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Abstract The aim of this study was to suggest the System Architecture for Effective Architectural MEP Pipe Reverse
Design(PRD) based on the Point Cloud and derive the consideration. To do this, the requirement and use-cases related
to the MEP pipe reverse design work were defined and the architecture for the reverse design automation was
proposed. To identify a consideration for finding the architecture issues, a prototype was developed using the
architecture and evaluated.

Key Words : Design, MEP, Object Reverse Pipe, System Architecture

1. M2 %, 20129 % Tl Al ERE Aok A2 3% 5000

o] do g AMEE AT A & 19¢ A 150074l

A8A 7e2 AEE 7 HE R AT T FAS A 470072 3= ksl o] & 944 7%l I
Al AdEE FE BDFNE FESL A SAME oz AL AlEER AlxE sty AREE A
g RAgshs Zlgelth A 71E2 AEE/IEA AgrrE 20206 680009 o ol AEITHL 3199
FARE/ED, ZEH(Modular) A&, AlE 715 5ol A9 H2 947 7% e ¥y Fevold 2 8
sk A4l Vo)) o= V)& AAHE T A% F ZzAEs) Q3] Tule] 49 201236 SAF uk
B FARE R AAE AR SR/ FHoR A8 944 =4 34S BIM(Building Information Modeling) 2.2
ool S7hd olfeolth AldE FARE AT B Arsiuia, 44 e @ 99 ol f= 7]E Y A

B ATe dEaA7ledT 20149 FOAI(1E AEEY] E84Q) fAREE 91 1A% MEP AA 947 7]s 79
AuiA Lol o8l A

Correspondmg Author : Tae-Wook, Kang(Korea Institute of Construction Technology)

Tel: +82-10-3008-5143 email: laputa99999@gmail.com

Received May 22, 2014 Revised July 3, 2014 Accepted September 11, 2014

5870



PGSR

gl

E_?_]a—

=

7% MEP mho|Z A A4A A

18

bl

anAel ZE Zaes v

TR OH T M A
L Hroupou] e =T R M| e
oo TN AR %k,ur_EOTJDmOEw&%%
B = o oL = ™ N muonﬂVquOQ-oﬁ_i
FEITE &R zo;a%wﬂﬂmzwde
G e T a_ﬁﬂ%ELaohﬁﬂo
ﬂﬂﬂﬁﬁﬂi%ﬂ% %%@51_z¢§.moﬂ%
.......... 7 ! do 4 z (o
T %ﬂ.%%%w}omm%ﬂ% 017rmam%wm§%ﬂzuz
Al 58 LR S gﬁ@%z@sz%Awﬁﬂ%
] =5 €5 - < i L = Ny L -
L e 28 < W7me.ﬂj§mﬂ%mw& E?MWE@@WV%ﬂ%
et 3 £ 38 Ki ﬂmeMTE%%mm%ﬁw_ &%ﬁwﬁjﬂﬂoﬁ%w%mﬂﬁ
Eal S 8 o c 3 o o W o O N = v o = =& % ,o|ok1_|.|_:
v g “ 5 Q Q9 l° o o) r :
g < e £ S ii00 ot 8 WOE o M_. o W Nhrm R~ = 7# % ﬂ_ﬁm_r = ﬁ_ .1_Jo| -
& 5 - ° _ B I - 2 = 7 0 = I 5 xo
— [£a kvl g Lo H | Eljlﬂ%uoo ° g = 5 u,o|7_a.a K R
T |82 £ Y & sl %H?%%ﬂ%&@ mﬁ%wﬁﬂ_-m_zfa_biém
e 5 L NG A ®E 8T pETEwm T Y g w
28 (82 | < g1 lecl 2 8 =T e e gl g o mﬂm:a%zﬁﬂz%%ﬂ
g2l |2 2 mnvm.m = . 3@507%%%ﬂm% . ,m;m%_#}o%a_a:_bxﬁg
=2 5 e a (V|38 5 ™ %a%%ﬂ_ﬁaﬁoﬂﬂﬁ].%droﬁvluﬂu,ﬁz_a%ﬂaﬂw%z?%
2l |5 s 53| 5 %MW@aeﬂﬁo@%ﬂ&ﬁoﬂwmﬂﬂﬂﬂiﬁﬁmnmm
o = ] B ~ ‘O %O N o ‘_ud Y o gl iy T oo N o B
£ < il G e do I
E § - ﬂ.m%%mim,um.ﬂmﬂnwrﬂ%@wmﬂﬂmﬂ%ﬂﬂz
8§ = @m.z_ﬂ%ﬁ,_u#% N il % oo T R OB o
3 . ~o o O#E o o ﬂE JL Er.c T EE X
o T 8o w oW = E B
i /V\ﬂEa037 a
L _ =
G = B A vl
> o CUNCS: T roon oy W ) o oo
= =y = HIdl”a; le — 7ﬂ.nmu‘_,mq oo .mﬂole
R Lurﬁqwdm S ey oATE %ﬂ_sﬁmi_zgmu4vﬁ§
g% N 2 o ® gy z . L R M = B oo W N w
e TEEAw LaZsE T Ao oo Y e T
Q o Zﬁ —~ # oR ~y =X N —_ . K~ E.ﬁ %) W plo
SO ) o o © h m <0 o% HH o o o X oo B o X MM g o El
1%&.2 T: TN R P WH D \.._Alolﬂ O#E Qﬂ],_l_/ﬂl_l ‘_ﬂ.ﬂﬂ”\vm_l U. o O#EMIIO. X
g5 SN T U A T e R Hur%aﬂarlﬁxarﬂ
H%%M%)ﬂrg? B ﬂx%__ﬁc £ 7EJ%§%M¢¢E%N§
b __LMUE_,g.mff%% S RO oy v = ﬂqﬁﬂoﬂaﬂ%ﬁ%ﬁ@
= W 3 A g = N o J " o0 P PR o
Koo R — B O OW N T = o e = _
JvML iy ™~ O#E =) = — | ™~ o ‘Hol Eo n Z.L frorst 1 e oF ,;Io_l o0 N ™~ o=
VAI y,.ﬂ miJ %o ,.Muﬂ LT < .|LE B lv_Al,m_l E_M _l_l d_ﬂﬂ_p_AIeE ﬂ_u‘.kl,mv_lﬂ_OInh-
A e gy d T ool e Bl %ﬂiﬁwﬂugﬂmgfi
ﬂﬂ%ﬁimﬂwﬂl LT as T ooy X 5o B [ BE 2T
H;amw_m%m%ma ﬂmg%m_mdr.ﬁz_%y N N o Aol R S
X0 mu N E=I N Aoy T RIpLi- MR = B = ™ 10 A
SE1LE IEY: TEEITGYeT g nElspzedre
alz_a,gow_Tm%%%dr.WLox %Hﬂ%PWW ﬂzoﬁaﬂhwaﬁﬂ%ﬂn%.
ER) BET MY TR TTTET T s 2T ETHE TN
wr_%&%ae.wewxn?g%%t_/%m_xﬂEﬁT e ﬂﬂﬂﬂ%mo_ﬂmm%%%
ey 4 ~ o - B ~ _ -
%zmo»%zL.Q%AMAT%MO%POQMOEWW %Pﬁ%kmwﬂumm%meﬂ.
%o o A o, % oA SR P A ™R W T e R A
X g mLD;vmoﬁﬁﬂﬁ; .ém% o A T
< o do ol 5 WE T B o oy W
w2

AFe AR ol wepld Qpsel e,

5871



ARSI Eee =R A5Y A9F, 2014

Laplacian smoothing 34 O]%ﬂ Hh-al o] A29]= ]
o TAIE el 4 %

o
e o] HAS 483 g,
[ex

U] HA AT Thol = A 9] Pl AU F
g FF UHo] Yot} Edh o] X giio] E:
E 2l A7t toln, w51 A A JdaEE A
o o] A itk

2 AT E G AEske fla, Alzsld] "
o 9 AMES Aojstal, 941 1S MEP Jo]x 7
A EAZ AL F e A2E ol HAE Aokt
o} w3k 22 EER]) NS B8 G4 Vs 5
N Ag &3S i)

41 71
A5 MEP 2] 4427 71=e] dnb]l #4) 552
Fig. 29} 2tom, 2] 2% MEP 947 dlelg #5, ¢
A7 Elele Ma A ARA, A B 35 S
T B 7o) 49 A HolE Bolrt &
H|Z BE 858 ¥IAE ZeH9-& flojglo)t) A =
g8 53] siMe IRIE FH9EE FEH d4s
FEaa, A $4 ARE 9Y 9 AAT S Yojok
gk

Point

Cloud
Data ]&, hape

Architectural MEP RD Data Pre-
processing

Architectu u
N1, ral MEP @
el o T

) <: vy

o

Architectural MEP
Object RD Generation

Architectural MEP
RD Data Acquisition

Architectural MEP
Object RD Model
Acquisition

[Fig. 2] Architectural MEP Object Reverse Design(RD)
Workflow

4.2 HM =2HE SE FHo
A% MEP 24 <
Table 13} 2ro] Az€

5872

[Table 1] Architectural MEP Object Reverse Design(RD)
Detail Workflow

N . Automatic

No Sequence Description Level
Point cloud | Obtaining the point cloud L
Ul acquisition | from LIDAR, Total Station, |~ 1Omate

2 | Preprocessing Erasing the point cloud error | Semi-Autom

and noise. atic
3 Aligning & | Merging the point clouds. Semi-Autom
Merging atic

Segmentation for groupping | Semi-Autom

4 | Segmentation . .
g the point clouds. atic

After segmentation, filtering

_ Post- . . Semi-Autom
5 . the point cloud to improve .
processing o, . atic
it's quality.
6 Recognizing | Recognizing the shape such | Semi-Autom
Shape as a cylinder, plane etc. atic
. Calculatir th h
Validating C B}Ang © shape .
7 . recognition error and | Automatic
Shape o
validating it.
. i h j such .
Generating Genera‘gng the -object ?uc Semi-Autom
8 . as a pipe from the cylinder .
Object atic
shape.
9 Allocating After creating the object and | Semi—-Autom
N Properties allocating the properties to it. atic
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1.0btaning point cloud 2.Filtering a point cloud

3.Point cloud Segmentation

wgnizing a shape from the segment

5.Validating a shape characteristics
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[Table 2] MEP Pipe RD Class Diagram Element

No Class Description
1 PointXYZ | 3D point structure which consists of X, Y, Z.
2 | PointNormal | 3D normal vector
3 PointCloud | 3D points container
4 Segment Point cloud segmentation results.
Ualues[ 1
5 Database Database to manage the point clouds, shapes, Vgl oy . 7 values[0]: 0.46158
e objects and reverse design algorithms. : i 4 : 3:;::2{;} ?fgﬁgﬁ
N ~ < values[3]: -0.0925346
6 Shape Shape base class. s ponsr values[4]:  0.0375976
. . . . values[5]: 0.8983911
7 Cvlinder Cylinder is represented by a point 1, point 2 ualues[6]:  0.0187431
’ and radius. [Fig. 7] ) d Cylind
- i Prototype Development an inder Extraction
8 Plane Plane is represented by A, B, C and D. 9. P P y
Results (Left=Input, Right=Output and Cylinder
9 Object Object such as a pipe.

Parameter)
10 | PropertySet | Object’s property container.

Property is represented by a name, type and

1| Propery | O ZeEee B9 A9 A3, Tew 2o $Re 3
- X : o3k 2= 0]
Algorithm container to manage the object vE T MM
ReverseDe- . .
12 signProgram mapping rule sets and reverse design
‘ Algorithms, 1. RANSAC®] 5747 B3 ZQE 2ehe=9
13 ObjectMap—pi Object mapping rule set for mapping shape to 7 _c,>_ oﬂ © H] o le Xj :-a—l,‘él' 7ﬂ jq_o] = Az E‘] =1 _5[1 =
ngRuleSet | object.
. . . . . as
14 ObjectMap—pi | Object mapping rule is represented by Rs —(ﬂ— ]—
ngRule | equation. 2. 9ol o] Elbowl Branch F-iol tjgh " g
15 ReverseDe* Reverse de51gn' algorithm  container to 7} o o]-E}
signStrategy | manage the algorithms.
EAF O] Al A] o)X= T3l o.Q Ak A
16 Filtering | Filtering algorithm implementation class. 384 QA A FolHe Tk S8 gl wet A
17 | Segmentation | Segmentation algorithm implementation class. ;g 2 %]-9—7 } 9)\‘:]'
1| Sekeletoni- | Skeletonization  algorithm  implementation 4. &% IE S99 A AYE] $57

19 RANSAC | RANSAC implementation class.

‘ o
zation class. 01 2|1
7}

20 | Recognition | Shape recognition implementation class.

| V[ b o o) g il 0, e 4 08
2| Report | Validation results. B ow A7t 7hs st
2We] g ¥RIE FEhe-=o] Wl 33, Wl
54 TZEEIY g U JHM™ =& A WS sk deel wrlshe Fis FESY
B G| AE TREEQS s 2oz zoky  Elbow, BranchE Al 4 gl
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