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 Energy consumptions are increasing 
year after year, and if effective energy 
saving policies will not be adopted, in 
2030 they will rise by 28% on 2006 
value: 

•  More pollution 
•  More energy expenditure 
•  More energy availability 

probelms 

 The residential sector accounts for an 
increasing percentage of the total 
consumption which is now above 28%  

 European project AIM: a novel architecture for profiling 
and reducing home energy consumption automatically 
controlling households appliances 

 AIM architecture: 

•  Sensor Network: senses physical parameters 
estimating user behavior for future periods 

•  Energy Provider: sends each day the energy pricing 
profile  

•  Home Gateway: best schedules tasks for every 
appliances to reduce energy consumption 

•  EMD (Energy Monitoring Device): provides an 
interface to household appliances for monitoring 
and commanding devices 

 The Wireless Sensor Network (WSN) provides the basic tools for 
gathering information on user behavior 

 We implemented a hierarchical hybrid network architecture based 
on 802.15.4 and a middleware solution, composed by: 

•  Wireless Sensor Island (WSI): heterogenous islands of sensor 
nodes created using a tree network topology 

•  WSN Gateway: each WSI is connected and managed by a 
Gateway; Gateways are interconnected using a mesh 
configuration for reliability and resilience to failure 

•  WSN Gateway Manager: each Gateway is able to 
communicate with an additional node, called Manager, that is 
in charge of managing the whole network 

 The WSN provides for each room of the house: 

•  Temperature and Light values 

•  User presence detection through a localization protocol that 
we called  infrared-based Presence Detection System (i-
PeDS) based on Passive InfraRed (PIR) sensors. 

 The basic function of the user profile is the characterization of users behavior so that some settings of the 
energy management system can be made automatically 

 We used the MobiWSN architecture for monitoring environmental parameters, such as user presence, 
temperature and light in each room of the house 

  This information is aggregated and processed in order to create three different types of profile (user 
presence profile, temperature profile and light profile) that represent users habits  

  In the user presence profiling (the same can be said for the 
temperature and light profiling) the sensor network collects 24 
hour information (called “daily profile’’) about users 
presence/absence in each room of the house in a given 
monitoring period (i.e. week, month) 
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  At the end of the monitoring period the cross-correlation between each couple of 24 hour data presence 
is computed for each room of the house in order to cluster similar daily profiles 

  Daily profiles  y(t) and x(t) are said similar if: 

•  r(x,y) is the mean value of the cross-correlation between x(t) and y(t) 
•  A is a constant 

   For each cluster the average of the daily profiles identifies a user presence profile that provides the 24 
hour probability distribution of the user presence in the room the cluster is associated with 

 At the end of user profiling a matrix is generated where each room is associated with a column that represents 
the sequence of presence (temperature\light) profiles identified in the monitoring period  

 Each matrix column is elaborated in order to predict the presence (temperature\light) profile in a given day, for 
each room, on the basis of the observed profiles in the past days 

 The prediction algorithm provides presence, temperature and light profiles for each day of the year  

 For the room i the prediction algorithm performs: 

1)  for each presence profile j in the selected column, 
the probability that it occurs after the sequence of 
profiles of the past M days in room i is calculated 
(with M=1); 

2)  if a profile j exists with such a probability higher 
than a fixed threshold, the algorithm stops and j is 
the predicted profile; otherwise M is increased by 1 
and the algorithm goes back to step 1. 

 The prediction algorithm provides specific presence, temperature and light profiles for each day of the year  

 We implemented a prototype version of the proposed home energy saving system. However, to test it we have 
been forced to rely on simulation because of the long period of time required for evaluate it in a real environment 

 The system has been tested referring to a five room house with a simulating period of 300 days and a realistic 
sequence of daily presence, light and temperature profiles 

 The presence prediction algorithm has been simulated in three user behavior exceptions cases: exceptions spike 
(20 isolated exceptions in the users behavior), exceptions burst (4 sequences of 4 contiguous exceptions) and 
behavior variation (user changes his behavior two times during the year) 

 Percentage of correctly predicted profiles for each room of the house:   

 The presence, temperature and light profiles can be used to optimize the working time of home appliances and 
to minimize the home energy consumption 

 In the ”classical scenario'' the cooling system is 
supposed to be On in all rooms and to be 
preprogrammed from the user to approximately 
follow his daily/weekly schedules 

 The management system allows some energy 
savings turning off the cooling system of the rooms 
that are not required to be air conditioned because 
the user will not enter those rooms with high 
probably 

 In the simulation performed, the home temperature management has reduced the working time of the 
cooling system by nearly 28 percent  
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Day N F1 C2 … GT 

Room 1 Room 2 Room 3 Room 4 Room 5 Room 6 

Exceptions Spike 88.00% 90.33% 87.67% 88.67% 87.00% 90.33% 

Exceptions Burst 94.00% 92.00% 93.67% 91.67% 93.33% 92.00% 

Behavior Variation 90.00% 91.00% 90.00% 91.67% 90.67% 91.00% 
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