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What is Building Information Modeling?
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Definition

“Building Information Modeling refers to a cooperative 

methodology that uses digital models of a building as the basis for the information 

and data relevant to the life cycle of the building. The information and data relevant to 

the building's life cycle is consistently recorded, managed and exchanged between the 

parties involved or transferred for further processing.” 

"The core of the method is the creation of digital three-dimensional 

building models.“

Building – build environment, not buildings only

Information - The I makes the difference ! No Drawings

Modeling, Model, Management... 
Translated definition according to BMVI, 2016
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ISO19650: ”building information modelling (BIM) … use of a shared digital representation of a built 

object (including buildings, bridges, roads, process plants, etc.) to facilitate design, construction 

and operation processes to form a reliable basis for decisions” (from ISO 29481-1:2016)

https://www.ukbimframework.org/standards-guidance/

Clear definitions for the information needed by the project client or asset owner, and for the 

standards, methods, processes, deadlines and protocols that will govern its production and review. 

The quantity and quality of information produced being just sufficient to satisfy the 

defined information needs, […] Too much information represents wasted effort by the supply chain and 

too little means clients/owners take uninformed decisions about their projects/assets. 

Efficient and effective transfer of information between those involved in each part of 

the life cycle – particularly within projects and between project delivery and asset operation. 

-> Informed and timely decision making!
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First plan, then build ☺

$,€,zł
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→ Motivation #1: Optimization of Costs in the Life Cycle

Planning Construction Operation
Demolition

2 Years 2 Years 50 Years 1 Year
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technical perspective commercial perspective

XOXO BFFE 

https://www.korfin.de
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What is your perspective?

A) Technical

B) Commercial
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What are use-cases for BIM?
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https://ucm.buildingsmart.org/

- Geo-referencing in IFC

- Stake out

- Retro BIM

- …
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What are the requirements for a BIM Software?

6 point benchmark!

Hausknecht, Liebich (2016)

BIM Authoring Tools

Christian Clemen: Preworkshop Surveying and BIM classroom - Basics on BIM



#1 Model element based work with parametric

Model: Semantically structured 3D model

Semantics through classification and attribution

Geometry parameters: 

e.g. : Length, Width, Height

e.g. : Distance to wall axis, parapet height

Conditions/Constraints: 

e.g. : "Always horizontal“

Calculations

e.g. wall thickness = sum of the layers

Cmp: Traffic route construction: Linear reference systems / parametric reference to the axis, lane width
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#2 Definition of dependencies between model elements

The software can automatically adjust model elements in 

position and shape (and other properties) in relation to other 

elements.

• Example: wall intersection

• inner/outer wall

• Connecting construction parts to grids/layers

Rule-based modeling: e.g. "Window always in wall”
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#3 Logical structural elements in a BIM model

In addition to the geometric outline (3D), the building model contains further 

"virtual breakdown structures”: Classification according to spatial 

aggregation

Project

Building / building section

Storey

Zone 

Room

Logical connection with physical model elements (e.g.: space boundary)
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#4 Dynamic plan derivation from the BIM model

Automated updating of 2D floor plans, sections and views

• Standardized representation according to CAD standards

• Uniform format, layout, stamp, labeling 

and dimensioning

• Management of the plan
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#5 Creation of lists and other evaluations from the BIM model

Lists, tables, reports, ...

• Automated updating of attribute data and calculated geometric quantities (length, area, volume)

• Sensible structuring and grouping according to spatial aggregation hierarchy or component classification

• For example: quantity determination, service specifications, maintenance lists, ...
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#6 Integration with other BIM-capable software products via open interfaces

• Reuse and consistent use of the model / federated models!

• Vendor-independent data exchange with IFC (bS/ISO16739)

• Careful: This is complex, must be planned and configured!
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Are open standards essential to BIM

A) Yes

B) No, proprietary formats work much better

C) Well, it depends
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Geometry & Topology in BIM
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3D – Geometry (Use Cases)
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3D == 3D ????? 
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Solid Models

Advantages:

• Calculation of quantities

• Visualization of sections

• Calculation of collisions (clash detection)

• Better performance in CAD/BIM

Disadvantages:

• "unfamiliar" for GIS/surveying

• difficult to derive from surveying

• Accuracy, detail, deformation resistance?
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Accumulative Solid Models
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Generative Solid Models

Christian Clemen: Preworkshop Surveying and BIM classroom - Basics on BIM



Parametric Modeling

Parametric Modeling:

The most important BIM solid type !!!!

Solid objects with a given, limited set of 

parameters (length, width, height....)

Parameter values refer to the type or the 

instance

Design and management of parameterized 

components is a major task in BIM 

projects.
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Topology
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Simple definition: Topology describes the spatial relationships that are invariant to geometric 

transformations such as shifting, rotating and scaling.

Typical topological relations are 

− "is contained in", 

− "is the boundary of" or

− "touches"

Topological relations are either 

− implicit (can be calculated from geometry in BIM if required) 

or

− explicit (relations are stored in the model) 
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Georeferencing BIM

Building Coordinate System
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Georeferencing BIM

Building Coordinate Systems

Shared Corodinate System

Project Base Point Surveying Point   … ?



1. Understanding Needs

2. Understanding IFC Standard

3. Simple Level Concept (LoGeoRef)

4. (our) Software Implementation

• Extraction/Verification of 

georeferencing 

• Editing/Integrity of proper 

georeferencing

10 20 30 40 50

Read for introduction 

to geodetic concepts, 

that are related to BIM, 

use cases and 

workflows (IDM) !

Link to LoGeoRef

paper
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Reasons for different scales in BIM (project coordinate system) and 
GIS (target crs)

- Unit conversion, e.g. [m] -> [mm] or [ft] -> [m]

- Reduction of natural length (BIM) to projected length in CRS (GIS) due 
to map projection (differs with distance to central meridian of zone!) 

- Reduction of natural length (BIM) to projected length in CRS (GIS) due 
to height above reference surface (e.g. ellipsoid)

Scale in IFC:

• Not in LoGeoRef 10,20,30,40; 

• only LoGeoRef 50: IfcMapConversion.Scale

• IFC4, but IFC2x3 PropertySet defined by buildingSmart Australasia 

• But: Text in IFC-Standard „apply on 3 axis“ is not suitable, should be
changed to „apply only to x,y“ [Jaud,2019][Uggla,2018]
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LoGeoRef 50: Conversion and Metadata

IfcMapConversion is a coordinate-operation 
(transformation) from SourceCRS (close, project) to 
TargetCRS (remote, GIS/Engineering Surveying)

position: IfcMapConversion.Easting/Northing

since IFC4, but work-around for IFC2x3 
as IfcPropertySet is possible (see 
buildingsmart Australasia)

+rotation +scale +metadata

50
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Semantics in BIM
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The goal of BIM in general:

• Machine readable ( = ”understandable”) exchange of information

• Automation of validation, filtering, modification, ...

Semantics in CAD:

• CAD - graphical: expressed by color, line style, layer etc.

• CAD - alphanumeric: block attributes or XDATA

• Geodetic CAD: point code/line type/object designation/attributes
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Three theses on semantics:

#1 Not geometry, but semantic is the leading system of ordering for BIM

#2 Differences between taxonomies (semantic heterogeneity) are to overcome

#3 In BIM practice, semantics could easily be implemented using information 

technology - but surveyors need better training and an independent (semantic) BIM 

submodel ”Surveying”
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Data Templates for 

construction objects (concepts

and principles)

Expert process to describe

author and maintain properties

Data templates for 

construction objects

IFC exchange structure for 

product data templates

ISO 23387 ISO 23386 WHO ?

CEN TC442 WG4

EN17473

Data templates for 

construction objects

Data templates for 

construction objects

Data templates for 

construction objects

ISO12006-3 (IFD)        
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Have you heard of any semantic standardizations 

efforts on your national, state or regional level?

A) Yes

B) No

C) I don’t understand the question
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BIM in Engineering Surveying

1. Surveying during planning (as-built documentation)

2. Surveying during construction (staking out, construction progress control)

3. BIM and Infrastructure
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Building Information Modelling - Level of Information Need - Part 1: Concepts and principles 

„LOIN“ … acronym should not be used? …Why?

LOIN
Why?
When?
Who?
What?

LOG

Detail (simplified to detailed)

Dimension (0D,1D,2D,3D)

Location (absolut, relativ)

Appearance (symbolic, to  
realistisch)

Parametric Behaviour

LOI

Identification (Name, ID)

Information content (property 1, 
property      

DOC

Identification of set of 
documents

Identifaction of documents

Format

How? How? How ?

Geometrical Information Alphanumerical  Information Documentation
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CEN/ISO NWIP?

Part 2: Guidelines

Part 3: Implementation (XML)



Christian Clemen: Preworkshop Surveying and BIM classroom - Basics on BIM

©ScottForesman @ wikipedia



1. Surveying during planning (as-built documentation)

2. Surveying during construction (staking out, construction progress control)

3. Infrastructure
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Do you think model-based stake-out is the future?

A) No, I love points only

B) No, BIM is to complex

C) Not the future, I do this every day!

D) Yes, that is what I expect

E) I don’t understand the question
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1. Surveying during planning (as-built documentation)

2. Surveying during construction (staking out, construction progress control)

3. Infrastructure
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Similarities in the application of the BIM method with high-buildings and 

infrastrucure: 

- Working with a geometric-semantic model, 

- the model-based work with coordination models

- most use-cases:

• 3D Visualization for public participation 

• quantity takeoff

• the cost estimate, 

• the use for various calculations, 

• as well as verifications and simulations

• …
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1. Greater geographical extent than buildings

• use of a geographical reference system, and

• the consideration of the necessary distance 

reductions (mapping to ellipsoid, height).

2. Alignment. Linear infrastructure projects such as 

roads and railways, including their bridges and tunnels, 

are essentially based on the concept of alignment. 

• Description of alignment curves and the 

• Possibility of linear positioning along this axis

Borrmann, A.; Berkhahn, V. (2015): Grundlagen der geometrischen Modellierung. In: Borrmann et al. (2015): Building Information Modeling – Technologische Grundlagen und industrielle 

Praxis. Wiesbaden: Springer Vieweg. ISBN 978-3-6580-5605-6.

Main differences between building construction and infrastructure construction

L.I.H. (Luuk) Wijnholts,  AUTOMATED GEOMETRY CHECKING FOR INFRASTRUCTURE PROJECTS, Eindhoven University of Technology 
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Borrmann, A.; Berkhahn, V. (2015): Grundlagen der geometrischen Modellierung. In: Borrmann et al. (2015): Building Information 

Modeling – Technologische Grundlagen und industrielle Praxis. Wiesbaden: Springer Vieweg. ISBN 978-3-6580-5605-6.

The tools available today in the field of “High Building BIM" can only be used to a limited extent. A meaningful 

use is generally limited to the modeling of buildings. […]Programming and workarounds are often required, for 

example, to align the geometry with the route.
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Overview on new (IT) modeling 

concepts:

https://www.buildingsmart.org/wp-

content/uploads/2021/06/IFC_5.pdf
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Geospatial vs. BIM
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Differences ( selection ! ) Geospatial / GIS AEC / BIM 

Model intention descriptive prescriptive

Model creation
Few authors (commissioned data collection by 

the state or large companies) 

Many authors (property planners, 

specialist engineers, operators from 

various companies) 

Typical Products
PostGIS, Q-GIS, ESRI  

(a lot of very good Open Source ☺ )   

Revit, ArchiCAD, Allplan, Solibri, Trimble…

(lack of OpenSource )

Pre-Standardization OGC buildingSmart

Software Architecture More service-oriented (at least theoretically) 
More file-based (at least currently), 

Container for snapshots

Main „Product“ ? Digital model (data set) Physical things (windows, constr. work) 
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Differences ( selection ! ) Geospatial / GIS AEC / BIM

Vendor-neutral data 

exchange
GML (CityGML, InfraGML, Ger: ALKIS/NAS) IFC

Meta model languages UML EXPRESS

Conceptual Basis 

(Geometry)

ISO 19107 (Spatial Schema, conceptual schemas for

describing, representing and manipulating the spatial

characteristics of geographic entities. Vector data)

ISO 10303-42 (STEP) Industrial automation

systems and integration -- Product data

representation and exchange -- Part 42: Integrated

generic resource: Geometric and topological

representation

Coordinates absolute, georeferenced relative, local

Geometry-Representation Simple Surfaces (B-Rep)
Hybride Models

(Parametric, CSG, B-Rep)
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Geospatial and BIM 

standardisation
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…many working groups….

• Background

• Semantic interoperability

• Processes

• Spatial referencing

• Geometric representation 

• Joint principles for conceptual modelling

• Domain expert communication

• Product Handling

➢ Recommendations for new ISO standardization 

projects

ISO JWG 14 – GIS-BIM interoperability
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• Ability of companies and organizations to communicate and interact 

effectively within and between them (cmp to ISO 11354-1)

• The ability to communicate, run programs, or transfer data between various 

functional units in a manner that requires that users have little or no 

knowledge of the unique properties of these units. (cmp to ISO/TC211)

Interoperability
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BIM-Geospatial interoperability? 

Bildquelle Zauberwürfel: Brett Reynolds [CC BY-SA 3.0 http://creativecommons.org/licenses/by-sa/3.0/)]

Data

Service

Process

Business

conceptual

technological

organizational

federated

unified

integrated

ISO 11354-1 Framework for enterprise interoperability
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„Compendium“ on BIM and GIS 

standards

Opportunities, if interoperability 

was  realized

Recommendations for new ISO 

standardization projects

Annex with many extra info
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1. Linking abstract concepts in BIM and GIS standards 

Similarities and differences are examined in order to establish links and transformations between abstract 

concepts in BIM and GIS standards.

2. Geospatial and BIM dictionary

Mutual explanation and "comparison" of technical terms (ontology?)

3. Guidelines for information exchange between BIM and GIS 

The technical report contains guidelines for the exchange of information using open standards between the 

construction and spatial data sectors. Domain-specific aspects are: georeferencing, spatial representation 

(2D / 3D), semantic alignment and metadata. Spatial data managers and BIM managers use the guidelines 

for quality management to define information requirements, organize the exchange of information and check 

data deliveries. IT professionals receive cross-domain conceptual guidelines for designing software 

interfaces.
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Built environment data standards and their 

integration: An analysis of IFC, CityGML and 

LandInfra

Proposed actions:

[…] use cases in plain, succinct language [..] These 

use cases should include details of the software 

applications that are commonly used […]

[…] best practice document that recommends the 

use of three-dimensional georeferencing […]

[…] a shared vocabulary […] from terms that are 

already used in the standards […]

[…] common unique identifiers for real-world, 

physical objects […]

[…] collaborative mechanism for opportunistic 

harmonization of conceptual representation […]
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What are your concerns about geospatial and BIM 

interoperability?

A) Incompatible Data formats / services

B) Georeferencing

C) Diverging semantics

D) “Cultural” barriers / Lack of mutual understanding

E) hm….I’ll use the chat 
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