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Three questions that keep you awake at night...
- What business model to choose?
STRATEGIC

How to build what we design?

How to manage uncertainty in complex production?

OPERATIONAL
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Over the next 5 years, we think the further integration of
digital systems will change the answer to these questions



Daniel Hall Irfan Custovié

Assistant Professor Phd Researcher

-i:;u Delft Architecture and

the Built Environment



for InfraStructure Projects

— Freie Universitdt Bozen 4 ra F] EINDHOVEN
I_I_‘E:;::‘EEI::E’F':E‘?“ o unibz bib_era Universita di Bolzano T U D e If‘t MZur‘l Ch T U/e g:é:inosll:gvasp () eUroTuBE



Smart factory digitally represents the physical manufacturing

S m a rt systems, enabling a bi-directional flow of data for advanced

planning, simulation and on-demand production

Mobile factory can be described as a distributed production
facility...

®
M O b I I e — Composed of reconfigurable and mobile production systems

— That facilitates the adjustment of production capacity and
functionality according to on-site conditions

How should smart mobile factories be designed

Fa Cto ry Q to supply infrastructure projects in an economic

and environmentally-friendly way?




DemoTube test track facility

near Zurich, Switzerland
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Smart Mobile Factory
for Infrastructure Projects




Tackling operational challenges

with digital systems



Digital systems for actionable insights in IC

What is happening? Why is it happening? What will likely happen?
: *>
Descriptive |[[ron A Diagnostic O—Gb Predictive
1T o—




How can we
develop / download / install / implement
a
solution / app / software / digital twin

that will provide these insights?



BIM model

Assembly schedule

Product catalogue

Equipment logs

ERP software

Raw material certificates
Quality management software
MES system

Central project server

loT sensor readings
Webservice with weather data
Custom-made scripts

Logistics documents
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A Descriptive analytics  What is happening?

A1
Application scenario Solution
= Production and assembly processes = Development of a modular IT architecture covering factory and site systems

can diverge from plans due to

: . , . = ,Plug and play’ connection of multiple digital systems
disruptions or execution variability

= Continuous monitoring enables timely
action and reduces costly delays

Visualisations &
Applications

Challenge

Semantic core

= Each discipline runs its own siloed
software, formats, and data stores

Data storage

= Creating an end-to-end, trustworthy

view is slow and labor-intensive Sensing




A Descriptive analytics  What is happening?
L1

Implementation example

Visualisations &
Applications

Semantic core

Data storage

Sensing




A1

Implementation example

Visualisations &
Applications

Semantic core

Data storage

Sensing
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m“A Descriptive analytics  What is happening?

Start Freigeben Ansicht

€ v

Name v Anderungsdatum Typ GroBe

New Folder Dateiordner
[] Aggregate.prefab PREFAB-Datei 5KB
[7] Aggregate.prefab.meta META-Datei 1KB
R & w (&) AlphaTube_Concretefbx 3D Object 63K8
L ‘ e | . ‘;%_.r g || AlphaTube_Concrete.fox.meta META-Datei 3KB
M \ \ r’;y"g [] AlphaTube_InnerFormwork.prefab PREFAB-Datei 4KB
w1z o o Y AlobaTubs InneFarmwork orsfab. META-Datei 1K8
SMFAINRFA_V1 > fieldLabSensor > PREFAB-Datei
D 0 ggregati Schema  Indexes 0 Validation DR s ke

Planes _SetView  Display Sel

Stnded | C
DeEarXh0~d +25%8

o~ ® | Explain Reset | m
sensorid: " p

CRIIXIVXD ( exPORTOATA - | (/ UPDATE ) ( DELETE (25 v]1-250f432 & <

® tatami

sensorid String  sensortype String unit String  payload

CREDE~ O
Srasel &%
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Descriptive analytics

What is happening?

L v >

Implementation example -

Visualisations &
Applications

New Folder

Aggregate.prefab

Aggregate.prefab.meta
@) AlphaTube_Concrete.fbx

AlphaTube_Concrete.fbx.meta

AlphaTube_InnerFormwork.prefab

Alghalube | £, kprefab.m

Semantic core

Data storage

Sensing

SMF4INRFA_V1  fieldLabSensor

Documents 0 Agg
@app.get(” ri, )
o~ LinkMaterialAndProductionTask(materialTD: : str, linkType: b

1inkType:
strType = "INSERT"

strType = "DELETE"

spargl_update = strType +
‘

materiallD

.post(url= p , data=spargl_updal

@app.post

Visual graph

astingTask 2

MatenaiBatch

astingTask 2

astingTask.2:

consumed

completed

rebarBatch_06

astingTask 2

) SMFAINFRA




Descriptive analytics  What is happening?

Start  Freigeben  Ansicht

Implementation example CEXL] o By -

Name v Anderungsdatum o Pipe_339A-55S Elarment O
ik Pipe_B92D-65W ~— Blomect D
New Folder b Pipe_B33G-84D . Eloment ID.
b cn e
Pipe ID o e Pipe_313A-53E Element ID
pipe_01 m— Yes e Pipe_519D-74T |
] . ] o Concro B Yes
V | t & o Installed on time
isualisations =Rl
. . C4459pU
Applications e
p p Pipe Segment Task Tool Sensor Start Time End Time Max Temperature Min Humidity C4459pU
pipe_01 segment_01 castingTask_01 mould_01 3.9.2024, 15:00:00 3.9.2024, 15:05:00 No No
pipe_01 segment_02 castingTask_02 mould_02 3.9.2024, 15:05:00 3.9.2024, 15:10:00
pipe_01 segment_03 castingTask_03 mould_01 4.9.2024, 15:00:00 4.9.2024, 15:05:00 No No
pipe_01 segment_04 castingTask_04 mould_02 4.9.2024, 15:05:00 4.9.2024, 15:10:00 No No
pipe_01 segment_05 castingTask_05 mould_01 5.9.2024, 15:00:00 5.9.2024, 15:05:00

.
S e m a n t I C C O re pipe_01 segment_06 castingTask_06 mould_02 5.9.2024, 15:05:00 5.9.2024, 15:10:00

pipe_01 segment_07 castingTask_07 mould_01

pipe .01  segment 08 castingTask_08 mould_02

pipe_01 segment_09 castingTask_09 mould_01

Outputs Produced

pipe_01 segment_10 castingTask_10 mould_02

response

Data storage

response. status_code

Production on time

90 %

@app.post(
process_reques

Machine Breakdowns

1

Quality Issue Rat®

3%

Sensing




®
o-(i}® Diagnostic analytics  Whyis it happening?
o

Application scenario Solution

= Defects can silently propagate = Knowledge graph-based reasoning across products and processes

through modules and assemblies

= If root causes aren't quickly found, I
i e Froduc
they can cause plenty of rework, 3 P

delays and budget overruns ; e i ACBuildersine | - e
: t /7 . L
:PO_99097 i manutactures :Manufacturer =

/ \\
1
:ProductionOrder !

Challenge ;

1

N

B _/" :usesFormwork :Product

1

» Product histories and process logs

I,' :producedin
. . . . . . \ 4
live in unlinked silos, blocking quick, P0_99104
data-driven answers when :ProductionOrder correspondsTo [ all §-43
. 1 ‘Wallg1163 | ___- o7 :PrefabElement
Somethlng goes Wrong :producedin ,/’/ :Product
el -PO_991140 e ol Wall 8-46
:ProductionOrder N :Wallg1163 | .- :PrefabElement
‘producedin :Product :correspondsTo



® -
o-(i}® Diagnostic analytics
@—

Solution (Technical deep dive)

During onsite installation, the prefab elements
Wall LevO-LocA-D and Wall Lev2-LocH-H show
the same type of defect: chipping at the edges.

Is there a common process
parameter for both walls?

Running a single SPARQL query
can provide valuable insights.

Why (s it happening?

Root cause analysis X P

1
2
3
4
5
6
7
8

9
10
11
12
13
14
15
16

PREFIX smf: <https://www.smfainfra.net/publications/ontology/=

SELECT DISTINCT ?prefabElement ?manufacturer ?productionOrder ?formwork
WHERE {
# the prefab element and its supplier
?prefabElement smf:hasDefect "EdgeChipping" ;
smf:suppliedBy ’manufacturer ;
smf:correspondsTo  ?productionOutput .

0¥ & 08

# the manufacturer that produces that prefab element
?manufacturer smf:manufactures  ?productionOutput .

# the production order in which the element was produced
?productionOutput smf:producedIn ?productionOrder .
?productionOrder smf:usesFormwork  ?formwork .

; |
ORDER BY ?prefabElement

17
keyboard shortcuts
prefabElement manufacturer productionOrder formwork
smf:Wall Lev@-LocA-D smf:ICBuildersInc smf:P0O_99097 smf:Mould_M12
smf:Wall Lev2-LocH-H smf:ICBuildersInc smf:P0O_99104 smf:Mould_M12




Predictive analytics  Whar wil likely happen?

Application scenario Solution

= Dynamic internal and external factors = Digital-twin based simulations that are continuously fed with real-time
affect operations regularly and contextualized data

» Manager’s must continuously detect = Results can be visualized flexibly:
potential process bottlenecks and = Key performance indicators (e.g. throughput, machine utilization,
coordination clashes buffer sizes)

= Virtual 3D view for intuitive understanding of process flows.

Challenge

= Simulations are promising, but
currently run mostly in isolation

= They lack data on live resource
availability, learning curves and supply
chain fluctuations




STRATEGIC

TACTICAL

Descriptive: Real-time integration requires modular, interoperable systems

Diagnostic: Automated reasoning requires semantic understanding

Predictive: Requires mastering interoperability and semantic understanding

OPERATIONAL

The role of integrated digital systems



Tackling tactical challenges

with digital systems



Cloud Manufacturing

= Networks of Manufacturing Cloud Manufacturing

Platform

= large scale _
Intelligence

= service-oriented
o N\

» highly collaborative

» knowledge-intensive Consumers Providers
Customized production Distributed production
requirements resources

Result: Dynamically configurable manufacturing supply chains

Custovig, I., Cao, J., & Hall, D. M. (2023). Cloud manufacturing for industrialized construction: Opportunities and
challenges for a new manufacturing model. Journal of Infrastructure Intelligence and Resilience, 2(1), 100027.




Pool of standardized process modules

Cloud Manufacturing A EANDKB|
AN

configuration according to requirements

Factory

= Networks of Manufacturing
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Result: Dynamically configurable manufacturing supply chains

Image Source: Rauch, E., Matt, D. T., & Dallasega, P. (2015, March). Mobile On-site Factories—Scalable and distributed manufacturing systems
for the construction industry. In 2015 International Conference on Industrial Engineering and Operations Management (IEOM) (pp. 1-10). IEEE.



Cloud Manufacturing

Cloud Manufacturing Platform
for Industrialized Construction

Standardized requirement > @ Comprehensive ﬂ\ (Q\) Manufacturing service
?=]  definition process knowledge management <>  encapsulation
: ol Intelligent service Service definition
Birt file Matching .. matching & quotation Task re?ofrac[e l.;lzfgfus

results

& production _________________________ dispatching
progress update e
_____________________ o Cloud operator(s) e N
‘ . . \ ( Manufacturing g
[ Desired construction | | Manufacturing resource
: products | | resourees pooling
|
1 | 1
I @—r0 !
i - : ==\ payment | Jo“ Real-time service
. u: Mol Y BNGE - (<<I>>) time sery
! PI[F il ! > I — == monitoring with loT
1
I | T
/ 1
Architects < F] difr stz
Product delivery manufacturers
_______________________ [T el
General contractors Ve @18 @ elghE]
fabrication robotics
N J
Consumers Providers

Custovig, I., Cao, J., & Hall, D. M. (2023). Cloud manufacturing for industrialized construction: Opportunities and
challenges for a new manufacturing model. Journal of Infrastructure Intelligence and Resilience, 2(1), 100027.




Cloud Manufacturing

+ KOPE

Supplier
Selection

Supplier
Selection

A ACME Inc.

$11,440

Access the largest database of prefab ! ARSI L ‘ -
manufacturers worldwide. Choose the best I 3@
1812440 o B50d 2Tt

supplier based on price, delivery time, and Leat o
environmental impact, ranked to fit your =

project.

Jothlink

MANUFACTURE
INTEGRATE




The Next Generation of Configurators

Clients, Planners, Architects

g,

testfitio

tf ‘ Archistar

Cao, J., Bucher, D. F., Hall, D. M., & Lessing, J. (2021). Cross-phase product configurator for modular
buildings using kit-of-parts. Automation in construction, 123, 103437.




The Next Generation of Configurators sUsTalner

Command: |

—= «.home

QL) Gt @

Intelligent : =

Globsl @

City

PROJECT DATA

HOME DISTRIBUTION

Command: |
Perspective [ M
c ® 2
Project | Buider Tools |IFC | Display | Settings
Buiding Elements Editor | Project Count | Geometry Generstor 5
© [ Enabled
Tyve Aghta  Coun
o Name Code St StepNa Defauk Bo Geometry
Gevelfoie waterke £7- vel-F Prefab- 1 Mesh &
Mesh
Mesh
Mesh
Mesh
Mezh
21 Plafond Prefab- 2 Mesh
Glaswolplaat Tcé EP-000303-0001 6 Gevelisc 1 Meh
Glaswolplaat 70x6 EP-000303-0001 6 Gevelisc 1 Meh
Glaswolplaat 70x6 EP-000303-0001 6 _Gevelisc 1 Meh
Glaswolplaat T0x6 £P-000303-0001 & _Gevel e 1 Meh
Glaswolpleat 70x6 EP-000303-0001 6 Gevel isc 1 Mesh
Glaswolplaat 70c6 EP-000303-0001 6 Gevel mc 1 Mesh
Glaswolplaat 70c6 EP-000303-0001 & Gevel ssc 1 Mesh
Glaswolplaat 70r6 E9-000303-0001 & _Gevelsc 1 Meh
Glaswolplast 70u6 EP-000303-0001 & Gevelsc 1 Men
Glaswolplast 70x6 E9-000303-0001 6 Gevelsc 1 Meh
Glaswolplaat 70x6 EP-000303-0001 6 Gevelse 1 Meh
Glaswolplast 70c6 E9-000303-0001 6 Gevel i 1 Meh .
B3 ©

© 0223 1> Glaswolplast 70xE00mm




The Next Generation of Configurators

Clients, Planners, Architects

{ !

!

Architects, Engineers

> 3D Modeling > Model-based Analysis >

Intelligent syUstaIner

i City

«home

!

Engineers, Manufacturers

14 Mar 2025



Tackling strategic challenges

with digital systems



3 New Business Models

Spinoff Factory Vertical Digital Systems
from Tier 1 Contractor Integration

Integration
e
L Components

+ Little change to business
+ Structured learning process

projectfrog:
Full-stack integration

+ Capital-light, industry 4.0
+ Speed to capture market + Agile development
- Slower implementation

- Capital-intensive

Longer co-creation process

[E35 S m
Hall, D. M., Lessing, J., & Whyte, J. (2022). New business models for industrialized construction. Industry J:

ol g

Iy P

: ‘_._;'__

4.0 for the Built Environment: Methodologies, Technologies and Skills, 297-314. @] tlf:r'



Future Strategy — Localized, Mobile Production Cells

=
. :




- Mobile and Micro Factories: Localized and Automated Cell Production

STRATEGIC

/
ﬂ:l Cloud Manufacturing: Dynamic configurability of supply and demand
Next Generation of Configurators: Integrating from planning to fabrication

TACTICAL

Descriptive: Real-time integration requires modular, interoperable systems

Diagnostic: Automated reasoning requires semantic understanding

Predictive: Requires mastering interoperability and semantic understanding

OPERATIONAL

The role of integrated digital systems



Thank you
for your attention!

Parts of this work is carried out within the project

bl

Smart Mobile Factory
for Infrastructure Projects

i
il
===
and was kindly supported by the

Swiss National Science Foundation (SNSF)
[grant number 204852]

]
TUDelft

Scan to connect via LinkedIn:

Daniel Hall

Irfan Custovié
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