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Thesis Advisor Asst.Prof.Dr. Chutimet Srinilta

ABSTRACT

This thesis is about road network analysis on vector data. It is often that road junctions are
identified as accident-prone spots. Location, type and shape of junctions contribute to road safety. They
are used to determine traffic sign location as well as to identify city center and main roads. This thesis
introduces an approach to detect and classify road junctions from vector data. A road network is viewed
in three levels of abstraction. Positions of junctions and curves are identified as points where two roads
meet or change direction. Angles between junction/curve arms are taken into account in junction/curve
classification. Road patterns are discovered based on how junctions are connected. The Median of
Slopes (MS) is proposed and used in determining linear fit junction arms. This MS looks at slope of
each point in the arm with respect to one reference point and identifies one point in the arm that a line
between it and the reference point fit the arm the most. 3-way junctions are classified into 3 classes. 4-
way junctions are classified into 2 classes. Curves are classified into 3 classes. The correctness of shape
junction and curve are 98.93%. The experiments are performed against three road network databases of

total 17,480 roads.
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Algorithm Road network
Pre : road data always contain a point where two or more road intersection.
Input : road network in a form of graph. -> G(V,E)
Output : location and type of intersections and curves in the given road network , pattern
founded in the given road network.
I = find all intersection in G (1),
T = find location and type of intersections and curves in the given road network (I) (2)
(2.1) T1 = find location_and_type_intersection (I)
(2.2) T2 = find location_of curve (1)
T=T1v T2
S = classify intersection according to their shape (T,G) €))
//Classify shape with Angle between arm
//Arm is road segment from intersection node to reference node with MS
(3.1) S1 = classify shape_of intersection (Ti,G)
(3.2) S2 = classify shape_of curve (T2,G)
S=S1uU S2
P = find pattern in G from shape of intersection (S) 4)

End Road network

3.2 MIAUNUTHATIAIS Median of Slopes (MS)
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1) nmufvﬂ‘n‘uStimwswulﬁuﬁﬂﬂu1u11Nu‘Vlﬂa Qﬂﬂ’]\?ﬂ\ﬁ’nquﬂﬂﬂi‘]fﬂ’]')!ﬂi’)gﬂ
(Eyes_intersection)

a a I'd : s
2) HYUUBILENT 1FMAATIZH (Eyes_arm) Aip Iduauufiainingadedveuonlyl

De

o

fagadugaveaenuiogalaqiinnusnveaduauutioonii 2,500 wns

L] 9

MsAumdwruanenlagl¥annsnansanusdal TumsdumImaennoisan

o iy v ' Y 1Y, Y
mmuswwmuunw"lﬂmﬂmwm ¥ mmwﬂﬂsznaummwum«wﬂ 30U rfluwu

nsswungilsamanen lnslFnannsAorsuivesat msswnnglsnveanauon

Taoldnann1snersanveanIne1sen lRnInyus e I UATIVDIUEN (Eyes_linear_arm)
4 b2 a a [ ]
Fauvuasavosngnaoiduasaiainingadedvensn lidigautiuanysauon

(Eyes_linear_node) lagyautiauvuvessniiegagauiiudunudmivuyuveaionduion
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[ a =] ; o Y v v
Taoldamlumsinsandongaium lugdi 3.2 uaaslassadsveamauoni laninns

a o o a
'JlﬂiTSWIﬂU{l%ﬂaﬂﬂ??W%ﬁiMW‘UfNW]

YA NBINNUYD

HIUYHILEN
HUYUATIVDAULUN

AULWYUVDLN

L d
a

AUGAUYUVDIULN
\
sU¥ 3.2 uaraeTaseardnveamatenildndnmsvesm lunmsinisan

v v =Y
2. maneamandlaglduannisNoIsanveIm

fHoumsyeanelfg

o = = g =1 ar v o a 1 a

1) fnualiuSnanrwdus sss lidhuduasluumunG oni maldanlden
a d
ANTIEH (Eyes_curve)

[ a $ [] a a a [~ = U

2) Amualdusnuninanvesdinveaduauuilfefigafivounuisondi ga
4 day =
AananaIfei 19m13ins1eH (Eyes_center_curve)

3) fmualdfiduiiainoenldeingannaraldeldardinsied lifagasuduuas

14
a

pdugason e Ifendading iz (Byes curve arm) wiailunvudrovealfen 19

a r's s P a
A1AATIEH (Eyes_left arm) Sunvuvnved Idan19miins1er (Eyes_right arm)

4 ° ] o a o ] :
nmsAumdwmianieldwenlasldmdnnisiinsanusnl ABAIMUIPAIINGT
3 o & a o ] : a P
TAilFmdinsed Fanersun1dsnnsuesmdumisnuduluma it ldarinsizdn
unzdiugeguinatsvedlfa

n39mungils1amae IR Taoldudnmsnisanvesa awrsaswunglsniald

Y] o 1 9} & [y ¥ Y .
Tdanmsinssmusznaduanagududunuvoavudouoa1fe (Eyes_linear_left
A Y a ¢ da 9 a o . . & W o Y
arm) RlFmnsizdnuLrne NN 1FM 1IN 12W (Eyes_linear_right arm) FAUTUASINIADUTY
aunsodumlannduasanansingadiedavesifanieganinanlfa ludalaquunvu
a o [ ° o [ o =& o
vos Iefidhumudmivuvuveslfalumsin s wungilsnlasldafinisandagainiiu
Aunudiviunvuess IdweniFonigantayuves 1A (Byes_curve_node) 1ugy#i 3.3

waaed1anag lune Idede ldoinnsdinsie Tasldndnnmsiinsuivesnn
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517 3.3 uamslaseadveslAsildudnnisveam lumsinisan

3.3.2 N1IVONUULYNNDIVDIIATIVIOUY

dwsveadszaed lunsutauweseenilu 3 szduie llszgnd1dsuguuy
Tassad e Iassoaunlunmsih lhusuilndheesesisuusinulassadegluuuns
aduAnvInduonuuy Crs AdeureiutuTnsshonnlua3sofiuimsfinsan nua

oy w o a
HAZEATUHAIUTZTAVAIAIT 1N 3.1

Level Nodes Edge

1 Start node Link (Start node, End node)
End node Link (Start node, Intermediate node)
Intermediate node Link (Intermediate node, Intermediate node)

Link (Intermediate node, End node)

2 Intersection node Arm(Intersection node, Intersection node)
Terminal node Arm(Intersection node, Terminal node)

3 Intersection node Linear arm (Intersection node, Arm node)
Arm node

M13197 3.1 msnuaaaussvesdoyalundazsyaviulassieoun

]
o ot

33.2.1 yuABIsTAUN 1 (Level 1) 1Hunuuesseiviiavidoaiganionssilnseio
14 1] J Y A a A | Y = 9 =1
suudsensududuauutazounaaziduns Inuaniyouasnuauuriud Uzl Ivua
3
Uaoarsaduaail
Tnualusgaud 1 1Usznsudie

a3 n MU (Start node) v Tnualatvouunadide
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A Y

19U 11uA (End node) As InuAYa10nUUNNAIUYN

a o . A A v a v

duiAp3liAYA 11uA (Intermediate node) A9 IMUABUA UMIAUAUUNBYTZHIN

y
aasnInuanaziou Tnuave aduauuiug
3 ¥
v luszauh 1 gniTun1a (Link)
1 4 + e )
AehoiduiiFousenin Inuaaes Inualuouwdunila Ysenevdae
d’ 4 [ o os
Link (Start node, End node) A 1§uAFousenIada1sn Inuanuiou Ivus
d' 4 g n' @ o o

Link (Start node, Intermediate node) A9 I¥UAFOUTENI IMUATHANAUBUIRDS T

Roa lvua
. . . =3 v ¢:; d‘i ' a LA
Link (Intermediate node, Intermediate node) A9 ITUNFDUITHINDUIRDIUIAYA
@ a et ot

THUANUBUINDS HIALA THUA

Link (Intermediate node, End node) fi® i§uiionseninadumesiinoa Ivuanuiou

Tvun

3.3.2.2 zguumszé’uﬁ 2 (Level 2) :gmjmiuszﬁ'vf':ﬂzuaﬂﬂswwnumf]ummwn
figoudau
Tnualuszduii 2 Uszneudae

SunoT AT IMUA (Intersection node) B IMuARuaAIdIRBATNMsFafuvD
iduouumelunsiv

mefiinealnun (Terminal node) Ao Tnuaisuduvosdoyaiduonuiigoudolii
Buwesiyadu Inua
0 luszAVT 2 RIS ENTYUVOULLN (Intersection arm)

Arm (Intersection node, Intersection node) ﬁmwummuanﬁsﬁmwui"ms:win
SwAosany Tnuavadod

Arm (Intersection node, Terminal node) ABUYUBIBNTIFOUADIE NI 1B UIADT TR

o S
FU IMUALAZINDS UUDD IHUA

9o

' * L 4 1]

3.3.23 yUNBITHUN 3 (Level 3) yuuesszavd 3 Hiflwypuuesiivoaniaoniiu
nanudwssnvuvesnoniudunsiniouvunse (Linear arm) HAZUYUATINALYUYDULON
sznuiuiiyagudnasusausn
Trnualuszaui 3 dszneudae

a 4 o & ga

Bumosirndu Tnua Fanasniauen

s &

9150 InUA(Am node) Ao TvuallatsvedvLATIVB LN

waluszAUN 3 9AITUNI1 LYUATIVOANYN (Linear arm) HYUVDWMONIZITOUTENINDUADS

o o
AU Inuauazetsu lvua
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' y v
ondrot Uzl 3.4 AnnsousaauBIna 3 szauveslnsaiionun 1Al
v A A o ' 9 ) ' y A
YuNIsTAUT 1 AoyuyeINNIns v 1e0uLLTZnoUABITUDUULAZ DUNILADZITUAD
Tnuafidoudetuouuniaduz Inuatatoassdu Faiinanua 3 1duAe Line A, Line B

4

1az Line C FaudnaldRag1d 3.4
Line A = {P1, P2, P3, P4, P5, P6, P7, P8, P9}
Line B = {P10, P11, P4, P12, P13, P14, P15, P16, P17}
Line C = {P18, P19, P20, P8, P21, P22, P23, P24}
darfu
Tnunluszauii 1 Usznoudae
Line A 9
Start node = {P1}
Intermediate node = {P2, P3, P4, P5, P6, P7, P8}
End node = {P4}
Line B f1®
Start node = {P10}
Intermediate node = {P11, P4, P12, P13, P14, P15, P16}
End node = {P17}
Line C f0
Start node = {P18}
Intermediate node = {P19, P20, P8, P21, P22, P23}
End node = {P24}
e luyunesszduil 1 Yszneudao
Line A 919
Link(P1,P2), Link(P2,P3), Link(P3,P4), Link(P4,P5), Link(P5,P6), Link(P6,P7),
Link(P7,P8) 1tag Link(P8,P9)
Line B A
Link(P10,P11), Link(P11,P4), Link(P4,P12), Link(P12,P13), Link(P13,P14),
Link(P14,P15), Link(P15,P16) tia¢ Link(P16,P17)
Line C fi®
Link(P10,P11), Link(P11,P4), Link(P4,P12), Link(P12,P13), Link(P13,P14), Link
(P14,P15), Link(P15,P16) 1182 Link(P16,P17)
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_ P18
P10 LineB Line C
| P19
Line A oPll
4 P20
o 0 P B g ¢
P1 ®
13
P21
P15 14 P22
P23 P24

3 @ ' ' ° [y a 'S
310 3.4 drednlnsswnuudmiumsinnzdyuuedoya

P10 Line C
\ P19,
Line B P11
4 P20
P8

13
P21
P15~ Pl4 P22
P23 P24
P16 ™® 11,

311 3.5 yuuealuszaui 1 veslasaisounlugyin 3.4

v A & P . a A ] 9 o
1{11110\1114339’!'U71 2 A9 UUUT’JQ'VDJENTﬂi\l‘ll'lﬂﬂuul'ﬂu‘l’n\ﬂlﬂﬂ‘ﬂl%ﬂﬂﬂﬂﬂu‘ﬁﬂuﬁﬂﬁvlﬂﬂﬁi'l.l

i 3.6
TrualuyuuesssAuii 2 Ysznevday
nuen P4

Intersection node = {P4}

Terminal node = {P1, P8, P10, P17}

naLyn P8
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Intersection node = {P8}

Terminal node = {P4, P9, P18, P24}
mﬂuuuumszﬁuﬁ 2 ADUYUVDAULLN
NN P4 Usznouaie

Armm(P4,P1), Arm(P4.P8), Arm(P4,P10) 11a% Arm(P4,P17)
MaLon P8 Usznaudie

Arm(P8,P4), Arm(P8,P18), Arm(P8,P9) 11a¢ Arm(P8,P24)

yuuosuszavd 3 Aeyuuesiives Iaseisauuihmsuonuazuosuvuvoonii
Bums
Trualusyuuesssduii 3 Uszneudasdumesimadu Tnuauaz Inuadasvouvuasivos
nonFauans 8fagUii 3.7
NN P4
Intersection node = {P4}
Arm node = {P2, P11, P5, P14}
NN P8
Intersection node = {P8}
Arm node = {P6, P19, P9, P22}
mﬂuunumizﬁm:ﬁuﬁ 3 Geffeuvuassveansnlsznoudae
NN P4
Linear arm(P4, P2), Linear arm (P4, P7), Linear arm (P4, P11), Linear arm (P4, P14)

NNLYN P8
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Linear arm(P8, P6), Linear arm (P8, P19), Linear arm (P8, P9), Linear arm (P8, P22)

P11 oo
P2 ® ot P9
—~—ef>
P8
P6
P14
P22

51U 3.7 uumﬂm"ﬂw 3 maﬂﬂswwauu‘luiﬂ'ﬂ 3.4

ae yo t 3 o 4 < Y aca d
am')wﬁmmuayuumTﬂswwauum 3 smmﬁmﬂumsﬁuuﬁqm%mﬂﬂzn

.
L)

Tasesvvaunlunmsswungdsimiueonn Ifwesmgduuy InsesounTnniidoyadn

TannTaseadi ldfaumalsznngdsdegnande i

o d 4 °
3.3.3 M UATIZHINDALMIAMHHIMIUN
. A a - S ' v 4 o a g
Mauen (Intersection) ADUSHIMUADUUAIG 3 1FudulUuussauiu Undudiny
1952 NYeINIIEAA S IHIUYDUFUDUUNNIUSTIUAY WWene s Inyuue U

3 v A Y a 4 a o dy o t
Tasavoauuszaud 2 udmuhdumeswaduInualuszdviifed wmisvesguinanives

G

a a o a "y,ﬂ s 1 3 1 A o 4
VI'NLLEJmLﬁSﬂﬂiﬂlﬂdﬂulﬂﬂil%ﬂ%uIﬂuﬂm um'Jumﬂszmwummuwn"lﬂnanﬂaaumas

A A

waduTnuafinandiilu o Saeglumisusnszian n - uon ondrerasu

=) A

- e Ao Bume ATy InuafitanIviAD 3

d‘ =y I'4 o/ Aty o VW
- quon ﬁﬂ ﬂulﬂﬂil‘ﬁﬂ‘ﬁuiﬂuﬂﬂuﬂﬂ'in'Iﬂ‘U 4

b 4
fanosnudmsunsAumsurLInuenaNsauaa ldaail

Algorithm location_and_type_intersection (I) (2.1)
Input : 1
Output : location and type of intersections
while each intersection in G do
if (degree of intersection node = 3) then
get location of type
Type of intersection is 3-junctions
elseif (degree of intersection node = 4) then

get location of type
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Type of intersection is 4-junctions
elseif (degree of intersection node > 4) then
-get location of type
Type of intersection is more than 4-junctions
endif
endwhile

end location_and_type_intersection

a é 4. 17 ° 1] 14
3.3.4 MIUATITHINOAUMIAUNHINIAIAY
1AM FAnadoya0UUNUIEIUYDINUU (Road segment) udlun1alfa sziinaud
o ' S 44 vd A I 9 av S92 qu
Y9I UIUANINATINIIAS Ml IdAuFougauantoonuuiiugy TAs ideiively
::; [ as o ] o o a g (3 '
anudvosgaiiiuiledoszydmmiaveaniaIfs dmsumsinsediNefumidumimm
v 1 4 1 4
TAsinsanonn Inuauuduouudalituaoudail
° <] 3 1 =4 "\ aaw
fvuald L du waves Ivuanisluiduoun 1 idududas Ivuanuainne
Qﬁm’c‘mi{(x, y)
L={p\,pysP3ssPn}
={(x,,y,):i=123,..,n}

Start node = { p, }
Intermediate node = { p,, p3,..., P, }
Endnode={ p,}
enfa0619317 3.8 iHudmvesouniinelulsenoudasnua 7 Tnua dadu

L={p\,P1, D3 P7}
Start node = { p, }

Intermediate node = { p,, s, P4s Pss D¢ }
End node = { p,}
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P

311 3.8 dauvesouuiiduniaife

Yy
o %

= <4 a 1 ¥ v b3 1 £ Qs o’: <<

slinsauuAg I IfdenlsenoudisInuasginies 3 Tnuadauiu
° 3
fmuald

MalAa(Curve) Ao dauvoouui iduduasindszneudroaudiunosianan
183 (Curve angle), LUHF10UDITA4 (Left curve arm) HAZLHYUYIIVDI AN (Right curve arm)

b 4 1 4 1 L 4
Tagnelfedeatlsenovudao Inuadaud 3 Tnuavu TG eerefunazuvuisassdrsdosd
nenveavu hioglunemaeai
14

length(link(p,, p,.;)) o ATNeTIBIRsTHININUR p, LaT p,,,
length(roadSegment(p,, p,)) o ATMEVDITIMVOIOUUTITONTENIN INUA p, UBZ
p;

[ Y c’/‘ v o ¢ ! ny o =
ﬂﬁuuﬂ'ﬂuaﬂﬂu‘ﬁ‘uﬂ\?ﬂ'J'UJU'I'J‘U?NZT'JN%J@QOHHLL'S’IZF\’J’IH‘Uﬂﬂaﬂllﬁﬂﬂqﬁ’ﬂﬂﬁUﬂTiW (3.3)

length(roadSegment(p,, p;)) = /Z—ilength(link( Di>Pin)) 3.3)
k=i

C Feodmwosouud Wiifuduasailsznondae » Tnua

C= roadSegment(p,, p,) ={P\>P2>P3-Pn}

C _middle= roadSegment(p,, p;,,)

C _left = roadSegment(p,, p;)

C _right = roadSegment(p,,,,p,)
die length(roadSegment(p,, Dina)) ﬁmguﬁqﬂﬁmfuﬁw i S 18 m—2

Tugilfi 3.8 davvesauudidumeRads TnseafuvoaduTdaniaily 3 doude
F2ana TR uvudrouealfe uas nvnynveaTds dafy

roadSegment(p,, p,) Ao ¥2anaaIng
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roadSegment(p,, p,) Ao uvuF 1030317

roadSegment(p,, p,) Ao LUUY VDI AT

14
v A

a a2 o s b 4 o ' -4 v
@aﬂ'ﬂ'ﬁ’ﬂl!ﬁ‘l“5Uﬂ’]ﬁﬂuﬂ']fﬂ'lllﬂux'i'ﬂ']\iiﬂﬂllﬁﬂﬂvlﬂﬂﬂu

Algorithm location_of curve (T ,G) (2.2)
Pre Curve is a road segment. Curve must contain at least three nodes.
n is number of nodes in the curve
Input : T,G // roadsegment between 2 adjacent intersection node
Output : location of curve
//road_segment is a sequence of nodes, p, to p,.road_segment (p,, p,)
//segment_of_three is road_segment contain 3 adjacent node
//A link is an edge between 2 adjacent nodes.
. /lcurve_center is roadsegment from p; to p,,,
length of curve_center = -1
while (index of segment_of_three not an end node) do
if length of segment_of_three < length of curve_center
curve_center = segment_of_three
endif
move index to right 1 step
endwhile
/Neft curve arm is roadsegment from p, ;. 1.q 10 P;
while (index of roadsegment is not a start node) and (length of link < length of
curve_center) do
move index to left 1 step
endwhile
//right curve arm is roadsegment from p;,, 0 Py e igm
while (index of roadsegment is not an end node) and (length of link < length of
curve_center)
move index to right 1 step
endwhile
/lcurve= curve angle+ left curve arm + right curve arm
curve = roadsegment(p;,ge, ionPindes_sigh?

return curve
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End location_of curve

= ¢ A v ' 14
3.34.1 fni'J!ﬂﬁ_]gﬂlw'f)ﬂuﬂ’]‘njaﬂa]\ﬂﬂa (Curve angle)

[
=1

msmdmvesauuisanuesznininun 3 museglndiuiian undaediugy
Tugilfi 3.8 fmuald

length(link(p,, p,))=11.4, length(link(p,, p,)) =0.57

length(link(p, » P ) =0.52, length(link(p,, ps)) =0.78

length(link(ps, ps)) =0.89  length(link(p,, p,)) =11.45

fufuanonsenin e 3 Tnuamdvnaumsi (3.3) Taosmualn

j=i+2
(#+2)~1

length(roadSegment(p,, p,.,)) = Zlength(link( PrsPis1))

k=1

Iength(ro.adSegment(p, ,P3))=11.4+0.57=11.97

«  length(roadSegment(p,, p,))=0.57+0.52=1.09
length(roadSegment(p,, p;)) =0.52+0.78 =1.30
length(roadSegment(p,, p,)) =0.78 + 0.89 =1.87
length(roadSegment(ps, p,)) =0.89+11.45=12.34
ﬁafwﬁoanmﬂﬁ'amnﬁmtiw“lugﬂﬁ 3.8 Ao druvesnuuiifeusznieTnua p,

o p, il length(roadSegment(p,, p,)) iy 1.09
C _middle= roadSegment(p,,p,)

length_C_shortest = length(roadSegment(p,, p,))=1.09

d

3.3.4.2 MTIRTITHINAUMIUNT 18U 1A (Left curve arm) HaT HYUYIIVDS

173 (Right curve arm)
a - ] Y Y q¥ o a

MIAATITHNDAUM MU 18U Invazuruyved 1ae ldvdnnisnosan
=) Y ] a 3 u’;’ -
woulanuanisne s undy 2 Tunoune

v v ¥

YU 1 NITUINNVENIVDLAATAVD ALV UUS suR oS uAYB1IUe
t 14
¥29n219 109

, s ' . y oo
e Idsnediuvssouun iduduaseneedoatsenoud o Tuuasaud 3
é’ = [ [ o o 0’: 4 Yy v =t [ ]

Truadiu TS seeg livindudninuvudouazusnanvesIdsdesidiszosviasenina Inua
d'c: a e A 'y v ] 3 2 ° Vo 9/ e =) ]
HiFgedndulia lideonanuengnanlfdazhdfnaiiun 1 18iS TnuaiG ooy

Tuviadu
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UG89 TR (Left curve arm) fie dauvesnuuiFoudeiuninInuadiogaveudu
' ¥

nans1de T Faarasn InuavesdmvosnuuTahiliszozsenindaiesniinnuorudu
4 v
nanae e

C _left =roadSegment(p,,p,)
HvHUNUBIN 1A (Right curve arm) e dauvesnuwdoudoiuinInuavngavoudu

Y Vv o ] oo 1 qy LY 3 9 &

nan Insllduou Inuavesdinvesoun Iaonlscor senININ0N1IANNINAUNINA
TAa

C _right =roadSegment(p,,,,p,)
Fanndednalugili 3.8 Avuald

length(link(p,, p,)) =11.4, length(link(p,, p;)) = 0.57

length(link(p,, p,)) =0.52, length(link(p,, ps)) =0.78

length(link(ps, ps)) = 0.89  length(link(p,, p,)) =11.45

C _middle = roadSegment(p,, p,)

C _left = roadSegment(p,, p,)

C _right = roadSegment(p,,p,)

v a ¥ Y v A a Vo

ANTUMINDITOV US89 TAATHYUUIV03 TAIADMIM THUANIFRUABIT U
[y [ 9 ot ' [ v A dA A 9 ] v
fu'loingnan TfsitiszorseninInua iviudugnaelisnlsonitanusngnnan
T8 91nfeg1alugld 3.8 wudwvudioveania Taeliname1wninn1n1me1I33na N

v ¥
TRsdninnvudnonia e ludandume IRed msuusuvamu Idadonosan 1 luuday

Y s
a o &

1 =1 ) ] 9 Y 9 9 & da v
Aiyouanisoenuningaanan s lddi Inuagatioveoanialdedenie p, wud
length(link(p,, p,))uaz length(link(p,, p,)) 111812 00011AIWYI1IVOIFNNAI

v
TAaug length(link(pq, p,)) HAMNEIUINNNANBENVEIFINA1 TAIAMTHIVUY VDY
Yy A - A ' ' v o Y any i P -
nalfsfoduvesouuiitiounnssnin p,uaz p, aatunnldai ldvindunsuil 1 Ao
dauvssouuFouassynin p,03 p,
T 2 A5 uau Inuaimueaud sy 1A (number node _curve)
mpannmalfannuia 1 lulasseouuilseneudle TnuanG sadefiuuinnin 7
. »
Truaane Idsulsznniulaswisenudsunu Tnuans ssnenuisuissaaiulu
4 1 ]
NuIToveRmuas I Inuandnatiune Idmuuufef ldeenuuu 3 luanuise

)

1 o o o a o ] = ] a o
minu 7 IWUW llazﬁ'lﬂi‘l_lﬂ'li')Lﬂ5131‘?%1!”'19’11“111&\17\1\115\3”LﬂNﬂ'ﬁW%']5@1']&'1]11 20350

=Y Y

nsaifi1 15 mauTrnualunia 18 (number of node) > 7 udramsmiidoyai 14
n’: 1 q a oo
9IndunsuR 1 e lilims iz uungduuunnldld
paginz s Tnualumalfa (number of node) < 7 udrdMNUEIVBIAITIOY

o

a ¥ b 4 Yy 9 3 ] Y A
AANUUUHFI8UDY TAAZHULVIIUE IAIABI1INIIAINYIITIINA NV 1A4D971 11Ua
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o & a P v 4 1a o v Y oa
HuuaundnueanieIne simuald TnuafiegiatuuvudrouazuvuvimnilnagGonin
Tnuad19iA0 (neighbor node) Fauana lalugilf 3.9
. & - 1 4 F4
Neighbor left node 719 InuAT1UABAUYUFIBUDI 1A

Neighbor right node fia IMuat1aRsavuuVDI TR

L
o <4 9y

Tug 3.9 wuhii Tnualudiuvesouudosnd 7 Inuadaiuadosinsananm

t4
1 v =

mwmé&ﬁmjﬁﬂﬁ“mwwx’hmmzumumwmmﬂﬁ'aﬁ"lé’fmmfuwaw?i 1 Fafiendai
length(link(p,, p,))=11.4
length(link(p¢, p,)) =11.45
nuhaNuENYevesRaeliIn auevesma TG ufiudiuound
FouresznI p,uaz p, Faiawiiy 2.76 fufumeTAsfedmvesnuufidouno

JTUIN p, Uaz p,
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Vector Data Processing to Detect and Classify Road Junctions
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Abstract

It is often that road junctions are identified as
accident-prone spots. Location, type and shape of
Junctions can be analyzed together with accident
related data to improve traffic safety. With respect
to vector data, road junctions are located at the
area where three or more roads share end and/or
start points. Straight line representation of a road
composing a junction represents a junction arm.
Junction type is determined by the number of
Jjunction arms. Angles between junction arms
represent  junction shape. The experiments
demonstrate that our approach successfully
identifies three-, four- and more-than-four- way
Junctions of six different shapes.

Keywords: vector, road junction, detection,
classification, median of slopes

1. Introduction and Related Weorks

Fatalities and injuries from traffic accidents
have a significant impact on society. Parties from
both private and public sectors have been paying
increasing attention to improve traffic safety. At
present, in Thailand, vehicle navigation systems are
equipped with certain car models right from the
manufacturers. Such systems offer accurate
information to assist driving such as voice-guided
driving direction and location-based services.
Cameras are installed on highways to enforce
speeding laws. Traffic signals and signs are posted
at accident-prone spots. A number of campaigns
including “Don’t Drive Drunk” are launched to
reduce chance of causing road accident.

Accident statistics are collected and analyzed.
The analysis results are often used to identify
factors influencing accidents which will be used to
improve accident prevention methods.

Accidents occur more often at road junctions.
Accident analysis with information on locations,
types and shapes of junctions will be beneficial.

Digital road maps are available in two formats -
raster format and vector format. Early, two decades
back, contributions in road junction detection were
based on raster data format. Image processing
techniques on edge and line detection were
employed. In [1], Willrich introduced a knowledge-
based framework for automated quality contro! of
vector data set. Cartographic features, such as
roads, were extracted from image and compared
with vector data. Heinzle proposed a graph based
road pattern recognition [2]. Basic patterns in a
road network were detected automatically from
vector data. New knowledge was derived from the
pattern found. Koutaki proposed an approach to
construct a road network from intersection models
[3]. Crossroads, T-junctions and, Y-junctions were
detected and extracted from aerial image by model
matching method. Giordana classified shape of
blood vessel using angles between blood tubes [4].

Median-Median line algorithm was originally
proposed by [5]. It was an algorithm to find a
linear-fit of a set of scatter plot of points using
median. Points were divided into two groups. In
each group, medians of x-values and y-values were
determined and used to represent all points in the
group. A line was then drawn between median
points of the two groups. That line was a linear-fit
of points in the set of scatter plot.

These days, many systems are using vector
based map because vector data requires less storage
space and it is easier to maintain topological
relationships. Moreover, data associated with
geographic location can be easily recorded and
retrieved.

This paper introduces a road junction model
constructed from vector based map to locate
junctions in the map and classify junctions
according to their types and shapes. Junction types
include three-way junction, four-way junction and
more-than-four-way (MTF) junction. Shapes of a
three-way junction are T, Y and W. Shapes of a
four-way junction are +, X and other.

Data used in the experiments was an
experimental demonstration data set of Canadian



major road network from GeoBase portal
(http://www.geobase.ca/geobase/en/index.htm}).
We were able to locate and identify types and
shapes of 6,069 junctions in the Canadian major
road network.

This paper is organized as follows. Section 2
explains a linear-fit line construction with Median
of Slopes. Section 3 introduces road junction
model. Junction detection and classification is
explained in section 4. Sections 5 and 6 discuss
experiments and results, respectively. Section 7
concludes the paper and suggests some future
works.

2. Median of Slopes

This section introduces a method to find a
linear-fit line representing a set of points starting at
the leftmost point or the rightmost point.

Let P be a set of n points.

= { P1>P2sP3s - 3 Pn }
={(,y) :i=12 ..,n}

To find the linear-fit line beginning at the
leftmost point, p; corresponds to the leftmost point
which means that x; is the minimum x value in the
set. To find the linear-fit line beginning at the
rightmost point, p; corresponds to the rightmost
point which means that x; is the maximum x value
in the set.

Slopes between p; and all other points are
calculated using the following equation where s(j)
is a slope between p; and p;.

s(j)=(y’—y'), j=23 ..,n
(x_; - xl)

After that, the median of all slopes (MS) is

determined.

MS =Med s(j), j=23 ..n

Lastly, the line is drawn from p, to the point
that gives MS. This line is a linear-fit line
representing p; to p,, starting at p;.

A solid line in Figure 1 represents a linear-fit
line of all points in the figure starting from the
leftmost point. It is obtained from the Median of
Slopes approach.

5(2)=2.57,
s(3)=0.56,

5(4) = 0.5,

5(5) =0.75 and
s(6) = 0.94.

MS =0.75 = s(5).

Therefore, line between p;and ps represents the
six points shown in the figure 1.
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Figure1. A linear-fit line obtained from Median
of Slopes of six points

3. Road Junction Model

A road is an open way for a passage of vehicle.
A road is a series of connected road segments. A
terminal road segment begins and/or ends at
deadend. An intermediate road segment begins at
one junction and ends at another junction. A real
world road network is usually represented in two-
dimensional space as shown in Figure 2(a). There
are three junctions and six deadends in this road
network.

el

:%/”’\

—
V/ﬁ \)

(2) A road network (2D representation)

{b) Road junction model
Figure2. A road network and its junction model

In vector based system, geo-referenced data for
a road is a series of connected line segments
representing a center line of the road. Each line
segment is a series of connected points. A point is
defined by a coordinate representing a physical
spot on the earth.
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Our focus depended on Jocation, type and shape
of junctions; therefore, driving direction, traffic
regulation and width of road are ignored.
A road junction model is constructed from 2D
road network. Graph is used to represent the
model.
A point in 2D representation is a node in a
graph. A line between two adjacent points is an
edge in a graph. Coordinate of point is an attribute
of a node.
There are three types of nodes.
e J-node or junction node : a node having
degree more than 2

¢ I-node or intermediate node :
degree of 2

e D-node or deadend node :
degree of 1

I-nodes can be left out because they are not part
of junctions. All I-nodes are removed from the
model. Edges that associate with I-nodes in a line
segment are collapsed into a single edge. Figure
2(b) is a road junction model of a road network in
Figure 2(a). In the model, shaded nodes denote D-
nodes and clear nodes denote J-nodes. The model
contains three J-nodes and six D-nodes which are
equivalent to the number of junctions and deadends
in Figure 2(a).

Angles between junction arms are included in
node attributes. A junction arm is represented by its
linear-fit line called linear arm. Linear arms are
obtained by applying MS approach to points in line
segments composing the junction. Figure 3 shows
linear arms and junction arms of a three-way
junction. It is noted that number of points in a line
segment determines how closely a linear arm fits
the actual junction arm.

ﬁ\\\ ~ junction arm 3
lineararm 3 %

a node having

a node having

junction arm 1

linear arm 1

linear arm 2

Figure3. Linear and junction arms of a three-way
junction

The other important factor is the length of the
junction arm. Figure 4 shows the effect of junction
arm length. Three linear lines in the figure are
obtained from applying the MS approach against
points along three different arm lengths. We can
see that if junction arm length is too short or too
long (case 1 or 3), the linear lines do not represent
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the junction arm. Case 2 gives the closet fit straight
line of the junction arm.

linear line
(case 3)

3,250m -
(case 3)

linear line

((case 1,-’
p :

l’ I”

’

500m 1,500m
(casel) (case 2)

linear line
(case 2)

Figure4. Effect of arm length on linear-fit line

Because we consider shape of three- and four-
way junctions, each junction is describes by a set of
four angles, 8, to 6,4, where Y ;=104 6; = 360°. 6y is
0 when the k™ angle does not exist. For example,
the value of 8, of a J-node representing a three-way
junction is 0. Angle attribute of a D-node is [360,
0,0,0].

4. Road Junction Detection and

Classification

4.1 Road Junction Detection

J-nodes (nodes that have degree more than two)
in the road junction model correspond to junctions
in road network. Junction physical location is
obtained from coordinate attribute of J-node.

Deadends can also be located using the model.
D-nodes (nodes having degree of 1) represent
deadends.

4.2 Road Junction Classification

We classified junctions according to junction
types and shapes.

4.2.1 Classification based on junction type:
Junction type is determined by the degree of J-node
in the model. Based on junction type, a junction is
classified as follows.
e three-way junction : a J-node having degree of 3
« four-way junction : a J-node having degree of 4
e MTF junction : a J-node having degree more
than 4



4.2.2 Classification based on junction shape:
Junction can be classified further according to its
shape. Junction shape is described by angle
attributes of J-node (8, to 9,). Figure 5 shows
angles describing a three-way junction and a four-
way junction.

linear arm 2

linear arm 3

linear arm |

three-way junction

linear arm 2

linear arm 3

linear arm 4

four-way junction

Figure5. Angles describing junction

A three-way junction is classified into three
classes according to its shape. English alphabets
resembling junction shapes are used in junction
shape names. Classification criteria is shown
below. 8,and 9, is the two smallest angles among
the three.

e W-junction

¢ T-junction

¢ Y-junction

1 0°<0,+0, £150°
150° < 8,,+ 8, <200°
1 200° <6,+ 6, <240°

A four-way junction is classified into three
classes according to its shape. English alphabets
resembling junction shapes are used in shape
names. Classification criteria is shown below.

s +-junction 1 70° < 6 <110° for all i’s

from 1to 4

e X-junction :0° < 6 < 90° for two

opposite angles, and

90° < 6 < 180° for the other

two opposite angles
: all that do not comply with

the criteria above

e Other

5. Experiments

The data wused in experiments was an
experimental demonstration data set of Canadian
major road network from GeoBase portal. We
divided the data into two sets. The first set was
used in experiments in Part 1 and the second set

Session: Artificial Intelligence
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was used in Part 2. All data was stored in PostGIS
database.

Junction arm length was a parameter in our
experiments.

Experiments in Part 1 were performed on the
first set of data where location, type and shape of
all junctions are known. We executed the
experiments under different arm lengths. The
purpose of Part 1 was to evaluate our approach in
terms of the ability to detect and classify road
junctions, Part 1 was also set out to find a proper
value of arm length. This value would be used in
Part 2.

After gaining some confidence in the approach,
experiments in Part 2 were performed on the
second set of data with the armm length that
produced the best result in Part 1. The purpose of
Part 2 was to detect and classify junctions in large
data set.

Data sets and parameter used in both parts are
explained in more detail below.

Part 1

Input data set : Approximately 10% of the data in
Canadian demonstration major road network was
randomly selected and used as an input data set in
this part. Description of input data set for Part 1 is
shown right below.

Junction detection

Number

Junctions 689

Deadends 220

Non-junction 390

Junction classification

Number
Three-way junctions 607
W-junction 11
T-junction 341
Y-junction 255
Four-way junctions 77
+-junction 48
X-junction 29
Other 0
MTF junctions 1

Arm length : arm length was increased from 250
meters to 2,500 meters with incremental step of
250 meters. Junction arms longer than 2,500 meters
were not taken into account because their linear-fit
lines might not represent the actual junction arms
but the road segments instead. The longest length
of junction arm was also bounded to the distance
between the two junctions sharing that arm.

Part2
Input data set : All data in Canadian demonstration
road network data set that was not used in Part 1



was used as input data set in Part 2. The input data
set for Part 2 contained data of 12,978 roads.
Arm length : arm length was fixed at 1,250 meters.

6. Results

Part 1
Junction detection

The results were compared against junction
location information also obtained from GeoBase
portal. It is found that our approach correctly
identified location of every junction and deadend in
the data set (correctness of 100%).
Junction classification

We also obtained 100% correctness in
classifying junctions in the first data set according
to their types. 607 junctions were classified as
three-way junctions, 77 junctions were classified as
four-way junctions and 1 junction was MTF
junction.

Table1. Effect of arm length in three-way junction
classification using shape

Arm length Number of misses (junctions)
(meters) W T Y-
junction | junction Junction
250 +12 -10 -1
500 +3 -2 -1
750 +1 0 -1
1000 -1 +1 0
1250 0 0 0
1500 -2 +2 0
1750 -1 +1 0
2000 +2 -2 0
2250 -1 +1 0
2500 0 0 0

Effect of arm length

Table 1 shows effect of arm length in three-way
junction classification based on junction shape. As
many as twelve junctions were misclassified when
arm length was 250 meters. When arm length was
500 meters or longer, the number of misses
reduced to single digits. Every three-way junction
was correctly classified when arm length was 1,250
and 2,500 meters.

Table 2 shows effect of arm length in four-way
junction classification based on junction shape. The
number of misses went up and down a little as arm
length increased. However, they were small values.
Every four-way junction was correctly classified
when arm length was 250, 1,000, 1,250 and 2,500
meters.
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Table2. Effect of arm length in four-way junction
classification using shape

Arm Number of misses (junctions)
length +- X- Other
(meters) | junction | junction .

250 0 0 0
500 +2 -2 0
750 +2 -2 0

1000 0 0 0

1250 0 0 0

1500 +1 -1 0

1750 0 0 0
2,000 +1 -1 0

2250 +1 -1 0

2500 0 0 0

When consider classification correctness in
percentage, results were displayed as shown in

Figures 6 and 7.

100+ o e e e

99 ¢

98 ¢ -

97 +

correctness(%y
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1000 1500 2000 2500 3000

junction arm length (meters)

Figure 6. Effect of arm length (three-way
junction shape classification)
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Figure 7. Effect of arm length (four-way junction
shape classification)
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