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ABSTRACT : In order to transform the underground utility data into the 3-D
spatial objects, this thesis defined the type of the 3-D spatial objects and the storage
structure of objects, and developed the spatial data transformation system that
transforms the 2-D underground utility data into the pre-defined 3-D spatial objects
through the Booch Method, an object-oriented development method. For this sake,
the relational data model of ARC/INFO and the storage structure are analyzed, as
well as the pre-requisites, required for the 3-D visualization of the underground
utilities. Also, the 2-D underground utility data, saved in ARC/INFO, were
transformed into the ASCII files through the internal pre-processing procedure, then
used as the input data of the transformation system. In addition, to develop the
trasformation system, the object-oriented development methods are studied first and,
then, applied to the system analysis and the design procedure with the Booch Method
as a development method. Finally, the results of analysis and design procesure are
implemented through AML, a ARC/INFO macro language, and C++, an object-
oriented programing language. As a result of this study, the 3-D spatial objects that
can visualize the 2-D utilities in 3-D, are acquired, and the adaptation of object-
oriented development method to the system development procedure enabled an

effective development prodedure.
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Fig. 1 The Structure of ARC/INFO georelational data model
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Fig. 5 The flow chart of preprocessing stage

2 A" AAT Y9 =EE52RE Q2L £4 HolE & 44
A B &, 7zt k=9 thdl9 point attribute table(PAT)S A4 8t
Rolt}, o] A& ARC/ANFOS NODEPOINT ¥ #o]& o]&%th(Arc : NODE-
POINT waterline.aat waterpoint.pat).
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waterpoint.pat {POINT}).

Table. 1 The attribute table of the water pipe coverage(waterline.aat)

coL| ITEMNAME | wip | ouT | TYPE | N.DEC »ﬁ'n:'s Remark

1 FNODE# 4 5 B - - AZt £ E WS
5 | TNODE# 2 | 5 B Z ~ {E =t ws

9 [LPOLY# 4 5 B - - IHE E2jn WS
13 | RPOLY# 7 5 B = Z | 2& Belz ws
17 LENGTH 8 18 F 5 - Zoj

25 | WATER-LINEF 2 | 5 B = — [A~d D

29 WATER-LINE-ID 4 5 B - - ALE2XL ID

33 DXF-LAYER 16 16 (o - - DXF &jofof

29 | SURYNG 2 | 2 i Z NEY;

51 KNKYNG 4 4 | - - bl ]

55 | KNGILI 6 | 6 | N 2 = Zol

61 | SSIMDO 5 | 5 N 2 — A= ol

6 | ESIMDO 5 | 5 N 2 ~ = ol

71 | KNJONG s | 6 C n — = a3

77 | SLILJA 6 6 [ - - A x| 2%}

83 SYMBOL 3 3 | - - AE

86 DORONO 9 9 (o - - T2 HE

Table. 2 The attribute table produced by NODEPOINT command(waterpoint.pat)

coL ITEMNAME | wip | ouT | TYPE | N.DEC ﬁ'&é Remark
1T AREA s | 18 F 3 |9
9 | PERIMETER 3 | 18 F 5 sal
17 | WATERPOINT# 2 5 B n ~ [A=d1
21 | WATERPOINT-D | 4 5 B n A=A

£& 449 PATHLA Z =EE9 X, Y FEE FIHAA Folof
g & 7 =29 T3 FEFE PAT 3do] 402X F73ge 9
ujojt}, o]ZA& ARC/INFO ADDXY BHE E3ld ojFojZ 1 2
I Table. 33 ZTHArc: ADDXY waterpoint.pat {POINT}).
olgigt FHFES Tt A -7BAE AATS} PAT UL ARC/INFOS]
TABLES AjAc]A] UNLOAD H#H ol & A3t ASCH FHUZ exportdtr.
ARC/INFO9] #8232 exportd T/ UL waterline.asc®} water-
point.asco]t}. o] u, waterline.asc F¥-S HFET # WE, I A A F
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itk AE7AA Agd ZE HHELS ARCINFOY mja =

o] &3t FdAsTt

Table. 3 The attribute table updated by ADDXY command (waterpoint.pat)

coL| iEMNAME | wip |[our | TYPE | N.DEC ':‘;';é Remark

1 | AREA 8 | 18 | F 5 N

9 | PERIMETER 8 | 18| F 5 Sal

17 | WATERPOINT# 2 | 5 B = ~ | A2d1D

21 | WATERPOINT-D | 4 | 5 B - — | A2 AHID

25 | X-COORD s | 18 | F 5 X-EEL

33 | Y-COORD 8 | 18 | F 5 Y EEal-
M AHX o 22F M NHE p=xEe FHe

A AEA F 2 dAFolME B AEAES D)% AF 4
Bate] AR g HAE FHoz AR A¥AE Adsd. 5 WA
At ALE vlolHES 47 FFER Y, sFey AL, UL
g, AER 2R, ArR 2Y22 AYsta o5 2 3
ARt 2AWA Z 2h29 AAENE AA AEAY GFEol
259 2L o)FY &7 EAE ABEgT a3 3 Hile 4
olele]l @ WEE Abgste] FHHL 2344 Ask ALE HolHSt &
7o HF AR 334 T dlolH Alojg 43 FEIF 7HEIES A
ottt weta 2 dTelA R 7 S AA AEA= Fig. 634
2ol Aot

T AR AZ 79 A9 : AAAA AAE OODBMS| M9} A7
718 AA g FHA B4R FEEnh

o
s

i

=2

Q)
=




A S A (Waterline class)2) 253 2% - [ w | 253 |
slaZ 2 2ehA (Sewerline class) o 2538 2 ;[ S | 253 |
Jtam S22 (Gaslineclass) 2 253 2% : | G | 253 |
M@ 222 (Powerline class) o 2538 & : [ P [ 263 |
X5tz 22lA (Teleline class) 2 253 8 ZHF| FT r253 |

Fig. 6 The definition of the identifier regarding the 3-D spatial objects
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Fig. 7 The definition of the 3-D spatial object
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Fig. 8 An example of the file storage structure of water pipe class
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Fig. 9 The class specification of the classes defined on the analysis stage
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Fig. 13 The scenario of the Transformer class
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Fig. 15 The class diagram including the defined methods and attributes
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Fig. 16 The inheritance relationships among the pipe classes
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Fig. 17 The final class diagram on the analysis stage
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Table. 4 The strategic decision items and the contents on the design stage
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Fig. 18 The class categories of the spatial data transformation system
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Fig. 19 The class-category diagram for the spatial data transformation system
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Fig. 20 The module diagram for the spatial data transformation system
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Fig. 21 The process diagram for the spatial data transformation system

ey Ao FHN Z2HA tholo]aBL TN Z2H2E

~103-



gdgats AE vEdt olA2 A2"EE ARste F NEE AJ2"
o AYS AT SHELZANY JEE = Z2AAXER FuEY £7
A JAFS Jehd £o. I3 dold WE A2EE A% T2 A2 tholof
23L& Fig. 21 3 @t}

2) 43 753 vl ¥ E(executable release)e] 7|

N2d A7 dAdME 3 A2 9 dde ZATY 23E& F
d, 48 75 d HEEC] UEAY £4 EddAMs EFHA FUA
% FEE st o 2L 2o FUHEY dusid BA &
AdA e A= ALga #3d FHE FAR AA dAdAE 2R
ARA FRAH=Y FHE F7] "WEolth ¥ dHlolH ®WEVIE 4T
A8 7153 MEEL Fig. 22 ¢ 2t}

Executable Release : Spatial Data Transformer
S35 :ARC/INFO Ol M export & X|5t A/ E CIO|E{E 3 X2 ZZh WA 2 HEsT| 9

S B HAIX|e e A22f HE 2 (logic)S HE.
T =lojol & SHAE
Transformer, UtilityData, SpatialData, AttributeData, Pipe 2t 2§ Ajojo] 2
T s|ojol & use-case & :
v 2 X3t AlME dolE] 4TI
v T dioleiel M HE olold &3 ¥ TR ofolH M
v Mol oA M2 FY ¢ NF
v 33X B2 YAe 32 zEL 2 ¥ £ Y
v oo Y NE
A : ALE R MEsE 2719 diojed A (Yine.asc & *point.asc)

Y [O8 7]e A2 %E 32 UA

Fig. 22 The executable releases for the spatial data transformation system

3) 47 B 2adE
o wAY AREe Axde AFA 24 AP R WES TsE
Nzl T2 F1EAM(Table 4), A4 715 B 23 Ads aF A

—-104 -



ol BAEZ AWsle FHA-YF ol aA(Fig. 19), TA @A F
Y ZEE 29 AANES I UEE BAFE EE tolojad
(Fig. 20), A1 =®& FAsE Z2AAER FuE9 AFE Yedle ==
A2 trolo] 1A (Fig. 21), 28l Al=¥e &Y /Mag 7|$EL AT
A3 7H53 B EE(Fig. 22) $°] Ath

T8 9 43 : o] dAe ASAA P& BAF 4A dA B
S wgoF A ZAFE i Aol stedt TEaRg AAste
aAolth ) $73E& Windows NT 3.5 Bl 29 Aol A C++ Ao
Al g3t T2 a9 19 n, BAAHE Microsoft Visual C++ 4.0 AL
AL&-8k i Th

Fig. 23 & ¥3 dlolg ¥gg F33t= Wdr|E vehd ot 97
A “open” B EE FEZW, HE] AlLE 244 HoHE HAEY £ 9=
Fig. 24 ¢} 22 tho]d 20 vta7t zidel) vebdt) Fig 24 A E B8
I3 vlolEi et £4 dlolEHZ A voleE MEd Fgolth

i

e

Fig. 23 The 3-D spatial data transformer implemented through C++ language
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ssimdo double |
esimdo double 1
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Fig. 26 The screen showing the name and information of the defined class

— 106 —



BYde Meo] By & “Select Item” HEL FE2W, MEF &4 do
Elol A 339 F7F Ao EFE &4 otolES HEste thold

27} JEbdthFig. 25). 27)de EE ojojglo] MEgo] Qlonmeg
&2 ¥ ololdg dYstH, 1 ofo]RL WMB] THEA Feoh Y
o] ¢ ¥, Hed HARE AAY EY=29 o]FE ¢¥sta “OK” WE
S 72W 82 AR} Fig 26 9 stHd S8HEA, I W go] 2=
o AZdc. gy, 289 22 JRE FAF Fo “Close” BIES
gtwio] Yebdt} Fig. 23 oA 239 ©lolEE 3 A
AL “Calculation” ¥ Eo] 2 & wolt}. vlA
29, 984 3249 333 AAE d23d A%

2 E

£ dFdMe 44 GIS 2ZEHo¢l ARC/INFOO| FEH A& A
3t ANAME HolEE 3xdoez T T A8 Zag 3xd ¥R A
Ao FAHG A F2E s, 2349 Ast ALE dolges Aodd
3kl B AAE W@ FE F¢ dHolg] M AJ2dL APEA

ol AA(ZAM, A3t Fzol EAGE ALEES 339z T3

Z & AE 3240 T AAE BNY £ YD A5 ARE Holg
2o 7]&e] #AY Z2e HEA ¢, AF ANF AL A 43}
of ¥ dHolElt &4 dHolHE e AANE FLHoEN, TFAHA B
27t 7 5839 T AME Y F AU 23 2" ST
He HETgozn, A2 F45F HA, g

I 7Y BEE #Ho] EYHA &1 d4Heg dAH, FEH A

y

g

-107 -



g d7d 22 92 4 Yt AW B2 J1EY 2394 A
AN4E BEdd AV 344 Bt A5E =P ABPoEM,
GIs doleiilo] 2 7% A 43 $24 2450 %Y =7 gYP:
Ae BAY 4 goDz ¥R Ane 4L UL + Yve A,
&9 GIS doleHol2g B4 & Qonz AU JuE AL F
sithE Zolt,

gozd A7 FAE I ANE wEd AAR ) 4B BH9
A YA A T2 Boks FL AA0] de doje} Falo] s
% st A 4% AP T 9@ A7t 2FH6, wEd 3349
2 AAE 1gHoz AT 5 As A299 Age d@ A7}

of 3

224

2L “FFA TASFABALAE T2 2T, pp.188, 1993.

FEE, “APFAPRE,” 5HAL pp.777, 1994.9

2 A, AAAG do|gHo]L,” slo] ¥l 24 B, pp.403, 1994.

oj¥ 2,974, &2 WE, “AAA g dolEjHol& AAR”, 353

8} @A}, pp.366, 1995.

FB}8t7)& A, “X A ARA 28 G271, 35t & ], pp.421, 1992.

()N = W=, “ARC/INFO DATABASE DESIGN”, (F)H = A=, 1994.

G. Booch, “Object-Oriented Analysis and Design with Applications”, The Benja-

min/Cummings Publishing Company, Inc. , pp.589. 1994.
1. White, “Using the Booch Method”, The Benjamin/Cummings Publishing Com-

pany, Inc. , pp.208. 1994.
R. Laurini, “Fundamentals of Spatial Information Systems”, Academic Press
Inc., pp.680, 1992.
Won Kim and Frederick H. Lochovsky, “Object-Oriented Concepts, Databases, and

- 108 —



Applications”, ACM Press, pp. 602, 1989.

Henry F. Korth and Abraham Silberschatz, “Database System Concepts”, McGraw-
Hill, Inc. , pp.694, 1991.

I.T. Hawryszkiewycz, “Database Analysis and Design”, Maxwell Macmillan Inter-
national Editions, pp. 574, 1991.

M.F. Worboys, H.M. Hearnshaw, and D.J. Maguire, "Object-Oriented Data Mod-
eling for Spatial Databases,” Intl. Journal of Geographical Information Systems,
Vol.4, No.4, pp.369-383, Oct. - Dec. 1990.

M.F. Worboys, "Object-Oriented Approaches to Geo-referenced Information," Intl.
Journal of Geographical Information Systems, Vol.8, No.4, pp.385-399, Jul. - Aug.
1994.

Max J. Egenhofer and Andrew U. Frank, “Object-Oriented Modeling : A Powerful
Tool for GIS”, NCGIA Seminar Workbook, pp. 1-12, 1988.

ESRI, “Enterprise GIS : Using GIS in the Corporate Environment”, ESRI White
Paper Series, pp. 1-24, 1993.

-109-



