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A Study on BIM-based Facility Management System Architecture

Development considering the heterogeneous solution data integration
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Abstract The purpose of this study is to develop an efficient BIM-based FM(Facility Management)
system architecture to integrate the heterogeneous solution data related to FM. The heterogeneous solution
data can be an FM system, asset management system, or facility sensor database systems, as well as files
created by a modeler.

In this study, we define the consideration for the external heterogeneous data integration related to
BIM-based FM and propose the methodology. To implement it, trends in related studies were reviewed and
general use cases of BIM-based FM were derived to develop the architecture for the integration between
BIM and the heterogeneous solution data. The component architecture was designed to implement the use
cases, and the schema was developed for the prototype by using the proposed architecture.

Keywords : BIM, FM, integration, interoperability, architecture
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Table 1. Facility Management Process Phases

(KICT)
No Phase | Sub-Phase Actor
1 Issue rasied / Confirm Facility
2 Maintenance Request User
3 Work Planing Facility
4 Site Check Manager
Work Place Document
/ Structure / Records Check .
5 . Archive
(ex - Drawings, Reports, Manager
Office files etc) g
6 MIS Maintenance Work Facility
Records Check Manager
7 Subcontractor Facility
Cost Estimation Request Manager
Work Plan Review
9 Site Check FM
10 Related Documents Request| Subcont-
/ Review ractor
11 Cost Estimation
12 Cost Estimation Review Facility
13 Work Payment Request Manager
Admini-
14 Payment Approved strator
15 Agreement Admini-
strator
16 Working
17 Results Review FM
18 Site Check Subcont-rac
19 Work Review tor
/ Results Submitted
20 Results Confirm
21 Results Review Facility
Results Document Manager
22 ..
Archiving
23 Results Notification Facility
Manager
24 Bill Payment Admini-
strator
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Figure 2. Facility Management Excel Data [8]
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Table 2. FM data considering the user role
U
No ser . Information
Perspective
Facility, Storey, Classification Code,
1 Model . .
odeter Object name, Object GUID
User Manager, Space No
3 Owner Manager, Space No, Space area
4 Manager Date, Space area, Space pe.rimeter,
Space  volume, Space height
Floor maintenance = {Floor finish,
Partial repair, Repair rate, Date}
5 Sub- Wall maintenance = {Wall finish,
contractor | Partial repair, Repair rate, Date}
Ceiling maintenance = {Ceiling finish,
Partial repair, Repair rate, Date}
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Load BIM Objects in the viewer from BIM Server

Select the Facility Object in the viewer
\
Query the Data of the Selected Object from FM Database
|
Represent the data in the viewer

Figure 3. BIM—based FM system Use—case
Diagram (UML)
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Table 3. BIM—based FM system Use—case

Description
No Use-case Description
| Login FM BIM Login FM BIM Server to
Server access FM database

Execute ETL to
import the data
2 from the
heterogeneous
solution data
Run BIM-based
3 FM Viewer
Program
Decide the Role |To use the facility data, decide
4 |depending on User |the user role depending on the
Account account
Load BIM Objects
5 |in the viewer from
BIM Server
Select the Facility
6 Object in the
viewer
Query the Data of |Query the data of the selected
7 |the Selected Object|object to FM database of the
from FM Database server

Load FM database as
extracting, transforming the
data for the heterogeneous

solution data integration
related to FM

Execute the BIM-based FM
viewer by client user

Load the BIM objects from
BIM server

Navigate and select the facility
object to check the FM data

Represent the data on the

Represent the data . . .
viewer properties windows

in the viewer
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<<PK>>-Object_GUID: string
-Name: string

i

Space

<<PK>>-Object_GUID: string "
~Classification: string Object
-SpaceNo: integer lk~* _Object_GUID: string
-Name: string -Name: string
-Manager: string ’
-Storey: string
-SpaceArea: real

N

SpaceChangeRecord RepairRecord
-<<PK>> ID: integer -<<PK>>ID: interger
-Date: string -RepairObjectType: integer = {Floor, Wall, Ceiling}
-Area: real -RepairMethod: string
-Perimeter: real -PartialRepairYear: integer
-Volume: real -RepairRate: real
-Height: real -Date: string

Figure 9. BIM—based FM Database Schema

AAE 7 ElolE] Al W82 Table 491
FM Hlo[EfHo] 2 2= AEE de] HHou 27
of e} vz HlolE gajolut £4o] v = 3o
B2 oo Bt AlAagle] ZhkE|ojof gtk i ATkl
A AAEkE dlolEHo] A T2 dnkstd A=
de] HHom &EH7] A7 HHoR T B
U= 9 o]7]F HlolElE o9 Al BIM ZjA¢} A7)
Al713L ‘S dbehs W e AlAE] f1 5Hos &
7InkE AR AYS Rtk

Table 4. FM Database Schema Scription

No Table Description

1. Object_GUID: BIM object GUID of
1 | Building the building

2. Name: Building name

1. Object GUID: BIM object GUID of
the space

2. Classification: Space Information
Classification Code

2 Space




e, A
No Table Description
3. SpaceNo: Space ID
4. Name: Space name
5. Manager: Manager name
6. Storey: Storey name which contains
this space
7. SpaceArea: Recent space area
1. Object GUID: BIM object GUID of]
3 Object the object
2. Name: Object name
1. ID: Primary key of this table
2. Date: Change date
Space )
4 Change 3. Arqa. Spa}ce area
Record 4. Perimeter: Space Perimeter
5. Volume: Space volume
6. Height: Space height
1. ID: Primary key of this table
2. RepairObjectType: Repair object type
such as Wall, Floor, Ceiling
5 Repair | 3. RepairMethod: Repair method
Record | 4. PartialRepairYear: Facility repair
duration(Year)
5. RepairRate: Facility repair rate
6. Date: Repair date
14 ATAE o}y e
B ATe} g ARE el Aol 283 7
T HAFIVES =Es) B vt Pk

1. BIM H-o]: BIM7|4¥ A HE AA 5L 8=
2 A|Ztate] galslal dlolE & EelE 4
BIM7|4F o7} g sir,

2. BIM A8: BMZAA AKXZE sk vzt 4
Q3}}

3. FM dlo]EjH|o] X FMS 3 AHE 5§35l
H e dlejg o] ~7t HQ 3ty

4. ETL AXVE: FM t]o]g]s]o] 2 27]njof| ubA|

ETLA 2] & 38l7] 913k HEHUEVF dasirt

Y0, g,

e |o

SO
s

o5 fal o|7|F &£FA tlolE
Talend ETL 2 Z4A2E 83 Ay 23S
o} 324 F7toll A 2 BIM A1 S EAEkaL 7}
AlBkE A Yshr] 918 2F 42220 OpenCASCADE
9} Orge3DE ©|-&% BIM Folg &8st FM A
tolHE gR1E & A== gt} 7]E BIMAHE €
Abo] Eoll A a7 H'TSH QFEA2Q] Struts Z#H| Y
95 g3ttt olef AAE FAXUE op7|H A= o}

| Fig. 103} #v}.

313

Pase

32

<<Viewer>>
BIM Viewer

=

<<Renderer>>
= Orge3D

<<Mesh process>>
OpenCASCADE

<<web service>>

v
BIM server <<MVC>> <<External Data>>
- Struts e KICT FM Data
T T ~
| | S~
v RN
<<Query engine>> <<FM Database>> <<ETL>>
Query FM DB Teland

Figure 10. BIM—based FM Component
Architecture (UML)
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Table 5. BIM—based FM Component description

No Stereo | Compo- Description
type nent
In the BIM viewer developed
in-house, IFC geometry is
. BIM | visualized by mesh processing
! Viewer Viewer | using OpenCASCADE, and
attribute information is extracted
and shown in the property set.
Ren- Mesh processed results in the
2 Orge3D| IFC geometry information is
derer
rendered.
Open- Parsmg Fhe geometry
3 Mesh CAS information in an IFC file
process | ~\ e received from the server, and

processing it by mesh.

Using FM server, BIM server,

and ETL module, information

BIM BIM interoperability between.

4 server server heterogeneous systems is
supported, and SOAP-based

Open API is supported for

exchange with the viewer.

Struts is an open-source

framework, which supports the
Model-View-Control pattern, to
assist BIM server management.

5 MVC Structs

In a database where required
data from the external
heterogeneous solution

6 FM Data- FM DB
base

From the external heterogeneous
solution data, required data for
user is extracted, transformed,
and loaded into the FM DB.

7 ETL Talend

It is an 9 4l-based DB for FM

used for this study, which was
created by the Korea Institute of
Construction Technology.

External KICT

Data
Data
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User Role
Role: Facility Manager % /.
Property Value
ID; manager r ‘ s

Password ;@ Space No 1121
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Login G

r Facility Manager Role

Property ‘Va\ue
| » | Generalinfarmation |

g | Classificafion [FEEAZT
| Mame LEEEE

‘ Space maintenance ‘
=] | Date [2mm.m
Date 2011,01,01
Area 1785760
Perimeter BEETT
Yalurne 583109, 40
Height 3300

Facility Subcontractor Role

Property Value

Floa finish | TR e
Partial repair [Flocr] | 10
== F\D«:;rep;\r_rate i 15
—— / Date [Floor] 1997.11
WaH finish &(%Eﬂ'ﬂé
Bartial repair [Wall] o
- .—/ Wall repair r-ate-
E— . Date [Wall] 1997.11
Object Ceiling finish ToomEEEA
Properties  Jperisl repsit icefing
WindOW Ceiling repair rate
ShOW the properties Date [Celling] 199711

of the selected object

Figure 12. FM Prototype System based on
BIM—FM Platform
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