SrEAlEa0[Nets] ==X http://dx.doi.org/10.9709/JKSS.2016.25.3.133
( Vol. 25, No. 3, pp. 133-146 (2016. 9) ISSN 1225-5904

e B4 A%TA AN 34 WA Sequence 2 Y A7

FAu)

Study on a Noble Methodology for the Automatic Decision of
Optimal Launch Angle Sequence under Multi-Target Engagement

Sunmee Rqur

To engage multiple missiles in single launcher against multiple targets, launcher system has to operate for
optimized launch angle to each target sequentially. If the launch angle sequence is simply defined according to
the target assignment order only, overall engagement time would be increased, and even in some engagement
scenarios, it could be possible to miss some moving targets being out of proper engagement area. Therefore, the
study on methodology for a real-time decision of optimized launch angle sequence is necessary. In this paper,
the automatic decision model of launch angle sequence was suggested to minimize total engagement time by
analyzing the simulation results of all engagement sequence set for multiple moving target scenario. Performance
of proposed methodology for decision of optimal launch angle sequence was verified by comparing with the
optimal or suboptimal sequence obtained from simulation results.

Keywords : Guided Weapon System, Optimal Launch Angle Sequence, Multi-Target Engagement, Engagement
Sequence Modeling, Simulation

[ 2 o )

ol haefo] gilEl o] Eeto] To] A XA OR WASHE AN Mk Sl A 24
23 4 QlEs AEe WAz Agslel o) Bk of u, A Aol oje) BE AR U Saye)
A A Ae] Aojle), ol Aol WA 715 Aol Hoihl Hof REAom wde] Auat iAol ok
web cleret T4 W) ARl 2 AE S 4 Qs WA AlRASequence)e] et 917} Badole 1
QAo tho) ol 5t Hafo] Qs A Alteloold AEHoIMS Bl WE WAt Ajels] ik Aute Akt
o % A WA AT A4S} sk HAjo] WAt AUAS 3B HES ol BH AU o] B AlRs 2 =2
£ pugsiolnt Ten 1 mds AUE B e wd Ause Aol e e gsT Hx 3o 2 Wiz
AAAE Hlmgtomn B AFolx ARKE 2 WAzt AlRa 2% AEE Az

1 o
=R

F8ol: Y |AA, A EARE AL, ok o, A AlEs B, AlEEeld

1 A

l:ecei\;eg: ;(; 1S\ugtustb201§illzevised: 22 September 2016, th=o] Ao tho] BAA A7) theek= thjjch
ccepted: eptember N - -
ol 22 e 2 A Aol 17 7bs G el E2jo] Aol
uthor: Sunmee _ _
e " 2 QRg DS 7 ZHo| Bt YgE T B

koo O

E-mail: sunmeeryu@gmail.com = ==
The 4th Missile Systems PMO, ADD, Daejeon, Korea FE Fofols 4o o] HHEHE £, theee

H253 M3z 2016 98 @kK]



Ju
rx
i=]

& olgsh= #A i3 Heshe =] AA &8
Al, F=77] 2 7Hs G Helld Zdigte] 1de Al
Aslr] S18l 4143 A FEo] atEh olE flsfAl
= HIAAREY 8AF weto] A|dE7] Hrke A
A Ayl o] wet AFsos F7)7F S Ass)
A|2=dlo] g5t

olld= SA At FEF7IAAE 2ol o
O F7IAA S2ZoNA b9 A4 S-Sk AlutE
9] A7} F&2 o]|20jx]1l Qe H(Kim et al., 2012),
wUhefollA E20] FEA] 9 o E BASte] 29
APEE BristL HHog 77|15 dgsl= EAO] o
3t o7} &dbs] 28|l QItDionne et al., 2008;
Munkres, 1957; Paradis et al., 2005). S}ATF & o-Loj
A TefaRe BAR shte] whabtiol] wAE i S
7] - ok E o] et “’Zﬂi FA0f| gt FA| ohE
ARl o] E7Fs8hH A&t ¢AlA] wglo] a-Erh
whaba] WAl o] WhAbzE A|EA(Sequence)o] Wt &2t
Hoz mHo] ofolxzt] e EAo] B Ao
ue} A WS HE A Azl Aokl R

o] glon], %o ket sEHo] WA 7R Feks HolLt
okgo] el §o wasor 3 Alo) 2 Aaks 7 B

oh & dpolE 27 iAok el whE B uA
elen del /1 i e Sep) 1T
A2t 40E Aol fER)E ek BAY 23

A A

7719] e Al GEHAQl A E 5= Job A
Z%(Hwang et al,, 2010) A9} o] 32| & 7719
ol whet sie] B0 47 2A Solvk, 1 ATt
S71erE A djde Sl Alzte] 7skaaA o R &
7VsH= Non-deterministic Polynomial time
(NP)-Complete 4|2 <2]A] ¢lthLloyd et al.,1986).
NP-Complete A= AR ®H, SEZQ 94,
Heuristic Algorithmo]] &J3t B 502 3|5 k= &
7} A= QIti(Dasgupta et. al., 2006). 7715 T3
5= EAlof UoJA= Greedy Algorithm, Munkres
Algorithm, 12]31 Genetic Algorithm Z-2& Dynamic
Algorithm 5 t}oF3t ¥H 2] Optimization Algorlthmf‘_
2 ZAE sidstke d7F A3E Sicklo et al,
2008; Kim et al., 2010; Roux et al., 2007). ZZ A+
QU 5] Ao ols) che] 2ol H5aA
AR kol Slsize] HAY] 47} Hold A9
ok oFo] Aito] Hasf oy A4 WS B8 =
ez BrAA Y] AARE 28-S SHAZE Qlch

[e]

€D == o|Msts| ==

T TRl Tjgh WAl AAAL BA Fjo] 710
et ahol A0l 1 9 A 57190 ek of
S 59, 3749 Bjo] 9SS W7 S WA
24 AR27H 6747 AR, 107e] o] Sk 7
- 3,628,8007HA| 2 F7FsHA Hr}. & =Zoll A= A
Ao g o5 k= 2lo] &7Fs%t NP-Complete wAIE
ndl gl Alggold e T 24 52 F24 8
£ EE5] 93 e mdE AAEHIT

B e 50] 27 ol A T=0] o] E o] 9l MR}
L] oA AR AJEA0] 2oto] whE A -5
ARZE gl A AR ALY HEY S 7SS 3%
o TRt Ayl o] dis AlEdlolde 35t
o3 &AWkt MATLAB Z2713¢] OLASeD
(Optimal Launch Angle Sequence Decision) X213}
o FHE MR, o2 B3] HA) AU Hokd 2
ob A AZFE 2T} e HH WA AWL 35
IS 71Eshth 4golAE 38l &A% 23E
Eo 22 TARE AlEA A mds AAEHAAL S
oA 2 mee] 2AdE ASsRT

T >

o ﬂl

2. T B4 A% 27 29

2.1 2x "ol

o Tabol] HAE F=F7 I AAZE NS BA &
& olFske & Heste AYEed MdEs
Figure 13} Zt}

T, Vy

Fig. 1. N-Target engagement scenario

o] @A Ao wet i1 < i < N)HA Aol
3 L I% 40] T-, Hlk}zto| wi pavay 7@4%3}. B

TAE A8 FIAAIY B4 st

OXL \:M
of

.

FER)e



B HATH OO A BAZt Sequence 2 Mg o7

SV, )0k WAy 81 A4E(w,) o
Pment, ] 4 g FEl) $URE
E‘r7zﬂ HH ; /J-]El:*]-o:] Hl—/\]—tﬂ-ﬁ‘ko _LX4 ];1(5137—]' o]
Ao Hrka 7R3} B w7} Trgau &0

) A 0.2 e BARAeA L ook 2 71ge]
B2 Ao Bkl 2 e -erl P ELRIES

iR E]

ok WAkl 91%] FAl0] 2709 XYEE A AR A
S A 7] xmwe X%2 ok 9lcka
PVt hte] GERII7L BEol B & B
SRR 285 AN Tpe)0] 452 Fojlet. 7}
WA A oo et B19) A, 2 249 91 2
52 ARo} Folm BAL WS b E4, % 7

£=7h Qe EH o= 7Pt

2 ZAE 243}st7] 9%t Cost Function F=0]%]
N 7R9] Aol gk HA] WA AZteR, ol 48t
Sh= dE EEafok gtk i MR o] o] A7 7]
o] WAHAZE T, = Equation (1)3} Zro] ®FFCH

1
TE1: TEI*I+TFC+w_L|¢i_¢i’1| 1)
A7IA Ty = i—1 WA ER7AR| AR,
Tpe 022 71Y), ¥ 9k ¥ 2= 4%
#Aof gt WApztolr.

A WA U F WA A7 9] aHAZRE Equations

@3 3 2ol A 7HQEP

i, 1—1 HA

Ty = Tpet - |w1 Y| @)
Ty =2Tpot (|¢1 Do+ |1y — 1)) 3)
ufalA VA xezmxu @A A7t T, 2 Equation

@<t Zo| A, 2 AtolA] AT A3}t £A<
Cost Functiono| Et}

1 1V
TE‘\v:NTFC+w72|¢i_w1%1| “4)
Li=1

2.2 W™ AIZF AL elE

2 AF AHAN NS B 27t e glx)9
SEE 7MY #A9] 27] AERtoR %izl ) Al
A2 AR} sk webA i A 2 A s 53
o] ol 25 Adde ArtsiA ol Xl%‘éi HARE

A3k WAL o =9 AR YAl osf Altts]
ARk 2 A 0] ol 29 A WA Aol wret et

ABg Aokel 29 28 7] QA= ¢ Hel o
W=z S fj7hx] ofe 2|9 iterations ¥ AA
of gith ShA|YE g SR o 29 A AARE 9
gt iterations 5 351A EJH Aitefo] HojuER /\]”
go]HL £ AdA 31429 iterations 53] Th3t 4=
AL golalgith B =RoA tFE= w7 99 1

HZ 9] &% 3 YoA= 23]9] 1terat10nsU1-°§E a]
g BA 29 AFo] 4 W UE s ek 2.3800A
Azsleick

WA Mol BRE wd 27 4us
PT,(P P ) Vﬂ(V 7VTy‘ , (A AR A
oA 2] OH% FARS] o} =25 AR

PPy (pPy, .pPy, )2 31, $lo] AnE ol gsle]
MR A AR Tk AL ofehet Lk

ITERATION D
PP, = PH)+ Vo, T, (6)

7|M, P, Pl =

A2, ofefst Ptk
P 0) = PT:I: + VT:I: TE,]

iR 3 A s A4 ¢)

™
P(Tg3 = Py, +Vy, T ®)
Ti= w7 A ol i fiA EAo] et4d wj7hA] 4
B AA ARReR, Tye 008 7Pyt
T,= Ty + Trct Tror+ Tr, ()
7= };ﬂx} AQA7F 9 oA Iﬂxﬂﬂ}XH A8 A
Zh, i HA) EA3Ee] WA A] WAL T, WA 3
AR Thpp®) Bow wHHL: 0471*1 Tyt

(10)

(1D

Kl

wpabA], A tﬂﬂﬂ 1terat10 %

s ALt

W EH oy
chet 2

i)

M5 mM3E 2016 0¥ @EED



4u
rx
a

P (12)
= Py AV Ty + Ty \
PO
1 _ Vi
+—|tan™! (T:) —; 4
W PTTL‘ ’
PR J
I/J[

= pTxl + VTE‘TEH + VTl,l Tro

+ VT.T, t -1 P%J/? 1/)
an T Y
wy, P%’L)’ i—1
VTz
i (0))2 (0))2
+ v, (PTz,,,) +(PTy%)
Py (13)
ZPTler VTyl TE,1+TFC A\
L] (P
+—tan =0 -, 4
7 PTa:,,,
. (PR))? +(Py)? J
Vi

=Py, VT + Vg Tre

Py
—1 Yi
tan (Pm) “Yie

T,

4 VTyL

Wy,

Vi,
+T’ (P(T[)L)I)Q"‘(P%,?)z
M

ITERATION @

ITERATION Dolld AW pPy (pPY pPY))
2 ) SAPE ool ZPRalE, 2% 2AHe
T, 9 Py, pPy, & ofelsh 2o] ¢lelolE Hick

T,=T, +Tp (14)

Vi

€D si=Aisa014atE =2k

pPTIL (15)
=Pp * Vi (Ty + T N

VM
PPy, (16)
=Pp+Vy(Tp +Twe \
V| (rPh)
+ —|tan 6 71/}1'—1
wl pPT’L‘,
I T J
VM

A AR ] AR ;= Equation 173} o] 7
AbE,

b=t 1(pPTy"j (17
; = tan
pPTz,;
A A AL Ty & Equation 183} Zo] 3 4
9},
Ty, = NTpot—— E | — ;1| (18)

kA QA 0l AR ZF A0 SEE A4
o X590 7] ISl 1A E Lol oA mEE]

2 A5 By

_1

2.3 WM™ mHl £3M 50|
s et sk gl ) o g 8l Al
AAel7] QaiAs Zh Hia) Al f2o) e 39 o

AI— zo 11142_ :rL{sHo}: 2}_]—1:]— A=l u ]/\_]1_ ;q??ﬂ —VZ-]

A7t melo] thasle o5 o] 7y —g— 23]9] iterationst

og 7iekl o, 11 $EAS gholstaa) AlEd o)A

= Aselth thpo] ol #A 0] § % r’}ohﬂ AluE
= 7Pgsk] Sl ZAE 24 olF AluEe, ¢

A 3 olF A Al L, o] EAWA] Aute]e
(A AHAT] &/#14 o] 5rA)E A olskic)

Z‘I
4



L

HA ALWH J-MO| 21X LAZ Sequence 2 JHE AT

Auelo 1. 2712) Sdo)s BA

57he) o] HAh= el 10km o]ufe] Ao 9]
Aok} &0 7 o] Fstal Yl 4 AU 2 1(Figure
2)f] thgt A wd A)ZF Akt Ak Figure 33t 2tk
Figure 39| 9|& T2 = 4=~2He wfj7}A] iterationsE 4=
3yt A, offE ez 2.2 oA AAISH T 2E
2 ARRE A A AlAe] el & wd AR AlE
A3} 122 olje] Aol Susisic

View Initial Target Position

Fig. 3. Total engagement time of sequence set(Scenario 1)
(Upper : Iteration calculation, Lower : Simple model)

AU 2. A i&olE %4

5749 3E2Ajo] WA e 10km ©]4Fo] Ao ¢
ey 14072 o]Fshal Q= A AU L 2(Figure
4yl gk AA A AlZE At Ak Figure 59F Zth
o] Ax} HJA] A Sequence Seto]] sl = 714 A 5

o A3} fAIACE

View Initial Target Paosition

0 L -
K]

1
Y(East),m x10°

Fig. 4. Scenario 2

Total Engagement Time, sec
@ 8 g 3 o 8
A T T
I f |

L]

58
N =
|
Tt
|
i"‘h—;
=

ElL o

R e e .

: [

ol : o ———
&
|
|
s
=

Hg. 5. Total engagement time of sequence set(Scenario 2)
(Upper : Iteration calculation, Lower : Simple model)

M5 mM3E 2016 oY



Ju
rx
i=]

ANUEe 3. Qo] AR AUe]e

5719) A o] AR =RE A AbAT gl XI5}
o TheFet $E 2 o]stal Qs #4 AlVhE] @ 3(Figure
6)°l et Al A AIRE At Axk= Figure 73 Zth
o] Az} 9A] A Sequence Seto] Tl SARE 21l =

2550k,

View Initial Target Position

®  Total Engagement Time
®  Optimum Total Engagement Time
T T T T

Total Engagement Time, sec

ek &

® Total Engagement Time
®  Optimum Total Engagement Time
T T T T

= -1-- -4

& —8~

S
&
- =

Total Engagement Time, sec

5
T —— 1
e
|
|
|
|
|
|
|
— 1
- ——
I
o ——
— —
|
hH-—
|
| ®
o
— 5 | ——

Fig. 7. Total engagement time of sequence set(Scenario 3)
(Upper : Iteration calculation, Lower : Simple model)

€D == 0|Msts| =2

3. Algdlold =209 ¢ A%

3.1 AlZalold m2 e

2ol BARY o EA A% wH Bl et
MATLAB A[go]4l 21319 OLASeDE 2] 7}
wWsle] & Q1o Btk OLASD Z2IHe &
2 uE st Hi, E4 wA) Aueled) vt u
WA}Z} Sequence Setel] Te S A7k 9 Wbkt 3]
e AAHE BB, A LA Az o) 2
A2 NS AR 2RE SIS P8, A8A
7k AR A2l e AT B4l BEoR 3
Aol ik Z2a%e] QY& oleslo| 2 Figure 8
3} o] MATLAB GUIZ 53}0] A7t 217 A
¥ 4 =S s

| 4

wE 27

o T

Optimal Launch Angle Sequence Decision

Lioa Vgt Thaa
i gk  Bawts
Yarw Pl T8 o Pririduay View Hirilti
" el
H ¥ 7 £
L s
LU | | & Togm [
i} 3 L
L]

1} : £
il 3 Ve
i L

aid s v S b L.

Fig. 8. OLASeD program GUI

OLASeD =239 A2 = Figures 3, 5, 79 ®0|
= A Sequence Setof djgh AA| wH A]ZE Tz}
22wt A2 K8 Ak e 0 A HAE
2 HolFL Figure 99] A7, Figure 109] 77} 19}
= gl AATE Qo] EEEHES ISk

S mRawe Foll HH viA] Alol dhat 4
O WA AE A & obdet & A-tellA] Alekst
welo] Anfe Hze] Avjel vwa Fol HRe wel
st Azshzt] golsh AgEIsI.

filo
ol

P
T



A A2 Sequence ZAF JHE A7

-
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Table. 1. Target data of scenario 1

Optimum Sequence No B3 TGTHS-> TGTHA-> TRTH > TGTH2-> TGTHI)
Total Engagement Time : 41.71 sec
Total Change of Launch Angle : 167.05 deg
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Fig. 9. Result window of OLASeD

Fig. 10. Result graph of OLASeD
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Target Position Velocity
No. X [m] Y [m] VX [mvs] VY [m's]
1 7000 1000 -100 0
2 1000 7000 0 -100
3 5000 0 -80 0
4 4000 -5000 0 50
5 3000 -2000 -50 0

[TGTHSPTGTHATGTHIPTGTHI>TGTH2]
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Table. 2. Optimal and sub-optimal results of scenario 1

Total Eng. | Total Launch
Launch Sequence )
Time [sec] | Angle [deg]
TGIH5—TGIH—TGIHB—TGIH TG 40.13 151.3
TGT#—TGIH TG —TGTH TG 40.72 1572
TCIHB—=TGI—=TCGIHS—TGIHI=TGI 4144 1644
TGHB—TGIHS—TGTH#—TGTH—TGTH2 40.76 157.6
Y -
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Table. 3. Target data of scenario 2

Target Position Velocity
No. X [m] Y [m] Vi ms] | Vy ]
1 15000 -5000 -100 0
2 17000 1000 0 100
3 5000 15000 0 -70
4 10000 -10000 -80 -50
5 10000 7000 -100
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Table. 4. Optimal and sub-optimal results of scenario 2

Total Eng. | Total Launch
Launch Sequence .
Time [sec] | Angle [deg]
TGTHATGTHI TG TGIH TGS 4449 194.9
TGTHATGIHI TG TGIHS—TGES 4425 192.5
TGIHI—TGI#—TGIH2—TGIH3—TGIHS 4494 194
TGIHI—-TGT#—TGI2—TGIH#5—TGE 44.67 196.7
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Table. 5. Target data of scenario 3

Target Position Velocity
No. X [m Y [m] Vy s] | Vy [ms]
1 15000 0 -100 0
2 12000 10000 0 -100
3 5000 5000 20 80
4 10000 -5000 -50 0
5 7000 -10000 -10 0
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Table. 6. Optimal and sub-optimal results of scenario 3

Total Eng. | Total Launch
Launch Sequence .
Time [sec] | Angle [deg]
TGIHS—TGI#—TGIHI—~TGIH2—TGIH3 37.86 1286
TCIHA=TGIHS—TGTIH—TGIRZ—TGTH 3790 129.0
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TGIHB—TGIH2—TGTH—TGTH#—TGTHS 37.56 1256
TGIH2—STGHB—TGIHI—TGTH#—TGTHS 37.06 120.6
TGTH—STCI—TGTHS—TGTHR2 TGS 3794 1204
TGTH TGS TG —TGTIR TGS 3790 1290
TGIH—STGHB—TGI2—TGTH#—TGTHS 37.05 120.5
TGTH—TGI2—TGTB—TGTH#—TGTHS 36.51 1151
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Fig. 15. Optimal result of launch angle (Scenario 2)
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Fig. 16. Optimal result of engagement time (Scenario 2)
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Fig. 17. Optimal engagement result (Scenario 3)
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Fig. 19. Optimal result of engagement time (Scenario 3)
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Table. 7. Expected hit position and launch angle (Scenario 1)

Taroet N Expected Hit Position Launch Angle
T X [m) Y [m] [deg]
1 4339 1000 1298
2 1000 3602 7448
3 3424 0 0
4 4000 4065 4546
5 2388 -2000 -39.94

(2) Ak 271 E AHE
7} #o]| aEhe o *}7* L] BR eEAREOR
AEspd, WA}z A|BAE Table 837 7tk

Table. 8. Launch angle sequence

[TGTHATGTH#S PTGTH3 TGTHI PTGTH#2]
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Table. 9. Launch angle sequence

[TGTHATGTH#5S>TGTH3I>TGTH#I PTGTH2]
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Fig. 20. Engagement result (Scenario 1)
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Fig. 21. Result graph of launch angle (Scenario 1)
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Fig. 22. Result graph of engagement time (Scenario 1)
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Table. 10. Expected hit position and launch angle (Scenario 2)

Expected Hit Position Launch Angle
Target No.

X [m] Y [m] [deg]
1 10034 -5000 -2649
2 17000 6542 21.05
3 5000 10894 65.35
4 6632 -12105 61.28
5 5560 7000 S51.54
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Table. 11. Launch angle sequence (Scenario 2)

(1) o %2 2o 27 9 wrapzt
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Table 133} 7t}

Table. 13. Expected hit position and launch angle (Scenario 3)

[TGTH4TGT#1 >TGTH2>TGTHS>TGTH3]

() HA Wzt As 2

AloFgt =ejo] whet 2 FA o R 2 WAL A|HAS
ZAASFH Table 129} Zch

o] A= AlUE] L 29] 22 HhARzE A A
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Table. 12. Launch angle sequence (Scenario 2)

[TGTH4TGT#1 >TGTH2>TGTHS>TGTH3]
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Fig. 23. Engagement result (Scenario 2)
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Expected Hit Position Launch Angle
Target No.

X [m] Y [m) [deg]
1 10088 0 0
2 12000 4508 2059
3 3% 2576 30.38
4 8239 -5000 3125
5 6646 -10000 -56.39
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Table. 14. Launch angle sequence (Scenario 3)

[TGTHSTGTH#APTGTHI TGTH2PTGTH3]
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Table. 15. Launch angle sequence (Scenario 2)

[TGTHSTGTH#ATGTHI >TGTH2TGTH3]
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