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Abstract Recently, scanning projects have been carried out in various construction and construction
fields for maintenance purposes. The point cloud generated by the scan results is composed of a number
of points representing the object to be scanned. The process of extracting the necessary information,
including dimensions, from such scan data is called paradox. The reverse engineering process of
modeling a point cloud as BIM involves considerable manual work. Owing to the time-consuming reverse
engineering nature of the work, the costs increase exponentially when rework requests are made, such
as design changes. Reverse engineering automation technology can help improve these problems. On the
other hand, the reverse design product is variable depending on the use, and the kind and detail level
of the product may be different. This paper proposes the G2BM (Geometry-to-BIM mapping) rule
definition method that automatically maps a BIM object from a primitive geometry to a BIM object.
G2BM proposes a process definition and a customization method for reverse engineering BIM objects

that consider the use case variability.
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Fig. 1. G2BM system component
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Table. 1. G2BM component role definition

M
©
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Name Role
Performs geometry-to-BIM mapping.
G2M_mapping provide a way to perform a
mapping workflow. In the below mapping
grammar, call specifies the mapping definition of
each subcomponent that should be called.
G2M={call*, if, begin, end}
G2M_ma *=multiple
pping call={domain, name}
domain={G2F-MD | G2F | F2B | B20}
if={condition}
condition={cp, {and | or, cp}*}
cp={left var, c-op, right var}
cp-op={'(, V', K=, H=, ==, 1=}
begin = call Indicates the beginning.
end = end of call
To define the shape semantics from the point of
view of use, we provide a method of defining
feature extraction. define geometry to feature
geo_to_f mapping, and provide the necessary operators.
meagggli-reng G2F-MD={name, footprintPlane, LCS,
definitio planeShapeFeature, setGeometryFeature}
A(G2F-M footprintPlane = Floor Plane information for
D) planar objects
planeShapeFeature = Dimension information for
planar objects
setGeometryFeature = Set geometry feature
information
geo_to_f
eature Provides operators for mapping features of
mapping | defined shapes to dimensions.
(G2FM)
feoat;;;ft Provides an operator that maps the features of
(F_ZBM) the extracted shape to the dimension attributes.
Provides an operator to convert to a BIM object
BIM to using geometry features mapped to dimension.
obi_ect_ attributes.B20={name, object™}
(B20M) object={type, parameter, constraint*}
constraint={var*}
var={name, value}
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{call domain='G2F-MD' name="plane_semantics'/)
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<G2BM name='plane-to-wall - <F2BM name='BIM >

& 5 .
<call dcn':\aln G2F TD / — =unit length="meter angle='degree format='d.3d/=
names plane-semamicsy>; oo ba o R Lo =feature geomet e='plane’ target="wall />
</G2BM > " Geometry [ | rbper oAb B 9
e ————
—
Geometry- Feature-to- .
> * BIM-to-object
G2F-MD to-Feature BIM )
=G2F-MD name='plane_semantics E { = BEO}:““ "'tat";E— B'M”°bbje‘:t :I}El 20
script='python’ = o Fastire e <object type="wall basic.w10-
<function name=define_dimension/ = parameter="wicdth=1045, height/=>
= /function= - /B20M -
</G2F-MD=> <G2FM name='plane_feature' >
=unit length="meter angle='degree’ format='d.3d/-
<geometry file="plane-1023json'>
<feature geometry_type='plane’/- ’
Process workflow - > </geometry>
Dependency T, 1 <JG2FM >

Fig. 2. G2BM algorithm process

{call domain='G2FM' name='plane_feature'/)
{call domain="F2BM' name=BIM'/>

{call domain='"B20M' name='"BIM_object'/)
/G2M>

5. G2FM QLEX}
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GZFM(Geometry to-BIM Mapping) 7+& 42| o
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{G2F-MD name="plane_semantics  script="python’)
{function name='define_dimension")
footprintPlane = footprintPlane(geometry)
LCS = footprintPlane.LCS()

dims = planeShapeFeature(geometry, LCS)
for d in dims:

setGeometryFeature(geometry, d.name, d.value)

{/function)
{/G2F-MD)

el
3o

=

£ A5z WS U QAL et
ek

G2F={name, unit, geometry*}

Zo]

ES
unit={length, angle}
length=length unit
angle=angle unit
geometry={feature}
feature={geometry type}
dims={dim*}

dim={name, value, type}

o] A= XML, python®t 2+ st A8 715
3t FAoE #@E 4 Stk

{G2FM name='plane_feature’)

<unit length="meter' angle='degree’ format='d3d/)

{geometry file="plane-1023.json")

{feature geometry_type='plane')

{dim name='width' type='real' value='10.254'/)

{dim name="height' type='real' value='3.532'/>

{dim name='PCA' type='complex' value={(0,0,1),
(1,0,0), 0,100/

{/feature)

{/geometry)

(/G2FM»
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Table. 2. G2F-MD operator

Operator Input Output
{dims}
dims {index | name} d%msz{dlm*)
(dimension | index=number dim={var_name, var_value,
s) name=string ,[Xar_ty.pe]}
=multiple
[J=option

{geometry {footprintPlane}

Lcs) ’ footprintPlane={planeCoefficient
footprintPl Los=local , origin, heightVector}
ane coordination planeCoefficient={A, B, C, D}

system origin={x, vy, z}

heightVecgtor={vl, v2, v3}

{geometry,
planeShape footprintPlane}

Feature constraint(geo | dims={width, height}
metry.type ==

polygon)
geometryP dims={basicVector}
CAFeature fgeometry} basicVector={vl, v2, v3}

{geometry,

name, value}
setGeometr| name=dim none
yFeature name

value=dim

value

5.2 BIM HH

F2B={name, unit, feature*}
feature={tolerance, if}
tolerance={length, angle}
if={condition, BIM}
condition={cp, {and | or, cp}*}
cp={left var, c-op, right var}
cp-op={'C, ', (=, D=, ==, 'I=}
BIM={type, parameter}

o] AAR}= XML, python¥} %
o P02 ndE & Uk

(F2BM name="BIM)

<unit length="meter' angle='degree' format='d.3d'/)

2o T

(feature geometry_type='plane’ target='wall’)
{tolerance length=0.05 angle=0.1/)
Cif condition="source.width » 10.0 and source.width

(= 20.0%

(BIM type='basic.wl0-20' parameter="width=

mod(width, 0.05), height'/>
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/ify

(if condition="source.width <= 10.0")

(BIM type="basic.wl(Q' var="width=10.0, height'/)
/ib

{/feature)

{/F2BM)

A5 &40 Wud A B2 o33t
AARE 53| BIM object® WHEECY

[e]
e

B20

B20={name, object*}
object={type, parameter, constraint*}
constraint={var*}

var={name, value}

o] AAkA}= o&3t o] XML, python¥t -2 T}k

o A8 7Ms3t P4los wdY & ok

{B20OM name="BIM_object’y

{object type='wall.basic.wl0-20' parameter='

width=10.45, height'>

{constraint)

{var name="height' value='storey.height'/)
{/constraint)

{/object)

{/B20M>
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Fig. 3. S-commercial building scanning and results
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Fig. 4. Geometry segmentation from 3D point cloud

Fig. 5=
A, v,

oI 2%H 42 ol83] RevitolA
A4 AR A5 WY Arpolct.

Fig. 5. BIM model from geometry

241

A BIM B A7) e H £YHE e &
ol vls) EH2olglct. thek, W AA9] HAZ] 5 &
FA FeEroA o7 o] JiAlel Badke &
AATE. T, ol A HlolE oA S wEdt
EAloIt.

-11—*

£ 4

N

as

9} a4 5@.5&@5, T2 715k
BIM ZAIE *@*30}71 A AARE F Yot
npxjako 2 ARkt B2GM 7H é% Hlgo g 2 EERQ]
< st axe} IAE sttt

IEEEAE 59 S*P%Hj g Adsta Ao R
HEHE HolHAlS ARESl HIAES HSIT o]E B3,
BIM B ZAA7HA] = o FUH 22 5210 4
o AT 1T 4 AT

TFE, A HAE AHE H 16| s aaE
=z, @ﬂé Bees & o JiAdstaL, |

% o ot A

AE

==

=

References

[1] T.W. Kang, “BIM-based Smart Facility Management
Framework for Existing Buildings”, Review of
Architecture and Building Science, Vol.62, No.6
pp.37-42, 2018.

S.S. Lee, SW. Kwon, “A Study on Optimal Laser
Scanning method for Reverse Engineering at Interior
Remodeling Project”, Korea Journal of Construction
Engineering and Management, Voll.5, No.3, pp.3-11,
2014.

DOI: http://dx.doi.org/10.6106/KJCEM.2014.15.3.003

[3] T.W. Kang, J.E. Kim, T.S. Jung, “Study on 3D Reverse
Engineering-based =~ MEP  Facility = Management
Improvement Method”, Journal of the Korea
Academia-Industrial Society, Voll.7, No.8, pp.38-45,
2016.

DOI: http://dx.doi.org/10.5762/KAIS.2016.17.8.38

T.W. Kang, “System Architecture for Point
Cloud-based Reverse Engineering of Architectural
MEP Object”, Korea Jjournal of Construction
Engineering and Management, Vol.2, pp.1-10, 2014.
DOI: http://dx.doi.org/10.5762/KAIS.2014.15.9.5870




Fate71&tel=g Al #1208 A10Z, 2019

(5]

(6]

(71

8]

J.E. Kim, “Large Point Cloud-based Pipe Shape
Reverse Engineering Automation Method”, Journal of
the Korea Academia-Industrial Society, Voll.7, No.3,
pp.692-698, 2016.

DOI: http://dx.doi.org/10.5762/KAIS.2016.17.3.692

T.W. Kang, “Study on 3D Image Scan-based MEP
Facility Management Technology®, Korea Institute of
BIM, Vol.6, No.4, pp.18-26, 2016

DOI: http://dx.doi.org/10.13161/kibim.2016.6.4.018

J.H Chae, J.Y. Lee, “Definition of 3D Modeling Level of
Detail in BIM Regeneration Through Reverse
Engineering - Case Study on 3D Modeling Using
Terrestrial LIDAR”, Korea Institute of BIM, Vol.7, No.4,
pp.8-20, 2018

DOI: https://doi.org/10.13161/kibim.2017.7.4.008

KR. Jung, B.D. Lee, TH. Kim, “Engineering
Construction With High-Precision Survey Equipment
(3D laser scanner, 3D photo scanner, drone)”, The
Korea Institute of Building Construction, Vol.9, No.1,

pp.133-134

§

4 Bl S(Tae-Wook Kang) [R5/

* 20009 34 : SIS Ade

&5t (ﬁ‘#ﬂ}*})
- 2010¢ 6¥ ~ 20114 5¢ : &%
& o Adus

\4 - 20114 69 ~ 20124 6% : 32
““"((l ) ofolE] BIME:Y
'HH] \\{ - 20124 79 ~ @A) : F=AL]

£A7Y A7

(FAED
CAD, CAM, BIM, GIS, Computer Graphics, SW33}

242



