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L. Kirner, M. Zdcklein, J. Oraskari, C. Kamp, F. ClaRen, S. Brell-Cokcan
A Aoosely Coupled Observation Processing and Data Exchange System for Complex Teams of On-s i t e

Constructi
Robotic Fabrication in Architecture, Art and Design (ROBJARCH) 2024 Conference, Toronto, Canada, 2024.
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Introduction

EConoM Research Project (2022 -2025)
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Motivation

Oberservation 1:

Open BIM and Linked Building Data (LBD) applications are
mostly focused to fix interoperability issues in the planning phase

A Accessible, structured knowledge offers huge potentials in
active construction processes on-site

Oberservation 2:

Barriers to on-site adoption due complexity and a lack of tools
and applications

A On-site personnel are typically unfamiliar with Semantic Web
technologies (e.g., SPARQL, RDF)

A Tools and interfaces require setups (e.g. laptops) that are
impractical for field environments

Approach:

Develop a user application that allows Natural Language Access to LBD for on-site use based on
Retrieval Augmented Generation (RAG) and Large Language Models (LLMS)
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LLMs and RAG

Retrieval Augmented Generation (RAG) enhances the capabilities of
large language models (LLMSs) by enabling access and incorporate
information from external sources like databases, knowledge
graphs, or document collections before generating a response.

AVhatisL B D ? i An fashion, LBD refers to the classic "Little Black Dress"
AWhat insulation material is 6 asimple, elegant lg}%gsdr %GSeF%i”v%do‘?ﬁed a staple in
plannedforwal I A?Ai P women's wardrobes
>

»
»
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Large Language Model
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Tested RAG Approaches

Approach

Advantages

Limitations

Vector Database with
Data Embeddings

[16]

Supports intuitive semantic search for un-
structured knowledge [16].

Effective for retrieving static information,
e.g., from document repositories.

Ineffective for real-time or dynamic data (e.g.,
machine states).

Frequent re-embedding is required for up-
dates; it is computationally intensive [17].
Development experience hindered by lack of
repeatability and traceability.
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System Architecture

User Interface Layer

User prompt User prompt + 1ns¥lsgi:ons T User response
i intent annotation
Instruction query Data Data context context Response
Allocation > Retrieval > Augmentation > Generation
Layer Layer Layer Layer
A gﬂaif?ﬁztgﬁgg Ilri];te?rt)mrf? ﬁé@jlﬂiﬁﬁﬁfgﬂﬁﬁ !;Ii ; T PR &Y /RB MR Ne d RAiaEDsmtpioangitert, descriptive and
UESHOE Bl Qfalbases ! A Hanotdipr sources like MQTT Qe RO response for the Chat GUI

A Extracts Parameters thaiqoateindasieribedyiepesiahiniblicanpdugsdhat asdiieshunide, show in table)

with parameters

A Implemented using custom Python code a%\apErgrigﬁg‘s the use?%%gr with retrieved data to prepare a

7AA5) RO b Edlerds hdi®es can hg, ¢RAPIREH: (ript Lt[:),/g'IL'L(R;'Jery with
additional FILTER Statement)
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Basics
Web Interface
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SPARQL Query: | Get All Walls v

PREFIX opm: <h Choose a predefined query
PREFIX schema:| Ggt all Walls

PREFIX props: .de/props#>
PREFIX bot: <hi Get All Windows

PREFIX omg: <h

vl

PREFIX beo: <h Get All Slabs dingelement#>
PREFIX ioc: <h] Get All Beams
SELECT DISTINCT ment

2SubProcess ?sul Get Properties of Element {
?Process ioc:ha T

rdfs:label ?Processname.
?PStorey a bot:Storey;

bot:containsElement ?Element.
?Storey props:name ?name.

?name opm:hasPropertyState ?LVL.
PLVL schema:value "Level 2".

PElement a bot:Element;

omg:hasGeometry ?Geometry.
?Process ioc:hasChild ?SubProcess.
?SubProcess ioc:hasOutputElement ?Element;

rdfs:label ?SubProcessname.

}

Y

Toggle Query

““ .

htips /iww econom one#Process_7b7032cc-b822-417b-9aea-6429195d6693
hitps:/iww.econom.onef#Process_7h7032cc-h822-417b-9aea-6429M9506693
hitps:/iwww.econom.one/#Process_7h7032cc-h822-417b-9aea-642919506693
hitps://www.econom.onef#Process_7h7032cc-h822-417b-9aca-6429f95d6693
hitps://www econom.onef#Process_7b7032cc-b822-417b-9aea-6429f95d6693

hitps://www. econom.onef#Process_7b7032cc-h822-417b-9aea-6429r95d6693

ConstructionProcess to create Level 2

ConstructionProcess to creale Level 2

ConstructionProcess to creale Level 2

ConstructionProcess to create Level 2

ConstructionProcess to create Level 2

ConstructionProcess to create Level 2

hittps /i econom one/wall_e21226ef-c42d-4907-9a61-46644e152770
hittps:/ww.econom.one/wall_e21226ef-c42d-4907-9a61-46644e152771
hitps:/ww.econom.one/wall_e21226ef-c42d-4907-9a61-46644e152773
https://ww.econom.one/wall_e21226ef-c42d-4907-9a61-46644e152776
hitps://www econom_one/wall_e21226ef-c42d-4907-9a61-46644e1527d2

https /W econom.one/wall_e21226ef-c42d-4907-9a61-46644e1527d3

https:/iwww econom one/#Process_e21226ei-c42d-4907-9a61-46644e152770
hitps:/iwww.econom.onef#Process_e21226el-c42d-4907-9a61-46644e152771
hitps:/iwww.econom.onef#Process_e21226el-c42d-4907-9a61-46644e152773
hitps:/iwww.econom.onef#Process_e21226ef-c42d-4907-9a61-466442152776
hitps:/iwww.econom_onef#Process_e21226ef-c42d-4907-09a6f-46644e1527d2

hitps://Mww.econom ones#Process_e21226el-c42d-4907-9a61-46644e1527d3

ConstructionProcess to create wall_e212
ConsiructionProcess to create wall_e212
ConsiructionProcess to create wall_e212
ConstructionProcess to create wall_e212
ConstructionProcess to create wall_e212

ConstructionProcess to create wall_e212

First iteration of a simple LBD-viewer with a SPARQL interface based on the FOG demo app ( https://github.com/mathib/fog-demo-app ) by Bonduel et al.

M. Bonduel, A. Wagner, P. Pauwels, M. Vergauwen, R. Klein, Including widespread geometry formats in semantic graphs using rdf literals,
in: Proceedings of the 2019 European Conference on Computing in Construction, Chania, Greece, 2019, pp. 341i 350.
URL: https://ec-3.org/publications/conference/paper/?id=EC32019_166. doi:10.35490/EC3.2019.166
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https://github.com/mathib/fog-demo-app
https://github.com/mathib/fog-demo-app
https://github.com/mathib/fog-demo-app
https://github.com/mathib/fog-demo-app
https://github.com/mathib/fog-demo-app

Implementation

Filtering BIM models

N — N —

EConoM Al

Modified mistral-nemo:12b model with access to the RefSite
Edge-Server

I
+ Show me all building elements | ) 0 TR

LLMs can make mistakes. Verify important information
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Extract Information from scattered logistics data |

EConoM Al
Today, there are 5 OLCC transports planned:

» Al pieces together
Query to retrieve Data
about transports for
today

» Al uses its Acontext
when asked for more
details for a specific
transport

Developing a RA®ased System for Natural
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Transportanmeldung 187001: Tiefbaumaterial
Transportanmeldung 187002: Sand
Transportanmeldung 187003: Hehebuehne
Transportanmeldung 187005: Fundermax
Fassadenelement

Sammeltransport 187004: Stahlplatte

7 00O POEC

Date

2024-09-16

2024-09-16

2024-09-16

2024-09-16

e

oLCC

Transportanmeldung 187001
Transportanmeldung 187002
Transportanmeldung 187003

Transportanmeldung 187005

ID

187001

187002

187003

187005

Type

Tiefbaumaterial
Sand
Hebebuehne

Fundermax Fassadenelement
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Chat Query

= EConoMAI v +

@
EConoM Al

+ Zeige mir den geplanten Baufortschritt

count

5468260

TRELS CEORY USRS R

individualized | %
production

Message queues
6 minutes ago
Subscribed to channel innok223/far_cloud

CHAT
just now
Received a message.

just now
Active graph is set to: https://cs-server.ip.rwth-aachen.de/triplestore/blazegraph/



Construction progress example

Chat Query B . .
def get_scheduled_building progress(self, date_input: str, d5522 u_3) -> str:
= EConoMAIl v + = & ‘a
Gets the scheduled building progress based on the user-provided date.
—
: matches . . R
Show me the planned construction progress for end of :param date_input: The date for which to fetch the scheduled building progress.
october 2024 :return: Short Feedback if the scheduled progress for the date converted in ISO could be accessed.

converts

npn

Converts natural language date input into ISO 861 format.

:param date_input: The user's natural language date input.
:return: The date in ISO 8601 format.

today = datetime.now().strftime("%\

pr.ompt = L

Convert the following date expression into ISO 8601 format with the time component as "@e:00:00Z".

If the date is relative, base it on today's date: {today}.

Only give back the concise output!

Outputs always have structure like this: "2024-08-23T@0:00:00Z" and exactly the same length of characters.
Strictly: No additional information!

Input: "{date_input}"
Output:

npn
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Implementation
Construction progress example
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