EpyaoTthpio Xwpikig AvdAuong ZuoTnHATwy Mewypa@ikwyv MNMAnpo@opiwyv & THAETIOKOTThONG
Tunuaro¢ lewypagiac , MNavemornuiou Alyaiou
(SAGISRS)

“Avaiuon Xwpikwv AIkTowv ue tn xpnon 2 T1 kar ueodwv Xwpikng¢ Avaivong.”
Mavayiwtng Ayoupodyiavvng*, Anuntpng KaBpouddakng**,

Ytmroyneiog Aiddkropag*, TuRuatog Mewypaegiag, NMavemoTtiuio Alyaiou
Emikoupog Kabnyntig*, Tunuatog ewypagiag, Mavermmotrpio Alyaiou

geod17010@geo.aegean.gr

22\ | DEPARTMENT OF GEOGRAPHY

R UNIVERSITY OF THE AEGEAN


mailto:geod17010@geo.aegean.gr

Eupeong BéATIOTWY di1adpouwyv oe éva vewypa@ikd SikTuo ueydAng éktaonc Bdon
TOTTOAOYIKWYV KOl YEWYPAPIKWY XOAPAKTNPIOTIKWV.

Avatrtuén O&ikTn OpOIOTNTAG HOVOTTATIWV (Similarity of Paths) o€ yewypa@ika dikTua TA
oTToia dev BpiokovTal oTnV idia TTEPIOXN, TNPWVTAG AVAAOYIEG KAl TTEPIOPIOUOUG YEWUETPIKAG
QUOEWC.

AvatrTugn pabnuartikou

Lesvos 096

aAyopiBuou eupeong il o) m
S1adpouwyv o€ XwpPIKa dikTua o 2i8n> gm;n' 3
TUYKEPATHOC TTOAAWV P - él““j‘}), g ; :
HETABANTWY pe peBodoug Lo at
TTOAUMETABANTAS OTATIOTIKAG N (S S sl B
AvaTtugn epappoyng S o 2 b 5 AR
auTopaTOTIOINUEVNS EUPEONS AN [ s i SR 1 I
OpoIWYV dIadPOouWYV O€ XWPIKO bt ¥\ - WA : 4
SiKTUO pe TEXVOAOYIES = '1/‘}'{: &, Z *,u

. , o) o T ¥ L AN
O103IKTUOU KAl XWPIKWV :;,' ?,"\. ~ 2 m,m,,’ 4 - -

Baocewyv dedopévwyv
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EmoTtnuovikn BiBAioypagia

Ocwpia Npadewv (Graph Theory)

XwpikA Avaluon AikTowyv (Spatial Networks)

OpoiétnTa Aladpouwv (Similarity of Paths)

Aedopéva kal EpyaAeia AvaAuong

OdIk6 dikTuo (Road Network)
Wnolakd Movtélo Eddgoucg (DEM)
2nueia Evdiagpépovtog (POI)

GIS

e Qgis
Baon Asdouévwv

e PostgreSQL, PgRouting, PostGis
AvdAuon

e [Awooa TTpoypapuaTiopyou R
AAyopi6uoi

e Shortest Path Dijkstra

e Driving Distance

Open Spatial Data

Lesvos Road Network Spatial OSM
Lesvos DEM Spatial Copernicus
Lesvos Settlements Spatial OSM
Lesvos Cultural sites Spatial OSM
Lesvos Tourism business Spatial OSM

e

)
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e Merarporr Tou SIKTUOU O€ YpA@PO
Anpioupyia KOPBWV KAl EVWOEWV
(Edges/Nodes)

e 2U0vdeon Tng R pe Tn Bdon
Aegdopévwy kai pe Ta plugins
PostGis//PgRouting.

e Eicaywyn XwpiKwv
XOPAKTNPIOTIKWYV OTOUG KOUBOoUg
TOU XWPIKOU SIKTUOU.
Y WOUETPIK TTANPOQOpPIa OTOUG KOUBOUG.
YT1roAoyIopuog Tng ATTO0TAONG TWV KOUBWV
até onueia evdiagépovtog (POI)

e Anpioupyia Distance Matrix 6Awv
TWV HETPIKWV KAl YEWYPOAPIKWV
XOPAKTNPIOTIKWYV TOU SIKTUOU

Legend
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' pgAdmin I

File Edit Plugins View Tools Help

O =TS

ErAL X

Q¢

Object browser
k4 Server Groups

=] g Servers (1)
=[] PostgresQL 9.5 (localhost: 5432)
&[] Databases (2)
=) phd2020
-8 Catalogs (2)
Event Triggers (0)
-4, Extensions (4)
=@ Schemas (2)
=~ @ public
¥ Collations (0)
Domains (0)
FTS Configurations (0)
flll TS Dictionaries (0)
3 FTS Parsers (0)
FTS Templates (0)
-9 Functions (1341)
- & Sequences (9)
&3 Tables (10)
[ distmatr
A distmatrix
- distmatrixd
[ roadnet
[ roadnet_vertices_pgr
[ spatial_ref_sys
[ splitechios
[ splitechios_vertices_pgr
[ splitpath
[ splitpath_vertices_pgr
-4 Trigger Functions (2)
=) Views (4)
(- € topology
% Slony Replication (0)
() postgres
(-7, Tablespaces (2)
Group Roles (0)
[#-44. Login Roles (1)

®

| Properties | Statistics | Dependendes

| Dependents |

}'j‘;" Query - phd2020 on postgres@localhost:5432

File Edit Query Favourites Macros View Help

ER i@ an L bk | 87T

[ phd2020 on postgres@localhost: 5432

| SQL Editor | Graphical Query Builder |

’\ Scratch pad

Previous queries ™ Delete

Delete Al

1. Initialize

CREATE EXTENSION postgis_topology:
CREATE EXTENSION pgrouting;
SELECT pgr_version();

- —-SET search_path = topology,public;

2. Add "source" and "target” and column
ALTER TABLE net2 ADD COLUMN "source" integer;
ALTER TABLE net2 ADD COLUMN "target™ integer;

3. Add Length Column

UPDATE net SET cost = ST_Length(geom);

4. Create Topology

SELECT pgr_createTopology('net2', 0.00001, 'geom', 'auto');
5. Add "Cost™ Column

ALTER TABLE net ADD COLUMN "cost" double precision;

UPDATE net SET cost = ST_Length(geom):

€.Path dijkstra (1)

EISELECT * FROM pgr_dijkstra(

'SELECT gid as id, source, target, cost, cost FROM roads',

ARRAY[2,11], ARRAY([S,18], false ):
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M 7 BSoureonsave @ B rRin @ Ersouce - = & M M importDataset - €
M, Global Environment ~
Data
1ry (RPostgresqL) ® con Formal class PostgreSQLConnection
y (postGIStools) @ nodes Large SpatialPointsDataFrame (189661 elements, 11.6 Mb)
® roads Large SpatiallLinesDataFrame (192587 elements, 394.5 Mb)

con = dbConnect(drv=PostgresqQL(), dbname = "phd2020", user="postgres", ® test2 213 obs. of 4 variables
password = "agouro", host = "localhost" ) values
q "SELECT * FROM pgr_dijkstra('SELECT gid as id, source::int4, t..
roads = get_postgis_query(con, "SELECT * FROM splitpath ", geom_name "geom" )
nodes = get_postgis_query(con, “SELECT * FROM splitpath_vertices_pgr ", geom_name = “the_geom" )

plot(roads)
head(roads@data)

plot(nodes, add=T, col="green", cex=0.3, pch=10)
head(nodes@data, n=40)

q="SELECT * FROM pgr_dijkstra('SELECT gid as id, source::int4, target::int4, cost FROM splitpath',1, 311, false, false ) "
test2 = get_postgis_query(con,
head(tes?zz) Postgis_query( a ) Files Plots Packages Help Viewer =l

2 zoom Wexport- W € publish ~ | G
# Connect with POSTGRESQL-POSTGIS and find the shortest used Dijkstra Algorithm

Console ~/ »
39 1093 NA NA NA NA 20 2634 8665 445 1093
40 1094 NA NA NA NA 20 2628 8661 440 1094
gid name source target cost
37 <NA> 40 41 6.122589
38 <NA> 41 42 7.247740
39 <NA> 42 43 6.708644
40 <NA> 43 20 17.928669
41 <NA> 20 44 17.982035
42 <NA> 44 45 15.688382

cost
26.93275
17.26338
21.66438
13.02038
16.41537
30.42313
N
X
et
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' \\
Land use
=N
Flows
\_ Transportation network J

Layers

e Real world
|

| Encoding I

(space and data)

[ManagementJ

[ Representation model

| Analysis I

Spatial — thematic — temporal ]

[Query — operations — modeling

Reporting

[Visuajiza!ion and canography]
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paRouting Layer &>
Database phd -
Function dijlstra» v
sal
edge_table | splitpath

geometry  geom

BBOX
A
id aid ™
source source
target target
cost cost =
reverse_cost [ reverse_cost z

Arguments

source_ids 88518

©lel

target_ids ' 80508,105357,12429 | (&)

directed
Preview Clear preview
Export Export merged




[ Server Groups.
53 servers (1)
= [} PostgreSQL 9.5 focahost:5432)
<] Databses (2)
() phd2020
g Catalogs (2)
Event Trigoers (0)
)

@ topology
% Sony Replcation (0)
postgres
42 Tablespaces (2)
53 Group Roles (0)
4 . Logn Roles (1)
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Properties | Statstcs  Dependences  Dependents
Property Value

Name spitpath_vertices_pr - ’ e

- o E@apuo W w W a
o ol L] (0] IKWV KPITNPIWYV YI
Tabiespace po_default -

= h

e TNV gupeon path.

Primary key d

Rows (estimated) 189661 T 4 4 ré
e Ta kpITAPIa EQAPUOlOVTAl WS XWPIKA
= Rows (counted) not counted

Inherits tables No ”, 7 7

B : EPpW aTa O aon avaloya

e . PWTAMATA OT Vv TI

= Has OIDs? No - 7

iy b £C KAl YEWME €

pcs YEWYPOAPIKES KAl YEWMETPIK

podiaypagéc Tou path TTou {nTdue

Mean 5 i - © ] — s ¢ 120 - publicsphtpat g

File Edit View Tools Help File Edit View Tooks Help

289 Y Pom e RKE T Pfom

od name ‘geom source target cost A | ot chk  ein eout  the_geom altitude
[PK] serial character varying(100) geometry(LineString,2100) integer integer double precision K] bigserial integer integer integer integer 100) integer

11 010200002034080000020000008050€BFAI FA4254 1BE0ESCE 71276504 1A067BIEAO1A42541423EEBFDIT765041 1 2 26.9327481901062 1 010100002034080000B0S06BFALFA425 4 1BEOESCET12765041 26

2 |2 1 7B3EAOLAG2541 FD177€504138014D2421A4254142CF6€DS 19765041 2 3 17.2633808583314 2 01010 €7B3EAOLA42541423EESFDLT765041 20

3 |s 010200002034080000020000003801 4D2421A4254142CF6€D51976504 1883 TFBE21 SA42541F4SESI101FT65041 3 s 21.6643848347301 3 01010000203408000038014D242144254142CFEEDS19765041 28

4 4 01020000203408000002000000B837FSE215A42541F4EESI101F7 6504 1F8SCEDES17A4254124BIFCHF22765041 & 5 13.020376621€955 0 010100002034080000B837FSE21SA42541F4SES3101FT65041 20

s |s 00 000F85CEDES17A425412 €504108BSAEFI1FAA25415474244726765041 § € 16.415365€140182 B 010100002034080000F8SCEDES17A4254124BIFCAF22765041 13

6 & 0102000020340800000200000008B5A6F 31 FAG2541547424472676504 1 F038450723A425418204CSDF2D7E5041 & 1 30.4231257205507 s 01010000203408000008BSAEF91FA42541547424472€765041 20

7 7 01020000203408000002000000F038450723A425418204CSDF2D76504 1C064ARE028A425416C28ED2933765041 7 ) 21.3598658882475 7 10100 0000 7238425418204C 120

s |s 00 00002000000C06 4254 €50414 42541BER6798338765041 8 s 21.7033263546008 8 010100002034080000C064AAE028A425418C28ED2933765041 1

9 |9 010200 00000040ADES1EI0R42541BERET983387€504160EESRE23CA42541 16FRCBLEICTES DAL § 10 |15.561309484201 ) 1010 LE30AA25418ERE792338765041 10

0 10 340800000200000060EESAE23CA42541 1 6FBCBLE3CTES041455926394AAA2541CRESSFCCIETES041 10 11 12.8555215352113 0 | 01010000203408000060EESAE23CA425411 6FBCBLE3CT65041 10

u |u 384MA4: C3E7€50413077200162A4254138454TEE42765041 11 20.3645375701928 11 010100002034080000485986384AA4254 1CAES IFCCIETES041 10

12 |12 0102000020340800000200000030772001€2A4254138454TEE4276504 1185 IDAFBSAR42S41CEFTSI134ATE5041 12 13 |40.3535727460777 12 01010000203408000030772D01 6234254138454 TEE42765041 11

20000203408000002000000C05B2081 51232541 827571 FB287€5041S0SCFE4 3A2A325416CT8TARS2FT€5041 14 15 1279431466123 vi<
X | sratch pad

192587 rows. 189661 rows.




KpiThpia

e EmAoynr Bdoel Tou ID

e EmAoyn Bdoel NG Spatial Queries Found Candidate Results
améoTao
. r!g 1 Total length of 41km (with a deviation of +- 1000m) 2500
e EmAoyn Bdoel NG
UWYOMETPIKAG TIMAG TV 2 | Find ID<1500 with Total length of 41km 2000
KO”BwV,' . 3 Start-End altitude diff of 60m 1400
e EmAoyn Bdoel NG
améoTaong amroé POI 4 | Find paths with mean distance in the settlements 908
5 Find paths with mean distance in the cultural sites 67
6 Find paths with mean distance in the tourism 1
business
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ATtroteAéoparta : EOpeon BEATIOTNG Sladpopung Bdon Xwpikwyv Epwrtnudtwy

Environment
& B
ﬁ Global Environment ~
Data

® apantisi

® apantisi2

History

® con

® dem

® myrow

® nodes
[ F

® roads

® test2

® ThisList

® thispPath

values
allAltitudes
allNodes
DistanceToA
DistanceToB
DistanceToC
DistanceToD
endAltitude
meanAlt
meanDisttoA
meanDisttoB
meanDisttoC
meanDisttoD
q
q2

startAltitude

uniqueNodes

B Import Dataset ~

= List -

List of 13

List of 1

Formal class PostgreSQLConnection

Formal class RasterLayer

1 obs. of 3 variables

Large SpatialPointsDataFrame (189661 elements, 11.6 Mb)
List of 0

Large SpatialLinesDataFrame (192587 elements, 394.5 Mb)
77254 obs. of 3 variables

Large list (20 elements, 622.4 Kb)

1835 obs. of 6 variables

num [1:1850] 20 28 20 13 20 20 14 10 10 10 ...

num [1:1835] 2 34567 89 10 11 ...

num [1:1850] 236 244 228 222 218 209 207 207 213 220 ...
num [1:1850] 7649 7635 7620 7608 7592 ...

num [1:1850] 1243 1258 1251 1252 1255 ...

num [1:1850] 999 982 985 983 977 974 970 966 960 953 ...
Named num 80

179.318378378378

1464.98324324324

4507.1

3467.9172972973

1215.49243243243

(&=

BOPBPPPMPPPP

"SELECT * FROM pgr_dijkstraCostMatrix(\n 'SELECT gid as id, so..
"SELECT * FROM pgr_dijkstra('SELECT gid as 1id, source::int4, t..

Named num 20
num [1:1835] 2 34567 8 9 10 11 ...

H EUpeon TnG TEAIKAG d1adpoung
oQeileTal 0TNV d10BOXIKK KAl
IEPAPXIKA EQAPUOYN TWV XWPIKWV
KPITNPiwv

Name Type Value
® apantisi2 list [1] List of length 1
® /1] list [12] List of length 12

onoma character [1] ‘Monopati 13: 1 -> 311"
MeanAlt double [1] 179.4924
AllAltitudes double [1846] 2620282013 20 ...
alliDS double [1846] 1123456 .
StartNode double [1] 1
EndNode double [1] 311
MeanDisttoA double [1] 1464.536
meanDisttoB double [1] 4502.81
meanDisttoC double [1] 3472.14
meanDisttoD double [1] 1216.942

® StartAltitude double [1] 26

® EndAltitude double [1] 85
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ESaywyn atroTeAeOpATWY.
XapToypa@Iki atrelkévion XwpPIKou
OIKTUOU KaBWG Kal TNG TEAIKNG
OIadPOUAG HE TIG YEWYPAPIKES Kal
METPIKEG OXETEIC TTOU KATAYPAPOVTal
WG TINEG O€ KOUPBOUG KAl OKUEG.

OpoiéTnTa PETAlU TNG TEAIKNG

d1adPOUAG KAl TWV KPITNPIWV EUPECNG.

500

Profile plot of altitude of the Solution path

My

450
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/

A P a

200
150

100

VW'V\ /}

50

/
I’ A

N

vy

0

Legend
Settlements

@ Tourismbusiness (Hoteks)
# Cukusisites

e— Path

—— Rosd Network

DEM

Value

- High: 968

- Low:0

Final path of searching in Lesvo's Road Network ||
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H diadpoun TTpoopiouou (table1)

Table 1: Target path criteria values

Table 2: Target path criteria weights

'ITEpIYpd(pSI mnv apler'] 6|a6popr'] UST('] Weight Name Weight Value
TNV avaAuon, divovtag pag Ta KpITApIa
. - Total Length o

Kal TIG TINEG TTOU Ba Name Value Criterion 1 50%

XPNOIUOTTOIOOULE YIa VO BPOoUE TN Crtorion 1] Total Length | 1

SIadpopr] avTIyParg. Criterion 2 Beginning Altitude | 350,

H epappoyr Twv KpITpiwv aTo uTrd Criterion2 | Bedinning {44

. s . Altitude —
SESTGO'I'] XWPEIKO OikTUO 6£IXV£I TOV . X Ending " Criterion 3 Ending Altitude 20%
A 4 riterion
ap1Buoé Twv diadpopwyv TTou Ba Altitude
OUyKpIBoUV pe TNV apxikA diadpoun y
o . 100%

(table 3), €101 WOTE va eTTIAeyEi OTO Table 3: Weighted Similarity of the three solutions

TEAOG N BEATIOTN diadpoun BAon Tou

EMTTEDOU OPOIGTNTAG TTOU TTPOKUTITEI Solution 1 Solution 2 Solution 3 Sol 1 WS Sol 2WS Sol 3 WS

atoé Tov aAyopiBuo.
Total Length 10 9 12 50.00% 45.00% 60.00%
Beginning Alt 10 9 11 30.00% 30.00% 33.00%
Ending Alt 10 9 11 20.00% 20.00% 22.00%

100.00% 90.00% 85.00%
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H Aciroupyia Aoyiouikwy 'ewtrAnpo@opikng
aVvOIKTOU KWOIKA KAl n XpHion avoIKTWV XWPIKWV
osdouévwy ouvéBaiayv :

Néa péBodog XwpIkAG avaAuong TTOAAATTAWY
METABANTWYV YyIa oXeSIAOUO Kal AQYN ATTOQPACEWY |IE
Baon TN XwpIKA aAANAETTIOpaon Tou XwpIkou SIKTUOU Kal TwV
onueiwv evdiaEéPovTog, divovTag EUPacn OTIG XWPIKES
dlapopEg Kal aviodTnTeG (UWOUETPO, ATTOOTACT, YN XPAHON, K.
A.11.) TTOU €1I0dyovTal WG TTANPOPOPIEG OTOUG KOUPBOUG Kal TIG
OKMEG TOU XWPIKOU BIKTUOU

Eg@apuoyn o€ ommolodntmote Xwpikd AikTuo (HETaPOpPEG,
mePIBAAAOV, eVEPYEIQ, TOUPIONOG, AOANTIOCHOG) TTOU
TTEPIYPAPETAI ATTO T YEWYPOAPIKA XAPAKTNPIOTIKA TOU,
AapBdvovtag utTtdown OAa Ta €idN YEWYPOPIKWY {NTNHUATWV.
Anpioupyia evog TTOAUTTOPAYOVTIKOU SEIKTN TTOU
UTTOAOYI{€l TNV OMOIOTNTA TWV XWPIKWYV SIKTUWV, TA
oTToia BpioKovTal 0€ DIAPOPETIKES YEWYPAPIKES TTEPIOXEG,
wWoTOOO0 TTAPOUCIAZOUV KOIVA XWPIKA XOPAKTNPIOTIKA.

[ low elevation [ IMedium elevation [ High elevation
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e Ayoupodylavvng ., Tarapng I., (2016) “H Xaproypagia wg epyaleio kaBopiopoU Kail xapagng adAnTikwyv diadpouwyv
MEYGAwV atrootdocwv. H mepimrwon nuipapabwviou otn Aéofo” oto 140 EOvikd Zuvédpio Xaproypagiag,
Oeocoalovikn, 2-4 Nogpppiou.

e Agourogiannis P., Lepeniotis C.,Tataris G., Kavroudakis D., (2018). “Geographical Analysis of Road Networks for
the Identification of Similar Routes : The Case of Long Race Athletic Events.” In 11th International Conference of
the Hellenic Geographical Society, 1-7. Lavrion.

e Agourogiannis P., Kavroudakis D., Kalloniatis C., (2018), “Smart Spatial Network Paths: The case of cultural
routes”, In 1st International Conference on the Cultural Informatics, Communication & Media Studies, 3-4 May
Kusadasi, Turkey.

e Agourogiannis P. , Batsaris M., (2019), “Web based Geographical Information System for cultural routes”, 2nd
International Conference on Cultural Informatics, Communication & Media Studies 13-15 June, Mytilini.

e Kavroudakis D., Agourogiannis P., Vaitis M., Kavroudakis E., Kouloumentas P., (2019) Similarity of paths in spatial
networks: The case of long-distance athletic events, 22"9AGILE Conference, June 2019, Limassol, Cyprus

e Ayoupodyiavvng M., (2021) "Xwpiki BeAtioTotroinon yia gopeon opoiwv diadpouwyv ot MNewypaikd AikTua: n
TEPITITWON TNG €Upeong dladpouwv peydAwv atmrooTdoewv”, EmioTnuovikd Zuvédpio Mewypagiag, (MuTiIARvn,
02-04 louviou 2021)
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MavayiwTtng Ayoupoyiavvng
Ymoy. Aidakropac, Tunua I'swypagiag, lNavermiornuio Alyaiou

@ geod17010@geo.aegean.gr
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