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The Recoginition of Pattern of Shape and Composing the Graph Topology of Sketch
Drawing Element for the Automation of Earthwork Quantity Calculation

L - LmA

Kang, Tae-Wook - Kim, Bong-Seok

Abstract

The purpose of the present study is to suggest composing the graph topology of sketch drawing element and the recognition
of the shape pattern for the earthwork quantity calculation. The algorithm which can extract the topology element such as ver-
tex, edge, face and establish the relation between each topology was developed. The model which can define earthwork graph
and recognize the shape pattern of earthwork was presented. As a result of the study, the shape pattern of earthwork that can't
be calculated by existing earthwork calculation program could be recognized as expanding this model. The earthwork shape
recognition automation using the graph topology model can be applied to the automation for the earthwork quantity estimation.

Keywords : earthwork, graph topology, shape pattern, automation, shape recoginition, algorithm
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2" 7S F839en, Karimi(2007)7F E7gollA]
o] BIAAS sl HA N AE Z2 v 7S A
83l B IEAle] H4 RdS AAISA

AT 1@ Ay BEFEel i iR die EY
T B T 54 EFPE gk RS olu Edols
o] TAH AlEF oY 22 $XxJg] ot} AW AFA}
= A =HeM AleE THel £ ko] AudAy =

T 3o Tl AEY HES)

¢

ol Al BEF
K AJES GapHos 253}

T TRE v Aola, =2 oA vl 3 &4
< o]&dl A EF FRHENK, AYd 5) H wxHA
b 55 B AEEEE MEEHERE BEF AEA] A5
HePF gk 745 o] Brbssial, dEEe =89 =
o] §AlE Ae] A3 8ER] koW EF 5 S
ool XA =t} 7= RD20003 £e T2 IWEL
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3. Jefl= 2o md 72N

3.1 2= gA =g

AR Shis) FUMEE BE CADIY Fej w
=v], CADHLL 4] 7)) =8 (entity)53} =Fel th3t
Aoz AP Izl AMgshs =89 FHe
line(Ad), arc(E), polyline(@2)0F FHHER B A
oM EAZS 18] 7] el linedt arc2 Eafa
HZ _,;53}1,:_ st =8 &£48 A3, glolol(layer)
= o] 3oz Are Yewolx FE,
Fzsjot Wt

HE, w47 ge B B ol golE

TFEHS FY W AV =39 S 1YY FH,
28 (linetype), #|°]o(layer), 47 (attribute)S B3 E

T ERT F EF 0B PP 4F 39 19 |
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2 ool Y A Gl olge wmAlga BT 5
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pavement

Ax EFFS AEste 3L =9 ]’\1 7zt 9%
(topology) @S A28l % FE F=l, AR, dlo]
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rdslslr] fsiMe WA AR A BA e B
TFES 1 Y 7= AP F Qlojof s &
98 ® TdZ ST EE ook 2ol vertex(A)),
edge(2AE]), face()Z T, vertexe edge’} Y=
AHoF FoJ=r, edge= line, arc, polyline?} 22 24,
=4 =3 Fejol =3o] 7R £4ES IR faces
edge=® ST HolH, edged] EH &4S ©]83l ©]Eol
Aold 4 3tk sl edgeolld FHY s BAS
aydo g 4=38517] s 23 29} 2] Baungart(1975)7}
AAE IR ol A(winged edge)T-FS EFE3 HlolE TA]
2 (half edge) 25 AME3I7IZ 31T

o] Iz P FERE niBOE EF FRRIES
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v={(e, p)|EI7IEZE FH3tAlo| &3 edged] HH FH3E

x, ¥)} )

e=(Vs €prew Cnexts fefis @)
eprev=0% previous edge, e,q=e% next edge,
Srer=e2] left face
s={|vertexS HHOoZ M7 AAH edge?] HTH (3)
f=(e, n)
n=topology element®] name

gc=Geometry Condition Operator
={g|5*o1F base topology element®] B}Z o}z)jo]]

A= element} @
={g|5°1%] base topology element2] H}Z $]o]]

A= element} )
={g|5°1% base topology fo] ¢t E3l=lo] =
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tCeonsisn={t| T attribute a2 EFsl= element} (7)
1e5eq= (1| 70131 attribute a= vr‘*i;,‘:n} 1, a9l ¥

A9} ghol dAEE f, s} (8)
1Cioucn ={t|F7°1Z] topology elementol] 13202
HlZ A% element} )

AE wd £, t53 go] Aofd 4= qtt
Agrouna= "layer.ground”
asoliq="linetype.solid"
Qgesign™= "layer.design”

Agiruer="layer.structure"

Sground™= 1€l (ICconsist) (Aground) Ceonsist (Asolid) } (10)
Jeur= £ geveton (Sground) N(ICconsish Addesign) I tCconsist (Gstruct))}
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EE=E/ DT YA o el . nge
=3 s - o 4 e playme TRE EZES
Vertex, Face
Edge [ 3=
2E 24 24
IHE H9 &)y

J8 3. EH0M 2= 9l 2Y 9% sEE

Alole] AAREL edgeZ HHHM, edge2 ETZAA U
= Fat2 face® TAEO] Qlofof githk= efmoltt. o]F A
Ydo] FA3E Follok edgett faced] HAT EFS BRI
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MuF Ateold] BRE ek A w9 FARsIt Zivle
BAEE FAY w AU Al AHg FAE W71, =
43t ARE BTAIE AAT veF 5Y 7181 91x)o)
A=} A7) Juhd o]y daglEe FHEE 4 Stk
FAE o) AdEs AL ARG 950l Holdl| tigh
ok AHEL Zlo] A2ogel "olA] ok Jivle 1
SAES FHAREE] BAEPEA ARE g AEe
3ol HEEo] glom SHEL) siu]e] Er|e} BEAR =
vertex® T3, I Alo] HEE edge® XHE 4 Ut
edgee MW7} BAE] Whe A2 WIS 19 &
Qlojok Ft}. TP EE half edgeTXE DT edge®
SRl GG faceZ AJHT o3t $F S4B &
AS graphe} B3t} o] FES AFSPH graph 94
S 7T o v 22 ARge] Hasitie AS &
I Atk
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AR, FE wiAl

she] AR2= 3] edgeZ EEHE o gt

A, 54

shte] ARole sig TN F2E thEdAdol
o] ojof gt

AR, A4

She] vertexoll AZE edgeE BAY, edgeE ET
AR faces A& 4 SdojoF dtar, I Wie] BAE

7FeslioF gt
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i

TS APehe =8 (Entity SetllA 2 ePde 43
e daglEe vt 2o F o gEk daelE 33

< 8l crEAoR Fe9) A TEsh

A, vertex, edge I A4 74

Y3 oAM= 24 T AN vertextt EA3oF =
AFAFS ESfjok St} edges vertexES X 4 o
oF gt}
void MakeEdgeList()
{
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for(Entity = EntitySet.begin(); Entity != EntitySet.end();
Entity = EntitySet.next())
{ /=R =3 (Entity)S 3.
Entity.GetPoint(ptl, pt2);
=S T ARE B8
Edge = Graph.MakeEdge(ptl, pt2);
/1FRES o183l 4AE 7He Edgedd
Graph.Add(Edge);
/1A Edges 1Rl F7}

}
Graph::MakeEdge(pointl, point2)
{
Vertex] = FindVertex(pointl);
/e Hygg g 529
Vertex2 = FindVertex(point2);
1338 95
If(Vertex] == NULL)
/7Y 3do] glohd Folxl 2t
Vertex] = MakeVertex(pointl);
17335 A4
If(Vertex2 == NULL)
Vertex2 = MakeVertex(point2);
Edgel = MakeEdge(Vertex1, Vertex2);
/12 54 o183l Edges A4
Edge2 = MakeEdge(Vertex2, Vertexl);
Edgel.Sym = Edge2;
Edge2.Sym = Edgel;
Return Edge;

=AY, face 134 74

face?ITEE AAPL A5, TEl AEFAHA S5 W
At7] f8ll FAEA] 2 Edges B3] 9gh 533
A = 13 SeedEdge IS IHAE BRAEX]
W edges FATCH(12W 2) BA o ZAIE el
edgedll mark(FEA]) $43S TS S} JoinEdges &
R A WA gare]FolA ThEolRl = Yiela] FoiRl
edge et e vertexz vaIR! ol gt edged TS 9w
3} SortEdges 3 JoinEdges FEH edgeS2 vertex
vie ZIE0E AAWEe R HEs YgS 9wt
ClockwiseEdges A& SortEdges J&olA A WA edge
£ ou|gitt
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ERIE]O] face® SEF edge= mark® T

SeedEdge= {any e|e.mark=TRUE} (12)
JoinEdges(e,, v;)={all e|e.vertex] =v;, e #e,
e.mark= FALSE} (13)
SortEdges(e;, v,)={all e|JoinEdges(e;, v;) W] edgee=
TR AAME Y (14)

ClockwiseEdge(e;, v,)= {first e|SortEdges(e;, v;)} (15)

Graph::MakeFace()
{
BeginEdge = Edge = SeedEdge();
/1 VITAZ el 4 A Edges &
while(TRUE)
{
If(Edge == NULL)
break;
Edge.mark = TRUE;
NextEdge = ClockwiseEdge(Edge, Edge.Vertexl);
/151 Edges} Edge®]
If(NextEdge == NULL && Edge == NextEdge)
//Vertex 15 083}
break; //ClockwiseEdge3iollA
Edge.next = NextEdge;

//Edges L=t
}
Face.edge = BeginEdge;
return Face;
}
olFal A= o8] = ¢} mde FAER= I
A Z o A3 Jer) ®E a9 49} 2o,

4. =2 HEH TE oA % Fol

4.1 el oHE Q14

e g welo] Tgslo] Aok, ke slet
Qs Py 2o o8] A A facel )54
T & ok N 25 9957 2ae ol JRd
nfe} o] 9 7e] Atk(operation) = O R Aol 4 glo
o], shele] FgElol AAE S (elemeny HF A e
R gcs} 2 FAE

=K a_-»
I =gF=,
Il ! b
I
I I
g::h C||d
I 1]
1 I
Il _.e;f,”‘:“-:-,.\'..
[ e i T
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A={e|gcntc} (16)

ge= 54 faceZt Y Q1Y 24 F 718} F3(geometry

condition)S YH3el= A At} 78t 2L facedl &

A &4 polylinedl] oFfiol] A=A, fddl A=A, 54

face®] Qtell X o] =R T ekt 2s st
=

o tee 54 faceZt WY QA2 =7 718t =3
(topology conditionys THEsh= A Aefsi}, 78t 271
faceZt THE faceS}t a4 A=A, £ A4S 7K 3

= edges9] FPXAES WEAY TAK(sequence) =71
sl A

teollX edge SAES] Jd2A9 A0S Adshs A
< e Y 2ds veo] g dEs A o vl
83 3t} o B0 HE FH 9" F EHup] dEe
B3] faceS T8 edge®] AR o7 edge®] £AT
oo} B2 FAEAS wEESlof g

slope m:v 0.5

slope <0.2
and length <2.0

J2| 5. E{I7| Z0| 2m@l E{It7| SHEHe} THEH

{slen(slope<-0.5, slope<0.2 and length<2.0,
slope>0.5)} (17

i, AE Fe) AEe edgedide] RPN NS
QA & 5 ek ok e FEM EAl] sPske
A3z gelolr.

Sexec =

ground and linetype = solid

N~

design and linetype = solid

J2 6. HE EAL EEfet fH

Jeuwr= N tCoonsise (Mayer.ground™) Nt eonsise (Mlinetype.solid™)
NV Ceonsist ("ayer.design) M 1c ousis("linetype.solid")}
(18)
ZZ(topology condition)s 573 facedll H3IHEA,

by

O Next edge & 24 %| & base vertex



opdz] HArlsle Q1A ek A4k(touch operationy> X7
(pavementy?} o] 7o) Fo = o] FHE| 2o

23 93 . o] S ol8el E sl
23] 1 floll H3k FAFES AR AT F o

(&

Ol

)
f2(718)

a8 7. =& Helet miH

Jsubbase= {1 E N tCiouen (1)} (19)
4.2 el T8 Mo 2d0f

FH Y Q1A e 2SS FAsHA HYE &
A== xml(extensible markup language) 7]WFe] I E
Aol A9l e Y Jo] dof(shape pattern define
language. ©]3} SPD)S 7Nt 7181814 27 (geometry
condition)?} 9|4+ ZFZ(topology conditiony> TR} o]
S (function)® X H3IH M, xml 402 XA

<SPD>
<predefine>
<polyline name = "ground">
<tc.consist>
e.name=="ground" and e.linetype=="solid"
</tc.consist>
</polyline>
</predefine>
<define>
<face name = "cut.ea">
<gc>
below("ground") and (above("design") or
above("structure") or above("pavement'"))
</gc>
</face>
<face name = "fill">
<gc>
above("ground")
</gc>
<tc.consist>
e.name=="pavement" or (e.name=="design"
and e.linetype == "dashed") or (e.name ==

"structure”" and e.linetype == "solid")

</tc.consist>
</face>
</define>
</SPD>

o] SPDYIoYE £ AFE 3l /dE oME B3 sl
Ho] gz ¢ ZdoA el sf¥l(shape patternyS 7
A3 A48H= Z7(condition) AR Z ARS-ET)

4.3 gElf oHE oHE E[XsSt
718} ZZ(geometry condition)® ¢4 FZ(topology

condition)® 2 AolH ey} UX|F= facelt edges B4
e AL FES 718k axHALE
section operation)?} 73 3241 R A ALK(string statement
parsing & matching operation)°] EZET B AFoM=
e A o)A HA T Axk(micro-operation)o A 4=
Y e sk 18 7 Sl Ad(statement parsing)A]
oju] s AdPA| S (execute planyS 7N st &
A3t o] siXE wie oAl A sfAEA A v 7H-’H
o AdE fiF £l gk dAAYS AEEst ¢
(operation)ys FSF=E alGAt. HEgt 7let 2w <
T3 ds NS flEl AR ER(quad-tree)S ARESE B3
Q1) (spatial indexing)2 33 5A edge7lE
(above), o}l (below) A} e Ak 3L H X331
t}. ©]& UML(unified modeling language)s ©]-83l Z
2 tolojasiow FHs| B 19 99 At}

I 134, 2= J,]X-lgl. xqq. 5= H|w3 Eo]u]. E:Lau

WS Microsoft Visual Studio VC++ 2005019, €~
Ex I8 89 & iR E o]83] Intel Core(TM)2
Quad CPU Q6600(2.40GHz)©]™ 2GB Ram, window xp
Z2HMGoA 33Tt

2K geometry inter-

J8 8. HAE gtz

o] AAE 3 13 £ 20 YERAIOH, £ ==t
5 3R U ©8S 353 edge®} face 1T
7} RS FAskE 919 HelEl SPD (ol ol83) ¥
S BRshe 2 A7) DAl tigk AAIRES on]gitt

7} Qo]

&jgosﬂ

E 1. HuEGEE E 27 Z=st ©. A2 11000 =)
Al 34 =y = Edge 174 74 Face ¥ 74 oY Q1A AR A QAIZE
1 0.0 63.0 15.0 125.0 203.0
2 16.0 47.0 15.0 125.0 203.0
3 15.0 47.0 16.0 125.0 203.0
B 52.3 125.0 203.0
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I 2 H|mEEFE] I8 27 Z&st £ A2 11000 X)

A1E 34 =3 F= Edge ¢ 74 Face 91’ 4 T8 Q1A A A QAIZE
1 16.0 15.0 16.0 31.0 78.0
2 16.0 15.0 16.0 31.0 78.0
3 16.0 16.0 15.0 31.0 78.0

Bt 15.0 31.0 78.0
Vertex
0..% -first
SpatialIndexing Face
0..*
Graph
RuleEngine
? 0,.*
— PatternRule =
Optimizer 0..* Condition
E - =N
+parsing()
<<create> > /
-cache
ExecutePlan GeometryCondition| | TopologyCondition

8 9. el i 2F Z[XS}(pattern matching optimization) 7+

5 =gl "I}

Ajke Hdlo] {8435 ERIs B7] 9f8ll, SPD ddoiE
olgsl YWkl HE EF o]E4 9 (naming)et o}z AA|
AARE SR 2=Eo] AR Fhke dAS} 22 st
ol gt EF e sjES 7|3} 27 (geometry condi-
tiony?} P ZZ(topology conditionyS SPD o] 2o
2 Aojste, = ¢ 2l Rke g QAE & Qe
2] g8 Bkt

HE EFE oo}l 22 gc(geometry condition) tag}
tc(topology condition) B L(tag)S 7}Ht}. te.consiste =
Welth, AE BEFL 78 2SR layer(®HE)0] AWEA
Hr} ool a1, 91 2HoR JAo] 2T} M A,
5 FEEE ekl FHIE AYE 4 ok
<define>

<face name = "cut">

<gc>
below("layer.ground")
</gc>

<tc.consist>

#30% 2D - 20104 3H

e.name—"layer.pavement”" or (e.name="layer.design"
and e.linetype=="so0lid") or (e.name=="layer.struct"
and e.linetype=="solid")
</tc.consist>
</face>

</define>

109} 2tk

J% 10. EE ES
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o g ARk} e R 99 Juuse] 4A
of tigk B e el sPDUE a3t o] Aejst
Aok 718k 232 ARtelgel dar, o 2L FEREH
Ao g Fepi]l 4o R Hapru HelerlE Q4ske
2 ST}, 270] QAR faces 1 11, 129 2.

<define>

<face name = "Excavation">

<gc>
below("layer.ground")
</gc>
<tc.consist>
e.name =="layer.struct" or e.name=="layer.ground"
</tc.consist>

</face>

<face name = "Refill">

<gc>
below("layer.ground")

</gc>

<tc.consist>

e.name=="layer.struct" and e.name=="layer.ground"

</tc.consist>
</face>

</define>
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