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Building Analytics

2

Building analytics—i.e. using data to develop machine learning 
(ML)-based methods for the operation and control of building 
systems.

have proven to be effective in reducing energy footprints and 
operational costs, and improving the maintenance efficiency of 
buildings.

An increasing number of data-driven analytics being developed 
for buildings[1][2][3]



Requirements of developing data analytics
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• Expertise about building analytics
➢ Algorithm fits
➢ Analytic norms

• Building domain knowledge
➢ Data required
➢ Data resource
➢ The entities data describe
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Standardized Management of Resources and Data 

in Buildings
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Brick[4]

Building Resources and relationships are 

defined as RDF triples in Brick.

A RDF triple: <AH01, feeds, VAVRM0015B>



Brick: An uniform metadata schema for building
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A SPARQL Query



Extract data for portable building analytics
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Extracting data in a single building 
Extracting data in different 

buildings for the portable analytic



Extract data for portable building analytics
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Portability: Analytics should be deployed across different buildings 

without requiring major changes to the implementation



Extract data for portable building analytics
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Can we extract data for building analytics in a building-agnostic way?



Energon: A Data Acquisition System 

for Portable Building Analytics
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Customized scripts Energon



Challenge: Building-dependent Auxiliary

Knowledge is required
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①: Spatial Auxiliary Knowledge

②: Temporal Auxiliary Knowledge

③: Contextual Auxiliary Knowledge



Challenge: Building-dependent Auxiliary

Knowledge is required
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Data Tracing Flow



Design Approach: Logic Views
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Design Approach: Query Language
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Energon Query for BIC
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SELECT Lighting(B) JOIN Blind(B) *

Setpoint(B) 

FROM Building B

WHERE B.BuildingID = ‘PU’

FILTER B.TIMESTAMP > ‘20190801’

➢ Algebra to perform building traversals

➢ List of buildings to determine boundings

➢ Predicate expressions to perform 

resource selections

➢ Predicate expressions to perform data 

selections



Design Overview of Energon System

15

SELECT Light(A) JOIN Blind(A) * Setpoint(A) 
FROM Building A
WHERE A.BuildingID = "building_A"
FILTER A.TIMESTAMP > “20190801” AND A.TIMESTAMP < "20191231"
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Declarative Query Processor 
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Query
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Normalization
Query

Transformer
Execution
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Query

SELECT Light(A) JOIN Blind(A) * Setpoint(A) 
FROM Building A
WHERE A.BuildingID = "building_A"
FILTER A.TIMESTAMP > “20190801” AND A.TIMESTAMP < "20191231"
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Building Independent Ontology Extraction

17

SELECT Light(A) JOIN Blind(A) * Setpoint(A) 
FROM Building A
WHERE A.BuildingID = "building_A"
FILTER A.TIMESTAMP > “20190801” AND A.TIMESTAMP < "20191231"
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Ontology Segment Extraction
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SELECT Lighting(B) * Setpoint(B) 

FROM Building B

WHERE B.BuildingID = ‘PU’ 

FILTER B.TIMESTAMP > ‘20190801’

Ontology Segment Extraction for BIC
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Ontology Segment Extraction for BIC
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SELECT Lighting(B) * Setpoint(B) 

FROM Building B

WHERE B.BuildingID = ‘PU’ 

FILTER B.TIMESTAMP > ‘20190801’
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SELECT Lighting(B) * Setpoint(B) 

FROM Building B

WHERE B.BuildingID = ‘PU’ 

FILTER B.TIMESTAMP > ‘20190801’

Ontology Segment Extraction for BIC
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Algebra-assisted Ontology Composition
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SELECT Lighting(B) * Setpoint(B) 

FROM Building B

WHERE B.BuildingID = ‘PU’ 

FILTER B.TIMESTAMP > ‘20190801’
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Algebra-assisted Ontology Composition
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• Union 𝐴 + 𝐵 = {𝑥 | 𝑥 ∈ 𝐴 𝑜𝑟 𝑥 ∈ 𝐵}. 
• Intersection 𝐴 ∗ 𝐵 = {𝑥 | 𝑥 ∈ 𝐴 𝑎𝑛𝑑 𝑥 ∈ 𝐵}.
• Difference 𝐴 − 𝐵 = {𝑥 | 𝑥 ∈ 𝐴 𝑎𝑛𝑑 𝑥 ∈ ̸ 𝐵}.
• Join 𝐴⋈𝐵 = {𝑥 | 𝑥 = 𝑎 𝑜𝑟 𝑏,𝑤h𝑒𝑟𝑒 𝑎 ∈ 𝐴,𝑏 ∈ 𝐵 𝑎𝑛𝑑 𝑎 𝑏)}, 
" " represents a situation where at least one predicate exists 
between 𝑎 and 𝑏, i.e. 𝑎 and 𝑏 are connected in the ontology graph. 



Algebra-assisted Ontology Composition
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• Join 𝐴⋈𝐵 = {𝑥 | 𝑥 = 𝑎 𝑜𝑟 𝑏,𝑤h𝑒𝑟𝑒 𝑎 ∈ 𝐴,𝑏 ∈ 𝐵 𝑎𝑛𝑑 𝑎 𝑏)}, 
" " represents a situation where at least one predicate exists 
between 𝑎 and 𝑏, i.e. 𝑎 and 𝑏 are connected in the ontology graph. 

Subject Predicate Object
Lighting_1 hasLocation Room_1
Lighting_1 hasPoint Luminance11
Lighting_1 hasPart Lamp_1
Lighting_2 hasLocation Room_1
Lighting_2 hasPoint Luminance21

Subject Predicate Object
Blind_1 hasPoint Slat_Setpoint1

Blind_2 hasPoint Slat_Setpoint2
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Lighting System Join Blind System
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Room_1 isLocationOf Blind_1
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Subsystem Sensors
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Ontology Index
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(a) Ontology store in RDF triples;
(b) Energon Ontology Index for optimized performance 



Qualitative Evaluation
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Qualitative Evaluation: Development Effort
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CP: Chiller Profiling

ECP: Energy Consumption 

Prediction

FDD: Fault Diagnosis and 

Detection

BIC: Building Integrated 

Control



Quantitative Evaluation: Indexing Structure
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Quantitative Evaluation: Indexing Structure
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Quantitative Evaluation: Across Buildings
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Conclusion

➢ We present a new abstraction of building resources so that developers do not need to have 

building-specific knowledge when developing building analytics; thus the development of 

applica- tion can be simplified. The abstraction is based on two kinds of logic partitions over 

building resources, namely, subsystem and functionality. 

➢ •We present the design and implementation1 of Energon to materialize the abstraction. We 

develop a declarative query language to evade building-dependent and analytics irrelevant 

knowledge. We develop a query engine for automatically extracting data by traversing a 

building ontology that widely exists in buildings. We further develop an indexing structure to 

optimize query execution time. 

➢ We develop four types of building analytics through Energon, and we qualitatively show that 

the development process becomes simpler when using Energon. 

➢ We quantitatively evaluate Energon with regards to program length and development time. 

We evaluate our optimization schemes designed for execution time in Energon. 
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Thank you!
Q&A
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