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Abstract. In order to eliminate the current negative condition of Automatic 
Computer Room Air-Conditioning (CRAC) system, self-tuning Fuzzy Logic 
Control (FLC) was designed and applied to fan speed in CRAC system. In this 
paper, we derive a thermodynamic model of a datacenter suitable for applying 
adaptive self-tuning PID-type fuzzy adaptive control theory. It combines the 
classic PID control strategy and fuzzy adaptive control theory. The classic PID 
control uses the error and rate of change of error as its inputs to control the 
temperature automatically, and the fuzzy logic controller is used in the self-
tuning PID-type fuzzy control to tune the parameters of PID controller on-line 
by fuzzy control rules. Simulation and testing results show that the proposed 
self-tuning FLC method can achieve less steady-state error and short settling 
time in temperature control of datacenter.  

Keywords: Air-Conditioning (CRAC) system, self-tuning Fuzzy control, 
adaptive control. 

1 Introduction 

Significant temperature pressure has been placed on traditional datacenters thermal 
management by increasing server power dissipation. Automatic Computer Room Air-
Conditioning (CRAC) system improvement challenges have been steadily increasing 
over the past few years due to an increase in energy consumption and heat generation 
in datacenters. CRAC fan speeds have a significant effect on the recirculation flows in 
the datacenter, which are verified to be a major cause of inefficiency [1-3]. The 
energy needed for adjusting fan speed is much lower than the energy needed for 
adjusting the duty cycle of air compressor. For this reason, flexible design of CRAC 
fan speed optimization system supplying demand is substantially to reduce the energy 
consumption.  

So far, classic control techniques, such as Proportional-Integral- Derivation (PID) 
controllers are still widely used in practice as they can be easily implemented, are low 
cost and reliable in harsh field condition. Kp, Ki and Kd parameters of PID were 
obtained to minimize the system error in many studies.  
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Recently, some complex control strategies based on classical control concepts have 
been proposed in attempts to improve the system performances. Salsbury described a 
feed forward control scheme based on a simplified physical model as a supplement of 
the conventional PI feedback control [4]. Kasahara et al. proposed a robust PID 
control scheme to deal with the model uncertainty caused by the changing 
characteristics of the plant [5]. Bi and Cai et al. developed an advanced auto-tuning 
PID controller for both temperature and pressure control [6].  

Classic control schemes commonly use the first order or second order plus time 
delay models to represent process dynamics. The performances of these control 
schemes are limited when applied to CRAC process due to their inherent nonlinearity 
and time varying nature. To overcome these drawbacks, applications of intelligent 
control to CRAC system have drawn some interests. Some authors proposed fuzzy 
PID methods to improve performance of the control system. In Shayeghi H, 
Shayanfar HA, and Jalili’s pervious papers [7] and [8], the authors proposed an 
improved control strategy based on fuzzy theory and genetic algorithm (GA) 
technique have been proposed. Fuzzy logic (FLC) of heating, ventilating and air-
conditioning system was studied by Shan AJ, Krishnan N and Schmidt RR [7, 9]. The 
obtained results were comparing with those of PID control and these studies indicated 
that FLC had better result. However, the steady-state error was not totally eliminated. 
Existing work on thermal management in data centers, however, not take into account 
unexpected thermal anomalies and neglect the cost of control actions taken by the air 
conditioning system. This can lead to overheating of some spots. Obtaining better 
performances of the simulated systems became easier [10]. To eliminate this negative 
condition, self-tuning FLC was designed and applied to fan speed in CRAC system. 

2 Related Work 

In this paper, we derive a thermodynamic model of a data center suitable for applying 
adaptive self-tuning PID-type fuzzy adaptive control theory. We propose a novel 
control strategy based on this model. It combines the classic PID control strategy and 
fuzzy adaptive control theory. The classic PID control uses the error and rate of 
change of error as its inputs to control the temperature automatically and the fuzzy 
logic controller is used in the self-tuning PID-type fuzzy controller to tune the 
parameters of PID controller on-line by fuzzy control rules. It was shown that the 
usage of modeling and simulation methods for analyzing, testing and developing of 
CRAC systems decreases the design cost as well as the duration of the design process. 
Simulation and testing results show that the proposed self-tuning FLC method can 
achieve good performance in temperature control of datacenter.  
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3 The Thermal Model of the Datacenter 

Fig.1 shows the layout of datacenter and location of a blade. Datacenter design plays 
an important role in the efficient thermal management. Chilled water CRAC units 
supply a raised floor plenum underneath the racks with cold air. Perforated tiles are 
located near the racks to transfer the cool supply air to the front of the racks.  

 

Fig. 1. The Layout of datacenter and location of a blade 

As the CRAC system has featured such as considerable interference, non-linearity, 
large time delay, uncertainty and non-predicative, it is difficult to obtain the accurate 
mathematical model of thermodynamic in datacenter by considering all parameters. 
For this reason, we consider the following assumptions: According to the law of the 
energy conservation, the mathematical equation for datacenter thermal is as follows: 
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As most equipment in datacenter are made of irons, they have large coefficient of 
heat conductive, so we assume temperature variety rate has not much difference 
between equipment temperature variety rate. 
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If the fan motor heat dissipation is ignored, the equation (1) can be transferred to 
transfer function form as follows: 
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If c is defined as CRAC hybrid equivalent thermal capacity as follows: 
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And R is defined as CRAC entire thermal resistance and Rs is defined as 
Surrounding walls, floor and roof thermal resistance as follows: 
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After standard arrangement the result is as follows: 
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The time constant and other parameters are as follows:  
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As the air heat transfer delay affects the datacenter temperature, consider delay 

time is, the equivalent transfer to be as follows: 
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Setting the real-time temperature in the datacenter is 27, and the expected 
temperature in the datacenter is 20.The air flux of the datacenter was determined by 
the fan speed at end, Fan speed control is the core technology in Variable Air Volume 
(VAV) air condition system. It decides the liability and energy saving level of the 
CRAC system in the database .The fan speed is controlled by the open volume of the 
air condition. The transfer function of open volume to temperature can be expressed 
as an object of second-order inertial and net delay: 
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The database CRAR system Mathematic Model is showed in figure 2. In the 
model, U(t) is the output of the controller and y(t) is the actual temperature of the 
database room. 

 

Fig. 2. CRAR System Mathematic Model 
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The database CRAR system Mathematic Model is showed in Fig.2. In the model, 
U(t) is the output of the controller and y(t) is the actual temperature of the database 
room. Where kp is the controller gain. 

 
(15) 

         
 
T is the sample time; Ti is the integral time parameter, Td is the derivative time 

parameter [11]. The sub-block of language was given in the following manner: 
Positive Big (PB), Positive Middle (PM), Positive Small (PS), Zero (ZO), Negative 
Small (NS), Negative Middle (NM), Negative Big (NB).The output of the fuzzy 

systems is u. The fuzzy variables are defined for the rule base as: (e, e ) = {the error, 
the variation of error}, {NB, NS, Z, PS, PB}. kp, kd, ki={the control parameters,  
Z, PS,PM, PB, PVB (Positive Very Big), [0,1], l}. Fig.3 shows the rule base fuzzy 
PID-type control and the rule Ki fuzzy.  

 

Fig. 3. (a) Shows the rule base fuzzy (b)Shows the rule Ki fuzzy 

A membership function is a curve that defines how each point in the input space is 
mapped to a membership value (on degree of membership) between 0 and 1. In our 
study we will employ the trapezoidal membership functions for each fuzzy linguistic 

value of error e and the change rate of error e  showed in Fig.4.  
By applying the self-tuning PID-type fuzzy adaptive controller, the control of the 

same CRAC system has been realized in order to compare of the control performance. 
The classical PID and FLC theories are combined in this study. The Kp, Ki, Kd values 
of PID parameters have adaptively been determined by using the dynamic FLC for 

each time-step. In this case, FLC has two inputs (e, e ) and three outputs (Kp, Ki, Kd). 

The physical domain of the inputs (e, e ) is -1, -0.8, -0.6, -0.4, -0.2, 0, 0.2, 0.4, 0.6, 
0.8,1 and that of the outputs (Kp, Ki, Kd) is 0, 0.1, 0.2,0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1, 
selected again based on trial and error. Fig.5 shows the membership functions of 
output u. 
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Fig. 4. The membership functions for the input e and e  

 

Fig. 5. The membership functions for the output u 

5 The Numerical Simulation of the CRAC System 

By using MATLAB/SIMULINK package program, the control, model and numerical 
simulation of CRAC fan system have been realized. The control diagram of CRAC fan 
system has been obtained by considering the input and output values of the device and 
the desired datacenter conditions. The obtained results have been presented in a 
graphical form. Every PID control system has its parameter range. It will result in 
unreliability and out of control if the parameters are out of the range. In the CRAC 
control system, the PID parameters are tuned by fuzzy inference. According to 
simulation, the tuning range of parameter Kp is between [25.4, 40.5], the tuning range 
of parameter Ki is between [0, 0.5] and the tuning grange of parameter Kd is between 
[15.2, 20.6].If the system is overshoot, first decrease the parameter Kp, then decrease 
the parameter Ki and in the end decrease the parameter Kd. If the system has long 
settling time, first decrease the parameter Ki, then decrease the parameter Kp and in the 
end decrease the parameter Kd. If the system has short settling time and High frequency 
fluctuations, first decrease the parameter Kd, then decrease the parameter Kp and in the 
end decrease the parameter Ki. The considered CRAC system controlled by the fuzzy-
PID type and self-tuning PID-type fuzzy adaptive controller is shown in the block 
diagram Fig.6. Tref is the desired reference temperature and T is the real temperature in 
datacenter. The PID parameters are tuned by adaptive fuzzy controller. Fig.6 shows the 
diagram of self-tuning fuzzy-PID control simulation system of CRAC fan. PID control 
model, fuzzy PID model [12] and self-tuning fuzzy-PID control model are respectively 
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Subjective the control rules, there is no self-learning function. The simulations found 
that the domain of fuzzy controller had been changed, required different parameters 
and bigger deviations in different given temperatures. (3) Self tuning Fuzzy-PID 
control. Self-tuning Fuzzy-PID control can achieve better control [18], shorter 
response time, small overshoot, and with good response performance and robustness, 
and can achieve better control. 

The performance of the self-tuning PID-type fuzzy adaptive controller is the best 
among the others in terms of both the steady-state error and the settling time. There is 
no steady-state error [19] and the system reaches the desired reference temperature 
[20] while minimizing settling time. Although the fuzzy-PD type controller has no 
steady-state error, it has longer settling time. The classical PID controller has the 
worst performances. 

 

Fig. 8. The temperature control of datacenter 

Fig.9 shows Kp-Ki-Kd variation of datacenter when the self-tuning PID-type fuzzy 
adaptive controller is applied. 

 

Fig. 9. Tuning trajectories of PID controller gains 



224 J. Deng et al. 

6 Conclusion 

Over the course of this study three types of CRAC fan speed controller were realized 
(and tested in the data center) by using MATLAB/SIMULINK pack-age program 
namely, the PID controller, the fuzzy-PD controller and self-tuning fuzzy PID 
controller. The result shows that the self-tuning fuzzy PID controller is the best 
among the others, in terms of both the steady-state error and the settling time. 
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