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Urban Digital Twins: Rich data, Narrow access
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What we have:

► Smart city projects often require a lot of expertise to analyze Urban 

Digital Twins data for decision-making purposes. This can be very time-

consuming as well as very expensive.

► Urban Digital Twins (UDTs) use semantic 3D city models to represent 

the built environment and sensor data for real-time data analysis.

What we don’t have:

► No direct interaction with the UDT for non geospatial experts. 

► No automatic way of enriching the UDT with open or closed data.

Opportunities:

► Recent advancements on Generative AI, specifically LLMs has 

facilitated intuitive question answering which bridged the gap between 

data and end-users. 



From Talking to Acting: in 4 steps
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Talk to

the twin

How does a non-
expert query the 

UDT in natural 
language?

Enrich

the twin

How does the twin 
enrich itself from 
external sources?

Scale across

twins

How can the UDT 
domain 

knowledge be 
made 

automatically 
accessible to AI 

agents?

Act on

the twin

How can users 
edit and 
simulate 

scenarios in an 
UDT though 

natural 
language?



Our Use Case
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Harthof district, Munich, Germany

► An EU Funded Project 

called ASCEND

► The goal is to Create 

Positive Clean Energy 

Districts (PCEDs) across 

Europe to reduce the 

impact of climate change.

► Making cities smarter, 

more sustainable and more 

interactive. 



Our Use Case
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Harthof district, Munich, Germany

► Study area: Harthof 

district, Munich, Germany.

► 56 ha, 11500 inhabitants,

5500 residential units.

► Data Sources:

● CityGML LoD2 buildings

stored in the 3DCityDB.

● Dynamic data: monthly heat

demand, monthly solar

irradiation potential, hourly

electricity consumptions,

stored in the SensorThings

API.



Case Study
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Harthof district, Munich, Germany



Case Study
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Harthof district, Munich, Germany



Case Study
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Harthof district, Munich, Germany



(1) Talking to the Twin: Framework
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(1) Talking to the Twin: Implementation
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(1) Talking to the Twin: How it works
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(1) Generate the SQL query from user input and the database schema

(1) Call run_sql(query) function; 

output: [{"gmlid":"DEBY_LOD2_4913221"},

{"gmlid":"DEBY_LOD2_4913228"}]

(2) Call highlight_results(ids) function
81%

F1 with GPT-4o

on 71 multilingual queries from real stakeholders



(2) Enriching the Twin: Framework
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LLM

Publicly available 3D City 

Models provide limited 

semantic information

Enriched 3D City Models with 

general + application-

specific semantic 

information



(2) Enriching the Twin: Framework
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(2) Enriching the Twin: Building Use Case 

using Energy Certificate
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► Energy 

Certificate of 

the building.

66, 80937 München

1972



(2) Enriching the Twin: Building Use Case using 

OSM
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► Example of available OSM 

data for this building.



(2) Enriching the Twin: Building Use Case - Result
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Energy 

Certificate

(PDF)

OSM

► The mapping between 3DCityDB and the external data sources 
is done through the address.

On 20 buildings

78 - 82%
Accuracy with GPT-4o



(2) Enriching the Twin: an on-going Master Thesis
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(2) Enriching the Twin: an on-going Master Thesis
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Get in contact with Mohammed 

Malaik Hashmi for more info! 



What both frameworks need
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Talk to

the twin

How does a non-
expert query the 

UDT in natural 
language?

Enrich

the twin

How does the twin 
enrich itself from 
external sources?

A manually written 
Prompt !

Issues?
- The prompt can only be 

written by an expert
- The prompt needs to 

be maintained and 
updated each time the 
data in the UDT 
changes.



(3) Scale across Twins: Framework

► There is an MCP Server for OGC SensorThings API. But none for 

CityGML. 

► The challenge lies in the scale and variability of this knowledge: full 

CityGML schema defines hundreds of classes and thousands of 

properties, yet any given dataset instantiates only a subset

► Our framework addresses this by treating the 3DCityDB as both data 

store and metadata source, automatically scanning its structure at 

runtime.
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3DCityDB MCP Server Implementierung
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3DCityDB MCP Server : Demo
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(3) Scale across Twins: Implementation
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70 - 79%
Accuracy with 4 different local models

on 100 queries with different complexity grades



(4) Act on the Twin: Scenario generation for 

Planning tasks
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(4) Act on the Twin: Scenario generation for 

Planning tasks
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Conclusion
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► Urban Digital Twins are rich, but their data models are a 

challenge. For most stakeholders, the understanding of 

the data model is the bottleneck.

► LLMs already know programming, including SQL. What 

they lack is structured, dataset-specific knowledge of UDT.

► With dynamic and solid knowledge of the UDT, the LLMs 

can interact, enrich and act on the UDT.
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