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olsh Lo 2FE wQ) oME HolE Y LERA ddof Fejxe PR FHHOR AW AT el ofu
E Hol% g £E2A Qo] Fend AnHER GAT 5 AUct.
o2 Zo], Tou-l 8] 28Zo] g3k BE AZWEE Tnu B9 29e] gg

T 78 FESH, AlFE A¥8-er HAxE T2 oMIE dHolHE #sr] H3 2EZX] 7N Al ~ES
A gl AKX A~ (Geographic information system for transportation; GIS-T) A& @5 AA(Linear
referencing; LR)S o] &3] =2 XRJE o[HIE HoHE APHo 2 Ixd T2 Rl oHIE doJHZ ®3

= L2 oME dolHE #slr] % LEEA] 7]|RF Al2HlS
H =2 #Zel oME dolgel disl, <l o|ME #e]&(Line event table; LET) ] 2E=ZA Aof(Web
Ontology Language; OWL) Z&jz~ 2 A&7k g2l o|WlE € o]E(Spatio-temporal line event table; SLET) €I
2E72% o] FY2E I AT AdHor FHxdE g9 2EZ A (Spatio-temporal linearly

= Aol shue) M) B9 2l olME Eloji g
gHetel, WAR Hol® A ATRES 4ol

L2y
iy
&=
[>
e
kg
=3
o
=
ful
o,
o
me o

9 eERA Qdof 2
= HEs 239 4 Ao

T 82 & W] dAA]dd w2 Al AFHoR FxE T2 oME dHoleE #Esr] Hg 252X V|
ik A|2~"S el S5 Eolt

%8S HFW, Alet A¥¥ ez FxH TE olWlE HoHE #AZ5r] Y3 2EZA] 7NF AlAEl2 W
£(810), A4F-(820) B H8F(830)5 Eetch

W3R (810)= wE X7 AR A A®l(Geographic information system for transportation; GIS-T) A& ¥
214 (Linear referencing; LR)S o]&3dle] =2 ¥CE o/HE HlolHE Aoz IxH =& T}l o¥lE

fin}

lolBl = Rgkgit).

AAR(820)= AEH oz xy =2 g2l ojHE dHolgd s, &<l o/HE Ho]E(Line event table)
LE22 oj(Web Ontology Language; OWL) Faix @ A3z el o]HE Ho|E(Spatio-temporal line
event table) 9 &E2XA o FY2s ¥Est= A3t APdHor Fxw do EZA|(Spatio-temporal
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linearly referenced domain ontology)E A4 3Hct.

AEH(830) = Aok 3hhe] Ml F<F @3l oHIE HeolE § 2524 do] F¥ i F Holk I AIHE
7} WA SHEF, AlF7 221 oHIE HolE §] 2EZX| Qo] FExo WAH Hojxm A AIHEES
A7Fste] ool Egtrt,

T 9v ¥ uye dAAde] 4E Al APHoR FxH J9 LEEANE FEIE Al AZEOE UE
W =woltt,

T 98 #Hx3HA, Al ~XEH o= Protege ontology editor24, AW AHs AFE 93t 2EI¥XE AlEo|
o AEHAT.  A71A Proteges 2E=A S AX7W HemTE AFTste E21 290 (Plug-ins) 9] RO ®
TAAE Atk FAHLE, Protege AHEAFEC] AT APFA R Fxd 9 LEZAE HEEL, AT
APAoR Fxd d9 2E2ZA ¥ U2 4 $A4ES 2, A 2 AAge, =8 g2y BAE
APt s AT = dnk

102 2 2yl dAAdd mE At d¥Hor Jrd F9 LERZAE FAstE A2 AZEYOE Y
Bl EHo|T},

T 108 FESW, A2 AZESOIE ArcGISEA, ArcGlISE AF7 AP ow FxH 9o LE2Ad X3

v Zdzd AE dolE 2R E oWIEE Adsta, s, w45 @ 5

o T, ArcGISE AREAZE A B ARE A%, #H, 23, &

AP g Qlrk. olgf B2 FHE = AIELE ArcObjects 7€ 2 VB.net 7]&ol 93, ArcGIS oA 12

¥ Alg#} Qe o]~ (Graphical User Interface; GUDE A" & 9l
q e

o}
A2 2TE] ArcGISE AFE eel oWl Hlol B Aol ARk Aejo] ofs) LE Ehel 2w o
o]

gt BE M
AES AAT 5 e dE A1 22 AR ABR S AT o W, A8AT 54 A%e Aeeu,
AEHow 2l oME Hol 9 2ERA olof FerolA B4 Azl viget BE ATUEL PaE 5
slck
o3, 2

o] garoe] wE A ¥A AEQ 1000 B2 A|IHEE ¥3elE e EE U ES A
A FYEE AL AAR dY. UM, = OHEE ¥4 F3¢d wE AR AOIHESY HEo R {i
IHEE AFZE g oHE gHolE ¢ LEZA o] F

T3, AEE F Y AR g8 Adeles ofgste] dHolEHlelxe] A7]E agd s AdsrE P

T 118 B wgo] gAY WE Al AZEo] @ A2 AZEOE FXAA, HARE Hor g8 yad
1 =3

QulolERE #4S e Ewolt).

T 118 #F=xsd, A1 AdglolA], 1000 E2 AIWEE B 2®EZe] A2 100 AIHER JHo|EX
W, el oA WA BlaREA ddelE B ATRES] vt thg Beagne A= 100 Al
WER QuoEg & 9l

L 128 F=xsid, olgfg fHoE #go] gud & 2 H SEEA Ao e

o)de MIWEE FHEHY, AFH BE o AMIUES A9 Huwd 4 . oU)A, F 24
= dolgHelxs A7y A 22 YEdtk. oS E9o], T2AZ7HA 'Snew is equal to one So'
o, 2000 MlZHEZF Qs = i, oA Agd FEe A

e
T o
o whebd, 18009 %74 ARk wAE 9

A ATRES] A godolHuMolA 7|7 g HolEel ats] yEiyy, 53], B2 B

A 80 wel BE ADRES A 4
Eafe] A7k 200 ALHER Fa" 5 9)

2
I
o
>
o
°
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Mgzt AlaES] S22 gl dlo]Hulo] s 7]

of W, RE WA Fel B velelulolz A7) PaE AR ATHES AZs o) wA Q7] il
Nz AawEe] 7k Fohs, delemels 1 FaE Ak ol diEAE v 14E Fxal
A A As= E,

,
3

2

T e B dygo dAdAde] mE Al AZEYY 9 A2 AZEYIE FFAA, HUoEHE Hojk ¥

AIAES] Bl 7] 2gk dHolEHola A7)0 A FuRdAE ek Zwelr,

%= 145 x5, 'Snew is equal to one So', 'Snew is covered by one So', 'Snew is left side matched

and covered by one So', 'Snew is right side matched and covered by one So' %

sum of the n adjacent So'¢d WA Fd&o ths] 71F 2 BE&EE F4aFo] o5 5 A, E3), AF 73
[e]

o] 'Snew is intersected by two So'$l 7ol FAhFo] M T2 HERE A5 F

i

TS, AlFZE #Ql oHE HolE § 252X dof Fxd AFE AT MIUEE 53 AIWE digh
ARE ANGAY AT 1% JEHS 3 Atk AE 59, S(T1) = 'good'
and T1- T2 < nine months and S (T2) = 'poor'9] #HAL& 971 oo =2 ¥ JE]7} goodol A poorz W

= 1o
AY PEe EE UENZLNA RS F QRS S 944D 5 Aok

geol B 2= AOWE
2ol oHIE HlolE ¢ 2E=A do] F

i [
frtl
I
inl
e
o
)
X9,
T
o
o
T
rlo
e
o
ox

B BAAdAE 2E2A 7 At dder Fxd doly RdS AWsdit. olgd 2EEA 7Nt
Aeit AgHos Fxd deoly Rl Azt dddoen IFxd o 2ERAdd 2dH= Sds, B,
A R FAA Al os) dEstEa, AR eR Medord, Jdstd ¢ 3l

Egh, 2ERA VN AT A8 gl Hlole Bl At AgHow g
2 7IA7E oAl E S e Zadas BAHeR R8T F k. =Y, 2ERA 7N AR dgHew
FxE dold Ede Agd 22wy rlHe] fAgeRMA, AR o oEeAelded o5 sf 2 At
& ¢ dth. B, 2ERA N At AgAen Fxe dolE R At gl oWIE Hels
TERA Ao Felzol ol AMamEel] ek ol FEvts ety BEFoRs, ol Bel ARE 77t
g ZE ATUES AeHo AA% £ vk olH@ A R BE Yol HegorA, Agit Ao
Eo) Jig E= dolEMlo]x A71ef e EEY 4l

Eosede] PASA, AXESY THLL, WEE doge] PHRE R AZEMo]
FHese 2gom FEA 4 vk dF So), AAdseld] 49H FX 2 PHesE, 48 5o, 2z
=L

MA, FEEY, ALU(arithmetic logic unit), ©AY A& X =ZMA(digital signal processor), wlo]aZH

F+E, FPA(field programmable array), PLU(programmable logic unit), Wvlo]AZIZAMA, LT HH
(instruction)S A&t S§HE F & U AwWt Fxe} o], 3t oo HE HFH Ev 55 54
HAFHE o &3t 3= & duh. A AX= &9 AA0S) F A7 9 AA AGolA] = s ol
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o] AZE ofEZgAAS AT 4 Jduk. E, AHE AX= AZES]o Ao $HIlY, HolHE
A2, A%, 27 A 2 S = o olgle] HAE fI8te], A XJX]L stu7h AL EE Aow A
HE ASE AT, Sd TlERoklA %@LQ} AAe 7F A=, A" ZAA7E B R Ay 84
(processing element) B/HE B4 F3 HF 8458 XFT F AS5S & F Atk A& B0, A FA
v E5F Y ZEAA EE Sl ZaAA 9 sl ZEEHE X ¢ drh. E=S, WY Z2AA
(parallel processor)®} &2, t}& A8 +4(processing configuration)® 7}s3}t}.

AZEYolE= AFEH ZEZ W (computer program), F=(code), WH(instruction), EE o]E F &} o]Ate
24E XFE  dom, dite U2 FAES A FAE FAAY mHHeR e A=
(collectively) e Fx& HHT 4 v, 2ZEgO 2/ dolgE, A FAd 2ste] =AYy
Ael FAol WE e HolHE ATyl flate, oW §3e] 714, 74 84 (component), EEH FX|, 7HF
A2 (virtual equipment), AFE A wiA] wE FX, T HALEHE AT 9(signal wave)ol FTHOE,
T YAAHoR2 FASH(embody)E G AT AZESO= HESIR AA49 AFH ALE Aol EAkE A,
EAE o R AGEHAY Agd % vt 2ZESO 9 dolEe st ol HiFH #E Jhe 71E v

O

o2

2 F
2 r
2 R
=
i}
.
32

H Sue Biel 98 F e =
9. g7 AFE BE A4S AE Z2a

Al

=

% @

& W5oR mr 2¥se] £IT £ Avh. Y] jAle] /12HE 120y
e &

=

s

ZEY o] BA A %115101 A 7Hs
= 3= fa, E29 EV\EL 2 Z7] Eolze}l %
CD-ROM, DVDe} #e& F7]= vujal|(optical media), =ZFEIZ vt~ (floptical disk)g]r e T s Uﬂiﬂ
ical media), ¥ F(ROM, FRAD, ZYA] W= T34 719‘ zEa9 WHE AFstal st
5 543 7449 =9 ZH] 7V Y. 22O gEe] o= Aakdele] o3| Rl = 4,
Z1Al0] mERRE oly} JIEZYH F& AMESIA FASFEC siA AddE & dE aw Qo] Z=E
E3rett. A71E st=do]l AAw AAld Y & At fEl et o] AZE o RERA AFIE
om, I 9% mpzrix]ot},

2L
A
o
::’
:
—~
=]
)
0Q
=)
@
=
o
=]
@
o
)
2

ol 4 AR ek wRe] ela) Awsglont, 7 TeRokld Fa] A4S
A Aeh grlel AARRE B 24 % Wgel st o o], 49w sl%Ee] 49w Wy o
£ wAE FREAY, W/EE duE a8, xR, HE2 5o pdassel 4dE iy te 4
2 A% Bt 2PEAY, 02 748s Bb 3526 e gAuAY ARHnds 449 A9} 949
& 9.
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k1
n

k1
n
~

Route layer RoutelD field —

Shape * | Route_ID* | Shape_Length Line event table (LET) (120)
Polyline M 365.821058 | Route-ID | from_ | to_ | Condition_
Polyline M 424.901209 0| 20|Poor
Palyline M 249.416409 30|  45|Good
60 a0 |Very good
10| 40{very poor
40| 60| Good
70| 92 |very good
10 30| Avarage
35| 50|Good

-

e

w

WIWIRRR| =i

Point event table (PET)(110)
Route-ID | to_ | Accident
20 |Lane departure
45 | Accident &t junction
90 | Collision with pedestrian
40 | Lane departure
60 | Collision with pedestrian

| Linear referencing |

—— W —

PTY TCY ARG By

Route 1

Route 3
\. ®
@
.»

\ _— Route 2
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210

Road network

Is created of

Geometry
(location)

Is- Arc
Ends

Is created of

Has geometry.

N

Is located on

Has From value Has R(I)ute D

.
| —

Begins:

Ene

Is

ds:

Route ID

Line event

Has To value

Line event

’ ’

Pavement
condition

Grafﬁc volu mg—

(Black spot)—

Distress

Line ongoing
(surface type )_‘( activities

D

oint ongoing
activities

—6)ad drainage

C Tunnel )— Road sign

S

- -

Temporal point

Pavement
condition

Grafﬁc volum9—

(Black spot)—

Distress )

Line ongoing
activities

1

1

i

1

1

1

|

! (Surface type)—
1

i

1

: CLine mark )— Road drainage
1

\

N

e —

Relation
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k1

)
<o

310

-

<rdf:RDF Untulngies.cum/(]ntulngyl326699384.0\'01'}
<owl:Ontology rdf:about="/>

<owl:Class rdf:ID=Toint_event'/>

<owl:Class rdf:ID=TRoute'/>

<owl:Class rdf:ID="Tine_event>

<rdfs:label rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string'>
Line event</rdfs:label>

</owl:Class>

<pwl:Class rdf:ID="Pavement_condition>
<rdfs:subClassOf rdf:resource="#Line_event’/>
</owl:Class>

<owl:ObjectProperty rdf:ID="Has_From_Value'/>
<owl:0bjectProperty rdf:ID="Has_To_Value'/>
<owl:ObjectProperty rdf:1D=Ts_located_on’>
<rdfs:range rdf:resource="#Route’/>
<rdfs:domain>

<owl:Class>

<owlunionOf rdf:parseType="Collection™>
<owl:Class rdf:about="#Line_event'/>
<owl:Class rdf:about="¢Point_event’/>
</owlunionOf>

</owl:Class>

</rdfs:domain>

</owl:ObjectProperty>

</rdf:RDF>
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N

Table1
The changed portions in each change type

(410)

&

SIS3l 10-2015-0065973

Number of

Change type Changed portions portions
Spew isequal toone S, S={(F;, T;)) 1
Spew is covered by one S, S5={(Frew: Trew)] 1
S, .. 18 left side matched i =

and covered by one §, 8= Frerer Tren)) !
Syey 15 right side matched Tin .

and covered by one §, S={(Frew: Toew)] 3

R S {(Fraw, T, (Fir, To) 2
o

Spew 15 equal to the sum s p s ik ,

SE5 acincents, S={(F,, T} (Fias Tiads voir (Frons Tl n

S.ew covers n adjacent S, SA(Fisivs i) (Fiixs Tioadeivoss (Puusrs Tl n+2

S,ew 18 left side matched TR SO PR o L

and covers n atiEEent 5, S={(Fi, T}, (Firs Tiaa)s wor (Ficas Tnew)] n+1

Ty BTG Ak AR S=(Frans T (Bt Ty oo (Fins Tioa)} n+l

and covers n adjacent S,
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k1
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>

k1

)
N

610

Uzo

S (T, ) All segments fortimeT, ., ;

S(T,.,): All segments fortimeT,

u=0

S8 (T,..1): Spatio-temporal segments for time stamp T, ,in SLET

S(T, ). All segments forthe mostrecenttimeT, in LET

S5 (T, ): Segments (portions) for time stamp T, ; in SLET
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File Edit Project OWL Reasoning Code Tools Window  Collaboration Help

DeR 4B 6

29 5

<O

EE®E <>

For Project: @ transportation

Class Hierarchy

CLASS BROWSER

owl:Thing
v @ Line_event

@ Guardrail
@ Linear_ongoing_activities
@ Pavement_condition
@ Road_drainage
@ Road_mark_condition
@ Road_surface_type
® siope
@ Traffic_volume

@ Linear_feature

® Node

v @ Point_event

@ Block_spot
® Bridge
@ Distress
@ Point_ongoing_activities
® Road_signs
® Tunnel

© Route

= =

Asserted Instances

®s1
& 52
& S3

is_loocated_on

¢ ed

| @ Route_3

Has_RoutelD

L 4 H

Asserted Types

@ Pavement_condtion
@ Road_surface_type
@ Tratfic_volume
@ Road_drainage
@ Route
@ Guardrail
@ Node
@ Road_mark_condition
@ Point_event
@ Line_evert
@ Linear_ongoing_activities
@ Linear_feature
® siope

owl:Thing

Has_from

Value
56

Condition

Value

[«]
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= LET — SLET

Mame | Pavement condition _'J Name l Histarical Pavement conditi lj
RouteId | Routeld = Route 1D | Routsio |
From | From j From [ From =
To | To j To ’ To ;]

Time | Time |

Time walues j

Retrieve
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S,ow is €qualtoone S,

S, ew is covered by one S,

T 100 G T 100 @~
g o 8 g g
S 0 60 =9 60 =
“ @ 40 2 @ 40
82 20 88 20
S 8c 0
22 ab
g 8 0 50 100 150 200 250 300 350 g g 0 50 100 150 200 250 300  35C
a a
ﬁ The number of new segments E The number of new segments
Spew is left side matched and covered by one S, S, is right side matched and covered by one S,
z 100 @ 100 4
o H 80 o 5 80
28 60 58 &
b 40 ® @ 40
L= 2 g8 20
£ 0 i3
g% 0 50 100 150 200 250 300 350 o] 0 50 100 150 200 250 300 350
a3 83
] The number of new segments © The number of new segments
Spew is intersected by two S, Spew is €qual to the sum of the nadjacent S,
= = 100 4
= LI
& —— NS 60
g e 5
“ @ 40 E— e @ 40
22 2 — v 2 20
8 O
25 < 5
L] 0 50 100 150 200 250 300 350 2% o 50 100 150 200 250 300 350
832 a3
k] The number of new segments o The number of new segments
2
S ew IS left side matched and covers n adjacent S, Shew IS right side matched and covers n adjacent S,
T 100 € 100
e — e e ———
$8 2 —~— g8 ¥ ——
qE = —— a5 60 ————
g2 20 = 22 40 *
£s ° g w
£ g 0 50 100 150 200 250 300 350 2%
a3 - 0 50 100 150 200 250 300 350
E The number of new segments 1]

The number of new segments

Spew COVers nadjacent S,

= 100
P ) S =
S o 60
gL %
%2
g O
K 0o 50 100
£
a5
°
2

150 200 250 300 350

The number of new segments
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