 7E Infi-



Bt 5 404 No.8 2024

SRELHGAE  ARASHOLH T 1 F S R S5 558 1213

nite integral 15 Bk (GIT) BT il 5 IR EE SR F
K 13 14 s,

FIbr R St

FFREUL T OIS T

11 BOtH S S ARG LR
Fig. 11 Experimental diagram of laser guidance

hardware-in-the-loop simulation system

& 12 LabView 5245 %

Fig. 12 LabView experimental interface

L = Target trajectory
L5 = = = Classical algorithm trajectory
----- Gll algorithm trajectory

1.0 ¢
£
A
%
<
N

0.5+

0

-0.8 -06 -04 -02 0 02 04 06 08 10
X-axis/m

B3 AR AT BRI

Fig. 13 Target trajectories under different position detection algorithms
UnPE 13 FE 14 F7R , GIT A He R LR R
BRCR A o W R BRI T A S BREA R 22
H3.8 %, GI SL il T BRER PR RS IR 22 2.5 % .
I GIL 5303k il S B B AR 40 19 R BOR B2 v 1
1.3 %,

—— Gll algorithm
— — = Classical algorithm

Distance error/cm

0 50 100 150 200 250 300
time/0.1 s

B 14 RIEA BN T HARBRER R 22 M2
Fig. 14 Curves of target tracking errors under different

position detection algorithms
K 1S S0 7 RGN ER B B, 5 /AT
AL TR S B By, H AR B T 1B 16
i AT A R F S R A

15 FlightGear 4] 4 v % 1€
Fig. 15 Initial preparation diagram under FlightGear

16 FlightGear T2 H b5 /4]

Fig. 16 Diagram of interception hit target under FlightGear

YR AE R, WO 5P 05 H AR LB
OG5 B, A SR A T WA, R )y
FRERTA L o i = R T el = T R RS S
Buliy e, 5 BERSE LA E,, O S T H
A EY
T % #®

AL T — B MRSAEOLH T - e i B
ARG WOLHEE RGP 1 1S BRFEW & L
S, DR T R UL BR B A S IR AL UK Gl



1214

ok 5 e sk

554 %

(AN T3 0 P 2 O LB, 4R T R
EERG o foJa , #E FlightGear frd vy 1 7Y H A5 A
il RATE LA AL, SEE T AT A A AR
TAHB R H . LR R G, WOt T o0
BEAFAERR , B AT LA 3Py ot ] LA T B R A
WA [l 2T AL E AL, nIx S5 A
FURPRAS NS 04T — 0O &, il IR 1 5 R GE R A o6
PEREFEAR I ZIK

S 3k :

(1]

(2]

(3]

(4]

(5]

(6]

(7]

Liang H, Wang J, Wang Y , et al. Optimal guidance against
active defense ballistic missiles via differential game strat-
egies[ J]. Chinese Journal of Aeronautics,2020,33(3):
978 -989.

Tian J,Neng X, Zhang S, et al. Integrated guidance and
control for missile with narrow field-of-view strapdown
seeker[ J]. ISA transactions,2020,106.124 — 137.

Huang Ruisong, Li Haifeng, Liu Jin, et al. Status and de-
velopment analysis of hardware-in-loop simulation tech-
nologies for the aircraft[ J]. Journal of System Simulation,
2019,31(9) :1763 - 1774. (in Chinese)

R, 2R, X 4, A RAT AR R L AR B
REEEEH I T]. RGN HFK,2019,31(9)
1763 - 1774.

Ergan S,Zou Z,Bernardes S D, et al. Developing an inte-
grated platform to enable hardware-in-the-loop for syn-
chronous VR, traffic simulation and sensor interactions
[71]. 2022,
51.101476.

Advanced  Engineering  Informatics,
Cai G,Chen B,Lee T,et al. Design and implementation of
a hardware-in-the-loop simulation system for small-scale
UAV helicopters [ C ]//2008 TEEE International Confer-
ence on Automation and Logistics. IEEE,2008 :29 - 34.
Fan Shipeng,Xu Ping, Wu Guang, et al. An overview of
hardware-in-the-loop simulation technique for precision-
guided tactical weapon[ J]. Aerospace Control,2016,34
(3):66 -72. (in Chinese)

SIS, 081, ST, 45 o ] AR 2 2 52 9 1
HAOREERLT ] UKL ,2016,34(3) :66 - 72.

Gu Feng, Zhao Yu, Feng Yu, et al. Key technology in
hardware in the loop simulation system design of image
guiding[ J ]. Journal of Projectiles, Rockets, Missiles and
Guidance 2004, (S8) :296 —299. (in Chinese)

A, R S BRI TR S T KRS BT

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

SBR[ T ] 56T 5 il 44l , 2004, (S8) :296
-299.
Zhang Maohua ,Ma Jianjun , Zheng Zhigiang. Landing con-
dition analysis of a loss-of-thrust UAV based on adjoint
method [ C]//2017 29th Chinese Control And Decision
Conference( CCDC) . TEEE,2017 :6486 — 6491.
Sun J,Li B,Wen C Y, et al. Design and implementation of
a real-time hardware-in-the-loop testing platform for a du-
al-rotor tail-sitter unmanned aerial vehicle [ J]. Mecha-
tronics ,2018,56:1 - 15.
Zhang L., Wei C,Rong W et al. Fixed-time adaptive mod-
el reference sliding mode control for an air-to-ground mis-
sile[ J]. Chinese Journal of Aeronautics,2019,32(5):
1268 - 1280.
Wang Zhizhe, Chen Yongguo, Chen Si, et al. Testing
method of four-quadrant photodet-ectors [ J ]. China
Measurement & Test,2019,45(2) :1 - 6. (in Chinese)
T2, W5 E, MR, & UG BRI A 3k ik
[J]. v g, 2019,45(2) 1 -6.
Zheng Jianfeng. Optical design based on four quadrant de-
tector in laser seeker[J]. Optical Technique, 2023, 49
(1) :11 = 16. (in Chinese)
FRA . OG5 1 3k i T DU 4 BRI 25 14 06 2 0
[J]. 2R K ,2023,49(1) .11 - 16.
Wang Xuangang, Wang Shiming, Chen Dandan, et al. De-
sign of laser tracking system with quadrant detector[ J].
Laser & Infrared,2017,47(4) :432 - 436. (in Chinese)
FREW, AT, BRFHPE, A SR T G BRI 45 Y 35
JCHRER RGBT [T ] WO 5 4041,2017,47 (4) 1432
—-436.
Gou Yepeng, Liu Xing, Liu Qiang, et al. A four-quadrant
detector spot position detection algorithm based on Infinite
integral algorithm [ J]. Laser & Infrared, 2021,51(9);
1249 —1256. (in Chinese)
RIHENG , X AL, X5k, 45, BET Tnfinite integral f) PU 4 FR
PRI ARCBE 7 EAG TN 33k [T ] WOk S5 204, 2021, 51
(9) :1249 - 1256.
Sanchez-Alvarez A, Luna-Moreno D, Hernandez-Morales J
A et al. Control of stepper motor rotary stages applied to
optical sensing technique using LabView [ J ]. Optik,
2018,164:65 -71.
Wang Y,Zhang S, Yin P, et al. Flight control experimental
platform of transport aircraft based on flight gear/matlab
[ C1//Proceedings of the 11th International Conference
on Modelling, Identification and Control ( ICMIC2019 ).



ot 5 a s

No.8 2024

SRELMESF  ARSAS O S F S T RGBT 9B

1215

[17]

[18]

[19]

Springer Singapore,2020:1193 -1204.

Qi J,Liu J,Zhao B,et al. Visual simulation system design
of soft-wing UAV based on FlightGear[ C]//2014 1EEE
International Conference on Mechatronics and Automa-
tion. [EEE ;2014 ;1188 - 1192.

Huang Jinyang, Xin Changfan, Ma Yunjian, et al. Missile
flight attitude and trajectory visualization system using
Matlab/Flight Gear[ J]. Navigation and Control ,2016,15
(6) :28 —32. (in Chinese)

WA, K, D, 4. 3T Matlab/FlightGear f§)
ST EE S AT RG], S-S
2016,15(6) .28 - 32.

Todic I, Kuzmanovic V. Hardware in the loop simulation

for homing missiles [ J ]. Materials Today: Proceedings,

[20]

[21]

2019,12:514 - 520.

Yang Shanshan, Wang Biao. Flight control experimental
platform based on FlightGear simulator[ J]. Research and
Exploration in Laboratory,2017,36 (7) ;113 = 117. (in
Chinese )

B, FI%. 6T FlightGear f = 4kl ML AL AT 42 1l
PrESR-F BB T]. LR E B 5 &K, 2017,
36(7) 113 -117.

Wang Yue, Chen Yihang. Design of flight simulation
teaching experiments based on FlightGear[ J]. Experimen-
tal Technology and Management, 2016,33 (10) : 130 -
134. (in Chinese)

EH RO ST FlightGear [ %AT (7 A F K0 B
LT SEB R 5 A, 2016,33(10) 1130 — 134.



