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THE PROBLEM 

INFORMALLY 

• What’s the best choice of sensors for 
capturing energy data in a building? 

• We have a limited amount of money and a 
large number of sensors to choose from 

• A huge number in fact, if we include 
variability in models, manufacturers, etc. 

• Although cost is easy to measure – how 
do we measure a sensor’s value? 

FORMALLY 

• Given a candidate set of sensors S and a 
budget W, how can we choose the sensor 
set M that maximises the value of energy-
related data captured in a given building, 
whilst not exceeding W? 

• 𝑀 ⊆ 𝑆 

• Total expenditure cannot exceed W 

• Each sensor si has a cost wi and – crucially 
– a value vi  

 



DETERMINING AN ‘OPTIMAL’ SENSOR SET 
INFORMALLY 

• We have to search for a combination of 
sensors that maximise our objective – 
getting the best energy-related data – 
whilst satisfying our constraints – 
spending within budget. 

• This isn’t trivial in the general case! 

FORMALLY 

 

 

 

 

• This is an integer linear program; 
sometimes called the ‘knapsack problem’ 
(KP) 

• The relaxation of the per-item quantity 
constraint means the problem is a 
bounded KP (BKP), which is harder to 
solve than the traditional 0-1 KP. 

• The BKP is NP-hard 

• It can be solved in pseudo-linear time – 
O(nW) – using dynamic programming and 
reduction to individual KPs. 

• (Note: O(nW) is not polynomial.) 

 



HOW VALUABLE IS A SENSOR? 
INFORMALLY 

• How do we determine a 

quantitative measure of value 

for a sensor? 

 

FORMALLY 

• Feature extraction and selection 

• We used random forests – an 

ensemble method for 

classification problems in 

statistical machine learning 

• Can also be used to measure the 

importance of features and, in 

our case, the contributory value 

of each sensor. 

• But we need training data to 

measure this! 
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EXPLORATORY STUDY 

 

• 4 UK homes over a week. High-quality sensors in each main room. 

• ‘Hold-out’ sensors: electricity (plug-level and house-level) and gas. 

• Candidate sensors: temperature, light, CO2, sound level, humidity, 
PIR. 

• Participants logged their energy activities and periods of known 
absence in a Google calendar according to Oxford’s MTUS data 

• Using this ground truth, we can measure how particular sensors vary 
in response to energy activities. The value measure is output by a 
random forest, and the BKP algorithm is used to solve the optimal 
sensor set over given budget constraints. 



RESULTS AND CONCLUSION 


