
National Technical University of Athens
School of Electrical and Computer Engineering

Division of Signals, Control and Robotics

Multi-objective mobile robot path planning applied

in autonomous robotic inspection of outdoor

environment

Diploma Thesis
of

ANDREAS VATISTAS

Supervisor: Costas Tzafestas
Assoc. Prof. NTUA

Athens, March 2024





National Technical University of Athens
School of Electrical and Computer Engineering
Division of Signals, Control and Robotics

Multi-objective mobile robot path planning applied
in autonomous robotic inspection of outdoor

environment

Diploma Thesis
of

ANDREAS VATISTAS

Supervisor: Costas Tzafestas
Assoc. Prof. NTUA

Approved by the examination committee on 28th March 2024.

(Signature) (Signature) (Signature)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Costas Tzafestas Athanasios Rontogiannis Haralambos Psilakis

Assoc. Prof. NTUA Assoc. Prof. NTUA Lect. NTUA

Athens, March 2024





National Technical University of Athens
School of Electrical and Computer Engineering
Division of Signals, Control and Robotics

Copyright © – All rights reserved.
Andreas Vatistas, 2024.

The copying, storage and distribution of this diploma thesis, exall or part of it, is pro-
hibited for commercial purposes. Reprinting, storage and distribution for non - profit,
educational or of a research nature is allowed, provided that the source is indicated and
that this message is retained.

The content of this thesis does not necessarily reflect the views of the Department, the
Supervisor, or the committee that approved it.

DISCLAIMER ON ACADEMIC ETHICS AND INTELLECTUAL PROP-
ERTY RIGHTS
Being fully aware of the implications of copyright laws, I expressly state that this diploma
thesis, as well as the electronic files and source codes developed or modified in the course
of this thesis, are solely the product of my personal work and do not infringe any rights of
intellectual property, personality and personal data of third parties, do not contain work
/ contributions of third parties for which the permission of the authors / beneficiaries is
required and are not a product of partial or complete plagiarism, while the sources used
are limited to the bibliographic references only and meet the rules of scientific citing. The
points where I have used ideas, text, files and / or sources of other authors are clearly
mentioned in the text with the appropriate citation and the relevant complete reference is
included in the bibliographic references section. I fully, individually and personally under-
take all legal and administrative consequences that may arise in the event that it is proven,
in the course of time, that this thesis or part of it does not belong to me because it is a
product of plagiarism.

(Signature)

. . . . . . . . . . . . . . . . . . . . . . . . . .
Andreas Vatistas

28th March 2024





Abstract

In this thesis we propose a solution to a multi-objective optimization problem for an
autonomous inspection task conducted in an outdoor environment, using a mobile robot.
A user selects certain elements that require inspection, and our programs based on this
input and the environment’s map information suggest the optimal sequence of waypoints
to be visited. The metrics we account for are both the time constraint of the total move-
ment, directly related to the total distance and energy consumed, and the maximization
of the visual and infrared data captured during the inspection. We thoroughly analyzed
related work found in the literature, proposed and implemented a methodology to ad-
dress the aforementioned challenge. To achieve this we transform the whole problem into
smaller ones and solve each one separately. This, firstly, involves an interesting point se-
lection task and a path planning one, both of which take place offline as pre-processing
steps. Then based on these data and the user’s input, we transform the extracted problem
into a Generalized Traveling Salesman Problem, and employ the GLNS Solver to solve it,
as it demonstrates superior overall performance compared to the other state of the art
approaches.

Keywords

Mobile robotics, Path planning, Autonomous inspection, Multi-objective optimization,
Generalized Traveling Salesman Problem (GTSP)
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Περίληψη

Se aut  th diplwmatik  prote—noume m—a lÔsh gia Łna prìblhma beltistopo—hshc pol-

lapl‚n krithr—wn pou anafŁretai se m—a ergas—a epije‚rhshc stoiqe—wn exwterikoÔ q‚rou

me qr sh autìnomou kinoÔmenou tetr�troqou rompìt. ’Enac qr sthc epilŁgei sugkekrimŁna

stoiqe—a pou kr—nei qr simo na epijewrhjoÔn, kai ta progr�mmat� mac me th seir� touc b�sei

thc epilog c aut c kai plhrofori‚n gia to q�rth tou perib�llontoc autoÔ, pou e—nai apì

prin gnwstŁc, prote—noun th bŁltisth akolouj—a apì shme—a pou prŁpei na episkefte— to ro-

mpìt gia na fŁrei se pŁrac me bŁltisto trìpo thn proanaferje—sa ergas—a. Oi metrikŁc pou

lamb�noume upìyin e—nai tìso o sunolikìc qrìnoc thc k—nhshc, pou Łqei �mesh susqŁtish

me th sunolik  apìstash kai enŁrgeia pou ja katanalwje— telik‚c, kaj‚c kai h sunolik 

optik  kai upŁrujrh plhrofor—a pou ja sulleqje—. AnalÔsame diexodik� sqetik� Łrga thc

bibliograf—ac kai sqedi�same kai ulopoi same m—a mŁjodo gia to skopì autì. SÔmfwna me

aut , metatrŁpoume to prìblhma se mikrìtera kai lÔnoume to k�je Łna xeqwrist�. Aut� apo-

teloÔntai arqik�, apì m—a diadikas—a eÔreshc pijan‚n shme—wn endiafŁrontoc pou apoteloÔn

kalŁc eikonolhptikŁc jŁseic kai m—a diergas—a sqed—ashc monopati‚n, ta opo—a dienergoÔntai

proparaskeuastik� gia th sunŁqeia. AkoloÔjwc, b�sei aut‚n twn dedomŁnwn kai thc epi-

log c tou qr sth, metatrŁpoume to prìblhma se GenikeumŁno Prìblhma Planìdiou Pwlht 

kai to lÔnoume qrhsimopoi‚ntac ton GLNS Solver, pou parousi�zei tic kalÔterec epidìseic

sugkritik� me touc upìloipouc state of the art lÔtec.

LŁxeic Kleidi�

Kinht� rompìt, Algìrijmoi sqed—ashc monopati‚n, Autìnomh epije‚rhsh, Polukrithria-

k  beltistopo—hsh, GenikeumŁno Prìblhma Planìdiou Pwlht 
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Ektetamènh PerÐlhyh

Ektetamènh PerÐlhyh

1. Eisagwg 

Wc kinhtˆ rompìt orÐzontai ta rompìt pou den èqoun stajer  bˆsh kai èqoun th duna-

tìthta na metakinoÔntai eleÔjera se diˆfora peribˆllonta.

Prìblhma beltistopoÐhshc lègetai èna prìblhma gia to opoÐo kaneÐc kaleÐtai na d¸sei

thn kalÔterh lÔsh metaxÔ poll¸n pijan¸n lÔsewn.

H ergasÐa mac anafèretai se èna mikrì autìnomo tetrˆtroqo kinhtì rompìt, gia to opoÐo

kaloÔmaste na anaptÔxoume algorÐjmouc gia na epilÔsoume èna prìblhma beltistopoÐhshc

anaforikˆ me mÐa ergasÐa epije¸rhshc se kèntra uyhl c tˆshc tou ADMHE (Anexˆrthtoc

Diaqeirist c Metaforˆc Hlektrik c Enèrgeiac) sta plaÐsia tou progrˆmmatoc ENORASH.

H diadikasÐa kai h mèjodoc pou proteÐnoume eÐnai pio genik  kai mporeÐ na epektajeÐ profan¸c

kai se ˆllec efarmogèc.

To prìblhma èqei wc ex c. Upˆrqoun diˆfora stoiqeÐa, hlektrologikˆ sthn paroÔsa

fˆsh, ta opoÐa jèloume na epijewr soume me autìnomo trìpo sto exwterikì autì peribˆllon

pou kineÐtai to rompìt, ìpwc faÐnetai kai sthn Eikìna 1. H epije¸rhsh pragmatopoieÐtai

trab¸ntac fwtografÐec se oratì fˆsma, allˆ kai uperÔjrec. 'Eqoume sth diˆjes  mac

èna qˆrth pou apeikonÐzei thn topologik  anaparˆstash tou exwterikoÔ pedÐou, deÐqnei gia

parˆdeigma thn klÐsh se kaje shmeÐo kai ˆllec plhroforÐec pou katal goun sthn kathgo-

riopoÐhsh kˆje kelioÔ wc prosbˆsimou   mh. O ìroc kelÐ anafèretai se mia perioq  mikr 

gÔrw apì èna kartesianì shmeÐo tou q¸rou. Epiplèon, èqoume sth diˆjes  mac qˆrtec pou

parousiˆzoun thn optik  plhroforÐa, dhlad  to pìso kalˆ blèpei kˆje kelÐ ton kˆje pijanì

stìqo.

Figure 1. To rompìt pou èqoume sth diˆjesh mac sto exwterikì peribˆllon tou
Kèntrou Uyhl c Tˆshc (KUT) thc Pall nhc. FaÐnontai pÐsw kai merikˆ pijanˆ
stoiqeÐa proc epije¸rhsh, pˆnw stouc antÐstoiqoc st louc.

12



Ektetamènh PerÐlhyh

'Enac qr sthc loipìn, ja epilègei merikˆ stoiqeÐa ta opoÐa jewreÐ ìti jèloun epije¸rhsh.

Oi algìrijmoÐ mac kaloÔntai na proteÐnoun th bèltisth allhlouqÐa apì shmeÐa sto q¸ro

autì pou to rompìt ja prèpei autìnoma na akolouj sei, prokeimènou na fèrei se pèrac thn

apostol  epije¸rhshc me bèltisto trìpo. Wc bèltisto sthn paroÔsa efarmog , orÐzoume ton

trìpo pou megistopoieÐ thn optik  plhroforÐa, en¸ sugqrìnwc elaqistopoieÐ to sunolikì

kìstoc metˆbashc metaxÔ twn shmeÐwn aut¸n. Profan¸c gia thn epije¸rhsh kˆje stoiqeÐou

upˆrqoun pollˆ pijanˆ axiìloga shmeÐa apì ta opoÐa mporeÐ na gÐnei h epilog  gia th sullog 

twn dedomènwn.

H mèjodoc pou anaptÔxame kai ulopoi same qwrÐzei to prìblhma se upo-probl mata

ta opoÐa me th seirˆ touc lÔnontai me bèltisto dunatì trìpo. Endeiktikˆ, ta kÔria upo-

probl mata thc diadikasÐac eÐnai h exagwg  twn pijan¸n shmeÐwn epÐskeyhc gia thn epi-

je¸rhsh kˆje stoiqeÐou. H proepexergasÐa twn dedomènwn me qr sh algorÐjmwn gia ton

upologismì tou kìstouc metˆbashc metaxÔ aut¸n. Tèloc, bˆsei twn parapˆnw plhrofori¸n

kai thn epilog  tou qr sth, h exagwg  tou bèltistou plˆnou wc lÔsh.

Sta epìmena kefˆlaia parousiˆzontai katˆ seirˆ, perilhptikˆ apotelèsmata apì th die-

xodik  bibliografik  èreuna pou pragmatopoi same, h prosèggis  mac gia th lÔsh tou pro-

bl matoc, kaj¸c kai sumperˆsmata kai protˆseic gia mellontik  èreuna epÐ tou jèmatoc.

2. Sqetik  'Ereuna

Oi algìrijmoi sqedÐashc monopati¸n (path planning) apoteloÔn èna megˆlo ereunhtikì

kommˆti sta plaÐsia thc rompotik c. AsqoloÔntai me thn eÔresh suntomìterwn monopati¸n

metaxÔ enìc arqikoÔ shmeÐou kai enìc shmeÐou stìqou se èna peribˆllon. KaloÔntai na apa-

nt soun, apofeÔgontac pijanˆ empìdia kai sugqrìnwc beltistopoi¸ntac diˆforec metrikèc,

ìpwc o qrìnoc thc kÐnhshc   ta sunolikˆ mètra, metrikèc asfˆleiac (kÐnhsh arketˆ makriˆ

apì empìdia gia parˆdeigma),   kai ˆllec metrikèc pou sqetÐzontai me thn ekˆstote efarmog .

Pollèc teqnikèc se aut  thn kateÔjunsh èqoun anaptuqjeÐ. Endeleq¸c parousiˆzetai polÔ

ulikì stic ergasÐec [7, 8, 9, 10]. 'Oloi oi suggrafeÐc twn parapˆnw epishmaÐnoun th dusko-

lÐa twn problhmˆtwn aut¸n kai diapist¸noun ìti kurÐwc exart¸ntai apì parˆgontec ìpwc

oi diastˆseic tou q¸rou thc ekˆstote anaz thshc kai periorismoÐ stouc upologistikoÔc mac

pìrouc. Gia th megistopoÐhsh twn apotelesmˆtwn, gÐnontai kˆpoiatrade-o�s . Gia to skopì

autì, oi mèjodoi qwrÐzontai se dÔo megˆlec kathgorÐec:online & o�ine . Oi algìrijmoi pou

anafèrontai sthn pr¸th kathgorÐa sqediˆzoun monopˆtia "zwntanˆ", thn ¸ra thc kÐnhshc dh-

lad , opìte lambˆnoun upìyh kai dunamikoÔc periorismoÔc ìpwc kinoÔmena empìdia. AutoÐ

pou an koun sth deÔterh kathgorÐa sqediˆzoun tic diadromèc apì prin, èqoun sunep¸c kai

perissìtero qrìno gia diexodikìterh anˆlush, allˆ anafèrontai se statikˆ peribˆllonta.

To parapˆnw prìblhma mporeÐ na antimetwpisteÐ me diˆforouc trìpouc, ènac apì au-

toÔc eÐnai me algìrijmouc anaz thshc se grˆfo pou èqei prokÔyei bˆsei thc topologik c

anaparˆstashc tou q¸rou ston opoÐo anaferìmaste [11]. Qr simoi tètoio algìrijmoi pa-

rousiˆzontai akoloÔjwc.

O algìrijmoc tou Dijkstra , eÐnai ènac algìrijmoc anaz thshc grˆfou pou epilÔei to

prìblhma tou suntomìterou monopatioÔ gia opoiond pote kateujunìmeno (  mh) grˆfo me

mh-arnhtikˆ bˆrh stic akmèc [12]. Xekinˆ apì ènan kìmbo phg  kai exereunˆ epanalhptikˆ
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touc geitonikoÔc kìmbouc, enhmer¸nontac thn suntomìterh apìstash proc kˆje kìmbo mèqri

na episkefjeÐ ìlouc touc kìmbouc. MporeÐ epÐshc na qrhsimopoihjeÐ gia thn eÔresh twn

suntomìterwn monopati¸n apì ènan kìmbo proc ènan mìno kìmbo proorismoÔ, diakìptontac

ton algìrijmo mìlic kajoristeÐ to suntomìtero monopˆti proc ton kìmbo autìn.

O algìrijmoc A* eÐnai ènac algìrijmoc pou qrhsimopoieÐtai gia thn anaz thsh bèltistwn

monopati¸n kai th diˆsqish grˆfwn. Xekin¸ntac apì ènan arqikì kìmbo kai gnwrÐzontac

poioc eÐnai o kìmboc stìqoc, se ènan grˆfo me bˆrh, epidi¸kei na brei to bèltisto monopˆti

metaxÔ aut¸n. Gia to to skopì autì qrhsimopoieÐ ènan euretikì mhqanismì, euristik  sunˆr-

thsh, pou kˆje forˆ problèpei thn apìstash apì ton trèqonta kìmbo ston kìmbo stìqo. O

A* lambˆnei upìyh tìso to pragmatikì kìstoc tou monopatioÔ apì thn arqik  katˆstash

wc ton trèqonta kìmbo ìso kai to ektim¸meno kìstoc gia thn epÐteuxh tou stìqou apì autìn

ton kìmbo, bˆsei thc euristik c sunˆrthshc pou èqei epileqjeÐ. Oi apofˆseic lambˆnontai

bˆsei tou parapˆnw ajroÐsmatoc. 'Etsi, o algìrijmoc epilègei me èxupno trìpo touc kìm-

bouc pou prèpei na exereun sei, odhg¸ntac se èna bèltisto monopˆti me mikrìtero telikì

upologistikì fìrto, kaj¸c periorÐzetai/kateujÔnetai arketˆ h anaz thsh. Oi Peter Hart,

Nils Nilsson kai Bertram Raphael tou Stanford Research InstitutedhmosÐeusan pr¸toi ton

algìrijmo to 1968 [13].

Ta probl mata pou lème ìti an koun sthn klˆsh NP, apoteloÔn mÐa kathgorÐa upologi-

stik¸n problhmˆtwn gia ta opoÐa oi lÔseic touc mporoÔn na epalhjeutoÔn se poluwnumikì

qrìno. Wstìso, h eÔresh miac lÔshc mporeÐ na eÐnai shmantikˆ pio polÔplokh algorijmikˆ.

'Eqoun lˆbei megˆlh prosoq  kai èqei gÐnei arket  èreuna lìgw thc idiaÐterhc fÔshc touc.

'Ena apì ta pio gnwstˆ probl mata pou an koun sthn parapˆnw klˆsh, eÐnai to prìblh-

ma, gnwstì kai wc Prìblhma tou Planìdiou Pwlht  . To prìblhma autì jètei

thn akìloujh er¸thsh: "Lambˆnontac upìyh mia lÐsta apì pìleic kai tic apostˆseic metaxÔ

kˆje zeÔgouc aut¸n, poia eÐnai h suntomìterh, dhlad  bèltisth, diadrom  pou episkèptetai

kˆje pìlh kai telikˆ epistrèfei thn pìlh proèleushc;� BrÐskei megˆlh praktik  efarmog 

se diˆforec katastˆseic, apì to sqediasmì diadrom¸n gia pwlhtèc, mèqri thn kataskeu 

upologistik¸n tsipc, akìma kai krustallografÐa aktÐnwn Q [14].

Gia èna summetrikì tètoio prìblhma me pìleicn to pl joc, èukola apodeiknÔetai ìti

upˆrqoun (n-1)!/2 pijanèc diadromèc. Opìte giav = 10, upˆrqoun perissìterec apì 1018

diadromèc, noÔmero apagoreutikì gia exantlhtikèc lÔseic.

H anˆgkh gia anˆptuxh proseggistik¸n algorÐjmwn gia thn epÐlush tou eÐnai profa-

n c. Endeiktikˆ anafèroume merikèc mejìdouc sthn kateÔjunsh aut n. H mèjodoc tou

plhsièsterou geÐtonaqtÐzei me polÔ katanohtì, aplì trìpo thn diadrom . Xekin¸ntac apì

mÐa tuqaÐa pìlh, se kˆje stˆdio gÐnetai epilog  tou plhsièsterou geÐtona pou den apoteleÐ

mèloc thc diadrom c, kai telikˆ epistrèfei ston kìmbo pou xekÐnhse h diadikasÐa. Profan¸c,

epidèqetai megˆlec belti¸seic. H mèjodoc2-opt, xekinˆei me mÐa  dh upˆrqousa diadrom ,

anexˆrthta me to pwc qtÐsthke aut . Epanalhptikˆ antikajistˆ dÔo sundèsmouc me dÔo

ˆllouc pou odhgoÔn se kalÔterh telik  sunolik  diadrom . H diadikasÐa termatÐzetai ìtan

den upˆrqei ˆllh tètoia allag  pou na odhgeÐ se beltÐwsh. H Eikìna 2 deÐqnei akrib¸c mÐa

tètoia allag .

MÐa genÐkeush tou skeptikoÔ pou parousiˆsthke parapˆnw, od ghse toucLin-Kernighan

sthn anˆptuxh dikoÔ touc algorÐjmou, to 1971. Efarmìzontac mia seirˆ suneq¸n belti¸se-
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Figure 2. 2-opt kÐnhsh

wn sthn arqik  lÔsh pou proteÐnetai, o algìrijmìc touc prospajeÐ na brei th bèltisth

diadrom  gia to prìblhma tou periodeÔontoc pwlht . Gia na gÐnei autì eisˆgetai o orismìc

thc � � opt kÐnhshc. To skeptikì basÐzetai sta ex c [6]: 'Estw T o trèqwn perÐpatoc. Sthn

kˆje epanˆlhyh, o algìrijmoc prospajeÐ na brei dÔo sÔnola sundèsmwn,X = f x1; :::; xr g

kai Y = f y1; :::; yr g, tètoia ¸ste, an oi sÔndesmoi tou Q diagrafoÔn apì to T kai anti-

katastajoÔn apì touc sundèsmouc tou U, to apotèlesma eÐnai ènac kalÔteroc perÐpatoc.

Parˆdeigma mÐac3 � opt kÐnhshc parousÐazetai sthn Eikìna 3. Pollˆ krit ria parousiˆzo-

ntai sthn ergasÐa touc gia to poioi sÔndesmoi mporoÔn na an koun sto kˆje sÔnolo. Gia

parˆdeigma, prèpei oi sÔndemoix i ; yi na moirˆzontai to èna ˆkro touc, ta sÔnola na mhn

èqoun koinˆ stoiqeÐa kai ˆlla parìmoia (parousiˆzontai sugkentrwtikˆ sto kefˆlaio 2.2).

EpÐshc anafèrjhkan se krit ria gia th beltÐwsh apodotikìthtac, qrhsimopoi¸ntac eureti-

koÔc mhqanismoÔc, ìpwc o periorismìc thc anaz thshc stouc 5 kontinìterouc geÐtonec tou

kˆje kìmbou,   o termatismìc thc ìlhc diadikasÐac an o nèoc perÐpatoc èqei Ðdio kìstoc me

ton prohgoÔmeno. OHelsgaunèfere merikèc belti¸seic ston parapˆnw algìrijmo, belti-

¸nontac tic parapˆnw eurustikèc, pou od ghsan ston algìrijmo LKH . Eisˆgontac thn

a-metrik , od ghse se kalÔtera sÔnola pijan¸n geitìnwn belti¸nontac arketˆ to kìnsept

thc euretik c geitnÐashc. Analutik  perigraf  aut¸n gÐnetai sto kefˆlaio 2.2.

Figure 3. 3-opt kÐnhsh

MÐa ˆllh polÔ gnwst  mèjodoc epÐlushc tou Probl matoc Planìdiou Pwlht  eÐnai aut 

thc Prosomoiwmènhc Anìpthshc. O algìrijmoc parousiˆzetai amèswc parakˆtw. Xekinˆei

apì èna proteinìmeno tour/monopˆti san lÔsh kai ìpwc kai prin diadoqikˆ to belti¸nei

basizìmenoc sto� � opt skeptikì. H diaforˆ èggutai sto gegonìc ìti apodèqetai kai lÔseic

qeirìterec lÔseic se kˆpoiec epanal yeic bˆsei thc pijanìthtac exp
�

f ( i )� f ( j )
ck

�
, h opoÐa
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basÐzetai sth prosomoÐwsh thc anìpthshc enìc ulikoÔ. H parˆmetrocck pou parousiˆzetai,

anafèretai sth jermokrasÐa tou ulikoÔ, en¸ h sunˆrthsh f pou metrˆei to pìso kal  eÐnai

h ekˆstote lÔsh.

Algorithm 1: Simulated Annealing [15]

1: procedure SimulatedAnnealing (i start , c0, L 0)
2: INITIALIZE( i start , c0, L 0);
3: k  0;
4: i  i start ;
5: while stopcriterion = FALSE do
6: for l  1 to L k do
7: GENERATE( j from Sl );
8: if f (j ) � f (i ) then
9: i  j ;

10: else
11: if exp

�
f ( i )� f ( j )

ck

�
> random[0; 1) then

12: i  j ;
13: end if
14: end if
15: end for
16: k  k + 1 ;
17: CALCULATE_LENGTH( L k );
18: CALCULATE_CONTROL( ck );
19: end while
20: end procedure

H GenÐkeush tou Probl matoc Planìdiou Pwlht  (GTSP) eÐnai mÐa e-

pèktash tou basikoÔ probl matoc pou suzht jhke prin. BrÐskei megˆlh praktik  efarmog 

kai upˆrqei arket  bibliografÐa lìgw thc idiaÐterhc fÔshc kai duskolÐac pou parousiˆzei.

Se autì to prìblhma to sÔnolo twn kìmbwn qwrÐzetai se gkroupc/sustˆdec. H er¸thsh

pou jètei to prìblhma eÐnai, antÐstoiqa me prin, "poia eÐnai h bèltisth, mikrìterou sunoli-

koÔ kìstouc diadrom  pou prèpei na akoloujhjeÐ ¸ste na episkefteÐ kaneÐc toulˆqiston

èna kìmbo apì kˆje gkroup apì ta proanaferjènta;". H ekdoq  autoÔ tou probl matoc

thn epÐskeyh gia akrib¸c mÐac forˆc se kˆje gkroup, anafèretai wcEquality Generalized

Traveling Salesman Problem (E-GTSP).

Sto shmeÐo autì ègine endeleq c bibliografik  èreuna, sqetikˆ me tic diˆforetikec u-

pˆrqousec proseggÐseic epÐlushc, kaj¸c kai poiec apì autec èqoun tic kalÔterec epidìseic.

Upˆrqoun pollèc proseggÐseic, endeiktikˆ anafèrontai oi akribeÐc algìrijmoi-exact algo-

rithms, oi opoÐoi ìmwc parousiˆzoun megˆlo upologistikì kìstoc, mèjodoi metasqhmatismoÔ

tou probl matoc, algìrijmoi meÐwshc, gnwstoÐ kai wcreduction algorithms, proseggistikoÐ

algìrijmoi allˆ kai euretikoÐ, pou kˆnoun qr sh euristik¸n mejìdwn kai parousiˆzoun ta

kalÔtera sunolikˆ apotelèsmata.

'Eqoun dhmiourghjeÐ diˆfora sÔnola dedomènwn, parˆllhla me thn anˆptuxh thc èreunac

ston tomèa autì, ta opoÐa aposkopoÔn gia thn axiolìghsh twn diˆforwn lÔsewn. Arqi-

kˆ, h biblioj kh me dedomènaGTSP_LIB , h opoÐa qtÐzei ta gkroupc bˆsei thc eggÔthtac
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Figure 4. GTSP parˆdeiga gia 6 gkroupc kai 23 su-
nolikˆ kìmbouc [1]

twn kìmbwn. Dialègei m = dn=5e kèntra, ìpou n o sunolikìc arijmìc twn kìmbwn, kai

epanalhptikˆ omadopoieÐ touc upìloipouc kìmbouc sta gkroupc tou plhsièsterou kèntrou.

'Alla tètoia sÔnola dedomènwn parousiˆzontai stic biblioj kec BAF_LIB , MOM_LIB kai

LARGE_LIB .

MÐa sugkritik  axiolìghsh twn state of the art mejìdwn parousiˆzetai sthn ergasÐa [2].

Oi tèsseric kalÔterec mèjodoi thn paroÔsa stigm  sth bibliografÐa faÐnetai pwc eÐnai:

ˆ O mimhtikìc algìrijmoc pou parousiˆzetai sthn ergasÐa twn Gutin & Karapetyan

[16],

ˆ H lÔsh basismènh stonLin-Kernighan-Helsgaun (LKH) algìrijmo, gnwst  kai wc

GLKH [1],

ˆ H lÔsh "anaz thshc megˆlhc geitoniˆc", gnwst  kai wc G-LNS [17] kai

ˆ H lÔsh epanalambanìmenhc topik c anaz thshc(basic iterated local search)[18]

Figure 5. Sunoptikˆ apotelèsmata thc sÔgkrishc twn kalÔterwn mejìdwn [2]

Ta apotelèsmata thc sÔgkris c touc parousiˆzontai arketˆ sunoptikˆ sta graf mata

thc Eikìnac 5. Ta sumperˆsmata aut c thc anˆlushc eÐnai pwc hGLKH lÔsh parousiˆzei

ta kalÔtera apotelèsmata gia GTSP_LIB , en¸ akoloujeÐ elafr¸c pÐsw thc h GLNS, h
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opoÐa de, sta upìloipa sÔnola dedomènwn parousiˆzei suntriptik  uperoq  metaxÔ kai twn

tessˆrwn.

O GLKH solver, metatrèpei to genikeumèno prìblhma planìdiou pwlht , sto klassikì

aploÔstero prìblhma planìdiou pwlht , kai to epilÔei me th mèjodo LKH pou perigrˆfhke

prohgoumènwc. Gia na pragmatopoÐhsei th metatrop  aut  basÐzetai sto èrgo [19], to opoÐo

proteÐnei ta ex c. 'EstwV 0 kai c0 to nèo sÔnolo koruf¸n kai ta nèa kìsth gia to grˆfo

antÐstoiqa. O algìrijmoc thc metatrop c perigrˆfetai wc ex c:

ˆ To V 0 tautÐzetai me toV .

ˆ MetaxÔ kìmbwn Ðdiac sustˆdac dhmiourgeÐ ènan aujaÐreto kateujunìmeno kÔklo me

kìsth c0
ij = 0 , gia kˆje vi , vj , ìpou o kìmbocvj diadèqetai tonvi ston proanaferjènta

kÔklo.

ˆ Eˆn vi , vj an koun se diaforetikèc sustˆdec/gkroupc, orÐzei c0
ij = ckj + M , ìpou vk

o kìmboc pou diadèqetai tonvi ston kÔklo , kai M mÐa megˆlh stajerˆ. ArkeÐ h tim 

tou M na eÐnai megalÔterh apì to ˆjroisma twnn megalÔterwn kìstwn metˆbashc.

ˆ Alli¸c, orÐzei c0
ij = 2M .

H metatrop  aut  leitourgeÐ kaj¸c to bèltisto monopˆti gia th lÔsh tou TSP pro-

bl matoc, mìlic sunant sei ènan kìmbo kˆpoiac sustˆdac, amèswc episkèptetai kai ìlouc

touc upìloipouc, protoÔ episkefjeÐ epìmeno gkroup apì shmeÐa. H metatrop  aut  den eÐnai

katˆllhlh gia ìlouc touc diajèsimouc lÔtec, par' ìla autˆ o LKH mporeÐ na efarmosteÐ

qwrÐc probl mata ìpwc apodeiknÔetai sto [1].

O GLNS solver, pou bˆsei thc prohgoÔmenhc anˆlushc parousiˆzei ta kalÔtera sunolikˆ

apotelèsmata, parousiˆsthke to 2017 apì touc Smith & Imeson [17]. LeitourgeÐ gÔrw apì

to skeptikì tou adaptive large neighborhood search (ALNS), sta ellhnikˆ prosarmostik 

anaz thsh megˆlhc geitoniˆc. Xekinˆei ìpwc kai prin me mÐa proteinìmenh lÔsh kai epanalh-

ptikˆ afaireÐ kai prosjètei sundèsmouc mèsw euristik¸n sunart sewn mèqri na ftˆsei se

mÐa sunj kh termatismoÔ. Kˆpoia bˆrh sqetÐzontai me autèc tic euristikèc eisagwg c kai

diagraf c, gi' autì kai ìnoma prosarmostik  anaz thsh. Perissìterec plhroforÐec gi' au-

tèc mporeÐ kaneÐc na dei sto antÐstoiqo kefˆlaio thc ergasÐac mac, kai akìma pio analutikˆ

sthn arqik  ergasÐa [17] Yeudok¸dikac gia ton algìrijmo akoloujeÐ.

H epilog  tou arijmoÔ twn koruf¸n pou ja afairejoÔn eÐnai tuqaÐa, kai prokÔptei omoi-

ìmorfa apì to eÔroc 1 èwc Nmax . Basismèno se èna krit rio prosomoiwmènhc anìpthshc

(gramm  16 tou algorÐjmou) apodèqetai   aporrÐptei thn tropopoihmènh diadrom Tnew . Ar-

qikì krit rio termatismoÔ apoteleÐ h mh beltÐwsh thc lÔshc metˆ apì orismènec epanal yeic

tou algorÐjmou. En suneqeÐa, merikèc epanekinn seic thc diadikasÐac pragmatopoiÔntai, me

thn kalÔterh kˆje stigm  lÔsh, me mikrìterh jermokrasÐec prosomoÐwshc anìpthshc ìmwc.

Metˆ apì merikˆ b mata mh beltÐwshc thc lÔshc, pˆli, stamatˆei kai aut  h diadikasÐa.

3. H suneisforˆ mac

Gia thn epÐlush tou probl matoc beltistopoÐhshc pollapl¸n krithrÐwn pou kaloÔma-

ste na epilÔsoume, kai to opoÐo parousiˆsthke prohgoumènwc, proteÐnoume to qwrismì tou
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Algorithm 2: GLNS(G, PV ) [17]

1: Input: A GTSP instance (G; PV ). . G: Graph, PV : partition of vertices V into sets
2: Output: A GTSP tour on G.
3: for i = 1 to num_ trials do
4: T  initial _ tour (G; PV )
5: Tbest;i  T
6: repeat
7: Select a removal heuristicR and insertion heuristic I using the selection weights
8: Select the number of vertices to remove,N r , uniformly randomly from

f 1; :::; Nmaxg
9: Create a copy ofT called Tnew

10: RemoveN r vertices from Tnew using R
11: For each of the N r sets not visited by Tnew , using I insert a new vertex into

Tnew

12: Locally re-optimize Tnew

13: if w(Tnew) < w (Tbest;i ) then
14: Tbest;i  Tnew

15: end if
16: if accept(Tnew, T) then
17: T  Tnew

18: Record improvement made byR and I
19: end if
20: until stop criterion is met
21: Update selection weights based on improvements of each heuristic over trial
22: end for
23: return tour Tbest;i that attains min i w(Tbest;i )
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probl matoc se epÐ mèrouc upoprobl mata kai thn epÐlush aut¸n me to bèltisto dunatì

trìpo.

Arqikˆ, qr simo eÐnai na parousiˆsoume ta dedomèna pou èqoume sth diˆjes  mac gia th

met' èpeita anˆlush pou ja diexˆgoume. Metˆ apì mÐa bìlta tou rompìt ston exwterikì q¸ro

tou Kèntrou Uyhl c Tˆshc, me thleqeirismì autoÔ, pragmatopoi jhke h legìmenh sullog 

dedomènwn. Apì aut n proèkuyan ta ex c. Qˆrtec topologik c anaparˆstashc tou q¸rou,

dhlad  me plhroforÐec tou uy¸matoc se kˆje shmeÐo, thc traqÔthtac tou edˆfouc kai ˆllwn

antÐstoiqwn paramètrwn. H Eikìna 6 parousiˆzei èna qˆrth, me to qr¸ma na upodhl¸nei thn

plhroforÐa uy¸matoc. Na shmeiwjeÐ ìti h plhroforÐa aut  anafèretai mìno sth diadrom 

pou ektelèsthke h kÐnhsh tou rompìt sth proanaferjeÐsa kÐnhsh sullog c dedomènwn tou.

Upˆrqei kai h antÐstoiqh anaparˆstash me epèktash gia ìlo to qˆrth, allˆ me kˆpoio

megalÔtero sfˆlma.

Figure 6. Qˆrthc anapˆrastashc tou uy¸matoc se
kˆje shmeÐo thc diadrmom c pou akoloÔjhse to rompìt
gia th sullog  dedomènwn. To qr¸ma upodeiknÔei tic
timèc autèc. 'Oso kinoÔmaste proc ta dexiˆ p gainoume
se uyhlìterec timèc.

Apì tic parapˆnw plhroforÐec me katˆllhlh anˆlush prokÔptoun qˆrtec prosbasimìth-

tac/batìthtac, ìpwc thc Eikìnac 7. Aut  th forˆ parajètoume thn èkdosh olìklhrou tou

qˆrth. Sthn paroÔsa fˆsh h plhroforÐa aut  eÐnai duadik , dhlad    eÐnai prosbˆsimo èna

kelÐ   ìqi. Par' ìla autˆ h lÔsh mac lambˆnei upìyh th mellontik  epèktash gia suneqèc

fˆsma tim¸n prosbasimìthtac bˆsei thc eukolÐac   duskolÐac antÐstoiqa thc prìsbashc.

Epiplèon, èqoume sth diˆjesh mac qˆrtec pou anaparistoÔn kìsth oratìthtac. Pìso

kalˆ dhlad  blèpei to kˆje kelÐ tou disdiˆstou kartesianoÔ q¸rou, ton kˆje pijanì stìqo

proc epije¸rhsh. Parˆdeigma endeiktikì eÐnai autì thc Eikìnac 8. Me kìkkino faÐnontai oi

kalèc perioqèc en¸ ìso plhsiˆzei to kÐtrino, h plhroforÐa pou lambˆnoume apì ta antÐstoiqa

keliˆ qeirotereÔei.

AnaptÔxame loipìn kai ulopoi same miamejodologÐa gia th lÔsh tou probl matoc
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Figure 7. Qˆrthc anapˆrastashc thc prosbasimìth-
tac ìlou tou exwterikoÔ q¸rou, gnwstìc kai me ton ìro
traversability map.

Figure 8. Qˆrthc anapˆrastashc thc optik c plhro-
forÐac, gia èna stoiqeÐo stìqo. Sta agglikˆ anaferìma-
ste sto qˆrth wc visibility map.
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bˆsei twn dedomènwn pou parousiˆsthkan parapˆnw. H lÔsh mac basÐzetai se dÔo diadika-

sÐec. H mÐa pragmatopoieÐtai mÐa forˆ kai proparaskeuˆzei plhroforÐec gia argìtera. H

deÔterh pragmatopoieÐtai kˆje forˆ anˆloga me tic apait seic tou qr sth. Leptomèreiec

mporeÐ kaneÐc na dei sto diˆgramma thc Eikìnac 3.8, tou antÐstoiqou kefalaÐou.

H pr¸th fˆsh anafèretai se dÔo basikˆ stˆdia. 1. Ton upologismì ìlwn twn pijan¸n

shmeÐwn endiafèrontoc gia kˆje stìqo epije¸rhshc (ìlec tic kalèc eikonolhptikèc jèseic

dhlad ). 2. Ton upologismì apostˆsewn metaxÔ ìlwn aut¸n.

Gia ton upologismì ìlwn twn pijan¸n shmeÐwn endiafèrontoc gia kˆje stìqo epije¸rh-

shc, ergazìmaste wc ex c. Kˆje stoiqeÐo analÔetai xeqwristˆ bˆsei thc optik c plhrofo-

rÐac pou èqoume sth diˆjes  mac. 'Ena gkroup apì shmeÐa/keliˆ exˆgetai san apotelèsma

gia ton kˆje stìqo. Gia na prokÔyei autì arqikˆ jètoume se kˆje kelÐ tim  Ðsh me to

mèso ìro twn tim¸n se mÐa aktÐna mikr  allˆ ikanopoihtik  trigÔrw tou. Autì pragmato-

poeÐtai prokeimènou ta shmeÐa endiafèrontoc na anafèrontai se mÐa kal  perioq  kai ìqi se

memonomèna shmeÐa, pou endeqomènwc na upˆrqoun metèpeita duskolÐec stic l yeic. Akolo-

Ôjwc, diatrèqoume ìla ta keliˆ kai qrhsimopoi¸ntac ton algìrijmo introsort thc standard

library biblioj khc thc gl¸ssac C, ta sortˆroume. Sqediˆsame kai ulopoi same ènan ˆplh-

sto algìrijmo gia thn epilog  twn shmeÐwn aut¸n, o opoÐoc douleÔei wc ex c. Arqikˆ

epilègoume to kelÐ me to kalÔtero skor/èndeixh oratìthtac (metˆ th diadikasÐa me touc

mèsouc ìrouc perioq¸n). AkoloÔjwc, epilègoume to amèswc epìmeno kalÔtero to opoÐo

èqei mÐa ikanopoihtik  apìstash (pq. 1 mètro) aktÐna makriˆ apì ìla ta prohgoÔmena. H

diadikasÐa epanalambˆnetai èwc ìtou den upˆrqoun ˆlla shmeÐa kalÔtera apì ènathreshold

kai makrÔtera apì ta prohgoÔmena bˆsei twn parapˆnw prodiagraf¸n.

Sthn Eikìna 9 exhgeÐtai me th bo jeia skarif matoc, h anagkaiìthta kai to pwc ja eÐnai oi

legìmenec sustˆdec se èna upojetikì parˆdeigma. Sthn Eikìna 10, ˆllwste, parousiˆzetai

èna pragmatikì parˆdeigma sustˆdac shmeÐwn gia èna shmeÐo-stìqo.

Figure 9. Epexhghmatik  eikìna
gia thn anagkaiìthta twn gkroupc/su-
stˆdwn. Me Q apeikonÐzontai ta kal̂ sh-
meÐa oratìthtac gia ton kˆje stìqo.

Figure 10. 'Ena apotèlesma sustˆdac.
FaÐnetai apì ta kÐtrina koutˆkia, pˆnw sto
qˆrth oratìthtac pou epexhg jhke proh-
goumènwc.

Sto shmeÐo autì, en¸ èqoun exaqjeÐ ìla ta pijanˆ shmeÐa endiafèrontoc, epijumoÔme

na upologÐsoume ìlec tic metaxÔ touc apostˆseic(o�ine) . H kÔria apaÐthsh sthn paroÔsa

fˆsh eÐnai o kalÔteroc dunatìc upologismìc ìlwn twn apostˆsewn aut¸n, me to mikrìtero

dunatì sfˆlma dhlad , kaj¸c oi plhroforÐec pou ja prokÔyoun ja qrhsimopoioÔntai su-

nèqeia sto mèllon. Gia na epiteuqjeÐ autì, krÐjhke orj  h epilog  tou algorÐjmou A* , me
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euristik  sunˆrthsh thn euklÐdeia apìstash (pou odhgeÐ se bèltistec lÔseic, kaj¸c eÐnai

pˆnta mikrìterh   Ðsh me thn pragmatik  apìstash wc to stìqo), kai h epanalhptik  efar-

mog  autoÔ mèqri exantl sewc ìlwn twn pijan¸n zeug¸n apì shmeÐa. Apotelèsma thc ìlhc

diadikasÐac eÐnai h exagwg  enìc pÐnaka me dedomèna apostˆsewn.

'Otan o qr sthc tou progrˆmmatìc mac epilèxei ta stoiqeÐa pou jèlei na epijewrhjoÔn

autìmata apì to kinoÔmeno rompìt, mia seirˆ apì drˆseic lambˆnoun q¸ra. Bˆsei twn

shmeÐwn endiafèrontoc kai tou pÐnaka apostˆsewn pou èqoun paraqjeÐ apì ta prohgoÔmena

b mata, dhmiourgoÔme to katˆllhlo arqeÐo gia thn epÐlush tou Genikeumènou Probl matoc

Planìdiou Pwlht  GTSP. To en lìgw arqeÐo, èqei formˆt ìpwc faÐnetai parakˆtw.

Listing 1: GTSP File Format for Solvers

NAME: GTSP_format_explanation

TYPE: GTSP

DIMENSION: 6

GTSP_SETS: 3

EDGE_WEIGHT_TYPE: EXPLICIT

EDGE_WEIGHT_FORMAT: FULL_MATRIX

EDGE_WEIGHT_SECTION

0 200 2310 6052 404 10912

240 0 2166 5895 634 10719

2326 2195 0 3900 2724 8801

6195 6031 3978 0 6599 4888

434 639 2723 6457 0 11356

10869 10598 8697 4725 11217 0

GTSP_SET_SECTION

1 1 3 = 1

2 2 4 5 = 1

3 6 = 1

EOF

'Opwc faÐnetai parapˆnw dhl¸nontai ta kìsth metˆbashc apì kˆje shmeÐo endiafèrontoc

se kˆje ˆllo. Kˆtw orÐzontai oi sustˆdec. Sto parìn parˆdeigma, èqoume 3 sustˆdec, h

1h apoteleÐtai apì ta shmeÐa up' arijmìn 1 kai 3, h 2h apìf 2,4,5g, en¸ h 3h mìno apì to 6o

katˆ seirˆ shmeÐo.

Autì to formˆt diabˆzetai apì ta diajèsima progrˆmmata epÐlushc GTSP problhmˆtwn,

kai epistrèfoun thn allhlouqÐa apì shmeÐa gia bèltisth dunat  lÔsh tou genikeumènou

probl matoc planìdiou pwlht .

Sto shmeÐo autì dokimˆsame touc 2 kalÔteroucsolver, GLKH & GLNS, ìpwc parousi-

ˆsthkan apì th sqetik  bibliografik  èreuna. Lìgw thc genikìterhc uperoq c tou GLNS,

sth sugkritik  axiolìghs  touc, ìpwc parousiˆzetai kai sthn Eikìna 5, aut   tan kai h u-

lopoÐhsh pou telik¸c epilèqjhke. AxÐzei na shmeiwjeÐ pwc h proanaferjeÐsa sÔgkrish èqei

ektelesteÐ se polÔ megˆladatasets problhmˆtwn eidikˆ sqediasmènha gi' autì to skopì.

Ta mikrˆ se ìgko dedomèna pou èqoume sta plaÐsia aut c thc diplwmatik c parousiˆzoun

parìmoia epÐdosh kai gia touc dÔo lÔtec, kaj¸c pˆnta brÐskoun th bèltisth allhlouqÐa kai
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se polÔ parìmoio qrìno. Gi' autì krÐnetai ˆskoph h exagwg  sumperasmˆtwn kat' autìn ton

trìpo.

Pragmatopoi jhke poiotikìc èlegqoc twn apotelesmˆtwn mac, o opoÐoc bo jhse polÔ

katˆ thn anˆptuxh tou k¸dika se diìrjwsh laj¸n kai sthn telik  epibebaÐwsh ìti h ìlh h

diadikasÐa douleÔei ìpwc perimèname. H Eikìna 11, parousiˆzei èna parˆdeigma bèltisthc

proteinìmenhc allhlouqÐac allˆ kai thc diadrom c pou proteÐnei oglobal planner. 'Eqei

pragmatopoihjeÐin�ation sto qˆrth gÔrw apì empìdia kai genikìtera mh prosbˆsima sh-

meÐa, ¸ste to rompìt na odhgeÐtai mèsa apì pio asfaleÐc geitonièc shmeÐwn. Me kÐtrino

parousiˆzontai ta shmeÐa endiafèrontoc, en¸ me thn prˆsinh gramm  h diadrom  pou prote-

Ðnetai. Olocal planner sth sunèqeia basizìmenoc se autì to skèptiko ja axiopoi sei touc

katˆllhlouc algorÐjmouc, ¸ste mìno me eÐsodo ta shmeÐa (suntetagmènec) kai thn katˆllh-

lh allhlouqÐa aut¸n, kai ìqi thn prˆsinh gramm , na ektelèsei th sunolik  kÐnhsh gia thn

ergasÐa epije¸rhshc.

Figure 11. Parˆdeigma apotelèsmatoc miac bèltisthc diadrom c gia thn epije-
¸rhsh 4 stoiqeÐwn.

Gia thnulopoÐhshtwn parapˆnw qrhsimopoi jhkan oi ex c teqnologÐec. Arqikˆ, gl¸s-

sa programmatismoÔC++ ¸ste na èqoume thn kalÔterh dunat  apìdosh. Axiopoi jhke to

ROS framework kai bohjhtik  fˆnhke h qr sh merik¸n sunart sewn apì tic biblioj kec

gridmap, costmap, navfn, kurÐwc sth diaqeÐrish twn deodmènwn tou qˆrth. Oi ulopoi seic

twn GTSP Solvers, GLKH & GLNS, eÐnai diajèsimec eurèwc sto diadÐktuo kai enswmat¸jh-

kan me ton katˆllhlo trìpo. Tèloc, axiopoi jhke to ergaleÐo RViz ROS gia thn optikopo-

Ðhsh ìlwn twn apotelèsmatwn, pou eÐdame kai sthn parapˆnw anˆlush. Pragmatopoi jhke

ekten c poiotik  anˆlush twn apotelesmˆtwn, h opoÐa parousiˆzetai sto antÐstoiqo ke-

fˆlaio, epibebai¸nontac thn orj  leitourgÐa thc lÔshc pou proteÐnoume.
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4. Sumperˆsmata kai mellontik  èreuna

Sumperasmatikˆ, ulopoi jhke mÐa mèjodoc gia th lÔsh ènoc probl matoc beltistopo-

Ðhshc pollapl¸n krithrÐwn gia thn epijèwrhsh stoiqeÐwn me efarmog  se Kèntra Uyhl c

Tˆshc. Kommˆtia apì thn proteinìmenh lÔsh mporoÔn na epektajoÔn kai na efarmostoÔn

se plhj¸ra ˆllwn efarmog¸n kai problhmˆtwn, apì senˆria anaz thshc kai diˆswshc, se

rompotikèc kataskeuèc kai sugkoll seic, mèqri sqedÐash oloklhrwmènwn kuklwmˆtwn, allˆ

akìma kai efarmogèc se tourismì kai epÐskeyeic axiojèatwn.

EnnoeÐtai pwc to èrgo mac epidèqetai epektˆseic kai parousiˆzei megˆlo endiafèron h

kateÔjunsh aut . Endeiktikˆ proteÐnoume thn èreuna kai anˆptuxh enìc kalÔterou algorÐj-

mou, apì ton ˆplhsto algìrijmo pou ulopoi jhke, gia thn exagwg  shmeÐwn endiafèrontoc.

EpijumoÔme th megistopoÐhsh tou arijmoÔ twn pijan¸n shmeÐwn, pou parˆllhla èqei to

bèltisto sunolikì mèso ìro apì skorc oratìthtac. Megˆlo ereunhtikì endiafèron ˆllw-

ste parousiˆzei, h anˆptuxh antÐstoiqhc lÔshc gia sunergazìmeno gkroup apì rompìt. H

anˆptuxh mÐac tètoiac lÔshc ja bohj sei polÔ se epijewr seic megalÔterec klÐmakac kai se

ektenèstera kai pio perÐploka peribˆllonta.
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Chapter 1

Introduction

1.1 Basic De�nitions

Mobile robotics is a sub�eld of robotics that is concerned with the design, construction

and operation of robots that are not �xed in a certain physical location, but have the capa-

bility to move around in various environments. Mobile robots, unlike industrial ones that

typically operate within con�ned spaces, can navigate through dynamic and often unpre-

dictable surroundings. These robots are usually equipped with onboard sensors, actuators

and proper computer programs/intelligence in order to perceive their environment, make

decisions and adapt autonomously to changing conditions.

Inspection, within the context of robotics, refers to the examination, assessment and

generally surveillance of objects, structures or even whole environments using robotic sys-

tems. Robotic inspection serves di�erent purposes across industries including infrastruc-

ture maintenance, environmental monitoring and security surveillance. Robots equipped

with proper sensors can navigate autonomously and perform the inspection e�ciently and

accurately in a repeated fashion or in hazardous/hard-to-reach locations.

Path planning, also known as motion planning, is a computational problem of �nding a

sequence of valid con�gurations from which a robot can navigate from a current position to

a speci�ed goal within an environment. The objective, most of the times, is for the robot

to reach its destination safely and e�ciently; minimizing the risk of possible collisions

(or minimizing/maximizing other metrics), while at the same time optimizing its route to

conserve energy and time.

An optimization problem, in mathematics, engineering, computer science and eco-

nomics, is the problem of �nding the best solution from all feasible solutions. The Travel-

ing Salesman Problem (TSP) is one classic optimization problem which asks the question:

"Given a list of cities and the distances between them, what is the shortest possible route

that visits each city exactly once and returns to the original city?" This problem extends

to di�erent scenarios and will be later more thoroughly discussed in our study.

1.2 Problem

The problem we tackle is as follows. There is a set of di�erent items we want to

inspect, by taking photos (both RGB and infrared), in an outdoor environment. We
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