creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[UCI]1804: 24011- 200000256939

The Implementation Ontology for
Vehicle Diagnosis Support System

20123 24



=
N
A

E
IH

20114 10

o
Mo
iy
B

WA



o

A
E

E
o

T
N
o

o

20114 114

;o_l

E
;Oﬁ

T

Nd



B. o\i:lllﬂ% 1;1! :ll}\é]

M om0 O

B4

=
&

>
o

X
o

alo

il
i

<

=

X

o

X

b
iz

K

o

12
13
14
15
19

K

puit
N

%

<
il

D‘ Inleldualg Property /g;((‘)] a4 e aeaaeeaaeeseaseaneessaaeersetssareettttseatettstrcetettetrcersttsans

/gxg

)

25 A} A}

5 25

!

E.

21

22
99

1 A% 2524 274 2=

23
24

ojy

26
29
30

EX] SWRL Rule /g;((‘)] S

4. A2 A

—






—

ke

—

ke

—

ke

—

ke

—

b B B

—

2-11]
2-2]
2-3]
3-11
3-2]
3-31
4-1]
4-2]
4-3]
4-4]
4-5]

Q17FY] 071 AMAISFO] H] AL «rresssmmssssmmsssnmssssnsssssnsssssnssssane 4
ZFEEO] 7] A ALA] e 6
LEZR] AAA] QTAFFF v 11
A 28 AolF A W TR AA] e 14
bk SE TR Property@F AT e, 17
;‘{I_ao: %%EX} IHleldualS ...................................................... 18
AEBE 7] HE AJLFE] Q. wevsoresssemssssssssssssssssisssssssssssssssssssnsssssssssssssssess 25
TEZD ADZ AL e 27
2o LB SWRL RULES wweereressressmesssseressmmsssssssssasssssssssnnes 98
SWRL Rulesoll ¢1¢] #t-& 283 Test Set oo 33

Individual® Rule @& 3149 Inferred Axioms &3 5+ 35



[¥
[¥
[¥
[¥
[¥
[¥
[¥
[¥
[¥
[¥

2-1]
2-2]
2-3]
3-1]

g 3-2]

3-31
3-41
3-5]
3-61
4-1]
4-2]
4-3]
4-4]
4-5]
4-6]
4-17]

ZFEER ALA] B IE G e 5
A AR A O] B AT e 7
AR ZE O] B i 9
22 LEZA] FEE WY 13
e LEZX ZUYA AD P e 14
ZFEE ALA Q] Tndividuals e 15
INAIVIdUALS Q] TTET wrerrrmmmrmrssrsrsss s 16
haSpart_gI ?_l]j;l-{: vIL_‘_ESﬂE] .............................................. 19
A2 L EZ X Property Matrix s 20
ek ARl Ak A AE A A LS e, 29
Hg%Lg_ 1;]_001:7:5} = ]?_] %%EX] Zﬂ@ ............................ 23
OWL T4 2] H 8] TR o, 30
Aol HEO AT FEA] e 31
DL Query 2] &) ﬁ.gﬂ_ ....................................................... a2
157] Rule®} =29 Inferred AXIOmS e 34
ek Ak A AE AL ] HE e, 36



ABSTRACT

The Implementation Ontology for
Vehicle Diagnosis Support System

Hyogap Lee
Advisor : Prof. Pankoo Kim, Ph.D
Department of Computer Engineering

Graduate School of Chosun University

Vehicles are one of the most important transportation systems over the world.
Many researchers have been struggled to improve performances and structures
of cars. Recently, the vehicle markets demand to companies to guarantee a
safety and convenience of automobiles. Moreover, customers have been
requesting not only for the advanced performance or energy saving but also,
exhaust gas reduction. In other words, the smart vehicle system that providing
intelligent information is essential at this moment.

Due to the increase of user demands for vehicles and a diversity of electronic
equipments, engineers need to have long period experiences and maintenance
skills. However, the senior experts who are good at examine diverse vehicles
are still not enough to satisfy customer demands.

In order to analyze signal from vehicles to identify what problem is lots of
researches have been studied for the vehicle diagnosis. Even so, there is a
problem that only little specific sensor information is displayed on the screen in
dashboard compare to the number of sensor in the vehicles. Because of this
reason, it is difficult to give precise information to driver which parts are

disabled or how to solve it using the current system. In order to solve this



drawback, it is necessary to have a system which is possible to build
knowledge base to support logical reasoning, effectively. In this paper, I propose
a vehicle diagnosis supporting system using vehicle ontology to make adequate
decisions for the vehicle condition even though, the driver is not familiar with
specific vehicle information. I believe that the proposed system will strengthen

the traditional vehicle maintaining system.
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@ Metadata(Ontology 1302168629, 0w} | @ OWLClasses | B Propertie
: INSTAMCE BROWSER

ect: @ Lastontology For Class: Situation
Asserted | Inferred |

owl:Thing Asserted Instances ~ ¥ ® X &

= L3RS & Engine_Temp_High
@ Parts (23 @ Engine_does_not_work
sensar (13) 4 Moise_From_\Wheel
Situation (4} & Stop

. User (1)

B swrlasEntity

[1¥ 3-4] Individuals®] +%

A% L2z AH 4L E@FE Property AR 67 FF o HAFG

a1 [3% 3-2]% sl PropertyE R o531 Qlth. Property{l hasPart= 2kl A o}
9 BAE V)xsly] Y& WYE Stringe® AAsHAtE hasValue® Ranges =}
G AA, Part7b 7R theke dolE e ®dsy] 918 ZE Value Type2 7F
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Property Range Description

hasPart String A 13 AAES 1
hasValue any A e 51
hasNumber int A 1 8HSE 7BH
hasSensorType String AHF AA Types #F
hasState String A AEES 51y
hasTime Time 2PA AFE By

[¥ 3-3]2 &% =2 Individuals U3 49 s #dd 22
X2 RSt Addgsta o F7) 3E AAE A4S Fd92 Sensored] Y
o] & Propertyc hasValue, hasNumber, hasSensorType, hasState 471 &+
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[ 3-3] A% &2 =X Individuals

Individuals

Name

Upper Class

Related
Property

Description

AirFlow_Sensor

Sensor

hasValue
hasNumber
hasSensorType
hasState

okl
N
or
aj
2
2

Speed_Sensor

Sensor

hasValue
hasNumber
hasSensorType
hasState

R

Pressure

_Sensor

Sensor

hasValue
hasNumber
hasSensorType
hasState

1A°)
1E
rx
>

AngularVelocity

_Sensor

Sensor

hasValue
hasNumber
hasSensorType
hasState

Steering

Parts

hasValue
hasNumber
hasState
hasPart

PA
%
%
Dl

Suspension

Parts

hasValue
hasNumber
hasState
hasPart

Brake

Parts

hasValue
hasNumber
hasState
hasPart
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1 Symmetric
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|| Retlexive Equivalent object properties
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Super properties
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misPartof

Disjoint properties
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casel: AFEAL AlFo] oF 2 H&
Fuel_level_Sensor
SEELE T
hasValue
g g &5 Battery, hasValue
el
ARl ol ojy] Engine, hasValue
71017} Parkingo]
Gear, hasValue
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2pdettt, ol v X7 o] AMgH <&, Individual, Property, Property
Type, Property ValueE R o531 Sl RoAe A4 EdL 5 s @8 A4
oF WiEE A AA, 2% AlA 377 ARSI A FEoEE A
710l FY 27 AFEFHJATT. 3 2F2Ee] Individual B2 Property 2t A A ko] 7]
=50l gt [ 4-2]d Ved sAdE dsiY 9 dA57 558 A5, WHY
Aste]l 2BE REHE A7 A& =

3%, 71°1 e}t Parking GEI7F obd A A AlEol AelA ke dEE z

Casel AF&AE Alsol ot A4d F¢

Head

inSituation(User_1, Engine_does_not_work)

Body

A Individual Property type Value

Sensor Fuel_level_Sensor hasValue any <=0
Battery_

Sensor hasValue any <12v
Voltage_Sensor
Engine_ o

Sensor hasValue any <0
Temp_Sensor
Parts: . not

Parts o hasState String
Mission_Gear Equal

b. AF &E5A SWRL Rule # 9|

SWRL2 OWLWA 73 £H2 93 dojz 58 <de £ skt AR
He Aok =% SWRL2 OWL DL H+ OWL Lite®t Rlue MLE ZAd3k 2o
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[3% 4-3] &3 2524 SWRL Rules

Num. Expression

. hasValue(Fuel_Level_Sensor, ?curVal) A swrlb:lessThan(?curVal, 1)
— inSituation(User_1, Engine_does_not_work)

) hasValue(Start_motor, ?curVal) A swrlb:equal(?curVal, false) —
inSituation(User_1, Engine_does_not_work)

3 hasValue(Engine_Temp_Sensor, ?curVal) A swrlb:lessThan(?curVal,
20) — inSituation(User_1, Engine_does_not_work)

A hasState(Gear, ?curState) A swrlb:notEqual(?curState, "Parking") —
inSituation(User_1, Engine_does_not_work)

. hasState(Coolant_line, ?curState) A swrlb:equal(?curState,
"PoorQuality") — inSituation(User_1, Engine_Temp_High)

6 hasState(Coolant_line, ?curState) A swrlb:equal(?curState,
"OutofPlace") — inSituation(User_1, Engine_Temp_High)

. hasState(Pan_belt, ?curState) A swrlb:equal(?curState, "PoorQuality")
— inSituation(User_1, Engine_Temp_High)

. hasState(Pan_belt, ?curState) A swrlb:equal(?curState, "OutofPlace")
— inSituation(User_1, Engine_Temp_High)

9 hasState(Engine_Temp_Sensor, ?curVal) A wrlb:greaterThan(?curVal,
60) — inSituation(User_1, Engine_Temp_High)

0 hasState(Bearing, ?curState) A swrlb:equal(?curState, "PoorQuality”)
— inSituation(User_1, Noise_From_Wheel)

. hasState(Bearing, ?curState) A swrlb:equal(?curState, "OutofPlace") —
inSituation(User_1, Noise_From_Wheel)

1 hasState(Brake_lining, ?curState) A swrlb:equal(?curState,
"OutofPlace") — inSituation(User_1, Noise_From_Wheel)

13 hasState(Brake_lining, ?curState) A swrlb:equal(?curState,
"PoorQuality") — inSituation(User_1, Noise_From_Wheel)

drive(User_1, ?curVal) A

u swrlb:subtractDayTimeDurationFromDateTime(?curVal, "P6H") —
hasValue(Engine_Temp_Sensor, ?curVal) A swrlb:greaterThan(?curVal,
60)

15 hasValue(Battery, ?curVal) A swrlb:lessThan(?curVal, 12) —

hasValue(Start_motor, ?curVal) A swrlb:equal(?curVal, false)
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OWL 32 2&=24 Aoz Agdd 75& EgE(Triple) 7322 WH3ste &
Alelth. Eg]&FL2 F°](Subhect). A&o], 54 °](Object)® T4 E & (Statement)
o2 HAFHIE &7 AA FAHoln Fx3td R wESEn19] wEEHe 3
AL OWL %F 4190 OWL Test Cases[20]9} Semantics and Abstract
Syntax[23]5 wWZ3 Ut OWL 349 A ¢Axe [2¥4-3]149 394 A2
A& e
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OWL ZE=4|

{ClassAssertion
{Class IRI="#Sensor" />
{NamedIndividual
IRI="#Battery_Voltage Sensor"/>
{/ClassAssertion)
{ClassAssertion
{Class IRI="#Parts"/>
{NamedIndividual IRI="#Battery"/>
{IClassAssertion?
{ClassAssertion
{Class [RI="#Parts"/>
{Mamedindividual IRI="#Bearing"/»
{/ClassAssertion?

OWL IHA| ' '

first : sensor | rdfs: IRI owl : class

Fact E2|Z A& '

Subject Predicate Object

first : Sensor rdfs - type owl - class
first - Battery | rdfs: tvpe owl : Individual
first : Bearing | rdfs: type owl : Indiadua

[2% 4-3] OWL 3pA 9] Az A

4. A9 Ae BE
Query Processing Module[18]2 Aol & FolAr] 719EE FE235to] 719 =9
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Aolo] )7
Sensor And Brake Some Engine
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And, some, only

 OWL 2E=2#| 847]
H1l17|9E
Sensor, Brake, Engine

FE WA

And, some, only
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(1) Ao} #E7]= dAools FoA A 1719=RNE FE3td 7|98 A9
sto] dAsk= OWL A4 =245 44 ot

(2) DL d&jo] BA7I= 13 7IH=E AT =24 48 DL 447 A4
slo] FE2-90% DL H2E A

(3) === A7 AHd A OWL 2E245 25351, 44" DL #
g2 7o g OWL 252X o st 22 A}

A7 DL-Query Builderg €3] ¥4d%¥ Querys F& <Xl desiA ¥ 2

2 2Eg2XE ngor 229 43}E Auto Completion Moduleo] AgstA Ht

‘operties [ Data Properties rlndlwduals rC|aSS misttiz rPropedy matrix [ Inclivicuzls matrix rOWLVlz rDL Gty rSADI OrtoGraf

Guery (class expression)

Parts and BrakeSystem

| Execute | | Add to ontology |

Query results

Sub classes (3) || Super clazzes

BrakeLining [[] ancestor classes

BrakePad [ Equivalert classes

BrakePedal [v] subclasses
[[] Dezcendart claszes
[ Inctivicuals:

[-1¥] 4-5] DL Querv A3 34
5l "2l
B. 2438 % #7
A% 2L WAE S B ERAE 7EE 4% LERAY AP LERA
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[3% 4-4] SWRL Rulesel 9] #k8 %83 Test Set

Individual(¥9] Zh) Expected Actual
| Engine_Temp Engine_do Engine_do
_Sensor (-20) _not_work _not_work
Startmotor Startmotor
2 Battery (5V)
(False) (False)
3 Driving_Time Engine_Temp Engine_Temp
(P10H) _High _High
4 hasState Engine_does_not_ Engine_does_not_
(Drive) work work
. hasState Engine_does_not_ Engine_does_not_
(wrongLocation) work work
5 hasState Engine_does_not_ Engine_does_not_
(poorQuality) work work
; Brake_Lining Noise_from Noise_from
(PoorQuality) _Wheel _Wheel

(% 4-4]1%=
Test set= 4 9]

=5

198 o] g3t o3 @t dA med #e

AA SWRLE tha3 2t

HolFa gl

hasState(Gear,?curState) A swrlb:notEqual(?curState, "Parking”) —
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A

9
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94



inSituation(User_1, Engine_does_not_work)

9 Rule® =A% # FY29 Individuals®s 3l Gearel & x| E}7H
A

=]
1
“Parking”’d e 7} o™ “diR o] 2FslA] et g A2 SWRL Rule® 3%
X

Aoy o Adet 100% dAE HAEE F3 g9 & F U HEE AF

s T A" 2EEA Pl FH AR-AM B FAEAT L B o vk B2 E

[1¥ 4-6]13} #o] F 1571¢] SWRL Rules® & d

st A3 271¢] Inferred AxiomsZF A7d ¥ ATt Inferred Axiomsv A7 gt

22 9ol o7 FrlH A FL A Aol SWRLY F& & &3 A
o

=
A AAolgtar B F urt A Inferred Axiomst3t W& [% 4-5]

il

-

nuies Q, . d} -EE oy
led | Mame | Expression |
http:/Awewewe, 0., (= hasValuedFuel_Level_Sensor, curval) A swrlbilessThand?curval, 1) — inSituation{User_1, Engine_does._,,,
http:/ e, 0,,, (= hasValuedStart_motor, TcurVal) A swrlbequal(?curVal, false) — inSituation(User_1, Engine_does_not_wark)
http:/ e, 0., (= hasValuelEngine_Temp_Sensor, Tcurval) A swrlblessThan(?curVal, 20) — inSituation{User_1, Engine_d..,
TR hasState(Gear, TourState) A swirlbinatEqual(FourState, “Parking”) — inSituation{User_1, Engine_does_not.,.,
hitp /A, 0, =% hasState(Coolant_line, TourState) A swrlbiequal{?curState, "PoorQuality™ — inSituation(User_1. Engine_T...
http:/fwewewe, 0., (= hasState(Coolant_line, PcurState) A swrlbequal{?curState, "OutofPlace”™ — inSituation(User_1, Engine_Te,,,
http:/fwewewe, 0., (= hasState(Pan_belt, PcurState) A swrlbiequal{?curState, "PoorQuality™) — inSituation{User_1, Engine_Tem,..”

{

{

http:/ e, 0,,, (= hasState(Pan_belt, PcurState) A swrlblequal{?curState, "OutofPlace”) — inSituation{User_1, Engine_Temp,.,
http:/ e, 0., (= hasState(Engine_Temp_Sensar, Tcural) A swribigreaterThan({?cural, 60) — inSituation{User_1, Engine.,..
hitp /e, 0, (= hasState(Bearing, TourState) A swribiequal(TcurState, "PoorQuality™) — inSituation{User_1, Moise_From_Y...

WHL.JessBridge] =2 Hules] e Classesl = Individuals] = Awioms = Inferred Axioms]

Inferred Axioms

Sy, 0wl-ontalogies, com/Ontology 1302168629, owl¥inSituation(hitp://www, 0wl-ontalogies, com/Ontology 1302168629, awl¥lUser 1, .,

[18 4-6] 157] Rule®} =&% Inferred Axioms



[3£ 4-5] Individual®] Rule #-& 3%
Inferred Axioms g

Individuals Rule ‘ Inferred
A Fl Axioms

Fuel_Level_Sensor 2

Start_Motor 1 1

Engine_Temp_Sensor 1

Gear 1

Coolant_line 2

Pan_belt 2

Bearing 2

Brake_lining 2

Battery 1

Engine_Temp_High 4

Noise_From_Wheel 4

Engine_does_not_Work 4 1

[ 4-5]% 1571¢] Ruleel A& 12719 Individuals Rule 4§ 34+& HoFi
Ut Individuals® & 12709 &5 5 55 §&ste 263 AREEHJT 1 23
Inferred Axioms”} Start_Motore} Engine®] #Ao] A4 171, Engine_does_not_Work
o A&l A Start Motor7} #FsshA] & o) Izl JA| FhsebA] &= A4F A,
L 27W7F A = vt Individuals A& 3190 @& Inferred Axiomse 9F 7.7%9
52 YeRal SWRL rule 3] W& Inferred Axiomse] TASEL2 oF 13%
o] g7 e

A3 AHE B3 A" ZEEAE o] &ste] A A Aol AE G| 9
e A HE A A9 Individuals®] -4 34 Hube Idividuals® 3+
g SWRL rule®] Ao 3157} Fosittes 237 =&5H Utk

=29  Inferred AxiomsS #lEozm 8 LEZ oAl Start Motor$+

off



Engine(False)  &A17}

Engine_does_not_Work<] 38kl 4] Start Motor?} Z&3sh4] &
20 7F Ad = Aot

e -

A5 10, &

F7hHel  Ew 2EZAVE SFHUY. ®d
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