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ABSTRACT: Performance evaluation of PID controllers implemented with a clear objective to control the temperature of 

a ventilation system is the focal point of this paper. Mathematical models of plant (chamber) and actuator were developed. 

Controller design based on the models was also developed using Simulink. The models were validated through simulation 

using Matlab/Simulink and the Zeigler-Nichol tuning method was adopted as the tuning technique for varying the 

parameters of the PID controller in order to achieve a desirable transient response of the system when subjected to a unit 

step input. A schematic model of the system was also captured using proteus and the animated simulation was carried out to 

validate the system‟s performance to varying temperature conditions within the chamber. After several assumptions and 

simulations, a set of optimal parameters was obtained that exhibited a commendable improvement in the overshoot, rise 

time, peak time and settling time thus improving the robustness and stability of the system. 
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I. INTRODUCTION 

Heating and ventilation systems play a vital role in providing a comfortable, practical and healthy environment in our 

workplaces and homes. The provision of adequate heating and ventilation is becoming increasingly important in industry, 

particularly in office buildings with high employee densities. This is not only a key issue in providing work conditions that 

ensure employee satisfaction and hence increased work output; it is now a health and safety issue that has, in recent times, 

led to industrial relations problems related to air quality and smoking. Subsequently, fire, health and safety regulations have 

begun to put tighter limits on the acceptable number of air changes per hour in a building, and acceptable room temperature 

range. 

 

The design, testing, operation and management of ventilation systems rely increasingly on simulation techniques. Such 

techniques together with model based analysis of ventilation systems and validation methodologies provide an important 

tool helping the users to carry out thorough tests of the systems by emulating their performance on a computer. Air 

ventilation systems are equipment usually implemented for maintaining satisfactory comfort conditions by keeping the 

temperature of the chamber within a certain range. 

 

The energy consumption as well as indoor comfort aspects of ventilated systems is highly dependent on the design, 

performance and control of the system and equipment. A mandatory demand to implement the project is the model 

acquirement which describes the complex behavior of the system. The project implies both acquisition and modeling 

techniques and control strategies based on the microcontroller.  
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II.   SYSTEM DESIGN 

The operation of the circuit is based on a PID Controller implemented on a microcontroller and a temperature sensor 

(LM35). The temperature sensor converts change in temperature to change in electrical signal which is then compared by 

the PID controller control algorithm to activate the fan for the cooling of the system. The microcontroller accepts inputs 

from a simple four-key keypad which allow specification of the Set point temperature and it displays both set-point and 

measured chamber temperatures using an LCD display. Finally, a pulse-width modulation (PWM) output from the 

controller is used to drive a relay which switches the fan off and on. Figure1 shows the schematic representation of the 

system design on proteus. 

 

 

Fig. 1 Schematic representation of the system 

For simplicity in analyzing the system, the block diagram of the system design is shown in figure 2 

 

 

 

 

 

 

 

 

Fig.  2 Block diagram of the system design. 
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III.   SYSTEM DESIGN PROCESS 

The temperature control system was built around several mathematical models needed for the analysis of the system 

dynamics and the design and evaluation of the control system. Figure 3 shows the closed loop structure of a temperature 

controlled system. In this structure, the models of the system dynamics; sensors, actuators and computational effects are the 

basic elements which often can not be altered. The design and fine tuning of the PID controller will be the subject of the 

analysis. The design and fine tuning of this controller requires application of control system design theory to the dynamic 

models of the other elements from figure 3. A simplified mathematical model of the overall system will be derived in this 

section. The system will be validated by simulating the controller model with the plant model, sensor and actuators or any 

combination of these components. The system should track and/or regulate the desired chamber temperature with minimum 

peak time, rise time, settling time and overshoot. 

 

 

 

 

 

 

 

 

 

Fig. 3 Block diagram of the closed loop temperature control system 

A.   Mathematical Model of the Chamber 

Consider a mass M (kg) at temperature θ1. The mass is placed in an environment (chamber) at temperature θ2 and heat 𝑞 is 

transferred into the mass causing its temperature to rise. The system is a ventilation system. LM35 sensor is used as the 

sensing device to take the temperature reading of the system and we want to know how long it takes for the sensor to warm 

up to the same temperature as the air in the room. 

From the law of heat transfers which states: 

Temperature rise α Heat added 

 

 d𝑞 = mcdθ1 = cdθ1         (3.1) 

c = specific heat capacity 

cm = thermal capacitance in  
joules

kelvin
 

Divide both sides by dt 
dq

dt
 = ∅ = 

cd θ1

dt
         (3.2) 

The rate of heat transfer into the mass is ∅ = 
cd θ1

dt
 and the rate is governed by the thermal resistance between the air and the 

mass. This obeys a law similar to ohm‟s law so: 

∅ = 
(θ2− θ1 )

R
, 

Where, R is the thermal resistance in Kelvin per watt. 

Equating for ∅, we have 
cd θ1

dt
 = 

(θ2− θ1 )

R
 

dθ1

dt
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(θ2− θ1 )

RC
 

dθ1

dt
 + 

θ1

RC
 = 
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In all system, the product of the resistance and capacitance is the time constant τ so we have: 
dθ1

dt
 + 

θ1

τ
 = 

θ2

τ
 

Changing from a function of time into a function of „S‟ we have: 

sθ1 + 
θ1

τ
 = 

θ2

τ
 

θ1 (τ s + 1) = θ2 

 
θ1

θ2
(s) = 

1

(τs+ 1)
          (3.3) 

 

Where τ = 120secs. 

∴ 
θ1

θ2
(s) = 

1

(120s+ 1)
 

 

 

 

 

Fig. 4 Modeled block diagram of the chamber 

B.   Mathematical model of the Actuator  

The relationship between the applied voltage and the energy generated by an electrical cooling element is non-linear. In this 

paper this relationship is linearised by driving the fan from a pulse width modulated (PWM) signal. A pulse width 

modulated signal is generated from the microcontroller as shown in Fig. 5 where M and S are the mark and the space of the 

waveform, and T is the period, i.e. T = M + S. This waveform is used to control a power MOSFET switch where the fan 

element is connected as the load of this device. 

The r.m.s. value of the current through the fan can be calculated as: 

 

Irms  =  
1

T
 i2 t dt

T

0
 

=  
1

T
 I0

2M

0
 

=  
MI0

2

T
 

Or, 

Irms  = I0 
M

T
          (3.4) 

 

 

 

 

 

 

 

Fig. 5 PWM fan waveform. 
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C.   Mathematical model of the temperature sensor (LM35) 

The temperature sensor is a semiconductor device with a linear voltage-temperature relationship specified as 10 
mV

℃
, i.e. 

V0

T
 = 0.01                                                                                                   (3.5) 

Where, 𝑉0 is the sensor output voltage in volts and T is the temperature in °C. 

 

D.   Mathematical model of the Controller 

The Ziegler-Nichols tuning rule was applied in the design of the parallel Proportional-Integral-Derivative controller [2]. 

The PID controller was selected since it is probably the most extensively used method in industrial process control 

applications. A large number of references can be found which describe the continuous and digital forms of this controller, 

its performance evaluation, implementation and auto-tuning forms. 

The block diagram of the continuous PID controller is shown in figure 6 where, Kp  is the proportional gain, Ti  is the 

integral time constant, and Td  is the derivative time constant [3]. 

The transfer function of the standard PID algorithm is: 

 

U(t) = Kp e(t) + 
Kp

Ti
  𝑒(𝑡)

𝑡

0
dt + KpTd

de(t)

dt
     (3.6) 

In the S-domain, the PID controller can be written as: 

 

Us  = Kp   1 + 
1

𝑇𝑖  .  𝑠
+  𝑇𝐷. 𝑠 E(s)                                                                         (3.7) 

The discrete form of the PID controller can be achieved by finding the Z-transform of equation (3.7): 

 

U(Z) = E(Z)Kp   1 +  
𝑇

𝑇𝑖 ( 1− 𝑍−1)

+  𝑇𝑑
( 1− 𝑍−1)

𝑇
                (3.8) 

 

Equation (4.10) is usually written as: 
U(Z)

E(Z)
 = a + 

b

1− Z−1 + c (1 - Z−1)      (3.9) 

 

Where 

a = Kp , b = 
Kp T

Ti
,  c = 

Kp Td

T
 

 

 

 

 

 

 

 

 

 

 

Fig. 6  Block diagram of a continuous parallel PID controller 
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IV.    SIMULATION AND RESULTS 

The system was modeled and simulated using Matlab/Simulink. The simulated results of the system control with PID 

tuning were analyzed. Figure 7. shows the simulink block diagram of the temperature control system 

 

 

Fig. 7 Simulink block diagram of temperature control system. 

A.Test 1: 

Consider the following assumed values of the parameters of the PID controller and the response of the system to these 

values 

 

TABLE 1 

  The first assumed values of the parameters of the PID controller 

 

Parameter 𝐊𝐩 𝐓𝐢 𝐓𝐝 

Value (sec.) 0.2851 0.1171 0.3625 

Plot: 

 

Fig. 8.  Scope of the unit step response of the system for test 1 
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Fig. 9  LTI Viewer of the unit step response of system for test 1 

Result: 

TABLE 2 

  Result of test 1 

 

Parameter 𝐭𝐫 (sec.) 𝐓𝐩  (sec.) 𝐭𝐬  (sec.) 𝐦𝐩 (%) 

Values 37.7 100 727 57.9 

 

 

B.Test 2: 

TABLE 3 

  The second assumed values of the parameters of the PID controller 

 

Parameter 𝐊𝐩 𝐓𝐢 𝐓𝐝 

Value (sec.) 1.9688 0.0504 0.6300 
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Plot: 

 

Fig. 10  Scope of the unit step response of the system for test 2 

 

 

Fig. 11  LTI Viewer of the unit step response of system for test 2 

Result: TABLE 4 

  Result of test 2 

Parameter 𝐭𝐫 (sec.) 𝐭𝐩  (sec.) 𝐭𝐬  (sec.) 𝐦𝐩 (%) 

Values 61.9 137 248 14.9 
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C.Test 3: 

TABLE 5 

 The third assumed values of the parameters of the PID controller 

Parameter 𝐊𝐩 𝐓𝐢 𝐓𝐝 

Value (sec.) 16.373 0.1324 3.3287 

 

Plot: 

 

Fig. 12 Scope of the unit step response of the system for test 3 

 

Fig. 13 LTI Viewer of the unit step response of system for test 3 
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Result: 

 

 

 

 

 

TABLE 6 

  Result of test 3 

 

D. Result Analysis 

Using Matlab/Simulink toolbox, various parameters were tested and the best parameters were used for PID implementation 

on the microcontroller. The results showed the system responses to a step input with varying PID controller parameters 

based on Zeigler-Nichols tuning method. It can be inferred from the results that the optimal set of parameters that give a 

more desirable transient response in terms of short rise time, low overshoot, short settling time, low steady state error are 

got from the results of test 3 where: 

Proportional gain, Kp = 16.373, 

Integral time, Ti = 0.1324, 

Derivative time, Td = 3.3287. 

Hence, a PID algorithm implemented on a microcontroller, simulated and fine tuned using the set of parameters obtained 

from test 3 will exhibit a better control performance to changing temperature conditions in the ventilation system. 

 

V.   CONCLUSION 

In this paper, the performances of control strategies with feedback for a microcontroller based temperature control in a 

ventilation system have been investigated. A comparative study of performance of PID based controllers is studied. The 

aim of the proposed controller is to regulate the temperature of the system to a desired temperature in the shortest possible 

time with minimum or no overshoot, short rise time, small peak time and short settling time. Mathematical model was 

efficiently used for the design of the temperature control system. Some aspects of theoretical modeling were described. 

Experimental modeling was also studied and the best results were obtained with Zeigler-Nichols tuning technique. 

 

 

 
REFERENCES 

[1] Evans J.R; Lindsay W.M.; “The management and control of quality”; south-western Ohio, 2002. 

[2] Ibrahim D.; “Teaching digital control using a low cost microcontroller based temperature control kit”. 
[3] Bogdan L; Cristina B; “The design of temperature control system using PIC18f4620”; 2010. 

[4] Yang T; Xiang C; Henry H; “A fuzzy PID thermal control for Die Casting Processes”; 22nd IEEE International Symposium on Intelligent 

Control, ISIC 2007, Singapore, PP 389 - 394. 
[5] James S. McDonald; “Temperature control using a microcontroller”; an interdisciplinary undergraduate engineering design project. 

[6] Zhuang Wua; Roderick V.N.M; Finn Borupc; “Model-based analysis and simulation of airflow control systems of ventilation units in building 

environments”; 2007. 
[7] Savanya M.; Pamela D., “A real time IMC tuned PID controller for a DC motor”, International journal of recent technology and engineering 

(IJRTE), Volume – 1, Issue-1, April 2012, pp 65 – 70. 

 

Parameter 𝐭𝐫 (sec.) 𝐭𝐩  (sec.) 𝐭𝐬  (sec.) 𝐦𝐩 (%) 

Values 16.7  29.8  

http://www.ijareeie.com/

