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ABSTRACT: 
U>IIlI!nmd Air V~hockl (UA"$) Iuo"" 

poIcrII.1 ..... n&lh< 10 Ix imI>iom<rlI«.I in li>c 
bailie rdJ,. A mojof problem lor UA"";, to 
pion .on 0"" .... 1 "'j<C(Of, fl>Uh fn:om OJ 
st"'f1S J'O'I"oo~ 10 the '''It' pooi' ''''' '" .. ,1 
I,"1e. Fo. a "",h 10 tor 0flI~ ~ h:os 10 
~"U"WJ:' live;>! . polh Ieoglh. fud 
<Of!Iun1pl '<ln, flying I.,.,. and pr=,yel 
dynom>< """"''''''It olllle ""hod •• 

'Tho: .. r"ly of ,h. vtllo:lo (i.e 

DIIIIImizI1c ,he lbr<11I1 hal ,he (lUI r' ooril y in 
Ih< pblNlg pn..:ns A "'"P' problem in Ilris 

foeld .. : 00 ... \0 ,ompu,c Ii .. 11y" '" r~t Q pal h 
oltl W ' A ,dillllk :IO~lion ror Ihis probI<m .. 

"'" .. ukd )'<.. Diffi:mll pr"!'o"" ....: 
p"blisllcd. ~3Ch "'" iI. own 1.";'Oliul1l. SOrT<: 
u( ,,,",-, 'lOCh ... ,!"", , ......... 0 1'-.... e<>" 
func;,ion. 'Tho: r'''''' II. Ion& "",,,,,,,11_ I ..... 
(1).::, CO"".'" (he ... h"," ou,ooQ"'1. s,nc .. i c,n 
nol bi: <kino on ~I'.ne. 

Ol io., "'~Iy .. ,cd ,ccho'iques locnfo:c 
,he KCU'''''Y o[ ,he 'lire" e<>>nj!u lol oQn (Of (he 
we of ..".1 ..... ""IIII, ... lII ion I",... Tho: ,hu:Ii " 
C:Utr(JUIM by 'h" ''''l'Iif .... ",.IIooc1 nnly ill 

(Nee ""inll On .:>eh p"h '" (Mg.). The,. J 
PO"'"" "'" .Joe 0", ... 1 d"pullDn .. Sukhon:v 
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grid. Examining IhlS method shows that it i$ ir
u: lillble since Ihe IllrCllt v~!uc is decn:~~lIlg 
with t~ IIlCl eO)C or path le.nglh at the. same: 
closure 10 the. radar sileo In allth05e l11dhoods 
the concern is ( 111)' llbnut radar sittS tMeaLS. 

In this p~per ~ shun surve)' ror Ihreal 
COSt OO~ullllion methOfl~ is im roduC'Cd A 
propGUd melhod that \l1Iroduceli 1m ~nswer ror 
the mentioned questions. ThIS n\Clh~ 

compula the rtal thre l l oot only fl om nd~rs 
bul ah.u from surface to Air Mis~iks SAMs by 
inlegration using Clleb),dtev quadratic rormt.ll~ 
in a very .&hort lime. The proocdure is 
compared wilh results obuim::d by Simpson·s 
RmTiula and wilh toose get by Ihe simplifltd 

. ttchn~ (fur compl.llation t~nc and 
OCl:urae)'). ThIS simp lified technique IS 
comlTl()IIl), u!>Cd ill ~ 101 1>( researches. The 
a1mparison proves lhut I h~ melhodology i., 
accurale lind very faR It fulfills lile two 
cruc ioll goab aecurocy and swiftness. 
Moreover. IIx. ir1Crt:m::t ~ in oonipuulllOl1 tune 
due 10 tnc inc:reasc in Ihc Ilrgumenl~ (UAVs, 
t ar~s, radar situ) it t ri~ial. 

I. Introduction : 
One of the: aiical PfoblerTt> o f th(! eV() lvins 

impkmc:ntlliol1 or the UAYs is the lr3j: ctory 
pi:J lII1in, rrp) in re.:!1 time i.e. while. tile 
\uicle is n)'ilg. The optim.11 trajectory has 10 
minintize a oo$t fil(KliOn J f.'OtllPOSCQ of pmh 
length. INeat COSt all o'·er the path , flying time 
and rlJtl COf\WI1l~lIion. In the same IUlIe the 
optunaJ tr.Ijl:ctory prese:rve.\ the: dynanuc 
wllSlrainu of the vehicle (c.s. maximum 
speed. IIIld RWlIU1'-lm lurning rale). Reported 
literalures for TP apply lile ou:doof rol:lOuc 
algorithms 10 UAV TI' ll-4 j. Thcr.c: lechlliques 
can be proudly cl.1uifted as: grid h:l.~ l.5,6J. 
graph bawi (1-9). vl["\ual rorteS f 101 and 
malootllllic81 programmiflg [ 11 ·1)1 A 
COrtJllOfI problem in all thesc tcchniql.les is : 
how 10 (.'omt1Il te the threat COlit of [nc fcpsibk 
paths in rc ~ 1 time. Ac-culocy lind swiftness of 
the lIucnl cost are the key USI.ICS UI pltllming ~ 
IrajeClory. The published rep()fIS are (:oncemc:d 
only about the threat of bellll dCleded by 
r~dllr sites only. TIleY can be classified IS : 

Planning lhI: pgth t:dges in cquidL\tallce 
froTTl ellCh two ndjocem radar silcs Fig. I 

Ifor gr id oo~ed. gr~ph based ruNJ viUuol 
(Ol~es). Clcarly. there i~ 110 gua .. mt~ ror 
l1linul\'.Im litreat since .here may be b.rse 
r:tnge CQ~efage or 1I1l11tipie coverage. II 
nuy rll rOf II robot avo iduig 11 fucal 
ObsiXIes. but 001 u~eful ror UA Y 

penctr"ung ClK:!l1ICS .~ It es. 

Imcgratulg the Ilm:al f\ln~.ion ull over tile 
p;lIh (in convcllIlOnnl optimization and 
mi:l:cd integer linear prognurvllulB 
tcchniques). They arc: off·lille methods ~nd 
C~lII nol be: implemcmed irL realtime dlle to 
it s I"ge conlj)tJ13tiol! lime . . 
To reduce the COlllpOtal1(J rl t~. n widely 
u~t ~ tmphflal rl"leloodology is reporte ll 
b)' computing the l!\real on ) poinli on 
coch edSe of Ihe pllih 

In¥CMigallllg tile $uIlplifcU method proves 
th:!t the ! Min of redutillS Ihe COll1ptJtBIion time 
i~ vet)' COSIly $ince Ihe acccr.l(;~ of lhe 
computotllhre:!t IS not guarallteed. 

In .his paper 0 (1 olllllys i!. of opl imi7.ation 
lIlet hOO~ Bnd lhe simr hflCd ol1e IS inrroduc:ed. 
A propo5ell l11Clhod to con..,ute tnc. threats on
line accurale1y and s ... if. ly is uplained. Thc 
rc~uhs or the pmfl()~cd techniquc are comp~ rctl 
with .ho.!ic ol.otautW by using the simplified 
lechnique (",hid! is widely Impleillemed e.g. 
111.[)J,181). Another oonllar ison with results 
get by implc:mtn.in.g the Sunpsol1·s rOIlT'-l!a 
fo r ill\c)!I'", ion. Thcy are oo~d for ; 
1M.·(."uracy or the: computed t lve~ v.due 3nd 
c0Il1pt.Jtatk1l11imc. Thu:>. enable the vehicle to 
b~ aulonomou~. This is apphcd ror lhe real 
threals ~ UAV is subjected to ie. roo:u sites 
~ad SAMs Jltes. The: threots Ilt"e.also illtCGrlled 
1I~"Cur~tdy by Simpsorl"S Formula ~nd 1he 
limpliJicll UIClholi . A comp-1mon of tnc Il lfUI 
coll1flot«l value~ a:wJ IlmCS are shown and 
proves Ihe $Ireltglh of Ihe prof)Osed mC1hod. 

2 Thr"(:uls!}1t UAV: 
A lJA V is ~ubjccl ed 10 dil"fermt types of 

l1U"Cats rrolll soft wt:Ipom lib ..ta'mnclS and 
decoyeu or h~rtJ wcaroll. 5!Jdl as: .shoulder 
Lunched homing weapons. rtidpr dirrx::ted gurtI 

Surface to Air" Missib (SAMs) and carty 
warning radars. TIM: UAV is; equipped with 
IlI1li-jallullUlg and anti-deeoyillg sets. AayUI& 
~1 altitOOc above 5000 fl defeats roost riXIar 
directed gUM alld abo ... ( 15000 ft (krc:at ~ IllOSt 
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,llQuW;ier l~urx:hed homing w~~pon~ Ill . SIal 
SAMs and Rlliln daec lion Ihrea. !he \JAV. 
SAMs ~re (If d iffefC nl Iypel of cquipme"ls. 
namt.ly $1Ili\1I r~n&C, medium range, large 
mnge 11K! Ionger-l"III1&c ftn: c:omrol ICnStlfS. 
['ire c:ollirol senson; work n~ lrocking 11"'.1 
~1I:;ins 10015 ~ do no, Iuve all)' t1CiITUCl iVl: 
c~pabilily [l4t. 

2. 1 RlIdars Tb, ",is 
T he genc r~1 radar equal;'," iIlcJud~~ 0 large 

number of puramclCl"$ upJaincd in E.cj u.(I) 
[151. TI IC backscalll;red poweT re«ived from ~ 
largel of radar crOM-!lC:t.'1iun nl IIIC flTst mi..r.er 
Of preamplifici in !tIC rlltbr recti",r .\ite is: 

1'.= 

-~ 

I'r G-r LT GR .... ).,1 L.,. L"A I 

(4,,)1 d,' 

P, ~ peak received power 
dol lle delection mnge oflh,;: desired "uget . 

(\) 

PT lhe: IJC;}K lTan~mit power (Ihc nver~ge IlOwcr 
dtl r1>g lhe: pulse) 

G,' lhe Iransmil power Sa.,. of ille 1111<;.= wllh 
respect to IlII omni direClion;ll radi.110r. 

Ac lhe dfC(:livc upen" .... of ille antenna .,.,hoc;h 
is equ~llo Ihe projeClcd Mell ml he 
d~Clion of II..., largel l irIlC.~ IIIC cfr Ie icney. 

J.. lilc wavclenglh of the (adilliun 
LT If>.: !ossa between the truTlsmiller output 

and flcc $(lOCI'. 

G~ lhe receive power g3in or Ihe rodDI Ilcfinoo U1 
/I simila . 1"IlIUlIIr;:!" 10 lhe l ran~mil ,~in 

.... lhe fett'~ unlenn.1 lona defined in 
a ~inu l~r 111l.1'lIlel \U In.: ' ra,~nullo~>C3 01"-~ 
be included in lhe effc:ct ive s~cm no~ 
lemperature T,. 

Go the beam slr.ape. and u ;)nnillil alld p~II«1l 
factor lo~. 

L" Ihc IWO way pm cl11 ~b..lorptio l1 01 
propagslioll Ios.r.cs of the Ilaiiulll 

A. the (:.da. cros~ secl1o n~ 1 Ofn of Ihe objeci 
llaal IS bei,,¥ dcltaed a,K! os. eqtJ3110 

II is cbr fulm EQu. I thlll ItlC r~civ~d sig~~t 
P, by ,he L"2dar 5~C is. inverselY propor1ionallo 
the rOflll or"d~r or lhe Eudidiall di~I~TlCe 

belween lhe ,nda, sile andlhe vehicle s.o 

cr, _ .' (2) 

Whm 
0, ~ lhe Ib.leal 01' Ibe UA V Il..c 10 a radJ' sile. 
1.2 Th...::ois (If SAMs Sit ts 

E"e, y .'jAM sile h~s " 'J"g" circk: .• he 
UA V pJlh musl Ix: tiff llc C'lUfmkrClleC tlf ~ 
safe circle. Thi. ci, ek: has n di.lllll'le r 1I1elllel 
enough lroll 1M. of .he !l",&e cll"tk Fig.1. II 
will til: bc}l , nd Ihe SAMs r:lflge. n.csc $.life 
cirtlC3 of ("Q"r~c have d,fJerCII( tl iatnelefl 
depending on SAM~ fJngc. Ho,,-,:ver. I is 51;:) 

subFeled \1.1 I I tn:a\~ from ('teSC SAM! due 10 
lOu.ce~ of erta.s le .g. $C roson er.or. 1m .... 
dcl.l),!,. p<ni1iQn ~h'";lliol1 errors •... . <;H:). Thi!; 
Ih.eul is oompuled ~~ II [ : 

else whe re 

~'"\l 
a, : i.~ (he IlrreJl (]n the UAV tluoe to a 

SAM ~ ite. 

d,: is Ihcdj~t~ rlCe fru,n UAV po~ ~ ion 
anelll.:; SAM SIIe.. 

r,: is Ihc min i,nuIlI t~a'UI of lbt safe 
cin:lc 

.. -. 
. ' . . _ ... 

~ .. _. 

• 

. ; , , , 
'~i 
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i 

I ...... , 
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FO~ I Conlld ••• d 1)jSlm''', Fr"", S,\ M.i\"d 
Ib~., S;I~. 

3 Oplimiwtinn T\!chn i<)IIt' 
FOf" ~eJ llh)' ""fpOM: lhe botly of the UA V 

C"lIn be tle.o.,&rx:u 10 rcf1i:ct the ;,lldtlCllI .:KIar 
Sig'~11$ imQ othel diru:l iol's 10 ~ I r~)' ~ n ... ·ny 
from Ihe r3dJI ~ile fig 2 sboWl; lhe body ali:. 
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in~ of the dlSl3,nCe 10 ,h." fOlth power a~ 

exp lalM.d in Equ.2. 

' .. 0--1 T ...... G~ 
.~ .. ¥ 

~"'M JI 

, ' ... .\ 
"" 

~ ... . Str<>pUncd n,,~., CUI' From V(hidt To 
T.",. I 

Cho~ or thcu: joc~liuns is dependent M lhe 
optimal dll-pers lQu III eOlISIW\'III1& Suki>arcv 
grid T~e 11I;tlo.imunl d l .~per5ion u bt lincd b}' the: 
Sukhu(e~ grid II [171 

I) Cp) 2. 
2[ N~ I ..... I 

(0) 

where ~, Is the: numb~r of .!I rid POUUi 
dl IS Ihe number of ,nd domen~)otl 

while the f\c .. 1 pollll in the grid c~n be 
COmpUIe(! tIS 

point nunber ~ ") 

TheM: [hree: loc..:MiollS ~Iy. Llti, LJ2 • 
jL/6. where L; is the: knglk o r IPI; k.", i. arc 
depicte(! graphlCillly III Fig ' . 
The Ikrea! cost auoc:ialtd ""lk the I- edge is 
given by lhe uprn~lOn 1111.(91.1 14\.116\. 

J.-l..; t[ I + + ~1(8) 
J. d' ,., <1' , ' , I <1'.1. •. , - -. , . ~ 

Where; : 
N, is .the numl;)e-r o f mar siles 
d,. IJ is the Ili.!ll:nec from lhe: I f6· poinl on i 
th edge 10 tl1< jIll radar 

By e:xnmlning ~ 101 of s;rnulnlcd HBmplcs Q 

major diUldv~n[agc or Ihi~ IWHliquc l~ ,hal Ihe 
perrOnfllncc: o r computed thJt:lI vallie is 
\Jccreasing ~s Ihe !ellsth of lhe edge is 
increasing ftS e~pl;inerl in (Fig.6) , aillmu!;h i l ~ 

exp~\l rc 10 raJar ~ilc.., I) lasting for moTe II nle 
COMCqucnlly thoo~ing 1M lo~s l C~ ~d,c 

11\~y tK: ''''pfOfJCT 

L , 

c· : " 

. - <f_ ' " 

." .. 

Fie S ·fh. ~rr~cl orT"" ~u Longlh 0" Tilt TI><n1 
•• t ~. 

III fig 5 il IS tlcJr 11>:11 ItlC dl:>l~nce.\ from R 10 

A.B.C ~I { .!.. . .!.. . ~,of Ill<: kg k:l1glh Ll j, 
6 2 {) , , , 

greater Ih:m ttlcse to :to b. ~ ~t ( "6 ' ,. "6) of 

Ihe leg Icnt:'h L, allhough Ille I WO ltV ;lie on 
,ite sa_ closer 10 the radar sile i.e. RA > R~, 

RB :> Rb • ItC > Re .. Hence. the computation 
or Ih: II"cal due 10 Lbe: rad;u Ille il- reduced 
slgnir..::",.,,!)· .f [ile lea knSl10 intn:~ n 
shown UI Fig {) as a ("o,ueql.lelll of Ihis .est'~. 

t h~ comp;>ri.so11 bc,w!:C1\ the eml fll~ions of 
different P.1I11li will be :lC1U~lIy ,,,islal,hng 2nd 
the )(..""llrchcd oplim.11 JI~t h with minimum cost 
will nOI Ix :U: Illany the lIIinimUln COil olre. 

In Ille rCl1l:linUlg of [iris p.lj)Cr. an 
uplanal ion of a more: OCC\,rme lechnique 
b~wI upon the compUiallcm of the rr.t e:, ... 1 
over Ihe p~lh Icn~lh Thi~ COII,plllallon OJ. dOni: 

u~i"g bolh Ih~ Simpson', f01UMJla Jnd 
Ol<:bychcv's rOllnll la. 
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. 0, 1.1. .)boO" """,.r" ... lu ..... f 
(.)Iot~.-~ ........ ... .. . 
t, wrh 'I ... 

, 
.. , ... .. - .
• • , . - " . 

" 
, , 

.{ 
, 

I , , , , , , , , 
. 'r' ," , [ , • " " ~ 

'" 
'" , , , • , , , , , , , , , , , , 

~ . ..., , • , , , , , , , , • '- ~ ·1 
flo" , .. _ ........... ---
- , 

[, '/. 0/, 
£,./,-/. -
By ""'I'~ __ .. ;, , .... ,. ... ,he , ...... , 

.... " '1'''. _ ... __ aoxut ........ .... 

... ; ..... , __ -, .... ( .. _01 
_01). no. ..... ..,. _ ...... 

••• , ........ ,... ...... ,he: """"uc; 
, __ of Ur _ "coo ..... 01 ""' 

.. qr ...... .. 100 ...J <01,,,,.""'" '''''' "'" 
&1-" F\& II 

6.~"", Qo_;,-t __ .. 
_, • __ "' _ 110 .... ' .. d .. 

t ilt 

, " 
j f('J~ .'~fB .J(1.) (III 

~ 8 . ... COOI!'" ~, CIIdo_ 
""""""'~"" ! ! "~" '''' 
(I) llI< coeIl"."" ... B; on: ..... 
mThl:.' r oo"", "" ...... Clil ~ ..... Ior.' 
~1)mo>mIoI, of <If .... "" to. _i .. . 

,-", "" "- "'" II>< eo ..... ~ CM """ II< 
_ Sou .. 

U,_","",,".B 
Nod ""',.,. '"" rOO" /\p'- I. _I,,,,, 

" h' a.. 00 ,0 

• 
Ik"". wc ob<~" B.l (11) 

c , 'Iy. , ... .,-... _ ... of, .. ,- , -• " , . . , II'') I IlI 

a .. "'" ~ .... ;. 10 ...,.,. "'" ~ 
d""- lrom (· I, I ) ",," """" .. ,'0_ 
,"" , ....... _ ... (.1.1) .. ........ .,... To 

"""" ,"" 'P' t .. "'" few, " .. _ .. , .... 
........... ....... ,01' .... r...., 

• ,I f( ' )ob 

" • -- , . ,,_1: • • • ," .. to"., ,," ,. , .. , - • • • , 
who<> <0"'" ,"" .... , ..... 5 • $ b _ ,he 
....... - 15'$' 
~ .... " • ( II ) '" "'" ". F BtU! 
.. <.01 ..... , 

.. -• , .. 



... . . 
',. , " ( 14) 

1.11ot ...... po«<I T~n i'l'" 
'nN: pr<>pQSCd lechmq..c ronl.dcn ,he 1_ 

types o f lhn:~11 ",h;';11 UA V ~re c,poled 10 
ratbr 1~"'I UlC and SA M, .ile> 111<: 1~1 
.. hxa .. ~ computed b, mlc;ra,,"S II>< ,_ 
lhrul funaioru c~, lho: 1>1111 lo"glll ..sm, 
cilcby5hco 'l"adral~'" fonnub . 

CU"',ulaliOll SLtps 
for I ...... Ie, ~·b r-" 7 wh;"~\ .. . 10K of 

!he UA"pMh 10 ,110: I_lei plUU:ln. We 1\:1...., 
10 If'Iclf"le lhe 11ln:~ fulltlio .. due 10 " 'cry 
la~ 'Me. Tbc ",I\rCle<i "'8 '1111; rrD m ~ pl(W"C' 
bocIy boIet 10 1M rad.1 ••• t I'Icocc ,be 
prOb.1b>Iar of dd .. :uun) dq>toIdJ on nllll" 
(lOCI,," such lIS the n:1'«t~ lWeI, ~iml 

SOI"",l "!'MIlt\. .. moSllhuoc rond il ion! .• 1Id 
rho: """" flaO< il IhI: d"l~ bcI_aI IJoe 
plaAe.nd the r.1br uo AI; upl.:l<n<d by l!q~ 1 
!he 1I' ...... ; . ion i< proportional IQ the rCrih 
I"""'C' of the III",""" disl>nec. The (QI1Q ... .,g 
I I.~ fimctoon to:.. '" bo! r.lqrllc¢ 

To irucl~c lhI:se I"'" fullClion. EcJn. 2 oro,! 
Eqn. 1. (,ow ...... ,he: lei .. b., Fi, 7 " 
subJflt\td 10 lhc: 1\Oo'O llwulo) '10\ folio ... · 

SlID I : 
Thelqtrnc1hL-'I'Jry.-l . t .. - .. ,' (t5) 

[f'.IIsIe,. e. Ian ' (""") 1,. - .. ) 

.... Y. arc the COOfd ... na of pcon! I 

... ,. ate 11~ CDO<d.,.II:. 1'111"'0. b 

, 

__ /(/r~~ 
I( ~"1\ , " ==. i \.\ --.. ... .. ~ 

"''-.. ...-.... -;-.:.~ .. 
.. ... 

Fig. g Il'Ilftnotod TIo<","l)~~ To R_dlr 
Si tu _lid S liM Sill's 

St~p l ' 
For lhe Iot,l :oa: .. rxy. tho 0I<kt ol lhe qu><I<>IlC 
fcrlTAJla is co!l!io;kn:rl to be 7 ",hods II the 
""".,own 1oC1,,:>b1e .,.1"., . They arc .1C."CU'"~ f.". 
mtl.n h>&loer .h;lO\ li<lCC the do:;.iY;II_ of ....... 
fu lfdlli the: =ontl conti_on oJ Equ II 00. "'C 

t"""",'" >1'0 "lOU or the J ~.' II~' s, fro ... Eqy 
16:os 10110 .... ... ~, ',- , 
Sl~p J: 

, .... ~ , " (16) 

If The d"l anc~ bcI"'OC'fI lhe mo.b< J~C aIld 1110; 
It, rool ; ~rc ct"'Sillct~d d . , th" ca., be 
eo'''JI'I'nJ .. 

d " .. ~(y. _ )'I)i+I" _ 'J' (111 

d , • • oJ {y. - 'J;)' .. ( o, - s.J' • (t. -l,j' 
(odD OOOtdinotcs 

The: rod .. Ilucal Ql po~" I b : , 
u. =-,- ;. ,. I ,2 ... 1. (18) ., 

Slep 4: 
Gel.;". u. tbe 0 "£,,1 Illre;ll aloo,c It.. 

Ipcclfocd I.·b) kit u eon'pulcd ~ 

t,., 

0, ".:!u -, .r" ~ ., '- {)",,~. ,., ( I 91 
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where : 
A... x., are the J: <:ODrdinates o f the s tart and : lId 
points of the kg. 
0'" is lhe threat va lue: of poinl i COlllp'lIed ill 
Eqll .. ( 18) 

Step S: 
Repealing tlle $lepS [ .. 4 to the other le j;s of the 
&Ixx:ified path from VA'" 5tlrl ing position 10 
Ihe tuge! ~Llion { lljqJ the: radar threat 1111 
o\-er the path P IS sununc:tl as : 

""" 0., := r O'ri . -. (Ul) 

and for other radar sites the O'le:I all fll dalS 
thre:~t on path P is 

II 1<1' 
t cr • . -. (2 1 ) 

Step 6: 
Gelling ,(,. )~ in stcp1I 2 the distances (d,u (for 
Ihe Itlnting step:s aroWld the s :afe eircle) the 
SAMs I hrttlt~ Can be COJ1 tpUl«I 11'1 l'l sirnilaf 
way as : 

1. - :tU(l?Q + :t"" .. !! -t{ XII ........ - Xtrrpn ) I i 
, - 2 ~ 9 2 

And its c<!U nter port 
__ ~"Ci_ y, = 
Cos 8" ttH 

(2 2) 

~ l. Yi the: cootdin:lte:s o f point i on the fir.; t 
turning slep around SAM Site j .. 
x..._ lI.~<pI tOe Jt - coordUllltes of III(; r~l and 
lasl ()Oint of Ihe rlCOt step luming around 

Sf\Ms j . 

w"'~ 
.1:.), Y') are Inc coord i.rlates ol' l lI ~ jlh SAM site. 
j is the: SAM siLe the p~ln i5 turning IlromM! 
lhen 

0'" = if i d .. < ( oj (23) 

clse where 

,-
0', .. , 0.. d~ 

"" 

.. -
~o a. '" r: (24) 

2 ;:1 

so, lhc S AMs (Jut at on lhe (turning part) if t!le 
p~th is 

0. (25) 

where n ... ,. : is Ihe: number o f lurning su:ps 
arounu tho: SAM sile . 
The only s it e.<;. ~ (fecling Equ. 2S arc lhe 
concerned ones. The effect o f ocher sil t s (which 
the path do 001 lurn :around them) is l ero . If lhe 
palh i. .. IUnllng around II number o f silo nw.. SO 
I h ~ 10101 SAMs threal.s will 

St ~p 7: 
The overall threBts 1:lJ l'.ct if!g lla1h P IS 

JpC:: (C .... ho..l + ( cd ..... , 

'" "It" II""" " ' /{!pl 

lo - r: r: 0 " + r: r: j. , II= ! i) ~1 /2.1 , , , 
• • 

0"" 

n, mt.lnrs Ihrl!:Jts n...m SAMs thlllt 

(26) 

(2"/) 

, 

The overall COst funclion of lhe palh P is formed 
from this Threat funct ion nnd the length of lilt 
pmh. 

(28) 

Wh", 

"IU$ 
Jl..r is the Icnglh COSI oftl)C pa th P = l... L' l 

' , .. 1 

kill is a threat weighting f.Jclor 10 be C:SlimntM 
by the mission p l ~ rHlcr rrom (0 to J): 
kl .. is a length weighing fuclar.. kl... I .. k,. 

8. S imuhllion Alld Itcllults 
Fig.9 shows Ihe incn:: ~~e of the intcgr~tcd 

value o f the lln clll fun ct ion with the length of 
Ihe pilth leg.~. while it is decreasing in lhe 
simplirlCd method as shown in Fig .. 6 .. In 
IrlIIjcctOry plnnnilig techniques, all feasible 
lrajectorie.t orc compllled .. A COSI function 1$ 
computed for e~(y one. 1lx! cost Ii.mct;On is 
composed of I "'0 major e051S: The rllSl is Ihe 



pMh imslh (c:onKC!"er'Illr Ii.ocl comuq .. oon 
ancI nying lime). TlK ' KO"<i .. lhe Ilnlll CO" 
llIetI the pbnnc, >(Dlciln among ~ I I Ii"~ 

feasible '''p lor,u for II,. ...... imu/I\ COS! 0""" 
Hcol\:c. if lilt &~", I"1nl mclhod " IOkd ' 0 
con"", '. the Ih",al. k ruu ~. I lowe, .~ "'. 
UwI ,lit "'\lOll COfIIoCqUCIllly. l hoe oplWNI 
lI~jootI oty oKaIchcd .. not XI,,:II I~ .he Dpt....t. 

Fe to & f 'i I I , how 'wo ''''}tt\ora "'.0 . 10. 
a UAV llIIoo.tgh 6 SI\f.b silQ a loo'l • .,h 6 
,ada< ""CO .. roc. '0. I JO:! 4 ,adaJ . ,"" ;., 
FoI. I I. lhe raU~ I .. e Iyn .... ",ud .. Il bk I 
To o;a~ lbe. op!~I" .jl!Qory wllic;h ,ltteal 
" COmpuled by ll~ .. rnploflllOl nlrihod fp;llh 
II ), . rId Ih. , cQ",,"UIW by the propo-w 
Icchn'que " 1>,11 0 ): 
• In F(c 10 ~'h A fOl.",20SO, a".-I (01) " 

$hcn.tr thon p.>lh 8 l ot.a~78I. ~.t). 

.. "'Ie I'llih B i$ ..,.. ii, III .... " . Iwo pllh A . 
• 11. " cfu,c: Iv .he """' It, of I'>',h A .. (Iota 
'0 ~ ' aoUr .~. whil! pslh 8 avoo;l(d lUI 
radar und l(j l a .. , y orou,o<I SI\M 'lie 
....." . 

• In FIt; II I*h 8 (C!I,.=4210. o..: ' ~2) ... 
,""ncr 111M ~Ilh A (Cll o:<l469 . CIoti"I 3). w~h 

II ival ino:lCJISC '" . Inll ".,...:.. This irII;.u s.r. 
is due 10 the IlION! KCUI"II;)' of .ho propo$ed 
Icdmiquc OVCI IM IIr\Ip~rltd one .. 

(" 
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Fll 10 """, " ~, l ho S.",pli!\N ~ .. , ....... , . ,_ a .., II,. I'r--' M,,_ 

-
o 
-• 

I'1g. I I TI't Minim"," T II ",", I'.l h A 
CUnlpu ' t d 111 Th~ Si,.pll ntd 

T"d ln iljut "'n<l l'a lh II Co<a,,,,.td by Th. 
I'rujIOSi'd T •• hn iq ucs. 

To clocd the dflCtcncy of ,he pRlfI'*d 
Icd"Inoq ... ~ 101 of $"""lMoo ... ~ po:rfortned 
fu< d"'ert:llI l~P"'OOns. The " un! <»mpulOloon 
if; done tor 3 dJk.n.n n"Clhocll: 
.. r iot: .~lo(OCII ItclwI,'I"'" upb;ncd .. 
~ioo 4. 

D. Uy S~n'$ mclhOO to intC! r.ilC . , .. 
Ibrc:ol ~Ion& ,"" p;llh Ic",th cX{lfaltlt<J . , 
Stc:1;"n ~ I~t 'nl '~ .... t rVllI a I km. 

c_ 11~ pi"0fl0$C<l tcchnltl"c 

1\ ~_ uI the 1"UlI~1 relm!"", 
COIT~lIJ1~lion uno: :.nd ,,,., <'O~led ,,,",,,, 



I· Tho: Coo . "1100II ... ~ .... PO. CCI 
'u:"""IU Ioi !I,IO =;ih .......... die .... 
...... hod. WhiIo 5001'4'"0"" rroeIh::Iod ........ I ,..PII. Ikn: COSI """do ONIo:UI ~ _OdIk 
rOO" "'0"",""", '1"1_ 1'"". 11 
2· The ,hreat \lUte ......... ,<01 by U.., P'OVO .. d 
'cddquUI ~od Ihc SimpIiOO" , ,«10,"",1( I<tc 
,10M 10 ad! 001"" . whIIt Ioo<h ott Ill ..... ,hen 
,he tirr.,t800d Icdwuq ... ~ I). Thio ~..,. 
,III r.-.x, or .. oiatplol"Md _ . 
). TlIc diII"_ of lilt ,..-- <;00< ..... .., ....... 

by the o;noplitiu:! " .. I 'q .. e ~"" ,he 01 .... 'WO 
......... ditIef. it _ '*'" , loan .ho: other$. 
So, , ...... be relitbl!: .. hI) ... .."O/"l' ' '''''''8 
IJ&IhI in .. "",h..., fo, ,ho: 0j>I ."." 

, . C .... Iusion' 
The ' mpOfllOC' <If ,lie dt,,<lop<d ,tcloniqu< 

• dol" it. pto." I ..,.,..,., for .. oa;.ntc 
ttw.. O>II"" "IIOro ., I -err tIIGn 'm<. Othu
'cdwIiquc> "'"l' be ":(\1""" ( .. in S;n,p.",,.. 
ilcrpa .... ) II1II ooltUibk boca .. !If '" qh 
_ • • ,,"'" COl<. ot Tuo io -..nt)' 10 ......... 

110 <O<np>O.I'OO" <01. to. it> ••• 4JIiIi<d 
I~). AIoo.. io. C<lotIicIcrl "" .. ,.", ,r.a.. frorn SAM. ,lid ,oId:ll$ .ilco. Lo ... 
~"t"n CI)>! .,..b1c. lhe '-'CII1t1c to t:c 
.... """' ....... i.e. poionnkI& .0<1 (~plo ... u .. ) 01 
b l...;..c:cory in ouI ItmC 

The COIl I"n,d"" ~ .ny " "jtt'ory or ,1>0 
UA" .. (Oft"flOOCll or I.", perU IalJIh >lid 
11nII . Tho ,Iwut a>cpuIcd ~y the ~ 
.....w (.-;I .. Olio,,, ,«hn .... ) itt _' r" ......... , .. ,he .......... _ 
__ am • iI t1enWied • the petb ~ iI 
it", 11'11' C~IJ, ,he .....wn..m lIwea, 
_ If."':'",>, """"" .... _ OCIu.H1 1\0", 
Iho ............. .. ... ""'. Tbe p«>pO>Cd 
""' loodoio&l' tnI"xh,ee. t " ,,"oed. iICCU,IIc 

bo>Co" 1 ""''''''''' potlot 'a , .. lilt 
OpIrnoI ,t;lje<tOly by ... ",,01"'11 ,to. ,tn .. 
fllnaiDct .a. lilt IrlJI'<'<I'7 If:tt&lh. It lou 
Utuoe . , . " • • , . 
(I ) I, PtOvitb . ......... >0l0I,,,,, fur ,!at: 
' wo tOQIl1dittq a.1'WIl of tIte ,/We.! 
co...,..iDct : ......-.cy IOod ,~ 
m I, t:OA\ ..... lOr bor~ no: ... .... '" -.I 'k< 
SAM. ,~". 

- ... --
• 

--
• 

'" . 

.. --,..-- . 
"- - --: . :--.-~ 

I 

,~ 
FI .. J! Tho I~I~ Tlorr ... v ..... 

(l) I, ,i.es 't~l l>Ma rll' co~ bet ... U" 
po,ltI 10 dooo:oc ..... ..u.m..m COlI _ MId • 

"".nod \:.!.C ror ,,,,,,-, ~1I.,n _I 
d'iflllcnt ,".ioc'o, .... 
(4m. ........... iDn co .. ,,~ ..... eooobI" 
, ... "<heir. -O<O>"'Y 
(5)Th<; "'''",.IIiooI'_ Ioi irrdt."u ' 0 poilu 
..... (lib 00 ...... "".-- .............. , 
(6)Tbc 1101:_ or OO<1l(IUlDIion ltlTle 4Iot: \0 .... 
. .. , • • in ,he ,., ........ of ............ (S""" •. 
TOtJ<U. ,OiIart) it Inval in t.ht: pt"",,1ed 
I<<M"I~. "toile ~ " iocn:-. in 
Il"OJ ' '" l!c:l\ icm urdor ., 11>< ... , .... . 
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