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CONTEXT & BACKGROUND

This internship was realized in CEMOSIS.

The context of this internship resides in the partnership between CEMOSIS and
Iloomi. Working together they aim to democratize energy audits.

The goal is to create a digital twin of a building, so we can optimize its energy
consumption or at least understand it’s behavior.

We have to create this digital twin as fast and as accurate as possible




OUR OBJECTIVES

* The goal in the internship was to be a part of this larger project, and work in the
generation of the Visual Geometry. In other words, the 3D Model of the building.

* The 3D Model must come in a very specific kind of file: the IFC format. Furthermore,
we shall, carefully, decide what i1s the best method to come with this generation.
Lastly, the IFC file needs to be convertible to a Modelica model.

* It’s important that everything i1s almost automatic. Ideally, Iloomi has worked on a
questionnaire and the model should be generated only with the imputed information.






BIM & BIM Software

In the civil engineering world, they call BIM to the files involved in
the generation and management of digital representations of

buildings.

We have a variety of BIM software:

- AUTODESK & & Tekla

AUTOCAD

DWG RVT . TEK
DXF RFA

AUTODESK REWVIT Structures

BIM Software and their proprietary file types



INDUSTRY FOUNDATION CLASS

Created 1n 1995, the IFC
file allows an
interoperability between
users and programs

Format: XML,JSON,
STEP

Versions: Ifc2x3 or Ifc4

HEADER;
FILE_DESCRIPTION(('ViewDefinition [Coordinationview]'),'2;1');
FILE_NAME('','2823-07-86T16:34:24',(), (), 'IfcOpenshell v@.7.8-476ab5@6d', " ' IfcOpenshell ve.7.8-476ab5e6d',"'")
FILE_SCHEMA(('IFC4'));

ENDSEC;

DATA;

#1=IFCPROJECT('17TAgr3CPALfnvpDhMdfTu',$, 'My Project',$,%,$,$, (#10),#5);
#2=IFCSIUNIT(*,.LENGTHUNIT., .MILLI.,.METRE.);

#3=IFCSIUNIT(*, .AREAUNIT.,$,.SQUARE_METRE.);
#4=IFCSIUNIT(*,.VOLUMEUNIT.,$,.CUBIC_METRE.);

#5=IFCUNITASSIGNMENT ( (#4,#2,#3));

#6=IFCCARTESIANPOINT((©.,0.,0.));

#7=IFCDIRECTION((®.,0.,1.));

#8=IFCDIRECTION((1.,0.,0.));

#9=IFCAXIS2PLACEMENT3D(#6,#7,#8);

#10=IFCGEOMETRICREPRESENTATIONCONTEXT($, 'Model',3,1.E-05,#9,3$);
#11=IFCGEOMETRICREPRESENTATIONSUBCONTEXT( 'Body’, 'Model"',*,*,* * #18,%, .MODEL_VIEW.,$);
#12=IFCSITE('2HKa9INCj5QvoealiCsE9s',$, 'My Site',$,%,$,%,%,%$,%$,%,%,%,%);
#13=IFCBUILDING( '@Wn7nlE_X4Igl5q064Tcq7"',$, 'Building A',$,%,%$,%,%$,%,%,%,8);
#14=IFCBUILDINGSTOREY ( ' ONWGOx4fTEWBQnrLyEOPFS',$, 'Ground Floor',$,$,$,$,%,%,%);
#15=IFCRELAGGREGATES (' 2rJ5WzZPr6hweaudzd_$L1',$,$,$,#1, (#12));
#16=IFCRELAGGREGATES (' 3UImr6opDESSRQPDWtTLY_',$,$,$,#12, (#13));

Header of an IFC file. STEP format




AN EXAMPLE: IFCWALL

Entity inheritance
lfcRoot

lfcObiectDefinition
lfcObiect
IfcProduct

X (B &

73

lfcElement

D
H:
0]
IsD
De
Is
IsD

lfcBuildingElement

lfc\wall

TE—
= (

Ifc\WallElementedCa

-0

lfcWallStandardCase

Q =

Inheritance of IfcWall

PEITDIZGO
., (“I 3 )

Attributes of IfcWall
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Preliminaries

Generating IFC file Generating modelica
file

Meta data collected
from database

Generating IFC with :
IfcOpenShell BIM2Modelica Mogfglca
1
Generating IFC with
Bimeo




Generating an IFC with BIMEO

 Bimeo uses LiDAR technology to scan the room
o It produces Ifc2x3 or Ifc4

 We can edit it afterwards on the app

{

1
-

-

IE

Lidar example

Bimeo GUI



Scanned rooms with Bimeo 1n St.Georges

Office scanned. Visualization in Solibri

Cafeteria scanned. Visualization in Solibri
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Encountered 1ssues with the app

Problems with wall alignment

Cafeteria visualization with Solibri Cafeteria correction with
BlenderBIM

Problems with window distance

Visualization with Solibri

On top of the misalignment of
the walls:

If a window or other opening is
forgotten, there is no way to

add it.

Sometimes the conversion to a
modelica file is not possible
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SUMMARY

* I) What 1s the IFC standard?
* A)Definition of BIM, IFC, BIM2Modelica
* B) How can we generate IFC?s

 II) A python script to generate IFC

* B) IfcGenerator

 IIT) Results

* A) Iloom1’s house example
* B) Automatic building

13



Our python program
Tools:

* We used Python 3.8 and
IfcOpenShell 0.7.0 for the code

* GitHub for control and
management through the project

* Visualization in Solibri
Output:
* An Ifc 2x3 file

boundary.

geometry.
root.

aggregate

IfcOpenShell used modules

14



Retrieving building information:

Inputed by the user{

Used databases { -

Used data

-
-
=
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Building the Model

59 Chem. du Beulenwoerth 67000 Strasbourg

Graphic visualization of the
polygon with matplotlib

Our script will use the
retrieved 1nformation to
build a proper Ifc.

Of course, the ifc can only be

as accurate as the database
information.

Roof material

Wall material Floor material

Hollow brick Concrete slab

Joist wood
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SUMMARY

* I) What 1s the IFC standard?
* A)Definition of BIM, IFC, BIM2Modelica
* B) How can we generate IFC?s

 II) A python script to generate IFC

* A) Retrieving information
 B) IfcGenerator

 IIT) Results

* A) Iloom1’s house example
* B) Automatic building
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Location Generator

create_ifcaxis2placement(ifcfile, point, dirl, dir2)
create_ifclocalplacement(ifcfile, point, dirl, dir2, relative_to)

create_ifcpolyline(ifcfile, point_list)

extrude_dir, extrusion

create_ifcextrudeareasolid(ifcfile, point_list, ifcaxis2placement,

Model

Figure Generator

IfcProject project
Context

Body

IfcSite site
IfcBuilding building

get_building() return Polygon

get_sourounding_buildings() return Polygon[ ]

__init__(self)

Piece

-Model MyModel

- IfcSpace space

- IfcBuildingStorey Level

- Ifcwall Murs[ ]

__init__(self, Model MyModel, new_position)

generer_piece(vectors, thickness, extrusion_axis)

add_wall(IfcWall)

Element

generator
Creation of common

elements and its
geometric
representation




Example of class:

IfcSpace 1t’s one of the most important classes
and it’s crucial to the model generation

Piece

Model MyModel
IfcSpace

IfcBuildingStorey level
IfcWalls mywall][ ]

__init__ (self,Model MyModel, position)
createRoom(vectors, thickness, extrusion_axis)

Extrusion
direction

»
»
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VISUALIZATION OF IFCSPACE

Two spaces. Window at the corner hree spaces. Opening (window) shared by two different spaces.

Examples of Ifc’s furnished by BIM2Modelica.
Visualization in Solibri
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Example of code:

Now with extreme ease 1n python we can generate several
elements: Walls, opening, Windows, floors and roofs.

MyModel = Model()

walll = wall(MyModel, "walll", position = (1000.,1000.), axisl =(0.,0.,1.), axis2= (1.,0.,0.))
walll.createWall(10., 3., 0.3)

openingl = opening(MyModel, walll.thewall, (50@., 500.), (0.,0.,1.), (1.,0.,0.))
openingl.createOpening(height=1., lenght=3., wall_thickness=0.3)

MyModel.ifcfile.write("MyModel.ifc")

I

Example of code and it’s result. Visualization in Solibri
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SUMMARY

* I) What 1s the IFC standard?
* A)Definition of BIM, IFC, BIM2Modelica
* B) How can we generate IFC?s

 II) A python script to generate IFC

* A) Retrieving information
- B) IfcGenerator

 III) Results

* A) Iloom1’s house example
* B) Automatic building
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ILOOMI'S HOUSE EXAMPLE

We will use the database information
to retrieve the measurements of the
house .

Then we will use the functions we
developed to generate the 3D Model.

Test case by Iloomi. Photo taken on
GoogleMaps

23
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Visual results:

Iloomi house. Visualization in Solibri IfcSpace. Visualization in Solibri

T lloomiHouse
T o Site
v (P Building
- E'F:‘l Ground Floor
- E'El 2nd floor

L] ﬁ 3rd floor
*  Roof

_ Slab

_ Space
- Wall

Boundaries




Modelica results

The Modelica file with the thermal zone is incomplete.

Problems arrive when we add the boundaries. If we do not
put them, the model is generated only with the thermal
zone, but not wall, slab or roof will appear.

Visualization of IfcSpace on Solibri

Component Type
2 Slab Concrete Block 200 200.00 m2

We still working on the bug, and solution will come soon @ Space Boundary Undefined 200,00 m2

S5 wall Concrete Block 200 228.00 m2

Boundaries of IfcSpace in Solibri



Summary

* I) What 1s the IFC standard?
» A)Definition of BIM, IFC, BIM2Modelica
* B) How can we generate IFC?s

 IT) A python script to generate IFC

* A) Retrieving information
* B) IfcGenerator

 III) Results

* A) Iloom1’s house example
* B) Automatic building



Automation

We generated several addresses
automatically.

Elements are generated properly

59 chemin du Beulenwoerth

42 avenue de la République, 44000
Nantes

6 Rue Fizeau 75015 Paris
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Conclusion & Perspective

Generation of an Ifc file with all it’s components

Add a layer of abstraction on top of IfcOpenShell. And creating a set
of functions to generate faster Ifc with code

Automation of the process

@® Co from an Ifc file to a modelica file. Compare the results of the
1loomi report to our model

In the following days we will try to generate a proper modelica file with its
components.

And find a way to join the bimeo files with the ifc generated with code.



Personal experience

Learning:

« I feel I got a better grasp on how GitHub
works.

* The basics of Pytest

* A good understanding of the ifc structure,
and the IfcOpenShell library

Difficulties

* The lack on documentation on the
IfcOpenShell geometry model and entity
creation.

30
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