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Energy Saving Control by a Self-Tuning 
Fuzzy Based Grey Prediction Controller in 

HVAC Systems 

Juh-Shinun Lin 

Abstract

The design method of the combination of the grey theory and fuzzy control is proposed in 

this paper. Using a grey predictor to predict the temperature errors of the building facility space 

and then a gain updating factor will be generated which can be used in adjustment of the 

control energy of the system. The design of the self-tuning fuzzy based grey prediction 

controller is used for the closed loop temperature control of an air handling unit to save energy. 

An commercial VVVF inverter is adopted as the actuator of the system to change the motor 

speed for energy saving. Then, the self- tuning fuzzy based grey prediction controller is adapted 

by adding an extra anti windup to eliminate the saturation effect of the controller. It turns out 

that not only better performance can be achieved but also very high percentage of energy 

saving can be obtained for medimum and light load. Finally, a prototype is constructed and 

some experimental results are given to verify the effectiveness of energy saving. 
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T(k) Tsp

e(k)

ce(k) (F.C.)

e(k) (G.P.)
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T(k)

Tsp u(k)

e(k)

ce(k)

e(k) = Tsp -T(k)             (9) 

ce(k)= e(k)-e(k-1) 

=T(k-1)-T(k) (10)

k  k-1

se(k)=e(k)*Ge              (11) 

sce(k) =ce(k)*Gce           (12) 
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se(k) sce(k) ˆse(k+1) ˆsce(k+1)

scu(k) a(k)

A1(se(k)) = {NB,NM,NS,ZE,PS,PM,PB} 

A2(sce(k))={NB,NM,NS,ZE,PS,PM,PB}

B(scu(k)) ={NB,NM,NS,ZE,PS,PM,PB} 

C1( ˆse(k+1)) ={NB,NM,NS,ZE,PS,PM,PB

}

C2( ˆsce(k+1))={NB,NM,NS,ZE,PS,PM,PB

}

D(a(k)) = { ZE,VS,S,SB,MB,B, VB}

NB:Negative Big 



NM:Negative Medimum 

NS:Negative Small 

ZE:Zero

PS:Positive Small 

PM:Positive Mediinm 

PB:Positive Big 
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