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● Building occupancy detection is a well studied topic

○ using different sensing modalities

○ in office buildings, homes, schools, etc.

○ with various objectives and evaluation criteria

Data-driven occupancy modelling
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● Fine-grained occupancy information is essential for

○ Energy-efficient control of HVAC and lighting systems (e.g., demand-driven air circulation)

○ Safety and security 

○ Space utilization

○ Automatic fault detection



● lack of open source implementation of existing algorithms

● no standard data format

○ different modalities, time/space granularities, naming conventions, units, etc.

● lack of consensus on evaluation metrics

○ especially when it comes to comparing occupancy counting algorithms (±k people)

this increases the effort to prepare data, evaluate models, and make sense of the 

performance results

Factors hindering development of new algorithms
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Recent efforts to build an open collaboration platform 
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currently includes 10 open data sets

this is led by Mikkel Baun Kjærgaard, 
Bing Dong, and Salvatore Carlucci



● Developed an open source toolkit for occupancy detection

The need for a toolkit
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Documentation available on: https://odtoolkit.github.io/
Code available on: https://github.com/sustainable-computing/ODToolkit

● Similar to NILMTK for non-intrusive load monitoring [Batra’14]

● ODToolkit enables the comparison of data-driven occupancy detection 

algorithms in a reproducible manner across multiple buildings (possibly 

equipped with different sensors)

https://odtoolkit.github.io/
https://github.com/sustainable-computing/ODToolkit


Outline

● ODToolkit pipeline

○ Components of this toolkit

● Case studies
○ Does this toolkit facilitate the development of new algorithms for 

occupancy detection?

● Takeaways and future work
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Preprocessing

Pipeline
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Raw sensor data

models metrics

ODTK-Dataset

Disk

- currently provides 5 ready-to-use data sets presented in previous work

- data sets are converted into a common format and stored in a folder



Preprocessing

● Mark data points outside 1.5 x IQR (interquartile range) as outliers

● Remove outliers

● Replace all NaN values (e.g., forward-filling algorithm, etc.)

● Change the sampling frequency (e.g., upsampling and downsampling)

● Convert the label of points to a standard name from the glossary (e.g., 

Temp. and RoomTemp will be replaced by IndoorTemperature)

○ Jaro distance is used to determine the similarity between names
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Occupancy Estimation & Evaluation

● Implemented several baseline data-driven models
○ 7 supervised learning models are currently included 
○ HMM, PF, SVM, RF, SNMF, ANN, LSTM

● Evaluation
○ 16 standard metrics available in the toolkit
○ 11 F-score metrics, RMSE, nRMSE, MAE, MAPE, MASE

● there is a built-in function to run all selected models on all selected data 
sets, evaluate them considering the selected metrics, plot the results
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Case studies — extending the toolkit

● ODToolkit allows the user to add new data sets, and to extend 

the toolkit with new models and evaluation metrics

● To evaluate this toolkit, we implemented a new class of 

occupancy detection models (i.e., domain-adaptive models) 

and evaluated their performance with respect to the baseline 

models
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Domain adaptation - basic idea

transform a pre-trained model from a source domain to a related 

target domain after performing some modifications on it 

(adaptation process)
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● DA-LSTM and DA-PF are implemented by re-using the LSTM 

and PF models that were already included in the toolkit

Case studies - extending the toolkit
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Case studies - performance evaluation
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Case studies - comparing different 
supervised learning models
● Task 1: Find the best binary occupancy detection model on one data set 

and across all data sets

● Task 2: Compare the results of binary occupancy detection and 

occupancy count determination models

● Task 3: Evaluate the robustness of the model

Criteria for choosing the best binary occupancy detection model:

○ Highest overall score, better estimation of occupancy start/end times
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Case studies - comparing different 
supervised learning models
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Case studies - comparing different 
supervised learning models
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Takeaways

● We present the design and implementation of ODToolkit, and discuss 
how it can be extended to incorporate new data sets, algorithms, and 
metrics

● We extend the toolkit with three new domain-adaptive occupancy 
detection algorithms and evaluate their performance

● We investigate how using the toolkit reduces the time and effort required 
to build new models
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● Collect more available data sets and models

● Separate huge data set into small chunks so that they could fit in the RAM

We encourage the community to use, improve and extend this toolkit by 

adding their occupancy estimation models and/or data sets

Directions for future work
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Documentation available on: https://odtoolkit.github.io/
Code available on: https://github.com/sustainable-computing/ODToolkit

https://odtoolkit.github.io/
https://github.com/sustainable-computing/ODToolkit


Case studies — extending the toolkit
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Case studies — extending the toolkit
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e.g.

self.learning_rate = 0.1
self.step_size = 0.9

e.g.

result = \
    self.name_for_test_dataset.data.sum(axis=1)
predict_occupancy = result.reshape((-1, 1))


