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Abstract : As the bridge of connecting the construction standard and spatial relationship of the underground pipeline , the
spatial knowledge of the underground pipeline has been well-accepted by researchers and developers in aspects of data
verification of the Underground Pipeline Geographic Information System( GIS). However, methods for representation and
reasoning of spatial knowledge of underground pipeline still have existed some problems like loss of semantics and poor
extendibility. Therefore ,in this paper we give a spatial knowledge representation method of underground pipeline based on
geo-ontology. Besides,we compare this method with the production representation and three values weight table method.
The results show that,the spatial knowledge of underground pipeline based on geo-ontology can include rich semantic in-
formation,is easily extendible and support complex computations, which will be conductive to the share and reuse of
spatial knowledge of underground pipeline among different system.
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HIRFIR 8 W Rk GIS T H TR ITHE N E AR, IF I A T IRk 18 771, i Kondaveeti
2 SR e R LI 2 7 25 ] S 16 56 2R, FH e DA% St R A5 1 0l v A 00 3 [ 5 8 0 R S B 1 AR AT
N Yu 255 LT GeoAgent £ HY T — it 23 ik BURELE, 1h 45080 4 42\ IF 1] | GeoAgent LA K% 5 2 45 1t 4
FAY L. 4 A 5 O Ak 0 0 8 SR A T 1] AT 53 R TR 1) S LR AR, P SRR 4% 2 7% TG 1) 45U A
IR . F A A S BT S MR B B ALC, $R T 23 A1 ORISR 26 71 J7 1 0 A ) B HE A, 52
BT 23 1) & R AN SCAIRMT A 9 FLAT )5 ) i 3. Ballatore 26! 363 UMty T HL M Wiki B i H $2 B
PN I8 1 RDF SRAFBEICH b B, 38 4 [R]85 51 ( co-citation ) S35 F 4T 1 SCAHARLEE T3, ik 26 TE 5
PRI 23 BRI R Tk 5 Tl b TR SE R A Sh i 5 b B8, 76 SCPRAE = rp AR 8 T )2 . e X i
BRI A RV ANR RN [ P I — 262238 58 T 48 223 RN W 3R BURN 2638, IR B8 e i AL 16 &
G5, it RS A T A R RAY B R GG, SR AU 3 BIE AT AR IE R R LN 5 T S
A 10T AR B 23 V) 5 2 114 R 2 SR IBORIN) , B0 DU) F) 2 7 LB E s AE 0 T b e o kgl L 45 e T
LR BRI, 3SR 7 A 0 A A LRI AT L, B T A R s ) R A e A Y sk
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AT AR A PR o | 30 3k 220 1 S M M 2 (B ) O 2R, R AR R B P 2 A L 5
1 Je 5 S AR ) JME— 1 2 SORLIE. AR BIS 7 R I A ek 5 3y B sk i 8. H
AARZER AR A AR I HER P AR 5 LB A RN A B Al bk S i 2 R,
ARSCER T — I T H BRA AR R 45 42 VAR IE 2R s il s ARG & M T H N
() A A, 78 IRl T3 3 e B AR A T8 5 SC B T 6 b R A s (B R 2.

1 i A4S e PRAC AT A

1.1 W TELbIBEARRE

TEREN A, B SN BB AR B K (3 I, DA 120 U i 6, 2 A& B AR FIOC RR A SC S
FELHATIARE" G5 & S LR L RIS T, MR A B S 2RIk R S R 41805 3
JHh T 4 S U A T ) SOZROC AR [R]I, Hl BRAS A4 Sy — 2Rk ) 4RI AS S, B 17 % A A =2 ) 114 1
SRR Z M S, 30 W S B2 R AR A 1 JUAT IR 25 L5 0] 5C R (AR bR 2R A5 A& 1 R AR SO R A
2SR Bt 2 i PR AR R P B S B S LART R 5 235 1] G 2R AR T2 I Py b 85 52 i B AR (A
RIGNE 1 Frs.

(1) ZRHH! (Feature)

TEH T AL SEPR A P A B R v A BB A2 DU e A A S 2 22 3ok 2 4. P, A
AR LR A MR R R A A LN AR A7 BE AT )2 IR0 4, 43 T G Ay 1 B4 T P A B i R
2 IR R A L L R A R AP A A Horh B L] D RE D RE AR 20 AR , 20 S e
LGBEES HKEL HKELR BREL ATEL TS LR GAEW RPELIL 0 8 R
PR RERFAN 53 47 T 5268, MZA /K B LAY AT AR L 53 UK A 48 K A8 2 oK B 4L EIOK B 4 T B K
B KA LA, L 53 ATk

B RN B LA A b BRI A, AR DO RE AT 43 A B B0 C A 45 b e e de e i Ll , i
Z PR RS A B TR A B B AL B B, IR T T K 3R T KRR S TR R AR O S T
ST A2 AR AP R B S 5, QKR 2R R s . O e A G I /R Y A R R
i TN T AR A A LA A ZR A (FE St Bt , G0 =38 | DU 3E 45 1] — SRR 0 AN, AN AR
I e A B A, AT AHAB S ).

(2) JLr#5i 28 ( Geometry )

TE GML Hp (1) JUT A A F= A 45 [ A= U AR 9 s BEE (Point) \ HZERIIE ( LineString) | £ EIIE
(Polygon) , X' A TR A& JLAATFE MK ( MultiPoint , MultiLineString , MultiPolygon ) . JL{] A A4 5 L) GML j8 A2
PR S FRaml. GML $21t T DirectPosition , Coord , Coordinates 3 Fft A8 AR . A {4 JLAa] 455 54 rf 4 AR B A A 2R
JAT GML i Coordinates A& FRisi=t.
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Fig.1 Geo-ontology model of underground pipeline

(3) =3 [a] ¢ A5 ( SpatialRelationship )

2% ) 5 AR B IRHFNOC R ANy [ D R WA as (1] SC &R FFP R 225 ] 2 R b e B — 280
F. AR S HERAR OGS, FEA PN C R B SR SR TN RCC B FRABIARY | P 25 75 415 3R PR 4 ] £
D35l [1] P49 T — TET 4 DG R B, L8 BRI — S0 DRI D DG R A A 2 ) 2 79 1 7 P DX Al (] £ 8 o 1 — 1
ML Z , B Disjoint, Touch , Overlap , Equal , CoveredBy , Cover, Within, Contain } .

TR R R AN R I LA I FR , B — S S 8 M s ) 0GR, 3R 1 2 2 ) X6 42 8] (18— Fef I
IR (YT =i ST il (N £ N | ey T T S B B e € 3 R 30 R i € AN 3 I B LU 2
PE. SCr 5 ) G R AR A DL R TR R 43 O vk R A N(JE) (S(RE) JE(FR) W (7)) NE(A&
J6) NW(Pidt) SE(A R ) SW (PR )8 FhX .
1.2t TE &M IR AR 62

(1) AR & X

e (Class) &GN PIRES: A USRI TCR R G, LM R, 02 7% 52 2 [A] (1 4k 7K G 3.
AR T 8 A U A AR AY , A7 [ HEZE owl: Thing 1943 5114 Feature , Geometry W2, IR B H 3%,
7% FJ5i 3 subClassOf 5ACICHR. X TR Z AN R, W45 S T B LR ARSI, P AT A B dis-
jointwith IR,

(2) JEPERE X

J& 1k (Property ) (R —Ff —IC5KF& , 73 9 %35 J& 4 ( Datatype Property ) FIXS 52 J& 1 ( Object Property ) P
2, B EA E S (Domain ) FEIR (Range ) . B8 JE MEAUR ALK SEARE AL Z R &R, Qs 1A 5L
P& )&k hasCoordinate (4475 ) \hasElevation ( 5 #2) \hasBurialDepth ( ¥R ) 48, X} % @ A0 22 522 8] 1Y 56
R — SR B BN 2 A Bt S A, P RS A SR AEAE hasEquipment | hasFacility F1
hasAccessory 28K .

ARSI T 8 AR TE 5 (Web Ontology Language, OWL) ' Sk 1] g b 45 28 b BRAS 4. FH XS T HiAh A
PRFEIRTE T, OWL R4 1 1) X 52 10 SEARL, $5e 2 i M 0 B ol s AT AE 2 T 41 5 RO 485 4, I AT S8 LA R
FESERE ). OWL 4328 3 #1575 : OWL Full OWL DL I OWL Lite. % J& 3 Ffi 1 5 1Y 315 e J FlHfE 3
AE), A SCiH i Protege T HAAKHE T H, R OWL DLt st AL AR T s AL . 60432 12 I
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PEf OWL 3 5 R 4 F
<owl ; Class rdf:ID=""Tee" >
<rdfs ; comment rdf; datatype =" http ://www. w3. org/2001/XMLSchema#string" > =i </rdfs ; comment>
<rdfs ; subClassOf>
<owl :Class rdf:about=""*#Accessory" />
</rdfs ; subClassOf>
</owl : Class>

<owl ; DatatypeProperty rdf;ID =" hasElevation" >
<rdf: type rdf:resource ="http://www. w3. org/2002/07/ owl#Functional Property" />
<rdfs : comment rdf; datatype =" http ://www. w3. org/2001/XMLSchema#string" >4& i 5 F2£ </rdfs ; comment >
<rdfs:range rdf:resource =" http://www. w3. org/2001/XMLSchema#float" />
<rdfs ; domain rdf: resource =" #PipePoint" />

</ owl ; DatatypeProperty>

2 FETHBPIACIRI 45 e AR

2.1 ETREMNHRES PN RR

2SR T R 2 s VIR T BRI T [ G MU T FOAE SEAT AL AR o R 4k i U S L A 44
PSRN 24N 735 A0 O A= 2 A LE1 096 1 Y N R 3 BN T 4 N o R 13 S S DT =24 €7 T e st OB A A= 2 Rt ]
FR R ], 3 AR R BRI | iy 44 BRI 2 0 R R0 K- R DU 25

OWL A £ AT LIAE Ry — B R A R85, 3B AL U A& 43 26, il ok 2 o A R 2 50K
FHIRRE S B B TR SO S, F R R M & 5 M = [ 52 23 AR, T LA 3 A4 mT AR 3] — 2R i
ST EA R JE I, LA ZE 522 Al £ (B OWL il A AR BE 1 805k | T LA ) Ry FEhll i S B
PERHERE  HELUF IR LA 1+ Then- - F7R 17 A2 UL 2715 PRI IHGAS SCHE £ A4 A 100 b BRAS 4 1) BE ik |, 16
15 CMHLINE S (Semantic Web Rule Language , SWRL) VS M R A BT A PR , 3@ 3 Protégé
AT RSB RN %) T A4k G e B A A

SWRL F3 iy 4 #4040, 43 52 Imp . Atom | Variable I Built-In. Imp #7437 antecedent ( body ) 15/
-1 consequent ( head ) #E1 J5 . head i1 body H A5 (15 F#B & Hi Atom 145 TR B, AN 2575 2 FTATTEL
FAE. Atom J2 H BRI A I, 7141 Gas (7x) , hasLocation ( 7x, 7a) 5. 7] UL R 1 Hhy A A Y S B30 PEA AL,
ROPARIE T LA rh 4547 (19185 3. Variable HI2R 10 5% Atom thFF i () 28 57543 Built-In J& SWRL 4
PALI A, T SWRL THLRE T, SWRL $24IL T HA A B A5 E A 45 £ & B I8, an sk 1 o, O e
VFRP HE Y R DL s 5.

%1 SWRL {j Built-In R ZFBEILR X R
Table 1 Logical comparison operation in Built—-In of SWRL

A 26451
BAE L <swrlb: equal>, <swrlb ;: notEqual>, <swrl ; lessThan>, <swrl ; greaterThan>%§
B o <swrlb:add>, <swrlb : substract>, <swrlb : mutiply> , <swrlb : deride>%45
FAFERAL L <swrlb : stringConcat> , <swrlb : stringLength> , <swrlb : normalizeSpace > %
H 4k 3 <swrlb ; yearMonthDuration> , <swrlb ; dayTimeDuration> , <swrlb ; dateTime> , <swrlb ; date>5%
URI Ab 3 <swrlb ; resolveURI>, <swrlb ; anyURI>

BGn, — 4L LR BRI AR L i/ NVE R IRE R 0.6 m” ] SWRL IEF R K
PipeLine( 7x) A\ has GXZL( 7x, Gas) A hasQDMS( 7x, 7qdms) A hasZDMS( 7x, 7zdms) A swrlb : greaterThanOrEqual ( 7qdms,0. 6)
A swilb : greaterThanOrEqual ( 7zdms 0. 6) A PipeLine( 2allX) A has GXZL( 7allX , Gas ) °sqwrl : makeSet( 75, 7x) A sqwrl : makeSet
(2allS, 7allX) °sqwrl ; difference ( ?1eftS, 7allS, 7s) A sqwrl: element ( 7e, ?1eftS) —>sqwrl : select ( 7e)
o SOy - o A SO R RO A A, JF B R T 85 T 0. 6 m YRR AL x, IS A
2 allX, 3 A AEAE BIER G s RN allS rh RIHIE G s BURMERAE, WIFRIARAE G leftS Hi o % R 3R /N 0.6 m
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AR 2 B
2.2 ¥ & Built-In fyit TE LS FMN KRR

H1 SWRL $2{i 1Y) Built-In 7] LASE BEEEAS A 31588 7 , 1B J0 128 08 1 S A O LU 8. Gk T LA K
SRR S RN - 25K S HEKAE 1 KPSy 1.0 m” 35 K i) vh oK SF-Jy 1] B i T H AR DR RS
FEXF SWRL (19 Built-In £ 3517 5 & X3 . Protégé 11 API #2417 SWRLBuiltInBridge L1, £ H F LA
Java i 75 S8 5 X Built-In §7 81" (55 LUF BN IR

(1) AE OWL AEHE AR F 52 X Built-In 8. i T4E SWRL t %2 X 18 &:) Built-In 3524 swrl: Builtin
S, R, B S — 43R Built-In 47 & ) OWL S pipe. owl, 11 245 7 — 4™y 44 %5 8], 11 xmlns
="http ;//mydomain. com/ontologies/ pipe. owl#" ” , 7 3w 75 B 1155 2 Bt I 25 i Built-In“ <swrl ; Builtin rdf
ID =" distanceOfPipePoint" />" , iz J5 i i HEAR 1 owl : imports J H G AT ZR AR 1) 5 SO 4ol 40 U] 348
RERE IM#L A & LI e

(2){di ] Java ZZFY Built-In § 8. SWRLBuiltInBridge Z 3R fif 4 Built-In 1952 ISR 2 & SWRLBuiltIn-
LibraryImpl, H. Java 044 I RTZE 40 4 edu. stanford. smi. protegex. owl. swrl. bridge. builtins , EL. /A fit) 52 # &
B0 AR J7 1%

XF TP SR BOKF- A BRI B, PTG A0 8 BB U sk R TR AT B B 5. 5B a5 1 s TR B
P76 2 de/ K- B R, DU B Z [ A5 R AR, il Tk AR 0 2 Bk 1 5 ) Al % 1Y)
PRES T B 1k O Y 2 O s B PR /KT B ) 550 T i e ) 7K1 B 8 SR R i 3 T 9 2%
AR —F. AR AT AN E
/797 S AR e AR =X
public boolean distanceOfPipePoint( List<BuiltinArgument>arguments ) throws BuiltInException

%

boolean result=true;

/AR A SR R
checkNumberOfArgumentsEqualTo( 7 , arguments. size( ) ) ;
/1R AE e ASHBIE

double distance = getArgumentAsADouble (0, arguments) ;

double qdx1 =getArgumentAsADouble(1,arguments) ;
double qdyl =getArgumentAsADouble(2,arguments) ;

/R
distance = Math. sqrt( Math. pow ( ( qdx1-qdx2) ,2) +Math. pow( (qdyl—qdy2),2) ) +(gjl+g2)/2;
return result ;

f

H I, MR 40 1 5 SCHY Built-In 471 pipe : distanceOfPipePoint, b S KF-4 BERL I T SWRL 155 £R R
PipeLine( 7water) A hasGXZL( ?water, WaterSupply ) A hasGJ( 7water, ?7gjl ) A hasLocation ( ?water, ?waterlocation) /\ hasLineCoor
( ?waterlocation , ?line) A X( ?line, ?qdx1) A Y( ?line,?qdyl) A PipeLine( ?dra) A hasGXZL( ?dra,Drainage) A hasGJ ( ?dra, ?gj2)
A hasLocation( ?dra, ?dralocation ) /\ hasLineCoor ( ?dralocation, ?draline ) A X ( ?draline, ?qdx2) A Y ( ?draline, ?7qdy2) A pipe:
distanceOfPipePoint ( ¢ distance, ? qdx1,? qdyl , ?qdx2,?qdy2,?¢gjl,?g2) A swrlb: lessThanOrEqual ( ?distance, 1) A PipeLine
(7waterAll) A hasGXZL ( ?waterAll, WaterSupply ) © sqwrl: makeSet ( 7s,?water) A\ sqwrl: makeSet ( ?allS, ? waterAll ) © sqwrl ;

difference ( 71efiS, 7allS, 7s) A squrl: element( 7e, 7leftS) —>sqwrl : select (7e)

ARTCESCHRE3 145 1 107 AR 3007 (ISR 2 iz ) LSRR 4 ] 45 1 08 —{ERU 70k (AR 3 s ) i
17X He oA, & ST i AR S 2 O AR &0 8] 5 28 ) WA A0 3R , (A% 2 ol s ) S ) MR s o i A v
AT SIS B, AR AT — SCPERY A AR S A, I HLnT DU i AR A 4R 3 T 5L, 0 Pellet 2546 5 2 7] 01K
SE SCA—BCE A S s 53 4h, Jdad A g X Built-In 47, 25 RV RT LA SCHR A2 2R i (B M2 s 58, Xl
SRR I IEME LIS 5 5 =, sl s AR A AR PR R AR 11, W] UASEAS [ 2 S P 5 552 B T R0
SRR, J5 (A0 B o] S .
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Table 2 Spatial knowledge representation method of underground pipeline based on production

Sl xR
Rule 1 IF fli =4 Or ffii% 7= =9 THEN Hifz)£>0
Rule 2 IF &7 2% In(2,3,7) THEN 2 FHFLE>0

Rule 3 IF e )y =4 Or filii =9 THEN i mi f6f -+ IR AE = 42 i A IRHE TR -0. 001 = ( Last (Wi 1) + AR )

R3 ETZEMCRMMETERZBMIARTTE

Table 3 Spatial knowledge representation method of underground pipeline based on three values weight talbe
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