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• Building and energy
– 46% of total energy 

consumption in France

– 25% of greenhouse 
gases emissions

– Need to save fossil 
energies
•  Development of 

more efficient control 
strategies
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• Fabrication of a building 
prototype
– Scale: 1/24 (120 m2)
– Material: Plasterboard, tile floor, 

polystyrene and polyane
– Complete, versatile and easy to 

install instrumentation
• Development of a monitoring 

system  (ARM9, data acquisition 
and control)
– 8 sensors for temperature 

acquisition
– 2 energy sources available for 

heating : 
• Renewable (Main source)
• Fossil (Extra source)
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• Modelling
– Experimental 

acquisitions
– Choice of an 

overall equation 
structure

– Formalization of 
the 
identification 
problem 
(prediction-error 
minimization)

Introduction

Simulation

Control

PID

MPC-PID

Fuzzy-PID

Results

Conclusion



6/14

Building Simulation 2009, Glasgow

• Results of Identification
– Curve-fitting between experimental and modeled 

data
–  Coherent results : mean of  all curve-fitting is 

more than 90%

Introduction

Simulation

Control

PID

MPC-PID

Fuzzy-PID

Results

Conclusion

Modeled 
variables

FIT [%]

TSE 93.12

TSW 92.41

TNE 92.76

TNW 92.59

TME 91.40

TMW 88.07

TMC 92.00
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• Control scenario 
specifications
– Based on occupancy 

scenarios and 
temperature set point 
(THCE 2005)

• Criteria specifications
– Temperature set-point

– Fossil consumption

– Global performance
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• PID is a classical 
controller

• Heating power 
repartition

• Optimal PID
– Optimization of PID 

gains (K, Ki, Kd)

– Maximization of IP ( )
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• Model Predictive 
Control

• Online minimization 
of a quadratic cost J 

• Optimal MPC
– Optimization of ω

– Maximization of IP
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• Fuzzy logic 
controller
– Fuzzification

– Inference

– Defuzzification

• Optimal Fuzzy-PID
– Optimization of 

fuzzy gains (KRE, KFE)

– Maximization of IP
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• PID: 521 Wh.m-2 of 
fossil energy

• Fossil energy saving
– MPC-PID: 140 Wh.m-2

– Fuzzy-PID: 51 Wh.m-2

ERE

[Wh.m-2]
EFE

[Wh.m-2]
%FE

[%]
IC

[%]
IP

[%]

Office temperature set-point
PID 7494 521 6,5 72,0 65,5

MPC 7339 381 4,9 73,6 68,7
FLC 7731 470 5,7 72,4 66,7
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• PID
– Very easy development and implementation
– Good results if optimized

• MPC-PID
– Hard development (need an linear internal model)
– Need an on-line optimizer (fast processor)
– Best results (27% of fossil energy saving)

• Fuzzy-PID
– Not very difficult to develop
– Easy to implement
– Interesting results (10% of fossil energy saving)
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• Conclusion
– Modelling of a building mock-up

– Definition of criteria for the control strategies

– Performance comparison of different kind of 
optimal controllers (PID, MPC-PID, FLC-PID)

– Results: significant fossil energy saving

• Perspectives
– Enforce the controllers to the mock-up

– Extend to a real building on a scale of 1/1
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• Thank you for your attention

• Please feel free to ask any questions
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