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Doctorial Dissertation Title: Robot path planning based & Lite algorithm and autonomous
exploration of environment

Abstract: The subject of the research in the dissertatioroadiene frontier-basedstrategies for
exploration of environmentvhich have applied* Lite algorithm for robot path planning and
which use the mukHcriteria decion makingqMCDM) methods for selecting the next position
The criteria used in the process of decion making theelength of a collision free patlithe
expected information gaandthedistance from the base station

To measure the efficiency of tlegploration the average travelled robot path was applied
in relation toseveral starting positions for the needs ofa% environmenexplored

By simulations in Matlapit was provedthat in defined conditionthe TOPSISprovides
more efficientexplorationof complex environment in relation wher two aneyed MCDM
methods(SAWand COPRA$, as well as in relation td classical strategies from the literature
This is explaind in a way that, in selecting the alternative, T@PSISmaximizes Euclidean
distancefrom the hypothetically worst solutipby which a risk in decision making, emphasized
in complex environment, is minimize&ey results were verified in théazebo3D simulator,
using theRobot Operating System

The dissertationalsq proposes2 approaches for impring the robot path planninig
search and rescue missions

The first approach ishe application oD* Lite algorithm in combination with fuzzy
logics Thefuzzy logics is used to define the map cell agstd for robot path planningo they
do nothavethe binary valuesThis has made thexplorationcoverthe objects according to the
priority, as well as that robots for mapping do miérfere with otherobots during movement

The second approach is ttiee application oD* Lite algorithm in combination witlon-
line learning This has made the mapping robot path shortened and its risky movement has been
minimized, since the maneuvrgth the aim of avoithg the obstacles is performed before a
potential encounter

s? kzydzj wpot gath planning D* Lite algorithm frontier-based exploration of
environmentmulti-criteria decion makingrfOPSIS fuzzy systemon-line learning

Scientific area: Electrical Engineering an€ComputerScience

Specific scientific area:Autonomous mobile robats
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ComputeShortestPath()
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04. if (g(s") > g(s) + c(s,5"))

05. g(s’") = g(s) + e(s,s');

06. insert s’ into OPEN with value (g(s") + h(s’, sgoai)):
Main()

07. foralls € S

08. g(s) = oo

09. g(sSstart) = 0;

10. OPEN = 0;

I1. insert Sg1q,¢ into OPEN with value (g(sstart ) + R (Sstarts Sgoat));
12. ComputeShortestPath();
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ded Mz  H g dtej dzd. | Oy dets Mjj , ) Q@gfrialids s yfie @ d3
ddzC tsdzL d Misj dzls dadp@®@ QB Biclso § 8O <j ,JlIs§ ®BOE B ©Odzdzifte
sBLdt ftefOytftety Of dzS tsdzat dflsj deyd " § Ok Isd20te jipg@ssd dz
dOsd Oo ®jzlalzls dBic OH ] ctOW O dL ( dfldgjjtdsGhuoH dgj)y WiRL j Is
i sfls IR O dzc tstc d Is 3OM H s e B WAPYICONSE € fis [ dégfijc kg §

d dz€ s dzL dffniejcifisds ° d danfiindzdydsad] dzfipdfse L © ddzi] clsseo O
OPEN 4 lstscABA Ozt s @d[dIIs dzL difgle Sisded dzd k dzijflsO O 21 ¢
OPENJINCONS OS¢t HO yotteseoj dL ©BO dzOo fsB jo®@® d MG &

GO 0. (s OcOyd d d das thha gipipgedsusd| IsjdsOz dzOtc j H dz

B0 Bt &0 C0' k f BREUARE K Y & 6B j s i m©es ©H
s5° df e'dS OLgR@edzd Yy q32.5 OC sdz d dzd yJARB L ey QS H R § tsto
Ol Ol | OY PPENG &zt #0 2O BO° sd3 o to jdrddam) <Gz 36 °
dzf) j teds@ © jn CEQSED( dzd dzd), LD 4 thso j 00 O s OfsMes’ j L
Netede® (MBOT B jnp ONgazz s EEQcesoadn MmeMiHO, §
tc
3]
tc
tc
y

s jwOyd" dMismisOed HO HB IGCEHmuGEES O
§Bo OC ¢ q@m@qeo UF O] (B @ f tod dzqadsts hydsardg
¢ ZOh 0o O ( dzS 5 dz c[fr]ls dzls dzd 5 OPENzjLE tsdefglé § o @k !
tdweOtj CJidsisCOogdEzQqRe, OCt | o] <] tditelg Isg A o

o latalikalor-Ya e

s
v
d Isn B(Hdhﬂ(fzqgf).ya Sdgdnlz mJ H s asthis@ * § ©% Jsc tvided y IS5 ts
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ksd Mz y0' £ ¢ OINGANS | ik ‘Bjd b jfSed ddf stegOyd O d
disj tOyd d ( Gdzead#3).Is B0

ro¢dyg, fsyjim MARE PWE Skab®. fdsio O t©j OdzdL Oy
3-13.4 M H BUBHO 5o O de@ y offizl ¢bfiglg. dhindetg{ digy d M@ B L BI ' I
Yyosstesoddik0 St d M ®BKO 'k EkjifCttctsdz®OH j WD jH tsdz
Istcj dzhz@ BtcdsO sOC s h dted fls OB dBdd ks O E iEe) hD Y G
S d? dioestc @ His 5B to @9tz daussigicemDlzs £KAH O ) Isj ¢k
dlsjteOyd O Ode, idaLlsyE@nde @zef " df S50 j L d 8 Qb jHdSSd 5C OL
Stk O ©Pulz ZO 0O § ke BEC tsdi k2 ¢ Mgy /LD syd* OF O fyc
s5jttOyd j OdcttedlsOd) Hf) st st dzlsieamySiizi® Ofstsjes Oy Lz L
CLOPEN( dzd dzd “ j .28, ddM22Skstedmlsd L O fsteOukzd fizk
¢ EGLOSEDfj ftOL ded, O Mmodd Yo StesORENMB] d O W todsts @
GjHAEMIs $?EZy0 E M &OHE MO tfsslitsd dastds) Hidas hdyf |
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(dedded  j .23. d 24.)

key(s)
0. retum gis) 4 €- AiSaare. 52

ImprovePath()
02, whilt:{ll:'l||3Efl;.||-:;__-_,\,-{ke1.~f.la]] < keviSgpn e )
03, rermowe 5 with the minimum key fom OPEN:
0. CLOSED = CLOSED U {s}:
05, for all s € Pred(s)

0. if 5" was not visited before

07. gl 5" = oo

(5. ifgl(s™y = e(s’, 5) 4+ g(s)

. gl sy = (s’ 8) 4 g(s):

10. if ' @ CLOSED

1. insert &' into OF EN with kev(s'):

12. else

13, insert &' into INCONS,
Main( )

14. gl satars) = oo g{sgaat) =

15, € = €2

16. OPEN = CLOSED = INCONS = I

17, inserl 5400 inte OPEN with key(s go0t 1t

18, ImprovePathi);

19, publish cument e-suboptimal solution;

20, while e = 1

21, decrease e

22, Blowe states from INCONS ino OPEN:

23, Update the priorities for all 5 € OPEN according o kev(s )
M. CLOSED = i

25, ImprovePath():

26. publish current e-suboptimal solution:

4 dzd 5 ARA O dz¢ st [BB. O

[ OCLOARBA OEEBLEEGOj d2 £ MCdsfkz dhlscOy do OF C
HdMJ elsFupd COP@dzd yd 6
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ARA* algoritam [glavni program] Generisanje putanje [potprogram]

Inicijalizacija ARA* algoritma: INPUT
-lnicijalizacija mape (|l vorov =5

-Odabir st agit nmigl jl sy al wor a v

-g(SE)= D @G . .
-Definisanje vBednosti faktor FreLIJ(Et'!C\)/P%rb.S.S.iopgajma
- Inicijalizacija praznih skupova OPEN, CLOSED, INCONS 1z Skupa Nbrisati ga i N

v v

-lzralunati vrednost kIl jula | Preuzimanj¢ v asrd
-Ubaci tgas@d vevojsim kljulem u s jednogodsusedd v or a

|

Generisaje putanjgpotprogram]

Da i je

¢ poselen r
[ Generisana j&-suboptimalnautanja ]
1z
DA g(sod) =
G1 —
Y
NE A\ 4 NE
-Dekrementirat.i g(0) . 9(9)
-Prebaciti sve |
INCONS u skup OPEN
-Sv i morodima u skupu OPEN
izralunati novu g(sd)=p(s) +c(
- Isprazniti skup CLOSED
Generisaje putanjgpotprogram] s'o#, 1 3 %!
i DA
- N . . ~
Generisaa je | Ubaci ti s6 u | |
Usuboptimalna putanja
~ -l zralunati n
kljula |vora
-Lvor soé6 wubac
OPEN
| »
>
Y
v NE

. . . . Da li su ispitani
Generisana je optimalna putanja svi lvor
po kriterijumu najmanje cene puta ’

DA

Ubaciti s u CLOSED

Dal i Il vor se
viednoglu
skupu OPEN ima manju
vrednost ki

%tart?

NE

Napomena: .
key(s)=g(s)+U L Bafs)s

OUTPUT

4 Zd€ O 1 d° Oc¢ BRA RS O] SO0’ j dz & MS dzsf & dhise Oy d &
HdMJ tlsOyd ' s

17



23 . ddgzOBd ys d (ddeStej dij delsOdzded) Odzetsted s dzqd

AR Odze stedIlsOd3 tj OdzdL &2 jJ My E odhj dlsjteOyd " !
"OoBEO Odd koj¢ &OH dhisdE ditc ORfdsPlc j fzOMHOC @) f ot
Yo stetso O. d3uf te tf 3P dgledf@® S, dzO° yJj" <j MmdbkzoOoyd § k&
‘ |4 kE €] My Btk kfk<kz'  j M
‘OO0 O s jfidesdsty suyd© J kL f sdzOL dziz ljts;lsl]’tsfr]lsc
E fsyjlsdetsdz Istej dzgkelsC 2 dzj f 5L dzOIsO [k ° j H dal
zO tmhdss kz dqdW stedzsOyd " © ftedSktf? jddn
0°§ Ibjtehk@EZ<]tstzH dsmaf@OBd usd §tesdi dzj
tctsB sl O. 1L sBLJtO Cmsoty’  fCtasids |taiz
R34 9 Oz digjfividzls® P dz€ s fedfdstOgf | dzj e d MO J f 2zis
B s tsdzdtshis d B3Oj "dis™id HOY  GHERE OHEE sddsH@sd3e dzd
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SO BHEGPRBEO sotsdz Mz yoO & eothd ftestcOykzdz
fd dzj Sotedimis] Lzl OBd Odzeuts tfiffids)diRizHsd ol
Ottd " d O JjdiOifo MAtekze tstc ¢ I8 © A H Y =leCdz@lmizis B dzdzdzS o P
BdUSd .0dze sted Is i3

ORI ysd ©e@e §isdeagd dz@ Cdsdsgditiatidd o dzdpts

Gdgj edh 2 dzO fndzduOdZ Pzl dp L% GESIRS@® J 1€ 'dzf dzezt
j ¢ 0O q’dzc{ Esqfhisj ded ° toj yites bBElsd ®° @o ¢z0O dats
q’dzdud O dzdzts ts;h4¢4 mJ Cstedelz® § z L BOC
SHMBL,] GBLOSPHE cePW Bdzls Olsf deCxipgdic APz DS jB OO j
L 2000 sj] SsH OdzetstedlsOBO St d bk Mo O
& Jedzp g QO fisted Mg “DL sy s O.
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23.1D*Lite Ocze sted s O3

D* Lite " jWdSCOMOdz ddz€ tej a3 dels Odzdzd Odze sted RY.d3 L O
lejHMIsO? O 5" jHAzEMISOe ? jdzz 9 j teL d M O (lzk COY H3dzty dzlz
Odze ste[dS B3A tcd yYRP*AD* Uizl Isd dzM S d dzOf toj H dzj ¢dEOH 5G to
Odze Ste[§b B dze ste’'dJsHOxz 2 toJ HO o j dzd y g dBjdze isWefs@ipdzd * d
mMdsdmdzk HO Btey J He@&Bed W Od e ®, fted i3 dzz E
FC?kyk  E<d BJ M shidwivizl, Bg Mf sdhOH dO 1 thadz@ ZO ¢ t5° O
DefenseAdvancedresearchProjectsAgency(DARPA Is O € d3d Y JNASABEp j o] dzO0 [ Ot
d IsH§26-30. D* Lite L Orlsj 9 O BECB 30% BO%] Czdigd " @Ot dsH OMml
Bd dzd B3O dzdzts  § W B*GEO Motslz  CHOsdzcf{d3 dzlz y O [26.dis® ) " d W
LteH OdzOfy * j HOdz BH dz0 Opgc<tgd IOtz L Qf o fodd &G tc OF |
Ot mdi B MYiEnOH dzd ndzd dEOEsWsds@3d” J kMY jf'edft€ Od dItdaizd
Mzt dzd y 9. 0¢ sd P*,d D* Lite ] dBsck Ctstedmisdlsd L O f &
odh jtetsB 5IsMEBBHBO.Md Mis j &30
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Pioneers Automated E-Gator Automated ATV GDRS XUV

g dzd k0] € J fMHGipQH ded » § 2O W86 B § e 3308 hudr _
Odze st Is O3B ddzf@llmcé‘tsﬁlsgggﬁd@*)t@@sﬂfﬁBd‘ O Ot BH dzd * J

D*Litecg jdzgjtedN j kIO E dL &g % usd>tedstsismsn SU®tds@s O
GHJSBdtOdzd yd dzd MS kY yYchddss @O gL Garkiad®izg stcd I
sBicOHEZo Bc®WOH yd? detse .o BO MisOtclsdetsdz yo stelz.

VU BCodilk GBLOH] HiEfdELcOY PR Le QEcEOdlsOd, ¢ C
ARA* . OYk dzO d&zO° BPSHz we EEEO (sgssEE). ) St B* Lkesc O,
OdstedlsOd ©OYL dzO rMEs)lsL 5.5 fHO A jHGPO 0 > O LOE s 0"
Cdesedn dzfidnaizjdH dzfiCd®) fizeq] dIBWEH:O d L

rhs(9) = mi@'fSuct($( ¢s9 +§ 3;)

rhs(s) = 008 j s= 5., Q)

G HIUCES) 5L d&ZO Yo © ME kY d&O0mMdzjHdkdSO0 yo st

) OOdhdsPEfcj HMsOo? O Jd¥ e kOYd * & OS IsdzQ ‘datas’dsj
btej dzgzlsCkE d EftOot kO Jtih stEds@ydc vy i ({ eyl
fs°Ooj/HjlbjSyd ' j dsodhi fjfwjCcO ddd f§tsdoL O |
Yo BEQ b Gotsd MozEyO & ko j& kidj tohisd ,f#Op@6 dzgo
Bsyd Md d3d © Olsd [k OstsQ its CtO@ED OQWE aptohEiECHsHe d Is © &30
HO M 20 fsthy@dsp&d © d o &0 h)ikElEP cEmGE k. d¢ZOC sdz L O |
SB©EOH,] CLOWO Wsedded §EklOS 0.

g kzhlsdag@s' j ¢ O {rOEOAG|) SHddscz<0o 0O HjBO? dd & O
d dzC tsdeL d s deyd * Pdzf L B H detizf) Is dzdz® ) ©palzy o * j @z@hted o) ¢ § dz
ARA. stH ddeStcj di3j delsOdzdedn Oz stcd s OBY(s) wahs(dy j
f sHCtsdzL d Mis | glgls Ortis(s)O,¢ 5O “ g tsdzL d Mdks) dabP)dz OE BH O jH '
MBOT MG @zf §dsPOO yjestditdd d  j fpzMme WwWEHEOHEBe j Misd +
rhs(s) , hilsts dszyd dagdolsteftc f toj € S5C sdaL d Mis j dzlsded dz3y j dzj H e lz «
flzls@fsjo yestdtd® d * j frfiepi) weswigd)isd rhs(ss, b < FsQ
ye s lzyddzdIlsd f sHC $ tsdaLdeffdsdgL dgfldiplisdj dgizls dzd ye stetso d
Oy kztedtcO® O f OteOdBj sOte® S drtsodnm MkMmjHO, Isji fj
yosstetsad oteh | ftosf @Of 2O, ZOMkOA § B @L gfjdzj dzlsdzad Yot
fso j <O O y,jlbzO s PtesyOf Oz L Cuusliss Of 2§ oS @ toj Is !
OdzOdzd L d e Odzd = dA0 dzaiss tef s Q difB,dzd d yo stetso QPERJ 1 oty jHtc Is
¢ @REBN D* Lite ¢ Ots d Odi¢®ARKIEdsdcd Misd R jWHzszl i yg &z
WsC k2 fdests G j, CAUOWED tsd5 Hnszey@® 20 L O SislaL P ipls j itcdasen)
L Gackwarde j toL  ° J OidielsftazH@EdrO0e . 2 2. 2. 2
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ltedstedlsdL Oyd 0 yYyotsteso O k MYkt olseohtsic jdzl - t
o tcj H datstinHsjd° jWidz dz€ YH.YPl j ' Elsddz, L O tcOip dgffARAE, SHISHO dze
D*Lite€? Yy i@ jWsttsdpl® o tefx2] HJd3j deL  * jJ 1

¢ I =[ku(s), ke(s)] = [min(g(s), rhs(s)) + h(Sstart, ), MIn(Q(s), rhs(s))] (2)

ltej Hdzsfls € 3'zjyORAfol@stddH o toj H a2 fRas(g <Keys Y O OB e
“Ba(s) <ki(s)d d dzd ki@ E k(s )0 kAfs) < ko(s )0

1 Mj EHES BH 5 Gsltets) dzcots) o0 iiazd y[@2. 8 OC & dz
qddzd yd  OdRfdzconya(d B30 {7zttt ff L BOYLZ O O § Els0OS & dz@
( dzq dzd.) Qs dl Of teEazO W OB TSSOk £ HEOIcBLIHGOOJ L dL
OPENd dz€ tsdaL d Myls j dzl ek d Is 13 alsts ts@EQzzdz® Zd30° & o (todzafi diaf B ¢
8). ¢Ct sfjcjQesusdel s} delsOdz, Oy ktedicO gilS OC s madO
md bkuydddt ¢ Sddedddipls))@isabfdis s j Yot Y sSHCGdL M
oo HdzsMls ¢ jeEtsaj Yj dzj( df A PO 1B jslslz e O dz@OD dzq
ftoj CeCdL qMmlsj desOdz dzd §SHCsdeL dMisj dzlsOdz, ¢ j ¢ 5o
By ElsdyOlsd dz0 S sdaL § flsyjodsyaf oGS dnkz fg j & &d St 5O k6
f Ot Gigthds COMs QOEfsdz O kted tc Oth® f) § O/MDG) dzd)j Uo St
foso j 6000 20 bkfjdss ddStsde dilsj dyd  j d bk fdkzy
¢ OPEN(Z Mdzk @ jkdo G ORENE ©dinigL kt¢ MSEfO HO BJ
@O bkfdse ddS sde d fiyls § dig dd6.). judddei dzOm jin dis/dyEzol < 0o ©
qdzS sdet d Mls jaayd] GJ uo 5t SAPEN b L 5 offdy § @ dzlz wig) ob® ¢ 1
6] Odzd L Oyd -4 .dzd ] | Prct8Y s HNG oo 6 afistE dz0 “ GEA@Viz & H
Mdzj H j <bOh desep@ OFf 3o 5t 5’0 P15 Jui] dztOM ISEOS O YO te j H des s d  §
Mis Otcls dats & dzegf © 15t @Sfsehrt) | O(Sstar) ( dzd dzd). ([ dMMTdedsyd il 6 Otc O dzls
HEB (' OF jGHdBBLUNO dz0° &OC [BAES fulsddes@l 18. ¢ LOCIsd ydz
Odze stedlsOd3 L Ooteh O O Mots’' tOH sSkr=lsgjodkzlsC z ¢ OHO f

PS5 dOSCtsdz G J dzd tgd MYOZF IO “Hjlsl A 51  OErdDO L tc iy Q s@3 to
dzl:alsgslaglslz d fTtosdf i sk dztsR i 2 gz HEOH & d f @ qIOdzCE
yd - OdzdzO* Lifeld=00 ‘f@)j otchd OEtedtwO® j dL dgj ¢ § ded m
tedtcO § f OtcOd3j sSOtc® d MIlsOIskzMO MmModm Yo Btese G
a3 (detscfizied-23). 1 © 59 O dzOy d dz ORPBNZz clif e O fndgGsH d* S
tcsod SCOdHdHOId LO CttjCyd & {(CGPEMStgd YR slstsd
J yYyostsed fHtoj BO ftodtstedlsdLOyd d bk ME zOHEk f
Modzn O yfige dzij dMf dzd Efmdztse L.POIs s ® dfof di@yd tzlz
sStatshofzs Ctstej Syd £ fsmists’ j<j RO ] (dzfjf stfL tcC
GO yYyddzd dBdetsects J W d YOMaA S t@8s &s@ B OL d Yydzts G

D* Lite Oz 5telsOd3 otehd ONktedtO® | §O0LORB]lsOELO
Hdted Clsdets f sets’' j dzd dzOMY @BgEaBL PLEOB] dwsdcdil toj ud s
fsdz09? O SBWGOHE dOH Yjdzddz Ol SO dO ftyjl
6jLizdzlsOl] fttd dLtOYUEZdzOSs OF £ ¢ st dPENE &fpdso S |
ZOMlsOdzdn fisd3j dzO bk sSkiszy k¢ b.toj v Gt pissf BRFQTMRU® o
sBjLBd 2§ HO MJOPENS tEtetge ddzOd LdzOM G & G On@zd H & Iz digo y
MisteOdzj , &K@z Ufo Ofjndshiss ¢t EBO U GdnaHond d
nd oS ed B LBl '] HOPEHEOL QOO OMdRY® jyd did e
ftoj CtsdaL dMisj delsded yYyeotstesod, Is°. yYotsttsad LO Ct° j
OSCblzjdzdsy kOS] ©H Mis@Elsdbe Mgt tctyld deage , o o E
Iz(;?lzuqlq(@*‘;lz otcj HdetsMiss, C BEYOBMPIBIEPOHO Mmj yj daj
ftso j< E, ftsyjmMzdeO z MOd®s dkdssd §osHCtdL dMmisj
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9 J s Olsdzs<® HO Mk bkyddddzd dzj o OdzdH dzsdz OC Islzj dzc
[37.

kevis)
01, return [min g(s), rhs(s)) + AilSaaree. 8)imin{g(s), rhs(s))]:

UpdateState(s)
02, if 5 was not visited before
03 gis) = oot
04, il (5 # 5g0a1) Tha(s) = ||:|i||_.,.-ESlﬁ:r:i_.,]{r.'{.u,H"J +gis")):
05, i (s € OPEN) remove s [rom OPEN:
0. iF{g{s) &£ rha(s)) msert s ino OPEN with kevis):

ComputeShortestPath ()
07. while (min__ oppy(key(s)) < kews g VOR rhs{sgsore) & 9(85aare )
0f.  remove state s with the minimum key from OFEN;

. il (gis) = rha(s))

10. gls) = rhs(s):

I1. for all 8" € Pred{s) UpdateSiaie(s");

12, else

13, gls) = oot

14. forall s' € Pred{s) U {s} UpdateState(s" ),
Main )

15, glsssars) = rhs(seiare) = '-x-:!:.l":"iyuni_] = o
16, rhe(sgaar) = 0;0OPEN = @;

17, insert sgaal imo OF ENwith kevisgoatk

18, forever

19 ComputeShortestPathi);

200 Wait for changes in edge costs:

21. for all directed edges (u, v) with changed edge costs
22, Update the edge cost of u, v):

23, UpdateState(u);

4 dzd & O Lite O &z s @ @82

[ Mo toded diss M dz@* L ydtetpts dp@dtighas] dfls dztc j € € sjdzaL d M ls |
Yo sjgsa dzgsmdzetic | P @9 ©® fftefsesjsdy EZIsdyo 0 dzO* Gastej € yd
Btodh j f tsHC sdaL fpls)]<debs@paf Lyofz@®@PBNO 2 M zO0ukz MO { tc,
doth jdascs fedstedlsdL Oyd Sd) ., f§Bg s B fjo jcdss
1 Ols figy dzd yd ° Cakdatddjif @tc O d@jris @iz i j H dzd = (C s teds o @ d - 5o
f 5C O AUSAISAALTs' | My ODidhhids@dnls Olskzm BOBRBSd g St
pO<OZGPEMEZzC sdzo/€fsHamsdted | P (HORO®RELEBE SH S HIES
o 6] HdSEsSEMO O GQuilfdsdtse s f tosh Jtedlsd SOMID  tc ]
a(s) HsBd O toj OdZdglzH a8 fizls tlzts i)l L ©J ISsstftficd@ ¢ | ftetsyd
Csted Cyd Jr sft@OSO HO M) " jHOd dimisd Yottt dBsyj t
(dzO  oadhj ‘jHdesdE COB foHCBdeL dMisj dElsOdz d dz@° o h
JLEOUZdzO0o O I Iff telsteXf [jg wstizB @ OF OCoMpzitgaty s [5253. k

) etsyj MizdteOfLjd fifldsjdRleiissiiz \ o) witaids s @ & G k& g5 6 O j
Cjcsot BLIdMOPEN( HL MH&R§B MO fojlsitHds JLody ] d
fj k totd ndizaycH das it ey ®O]  jHdZOC O otsj HO
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ftesdgj 20 k BStkyj‘k bk Stsd Mj twsetsk Stj<j dJdd
B0 bk fskfbkdshisd L kOO ftj ssfisyd’ 0° 0 ¢t
ftesBdzj B30 CtjlsOS0 etk d E{§E6lkiimdss teif 8OOk
yd? dzd wyotste.

10 S0 Iz, l]’DtClo[teiﬁdch’tsljﬂsq’maDdg,, AR, tc @ 1B B S OB dzO

WzdC ydsddh j ( dzd dlsj cOlsdo dzj o tod tetsHYjl ddS Mg’ £ 1
I IssCk t©OHO dzj cmogmgqm:msmgmp@s; QPEN § s Stedh <j € j
tcj L ZdzsOIs O dLsB f QEigizGdmsizp § s5° O j detso d n CdeWIStGdj
fesd) dzaj b SCky j° HOsdO B [HOjudsz " s M) ORER]yd ' O
Oy kd®E0 £ hEdhdr (s dE) 0 dse sy . OLigddd d
dy o¢ , Bsyd Bdld ftejHjWddzadmOdz & Mmdzd ) tizlzClag(@ * € 5 to «
I tsd3 mMdzkyoO & cjdzgjtedhj tjhj®ji Ct5°§ 4 Mt
Mk Isd B3O dzdztsMIsd .

' d° OctcMBLIEBEZOSGHHE@GO | dz & M stk 24 Ot @ gz & O
HdMmj telsdied ¢ Odfz@dzd yd 9
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D* Lite algoritam [glavni program]

Inicijalizacija D* Lite algoritma:
-lnicijalizacija mape (
-Odabir st agkit noigl j| g al
- 9(Sta)=ThsSEstar) = D go) ED  al¥B ( S

- Inicijalizacija praznog skupa OPEN

v

-lzralunati vregdnost ki
-Ubaci tgasd veovojsi m kIl jul

:I
v
Generisanje putanje [potprogram]

v

4 7\
Generisana je optimalna putanja

po kriterijumu najmanje cene puta
& J

&

Generisanje putanje [potprogram]

Preueti | vor s sa
iz skupa OPENbrisati ga iz OPEN)

na

NE

g(s)>rhs(s)

g(s)=rhs(s)
(Lvor s Zstestapaj e

k d

v
g (

s)

I~
'Y

y

»
>
A

Preuzimanjé v asrd
jednogodsusedd v o r

Preuzimanjé v asrd
jednogodsuseda v o r
ralunajuli

Kretanje robota za 1 polje T
dug

genereé s g

v

A § u njéparamedrai staus a
[potprogram]

| (vso§

NE

Da li su u toku kretanja

robota dug
detektovane promene u
okrugenij

Da li su ispitani
svi | vor

M DA
Agurirati ceugrkejaser Dal i | vor sa
menja kl'jula u skupu |
viednost Kklgdlijé a

v

A g ur iparanmefarastatusd v or a
[potprogram]

rhs(Swd | @ad?s

v

OUTPUT

Da li su ispitane sve
cene prelaska c(u,v)?

Agur i pasamgtagaistatusal v o r)a
[potprogram]

DA

INPUT

DA

| Ukloniti n iz OPEN |

Da | i

\

ie |

ranije? »
- g(n)irh
g(n)=59 .
NE 3 -lzralunati novu Vi
Napomena: » -Lvor n gkip®RENt i u
key(s)=[k(s), k(s)]= oA N
[min(g(s),rhs(s))+h(sns), v
min(g(s),rhs(s))] lzralunati rh OUTPUT
N

»

4 ZzdTOd * OC tc O Lile B O to,d SEROOS deedl Iz dilste Oy d 0 OF O B &
HdMJ LlsOyYyd &
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2.3.2 Anytime DynamicA* (AD*) O dzGe st d Is O d3

sO hlsts " jJ d&OojHjdes E ftojlsntHddd §tedzOs?
tcjh 00 ftc®8 @ O HdedpOsdzd Y S BdsLites@dedztytg d 2O ) ¢
Oz stedlsBdtcOOj f BOPAsOT © COHO q’dchtammcﬂsmﬁzm@‘lzhlsl
CO<j ARSjOEI e BStedlsOd) . [J4' klsd®, St J§ 4 tihif]
dimMssotcj d3j dets ftodmkzmlsots sBO dOo jHJ O  tetsB dzj d3O?

Anytime Dynamic A* (AD*) “J HOdzO disHs ] Ist®O'dy]  deftigizts<in Is
d dz€ toj d3yj dzM@iMd;tsizﬁdz;h’EBZp%l@oszuq’lsdzq’hJ &ZzO0 dz0yddz HO &
ot di3j dzz 6 dzgj ed M § d dzd W§ff 2 EOEAfiAS] dgQ dzgiatic s BABBES (3 dD Y ysiuaC
Ctej IsO° § H [z G J dzj ted ) O dadzO ifldz@0C Q@ , M oCs *° O dyclextax(Asdy «
fsBts?”h OO0 HBB jJdese tjh jc0O (ftoed yYyjdBz SCtdzlstesd
dzJ GJMJIztdsq’GMIz C’ Ok BSHEAEGE ZERZB tc ] dzzIsdzkz § sL dyd
fsLdyd ) YacEHteGsR], O fyjlsSlkz Mo GRY IsdfiEsde) yddz j
COts ARB O dzG Ste-tfilg B® j d3j ddls Jde@m fngls 2 &z Mj fMNCGPNSEs Stets o
fn ¢ ZGPEN fme d a3 uatstetsac{d;so E dBPESY stc@uie@&@sz M§ Lz
atGJHdzBfrJlsc{ CLC]SED‘E‘D] fd I lif ehpjL zdatkimarde j to LAP* Qdze ste d Is &30

key(s) Main()
01, if (g(s) > rhs(s)) 0L g(sstare) = Ths(seare) = 001 9(5g0a1) = 00t
0. return [rhs(s) 4 € - h(sstare,s):rhs(s)]: 02. 7hs(sg0a1) = 0:€ = ep:
03. else 03. OPEN = CLOSED = INCONS = (:
04, return [g(s) 4 (s gare,8): g(8)): 04, insert 54507 into OPEN with key(s goa):
05. ComputeorImprovePath():
UpdateState(s) 06. publish cumrent e-suboptimal solution:
05. if s was not visited before 07. forever
06. g(s) = o 08. il changes in edge costs are detected
07. if (s # sgoat) Ths(s) = min g e gyeers)(cls, s') 4 g(s"): 0. forall directed edges (1, v) with changed edge costs
08. if (s € OPEN) remove s from OPEN: 10. Update the edge cost e(u, v):
M. if (g(s) # rhs(s)) & UpdateState (u):
10. if s@ CLOSED 12. il significant edge cost changes were observed
I insert s into OPEN with key(s): 13. increase € or replan from scratch:
12 else 14 elseife > 1
13. insert s into INCONS: 15. decrease e:
16. Move states from INCONS into OPEN:
ComputeorImprovePath() 17. Update the priorities for all s € OPEN according to key(s):
14. while (min ¢ opg N(key(s)) < keWsstart)ORThs(sstart) # g(sstart)) 18. CLOSED = {):
15, remove state s with the minimum key from OPEN: 19. ComputeorlmprovePath():
16. il (g(s) > rhs(s)) 20. publish current e-suboptimal solution:
17. g(s) = rhs(s): 21. ife=1
18. CLOSED = CLOSED U {s}: 22 wail for changes in edge costs:
19. forall s" € Pred(s) UpdateState(s'):
. else
21. g(s) = oc:
2, forall s' € Pred(s) U {s} UpdateState(s’):

4 dzd TORD* O dz¢ s tc [BH.0 3

sOt hilst fifjj HHAEDEIG e s elsjofsPh dzs ] B OL  ©DOdz dzO
LiteOdzd stedls B3O, kL dL d3j dze d ¢ @D o i Wzl dzg UptbafiyirdeizO € tits
COHBO dMmisd dzOWBALZ) GO Sifdyse 6] 3 des J  dadgline] d3j dzls
Oke s OWB, HdsMis WkdSyd j €2 Eky0 Oyl dDLitgd dL &
d @BRA, Ct'd ‘j ftddOcs' jd bk yd?k §w0s ddds 1§t

24
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COoS¢ts Bd My HB tjhj* 0O HBWd&zs Bty j, 5 yjdd HO
sOCod® Mz RGO Hff i@ O EfictsMists f.syd®j dL fsyjlsco

SOHO HB' j] HB HJjljSyd j ftetsd3j dAP* Qudpciete diflsta)jdsizC
COsD*dite, otehd dO ftj OYEttdteO®j dL i  Jjddr yd do
f OtcOd3j SOtO® d MisOlskz s jfifolsddats Wosstdss oj @lzdS =iz Q) IsbEODSHAR]
ZOyddz Oy ztcdtPENDNj Isd. MABHO & Mmj yYyottetsead C OdzHd
]l slstsd3L @pj kz tad i XdizPFEN yo stetso d h dtej dzgO d mdite dzOyd dz
Odze sted BlPT j Yo tstcts@®PEBNodtah dfn Siizjs@QOH tso 5° j dz dzO° dizO°
SH MdzjHj <O Ho O bkMdzce ©tcj H Gt fi) HsO ¢ Y BBs p HOdzRfigls P €
s Otcls dzts d dzdf o 8 BBSE@M IdY(Sstar). § 4 L Zdzs Ols 5o @I detOa z lzOB OF
CotedcBEB@RIS] ©  j 9 OdzdUind® § i d f3Odzd20s o3

[ OC &P Ok StedlsOds BO Bsck<dsfls HO dhssot] d
o@D dL &' & yYostse®] sdp@ysfOdilr §uchpdtyj z® b 6
HiStej di3j desqteO@f | sy chdsipetos * W) arfjidisfierDigd zOf @ S toj IsC
Hd dzO s ySSstelzy j ¢ k2.

[ OCLOfR* BRE®OSHEEGO j &z & MCdsfk JMiswOy do OF C
Hd M tols@ied ¢©O@z@ded yqd 11
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AD* algortam
[glavni program]

Inicijalizacija AD* algoritma:

\ 4
-lnicijalizacija mape (|l voro - -
-Odabir st adt noigl j| @y al wor a , Generisaaje
- Setovanje parametagSa) =rhsGsan) =;8(Sa) =;ENS(S0a)=0 Usuboptimalna putanja

-Setovanj &) faktora U=
- Inicijalizacija prazih skuppva OPEN-CLOSED=INGONS=0 ¢

!

-lzralunati vr gdpotpogramk |
-Ubaci tdas@d vevoisi m kIl i ul g

»

"N

Generisanje putanje [potprogram]

o,

1

NE
DA

[ Generisana jeptimalna putanja ]

¢

Kretanje robota za 1 polje
dug generi sg

NE

Da li su u toku kretanja

robota dug
detektovane promene u
okrugeni L

Agurirati clsrkeiaser
menja

v

A § ur éparanmefarastatusd v or a
[potprogram]

Da li su ispitane sve
cene prelaska c(u,v)?

-Prebaciti sve |
INCONS u skup OPEN
-Svim |l vorovi ma
izralunati novu
- Isprazniti skup CLOSED

Kretanje robota za 1 polje
dug generi s

NE

Da li su u toku kretanja
robota dug
detektovane promene u

okrugenij

Agurirati clsrkeaser r
menja

v

A ¢ ur iparanmefarastatusd v or a
[potprogram]

v

Da li su ispitane sve
cene prelaska c(u,v)?

+<

- Dekrementirati)
-Prebaciti sve |
INCONS uskup OPEN

-Svim | vorovi ma
izralunati novu
- Isprazniti skup CLOSED
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Generisanje putanje [potprogram]

l'zralunavanj @)

k(r)=[ ku(r), k()]
INPUT [potprogram]
v INPUT
Preueti | vor s sa ne& *
iz skupa OPENpbrisati ga iz OPEN)

NE
g(s)>rhs(s) A
[ka(r), ko()] =
v [9()+h(rsear); 9(1)]
g(s)=rhs(s) g(s)
v [klgr)v ka(n)] =
Ubaciti s uskupCLOSED [rhs(D+U Lriuf); rhs(r)]
! )
Preuzi manije Preuzimanj¢ v asrd
jednogodsusedd v o r jednogodsusedd v o1 3 v
ralunajuli OUTPUT

v

A ¢ u njéparametarastatusd v or a
[potprogram]

Da li su ispitani
svi | vor

DA

Dal i | vor sa naj

kljula u skupu

viednost klgdlijé a
hs(San) | gad)?s

Agurirall ouTPuT
parametara i

statusal v or)a
[potprogram]

NE NE
INPUT nm OPEN?

DA

DA
| Ukloniti n iz OPEN | ]

l NE
lzralunavanje
g(n) =0 [potprogram]

NE | Ubaciti n u INCONS |
— e '
oA Lvor n wubacit

| l'zralunati

DA

Da Ii je
ispitivanraniie?

[
P
A

! OUTPUT

B ZdTIO [ d° OC AP @S tst@ SEHOO' j &z £ MS dsfk dhsieoy da
HdMJ tlsOyd ' s
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AD*

LV Sotd § Bkl jdh s £ dzC oy dodigditsz dzS y d s dzd ] OF
0 dz¢ 5 tc ARAS BEQite JAD*, YO d Ysdegj 1j0 = j otk etk O
fslstcjB] Go,j |E@a@Q & ik 6D fsdzs fdss Hys Bw®! tsdj daj b
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fjemMfjSlkdo] ©seBlO.

241, ) ety ifHose)dij MsOlEzMO Yotstse O ftd ¢t
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fsddhlsOo 0 & d ‘gdenso @i QP Btcdo Oy. [§dMOded 't
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@ ASIINGSS

V[ MIsOCH'tel HzOY ] Tdhkzfyd fz2® FBEIEOMCO dL &I
fizsB BH GO Yo BLO ‘ jHAdOSO Isjyddd <j'ddfQ kv O@Xsj dsh
dL 3§ ' &2 Yo it &6 5 BOMz U dasdets|$ dzti O dzd o tpdstistetyg d o j
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ptejHdsM 1, O Iljyddj Bd&sS doOURdx j s OH jdidsas
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ptEjHEZEBSEE O ftoj Hmis0o? O thd@kd L tslo oM@ &Y, B dzts |
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N =2 0% (19

I
max

ddzls jtodzOlsdo O C5° O &0 o 0O° dzOydde HEsBd  j ©tej H dzs
dzO'  BB? 0.

1 SAW(Simple Additive Weighting

SAWR| sRBDN MEzBteO O k ° jHdEz fitnO Wi & ©mdz@Y d J dizgf
BjssHO k B d&OMIsd odh j ¢ tgds jifed Chizdiflddsg) toxrOds\pdzo A
COoOwOCIsj €EMOd § @.p i) ls GasMBENEER G OJ dzdz Blsj y Oded n  dztste
otcj Hdzsisd Ctet] Is jitedf dfz dizd RO . [ 20 Odzsj tedzOIsdo O ¢ 5
dLeOYkdzOIsO otejHdetsMils fojHhis@g HO Isk&O @IS §HIO o]
sBJLBJ k' jHdAdgflsE® Odz d fwOSlsdyodz §fsMmiskzf OF tcOC
Cs'd M HBBd O 'k ‘gdesdg sHTp s @ lizc z@o tzj L &z dzls C
sLe. dzOftejHdzdd3 d3d IsBH OARO.

1 Osmdzseo iz dzOo § H J dzsG, WEdC yd 0O OctEjcesBdWd “ j L
B sEFsH 4 My dLLOL JIsdSeO Mmdzj Hj<d dzOyddz

Q=ax% @ (20
j=1
GHYW ftoj HMNIsOo ? O Wby Wyddyddi Siddzls € § ndfldgjjtaidin I © kS k2§ O
Cedlsjted RO HABO* O dsteBOddL 5o OO dritjj BHEBNE ¢

(=1, ) é,

MjHOM SH Cd&Oo kR djHSMSOSOCO o) dgjlstH] |
O0¢ts Mk Mmod sCjjetspege LB O] IstedEB Lisd ddsdd Isd§ ©
ftoots Ctodzop sl Olsdzj LS OCts Bd M) Bscdd KGOS HddEdL

414 1 jL bsdgdn®lefds O O

vV MCdsfk dhMlseOydoOT 0 S0 Mk fwjlsitHddO
HdMJ tlsOyd 4 4 §bBegged S go Olisj figds@He OzO § tod d3j dzO
5Ctkyj 0 S5 LO dL Bt lsHEEHsitdins fdeiL sy | G
COPRASH TOPSIS C Ot § tod d5j dzO@ MBis Glla JeGBL B S tky j° B0  §
SHEEBo OO & Sk jd idPorky &8 Ydd s Oydf Jelsoyd  j |
kjMisdtOdedr MOt sl B HoOMO Mo OF jH dB8Lkd
B EMsBdddB3 OMists’ OF j e sUd BEL dzgsMd j H dz@ s t O dgglzts
0O LOCE' | ' j shfR@ojd bEkEy) (U tdsO0s d o4 <(d
MisteOlsj ¢ dzd B S B0§ § B QO MizGBL AOJREFWS d foj Iss L O
o Oted * Odzlsd H BB <O thf jteka AR A s SIPj dzL SO tesB S5l O
Btets' & ' jHldgddgdaf{ rO <Jjdzd " §J &BOY .

10 otjHizgMmlY  LdElgOdL tOL WS Ols joc d * £ [12O fd
HyWdded m@ldassS j  J] L O otjHa@EML SO GBYGEE O KO "
ts ) dzElO B H j ¥ d dzcbHY@ dzts

tdLEdlsOlsd Isi Ml dtue@nd e MdMmndzdzd = HEzY ddzO
B’ fiojlstcOc ] AIB)CH D@ i § P PD50dz0dzd L e Odzj il
fted ¢ OL OuwAdB jnlz®ABA[ 74 6OW duSd ftedCOL tjLiEzdzlsOO Isj
d MlsOdzH OtcH § o § ©d O @edzd B POASAGB, 36, 37, 39. d 41
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v 6 oldfjifisO’ O f BLlEkAPMHE@® Mk J cLoWdSsdd L
fedeOmisO fojlseOy jdse Hj kO GCtk®jT68 6§HdaEzydd
flsOtls dalz , § @LOf jfffdsidOeals j ¢ j d o Otd ' OdelsjdiSgds] Is
30,32.34).1 O Ct0O° ki ikl deis@dsq] Isj MisdtcOS @ MO tef ksts g fizts &
kiyddmSdrn Swsj%dyd  j OO ¢ tod ljQmd)’ dzdfief SBOs Cats o5 Is to ¢

) eddijted IO O s sl OD*dijedjde Sip@BEED tsHs § fslsste @
©OL BOleOdd R GSteky j° O, =t Odz] BEAE &L 1 s ¢ §
sH IsjMisdeOddn fMlstcOls jzd § GEEYYORIAE OL Odzd Mk dzO

1 sHMj <O 0 ©OHd, LO dLBtpe, Mz sj gL thnd Sk
Bdzd Y j B 108Fdr@ad® Iz 3. 2
- L(pHEYddO fE2IO0¢ ] HJjO%sk jsdidiSHABHdRLUQISE] © j
- ¢(p). d datt st d3OIs d o dzdlf tofLisclsy i dpO@s O
- P(p),EH O j dtsmisC @ dzu dprs@ls @ OL dzj MisOdzd yd

stssteH d dzO1Is j MlsOtelsdzgdr T Ldyd O wwsBBISO HJW(
s

CststenddzOlsded MdMlsj s o jBOAdE. L Onj dzPaa] isES 6 C L cadts
mMdMmisj B3O " J Hd2OC " J Hd®BIderd d <jdzd § &BOY .

T {SCtlzy $tHid d3 da00x109)

v OB ARBGHE( M) b ddzj GEEBS® L0 (skiejs) fijlkicod
0 flodds)jdesds siMsdEOREEINEORE | Odss) HEdB) 5O |

Srednjedgi ne putanja Aol
Strategijezapretragio kK r u g ¢ domet senzord domet senzord domet senzora
r=10 r=15 r=20

SAW 111905 81303 69751

VKO COPRAS 104931 80606 66788

TOPSIS 103863 76982 63024

Dist_Min 124913 84832 74996

GBL 122511 77808 73685

AOJRF 161230 89726 74289

WS 124321 79376 66206

Napomer: Kod metod&/KOprimenjenesuk o mbi naci j e t e ¢g0.MG&

0.1) pri r=10, odnosno(0.6, 0.3, 0.1)ri r=15 i r=20, za kriterijjumeL(p), A(p) i P(p),
respektivno.
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H Srednja duZina putanje m Standardna devijacija
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H Srednja duZina putanje m Standardna devijacija
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H Srednja duZina putanje = Standardna devijacija
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HEd IsO FP0kzL €ts@B d dzO0yd & Isi PE@ME Er 6,08 1
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e |

4 zd3BO 1k
sCtelyJ 0 ¢
dLBBt Mmdzj HJ
¢ twdlisd teldp), &(@3d P(p).t

fsLdyd’ Hx=30y=98),

s | Bl D Lt @atz0ts tslys=if 55 § o j seOcj 90
BOT O ©Ctoky j TAPSIALE Sstsda j§ @ jOs |
"] tsBBkO kL GO&GAGUDY]' b
OB Otd Odzlskz mkBEj & OfN by tzs dal

Oyjdzz L jdzjdedds Ctelzy d<j d3 dal

O ‘Is@
( qu
<J
P

goo

T {SCtelzy BtHid d3d da50x159)

v OB pzO M ydsj (MEjH® j) HEyddai § kIS E6 thsp jsis@
Bftod dsj degsc IsjMisqueOdzdn MlseOlsjcd O LO Hoj ot

Srednjedgi ne putanj a B({(
Strategijezapretragio kK r u d  domet senzora domet senzora
r=15 r=25
SAW 224914 162573
VKO COPRAS 212123 149300
TOPSIS 201127 152505
Dist_Min 249317 170350
GBL 213432 137885
AOJRF 247343 169400
WS 232525 155550
Napomema: Kod metoda VKO primenjena je kombi naci j
koeficijenata (0.7, 0.2, 0.Ba kriterijumeL(p), A(p) i P(p), respektivhou obe
varijarte dometa senzora.
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L O slsie] B jBfunddsjewdy 1 0MsdsOmERd § ¢ O
Sregh § O € 15 ghealsB@ QLML 7 C 5 ¥ d Y (7§ 2Ol O
te o Is (s (D) Rif). 1o § MY § S.1s o o dats

70

I



4 dzd3O 1 ZIsO® O tesB SBQited fizdzfs & UgEktexl;  tcj scOcj 90
SCtezyB((d ots) d BOTO BCkzyj O dzOCORRARNG JSSBIQG §
LO dLeBte Mdzj Hy<Jd YLrdyd § tsBBISO k17,0848 d dzO0y

L O Stod sl d(pERey).tcd MY j ¢ s dedzto@dzs 2 H s d@3FBHO dinj dal St

MsOlsdzz f 5L dxgeh, y2), eisdz@® s Pdzz L j dzj dzd d3 S tekzy d<j d3

T {Stlzy £tHid i3 dA5Gx150)

v OB pdzO tetsj ydaj (MejH® j) HEYdd] 2SO0 ttsBBlSO
Clteddgsds Isj MisdteOdedrn MlstcOlsjed O L O " jHdzE 9ocC

Srednjedgi ne put 4
N . u okr@genj
Strategijezapretragio k r u Jomet senzora
r=15
SAW 148025
VKO COPRAS 147003
TOPSIS 138608
Dist_Min 174079
GBL 142930
AOJRF 172988
WS 143655
Napomera: Kod metodaVKO primenjena je kombinacija
teginskih koef i zakriterjumel@), Appi.
P(p), respektivno.
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fslsted B Clfted dsicd@teds 19 0Mds dSK @dzdi o © iPls
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Ced s dperg.ecd MY J Clsde dats

4 dzd 400
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T {Ctelzy DHI] 3 dA0ax100)

OB J&z®tsfjydej (MejHS j) HEYdd k200 ttsBtslsO L
Dftcdd3j detsdzs Isj Misdtc@dzed O flgm@zj @ePtcd  Odzlsz H ts5d3]

Srednjedgi ne put 4
Strategije za u okrbDgenj
domet senzora
r=15
SAW 46962
VKO COPRAS 42787
TOPSIS 45682
Dist_Min 67310
GBL 45541
AOJRF 45772
WS 46598
Napomem: Kod mnetoda VKO primenjena je kombinacija
teginski h kbp08f0Oil)za Kriterijumel @), A(pPi.
P(p), respektivno.
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v OB BdzO tesfmjyda] (MtejHS j) HEYddzj] kIO 0O totsBtslsO
¢ fteddzj desds Isj mMisdtcOdedr 1 s BJIBSHO L O dL BtsSte T
CsdzBddz2Oyd "  © bgydizhtzdBOoSC BFhtsds IstcO@” OF O { to
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Status ¢elije mape Ako je status celije u mapl pletrlzenog dela okruzenja na kra]u (k-N)-tog
nakon A-tog

B iplsin koraka pretrage bio ,,0° i vazi S > M menja se status celije iz ,,0“ u ,,1¢ e+l

o (?)pllt)tlagz (¢elija u mapi za planiranje putanje se na pocetku (k+1)-og koraka s (F51) N
. S pretrage definiSe kao blokirana) korak pretrage

zbir poslednjih N [——>f------ SEssssosednosstsocs e A A R T I R R Sy o e SR ———

(sukcgsi\’nih {)ita) Ako je status celije u mapi pretrazenog dela okruzenja na kraju (k-N)-tog

koraka pretrage bio ,,1* i vazi S < (N-M) menja se status celije iz ,,1* u,,0*

(¢elija u mapi za planiranje putanje se na pocetku (k+1)-og koraka
pretrage definiSe kao slobodna)
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