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SUMMARY

I. Title

Development of CAD/GIS Integration System for Planning and Designing

Agricultural Facilities

II. Objectives and Needs of the Research

This research has three objectives : evaluating the efficiency of planning
and designing agricultural facilities, integrating the planning and designing
process and managing agricultural project considering with steps relations. To
archive these purposes, it is necessary; that system has functions about data
management, integrated planning and designing processes, and 3-D
visualization. In addition, new pilot of system environment needs developing
technologies to use geographical information and database of related institutes.
In this research, CAD/GIS Integration System was designed and technologies

for system was developed.

In planning and designing agricultural facilities, data related to geographical
information are applied. Therefore, CAD/GIS integration is essential
technology to integrated system for planning and designing agricultural

facilities.

There are considering factors for CAD/GIS Integration System.
O Comprehensive plan of rural improvement and rural amenity resources

utilization
O Management of various resources: water resources, land resources and

agricultural facilities



O Integrated management of different projects

System functions are suggested to develop system
O Automated project planning
O System compatible with different scale and different file-format maps
O Dynamic integration 3-dimensional topographical information and
facilities information

O Operating different types of GIS coverage

In this research, specific goals are next
O GIS/CAD integration using Radial Edge Data Structure
O geographic computing module based on Radial Edge Data Structure

O System for plan and management agricultural facilities

. Scope of the Research

The scope of this research is designing system pilot to integrate plan,
design and management of agricultural facilities and developing CAD/GIS
integration system. To verify integration system, a designing and planing

scenario of a reservoir are applied.

Specific research contents are next.
O CAD/GIS system architecture for designing and planning agricultural
facilities : GIS/CAD integration system framework
O Development technologies for 3 dimensional data modeling and
database linking
O Development method of converting GIS data into other format
O Development of operators of integrated model
O Visualization method of topology and objects
O Development of component modules for planning and designing
agricultural facilities
O Setting an example of GIS/CAD integration system : reservoir planning

and designing scenario



IV. Suggestions on the Practical Use of the Results

In this research, there are following results.
O Integrated GIS & CAD data structure to link 3D topology and facility
information
O Modeling and Visualization based on integrated data structure(REDS)
O 3D design and real data use based on REDS
O Integrate system considering alternative design through all design

process

There are following characteristics for application and supply
O The integrate system has high transplanting using java language for
independent of platform.
O Easy approach, because the system has no connection with OS and
H/W

O Various users’ access through Internet

There may be following other studies for future.
O Improvement of 3D expression technique, operating rate and user’'s
interface.
O Users friendly system by storing various informations about many
reasons
O Web system to maximize data usage, management and convenience.
O Adopting of Oracle DBMS and Tuning

O Data extending and examination for Practical system
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[Figure 2-1] SDTS data exchange standard and exchange process of CAD

informations
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[Figure 2-3] System structure of road construction scheme



[Table 2-1] Structure hierarchy by geometric form
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Work Section Construction Element Geometry
Pavement Pavement Polygon
Detour Pavement Polygon
Earthwork Cut/Fill Boundary Polygon
Drainage Culvert
Pipe Polyline
Manhole Point
Inlet/Outlet Point
Gutter Polyline
Others Concrete Barrier Polygon
Guard Rail Polyline
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[Figure 2-7] Simulation result of city landscape
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[Figure 2-13] Autodesk Civil3D: Example of surveying points
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[Figure 2-14] Autodesk Civil3D: Example of surface contour
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[Figure 2-15] Autodesk Civil3D: Example of district management
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[Figure 2-16] Autodesk Civil3D: Example of profile
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[Figure 2-18] Autodesk Civil3D: example of corridor structure
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[Figure 2-26] CLR CLRview: Example of 3D map
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[Figure 2-28] CLR CLRview: Example of 3D map
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[Table 3-1] Classification of agricultural amenity
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[Table 3-2] Package of SDIF and Class
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[Table 3-3] Classification of 3D modeling
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AelAe] mAZES EREZ £l YuiA st B PN 2AE
5o eE(Haa ot vgedA wde] Aot A Eud AQ
WEe £TIALY 8ol F7150l, [Figure 3-113 o] % 3749 ¢8g 2
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[Figure 3-1] Three Cycles in Non-manfold B-rep
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1) Radial Edge Data Structure
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849 HFoZ HdHI 9 o 2 ASTH FX2E olFa Ubt

* Model : A5 eI, &
® Region : 339 3 24

e Shell : Region® W A8 4= Faced HE

e Face : Shelle] A o], LoopE 1 FE7} BAE
e Loop : Hel 237 AA, A5 HF

e Edge : 7 FAZE o] A

Ay
o Vertex : &7+¢ 3 4

¢

olF 840 ARUHE usel 2R RAHY I FTHE S H 2k

e Faceuse : Face?] 3% o2 Shelle] Ho|H-= Yeld & Qo

e Loopuse : Face® A3} Edged 4% Vertexo <45 e
e Edgeuse : Vertexuse2} 37 Edgee] ®3kS et} 3 Edges 54
of 8] 84 - Face, Shell, Region - 2] 3¥AIF L4 R o] &= = 9t}
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[Figure 3-2] Radial Edge Structure relationship

7h 13 e i AsTx

2d(Mode)S 3t} =E 1 ol ddEw FAE e 339 94F ¢l
md® FZHtopological modeling space)o]th. & e
7F obdgl 718kstA el B gAA = BE § 3
= oW, 71sketd mElE Alxdlo A 2AE 4 gle iAol k. [Table
3-4]ell B = mpep o] AL o] s
29l Gl gk AR, S g JRE 7HA

[Table 3-4] Data structure of Model

Symbol Description

m_next, m_last list of all active models

mr_ptr list of regions in modeling space
ma_ptr attribs of model

3 (Region)& #3e] BFolth, & shibe] wal ol Hojw Tyl
2718 20 sl gelo] B EARG FE 99 vehlE 9oL sy
o uR® Ae 2or] i) tE gee] g At A% UEL FE
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[Table 3-5] Data structure of Region

Symbol Description
rm_ptr owning model
mr_next, mr_last regions in model list of regions
rs_ptr list of shells in region
ra_ptr attribs of region
Reglon
S

o

7
Shell
[Figure 3-3] Region & Shell & Face & Loop features

e wgge 2 999 FAFHol [Figure 3-31914 izt 4

of § FEE §F Utk [Table 3-6l] 1= vhsh o] o] $14azal 4
of e AN, 4 Adar G 9 AR 2w, 2Y-RAL,
2 2

=4
mel- Aol U Au, S4o] dF ARE A ol o7, 2el-w,
P-m A, 2Y-TAH e S5 e ol
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[Table 3-6] Data structure of Shell

Symbol Description Constraints

sr—ptr owning region

rs_next, rs_last | shells in region’s list of shells

sa_ptr attribs of shell
sfu_ptr list of face—uses in shell
] ] mutally exclusive
seu_ptr shell is wireframe )
alternatives

svu_ptr shell is single vertex

H(Face)2 ZAANA L 234 ¢+ FHOZ 1 HAAe= X3 A &
th [Table 3-7]ol A Hi= npel o] 2xQ]-®o] g FR, £ tish JHE
7HA AL Sl
[Table 3-7] Data structure of Face

Symbol Description

ffu_ptr list of uses of this face - use fu mate field

fa_ptr attribs including geometry

FEZ(Loop)e WHAHS zte W dZ2dE AAeYy. FEe nzgE FX
(peripheral loop)¢} <t& FZ(hole loop)d F7IA = #F < v} [Table
3-8loll Al K= wpe} Zo] 2ql-F o figk AH, A4 g ARE JHA L 3

.

[Table 3-8] Data structure of Loop

Symbol Description
llu_ptr list of uses of this loop - use eu mate fields
la_ptr attribs of loop
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g (Edge)= ZAAA YA L,
gk EAE = BAE
wAgle] dHheke /\]X_} 7 o A

297},

S} o] #9-1

93 %] e IFMHow I o ¥Istal A
Al 25 Uetdle 7 he AR S oA A A
vRE g = vl

[Table 3-9] Data structure of Edge

Symbol Description
eeu_ptr list of uses of edge - use eu radial/mate fields
ea_ptr attribs including geometry

BAA (Vertex)> 339 frZel= g3 & Folrt. [Table 3-10]e4 H=
npo} zro] 2Q)-Hrx ol that HH V| RE X3 SAHAHRE £t 9
o
[Table 3-10] Data structure of Vertex

Symbol Description

vvu_ptr list of uses of vertex - use vunext fields

va_ptr attribs including geometry

29]-H (Faceuse)> WO &EW 7hed dHHS Zoiw o5 29-WE=
AAste] Jeie] i MAES ARett shitel AL olETh 29-We WY
gol glom sel WMe FHeE T o29-we 1 wo Hsh: 7 4Ee] W
H7E =y, @ o] glv MEY Fx2EY AFole # 22 -W(mate
face-use) 52 72 Ao &3HAl Hu} [Table 3-11]0] Hi&= ule} Zo] 229)-H
S WAHE, A fdeAl Aol AR ol g8l 2Qd-dHe digh AR

sh9l s 2q-Fxel ga Au, S e Ars zeel
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[Table 3-11] Data structure of Faceuse

Symbol Description
fus_ptr list of uses of vertex - use vunext fields
fuf ptr attribs including geometry

sfu_next, sfu_last

fu's in shell’s list of fu's

fufu_mate_ptr

opposite side of face

fulu_ptr list of loops in face_use
) ) orientationtype - compared to that of face geom
orlentation L
definition
fua_ptr attribs of faceuse

2 A-F 3 (Loopuse) = WO 4FHH F % W 2d-WES YER =Y 220]
© F2Z%(mating loop) % shtboltt, o] 2AQd-Fx= A 2Q-Ho dis)] W
o] o, oo g WiEe RAAE Aolgtt [Table 3-12]0] H &= w}
of o] FmAw A9 e 29 el dF Au, o% s 29
el e A, A2 T S40 U A, S8 A%an 2d-wA
2o zol-2A o] te AR D ek 2Yd-mAY G mg-2A e 4
et o] o}

[Table 3-12] Data structure of Loopuse

Symbol Description Constraints

lufu_ptr owning face-use

fulu_next, fulu_last | lu's in fu's list of lu's

lulu_mate_ptr loopuse on other side of face

Iul_ptr loop definition and attributes

lua_ptr attribs

lueu_ptr list of eu’s in lu mutally  exclusive

luvu_ptr loop in one vertex only alternatives
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[Table 3-13] Data structiure of Edgeuse

Symbol Description Constraint

euvu_ptr starting vu of eu in this orientation

eueu_mate_ptr eu on other fu of face or end of wire

eue_ptr edge definition and attributes

attribs including parametic space
eua_ptr

geometry
lueu_cw_ptr, q .

edgeuse_ptr

lueu_ccw_ptr case 1.

; ] . mutuall

eueu_radial_ptr eu on radially adjacent fu 'y

] ) exclusive
orientation compared to geom .
alternative
eulu_ptr owning loop
eus_ptr owning shell case 2.
[Table 3-14] Data structiure of Vertexuse

Symbol Description Constraints

vu_next, vu_last list of all vu’'s of vertex

vuv_ptr vertex definition and attributes

vua_ptr parametiric space geom & attribs

vus_ptr no fu’'s or eu’s on shell

mutually

vulu_ptr loop consists of only this vu exclusive

vueu_ptr eu causing this vu alternative
2) REDB 7@% 9% dloleluo] 2 27]v}

REDS+ EdgeE 7|E 247 39, Uset: 249 AMEA8S Ao sle], 9fo]of
ze ), 39, £ RIS e AsFxE X9 F dvhe FHol
O} Used 7Hde]l EdRBo=zN A ojof & Ax g Abeke] 7]s %?Z—i
o2 sojuyn o] A ek H3sk A}AS AAkRE ok

2 oAM= REDSE dlolE o]~ HolEZ AFAS A, FAE HolEolA
e 2AWFES YATS AE SQLES TAAh dolHue] X A2y
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ol Use 712 14 ®HlolE bl Q1A oaix dopds o] A==
Uses A7&sfiof & dart g €

diolefuo] &~ Al 2] A as T dolguolxe] A, Aryx 2 b
olgfuo] A Alxgle] AgAe] WA R 7] Fol ukek do|Eulo] A Al AEe

A<s 4 ]Eiﬂﬂ ]* A zEl, JAY wolE o] Al g AAXFY o] B H|o]
& AlzE e FEH, dolEuol 2 Al A Al Al wet T
AZ "ol 1 1" Aldl, EAE dolEHlol s Aladlom Fid 4 Qlrh

1970 = EF.Coddel 9&te] A5 ArfEe] 200997 B HdS s
g dHeolguol~E ol 1980 SFRERH tief 1009 b A HA
T dredow Ay Fopgith. #AY dHolguol e AFEE EE
2 g3 gz o]Fojzl HolEE RS ZoF BE 22 E I (relation)
st dAsE PR sy, AAAeA A (declarative query)S A Y3s
Al 2=glo| T},

2o
o o S 1 A~

+-E

tﬂolEiHﬂOl* Aladle AR, 719

AP doleo] 2 FHoRE,
- st HAE 489

go]Eulo] 2~ HolEd= Holy A (entity), /MAY £A(attribute), 7§ A7+
o] #A (relation)ell sk e W o]of tjst Aoz (constraint)o] XE 5w,
A= primary key, foreign keyol o3 Aejert. £ Agolx= #AF DBMS
¢l MySQLS o]-&3te] dA ATt

7} Logical Modeling

REDS?] Y4249l H(vertex), A(edge), ®(face), loop, shell, region, model
709 Table®Z4 Radial Edge ®lo]EHlo]~S FASGoH A A HE AA 9
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entity2M 247 SA4A4RE AUA "ok wEbA] 99 7 g rE 42
Hio] dolguo]lx 52 HeolER s 3t o A 9
Table= REDS dH|o]g o] =0 F7}8} )

[Table 3-15] Radial Edge Table description: logical data model

Name Description

Model model entity

Region region entity; relation with model

Shell shell entity; relation with region, face, edge, vertex; validity
Face face entity; relation with loop, validity

Loop loop entity; relation with edge, vertex; orientation

Edge edge entity; start vertex, end vertex, validity

Vertex vertex entity;validity

logical data modelingZ} g oA Weiler o 23] 7R3¥t® Radial Edge Structure
& [Figure 3-5]914 £ < 92l%©°] Relational database® T3 ?ﬂoi’ﬁ use

entity= QI A2 HFAAS Foli Holgrde] =4 Fx& {4A I
ofet =& A3ttt ohAl #3) [Figure 3-6]914 & 4 dxo] 2t iﬂgl s
AZ ElolEzte] BAZ A&t dE E4, face tabletol lid fieldol <3

faceol| A AF&3taL A= loop7t AZAFH Qo] face-loope] YAHAAEZ & 5+ 9
A o gt Zdol A o AZGFE useR Q13 Bdo B3 S AAYPH

olgfulo] 25 o] &el AT EHN Fdsta W estA AAEH A

n)
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[Figure 3-5] relations [Figure 3-6] improved data structure

1}) physical modeling
(1) Sdezel Holgrz

2d(ModeD2 stvt B 1 oo d 9 (Region)EE 74E st 334
A mdE FHoRA SR G gk BRE A Jdi Y
S A(ShelD9 HAHE 7FA 2 Yt} w2k model, region, Z}Z} primary key =
A idE 7HA . o) 9F vl IR 2 face, edge, vertex &= primary key® idE 714

o] AAFHOo RN [Figure 3-7]¢ T ZFolA
face-use, edge-use, vertex-use= 7}7t} 1
Hu} o] 52 X Az el o] 7] W&o [Figure 3-7lo1A4 & 4 d%o] sid,

fid, eid, vid & 959X = primary keyS A A8t th T3 loops WA S 2k
= W AAH AAlER e HMog AZAFME A A Wk 23|

TEEEZ =YA 9 primary keyE A A%t}
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[Figure 3-7] physical data model 1

(2) £4AR A=

Ades FoAA A, d, v 474 SAAEE 7H 7 Uk o2 W W
polygon Ao Z AWM SAGRE 7hd 5 da Ao & FEe A¥A
B, AR 32 ¢ donE {7140 dAdoe] dastth w3 Ao B
© A, A, "ol SAARE /HAA #S 5 U3 9] entity7t o] dHlolH

) o

Hlo] =t {72 0w ﬂ@o] 7Hed e dvk weEbA St ase SRR =
- FAg AdaelE T3 FFHloF st E [Figure 3-8]e4 & & 9lkol
lookup tables $]4 9] entity type, entity id¥ $AAEE 912 I+ dHolH
Ho] 9] table HE 7HA =5 A A AT

155&
B

s | x deme |ookup;

| Fi=ld | Typ= | Mull | E=v | Defoult | Extra |
i — aa sms s sk Y
| enbity_typs | char(l} | ¥E3 | | WL | |
| entity_td | ink{il) | Y5 | | RLLL | |
|| tosle_rcss | worchor(Z0) | VES | | WEL | |
| Tisid_reme | varchar(ia) | ¥E3 | | RLL | |
|| Key_nome | worchar 2@y | VES | | mL | |
| volus | worchar(z0) | YE3 | | RULL | |
| id | ERE{ELY | | BR[| 8 | |

|
i
|7 rows in set {9.80 seo)

[Figure 3-8] lookup table
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3) A=Az 54

£ ATl A AgTRE VEd AdE ARTREY G 2 A
oA 2EA S 7HH

AA, 719 radial edge structure] use/l'd< dlo]EjHjo]2 Ho]E o] 7]
2 FOEM Angx7F k48t olssty] 4t

EA, 18 A AR, AGBAAE SQLS o] g3le] FHFoEN g8 4
¢l JF7F 7hs skt

ANA lookup Hlo]ES AA 3] non-manifold modeld X H AW AA7 94F
Elasy

A, F3t4 o2 473e Euler Poincare &2dl 7|WHg & 4245 +

3

dale] GIS "Holy F+x29 #AHS »ad 4 9t

3. AR TZ(REDS) 7|0 2l A 2~d)

7F Bddoly 2dyS 93 Pre/Post Processor 7%
E

£ 3D modeler, pre/post processor EE 7o HtT} oA
< dd FEAERTRY ddARTERE AA FEHJSH FE9 Q]

2 A&ttt 3D modelerdl A& 239 =29 339 s2d HuA AAH AHF
59 CAD 7|%°] 7% pre/post processordl A= NGIS FAAE=E =3
AnTxE WwEsteE 7le ) 3 A £ He 59 GIS 7le s T7dstr]

g 7o wA FALERYS AAsE 7so] A

Ak ol JAFHAAZ AAH 54 Heslo] L LEAA FHF
@Aglel TEE & A, AAAGAoolnr el AAEA, o440 Aol
¥ 540l gtk mebd B ATANE A AoE o g3 Axwe Awsd

1) 3D modeler
7h A&E T
3D modeler system SgdlolEFx 7Nto® 33 mdS AMAsta #A

A5 e Axvow md 44 0 Al wE ol o)

How PUHEE LAY
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kA [Figure 3-91¢] WQIstHAA & 5 Q% ol deolguol~E #&st
) 9% BEW T AYS 9% ZEZ ¥4 gom 1uuEe =7
taskmaster, toolbar, canvas %= ¥t}
LRI =T
/
¥ oalbar
miadule bulfons
fatabea
JDrncdeler
maskmanager
[Figure 3-9] main screen of 3D modeler
W) Fardy 2 ag9 7
£ AT AR e A]AE viwkew 712l 3akel R A, A,
WS a8 A$E 7|5 S, =4, 3 A, panning & 7S FaIFoH

[Figure 3-10]2 TFd % 7|53 ZoliT toolbar®|t}.

¥le|jojejo/yme ¥ B gl g |
[Figure 3-10] toolbar

32 gARdy 35 2 dxSs s 2 dFdA=  drawing_vertex,
line(polyline), face”’]s<S T&3U 2™ drawing vertex:= m_sv FAAE,
drawing line> m_ev, m_e 2 A&, drawing face:™= m_rs 2I{A 2 F3EHA S
W [Figure 3-11]& Z}7Fe] modeldl A 329 Edo] AAEE H#AS HolF1
[Figure 3-12]= @A mn7x 7|vte] RdlyE Fdst7] Aa] 7124 < entitys
3} operatorg ¥t 91§ Fejavholojxglolty 1Ela olfd Rdly] %S
< SQLEE o] &3] +d® =N databaseol A4AHE AH, 7Alst
A wEbd 2de] FNHAHHRE T2 databases F<18H7] 913 interface
([Figure 3-13D)& F7F14 oz Fd3t9 e o= 3D data modelol] <]3gt &37H4
ol £AAHHE A= 7S drh

=
== A
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[Figure 3-11] modeling procedure, module
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[Figure 3-12] class diagram
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wok Z]EARl s eRd Ful, 4, 34, panning 75 TS
W e o] 2 Al A4S 98 canvasol A wh-29k 3hdEE &5 FA
HE% sqck
CIRE
X L e ¥

o TR | N S "

[Figure 3-13] database interface

2) Pre/Post Processor

T veks NGIS Al 12 AA S &8 A= 1:5000, 1:250009] digital map<
Tk 1Yy ol= DXF, DWGY| dlolH Xxmo® 5ol GIS 4
A Aoz o] &st7l= olE Aotk thA] Hal, NGIS FA A== i
AZgABA =" oY A2 A8 S FHFshe BAAL"HA dutd oz A gsta

AR+ BHEAAAR P9 G224 suel go]ojo

, 2= A=A
2kt e @ed VleolA s A oA ARy S5 E 247
So Hgdr)os w9 HEgHTh o= GIS EAo o]g3l7] 9=
NGIS map-% BE Layerd #7HAHRS} SAHAHEE A AFA S ok g} wet
Al NGIS ZF/AA12F NGIS map®] U P e DXF formats 4]sto] EH3+
% iﬂﬁlgl NGIS maps W&#st7] $13 AH o2 NGIS map®l loadings 1%
pre-processor®} FF AR} SAHAAHRE FE3517] 93 post-processorgE 7| wst
Rom o]= ¢k 3D modeler®t A g QIEH o] 2~ oA 55 T

7H GIS A3+ % 5W3S 93 Pre-Processor
NGIS FAA = = o}g| [Table 3-16]7 Zo] 9/l &+

o) wWE FEF, 2EF, AEFY Data wRAAZ TEFEHO Qo] HAR

— 105 —



A3 G AFNEFY fE 2 A

e
filo
i
%

NGIS #A=5F = AT AFY MEFREE e o559 #ol
ojo] AgE dHelH= o] FARE 487 918 DXFuloly 3t
d FAS EAME 2 Ay DXF 392> HEADER section, Tables section,
BLOCKS section, ENTITIES section TAEo dom group code= [Table
3-1713 2

o
fru

[Table 3-16] Classification of NGII topography and objects(1:5000 & 1:25000)

zE & zE & zE -8
1 AT 4 = 7 !
2 =l 5 A 5+ 8 g 2 AFAA
3 =2 6 AR E 9 71

[Table 3-17] dxf group code
group code description

1 primary text value for entity
2 block name, attribute tag, etc
3 other names
4
5 entity handle
6 line type name
7 text style name
8 layer name
9 variable name ID

10 19 some X coord

20 29 some y coord

30 37 some z coord
38 entity elevation if nonzero
39 entity thickness if nonzero

40 48 misc floats
49 repeated value groups

50 58 misc angles
62 color number
66 entities follow

70 78 misc ints

210,220,230 x,v,z components of extrusion direction
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[Figure 3-14] Class diagram for objectification of digital map

W) BdAE 2 7]9F Post-Processor
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3) EFAETE B HS5S 9 Pre/Post Processor test

7h A A e A As 3}

Aelg x99l 1:5000 index mape oF# [Figure 3-15]¢] (a)e} #om o]
= NGISO| 98] 749 x5 =2 dxf 2909 A& ([Figure 3-15] (b))o]t}h. 411
=R FH(DEM)S AAdst7] AaiA sadAmes F34, AEH, 31534 layers
FZ A H([Figure 3-15] (¢). &9 A& &3l oHd A=5E J=EAE=2 3
of TINYS A48 2 Ay= [Figure 3-16]3% 2t}

Corrm= Carmn

(a) NGIS dxf map (b) 1:5000 index map (¢) modified map
[Figure 3-15] Process producing DEM

TEE 7 UEE 2
< 3D modeleroll A A|&3tE operatorE E3] A}
[Figure 3-16] o]#st & F3] AHE TINGS RolFi

Al e aRts THA AL W FAEREY o] et 9w
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[Figure 3-17] geographic database

[Figure 3-16] terrain modeling

of terrain model

with REDBS
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[Equation 3-1]

o714, n
(Betti number)®]t}. o714 pyi=

Hr

%

oA

3 BAPE o Fold 1y

s o 7
g‘f —1;(]71@

A5t

2lel

1
.

HA

2~
T
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v—e+f—L=S—C+R

> number of void shells in regions
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C : number of cycles which can not be ocntractable to a point
R : number of regions

L : number of hole loops

Weiler= Hx=2 YA ¢4 Z#E General Operator, Non-manifold
Operator, Manifold Operator® T#3le] A A5G o, Y9 24y T3 Ze
FolA el oo ulgs £ Aol olYAut. Wawryzyneki= 19 =FA o
2] T2 7|¥kS 53, Non- manifold SolidE RA}sl=dl [Table 3-18]o] €A
H 11709 Y447 2astua sk 2 AFo A= Wawryzyneke] 943
FE ggoz gl

——— E’leE " 1sthdmus Eﬂg&

strut edge . : ry ""i\
- wire edge
single wertex IIxIp-
i -I-H.'\'
larrres q'.-:_lgl:'. f:\'\.‘- .--i
- i "
"
singhe vertes she - .
%,
N

manifold edge

[Figure 3-18] Illustration of non-manifold topological entities

AdaxEe] F3o] B3 foj2= Weiler7l AAT 2 war|=
[Figure 3-18]914] ®= ulel Zo] wire or wireframe edget o3k W]
% ol EAZoelt} lamina edgev dhuhe] Wl AAC ©x] ARt *}%
22 o]t} manifold edge: 3ty T 1 ojAte] WHEQ AAELEANA %
HY AL EH = B2 A8 o]t} non-manifold edges Y EE 1 0]’:}4
BAEAA Al H o] AME = EAF et} self-loop edge™ ¥
HAHES A3 Aot} strut edges Folw dfrpo] FE X
= mAgete s AR B A EAe]olt) isthmus edget
g Wls zha, mAge] E BA A e BEA et o] 3]
A mAglolt}. single vertex loopt Wel AAAe 3 ZxHozm ojw

o e
2 =2 J&,OL
B (L ol o
9 Mmoot T 4 o &
» 0

v

T o o o

» r1rr
kv

>
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A e Lot single vertex shell& el 3+ ZxHd
U HaE o] 3] A FS H o]t} orientationS WHell H&
3 =

L
Mol 4% Z0e ehlla, Ao H§9 A9 @E LA e E4
}

to o rr (&

[Table 3-18] Euler Operators for Non-manifold Solid Modeling

HHekS- eIt orientation specificationS same, opposite, unspecified®] %t

Topology Operator Actions
m-mr make model, region
m-sv make shell, vertex
m-vl make vertex, loop
m-ev make edge, vertex
m-e make edge
m-e :
m-eks make edge, kill shell
m-1l make face, loop
m-f -
m-flrs make face, loop, region, shell
ot k—flrs kill face, loop, region, shell
k-1l kill face, loop
k-e kill edge
« k-ems kill edge, make shell
-e
k—eml kill edge, make loop
k—efl kill edge face, loop
k-vfle kill vertex, face, loop, edge
k-vl kill vertex, loop
k-v - -
k-vrsfl kill vertex, region, shell, face, loop
k-vs kill vertex, shell
esplit split edge
esqueezek—ev edge squeeze, kill edge, vertex
esqueeze -
esqueezek—e edge squeeze, kill edge
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2) 2dY =23 A AH

O kflrs : SRS Wol FEWo] BE Pol £F A3, WE AW F A
T2 9ol te ool Ha, We TP RE Fx= A A AL

[Figure 3-19]°l <Al 3}t

X =&

[Figure 3-19] Action of K_flrs operator

. o "D

[Figure 3-20] Action of k_fl operator

[

O k_e : 53 Mo] wireframe edgee]i, I Ao F H3te] Fd3 AAH=

7b obd w1 M-S A& A $-olt} [Figure 3-21]9 ol A3t}

A = N\

[Figure 3-21] Action of k_e operator

O k_ems : 543t Ao] wireframe edge°| i, L Ao] F HIre] Fds A4Ad
o, 7 AS AL A, 3 HE 7EY Ao £, gE HE RS d(news)

of &34 ®r}. [Figure 3-22]9 <At}

SZAT N At

[Figure 3-22] Action of k_ems operator
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O k_eml : 543 manifold edge’} W flol FAE o, isthmus edgeo] AL}
strut edge¥ W, I edgeE AW Al FZ(newlDo] -2 WA A7|A #Huh

[Figure 3-23]° < A3} t}.

LR

[Figure 3-23] Action of k_eml operator

O keefl : F 7 A7k =], 2L AA= 543 manifold edge’t F 71 ¢]

U2 Apolel Sle A, fsurvel o8 AAFE W XA A ki, A 9A

A fsurve] Fxzeb 7Rt AR W ojwW FIEEX

f surve] HF&o] Hrh 7 WA lamina edge’} A ¥ & A%, 1 A&
Z

ot Wy Fxe o] A [Figure 3-24]° ol A8}t

I +)

[Figure 3-24] Action of k_efl operator

f
.

S~
= N

Aol sl olAte] zhzbe] WS R 3= manifold edgeol &
AFo] A& W, 2 HE AL HF A [Figure 3-25]° oAl 83t

[Figure 3-25] Action of k_vfle operator

of AdAdg Mol gla, AAto] single vertex loopS ol & 2%

O kwvl: EAZ A

olt}. [Figure 3-26]° oA} At}

& =

[Figure 3-26] Action of k_vl operator
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O k. vrsfl : 543
vertex loopd W = )
gt F& Aot} [Figure 3-27]0 o A&t}

[Figure 3-27] Action of k_vrsfl operator

3k o] ddm Mo] ¢, single vertex shellS& ©o]& ZA-$of 1

O kvs: EA
HAE A& A 9ot} [Figure 3-28]o o A3} T}

« =

[Figure 3-28] Action of k_vs operator

O esqueezekev : Fo|z Aol self-loop edge’} otd S A& vz IX=

A9 BAE} [Figure 3-29]¢ < A8t}

oA

[Figure 3-29] Action of esqueezekev operator

O esqueezeke : Fo1Z Ao] self-loop edged A$, A& Uz I AS

A E T} [Figure 3-30]0 o A8}t

O o

[Figure 3-30] Action of esqueezeke operator
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O m_mr : A G (newr)S E3sl= Al Zd(newr)S XA 3t} [Figure 3-31]

o el At

nothing I:> a region in a modeling space

[Figure 3-31] Action of m_mr operator

O mosv @ 99 rol Al Amewv)et 11 o=z FAFE= Al Anews)S A
t}. [Figure 3-32]° o A3}

= onom

[Figure 3-32] Action of m_sv operator

O movl : WA N2 A3 Fx2=2 BA3t} [Figure 3-33]0 o A&t}

B - JH

[Figure 3-33] Action of m_vl operator

O m_ev : non-manifold edge®} vertexE A sttt M2 H(newe)S 7]
AW A Aewv)S A4t A3 A& 9 rofl AT, Av)= 9
Ot Al FH A 3hu o] 4e] useE 7FAaL Qlojof ot [Figure 3-34]o <A
=3

=3
oA r

S

) ::} /w:mm

[Figure 3-34] Action of m_ev operator

ol
ol
rlr
=
i
Mo

Hol e W FIe W, 1 FHS A7
e}

l?:__ T
Anewe)= 2 A7) Ho} [Figure 3-35]91 ol A3}t
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S 2

[Figure 3-35] Action of m_e operator

O m_eks : 7 79 Foixl FHol G rollA £ AFel A &F& 4%, 1 F
A dsts e 28 A9, AGVDIH H2)= 2 Al FolA €tk vl

o
A¥ do] Fa, v2eo} d3d dE glojzitt. [Figure 3-36]9 < A 8F% Tt

° v =2 — o/e;'sl

vl, sl vl. sl

[Figure 3-36] Action of m_eks operator

3o pesE AgHE 998 0

e d S =
A ¥s AF, Wy BEE FEnkE A [Figure 3-37]0 A8kl

SN D L,

[Figure 3-37] Action of m_fl operator

m_flrs @ A2 o] Aoz 7|Ee g9} FEv+= AT
< F(newr) A} A(news)7} A9 B 2ET} Al AW
S HE A7 A k. [Figure 3-38]0l o Al 8} T,

= (27

[Figure 3-38] Action of m_flrs operator

O esplit : 5% A& F M9 4" XH(e newe)oZ UE 4 folt. A=ZE

=

Hmewv)S T+ A9 AAFH= ™ A71A Fd}. [Figure 3-39]9 | A3}

RS
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v
= :: = TiEwe
[Figure 3-39] Action of esplit operator

3) &3¢ SQL
2 AFAAME edge HF=A] vertex 7 JNE AZAFoF M, single vertex
loope EAI8HA] Fon, H42 AHe 3o o|Fojd & Qla, FHL PH

hs ’

o zFowm o|Fold & drka s

m_e®t m_ eksE dE 59| edgeE: WEE FASE BY, Folz F Ho]
A e EAE BE moeE, 1%A FE B m_eksE SEdoF gt
TZA([Table 3-9], [Table 3-13]3%] edgeE "H=w]|, edgeuse®= 7] wHE9]
3}, edgeuse: radial, mate edgeuseZ LoloF 3}H, vertexuse, loopuse %

g AR F3efol gl

o

>

ke
L.

=

3=
[}

-

l

2 AT A= user HolHuo]~ Qo &3] & 4 Arial 3FATE webA,
[Figure 3-40]2} 22 &Ald wet 7 A=y, slds e SQLe E8FE+

2
[Figure 3-4119} 2t} WF2 Ay = 52 ojdeA = #7183

M2 & odgof edgetlo| ol &'e! |
&#2lE adge@ 0IF= vertexd} sholverox2IJME =AF
(edgell 71E2 8 HEA HIANFI=IE =MD

I

#4dE adget] 2itd B8 = shelHOIEE 43
(= 0l 25 shelvertox® =, & F e shelvertex
d%, & Cl Ol AF)

[Figure 3-40] Logic flow diagram of m_e
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{ ald ++ ,H'~I—|

sgl = "select max(eld) from edge" |

:

| sgl = "lInsertt into edgeleld, v1, v2, valld) values(aid, vI, v2, 'y)"

;

sql = "select sid from shell where valid=y' and (wid=vI or vid=w3)"

L
sl 0], sidf 1]

L
o >

Y

[Figure 3-41] SQL flow diagram of m_e

) = esqueezekevE & o= 59, oS3 2

= 4™ xA4AA o] st
D 71¥9] A els AARE st k- exFE
@QMMELE D vm=w1+v2)2 & AAZ 3= m- sves
@vlel IdE ZE A ZolA v m & =Z update
@ v 2o BHE ZE A ZolX vm &2 update
®vilel #dd 2= S oy (vm - v 1)vhs Fdole
® v2e #d8 2E HE Fobd (vm - v 2 )RE BdolE
@D vl & JAR = k- vEEF, v 2 S AAR = k- vEE

7t edeix2 shp9l B9l Retrieval 379 SQLEEEE thad 2o
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4) Radial Edge Database’doll A9 o de z==st4
HyEE AEEHes 52 oy AR x|t

i'm’d ++ - sqgl = "select max(mid) from modal”

.

=gl = "insert into model(mdd) values (mid)"

Y

[rid ++ /«+—|  sql = "select max(id) from region’

.

| sql = "insert into reglon(rid, mid) values(dd, mid)"

O m_sv :

f wd ++ .#-I—l sql = "salect max(vid) from vertex"

}

sqgl = "insert into vertex (vid, x, y, z, valid) values (vid, x, y, z, 'v)"

!

{ sid ++ /-— sgl = "select max(sid) from shel®

!

sql = ‘Insert into shelliid, sid, Ud, eid, vid, valid) values(megion, sid, 0, O,
“d.- IFIJ.
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=

,.-_" afd ++ .a"*l—| sgl = "select max(eld) from edge"

L J

=gl = "Insert into edge(eld, v1, v2, valld) values(=id, vI, v, 'y)"

Y

sql = "select sid from shell where valid="y' and (vid=vI ar vid=v2)"

< Start(wo Twﬂvarmx} =

sql = "update shell st valid='n' whers vid = v2"

sql = "update shell set eid =oid, vid = 0 where vid =vI*
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< Starfone :uummu -

=gl = "update shell set valld='n' whare sid = sdf0]"

!

sql = "select shaollsid from shell, edge whene edgevalidsy and

adgevi=v] or edgevl=v2 or edgevi=v] or edge.vi«2 and edge.eld =
shall. eid and shell valid="y" and shell edd=0";

!

sq| = "insert into shell(td, sid, Ud, eid, wd, valid) values(region, sid, 0, eid,
U., |ﬂn

< suanfwo siﬂwml =

sql = ' select shell.sid shell eld from shell, adge where edge valid="y' and
(edge.vl=rl or adge.vl 2 or edge.vZ=1 or edgevZ=v2) and shall.eid =
edge.ald and shall.eéd =0 and shell valid=y™

Sid[0], sidf 1]

sql = "Insert into shallidd, sid, Ud, eid, wd, valid) valses (region, sidf ], 0,

aid, 0, 'y')"
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=

/ fid ++ /+—|  sql ="select max(fid) from face"

v

sql = 'insert into face(fid, valid) values(fid, ¥)"

r
/i S sql = 'select max(lid) from loop*

) J )

s

sgl =" select count{distinct(sid)) from shell where valid=y'
and (eld=ad[0] or eld = ald[1] .... eld=aid[nf)"

o

=

yes
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no
=gl = "insert into loop(fid, id, eid, vid, sequence, cw) values (fid, lid, aidfi],

0, 1,'y)"

il
-

= Start (cow -loop) =

_i-numofedge 1~

.
L

= m
yas
sql = "insert into loop(fid, Ud, eld, vid, sequence, cw) values(fid, Iid, =idfif,

0,1, 'n)’

-
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= Sa-t:mIdmu:-] -

s = "update shall sat valid ='n" whone aid = eid{0] or eid = aldiT] ... or eid
= mlfnif "
1

sgl = "select bopld fom loop, face, shell whae shelvalidsy and
E-— shwell bl =0 and sbedl iddoop bd and facefid = loopfid and face valid <y'
and loop cwey' and (Bl = el of ed = el 1] . or sl = aldinf)”

no

-~ |

s = “select distinctjsd) from shell wheee | | 5gl = "select distinciisid) from shell whers
vabd=y and bd = ba vabiday and (eid = ekff0] or eid =

el 1] ... o wd < edfnf)”
[ |

é

sgl = * immart into shaliind, =id, bd, cid, vid, valbid) valucs{mgion, sid, Id, 0,
0.y

sl =" inmerm ran shellipd, sid. B, ed, vid, valid) vabaes (region, sid, Bd'+l.
0. 0. 'y)*

-

O k_f:

T

sql = 'update face set valld='n' where fid = fid"

-
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O ke:
sql = 'update edge set valid='n' where eld = aid"
O k.wv:

0

sgl = "update vertex set valld='n' where vid = vid"

@4
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O esplit :

G

sgl = "select edge.eld, vertex.vid, verex.x, vertex.y, vertex.z, vertex.valid

into termp vertex] from edge, vertex where edgevl = vertexwid and
edge valld ='y' and edge.eld = aid"

sql = "select edge.eid, vertex.vid, vertex.x, vertex.y, verex.z, vertex.valld
into temp vertex? from edge, vertex where edgev2 = vertexwid and

edge.valld = 'y and edge.eld = eid"
v

sgl = "salect wvertexl.vid, wvertexl.x, wvertexly, wvertexl.z, wvertexZwid,
verex? ¥, vertex2y, vertexZ.z from vertexl, vertex? where vertexl.eld =

verex? eld and vertex] valid = 'y' and vertex2 valid = 'y"

i

///'v:, x1, yl, zI, v2, x2, y2, z_E‘//'

newy = {xI-uE‘} /2
newy =(yl+y2) / 2
newz =(zl+22) / 2

k -a['etﬂ
v

M— m Sv{newx, newy, newsz)
.

| m -av], vd), m -efvd, v3)

!

=gl = "drop table vertex1, vertax2"
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O esqueeze :

ot
/;@m?MI )y

i
/m:frh—vﬂ}.-’::y/
|

k-efel)

Y
m svvmy

.

sgl = '"select edgevl, edgewvZ into temp edgel from edge where
edge.valid=y' and edge.eld = el"

sql = '"select edgevl, edgewvZ into temp edgeZ from edge where

edge valid=y' and edge.eld = e2"
v

k wivi, va)

|

sql = 'drop table edgel, edge2’ |

o>
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lo
ko
i)
tio
A
ni
o
i
i
ol

mid, rid

< St (face retrieval) >

y

=gl = "salect distinet face fid, edge.eid into temp shellface from shell, face,
loop, edge where loop.fid = face fid and face valld ="y and shellvalid =y’
and shelllid > 0 and shelllid = loopld and edge.cd = loop.ead and
edge valid = 'y and shell.nd =rd"

i

sql = ‘select shellface fid, shellface eld, vertex.x, vertexy, wvartex.z,
vertex valld into temp edgel from vertex, shellface, edge where vertex valid
='y" and shallface.eid = edge.eld and edge.vl = vertex.vid"

|

sgl = ‘"select sheliface fid, shellface.eid, wvertex.x, vertexy, wvertex.z,
vartex.valld into temp edgez from vertex, shellface, edge where vertex valid
="y and shallface eld = edpge eid and edge v2 = vertes vid"

Y

sgl = “salact edgel fid, edgel.ed, edpgel.x, edgel.y. edgel.z, edged.x,
edge2y, edgeZ.z from edgel, edge? where edgel.fid = edge2 fid and
edgel.eid = edge?.eid and edgel valid ="y and edgeZ valid ="y

fid, eld, x1, yi,
zl. x2, ¥l, z2

sgl = "drop teble edgel, edge2, shellface”

I
End
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<<:.3ta:t{9dgi retrieval) >

sgl = '"select shell.sid, shelleld into termp shelledge from shell whers
shellvalid = 'y and shell edd = 0 and shell.eld = edge.eid and edge.valld =

'y and shell.nd = rid"
.

sgl = 'selact edge.eid, vertex.x, vertex.y, vertex.z, verexvald into temp
edgel from shelledge, vertex, edge where shelledge.eid = edge.eld and

vertex.vid = edge.vl”
Y

sgl = "selecte edge.eld, verex.x, vertex.y, vertex.z, vertex.valid into temp

edge? from shelledge, vertex, edge where shelledge.edd = edge.eld and
vertex.vid = edge.vz'

Y

sgl = "select edgel.eld, edgel.x, edgel.y, edgel.z, edge2.x, edgez.y.
edge?.z from edgel, edgeZ from edgel, edgeZ where edgel.eld =
edge? eld and edgel valld = 'y' and edge2.valid ='y'"

eld, x1, y1, =1,
x2,yl,z2

'

sgl = "drop table edgel, edgeZ, shelledge"

)

D
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<Sta:t{veute:i: retrieval) >

sgql = "select shell.sld, shellwid into temp shellvertex from shell where
shellvid =vertex vid and shell valld="y and shellvid =0 and shell.rid = gd"

v

sql = "select vertex.wvid, vertex.x, vertex.y, vertex.z from shellvertex, vertex
where shellvertex.vid = vertex.vid and vertex valid =y "

vid, x, ¥, 2

Y

&gl = "drop table shellvertex”

Y

< End >
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4. REDS A= 3 7|Hke] X3 @ A AlZbs) 7]

I 20 AlZkst 71l & dg 7IME ol &ste] AFES ddstete AS H
st} % =529 (DEM:Digital Elevation Model)& ©]-&3}e] 339 AP rdg
st WS A gz ofF W3 DEMOA Fagk onds F&35)
o B4tz 7ol Hel2 A E TIN(Triangle Irregular Network)ol o] 3k #
Hog F&¥v. DEMY Wi A5E Alzststr] #siA+= LOD(Level of
Detail) Al @ &g F& x4 &5 F vk

*

Terralm Madellir

Azt aPEd g wEe ww mdy 27l AgHQ dHew A7 e
= go 490, A7 e 9@ Agud

- %]
ZYd(DEM)? =olas A= o
o
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2=

243t she A ORE o] Foinh HAA AP oW FAoly tAYE Y7
2% wEd £ gl S BEE RE2 dn dvh g oled Byd m
&S Fdsta g WoE X% 29 (DEM) HolEHRERE ouHd =S
ga dolHee gagend AL Ay Anem ANWA A%4aE 7}
sotAl stal HE 8% Holy AHYgE =9 7 Jd=F g
th& [Table 3-19]ol Al &= Atztael=of Eqp 23zt 3 ddo] disto
Argsta gl
[Table 3-19] Advantages and Disadvantages of Regular Grid and TIN
Regular Grid TIN
—-photo-texturing
-many degree of freedom
-more polygon -to get a good enough
. —discontinuity at boundaries initial triangulation
disadvantage ] ]
—high demands for error -memory requirement
bound -slow geometry primitives
-paging and retrieval from
disk
—error bound
—natural extension to
photo-textures . .
o —continuity at region of
—-good continuity . .
] ) ) different level of detail
—user defined image quality o
. -not so sensitive to
metric .
) complex terrain
advantage —-easy on the fly changing .
. —easy and fast culling
—-fast geometric )
. . . mechanism
-locking of important point . .
] -very few vertices for big,
—compact representation
flat areas
—accurately render small
detail date
—-fast rendering
Aztael el AN 4Rde BAan, Bid 39 AWe A7tE
st7] f18f doly o kit Azts adste] AFERAHS 93 TINS ol &3t
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[Figure 3-48]2 AAl AFe] Zag Agls oh= FAH 2= NGIS 1:5000 =
A o] 36707005 =42l AW #ololE F&ate] Bm AFER TING B 2

xa3 174E+074 b 9o AP dg F Uk 7)A A EE 50m=E
A A TINS AAsta xHAS Axket 43 1.63 +074 4%%4& T F
AR ol RAS Wkl 4 7 dAE 19 [Table 3-20],
[Figure 3-48]°lA] £ & Ao} =3k 7} dAE A3 =
[Figure 3-481¢] 22+l 132} o] level 37-A= ¢~ frArgE sjedo] #
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[Figure 3-48] TIN according to resolution, (a) upper:3D view, (b)

bottm:elevation
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[Figure 3-49] The fractal dimension of the base map 36707005
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[Table 3-20] Surface area according to resolution

level step resolution surface area log(surface area)
0 1 25 1.74E+07 7.24052284
1 2 50 1.63E+07 7.21322175
2 4 200 1.54E+07 7.18613390
3 8 400 1.48E+07 7.17016766
4 16 800 1.42E+07 7.15092281
5 32 1600 1.39E+07 7.14215469
6 64 3200 1.26E+07 7.10070655

15 EWE Pye
NEAE HFHm
L
FHE AGoln
3} o] el

= Ae gad 5
FAE 349 A

(a)36707005 (b) 36707021 (c) 36707034 (d)36707035
[Figure 3-50] TINs of 1:25000 base map
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[Figure 3-51] The fractal dimension using triangular prism surface area

method and irregular triangle method
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[Table 3-21] Data amount according to level of detail and accuracy of the

simplified terrain

level level of detail total points Pr>t
0 1/1 4540
1 1/2 1472 0.528
2 1/4 447 0.371
3 1/8 128 0.066
4 1/16 35 <.001
5 1/32 11 <.001
6 1/64 5 <.001
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olZ Fd3t7] Y3 duE=L [Figure 3-5213 Zt}h = A HA dA oA
Fo Ao A 37 olste] Ho] AAE 4 JEE e HUY sgEs 2
sta, A" HE WellA 7 2 ST ARY A= ™H A
/‘I A A

for step = 1 to Max
resolution = rQ x power(2,step);
generate TIN(resolution);

compute surface area;

!

regression on log(surface area) vs log(step)

fractal dimension = 2 - slope of regression

!

decision level(i) for selecting the representative points of the

given terrain

!

for level = 1 to Max

subdivision algorithm(fractal dimension, TIN);

[Figure 3-52] Fractal terrain simulation algorithm

[Figure 3-52]°] &itg]5S ol &3ato] ¢ oA =g AA5AH A dest 3
A AA Dol AFES 7HA L B o Mg AdS 2ARE ®Bokoh 1 A
[Figure 3-4819] A WA 93 -& <3}t [Figure 3-481¢ level 3 X3 -& 3
H B3 A3t 3032709 ZRFHoe R FAH [Figure 3-53]19 A HA Ad& o
Atk [Figure 3-53]1¢] W™ A A& o]} mirpA s AHRTS AESHo=w

A o Al Zlelth
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[Figure 3-53] Fractal terrain restoration process according to LOD

[Table 3-22] SNR test results of the terrains through the restoration process

level level of detail triangles total points SNR(1:5000)
0 1 252 129
1 2 3032 885 32.4(37.3)
2 4 14648 6168 31.7(36.2)
3 8 61112 43143 31.2(35.6)
= s 5 nre - -
1 -k i i . 1
- W . -
= : & 1 " - : - i
" [} - | ] ? _.i: ] L
L= 1""' 3 - .
5 i m ' 3 l
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e - g iy R A e s

[Figure 3-54] Contour map of the [Figure 3-53] terrains
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[Table 3-23] Signal to Noise Ratio

S/R ratio|S/R ratio n:1 Image quality
60 1000 Ecellent, no noise apparent
50 316 Good, a small amount of noise but quality good
Reasonable, fine grain or snow in the image, some
40 100 ) .
fine detail lost
30 32 Poor image with a great deal of noise
20 10 Unusable image
SNR HI~E ZA# [Figure 3-55]¢} 7L°] [0, 112 2A1Y HAgsle] =A3 A3
S/N gto]l &=xd X2 71 A=7t 254 o AsiA 7+ sty 53] wHjsty 0.1
Mol Fo=s FdoE S/N#he] EHdr X2 7 6‘}% As & F Utk oy
gk Apol= 19AIe} 209 All A FElshAl vEbal 39l 2 Al ek A W szet
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[Figure 3-55] Signal to Noise Ratio Contour

“3 [Table 3-22]ol A1 & 4 gl%o] 1:5000 A2 HlwgPe -
3l = [Figure 3-531¢ Al WA ]%01 S/N 3242 7% =& E“’]'E e}
-25000—4 A& & Signal® & R H2EZ 3 A3 279 S/NH| S F3r}
o] 1:25000°] 1:5000°] w] 3| *o“]E 7b w7 wEelekal @ 4 Qdvk webA] o]
v @ AR wmt FH ggste e 2Ado] TheEs n gt

;& Mo
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5. AldE AAE 918 REDS A% 7|Wke] 3k AA 71

2 oAM= 3AY A @ 7[R dHeolH FxE EF A7 (Triangulated
Irregular Network) ©.& #|3tata glvy, whelbA] B33 Azbds ol &3 #1389
of AldE AAskE 3 AATVIHMY Je EarE A AP Adojrw
st AldES W4 o7k stub= Aotk A@ e Al tiEf 1:5000, 1:25000,
1:50000 322 (10m9 tolerance)E 7FAH, Al E2 Al(element)S 1:1009]
%29 tolerances 3§ttt ol #HA Frie] Ao] w9 thE tolerance® R
T ojof dth, A|AAA Aol A tolerance® EAHEH I, AJEE AA Al
A4 & 2] Dimensionol] old &2 o2 tir] mdde g ojof i},

Aol A ARbe= AA 71 S [Figure 3-56]3 o] @okd 4 St
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D 329 AE A=Y (3D Terrain Modeling)

@ EsdF AT

2
a5 93] NGIS 1:2500 FAAE=E o] SuA golojoA

Chs] EHs
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e Incremental Delaunay triangulation

O BE AEL Tt 27 A4YL Adom 4 Aso U dew
Wrelth DTE 44T AEA Hol PRl DTE #4S w, DTE 2 4
s Aol Avsles 548 olgalA Azl zEse DT =
He 449 PAE AA, EEA Ferhd A7 Folok B

@ 2719 @7Eel daAE SEd Aok 27 91, BA 9E" vE 4%
of ¥R Aol Hrh A 4AY F v x, vAEze Avizol

Mel&Ha pi(3M, 0), p2(0, 3M), ps(-3M, -3M)°]t}.

@ MzE Mol JdHFHAS W= [Figure 3-57144 F 71A A9-7F A3
(a)x 9 oJ® Faceo] Wi A& A2 (b)AHH olH edgedll 3 =3
(@)2] A folle= dAY faces A5, pioll A face®] ZHH pi, pr, ps=9 edges
AAste] 379 faceE WEY (b9 Ao F faceE A1 pollAl F face
o] ZF A p, p2 ps, D4R 9] edges AATEO] M EE 4719 faced REETH

P

{a) (b

[Figure 3-57] Incremental Delaunay Triangulation

@ Legal Check : §1 299l (a)¢] 4= edge pips, pops, pipsE©l legal 3~
& HAHloF star, (b)ell M= edge pipz, paps, psps, Pipa=©l legaldA| & 3 ALs] oF
o} legaldhA] HARSHE W A4 Wzhel A7]E o] &3ttt ofy %]
oA edge pipe/t legaldtAE A A, A2 pipopiet A4S pipopi9
Haztol 22t E pppiet A4 pppedl HAZET AhE A9 edge pipe7t
A )AL, A 2 edge ppi7t FHEOI Aok gtk B AI R edge’t WHEO] Hon
2, edge pipi¢t edge popi= Al legaldrAl #HAME dfoF @t illegaldt edge”t
s W7A olelg AYS wHEGTH ol IR LEE H9E dFH A
9ot} edge pipe’t legaldtAl & AARGTHA, A28 pipopi®t A4S pipopil &
2zbol A2t E ppmet A7 E pppedl HAA&AEY Aomm FA] edge pip7t
AYPA 31, 2L edge pipi/t THEAAA o]dst S FAHAY. I ER o]
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=Y A8FHE A BEREE Ologn) o= =

® Acyclic Graph : ¥ Ho] JdHEHFUNES
dolr ey 7MY © Gl
O(ntime®] A3t H=g 7Fdd. 7z HEo]
stE R o] el W

H =

— 153 —



A3 G AFNEFY fE 2 A

’ 1 L1
|
-
&
Hir
.
i
L]
-
F b e
-
-
M
i .
-
-
I.
. 1 5

[Figure 3-59] Acyclic Graph

® ZE Hol ¥HFE To= 27|HAS AASFI, convex hulle FAHFHA
IDT7} <73 e vt

349 AY 29 S AMES AN AL WA ARag e A
4ge Agstelol Bk BUAAEE MPC Ao ©e RRHo] 9] W

— 154 —



A3 G AdPNETY e R A
b oA Eel wE v A

o

2%

o]
H

TE 7P AldE 9l

3
s

e s
A

o] 74

19

o

[T Gfm
[ iim

o] RFow AdEo] uwel

=
a
L

=
=]

(?:}

shA "t

S

ul

7w

P
T

Structure Modeler7} YE}A 5

=

L
R

[e)

g

A=

3t

t}. [Figure 3-60]
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Ao A 839t} Sutherland-Hodgman's  polygon-clipping — algorithm-=-
[Figure 3-59]1 A= & 4= Q59| clipping®d & 9] edgeE FTAHL=Z vertex] 47}
A ASE nestel 7ol Aol Wk e FRBT olF S B AT
o = convex polygon® edgeE FOo=2 A2tde] HARE I, HaP o]5slo]

x#FAE g /S 7|FO0=E clippings 3l

.__lw

L J

Clipping Window

[Figure 3-61] Polygon Clipping
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[Figure 3-62] The four cases of clipping a polygon to an edge
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— 156 —



A3 G AdrAREY UE 2 A

e Pseudo-code

public Vector clipping(D2Line line, Vector nodes){
D2Point[] points = line.getPointArray();
JGMatrix original = new JGMatrix(nodes.size(),2);
for(int i=0; i<nodes.size(); i++){
TINNode n = (TINNode)nodes.elementAt(i);
original.setValueAt(i,0,n.x—points[0].x_);
original.setValueAt(i,1,n.y—points[0].y_);
}
JGMatrix rotate = new JGMatrix(2,2);
double cos = (points[points.length-1].y_-points[0].y_)/
(Math.sqgrt(Math.pow (points[points.length-1].x_-points[0].x_,2)+
Math.pow (points[points.length-1].y_—points[0].y_,2)));
double sin = (points[0].x_-points[points.length-1].x_)/
(Math.sgrt(Math.pow (points[points.length-1].x_-points[0].x_,2)+
Math.pow (points[points.length-1].y_—points[0].y_,2)));
rotate.setValueAt(0,0,cos);
rotate.setValueAt(0,1,-sin);
rotate.setValueAt(1,0,sin);
rotate.setValueAt(0,0,cos);

JGMatrix translated = JGMatrixUtil.multiply(original, rotate);

Vector temp = new Vector();
for(int i=0; i<translated.getRow();i++){
if(translated.getData(i,0) <=0){
temp.add(nodes.elementAt(i));

}

nodes = (Vector)temp.clone();

return temp;

2) Ray-Surface Intersection Algorithm
A& 9] profiles 21817 f1dl+= WA AEA7F 9E g polyline?t TIN 4k
Zkg kel wRE ek daglFo]l Hastth DelaunayTriangles W E
centerPointgt= ]9 S 7131 HelsE S BF Z7lstE B9 S st WA
F = X%t 7 Y AAEs ek
1 ]

A A A4l ARE wAe P 984 polylined] WEEE 2] AR
9. a7t el @ AL 3o Wew @ 4 Jow we FAA 4Ads
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FAflel AdZAHo vk F, AE el Al Jhe WE AMEA Hst

Aglo] ZFolrle HAS o A7EHo diafA vt

polyline®] W&} centerPointe] WldS AUz 4 Aok v
S HAAEA WIS Folrte FEo|th

public D2Point[] intersectCenterLine(D2Point startPoint, D2Point endPoint) {
double startX = startPoint.getX();
double startY = startPoint.getY();
double endX = endPoint.getX();
double endY = endPoint.getY();

ArrayList centerPoints = new ArrayList();

centerPoints.add(new D2Point(startX, startY, getHeight(
startX, startY)));

TINTriangle triangle = findTriangle(startX, startY);

TINTriangle lastTriangle = findTriangle(endX, endY);

TINEdge preEdge = null;

D2Point intersectPoint;

while ((preEdge != lastTriangle.getEdge())
&& (preEdge != lastTriangle.getEdge().getNextEdge())
&& (preEdge != lastTriangle.getEdge().getNextEdge()
getNextEdge())) {
boolean isFind = false;
if ((intersectPoint = intersect(triangle.getEdge(), startX, startY,
endX, endY)) != null) {
if (triangle.getEdge() != preEdge) {
centerPoints.add(intersectPoint);
preEdge = triangle.getEdge().getInvEdge();
triangle = findTriangle(triangle.getEdge()
.getInvEdge());
isFind = true;

}
if ((isFind == false)
&& (intersectPoint = intersect(triangle.getEdge()
getNextEdge(), startX, startY, endX, endY)) != null) {
if (triangle.getEdge().getNextEdge() != preEdge) {
centerPoints.add(intersectPoint);
preEdge = triangle.getEdge().getNextEdge().getInvEdge();
triangle = findTriangle(triangle.getEdge()
.getNextEdge().getInvEdge());
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isFind = true;

}
if ((isFind == false)

&& (intersectPoint = intersect(triangle.getEdge()
.getNextEdge().getNextEdge(), startX, startY, endX,
endY)) != null) {

if (triangle.getEdge().getNextEdge().getNextEdge() != preEdge) {
centerPoints.add(intersectPoint);

preEdge = triangle.getEdge().getNextEdge().getNextEdge()
.getlnvEdge();

triangle = findTriangle(triangle.getEdge()
.getNextEdge().getNextEdge().getInvEdge());

isFind = true;

}

}

if (isFind == false) {
break;

}

}

centerPoints.add(new D2Point(endX, endY, getHeight(endX, endY)));
D2Pointl[] result = new D2Point[centerPoints.size()];

for (int i = 0; i < centerPoints.size(); i++) {

result[i] = (D2Point) centerPoints.get(i);

}
return result;
}
intersect() ¥4+ polylineo] WE = AS o] &34 polylined}
HS o] &N wHS Fote WS Fdsta Ut

private D2Point intersect(TINEdge edge, double startX, double startY,

double endX, double endY) {

TINNode p0 = edge.getP1();

TINNode pl = edge.getP2();

double v;

if (Math.abs(pl.getY() - pO.getY()) <= 0.001) {
v = (p0.getY() - startY) / (endY - startY);

} else {
double slope = (pl.getX() - p0.getX()) / (pl.getY() - pO.getY());
v = ((startY - pO.getY()) * slope + pO.getX() - startX)
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/ (endX - startX - slope * (endY - startY));

double u = (startX - pO.getX() + v * (endX - startX))
/ (pl.getX() - p0.getX());
if (W<O0llu>DH{
u = (startY - pO.getY() + v * (endY - startY))
/ (pl.getY() - p0.getY());
}
TW>0&&v<=1&&u>0&&u<=1){
return new D2Point(p0.getX() + u * (pl.getX() - p0.getX()), p0
getY()
+u * (pl.getY(O) - p0.getY()), pO.getZ() + u
* (pl.getZ() - pO.getZ()));
}

return null;

o] interPoint® ©]+ tinViewPanel

[Figure 3-64]°14 #<& o= gdH
2S At sl=d o] g-F o

AN TEEol FTdEy Fo| BEF

e e

[Figure 3-64] Interpoint in Panel

3) Find Profile Algorithm
geEE AF profiles Ho]F7] A TINOZ AAHHE AFHA

Mo
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polyline®] z&¢ HHE HAEF F Y dde FAo HQsl)
ProfileViewPanelol] 4] =
Sl A AFAdsk= 2

RE HE9 yHuEY HFHES /ML F Hol AA

E+= add, remove, edit E=9] welA EZQAETF F7} AHA| 2]
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[Figure 3-65] Profile viewer 1
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private int nearestPtx(int x) {
int min = Integer MAX_VALUE;
int dist = 0;
int width = getSize().width;
for (int i = 0; i < xPosition_.length; i++) {
dist = (int) (x - xPosition_[i] / totalDist_ * width);
if (dist < 0) {
dist *= -1;
}
if (dist > min) {
return (int) (xPosition_[i — 1] / totalDist_ * width);
) else {
min = dist;
if (i == xPosition_Jlength - 1) {
return (int) (xPosition_[i] / totalDist_ * width);

}
return 0;
)
private Point nearestRoutePoint(Point p) {
int min = Integer MAX_VALUE;
Point nearestPoint = null;
for (int i = 0; i < route_length; i++) {
if(min > Math.abs(p.getX() — (route_[il.getX()))) {
min = (int) Math.abs(p.getX() - route_[i].getX());
nearestPoint=newPoint((int)route_[il.getX(),(int) route_[il.getY());

}

return nearestPoint;

geleh Aol elA 1w Uk,
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[Figure 3-67] Cross section
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[Figure 3-68] In simply moving [Figure 3-69] In refining the line

»\‘f/",

the line

[Figure 3-70] Offsetting, regenerating the Tin (The enlarged View)

private void justOffset(double length) {
offsetedLine = new PlainLine[center.lengthl;
for (int i = 0; i < center.length; i++) {
PlainLine line = centerlil;
double moveX = line.getDirectY() / line.getLength() * length;
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double moveY = -line.getDirectX() / line.getLength() * length;
D2Point start = new D2Point(line.getStartX() + moveX, line
getStartY ()
+ moveY, 0);
D2Point end = new D2Point(line.getEndX() + moveX, ine.getEndY()
+ moveY, 0);

offsetedLineli]l = new PlainLine(start, end);

private void lineConnect() {
for (int i = 0; i < offsetedLinelength - 1; i++) {
PlainLine a = offsetedLinelil;
PlainLine b = offsetedLine[i + 1];
D2Point inter = a.intersecWith(b);
a.setEnd(inter);
b.setStart(inter);
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[Figure 3-72] Determinating the route, selecting the profile panel
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[Figure 3-73] The profile panel, Determinating the height
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[Figure 3-74] Area by interpolation
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xo=a, xi1=x¢th, xo=x,1t2h=0>

_ Sy 7 (S—1)(S—2)d,
()= 2 Jy fxh |
2 Jo

—fa i | OES(S—Z)a’er "S-,

— _g‘ (]‘(x 0) +4f(x 1) +f(x 2)) [Equation 3-10]

[Equation 3-10]& Sipmpson®] 1/3¥Z ol 2zt Ao A7} hd th&3 o] H

4g 234 Bge AYFHOR PFEPh

AZ—?h; (f(x 0) ‘|’4f(x 1) +f(x 2)) [Equation 3-11]

A
flx) f,
wmnd polynomial
f
Xo =0 X1 2=Db >
[ h > b p| Y

[Figure 3-75] Area Calculation by Simpson 1/3 rule

Ty Tk A S ofldH, k= 38 WSlE
Awt3lE Simpson 1/3 3242 [Figure 3-76]x1 ¢ A& 4

He 7 Ao webAd
ATt
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[Figure 3-76] Generalized Simpson 1/3 Formular

oo} 191 AFol7t hpela £, fo AFele] AFol7t heolEkshd, WA -2 [Equation
3-12]12 o] g3dle] A 4 Urk EE ay, a;, a3 E2 AgE Ztadgx g3
2 B og Fg 4

A:a0f0 +a 1f1 —|—a2f2 [Equation 3-12]

Pabx)

Y X% X | X %

[Figure 3-77] Integral of Area
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[Figure 3-77]14 &¥®wd p (x,)+= [Equation 3-13]% 2t}

P(xp=Ffn F=0,1,2,........... 7
- (x—2x)
P, ()= 2 L0f s, whe?’eLk(x)=#c‘i—), £=0,1,.....,n
(2hy—h,)
A= hog‘h] Jho—lfo
(hy—hy)* (2h,—h,)

+ I fr+ I /s [Equation 3-13]

Aol F APRTE § B Afold WAL gy 2l

o2 hithiy (hz'_hi+1)2
Ae_ l':O%ﬁOdd 6 + hlh i+1 fl.+l

| Equation 3-14
+ - fl.+2 [Eq ]
1+1
2) WA Ak
digo EF A4S A Fud T} FYUW AL A
ohooFuE e gasA ol A&dTh w%E ofE FYUW TR @
of AHgETh oJRES MM sbgels] wEel HWsA ek uwol
Simpson?] HA S At&st= &g T4 o] Aot

Am:JZ'(A1+A2)

V=/{—é(A0+A7)+ j;lA,]
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V= ZZ . [Equation 3-15]

2wy 34e £5e BE HAT UAPoln Aviel PWel 4ol ¥l
& Asre

Voz_?lf(AﬂL‘lA wT A% [Equation 3-16]

AT AL AL F B WA, A4 hedel dRAL ok

WAoo ERAe A uit A FA F e HWen FAL A

.

o

b}

roh

&

h{A0+An+2(A2+A4+. LA,

V=-"=
3 +4(A 1 ‘|‘A3+ ...TA n—l)} [Equation 3-17]

A7 A AL Ay, AE 7 AolAe] EEEe ofn] ).

Point elevation methodE grid®} grid ZAIel Wl H Alole] FIHE o] &3]
]S 3t} [Equation 3-18]2 A3 <l ZH&djsle] WA o]a [Equation 3-19]
FoE 3k gholt)

=]

T
L
R

A="T(ro+7D)
fo,f1=elevation

it [Equation 3-18]
h=(val between tow situation aation

__h[ ™ 1
V= 2 [ fxo f(x’yo)dx—l_ fxo f(x’ y 1)dx] [Equation 3-19]

grid AFo]e] 7+A o] m3} nol™ HA ¥ & [Equation 3-201% 7t}
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[Equation 3-20]

1 2 ..2 1

2 uom 2 4 ...4 2
! 2 4 ...4 2

1 2 ...2 1

WEE 7|2 o2 3l WHH Point elevation methodi= A2l o]&3st7] wfE
of S0 WAL Agh 4+ glonmm B ATAE AW FAL AU

3 TFEEY EE FAL o]F A ALl
3G Aol HEE FFolu dEE 5otk Mass curve: Haizl <%
o2 =85 ¢ Burkner 314, earth FAlolg} Edt}

L ™
Ground height
profile [ Cut Pumpoged height
&
-5m
2500 —~ Parald fino
v —
‘\&m The cutiing
Aoenrage distance
=2 SO0 \\ for rm#':lg )?L
= 5. 000w < | 7
Tﬂ‘m :].lll"lh‘
= T7.500e L

i Balance with cul and &

[Figure 3-78] Mass Curve
AE, dE} n7tA 2 FA ol Agle AAVAE AMgsted AHAA 94

IS v AR FQ3IE Mass curvedl A HES FAI HES] T4 Alo] A

o] [Equation 3-21]%} %t}
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d Xy A
m— e ) [Equation 3-21]

d,, - An average distance for moving

x, - Total earth work for construction

x - Total earth work

A - the area between mass curve and parallel line
j - the highest
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FAAAEE T AAlel oA ZHH 83 9l 3 =
s fEAE sdsETEEe] 549 AARESE E45te Az Fx 9
AAE Aosta, sdgeTE AA SAS 2 B F d=sE As =E
o TRA2E AT F gAY 9@ FAAS RAste A" 7Fx2t E 5 3
S5 AAE At ] #He] Hastr

2 AN g AAREE T 7 de s¢red 7xE AAs
7 slstel, A5A AANGEL $Aetw, olo] W EAG 2 AAAL molw
A Wk w9 wErzEds ASA oo Solm, e Ned, B4 5
Be AZ] EARAT, A4AE BEEse Fu TRAIL 1 A Tz
AZAL e B WEe] AW FHAA Azsuel TR FHEI
4T Aow Ausel A4AE BHUGOE AU

1) AFA AA Z2A 2
A=A A= [Figure 3-79]914 B vlel o] & 7dAe] AAFAHoRE 9
Folx Qo 7 AAGAER gy e AF AARAES xsoh AAAE

WA AT AGEE vt eR 7|2 AFGS A $AF B eSS E5t]
71 ARE FETH Ve ARE wReR FEEd B 24 245 F
AeAe] A 92 B RE AARsta AA, 7%, HAFAA Mg =

=
o g4g ARA oldF dA Aol LA 2 AR T4
- ,

- 177 —



A3 AFAREY e % A

Survey the Drigation &res

v

Watar balance analysis

i

Dacide tha size of resernsr

.

Design Dam

.

Diatail des=ign and drafting

:

Make bl of quanobas

'

Lagt egimanng

[Figure 3-79] Reservoir Design Process

2) A 28 A EE 2l
AEZE O A #AHANA = w, FAAEES fFrIAoR AAdE dolH 9
Aoz E3 AR 2EY AARAGL volHE staate Aatel HAdow Jf
A 7 Ark dolH et Aol digte] AP sE RAS 58] A AA
55 xAAHow BAsta, AARAES AAGs = 7ol ot OMT W
NA AAEAE e OAA} Sz Al QF Yol e doly AREH],
7}

@Feh e BAS, @A $4 D Au#A s}, GHERA T, O
9 9% Oude wE gA, @Fdse mESS gol F suAR TRt
[e) =

=

7h) Step 1. 74 8.4 WAA 24

FANLET AR AYA, AARY, 78 FuARE ol gdtel THaL ¥
AAE AYFTE TH8E FANG B3 AUBY A5, FHARE AR, F,
B AaETe AuBAE A&don RAG Aow Avdon WA Y
E AAR, FEAE SHOE, AL 5oR BAHT TASE FAM A4
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[Figure 3-80] Class Candidates
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=ME FEAE7] 9@ Sequence Diagrame A 43t} [Figure

tole 559 =g
3-811= A¢A AAE Aoz #A 3 Class Diagrameo| th.
FESETwIIr
| | |
E=harkm=nt | aptlbaeny | | CentrnlHouses | | IntmkmStrucare
Hisiog esa oos Heterogrmeons Pambir arecos
Exsh arkment Bshankmént Exsh arkment
| |
D BodwFil | | CaraFill | | FilmiFill | | BaskFill |

[Figure 3-81] Class Diagram(Reservoir)

Z}) Step 4. A2 A4 Ao
Ay AA e Ves FALRE £AE ATt AAY £Ao] g AAE

o
A we HEgAH(Aggregation) S AT (Association) o2 U ERWH T
3]

[Table 3-25]%+ A

P e
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‘_&4
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[Table 3-25] Attribute of reservoir object

Object Name | Reservoir

Class Name | Reservoir
WaterShed, PaddyField, Embankment, IntakeStructure,

Spillway, Control-House, Inflow, OutFlow, Storage,
Capacity, OverFlow, Depth-Volumn Relationship

Attribute

getStorage(), getCapacity(), setWaterShed(),
setPaddyField(), getOver-Flow(), getVolumnByDepth(),
Method getInflow(), getOutFlow(), selectEmbankment(),
selectSpillway(), selectIntakeStructure(),

startDailySimulation()
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%
g G FHE AAE e B2 OL? N = A= %191
] E F 309 doloiz Edst

3) MPC(Multiflayered Primitive-Composite) 22 2] 7] 1t

FYALE AAYE A2w H2 g AdAE mA Be FYTE
B Aok G, A AN} AQAGA AARIE TEY F A%
% ARge AnwAg 4ol drh oA AAT AAAY Ago]
Eqol 9o AR AusE Fde AEE B, ARTE 29 0T
AW FolM AAE A s, /5L £AFFORA 2uES ] FEE TA
she WA Fsior B

5% o Axde aRAew A AARAL AQa] AN AFEA}
7k BAe aystd o A4 %S ol§d & dolok sta, AAH

12
Azdel WAgel AABEE 27 FE AAT 5 ojof k.

) A AsE wE
dlole] EATSICE2lol@ Hlole 5o #AE A4/ Bds: A9A =
Tol Agon Aeld & vk ARE T Ropl A HolHEUe AEAL U

o] X9 (Hierarchical model, Network model, Relational model), Semantic
data R NA-AAY doly R, SGE MA-BAY Bd), AAAE Zd =2

’

wid T 0“?‘r 74#? 27 ‘:’O]wﬂ/ﬁ" olgl gk oy RHlS =fiske] s
J

RAZ HANAEY, 34 ZYPE Rdy T A~

e Ee AYE mas

THYE ®mdol FFoE  Structural data  model[LAW90], PATAS
model[BJOR94], Primitive-Composite model[HOWA92], CIMsteel Integration

Standards, Industry Foundation Classes 5 ©¢] Tl Structural data model< 7Y
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A5 71EA<Q #A(Base relation)E #AEH dHo]EHo]A~E o] &3l X AT}
3, AA FRAAJAANA 2FHE AAEE Ownership, Reference, Subset®}
28 Connectiond we} zj-+4 3o},

PART model2 T2E5S HAEBuilding), Al2=¥(System), ABA|~HE
(Subsystem), H-#(Part), 4l (Detail) @A wa} e, g24S 7
dAgteh, ey o]y g RS Ao AAFEHd 9 BT AudAAE xde]
Hai, AAE ety A sk R Rds =948 5 glth
Primitive-Composite @2 7|22l 2} & 7)d (Primitive data concept)<
stod 7182 A (Primitive object)& A star, o] AAES FAdste] 7p7}e
g FEE A A A (Composite object) S B A3kt o] 23 Wy
of A Apele] A Al AR (Mapping)fie]l the Zz1se] 34 A
g 4= 9dth. 281} Primitive-Composite 2@ 2122 & 7ido] F-FHslar,
Primitive A9} Composite 4ol AH&3 EHF7|Fo] gloy, AA A5 o
dAAE 2L T+ Ak

(2) Z2A2~ 24
X2 A2~ 2498 Multilevel Selection-Development model(MSD model)
[SAUS90]¥} Partitioned engineering data flow model(PANDA)[PHAN94] % 9]
Ak, MSD &EPEe FxE AAZ AAEAY A2 3H(Design  problem
formulation), A7 A(Design phase), F*3H(Abstraction), 2 ATA|2] &3
(Design problem decomposition), A < 3 @ o] 4 (Design operation) %2 &3}
, TRAAY ZEA~E Y (Selection) ¥ (Development) TAIZ 5
"/}. AeldAE o tiekel] thdk A o] (Identification), ¢ vl # (Ranking), #1A,
Aeizt BAEY A= dieke] AA|, Hrieh BAEY AA T2 A n0
al= st (Top-Down) &2 W EZolH o], Aol H4g ol gk A4 Z
Atz et o] e AA R oz B et Panda model> DFD]
= g FAT A2 B3 AdEo] #Ad Ei/‘ﬂi% at7] 13l
& Mde AlFert. PANDA modelol A& ZEA| 2~ F9 Hoz A
7Ne] Partitions A3 =d, OZ2Z M 20 #AE Frof 2} (Participant)} @2
ZA S AE33 Subprocess®t Activity, @ZEA| 29 thiloly g AF A&,
555 UelE Axolt Yy o9t e ZEAA RS ZHYE B
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(3) Entity-based =49
Entity-based 2 &2 7|E9] LY YE Rdy Z2Ax 2

o] Semantic Data R ¥-& A|-&3tal vt weta] HAA FxES] FEAAE 7
&9 P-C 2d3 fFAeH, AARe ¥ MSD R4 {FAFst
Entity-based 229 7]E 4 8 A~ Entity, Relationship, Attribute®]™, =&
e 2d3 #Add HAHoz2E O-Type Entity Valued-Attribute(OEVA),
Data-Value Attribute(DVA)e] $+=d|, 27} Entity category, Data category=
TFAEY. ZEAx 2rdy #AddE HA4o2E A-Type  Entity-Valued
Attribute(AEVA), Action-Value Attribute(AVA)7} dow  zZ}zF  Entity
Category, Action CategoryS -4 g+t

<

o o
=

> OHH
w2

ol

o

N,

2

ol

2L

Entity-based

g 5 o

22 AST2AdAd dAH AMTEAT] dEel B, VE
T FHo AFE, AA HF B A o] A3
s

2=
=
3
Fdgrel g wkEol oy, WHE Fshiokel
lﬂal

g =o] gl7] 3 ,
HAE Bl FEd 2 AAAE NdSs dF AL 9w EH ol B
of 719k 77 wjiEel] AAF A#Ado] At Alxglel FAAA H FAA]
o xith

B oodFoMe P-C EdE 7jErdz fusgon P-C 2l dds w
etz AdE E79 WEAEEs FEE] 9% bs dolo 7HE =9isha,
FEARBA T THS FEA1717] Aste] Design patterns =4 8HAT

P-C 22& [HOWA92] AEC(Architecture-Engineering—Construction) & ©Foll
Aol AE it AuuIdS BHow = AMAAG wdgzaA] g3l EI)
AA A=gSs FAsH7] f18 71242 Jid S AlFsth P-C R = #d
Hopo] 7] Aol 2870 (Primitive data concept)S Z+zF 7] & N A (Primitive
object)2 Zgolstal o] MAE FHEFste] zH7zte] T2 adlldA a5 e A
(Composite object)E @A gt} L 7| EMNAE o] &3lo] Zhzhe] 2 130 A]
SFHE FAA AAE FAE AEES T olgfst WS FIle 7t =
29 Afele AHH ARl AMd(Mapping) $1°] 2

g & v

%
be Zzade FAAAE AT
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) tzpl siE S o] 83 AA mdld
MPC Edo| &= Al2~gle] §A3ES FdA1717] 9ste] Interface HE S AFE
ST wE A B AddAES 549357 Yste] Composition ¥ S
Abget o, sty AAVE HAENS W dHE EE A iAE ¢ =
= Observer Y-S 4831t}
(1) Alz="le] fFA4d Al
FTAFYFRES B 4oz EFH FUF, 5 xE, 244%E,
TEAA, T T AYrA HFE ERE ¢ Jdon 7 WiFd e B =2
TZEo] EAS.([Table 3-26]) olH s T FX2ES ol &3l9 &uF =3
AASE Z2a9S A dalde 2HAAS A AAE A2
NetworkE TFA ok 31, NetworkE TA4357] HsiAe= AZHT €49 A4
ARE dolof gird, a1y tdst s TFEES sty AAR FAEe
A BE7bs v, e AEHS o] &3 @YW HAE AT Q)
[Table 3-26] Water management system
Eogx3

F43F Sz 2 TEAIA

A A T2 SR

op=x) Hj = 2 RIS

ige R Rt =

G5 3 S

EoAdTdAE oyst EAHS siZsaxl Interface IES A LA
Interface® Abstract method?te.2 FAH FYP2E u|siy, AAHoz= A
Ad 4 gloy, gt FEE A4 (Method) S A oldtl. upElA Interfaces
Féete AAE WrEA] Interfaced] A<1¥ MethodE T Asteto]of afw, 18
a5 MA = A9 Interface® Casting®d 5 Uth. &ul ZZd

OME RE FHYUFTERES AW B ¥F5E T8 Methods 8= 3h1 o]
£ Channelo] & Interface® FAstd + Aok webA 819 EE AA=
2 &84 2% AAE Channel 272
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(1) Basic Layer

Basic Layerv 3% 4 AANAEE FAsel= 49 AAZ Interface & H
2 gttt AAEAGA A S}AA Alzde Bagh e AAE FHe A
< E7FseH, Al A o WA EAY F7hE 5 At Interfaces F g
FsE A A 2HY g AFEE F UL, FA8E AT 5 Uk 2
AFdAeE AFAE do=z AAAGE FAE HAAste AATRE A3
° s 454 A

AeANds T A= =9 AR, F9A4%, J&AASE, FUE3, AA <

=
A 2 9 7]

TS B9t AAY EEGHE YA AAE AH TA
St P27, EFSA ARE AAY FHAS AT o], AA EFHS B
3= BREF, AAe wd 5l

Fopetol] HAsto] Aot KIS HEsh= SA
£ o]9]9] Drain, Toe, Cutoff Wall, Blanket S &

3

Fes zton, pe H4PNS S Ao ARHE WRA, zol, A%,

Toe= 7HA 712 84X F@edvtar & 5 vk webs o] Fo] zkFofof
=

2o 242 AASA Fill o /2 AAS Aoleg)

AFAEE HATHS AT A2gd Ales AR F AsgoR A
o 2 AFdAe ATES TASE FAE FEHHE FEIATE olZH F&
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TR & AAE FE87] A8 A dide]l © AEES JNA, gteld F
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[Table 3-27] Basic Layer

A3 AFNEFY We 2 A
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Crest HoogEYSsR S0 dR5E onsid, %, 5,
res
T4 Y #AE FEEH
- WREE, AT, AFERFE 59 Fud gEee
ner.
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(2) Part Layer
Part Layere AAIAANA 21 g0 =2 CH 2 GE AdF9 Library 74]3—031'
A, Basic Class® T A 3}(Realize) s}t
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[Figure 3-83] Part Layer(Channel)

(3) Facility Layer

Facility Layer= AAA7F 25 AAlA] o] &3l AAAQ A8 A
glolt}. Facility Class® 4¥+# o2 Part Layerd o8] AA=E FAE A4 ﬂ
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& 2 ot #dAd w2 FAAAE 4T+ Ak [Figure 3-8412> AFA
A L] xE o o]t}
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[Table 3-28] Facility Layer
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[Figure 3-84] Class Diagram(Facility Layer)
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[Figure 3-85] Example of design object evolution in intake structure
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[Figure 3-86] Example of preliminary design process of reservoir
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[Figure 3-87] Example of separation version process
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[Figure 3-88] Class Diagram of version Tree
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[Figure 3-89] Overall system architecture with a view point of data structure

— 198 —



A3 G AdrAREY UE 2 A

5) Object Manager
ChEAbg Aol o] gk AMA o] wd e g B3EH w2 23k FER
Ashe] A 74194 LFE 2 = Uk B A A= Object Managergli= H
2 A 31

o]

o] ~of &2 Atolo] Middle tierg Fol Az#Ele] 284S
skt
dolg o] ~9o] EAM AAl= A sAdd e dAZzaddgA ol &2
F A B FAE g oAk olgg 52 Ao dH A dojA A
AE oH\A sta, AA FZATS AA Aol 7HAA HB=E do|E Mo~
o] 84S Hojrdtt Object Manager: o] 33 214e] W7 9 #y 7|5
AA el WAAA wE Version Controle tha3dc}h Object

bl

Manager+ AW ZEafox  AAzzadde] dolHuo]lx A J&HS %
dato] Atge] duA S FASL, AHEALY AFS #elst, XML Parsers
Fslo] ALgAFe] Foltol Aol Aynks AH<ekt). Object Manager?)
71%& Action operation®} Query operation®® thEHET}. Action operation
MA el A, 97, ARG ES #HE3hH, Query operation A L] e A
fAg $&xEae dolE JHE T tolHE WEste Ve s Tt

- Action Operation

e Load: A%, Tz o] A9 A e AARAEE AT

=

o .
+ Unload: 2419 340l Bl AARRE S sAsel the Ahed
o Argeg Ausa delHE ¢

e Activate: T A& AR HES Aputslal, A A
= Hgkgh

e Deactivate: Activate 3] S 3% gt} |

e Save: AAAE AAE A AY WAE AAE Version JE|= Ao
e Destroy: 3 EHE AA 2 Y 7+ =5 2

e Extract: #o&el wel sjdH = AAE whekgit)
e Duplicate: S F =+ A L 3¢ F+FE BF FAste] A2 AAE A
/g gkt

e Rename: 3NFH = A9 o= WHA3IT]

- Query Operation
e Exist: B == A EA =,
e Description: 395 = AAe & AH L EVANE, AAdA, #AS T

o



A3 G AFNEFY fE 2 A

;OL
)

jant

N

o Structure: FH = AA S DTDF

XSLYEEHZ A85E 7}

4

e Exchange: &

A& FfetA

o]
o H

2.

=
=

7F WA dloly

e

D oA

<

B

O

X
o

J)

o

olo

N

go
op
TR

SESERR

1

ol

o
o

ANAE A

o

o A 592

o 9t B

Ay
O

"ol ¥
3

Dz

olH, &

oF%- 236.8ha®] WA
I, BdAe o=

S

2] 2 A

TEV}

A%

Dz

& 7hd s

B 1/3009]
3.9%, NEET}L 266%= Ho] = Aol

=3
=

1/200,

OEE

J)

el

&)
Njo

(1) Zrgol7]

o2 FA4HY

=

I "E5 Y

o

=

shelvl e et

=

EEEERTE

- 200 —



A3 G AdrAREY UE 2 A

3} Amezor FAE0 Yk

Ao

al7}
Ao

o

ol Feu= stdas, 7%

4

5

S
R R

3

A

[e]
T

‘Z#O

__AL

o

=3 #
71 =719l

=

o

2715 A
=

=]
g <A

L

R

1=} =]
- 2SR

FFAUF O oA

=&

e =

pul

gk ol

07]‘

1}
g

o

° —
]

-

= AT7E A

[e)

=

-
=

ol

AN = et

ul o}
128 of o]

ps

)

(3) A FAH]

2
A
o]
A

o
22|
W
0
B

—_
i)

=

A 7F A7) el

3

A7} B

o)

Hr

o)
T~

x

o]
M

Bot

Ll
N

s7F AA R A

o}

e

o Aare] 7ol

- 201 —

[e]

che

=

=]

AL gl

o of



5}

el ol =

3

1l

fo] AdEow wol

ol &

==

)

itz
(998m), ™ oF4H930m), =

oF

sto] AgZow

o
4 2H644m) el A7)

)=}
-

o A 7]
3}2H1063m), 3]
3}AH970m), W e}2H915m) S & o] o] 4]

ul

=5

3

3

&= % AH1017m),

9]

o}

FH(951m),

pS

o
A

A3 Y drAErd de 2 29
]
A

(1) A=

al

A

pozel

yA

—_—

o)
K

2

-
o

st kA (460m), B

S

o] A &3}

=

[

?_

L

R

SEREE!

b
AF(540m), FA2H657m) 2.7 o] o] ] = Abad o]

01/\

o)
P

ar
A5

U

I

=
(5631m),

ild

Z

ool #14]

ﬂ
o

o)

e

ki3

oA £7I

=0
—_—

,ao

}

=

A

L AR ool At

d

&
Tl

Ej

o

el e,

(2)

"

c

o
o

A

o 2 Bl A o

22w A

fLE

=

B

S

Rl

|

c

o]

- 202 —



A3 F ArAETY s 2

AW B0l dvle] AFels] wjRel] sholrt BHale)
Q) 1

[e)
S — I
Aol =53] Wk e FHAE st
e

o F 8 g

AT AGe e FAT NFAGe] 5T Qo] AYH AFucks
WEY 715 GFe wol Wwol Agolt UHY 1YY dFoz FYN=
S ool sl wolte]l dFon etk w slgde vnd &
shabu A B AL A4 weln Atk

ok

of el AL glom Feke avjiqhde] Fex
3

[Table 3-29] Air Temperature in GOESAN

71(C)
Air Temperature
hE| = bE| =]
g | COAT gy | BEAN D gy
Maximum ) Minimum
Mean Hightest Lowest
Mean Mean

1998 9.7 339 33.9 55 -16.0
1999 9.6 34.6 34.6 4.8 -16.0
2000 95 35.0 35.0 4.7 -174
2001 105 33.2 33.2 5.2 -184
2002 10.4 16.4 324 5.1 -17.8
2003 10.5 16.3 31.3 5.6 -20.5
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[Table 3-30] Monthly average Air Temperature in GOESAN

712(C)
Air Temperature
bE| Z = =1
I e BT EE T B I P
Maximum i Minimum
Mean Hightest Lowest
Mean Mean
1 ¢ -5.2 09 8.0 -10.9 -20.5
2 ¥ -0.1 55 11.0 -5.1 -134
3 ¥ 4.3 10.1 18.1 -14 -85
4 € 11.1 16.9 24.6 5.1 -1.8
5 ¢ 16.6 23.2 27.3 10.4 2.5
6 <« 19.6 245 29.4 15.4 9.8
7 4 21.2 25.6 31.3 17.8 174
8 ¢ 22.2 26.2 30.7 189 13.6
9 ¢ 189 24.2 27.7 15.4 8.9
10 ¢ 10.5 186 25.2 4.6 -1.9
11 4 7.3 13.9 20.9 2.0 =77
12 ¢ -0.3 5.7 11.1 -5.6 -12.8
2yg e
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[Figure 3-90] Monthly average Air Temperature in GOESAN
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[Table 3-31] Monthly average precipitation in GOESAN

Al 149 |29 (3¢ |(4¢ |59 |69 |79 |8« 9¢ | 108 | 11€ | 12¢¥
Total | Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

1998 | 13719 34.5 238 269 1740 84.2| 2031 1849| 401.6] 161.1 45.7 284 3.3

1999 | 1280.6 3.1 36.6| 547| 106.6| 102.7| 182.0f 1283| 2534| 251.5| 171.0 19.0 74

2000 | 1227.0f 36.0 1.0 14.0{ 450 39.0| 202.0{ 232.0] 3070/ 266.0f 340 340 17.0

2001 776.0 47.0 59.0 12.0 11.0 70| 264.0{ 162.0 98.0 17.0 73.0 5.0 21.0

2002 | 13725 48.3 45 32.2| 1417 105.2 65.8| 162.0| 603.0 96.1 51.0 158 46.8

2003 | 1693.1 92| 409 455| 186.7| 1385 168.2| 4395 3568 223.0 3847 314 19.6
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[Figure 3-91] Monthly average precipitation in GOESAN
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[Table 3-32] The humidity, wind, duration of sunshine in GOESAN

T 1€ 29 3¢9 49 54 6% 74 3¢ 9¢ | 10¥€ | 11€ | 12¥
FUlFEE
69 64 64 59 67 68 T 75 73 67 73 70
(%)
AT
0.4 0.5 0.6 05 0.4 0.4 0.5 0.6 0.4 0.7 0.8 0.4
(m/sec)
Hamzs
= e 45 45 45 5.8 55 45 45 35 35 45 55 45
(m/sec)
=% NW | NW | NE NE NE NE | NW | NE NE | NW | NW | NW
Az A2
74 7.8 8.2 88 76 9.0 8.2 87 79 77 59 6.0
(A1)

@) 2795
FAAMN GRS MAE W5 BE AnE ALY AT Ae
Hlal] Al gl dol Ao wla

el
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flo
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[Table 3-33] The weather in GOESAN

471 74824 Agricultural Technical Center

o A
ge |z |25 [ A | aA| = % ¥

. Thunder—

Clear Cloud Rain Frost Fog Snow Gale

Storm
1998 29 191 85 123 151 16 9 -
1999 116 155 94 131 170 4 6 -
2000 209 65 78 111 35 14 9 -
2001 186 36 68 96 120 25 14 -
2002 154 98 92 104 128 21 11 -
2003 131 121 99 89 170 14 13 -
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[Table 3-34] The statistics of population in GOESAN

Ao g = ATHEE
No. of . i ol Population
Population H .
Household Male Female density
1982 23,684 119,366 60,843 58,523 1275
1983 23,948 115,748 58,342 56,906 123.6
1984 23,789 112,973 57,808 55,165 120.6
1985 23,991 108,731 55,796 52,935 116.1
1986 24,056 106,367 54,582 52,285 115.7
1987 23,789 103,792 52,707 51,085 110.7
1988 23,766 99,752 50,146 49,606 106.4
1989 23,810 96,980 48811 48,169 103.5
1990 24,307 93,071 47,096 45,975 99.4
1991 15,491 56,810 28,724 28,076 66.5
1992 15,417 55,031 27,917 27,114 64.4
1993 15,476 53,158 26,966 26,192 62.2
1994 15,342 51,073 25,899 25,174 60.7
1995 15,531 49,643 25,174 24,469 58.9
1996 15,612 48,266 24,400 23,866 57.3
1997 15,754 47,168 23,358 23,310 56.0
1998 15,750 46,367 23,448 22,919 55.0
1999 15,748 45,514 23,069 22,445 54.1
2000 15,737 44,461 22,448 22,013 52.8
2001 15,773 43,220 21,760 21,366 51.3
2002 15,632 42,009 21,200 20,809 499
2003 15,720 40,722 20,655 20,067 48.4
(2) vrsds
¥R g5rde A¥H UK F A9ez ARL we Fu 2
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FAdE AAE a9 HHoR st migo] FAHO oy, FHG AVIAEZE
B A tRrEe] o] xFERE [0km o] ol Hﬂ kil lom, f o5
S8 AYetans 3 AXAER] HEAL it At 3N EFA, 2
A W, 3270 HAE, 12371 A 20079 AAnts = 01 oz glom, gH
9 Hi 797049 <P, SWw HEwWAL 4066haclth. AXWAL HiF v
458 6ha, A 535.8haclH], FOAAZA BAXNEAE 3 BA3AL 5 FY 3, F
451, 56, =94 5374 Sol|t}
[Table 3-35] The statics of land area in GOESAN
=
™ & A n
g | 2 TR W | Aane
) | GO ) gy | WA
SHEFA 2| 3807 46.52 46 8 231 46
FAEAA 4| 1734 21.19 20 7 68 23
TotEAA A | 2643 32.29 23 7 48 37
ot 70.86 8.42 20 6 49 35
Alg] 50.61 6.01 26 8 65 35
[Table 3-36] The land use in GOESAN
Z A4 (ha) TRAIEA (N 2)
om | T
e g | oa [P laqan| we |3sew| wax
2
%l 2293 | 2679 3 5 3 56 53
AL 114 648 531 1 2 - 7 15
2k 7.0 732 998 1 2 - 3 5
=2 - 78 463 1 - 2 19 1
=9 - 354 359 - 1 1 5 15
ok 3.7 481 328 - - - 22 17
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[Table 3-37] The statics of farm in GOESAN

e $7H3) oA R
A 7 o]

1998 10,324 31,581 15,434 16,148
1999 9,763 29,527 14,259 15,268
2000 7,963 21,357 10,531 10,826
2001 9,506 27,784 13,918 13,866
2002 9,704 24,274 12,147 12,127
2003 9,854 25,157 12,238 12,919
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[Figure 3-93] Waterflow From Upper to Lower Site
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[Figure 3-95] Delineated Watershed [Figure 3-96] Adjoint Watershed
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[Table 3-40] Length of Road and Cut/Fill Calculation

AxA B4

=7 o] 1,924.2 m 2,252.8 m
A E e 435462 m® 361,101 m®
o E e 436,320 m* 212,679 m’
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[Table 3-41] Costs of alternatives

AR (Y kL)) AxA Bi=Al
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[Table 4-2] The estimation of study aim
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EDI(Electronic Data Exchange)®t SGML(Standard Generalized Markup
Language)®} 3$H7 ISO9A] CALSE $3t 83t xFo= dsta Q).
STEPS & 54 t=3 7|9 = Zeadfe o AHH= mHE ol
el w7kl A BEFEEoR nARSE = EAMNS 27l EAAYAL, A=
e As e Y A A= YoMk wHde]l s gl A 9t
deo] oF WA, A% ol FAZE A7 AS vl WAy f1ete] Ny
i vk Wk STEPS AFS /dsta AAe o M2 & Azt A

>
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TARE ws= FFolth STEP ¥+2 ISO 7|+ 93] 184 e 239
3] 4ol A gdsta Aok dA STEPY #dd st 7S /st
2. 5¢
Sdo= AAdiEer CAD  dHolH S 9% ®E+=<9  STEP-CDS
(STEP-Construction Drawing Subset) 7I'&S 1997d 8¥H ¥ A& 38 Fol
ZAE

w2 9]o] EC(European Communities) X =
AE 5 STEP A& Wiz Ad+5 A=4o=
SETPe] A& THE 3 2ds AHFHo=E /ILd slolm, 23¢9 CAD 4
BT ofyel 32k CAD A HE7A] &3 A Folth. @Al STEP-CDSolA &
T AT HA R AEe AL o5 2o

- 329 CAD xzoll digh A5 Azt

- Byl ZEAEES FI AR UY 2dd H*

- ¥ STEP-CDS 2o gt =2 59 &8s doly gk gt

AT

- sk 48 H8 d7te

- ofg] fAl ZEA~ BAGo A HAstE AEFE TheAdo] de ZEAX

of thg A+

PROCURE, ODABAU =~ =
13331 9lvl. STEP-CDS+=
1o

3. 011

J¥rol ¢ SCADEC(Standard for CAD Data Exchange in Japanese
Construction field)E 19998 =744 Aol A 2 &sta vk STEPS 7]w
©2 2349l CAD dlolgle] mse 2oz s ¥l SCADECS 7jutae]
Abgstar 9l AA dolE nd W STEPS WHES w=i gl 3
A717F Ao, &4 oldi7t JhestthtE Aol vk ey wAlH s3kAg ol

HA e 2AE A

4. )=

w2 Z7F A=A 273 US. Geological Survey(USGS)E FAlo =2 thakst
ol HAE 7H = 7IH, A4, A, Al Sol Bo s dwrdoela §he
ol WiebS =¥ 3sle] SDTS(Spatial Data Transfer Standard)gts E+S =&
stk wl=re] F3F dolE w3k gFow AAFE SDTSE st dolg wsh
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& 98 EEol ket %rh ¥R AW Avs QL wyHE, 3 Tk 3
A% AR R KA, FE AE o2E FUAL /5 98 FFdw
Attt SDTS+ ﬁ Al 4F-Fo 2 5o ed, Part 1, 2, 32 F1tdo]E d3t
& A% U Fohold Part 4 Part 12,3 Fobe w FAA, 844 5

5. DIgital Geographic Exchange STandard(DIGEST)

SDTS¢F g&o] =8 GIS deoly w3 %+ DIGESTE & vl=re] =
ok X =A 2 7]l Defense Mapping Agency(DMA)7} =2 o2 7jdal 4
o]¥ g X< Vector Product Format(VPF)7} ¥ g ejolt}, v oyt of
gt UE w73t 99 qrefel o3k I3k doly AlZte] AREE AL QT
DIGESTS] a4 FEo2M ALLEH = VPR 8 EAS AW ugS3 2
=3

- VPF& A% EWo2A BFo] FAALE HoHE =g Aola AH40 9
FTER A e

- VPFe= 54 22X Ed o AF 29 & A4 e 94

-gE gy ¥dae gy 54 2R 5%

- FNEE D A xEstE FRE S vy Abd AF

- A H]O]Eiﬂﬂoli gl whel vkt U‘ﬂE]rH]O]H Hds AE

90 delHE Ue Edew WA 4 A%A AolHE v o

= b5
© ok s Qw9 dolel wag Ads A deld e
ohiet Hole 4ol e Fuxw AT
- T @ 9] AP FL A
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A 2 A Web2 o]&3F CADSF GISe &3H3}

be fwomt AFHE ol&F AuEol ssasl WUy Wil A2
Webs o]&3gt CAD®} GISe S3tstE EAs7| % sttt 53] ol#gh Al~dlS
Awate ol 71E Babt oA F4 wART Wy B ol gaE AS
ol A3 HEb wEy) qE WNEPHoE AR A W =9 =
Ao Fe 3w Fuol o§F F YL B ohe MHAEE o] §F
$ Ao mgoE 24 N2Ye TAT S A gl V) WEd FEa
A 7je] AaAF I ATk Web7]we] CAD Algle] ghat A7 5 A Apel
R A ggom aokd & gtk AAE WebdolM CADZEIHE A4l
o AFH Ax AAY Afe= Web§ CADZZIRT EAE WebiolA

Aol o 2= U.CBerkeley?] Manufacturing LabolA Fdsl= ZZAER
Java applets 83 41894 Aol Ao CAD/CAM o] 7Msdte® &t
9= Al2"olth, 329 o 2+ AutoDeskAle] WhipS o] &3k ZAo|t}. Whip&
Drawing Web Format(DWF)3}d-& Ho]F7] 98] AFgEox]= Aolth. DWF
d2 CADS DWGHYEY AGAZ HdAdS 2d= 7HAL e Fd=,
E-mail, Local network, InternetS &3te] CADZ=Z130o] glo]%= Whipyt ]H
g Ao A R oeRs ol AAESHE o o] &3 ¢ Atk o]y g
DWF3 & 4&3td 24 DWGHEE 7v) o] w24 dfsold 4 g7 uiE
of Weboll Al A& 7]o] Hds gpAdxdl Jejs 7Fx 2 vhar & 4 9ok

AR o] wANEET Al~" X Yol g A7t ek Livefindere 71& CADEW
S dgdldA gt A d9d ¢ dEE § WebVieweolt}. Livefinderv= Web
Bl A rarebe bdetA el A FxE ¥ dEE 3 ZrROfoR
A CAD7} gle PCAANE EHS EHEY U4 28 CGIE =935
AL ThsatAl 88 ZEadoln 53], o] TR 3|Akel 3 Y 3| Abe}
o stk 9 dwkg el g ol &8ty gk Alzdoln 1 Hre] g
o] CALSMallelA = #% 7tEd=29 HA3 dgtel WebCADE ©]-§3}ho

CAD dHlolH ] vz= g 5 Tl o] &3dh= Webde] Aul=E Algsta 3l
o, o]:= A4 CALSe &&3sta Ut

L
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Ao AurlEe 54 Azdolt #7elyd Angxe] oEsA %n 4uE
TR F Q=S = AR oG4S AFsa Asketa Uk FEAE ]
HE A E Y

o] 7§+ 7]<(Component Based Software Development, CBSD)©]
£ W vjsolth GISE okl M = thddt Al=glate] Fito] o+

Ha QA 71 A A o] TRA = Al=RIZRe] R, Sl A e FAHS
dst7] 918 CBSDE e ste] 7/iWd GIS AXVE LT E9 o 7lwo] 5%
33 th Open GIS Consortium(OGC)ell A A¢tal EAF suts F7-d 1 A e o}
719X E FE&FoEN 5 A2y oy R A x| oESHA &il AHE
TH7F 7hsstth GIS 8478 AFst

Aste SEA2WS TEHT £ o] 1E9 GIS JE0] 54
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A 44 GIS #oF

71 GIS7F 7FA 3 Qe 23 BEAwsel ameb Algk
4 GISZ g A&sta gt} 4D GIS9
AT AR 54 F =
2 A Fge A A

[e)

drE A%, 2eH

1. Temporal DB #d A5
frH9 CHOROCHRONOSE 3 Al&3t DB AFA-5¢] dgste] 671 Al
o 74%4 AF=Z st 9tk CHOROCHRONOS & ehAlo] A= A7kl whe}
191 BE A4S Ay 2 BAsE A o aE 9 A&
g F e 7eR 54 AR BdY Ve, AddVE dorle, BEAA A
g Zlsd g A7E WSk frE AlEtE #d AFdA] EC GISE
GeoNet 4D, TOOBIS, DEDUGIS, MurMur Z2HEZ Z3&] A7ke] f3dS A%
oz o]l 1 ¢tolA dojups FHEE Asidon o Hgd & 9l
v 71EEA AIAA delguo] 2~ Vs AlEIE Aojr|E, AlEIE YAFE V)
%, B4 AgUE, AN A sldE A9V, B 3 A v)s
of tigt AFE A3t vt TimeCenterol A= 71E<] #HAE dlo] o]~
FYA ="l 7]gtate] AlgbdolHHo] 2~ 7o) o]EF 7|¥ks mp#stH ARt

el 71, ARE HlelE 2d Ve, At Ao Ve uid A7E A Folth
ppA g2 NCGIAGIAM = Al eihat Aztel 485 AAAAL] olaiTxl&
el A2l T3l dojup= A ZEe] st tid AE AT ot

[Table 6-1] Subject of CHOROCHRONOS

T o AFgA &

oA 1| - R AZRY B, 2 R Rd

I 2 2 |- STDBMSE 93 2d 2 <o

oA 3| AT ARE A% g AREA IEF o]
oA 4| - AEghdlolH o] 20 HeojA e A}
A5 |- AFghdlolHMo] 20 Az H ARV &
3} A 6 |- STDBMS o}7] €A
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[Table 6-2] Spatial information research

T T8 AT FA
- Modeling
- Spatio—Temporal Data Model
- Indexing
CHORO-CHRONOS - Spatio—Temporal Indexing
- Moving Object Indexing
- Query Languages : STSQL
- 344 #g : LaTeR Approach
- A7} s}
GeoNet 4D |- Networking 7]< : %‘:J A2, &1
- WebollA Au]2~ : VRML, MHEC, OGIS 7|<
- AZbS A A skgE o] Bl W o] 2~
TOOBIS 1 5re a4 4744 wiszalel w5
ECGIS
A3 Ao 7=
B - AlERE S1A FE Vs
Ded-UGIS | 2HAqE 7%
- REVIGIS, Fuzzy Logic
MurMur |- o2 sl E A 7=
S AIZE Aol Ts
Time-Center - AlZtdlolH R E V)&
Ala3r Ao 7s
AlzEe] EAAT
NCGIA e e
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[Table 6-3] Grouping of various study contents

154 AHEl W F2 7l
- Modeling
CHORO-CHRONOS |- Indexing
- Query Languages
tolE A . - A ztdlolH R 7)<
TimeCenter CAZE 2 AEF A A%
EC GIS S AlFRE A Ve
CHORO-CHRONOS |- &84+ 7+
2] 2} 3} Al &3 92 F2 Vs
EC G5 gAY )%
NCGIA R R S =
A zvsb 74 EC GIS - A7 Vs
=t 3 EC GIS Networking 7] <
. . 7
A2 etworking =

2.4D GIS #&7|&&F
ol o] Ayl Ay sds AvRv A M Vlees Aveta 8l
& g A A= HolH AR VeSd, eAs AEbFd S =

=
T ’
st Z9, vhA Y A= Bk frdloly Ae] SHeltt

1

Ko
] =

A
1> o

7h 4D HelH A7 s #d

D AAAEGE dolg o] oA o] B & EJAE oy T&A A7+
7174 2 el dHolH 5 Alzvid whbr = S dHolH = tEFEolH ot ut
gbA AA A e ol E wo] 2o o]¥l & F HolHE Adste EAe A Frh
F&AQ dole AES #18 BLOBsol 7|wts) M2 dlHAEE AA 6]
o} o] Al2% #FHA R FIFBLOBselY AIZFBLOBs2 & 3FAle]t} AIZEA
A} AHAAED W& E4E 7hedte® ) o= Jhedt ¢ wpoluE] XM
HMAS B T Fdd Zadd et Fo oy f@ol A
X Il

=
T
szulo] AbgEel A g Sla, t&F AlERE HlolHA E&A Hos Fow
o~
T

X
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2) TGML 7]
=9 f9rgoe] A4 (European Media Laboratory : EML)9 "Deep Map”
TRAES] dgto g fFstal & 7hsd AZE A A ggRdo] Ay gt
o] mrAES Z AFHAZ AHste] Azl Z=A Ao A e 3D-geo- 4 A
#el e} A7 3D-GISMUD-GIS &2 3D-TGIS) "ol #g HEXJIE 7]uks v}
Astazl sh=d Atk A& 22 Featureo] gk Wslate] 5o AHA =9
1<

o TGML 7129 OGCel GMLE A3t4 aa7b4 &43 s ¢dn. 5,
OGC7} W¥¢F<l GMLLS 7|2 o7 I X EAY(SES : Simple Feature
Specification)&  dlolg w3k XML=E 1793 Aot}  HZo
4D-geoobjects S A st AR | <] & Al ZE | =27 s AL, o]
AzF ZHdYaE Ayl Agte =2 T ) dlo] B ¥ o] ~(Computer Associates<]
OODB Jasmine® Informx¢ ORDB Cloudscape)’ol] T3 = o] Zt}. Al zkd o] g
= A93t7] 93 self-consistent A A Ak W oz XML A7|vp2 Aj7F =4
A7 AA Z29E F Uk o] 27wk AEe FIAF XML 27|vkE A

a7 98] 71Fe] GML 270kt A s ojd 4 rt

t

[¢]

2
o

r
K

o
X
S

o |y
&

>

3) olF AA A7

71718 Ba 3 gEo, olF Fox 7hed A7 N AT 5438 &
= FAlel, ol AA AMRl7iwo] Fastth. A< Ho|Huol~o £
“expiring object”®] @A Ao T MAV|E=Z 2714 2] R-tree’| &o] A4
3 et o] AMA7]se Ake] A3 7]%5 (linear function) o2 7] ¥ ol 7Y
2 dhols =obETH treeTX2E #EEhe A ES Sl EH 2ol regionsE W

= =
AMZE Fdol Ao, 43 Hxds AJAA7} s A A

pud

A

o0 . o 2

N,

2

d

M

4D AEHFd #4771 #-

27 AEERdT o] TR
F oMES AASAY, mAshs AAZE dolHE w2 ¥s 5 Atk o= 4
= dHeolHe AU AzsE de =Adn g Ags g4 71
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doleE nsidme] APEadolE, FguolE, Bk FEst 2 AFAZ
3 390 Zel2Esh @A A UaEde] Frh J1F taEdole] P4
3 g 242 9% 3D BE AAH D g

2) AEF AARY D AL £A o)

AFZ Ao BRe BE 5 AUH AAY GBS olslst: FHe] He
AF A9l AxAA AFel ANRI Yok AA, AA, AL R TE 1
Al #F JuE FE 14 54HA A3 A9 F3o) AAHm Yk
o5 Zztel AFz Ao F¥% FAZ VL sk Folo|w o] F ofws
@ SE7tE BT AAT S 2o ATk B Fo AFR 4
HAZRA AFF A9 §8S ANsE Add B LTAGS vhuss
A, GF ATEZ AW A L BALTAZ uhe AN E A7 dolH
g Brkse AYAA FAsta vt

3) 9= Tripod Z2AE

Tripod Z2AEX= 3 WA~ g8ty Auste] FFoz As A F7t o
olefulo] Alxgle] ZREER]S AAGAl sk HACAM FHHIL Y o
TF-o]th. Tripod Z2HAEE A 433 22 €S 292 o

- A FZF 9 AZFERYe 934 EH(consistent representations  of

primitive spatial and temporal types)
= X AR, A o] AR olFoA = AEXUE JHEAA (o] =
st 2 mE AEE 4 S
A dolg o] e F2 Ao Ay ZH A 4P g
- ODMG #<E3} Al &3t Al]ke] &9

o 4D A A3l 7]E

1) A&7r3 WA3HEvolution) : dHo]EHlo]Aoe w3l Ao 3 El(Querying
Patterns of Change)

A H e ®WstE Rddsty] 913 wstdiy "ol GISY A& 3F dlo]E Hl o]
2 A z="o A 71EARl 7w S o stutolth. olw 1900t H-H Fo dT-3A
2 HeEx e AEgt dolgHolzoA ®Hu BHste] FH olE A
g o} A oF7| k7] & (Constraint-based formalism) 7% & A&7t dolgnd
AT7E el Ao vs] Wstde] HEok= 1 & =
gdedAdd o) AFgE dolHEZEE AHRAAL AgtE = deAlF 2o

o2
&)
2
Y
M

[
o
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i}é}-t—ﬂ T W7 7%1%1 Xw.i *Mﬂ -

971 wieltt, ol ¢k ¥, Tripod Al &3t Bl AR gk Tripod A2~

&4 2rem dte], Alwit dlolElo] 2o M o] wstHEA A I OEJHJX#%
]

7
mlg
~

HAstd o= Wl Alojxe] B9 AlHA Ao dEEY, ¥4 o] A
4= 7N(development) 7Hd 3 Aoty wistd o= &3b4 HlE3bA <l

HE  RFoA dwkststazr &= Bojth o]
[HC(intra-history cross-timestamp)?&¢], CHC(cross-history cross-timestamp)
A9l CHI(cross-history intra-timestamp)@ 27} 1 z} Aolwity X427}
AA =5 7 deojuiry Ay Fo] APy Qi)

2) Al&3F Hlelgmtold 3 x4 3 A
dlojgrfe]d oyt A A H AL &= dolHuo] A2 E o

A# T ggs "Hads Agsoh diojErlelde x7] wAlE dHoly &

(preparation)dl] #4l& £t} HolE FHl= HolE 7ot e Aeste
olHE Y vdFolTARRE E%Eiﬂ dolgsiA & XEFer} Holyutoly <
o5 A= AA dolErteldS 9%k F=HE fs st o= 5A A
dHE 54 dHeolgE Adgste], dolgnteld Aol a8t EHOR o
ol S Wt Ao|th mpA|to 7 F# A7) <4(class description), &%
(association rules), #F& 2 28 ¥ (classification clusteri ng)¥ Z2 54 d|o]
Hrulold dugl&S A&3th GISH HEm Yo dloJE oA e Alg3t HelH
= HEo n=ys g gl A ep H2 kA Ql do|Ewtolyd o] H]a] A2
Aol By A E33e S4do] Aotk AlFzt diolgutold o] E3g 5A4& 7
[}

"
o
£
(T
2
z L

_t_z

JN:1

—

[e)
[e] =

| 71
theFst AlFzE dlolEutelyd Hw A wEl g A thF

d
o:

3) A&t sk 1E vhold
Subgroup Minere= ThEd7AI7Hd, 842 dolguol~ &3t 39 a1w+x

A B A A A 52 Addts skl E vhold Alzdlolt) o] gt
S8 Azt skl vheldol sAelth skl I HRIEe] oS
£ s o, geaArIEs g aEs 848 vk dHeoly mleld ¢
aFe] A7 HoleHolx MurE At oot FE =, o Ho
Hullo]= A= & 5 &3 HolHE 918 scalabilitys 7HsstA & &
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O]U] 711 H]O]Eﬂ wel ] éﬁ’% tolg B omA AlEZt HolHE Sdste
G2joltt. whebs SQL¥} 22 STQLolZ =3
UTH 71EARD 54 stvE, STQLS A7F
A stE 7lsste olEAAE Hosta AR
S F Ake] AzhAE g =" (lifting), A& HF4 (projection), A
(selection), ¥ &H(aggregation)?} # Zol= 3t=d o] 53| F&3tt. 29
9 & g 23 FYP2E /E(development)T THE T o] Q=] o= A7t
13 H A& & Adel 7]gkste], STQLeA 7]
Fy ®Bo 533 dF574A 7hseAl ol YA aE AAEH, IS
8 ¥ 7] (notation)oll T A= Agstar o).

o 1
s

=5
[R5

1) 4D "lolg z8= A7 : BCSAFY Grid DataBlade

Mcre] BCS(Barrodale Computing Services)AF:E < Zg]= do]E ¢
olg o]~ A B A4 el wME AME S B 2 Vlss i
Pt g&4Q 1¥l= DBMS 782 1= HolH x4 £4& @S F 3
= BLOBs(Binary Large Objects), UDTS(User-defined Data Types) % o] =g
Aol el A A= HolH EBjel AFdE el= dolHE A, 2%, J2F
+ Al 3= UDRs(user—defined routines)ol] #-$-¥t}.

a8 = HolHe FAAGAR T 2 dedh AZA = 1A FE,
2EHo]E 9} e 23, thdst AIZTERIEY w2 oju| X} Fhdeo]H <l 3
2 B e AIPERQIES mE AR 9 uk A7 o= #4349 4 4
2h9 a8 = dolEH X EwTE 7hEet Mgs 7= 53 5 thYsith

BCS7F < 23 Grid DataBladet: 439 (& 53+9) lﬂc ol E =
et s AAE, 28l= dolg o dolEuo]s A Al BowE 3] A7
=S AHSgowg FdI AEoly. o] Grid DataBlade= IBM/Informix Dynamic
Server(IDS) 9.x DBMS¥ 7] AME5 & Ao 4D 1gl=¢F 1 wetdo]lH &
A= GRDValue9t 71¥¢ GRDValueol A A 22 GRDValueE A= W
< WA= AFEEH oA = GRDSpecolgt= 7 7he] A =E HolHEY S Al
tt}. Grid DataBladeAl el o], BCS= IBM DBMSAI% DB2el A" fA}

rOr

.
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3t Grid Extender A|%& A4 /d ol

3. 4D GIS N #=3F

STEMgist A7+ 3719 43p4del A oW a FhdlolHE A4 5 gon,
A&H o Wase AAS vdds 52 B, B4 A4ass 22 A
o B8 5F PerthAlolAE 2RI op|H: #3H Qe A ¥

ZAbsk=d 4D GIS7F €89 A47F Ao o] ATl A4 = Remote Sensing
S o] &ste] 2r e WFLS AlZtstetal Atk v= BiomedwareAls 3
I A BAste] Ake] A wE FAH AR5E AZEee A2

AolE Hdstar gl

f oo N R ok
(m oo my M pob

Brain Voyager= 9% AYB A A XA =8 A Cambridge Research

Systems Ltd.)7} 7§23 4D Q8 AT EY ol X &4 zas HHslslr] B}
AATZ= UeAe] o= dHolHE AIZHA Qa9 Agfste] Alztststa gt
d 2 gt A= GeoToolKito] gh= A A gdo]Eo] Htshes MWy ES
g-8-sto] A AiLofel A9l 3D, 4D #HHATE FXst Aot "= A E Yol
g FolA @] Navy Geothermal Program A7#¥o2 FX% GeoTouch
o walux ks A Fakst 2@ xAs B golg ke ek
ol 32k} 4249 FAMH Ol & bR AZES S i
Aakat BAske] 4D 71ES $8% 4D HEAZEOIRE
TechnologyAH7} & 3kal )% Lamont 4D A 3ZE ¢

e 71 BA ARAde Y
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jd
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F gk

TimeMap2 w3t
HE 42k olgta &
W= Al 3299 23S

T
~1-
aH WAYEHE S48 5 Ut B3k

wm
v e G >

o
HE T So] AFHA W&ol 2FHo] Ak w9 IntelGI
o
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AW AEg A4 A FARAS ARA Aol weh wAg
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Z2 e NEstATh nlae] USGSE Z=AIA 9] Wy #aiste] 20004 %
Exol/ddA A WEzaA 25/ AAztiE A9 5 F 7he] A ZEH o] Ef H o]
22 MY =AAY, wE, w9 2 AHAY, A7y T w04 dd
LZAste] GFES WA= ARAAAE W S Fezgd w0y df'He ARt

B
A "oy Hlol 22 A HAFE Flolth
"] =2] PriceWaterhouseCoopers”} 7§23t CommunityVize 4D HYXJEZ AJ7F
2974 F7HE Policy Simulator 42U EZF vk vl vl Zd], FaAz Yo},
Algbat 2, At aF=gis 9 2Xoly|Ed s T UEddTEd
Multidisciplinary University Research Initiative)® XA|t) 4D AR A& 3 A
7} 3l A G- (Next Generation, 4D Distributed Modeling and Visualization)”} %
Hi 9ot o] FEdTY Hixe M A (augmented reality) B 4D S E 3 B
ds G8aA B A Al7tst Alagle] AAe 2AE g UHEE

W = el Fa vk
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Al 5 A 7TEFE ok

id

71E}E o2 Virtual RealityE =3 GIS Simulation Model= 7% Fo]H,
< HelHE DB dAANA AR FA3E ERStE AER Holi Utk 1
Z U GIS Simulation®] A <EH oz thFFo| 239442 Mo =43t
Kol A AbES e IdE vbgE A Eebe dA7F i AR S
std A HolHE ZFesiA vl SimulationdfoF sk @] glvh wEE 2
L2A, A4, ERAA To= 1 A& WU solual oy dAAA
oto 2= o W Fio] HE wA o th

y

o]

o ,ﬁ 3
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