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1. Smart Building 
What makes it Smart
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Smart Building 🏢

• Objectives –
• Reduce energy cost

• Reduce GHG emission

• Improve self-sufficiency

• Improve occupant comfort

• Incorporate various sensors, 
actuators, data-driven solutions, 
and automation

• Monitor and control a wide range 
of functions

• HVAC, lighting, energy flexibility

Components of a Smart Building (B. 

Qolomany et al., 2019)



Intelligent 
Controller 
example 
• Example of 

typical 
interactions 
between 
components of 
an MPC

• Data

• Metadata

• Systems and 
Controllers

• Communication
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Solar + Optimizer System based on MPC (K. 

Prakash et al., 2020)



Brains4Buildings
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2. Reference Architecture
What’s in it for Smart Buildings?
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Why smart buildings need a well-defined 
architecture

 Limited accessibility – manual methods, file downloads

 Lack of automation - difficult to schedule, repeat, or 
integrate processes

 Compatibility - challenging to parse and utilize data

 Documentation - lack of documentation or clear 
instructions for accessing the data

Lack of interoperability – access restricted to a specific 
technology stack

 Lack of reusability of services – without standard endpoints

 Inadequate user experience – documentation, automation

 Security vulnerabilities - exposing sensitive data sources to 
unauthorized users

Solar + Optimizer System based on MPC (K. 

Prakash et al., 2020)
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Reference Architecture

• Physical systems have stable 
architectures (buildings, bridges). 

• Architecture - "The structure of 
components, their inter-
relationships, and the principles 
and guidelines governing their 
design and evolution over time“ 
(TOGAF standard, 10th edition)

• Reference Architecture – A 
blueprint to create architectures

• Re-usable, 1:n

Enterprise Architecture and Solution 

Architecture (C. Fernando, 2023)



Domain specific architecture patterns- Healthcare- Education- Automotive

Industry specific software architecture 

patterns 

(C. Fernando, 2023)
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3. A Reference Architecture for 
Smart Buildings
Creating a blueprint
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How to get there? 🪜

• The 6 steps

1. Understand the smart building’s requirements (data needs 
and requirements, Zachman Architecture Framework)

2. FRs and NFRs
3. Patterns/ Reference Architectures - Look for already 

available patterns in similar domains
4. Components - Burrow re-usable components and best-

practices, add our own components and interactions 
tailored to use cases

5. Architecture description
6. Implementation
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Functional requirements

FR1 Ingestion of 
time series data 

from 
heterogeneous 

systems

FR2 Processing 
and storage of 

large volumes of 
time series data

FR3 Processing 
and storage of 

contextual 
information 
(metadata)

FR4 Integrating 
metadata with the 
operational data

FR5 
Interoperability 
among several 

existing devices, 
services, and 
applications

FR6 Real-time 
bidirectional 

communication 
ability

FR7 User-centered 
interfaces



Non-functional requirements

General NFRs – 

Performance, 
extensibility, 

security, reliability, 
and 

maintainability

NFR1 Reusability 
of components 

and services

NFR2 Add new 
services in a 
modular way 

NFR3 Scalability to 
manage the 

increasing number 
of devices, data or 

services in the 
building
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Architectural Pattern
Patterns are everywhere…
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Domain specific architecture patterns

• Education

• Automotive

• Healthcare
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Technology specific patterns

• Which pattern is the best? 
🙄

• Selecting a pattern for 
new services (e.g data 
driven applications, 
integration software)

A summary of architecture style 

characteristics (M. Richards, 2022)
17



Brownfield Enterprise 

Microservice based architecture pattern 

(C. Fernando, 2023) 18



Architectural Components 
What makes the architecture ?
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Components of a Smart Building Architecture

1. Existing business applications

2. New service-oriented applications

3. Databases

4. Integration software

5. Infrastructure services

6. Shared services

7. User interfaces



Service-oriented 
representation
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L. Chamari, E. Petrova, P. Pauwels, "An End-to-End 

Implementation of a Service-Oriented Architecture for 

Data-driven Smart Buildings,”  IEEE Access, 2023. 

https://tuenl-my.sharepoint.com/personal/l_c_rathnayaka_mudiyanselage_tue_nl/Documents/My%20presentations/B4B%20Progress/webinar/Architecture.png


4. Architecture 
Implementation
“A system’s architecture ultimately resides in executable code“

- Software Architecture, Grady Booch
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Solution architecture - technical

• Technology choices we made
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API 

24Fig.15 Smart building system architecture



Linked Data, Metadata Models, Ontologies

• Two purposes –
• Create links

• Standardise semantics

• Efficient data collection

• Reusable applications

• Semantic graphs based on 
available ontologies
• Brick, BOT, SSN

• Integrate with smart 
building API

Representing HVAC System using Brick 

Ontology (source: 

https://brickschema.org/)



Data storage

• Time-series

• Semantic (RDF graphs)

• Objects

• Documents
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Digital Twin

• Integrating sensor data at room level with BIM model Atlas 
Living Lab – TU Eindhoven

We based BIM-IoT Integration (L. 

Chamari et al, 2022)



Digital Twin

• Integrating sensor data at room level with BIM model Atlas 
Living Lab – TU Eindhoven

We based BIM-IoT Integration (L. 

Chamari et al, 2022)



#GenerateMyMetadataSchema

• One of the two living labs of TU 
Delft

• Integrate Brick model with BMS 
data

Metadata schema generation using BMS metadata (L. 

Chamari et. al, 2023)



Model Predictive Controller for Energy 
Flexibility

• Ongoing

• Investigate how to implement MPC as a 
modular service



Further Information

• L. Chamari, E. Petrova, P. Pauwels, "An End-to-End Implementation of a Service-
Oriented Architecture for Data-driven Smart Buildings," in IEEE Access, doi: 
10.1109/ACCESS.2023.3325767.

• BIM and sensor data integration→
https://proceedings.open.tudelft.nl/clima2022/article/view/228

• IoT and semantic integration→ https://ec-
3.org/publications/conferences/EC32023/papers/EC32023_300.pdf

• Metadata schema integration with BMS metadata→
https://linkedbuildingdata.net/ldac2023/files/papers/papers/LDAC2023_paper_83
14.pdf

• Deliverable D4.3 Study of data needs and requirements in smart buildings

• Deliverable 4.06 Reference Architecture for Smart Buildings 
31

https://proceedings.open.tudelft.nl/clima2022/article/view/228
https://ec-3.org/publications/conferences/EC32023/papers/EC32023_300.pdf
https://ec-3.org/publications/conferences/EC32023/papers/EC32023_300.pdf
https://linkedbuildingdata.net/ldac2023/files/papers/papers/LDAC2023_paper_8314.pdf
https://linkedbuildingdata.net/ldac2023/files/papers/papers/LDAC2023_paper_8314.pdf
https://brains4buildings.org/wp-content/uploads/2022/05/B4B-WP4-D4.3_Data-Needs-and-Requirements.pdf
https://brains4buildings.org/wp-content/uploads/2023/08/B4B-WP4-D4.06_Reference_Architecture-FINAL.pdf
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5. Questions, Thoughts, 
Feedback,…

Thanks for 

attending 
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