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generkied by plancieg algeeitime The FECGWO DE outperioosns the
Eenchmark moded in tems of effizesy, lnereasmg the Sgmifiomse of the
corrdazion broween mmple sise and serces e nocewinie the
Implemeniation of & Benclanak map that implemens larger sampls
2R to o he ﬁ:ﬂi‘mﬂﬂplnin.-:ﬂ:d.l

54 The results of poth Fauning for (M1

A variery of @mulition ey wns exeoasl ising MATLAE 3033 o
evainnie tmd vaiidate Hrh:ﬂu:pdﬂmﬂtﬁﬂﬂﬂtm opbimizing the
PAPL for UBVE peed emmine e edlisencs af noonssmi vanabies,
mon3mg (ke numder of UV, the oumber of path polnt, the: sbam:
itamce of choxacles, and sivere westher conditioes, an the iniended
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Fip. 11. Comma FAM e (cezcomerk] and FECPWO-AIE for cofferem aample sz

rajeeimy. Mkl we compane e propessil mediod 10 sofes saliting
ones, Mies GWO, Cross Dimendneal Cronfmstion GWO (CDC-GWO) ;':;’ e
{42}, Penelty facree GWO (PE-GWO) (40, 2nd Bobust Comprehnsive et T

GWEE TRG-OWD) [+ 7L m sme how well |t perfirms Tebe & show the R i
wErmis rrperinenel gy ysed for indimcusl gnd musichl= [IMVa h et 1 R
Sm ciffrrond scemmdas [ CLITD
S0 Egurpmees] findigs on the tumer of pah ptinn Conszn gl E‘;‘"
A segke UMY gesaario with differect pathi-podal coanty was ud i fieig [h00 - 208

eyalante e impact of pati-poed mambes {ppn) on LMY PAFL optimr
satloi As upger Bindf of 200 Hetlosd hes heen =, and 4 pojulatn
nire of 150 has besn xpecifed. Fiee 12 podd 13 disploy vhe: resuli of the:

i
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drmalwtioa. Asvording to the iraaliz, the gvemge funes funcifon. grows
marginally mooe significastly with Increareg numtbes of path poino.
Whits this maa walun dos rize, tha mathad cam #11 fd am ideal parh
e the pathipaint sequence wiils furt & oy increase or
-decripd bn (e grmber of path polbsts,

562 Experometal resiles ow the dnpoct of the nunder of obyincls

Dt them sl ficance of chis facsar, the following shady assessas the
effec: of churadls nussber an FARL [11]. We created five seperiie din
“utbond, wirh barriers varying from sers to alght. Al of chess ammpien
havo o fred Tomber of path prinss of 8, 8 popuiasion size of 150, and an
trpger it of 200 feracfonm Fige 24 unid 15 abiw the et Ammording
i i slemltion remibo, the algobilin's performance deguds with
Incretudeg olsihcds uinlien

I

EAL Laperimenm] fredings an the dnpeer of populerion, sler

The FECGW-DE algorithan's shity to find fhe cotimal mote
mmmmpmnummm:ﬁum
muﬂmaﬂ:mﬂﬂ.hMMIﬂdHnﬂﬂlh

AFECCWO-DE algurithm's optical populotion g, This sffickeecy wie
‘accompiiahed by usng four separace combisations af pepaiatm slee
‘Bight puttb-poines were the cotstant saliss wed n oll steifies Consis-

wreriihy, A0 Atermtiors wine ot a5 i mazieem, @nd e olatacls wee

Mept coesumt. Twenty, forty, dery, and sighty wers she pumbers of

peapie tw zach semple, 2 (e chsar Enomn (e remults shown Lo 1l 15 that
the sirg affects the af nigorichms
Mike FECOWOH-DE It hies Seen forsd thai the FEQTWO-DE perferms best
with & pogdaion sles of 30 or fewer (dividuals. Teldence Lie thie
ey e (e FEOGWO-DE con Qlscover the best UMY aoures and otk
ermyrier sbustens with sigedfbomn populniam,
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LF Conpatiun with surves mh'ndlﬁ

ey Uhede setionn, W bromidlun T soops of pur eemiparaive anabysis of
the aropased FECGIWODE mathod by considering several madim and,
thesioee; stnie-of-the-arr pach-plnaning approsches far UMVs. Bpeeit
icelly, we danus the ndnpogion of mor process & the: proanme] polizy
nptimizaticn (PPO) femeweck [42]. & solicied deep seinforcemen:
Ieamming method (GRLMG [99], mnd the hylarid genciz slpmithm snd
neuril netwnck-assisted et plaoming (HGA7 [20).

mmmmﬁmﬁhmhhmuh
our parfier e=emyments, using 4% benghmack meag and geneating 3
plinslng srobless for uﬂiﬂptdﬂn- ﬂmplﬂhuﬂu il each algs
flehni b evalnaied conceming sevaml quantimtie meaiurs deefzge
pach Lengii (PLY, smooibmess of trafecory (BN, search cnr (SC), dnd
fueceas pote {3EL The resulm of the compariive analrsts e sumems.
deet i Telle o

Thoe FRCUWO-DE olgorithm achloved the lowest onermes puth leeath

EE|

o 1242 i when sthers, suth as GWO-DE end ABCDE, providel knger
ot of 14,67 r biwd 1330w, pespectivaly, This capbity o rediice pady
engph b clear evidenes of FECUWO-TIE S enpability th epamise (e
meyvermens of UMV b 3 e dicsessss] amches efficently.

The codtrning coecenning Umjectory noootusess wis parprulacly
el echieved by FECOWO-DIL, registeriag sn average of 5.63° betier
Mhﬁﬂﬂﬂﬂdhﬂlhmﬂﬁﬂmuﬁm—mﬁm
The enhanceent n irjroiory smooitmess poslively affecis ke v
gason abllicis of the UMVE Als, FECGWO-DE proved 1o Lis aficisst in
mmmmmﬂdmj,ﬁnm:hh
tham the avernge murch cosm of 210 g and 206 3 in ADC-DE snd DRLM,
cespectively, This cilldescy indicnies the giplimations of FECOWO-DE in
genierrding opdimal pasha within & puedefined tee frume.

Reerdy with: 5 guccsss Teseod 95 Y, sxopposnd to the Tesrof the 192 1esis,
wbers the desest alpeirhms were the PM, wiiich soored 92 %, mnd
HOA, which massged B3 %% Sech kigh sucoss weuld imply thar
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FECGWIO-DE ix deprendakie aml can yield nsrspesble patin for ol the
i), wennanien.

Coverall, the comparsmve srudy revasls thar thix ol gortiben, FECGWD
DE, 1o beirmar (e achers n beerme of pach bength, feajbctory omeothneds,
camputaring efficlency, and probabiliny of seccean, The results prosve the
benefits of emgloying the FECOWO-DE metandology amd imise the
mupeeimibon of Mn Turther insslopmesl s uos of the boeden (60 us.
iacee! garfnce vekicls path planeing

SE Paraveser waiiviey analyad

S eritieal premmeters inffuende the affsenyeneg of the Gaploys]
FECOWODD alpormun. T engure the algneithm's - robustmess - o
eifecivenes, we proformed & thomough pemmeter sensitiviiy anslyai,
The parpuse of mich an annbyely was i ceanine ke = intoaships ood
dependencies of varicns algardihm paimmetsss, gocds 23 the oumber of
FECOWD eydiey and DE genenrriom, seoolafive dlie, oot EE,
dffersntial welght, and the slgerithm’s efimey owards opiamed paih
grneratm,

581 Porpmsisn omsidennd

Thie fnllavwing paremises wers adimased cunpming she sty
analysis.

FECGWO Cpodest This porwséer minages the numbey of cvelay
witsin s FECGWD ontion, which imperty the algsrithm 1 cormergence
behaviour.

D Gensraibans (NG); This deltees (b mirsber of gearesilins ar the
maxlipen tmber af the DE componen of e dlpariben during

Popalztion Sive (NTh The nwmber of mdividesls in ek seerch
spae [y the elgorithm s paneratiooal cyck,

Crossuver Rate (CR1 Crossoves f8 the modng poogortion al the
rrpreducing individhinds. 11 deiermsines the ademars wamber ol
snuinng

DHerential Welght (81 This wegit adsans the dilfermnisl varis
Ll e b faren e candldhes and detembnes (he anpdorsion and
exploitation meg,

CERRE Reperiwess) ruosiurs ol Yeisln

Evaluation and éontral wene dore by aymimnateally cudying e
other varinides wilh saly obe penimecer change 20 2otk eepirimenal
run. Each paramiier wos st 50 rensonatl e renge 2aphored with variour
coafpeatioms, e sach combgureim was rm @ hoesdred Hmes &
pruvice 3 siscietical slani to the gesuli. b gommary of the Bndiegs b
presecdad Dy Talle 7. Talle 7 includss e muges that wers expei
maneally appllad, the nprmel voloe that wie obained, and ife impacyof
thar salue on the elgontim's pofommpe.

14

From the Wi semitivity esslysi, the performance ol (e
FELGWO-IE alyldun com be pimewhe predicisd basd mo the vaded
puamrinr. For instanee, ralsivg the rumbar of eyrien af the FECEWO
Boyond [ive eyelas made the entlre sofusan mare complae kot ald el
enhance the qushcr of 15 e Likewise, \nereasing the mmbsr af
genercims of DE improved the snketion bo pet Setdey for genemsiom up
L il S0 Purtbe npmsses did nod snhanee |mgaer e Ll o iher
e mspecas bn commputation dime.

The gndy eieo pednted gur the criteling of papulitiodn she mmning: A
populoten 2o of 10 incadual eppeary m e o P ot bonvvsan
accracy; homieves, the extm earganiang effnn lssved toachlewe sach
Wiy ot warrnnie< Fustlisrmare. o crossover rave of 0.2 wast found @ he
udequare; lnes de higher valoes mede o possibie w doaw the saludnng
ey, iy sometimer rendared poar snd ambéootis tulutiim pathe ze
the divesary &F (he saluniong waee thin Sforedaer, e diffeceadial
wilght marmmeter ale rereeled that vegusloly vobees (angies of
epprowimately 0.1} promoted smoether tyjectaries, feciliceting affont in
# hyper-aucficing diveecon, The revirss wed boe, e high Jifferesilal
wielghie led the sonveiging procesies 1S sitefy sub-opimum solognng
Enpiged of e optimum ones. Thil senimviy enslyss onphusizes
carefil consleiwton wien edjmsting the algedtlm’s pammetss o
audrizve the dewred outpni. The sriected paramicers, informed by this
apallysia, have bess applenl srmughinil che ssperiass in s ba
nlgneichm s proper funetewing b mamy S,

E9, Dvcustion

This mudy compared the FECEWO-DE plan developer mgaben does
vl sxchiished algomibens —~GW0 DE, ABC-E, exd FEM-Dijflom o
ger how well it prodeeed UMY optmal pathweye Toe study iocluded
bes o on peltenes g end UMY almsdstices, This researcly thur
ivzghly examadied forysin plaln landscapes. Comparatize analysls was
thersatter curried nud wdng tha corpilanon of banclmetd mapy. Ewch
streangys thirgy plonnicg problems wers genermed by changies. the
sieting and ending pasitione =f 8 20 em radvs UMW,

Experinmoanl metheas were wsed 1o aliey ihe sampie sme, FEQOWS,
and DE sarameiess. Farbermore, wiing heeeclmarh map, v comhined
the fevir plessilng spperaches [FEEDWD-DE, GWO-DR, ANC-DE, and
PN Dkt The stady found that the FEOGWO-DE ganerally resiilted
in shedoer pachs and more enighdunesd welecoose dan ol oom-
prees {echmigoer. Portheomore, &l techesque svamged <2 1o
gemerese pathn fir svery ok whien wiliieg the benchmark mess. In
adidilbon, the sudy expnlpe s elfeciivenes of the FRM by varviap lis
parmmersis, sl s N and K Oougared io the FRM, the FECGWOLDE

plen devslogsr parfoemmed bortar over 8 runge of K valeos. Shorrey end
mmoother prdnweys wer generzmed, meordh comn were decpemed, and
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Fig- T4, BafSuteico of the number of ohetactes o UKV PAPL

Fieznss R weee incromsed, Ml of which Semonirmsiad chis

The FECOWO-DE slgoritim was tasted on vamous UMY sremarios,
wahorition, The stadys resalte showed hat the FECGWO-DE alporitim
opeimized the UMV PARL ln edditian, persméters such a5 pmb-poine
ity and sberuciois wers disenvered ib impuer the abgerithus §
parfocrance.. The stady afpe invesngaced the offecs of paik-palns
quanidtron Y PAVL eptinsietian; The resuby shaw that the mesn
fitmess fancrion seoen silghtly intresess wilh an sooeming mamber of
pars poingi. G4, the eiporithen could enlculnte the optimal poth outof
thin ohisdned path polnes, sl it performanss v barely affsroed by the
nusiher of path pafnts. The study alss examined ow the member of
rbetacles atferved the UMYS docaliesrion aed podh planeing. Acconding
“tp e Emwiniion detm, Ecreasicg the member of hammers bad the
uppzine eifet o the algonthm's perfomeence. This meult highlights
the meal 1o eonsiler olidscles whils TIMY mute panaing i being

consifersd. n mSdition, we iemed The FECGWODE alydrithm oo
ifferum populations to we bow wall (v parformed. The resalm ghoired
that the olgzritam got iy ace bogether when denling sith challenges
fvalving sigaifleant papulitonm, pofarming a1t besl betwisn 20 and
84 people.

Aecoolmg o che stody, i FECOGWO-UR plas devalnpar genemid
optimal pethe for benckmask maps and UMV beres than other phuning
mizthodnbogics. 'Thl method's rubusimes and =Foctzveness vwere due o
iy prrssneer npimiration and adepiabilivy @ various mtiegs For
UTWW inod related fielSs, this stody’s findings might be & sgnificant step
Eavwaril bn diveloping affectise Teekmlgiiag, )

Th recelude, the FECEWO algudthm, which augments GWO with
‘chpatie qaps and fraceel-bosed midd geele ssaech, comes tith b chal
lengny, Becguss the elporthen beavily relles ‘on ‘these parametor,
chants: maps and soxle mesmzey vequiine sefficient tuning, The inowsed
eampaslicn omplay ravilting from mmli-eale sorch mechaniims
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ety ab pres=ob challsage for lagpe-doale opticxiation. Addicmadly,
o= of e meord erliieg] chelipuges b e dégres of balanes malainlnsl
batwoen. axplorsdcn end exploition meesures m aveld undug
‘eamvergence; Al [z soaluhility sod wdepebility bo FECGWO for high
dEmenaional probleins seed furtter eeplorziies, These chalbenges mis
be addreared to bnprove the abeorithm's effictency and rebustness in
dilleran aptlndimibon problems.

i, Conclmien

Efcien patl plansing fur UMY preg=iis geyveral Rey chaflsiges
et hoding diftieulry hakineing explosatinn and expliimton. prematee
convergence to joca] optime, the complmdty of novigstieg dmamic

ik

ki envioneensg, sl high compesaticeal cours that hindss ges!
tme appliciiione Mauy edsing opleization dgocddurs, i s
GG and FE0, sugple wich thes teoeer, Ioading m. suboptimal pach

selecsion and meffizient novigstion Addresing thece sallergey i

erutiel for bnproving tee relsblliny and adaprabiliey of UMV operatiors
En reslworld sermarkes. To overcome ties Imbistions, this shidy pro-
posel w0 ECGWO-DIE. The appuvanh neegrates chactle mapa 1o enihance
weplarntion, pravonting ha wlgarithm from gering wapped o ool

optism. - Additlorally, & foectal-based midi-scnle sesrch. sioat=gy b
mhﬂﬂhpaiﬂﬁm:mﬂmm
Incinding Tl furthee mefnes sk solurions, sy thes fhe et
prams bl path mee ddde|Bled afficiesily, The mtipowd methad optinlses
compstaticesl efficioncy, anehiing meektime UMY nadgation whils
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maisininizg smooty coffsion-fiee, wsteffective path pisening, The
effscriveness of TECOWODE was wnlldated through' emessive eppesi
miefils kg 4 lenchmark smdronments snd comparisnng with gazih-
Bshesl mathods, incluifieg GWO-DE, ACHE, FEM Dilkein, DS, 2l
HEA Mesuli  demnonsrassd  fhal FROGWUFGE congloently it
parformaed existing approaches. regarding path lengrs, pogothnas,
computational =ost, mnd soccem riie. Sististicnl lidedien wing the
Wikt tank pam sl confioned the slgaifizancs of (heas Impre-
menie Fartharmors, MATLAS bassd shnulpllors ssaminsd redl-warld]
npplienhlliny, where i algorithm's robuinsses wai wared agale
“werying abetacla donslfies and snviroemeoenl complasis.

Lealing shead, semeret oo for future feesnch nemiin ooen. fne
ke direction = exbanding thes spprosch o nidu-UNY path plansing,
ennbling tulisbomiive mavigetios in shared enviromments. Additanslly,
ispegrating wdepive @nd onlloe lewmiing rough  nulnfercemsns

maring could sBow the fymen o dmamimily adfar o chaging:

enyirmmenmd nooditont. Anclher ciies] mpect i opilevieieg sy
afficiengy, smemring that UMY consire minimal poser whils mals-
Iﬁjp;'!;nmir-.l.m‘jﬂdun]:l:ﬁmﬂm Firnlly, hather investigations
arg heedel i sshasen e pealpbdliny sl FECGWODE Jor  high-
dirn=mrinng] am] I.:rp:-q::l.‘u.l protdeme, moking & odmhle for e
i - eamplen imEr e $pElmoans.

This study comtrimies 1o the advannsment of UMY par plasming by
mrodusing o byvbrid opproach ihet slfesifrely sdéresses lang sraeding
challzeges in b feld The proposed TECGWO-DE mesdel ailfers n
jrumising shnlan for real-me, sdapilee, and effcent UMV navige
phi, pavlng e oAy for futurs Enprovements | subesmimng INarios
vahicie
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