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BIM research challenges
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Challenges

• Solve the interoperability problem

• Enable concurrent, cross-disciplinary collaboration

• Achieve design automation and optimization

• Perform design review and code compliance checking

• Enable Digital Twin Construction (DTC)

• Automate model/data acquisition from existing buildings and 

infrastructure
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BIM research challenges
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Common threads

• Cloud-based BIM services, 

• Novel model representations, 

semantic graph networks

• Semantic enrichment

• Design automation, optimization and 

compliance checking

• Data fusion for digital twin 

construction project status 

assessment 

• Algorithms and pipelines for model 

acquisition

Three key technologies

Future BIM

Graph 
networks

AI
BIM
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Applications
• Design support and/or automation, topology optimization, generative design.

• Design review, checking compliance to standards and codes.

• Building performance simulations and engineering analyses.

• Construction planning, site layout design, supply chain management.

• Digital delivery of design and construction methods directly to workers on 

site.

• Real-time measurement, assessment and interpretation of project status. 

• Quality assurance and control.

• Production control, resource assignment, material and information flow 

control.

• Safety planning and control.

• Sustainability and life-cycle costing assessments.

• Acquisition of BIM models from point cloud data, photo- and video-

grammetry.

• Facility operations and management using digital twins.
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What’s in a BIM model?

Other

information

Semantics

(relationships)

Geometry
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What’s in a BIM model?

Other

information

Semantics

(relationships)

Implicit

geometry

Implicit

semantics

Implicit

information

Geometry

Implicit

geometry

Implicit

semantics
Implicit

information

Purpose

B

Implicit

geometry

Implicit

semantics

Implicit

information

Purpose

C

Purpose

A

1. Explicit information

2. Implicit domain specific information
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What’s in an exported BIM model?

Other

information

Semantics

(relationships)

Geometry

IFC Export

When models are exported to the Industry Foundation Class (IFC) open file 

format, some of the information and most of the semantic relationships are 

omitted…..

….and thus inaccessible to generic model review systems which require explicitly 

defined parameters, aggregations, connections and other topological structures.

Implicit

semantics

Implicit

information

Implicit

geometry
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Solution direction

o A manual pre-processing stage, ‘normalization’, is required for most 

rule-based code checking routines  (Eastman et al., 2009).

- Labour intensive

- Prone to errors

o A semantic enrichment process is an alternative approach that offers 

to automate the interface (Belsky et al., 2016). 

o Previous research demonstrated successful application of rule-

inferencing to enrichment tasks (Sacks et al., 2017).

o More recent work (Bloch & Sacks, 2018) has shown that some 

semantic enrichment tasks can be performed more efficiently using 

supervised machine learning techniques.
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BIM Design review and code checking

Today’s model checking applications are capable of checking building 

models for conformance to code clauses which restrict explicit dimension 

values, but very little more than that. 

Complex, implicit code clauses are still 

beyond the scope of such applications. 

Much R&D is needed for semantic enrichment (to pre-process models for 

checking) and for automating checking of complex conditions. 

• How can we automate semantic enrichment? 

• How can we automate design review?
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Loss of semantic information

Interoperability issues in the use of BIM
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BIM modeling tool A BIM tool BIFC model

export import

IFCIFC

Eastman, C. M., Y. S. Jeong, R. Sacks, and I. Kaner. 2010. "Exchange Model and Exchange Object Concepts for 

Implementation of National BIM Standards." Journal of Computing in Civil Engineering Vol. 24 Issue 1, 25-34

Sacks, R., I. Kaner, C. Eastman, and Y. Jeong. 2010. "The Rosewood experiment — Building information modeling and 

interoperability for architectural precast facades." Automation in Construction Volume 19, Issue 4, Pages 419-432
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Semantic Content of Building Models
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Native BIM model

Object classification (type)
Object Identity

Properties
Solid geometry

Parametric geometry
Aggregation relationships 

(part of)
Functional relationships 

(connected to)
Association relationships

Parametric constraints

IFC CV2 file

Object classification (type)
Object Identity

Properties
Solid geometryexport

IFC
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Introduction

Interoperability issues in the use of BIM
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BIM modeling tool A BIM tool B

IFC model exported 
according to a 

domain-specific MVD

export import

MVDMVD

The problem is still there!

See, R. 2010. IFC Solution Factory: Model View Definition Site. www.blis-project.org/IAI-MVD/

Nour, M. 2009. "Performance of different (BIM/IFC) exchange formats within private collaborative workspace for 

collaborative work." ITcon Vol. 14 736-752

Final, S., and J. Hietanen. 2006. IFC Model View Definition Format. Technical Report, International Alliance for Interoperability 

(IAI), www. iai.international.org/software/ MVD_060424IAI_IFCModelViewDefinition.pdf.
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So what is Semantic Enrichment?
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Native BIM model

Object classification (type)
Object Identity

Properties
Solid geometry

Parametric geometry
Aggregation relationships 

(part of)
Functional relationships 

(connected to)
Parametric constraints

IFC CV2 file

Object classification (type)
Object Identity

Properties
Solid geometry

Semantic 
Enrichment 

Engine
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Semantic enrichment information workflow for 

IFC import 
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BIM modeling tool A BIM tool B

IFC CV2 model

export import

New 
facts

IFC CV2

SEEBIM
(Semantic Enrichment Engine for 

Building Information models)

Domain-specific MVD

Enriched 
Model
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Semantic enrichment information workflow for 

direct native import
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BIM modeling tool A

IFC CV2 model

export

New 
facts

IFC CV2

BIM tool B
(native objects schema)

Enriched 
Native 
Model

BIM tool B

SEEBIM
(Semantic Enrichment Engine for 

Building Information models)
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Intelligent Semantic Enrichment for BIM models will reach maturity when 

a researcher succeeds in performing the gold standard test of 

interoperability:

A BIM ‘round trip’

such that A1 = A2,  for any model A1

(the ‘Sacks Gold Test’)

Model 
A1

BIM 
modeling 

tool A
BIM tool B

export import

Model
A2

export import

BIM tool A

Semantic Enrichment
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Semantic Enrichment
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In the short term, Semantic Enrichment for BIM models will reach 

practical maturity when we can perform the silver test of interoperability:

A BIM open file format ‘save’ and ‘open’

such that A1 = A2,  for any model A1

(the ‘Sacks Silver Test’)

Model 
A1

BIM 
modeling 

tool A
Export/ Save as Import/ Open

IFC File Model 
A2

BIM tool A
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Representation of BIM data for 

machine learning applications

• Graph representations of BIM models….

• Graph machine learning

18
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RDF graph representation of BIM data
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Credit: LDAC 2019, Pieter Pauwels
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RDF graph representation of BIM data
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Credit: LDAC 2019, Pieter Pauwels

Resource Description Framework (RDF) 
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Graph representation of BIM data

21



CBIM PhD BIM School – BIM: A Concise Introduction – Rafael Sacks © 2020

Digital Twin Construction 
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Digital Twin Construction 
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Digital Twin Construction 
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Digital Twin Construction 
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Digital Twin Construction 
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Digital Twin Construction 
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BIM, AI and Construction Tech
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Projection of a partition layout directly onto a concrete slab. 

Image courtesy of Lightyx; copyright credit © So Dupont Renoux.
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BIM, AI and Construction Tech
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Image captured with 360° cameras at left and a view of the same scene in a BIM model at right. 

Image courtesy of Openspace and Lee Kennedy Construction.
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BIM, AI and Construction Tech
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Conceptual ‘House of Construction Tech’ model
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