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Design and Realization of an Anti-ship Missile Path Planning

Simulation System for Ship Formation

LIU Gang , LAO Song-yang , TAN Dong-feng , HOU Lv-lin
(College of Information System and Management, National Univ. of Defense Technology, Changsha 410073, China)

Abstract: In the analysis of relationship among fire distribution, area division and path planning, the idea of trinity tactical decision

of surface ships formation missile path planning (SFMPP) is put forward, and an expandable open simulation architecture is designed

based on high level architecture HLA. According to HLA/RTI specification, the federation’s FOM/SOM was designed and developed.

The event schedule was adopted as the simulation strategy because the system has the characteristic of discrete event simulation, the

dynamic model of system was established based on Petri net, and time management and the federates’ implementation process were

introduced. The simulation demo indicates that the realization of this simulation platform provides anew solution for tactical decision

problem of SFMPP.
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Fig.1 The trinity tactical decision process of SFMPP
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Fig.2  The use-case diagram of SFMPP
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Fig.3 The general logic structure of
SFMPP simulation system

2.2 {HEEBEXFRHY SOM #iik

15 B Xt 4458 ( Simulation Object Model, SOM)
S IR R 51 X AR, B AR A AR
Z: FR I AT BEFR AL 5 I H B A4 iy A It
it 1. MIE 3 A%, SEMPP 5 ELER F AU 4% 9 NIk
FOBLTL A AT RELNT

D5 B R G0 g i 5L S o A
RGEH, ST HII Ty S8R w6 1k & s
FLA AT, 75 H4 T 4 BA L AE R0 H A 19070 18 o7
R R E R AR . SERIBIT IS TR

S BANTE AT B D1 17 57 58 UK T 43 L L IX 30K
O3 B TR B AT 1) AR 2R ALY
Ty SR TSLHEEA o

FRAEFEFE BT 1R 7 5305 AL REDL By, A A
AR 11 S B 7 R S S 1 0 B S AE

FHERES AT AL BE B, 10 1 Ay R R i)
AT IEA

S R GO A 5T S R TR, A A
B 5R A S AR SR
HA# £ CGF( Computer Generated Forces ) Ji%,
ST I H R AEDL SN, 22 A5 H bR A RE Y 52 )
EHRES

U7 EARL R IR 5 2 R G & 2R S T 3l 2 K
FEATT EASRISE B, SCH SFMPP 1 B2 45 B I Jr 2 9F
flio

BRGEH i o 53l sk iz 7 f
A A8 B EEE S AR B AT B AL B, ORI
i ELABOR , e H I A AR SRS

RIS A0 32 B 58 IR R | L
P PR DL R A B X A B
SFMPP 2 (it Al 355 1 52 2 {15 LS B PR

BN NG T RSB H R S
P &7 IR UL RE T ENS R
IR o BLAE RN G DA SILAE | E B A AEE B A 00 AR
XS AU SE R, K I3 BETT 58 BRI S B
PR 158 Ty B DXt b B B O, X 70 07 %%
DA B A AR 5 ) B A S

3 SFMPP (A E & %t#) FOM/SOM i&it

AN

A

FOM ( Federation Object Model )/SOM %€ X T Bk
AT RIS A 03 128 BB , A2 HLA B R 48
AT HCHE 22 TR HERET Y . JF & FOM/SOM (15
T, SEBR SR 43 A5 A8 HAT H R 40 1) 28 LA
AT A S B R

HILA 2 JE T ) % 52 1) JEVAEURI 5 926 o 4 2
FLRGE, MM ) — 2B A B0 G 2 1 ) X 52 3R
SO T Lo B — @ BLE F (unified modeling
language, UML) 1 > 11 [ %iF 42 43 M7 5 5 41w il —
FIbR v A 1L, et 0K [n] AR 45 ) i ke 3]
RGRA h 1Y UML 26 B R R S8 4 1
FHH IR R IR SR . ] AR D e KA
[r] 4G B , i SEMPP 115 B &R 40 AE Sk 1Y
KRENTZ B EICHR , F-0f e 28 10 J8 M 3
R, LU a3 7 25 (Class Diagram) . [&]
4 L4 UML KBB4 T SFMPP 1/ £ R Gi
) FER AN RZA LR,



- 160 - E2 N0/ S PN e 14 2011 4
< G\ 5 PO L]
A — HEFS
BIER %o m 1t
i
T | [ EREETL 7723 [ e— g F A ALY CGF
o mtE gzﬁ%jﬁ | [emn_| [fesmxs ome | [Rmm. e
T X ff‘ﬁl;f‘(ﬁj@ Q@i | [Wmsmtm ® it ® s
B1ES Y — :
e [®amERO 4
® % fiir4() & T T
wmz | [@moz | [ avasn AL A% | [ mmem | [ fZ e car
TRV | | TR Py PN
o= fflo= Ponesn | [Wassy | Bonn | Moprmnn | [Rrme
Bt it | (fexsmizariml |90 an bommems | [
@ | Rk | @unsm O | @pmat O :Eﬁ%ﬁrﬁ O\ ltorpaem s o s
@ sy i BTBH O kil SRS
e e gﬁ%?‘ﬂj = Quibir O | [@5ms O

Kl 4 SFMPP {5 R G IE]
Fig.4 The class diagram of SFMPP simulation system

LB T X REAR T G
o GRBAAR P S P P AR R RE RS EA T 1 45
PR SR, R It G ) 15 4% o O P D X
AEATHZE, iR E TS R O IR E . St
P, SR S LS S AR TR E AT 0 S
s AR S X — M TR AR SR A o AT
HEZ BB R R KGR Z BN LR, S0
FARMNERR , 2 OHTLFNZ A (HR) KR o

TE L3RI B S, Al DU S o A X
GRMAZH AL, £ 12N SEMPP 5 B R 4t 1
FOM 1 3CR AP X RIS/ B AR A 3R

& 1 SFMPP {AE REH) FOM/SOM
Tab.1 The FOM/SOM of SFMPP simulation system
NP S ik H A ik
AC RGP SetScenario WGBS BE
FC  ZBAI&IERT SetTarget HARS R E
SC ARSI SetBarrier PR R X 1R
MWS  FIRAFRS  DistributeFire K53
TS H b A DivideArea X3k 53
STSM i3 SelectBearing i ATy LR
MCS FHKIERG  SetSelfguide B SRR
CE  AfERIEE  DesignPath g vt
STAM  fliss CalculatePath AT
PlanPath EAFIRAL 2 R 5 2R
EvaluScheme _ Form 4 BAZR Iy 2114
EvaluScheme _ Ship  BAAIRER 7 1A

SOM AR (P) AT (S) 6 R a1 2 Fis .

R2 SOMAHAATHURER
Tab.2 The relationship of publish and subscription of SOM

SOM
IS

AC FC SC MWS TS

s p S P S P S P S

SetScenario Vv

P
Vv
SetTarget Vv
Vv

< <<
<

SetBarrier
DistributeFire Vv

DivideArea Vv

< < <L

SelectBearing Vv
SetSelfguide 4 v
DesignPath Vv Vv

CalculatePath AR

EvaluateScheme
_ Ship
PlanPath
EvaluateScheme

_ Formation

4 SFMPP (FE&%HISEI

4.1 fFEREMEEEE

B is i B b E s KT
Bie X3 A BRI T LR A B
A AR R ) B A BRI, X T At e A
A SRAE AL I A B AH LR R O, Ak
B ARy B R CF ) R, A28 58 E AT B HE
FF RGBT B B R G TR . T BSHE
ST FLI A o 0] RS2 75 T 5 Wt AR s () 5
FEF B B A EARRAE , SR FH R s H AR B 1Y
SR FE R0 BN . SR B LA



53 1

X8, A U AT SR B AL (1 LR BB S B - 161 -

S A PRI Ty 2R 7 RS, B LA O AR
BT, i SO BRE A A X R R ) 5
Wi, 4 5F TN s 2 - PAA T 45 A 0 e A A 5%
MR AR5 AR [ I SR 1) R R Sh A 7R 11 a2
1o FERE—A IR RN BT L AT I K
AP FEPRATIX SE P R v, ol AR sk
AR T A 8 2 77 2R FEH 8T 1 2R T A B
Fo POFRBEE R IT HARIAESR NP 5 B

TINPI

W T

v

HERE B 1]

v

PATHM

Bl 5 iR ek AR RIAESE

Fig.5 The simulation model framework of

event schedule method
] 2 23 A 5 1 IR 0 . fE SEMPP
PFE ARG, BRI 2 AR 15 BT DA AR A9
FERTROY B R GEOT  H AR A AR A
LRI 32 B O RIS BB B B3 22 8] 7 I ] i |
SEH AR Y, DA, B AT R B i 18] 4 67 3L
IR T 52 R R AR A . BT LR SRR T
S (1) it S A EBAS T — DR
IFI], ARAG I (R S | I B 04 Ak %

B[R] T A R o AR BB A
A, BT S SR e 2 RT RV 1 B KA
FLH ] o 5 AR 4 i s B AE W3 S s A
AT B, A REEAT i T B R AE
PR 05 HLANAE O B R AT MR ik i
HEASHABRERA G, FEARHKITA S
(5 BB E . XTSRRI g T4
GO, AT S () 4 3 2 JF A ok 570 1140 5% T 1A 5
O JHLC At B¢ 53 D B TR 4 A, PRk i R S B R 32 B o
BATLAAHSE I 25K HE SR LI R], 78 B i [A] 25
A S A 14 A7 LR A (R o
BN,

ECH v b 08 1 32 R I R 4 2 TE RTT A D0
T ISR, SR B 8 3T A e ) g =
AN B B3 11438 HE B ) DL B) 25K Shy BV 1]
FHEE ), 2R A R v I TS B D3 Wi 3 Ak 2
ST PRI AE N — B 1) 5 CH R s [a] + B[] 25
KO HT TSO LI A 1Y RO H A4, FLBCFR K
GUTE B A HE R S8 BT AN BB 388 1 F . X T
SALIEHLE] , % B R R Geis A7 i 5 B AL 3 1 B
% I HD R B B RA S AR 7 E R
KIGFEM , Ay 1 Wl MZ g 4, >R TPt ™ 75 =X
T3AN R R UE A TS A TR AR B A .
4.2 EEIFEL

P LR A I 1 0 LB 1Y Rk IR 7R
PEAT O AR PR T BRI R A T
SEFAF R A RS, T NFH 5 IRER
WSO IR T AR . Petri WA A 143 A 25 g
PRGN EEEB T, AR50 0]
FH Petri 9 e (1) 2 i AR SR A 3R , Petri X 11 22 JiF
FASTE UL a3 3,38 4 iR, MR & A=
ARSI 25 A U 0] Petri P 2 G35 47 AR
K6 45 H T SFMPP (1) Petri R A1, 4 5 76 1
Petri AU (AT T2 2 H B i R B 5 W A 4
W30, W] SELSE PR R G R L

o D . - O
P, T
: 7 Pis T3 Ty
O
g Pig Tis -
= o,
D - Pr3
- P15 T14 P14 T12

16 SFMPP [ Petri [ f57
Fig.6  The Petri net model of SFMPP



162 - (EE TR S S AN e

%3 SFMPP Petri &9 2 BTt AR
Tab.3 The place instruction of Petri net for SFMPP
JoE e B JE BT BLWA
P, {5 B ha o Py, BT BE T
Py Y DA LA L 5l Py FRGE T RATA
P; H R AE L) P S AR B LR 5

Py BAREHEHRLH  Ps B
Ps ﬁi;i;ii; Py BNy S A
Ps HEAT KI5 Prr it A A B B 7
P AT X IR 43 Py K IBRITE
Py BEFEFENGHEIEATE Po o AR
Py EHHATANNE Pn SRS HAMLE)
Py EPEESMERES Py REUMLKIGE A

Py BRI 0
4 SFMPP Pewri MAYZE TR AR
Tab.4 The transition instruction of Petri net for SFMPP

it T AFE 151
T, 1 ETF IR Ty BRI RLA 7 ZEv] 17
e e FRARAT ALK
T, HEHEESEE  Ts SR
Ty FYGEIRMAYCEETE Ty FFAE MG 4G
AR B fG A S s An )
Tis ZBNDLER BRI 7 28 AT 47
b o 15 Gt BAUL B R 7 ZE WT A
. e . o Y BAATE 3% R 1)
Ts  FFHRHIITXBRIS T SRR
LW K S1E R T %
T X 3k %] 4y 4k 1) T
o DORMBERRAR o ok s e
T;  RERISGERARTE T g ks HnR
Ty ffieRepdeh it AJrm Ty AERONET ) 75 2
Ty ffie B EREE  Tn  ERNEEAR 2
Faa R s
T G T.
10 ﬂ:ﬁuﬂnﬂgﬂ'ﬁ 21 Rk S5

Too RS

4.3 BXFHRGEHIEI

I B DAY 2 AL S = AN« SRR |
ARG T8, SRR B iR ik B
BT NRHE, 0] LAis PG GE i 1% 2 22 50 R B HL
FF R G H 7 vk ST SRR 58 BB A
FOM/SOM & H 45 S M4 ] 1) 22 B A, #¢ B HLA/
RTI (4 RS 64T UL 5 E AT 8 A 2 T/
T4 main BRER, 2 SEABEI R TIR . X =
AL A e, R — RIS
FERE BT AT 5

DA AN 2R SR AR 51 Ry ], LAY Y
BB R AP 7 Bt HiAR Y Tick BR%K
ARBE RTI F0F, 2 ARVRIHE R R 1k

T Ay ARG R JE PR AL RTI A9 bR oE Al

2011 4F
[ | mmmmmsosm s |
¥
<_| BER FETEE | Federate-Ambassador
z ¥ X
Dl Atk |
5 ¥
£ |« it T |«
<] ¥ o N
B BRI X LR
Bl b < i
R E(EE
v
< sz || [ o |
— v \ ]
Tick i % | "| LEEAE
\
i

]

7 S RGO G  FOR AR iR
Fig.7 The simulation logical flow of missile
weapon system federate

%5 RTI-Ambassador, 5¢ BUMABKI | 15 & B[R] 45 7
052 AT FUE R RIS B AT I ] 4
SETTAE, B0 S SRR AR G 2o O T AR T A
JP R AR S, i i I ] RTI-Ambassador 2 5
BRI T 30T G S UM , 7 R A IS 2 4 3k T
CalculatePath 22 B 2515 B, [A I, RTI 338 1 [7] 97
Federate- Ambassador fit) 3 11 K4 5 i 58 2% R GBI
JSC VT 178 Al o8 1 % 32 26 o s R R R F
o HAARAITIGRIX R ISFRE B m MR
1R e B3 A9FT A RRAE A HoAth 5% 53 18] 145 B
SEHARIR—E B IS AT, MR T IR L B 1Y
IR R

TEREDL IS PR T B IR O i s B rp, R
MZE&BEHEAR B, B TARERZET
Windows fJ#E1E RS0, R ARG, — 4 &
MFC 1% 11 2R, 3 S48 3] P R0 3 T 1) 28 B
F— MR ELR, LI T B R, R,
SHERRGNENTERGE— DRI, 5
HAIRI B 53 AL 53 A B AT I, R B AT IR T 24
PR 72 BR T AR T B EL AR Z A, B4
RTT 22 AR S5 v YL R e, 2% 2 A 1] 1 K a2 [
A
4.4 {FETBG

SFMPP {/5 5L 2 48 AU e v £ B4 45 K ) 43
B DI o AT R R = A AT R PR B TR
SCHRL16 [ 1] v 1) FH 33 45 53125 53 0 55 B T i A
ST 43 B AN BRI, FESCER (17 ] p S T



53

XA, A A A S BB LI D R GBS S - 163 -

SFMPP X 3840 43 (R FF 3647 TR Se . =4~
BRI HR AT 245 T 8 e A 48 15 Dl PR M i o
SFMPP [A] @ it 50 - 5 o

FEHESL Y SEMPP {5 BV & |, RATLASE P AL
FRRE A% — 28 R A AT SFMPP (1) 42 4 78
TR, RS NE 8 iR, & 8(a) i

\,,;\:"-»~~.:f°;"'
() 277 17 | 5 PR el o W e AR 56

JNNZL TS ALEE 001 A1 002 43 5%t i 5 LA 201 Al
202 £5 K S PIMCR 3R S0t 22 7 1) [ 25 4 A g
AT IR 5 2. 1 8(b) B Ry JG ik 1K i 4 A
T B R B3 AU 28 ek = A s A Rl

YIE

\‘7’ IZ‘:}EAE'Q*‘“ _ S<=po2

(b) kIR B o WS LRI T 2

K18 SFMPP J5 587K B4
Fig.8 The scheme of SFMPP

5 H5FRIE

SFMPP fE A FE ¥ S R R &2, s el RS o bt
ME LA SEBR A SR SRR B 5T R A R 5T I 7 oK
e, AN SCHR S T 3T HLA (1) SEMPP ) BL R S5 ik
97 %, 3 7E Windows2000 ¥ 1E RS F, %
Visual C+ + 6.0 A1 [1] X 4 1 0] 4k g #2185, 5K
BT SFMPP {1f ELBEFS, SFMPP ff L R G52 — 4
P 25 5CHS B B R RITT e (W] A4) s 8 T 75 1) A A5
HAS, BNZRERAY R, ENEHN
SEMPP (AR SR 25 L SRA I FH T TE Fi ke 28 K i 4
Pt T ORI FNAR- 5, T K343 BE X5
K43 R BRI (8 = A — 1R A8 B P35 D) . SEMPP
RS R IT R AR

2 % 3 Wk:

(1] XU, JE1E DR AR 5 T A SR A B0 5 ST LRI [T ]
G5 ,2009,16(2) : 11 - 17.

(2] KT, ke, WIS T HLA S04 S5 HAT Web IRFALLT].
Il Bl AR 247, 2008, 30(5) £ 120 - 124

(3] XY, JEIAE R, R SCAS . 7K Tv AU 2 A3 970 3 00l ke 5 =2
FrRGUOTCLIK I S HHERIBE T 2 2008 4FEAR4F 2,
2008:136 - 139.

[4] k2% ARERE, H RS, 5 B Kf A i E R G it
SHIHLI] RET ARG TR, 2010,32(3) :589 - 591.

[5] IEEE 1516.3.1EEE Recommended Practice for High Level Architecture
Federation Development and Execution Process[S]. New York: Institute
of Electrical and Electronic Engineers, Inc, 2003.

(6] RELES, LM, A be, 45 2T BOM 19 HLA fF R R Gl {5

PRI BB R 2441, 2008,30(5) : 131 - 134.

[7] 1IEEE 1516.2. TEEE Standard for Modeling and Simulation High Level
Architecture Object Model Template [S]. New York: Institute of
Electrical and Electronic Engineers, Inc, 2000.

(8] RERMI,JEES, FERK HT HLA S5 IR 5 R 5850 B
FBATI]. EPTRHR A, 2004,26(5) 1 18 - 21.

[9] Whittle J. Formal Approach to System Analysis Using UML: An
Overview[ J] . Journal of Database Management, 2000, 11(4):4 —
13.

[10] Terry B, Jesse D. Using Objected-oriented and UML Tools for
Hardware Design: A Case Study[J]. Systems Engineering, 2003,
6(1):28-48.

(1] 90X, BRI, SR T AL 55 W3 U0 4 B X R A2 £ 4
TEARIE R GO FARAE[ )] [ B RHI 2412, 2010, 32(2) -
124 - 129.

[12] RIVEE, %ear, k&0 SRR B R G M A T IR R 4SS
] RGE TR THA,2007,29(2) : 230 - 233.

[13] Hong J E, Bae D H. Software Modeling and Analysis Using a
Hierarchical Object-oriented Petri Net[]]. Information Sciences
(S0020 - 0255) , 2000,130(4):133 - 164.

[14] TFemando V, Carlos M. A Generic Rollback Manager for Optimistic
HLA Simulations [ C}/Proceedings of the Fourth IEEE Intemational
Workshop, Distributed Simulation and Real-time Applications. USA:
IEEE, 2000,77 - 88.

[15] ok, B Mk — Rl SRS 5 9l ]t
SIHIE,2006,23(4) : 188 - 191.

[16]  Fra&As, X, W EAL . 5L T84 Pk i 2 BA S 3.k i k)
SYECBETE [ Cl K D1 S5 R IE 25 2007 42 R4,
2007:132 - 135.

(171 XA, JI R 5 T MU0 A 2 A £ 5 0 380 o 328 00 31 X 4R R0
Sr[] AR S 05, 2008,30(3) :22 - 27.



