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Abstract: The objective of the present paper is designing 8051 microcontroller based temperature control 
system to study the reaction of controlled variable with respect to load changes. The process temperature 
under control is measured using RTD. Then using a microcontroller and suitable software, this instantaneous 
value of temperature is compared with the desired temperature. The resulting error has been used by the 
microcontroller to control the firing angle of a TRIAC for controlling the power applied to the heater. The 
trigger pulse for the TRIAC is delayed by the microcontroller to provide the required voltage to be fed to the 
heater to get the desired temperature. Thus a continuous closed loop temperature monitoring and control has 
been achieved. The proportional control scheme has been described in the present paper. The behavior of the 
process temperature has been studied with respect to load changes. Experimental results have been presented 
to study the reaction of controlled variable or process temperature with respect to load changes. Copyright © 
2013 IFSA. 
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1. Introduction 
 

Physical and chemical reactions are sensitive to 
temperature and consequently, temperature control is 
important in several industrial processes [1]. 
Temperature controllers which use digital computers 
as a central unit, posses , by virtue of their computing 
power, features such as high accuracy, 
programmability and adaptability [1]. When the 
temperature sensors used produce their output in the 
voltage or current form, a high precision A/D 
converter will be required for interfacing the sensing 

device with the computer or the microcontroller. 
Many advanced Temperature control techniques have 
been reported in past couple of years.  
S. Kaliyugavaradan [1] has implemented PID 
algorithm to control firing angle of SCR for 
controlling the power applied to the heater, in a 
microcontroller based programmable temperature 
controller using RTD as temperature sensor. Joseph 
M. Diamond [2] has presented TRIAC phase control 
circuit in response to the amplitude of a sine wave 
signal of line-frequency. A brief description of 
optically coupled TRIAC driver circuit operating 
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from the normal 115 V ac line is given by V. P. 
O’Neil, P. G. Alonas and D. M. Gilbert [3]. This 
device provides optical isolation of the line TRIAC 
from the logic trigger signal and in addition performs 
the logic necessary to provide TRIAC triggering only 
at zero crossing of the AC line voltage. A 
temperature programmer for use with single crystals 
and other samples in vacuum is presented by R. J. 
Muha, S. M. Gates and J. T. Yales [4]. A digitally 
programmable temperature controller based on 
phase-locked loop is discussed by O. I. Mohamed,  
S. Shoji and K. Watanabe [6]. B. T. Akgun [7] has 
introduced a low cost microcontroller based 
temperature controller for furnaces and ovens. James 
S. Mc. Donald [8] has proposed a suitable method to 
develop a temperature control system for an air-filled 
chamber. Zhu Hongli and Bai Liyuan [9] has 
designed an inspecting and alarming system based on 
AT89C51 microcontroller. The hardware circuit of 
this system is composed of collector, host control 
machine and PC. Nang Kaythi Hlaing and Lwin Lwin 
Oo [10] have introduced the design and 
implementation of a microcontroller based single 
phase automatic voltage regulator (AVR). This 
design is based on the principle of phase control of 
a.c. voltage using a TRIAC. In the same year Wen-
tiang Huang and Li Jin-Ping [11] studied the 
principle and functions of the intelligent temperature 
control system based on AT89S51, and the 
temperature measurement unit consists of the 1-Wire 
bus digital temperature sensor DS18B20. In the same 
year Qian Zhang [12] introduced a new design 
method of digital thermometer to achieve 
temperature display, which uses AT89C52 as the 
main control device, DS18B20 as the temperature 
sensor, and anode with a total of three LED 
digital tube to transmit data. Its hardware circuit 
includes the main controller, temperature 
measurement circuit and display circuit. A closed 
loop control system structure was designed by A. 
Baskys, V. Gobis and V. Zlosnikas [13] in which the 
controller is provided with the information that 
allows the controller to know if the control system 
was disturbed by the set point change or not and 
enables it to operate with different parameters during 
the set point change response and the load 
disturbance response. Thomas Kraus [14] 
investigated the sensitivity of PID control algorithm 
to set-point and load changes. 

In the present investigation, attempts have been 
made to design and develop microcontroller based 
temperature monitoring and closed loop control 
system to study the reaction of controlled variable to 
load changes where Proportional (P) control 
algorithm has been implemented to control the firing 
angle of TRIAC for controlling the power applied to 
the heater. In this design of temperature control 
system high precision platinum temperature sensor  
Pt 100 has been used. The RTD output has been fed 
to the signal conditioning circuit to convert the 
resistance in to a suitable voltage form which would 
be acceptable by the microcontroller. The control 

software compares this measured temperature signal 
with the set point or desired signal and generates an 
error which in turn has been used in a proportional 
control algorithm. The controller output has been 
used to trigger the TRIAC at an angle measured from 
the reference provided by the ZCD circuit. Thus the 
required voltage level across the heater in process 
tank is obtained which maintains the temperature at a 
desired value. A step change in process load is then 
introduced and the reaction of controlled variable or 
process temperature with respect to the load changes 
is plotted against time which has been analyzed to 
describe the system behavior with respect to these 
sudden load changes. 

 
 

2. Methodology and Block Diagram  
of the Overall System 

 
The Temperature control system shown in Fig. 1. 

comprises of a process tank containing 220 V, 3A,  
50 Hz Heater, RTD Temperature Sensor, Signal 
Conditioning Circuit, ADC circuit, microcontroller 
along with 8255 programmable peripheral interface, 
Zero crossing detector for zero reference and TRIAC 
Opto-isolator which provides output pulse depending 
on the temperature of the process tank. The heating 
chamber or the process tank used in this design 
houses a resistive heater, a holder which can hold 
both the RTD or the temperature sensor and the 
Liquid-in-glass thermometer, which is used to read 
the temperature attained.  

 
 

 
 

Fig. 1. Block Diagram of Temperature Control System. 
 
 
The traditional way is to use the temperature 

sensing effect of the RTD to collect the temperature 
of the process tank as voltage or current, which 
changes with the change in the measured temperature 
with the help of the signal conditioning circuit [12]. 
After A/D conversion of this voltage, the data will be 
sent to the microcontroller which finds the error 
signal by comparing the instantaneous value of the 
temperature with the desired temperature. Depending 
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on the magnitude of the error signal the 
microcontroller calculates the required firing angle 
and sends the firing pulses to the TRIAC control unit 
through the TRIAC Opto-isolator. These firing pulses 
triggers the TRIAC which control the voltage applied 
to the heater. Then the error signal is updated and the 
cycle is thus repeated.  

 
 

3. Detailed Circuit Diagram 
 

The detailed hardware circuit of the Temperature 
Control System described above consists of 
Temperature Measurement circuit using RTD as 
temperature sensor, analog signal conditioning 
circuit, Analog-to-Digital converter (ADC), Zero 
Crossing Detector, Optically coupled TRIAC driver 
and interfacing of AT89C51 microcontroller with the 
hardware circuitry. 
 
3.1. Sensor Signal Conditioning Circuit 
 

Signal conditioning refers to the operations which 
are performed on signals to convert them to a form 
suitable for interfacing with other elements in the 
process control loop. In this experiment of 
temperature control, Platinum Resistance 
Temperature Detector Pt100 has been used as a 
temperature sensor. In view of very small fractional 

changes of resistance with temperature (0.4 %), the 
RTD is generally used in a bridge circuit shown in 
Fig. 3. The Bridge circuit is used to convert 
impedance variations of RTD into voltage variations. 
The voltage signal obtained as bridge output is given 
as input to the Signal Conditioning circuit because, 
the input to the microcontroller unit, to which the 
sensor output is connected requires a voltage to vary 
from 0 to 5 V for the variation of the process 
variable. A logical way to approach the signal 
conditioning circuit used here, consisting of 
Differential Instrumentation amplifier, summing 
amplifier or Adder and an Inverter to get the desired 
output.  

 
 

3.2. Zero Crossing Detector (ZCD) Circuit 
 
A typical a.c. signal is a sine wave goes up and down 
the zero level. Detection of the zero cross point is 
necessary for the microcontroller to synchronize the 
running of its software program to the mains 
waveform [10]. The ZCD circuit (as shown in Fig. 4) 
gives a pulse output when the signal crosses the zero 
level and generates a square wave of specific 
amplitude and width. This will be required by the 
microcontroller to generate the Triggering pulse with 
some delay from the zero crossing of the a.c. signal. 

 

 
 

 
 

Fig.3. Sensor Signal Conditioning Circuit. 
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Fig. 4. Basic 50/60 Hz Zero Crossing Detector. 
 
 

3.3. Optically Isolated TRIAC Driver Circuit 
for AC Power Control 

 
The Optically Coupled TRIAC Driver Circuit 

shown in Fig. 5, is designed to achieve phase control 
of a.c. power in which the amount of power supplied 
over each cycle is varied. 
 
 

 
 

Fig. 5. Optically coupled TRIAC Driver Circuit. 
 
 

The TRIAC is allowed to conduct for a certain 
period by triggering at an angle α. The angle at which 
the TRIAC must be triggered is modified by the 
AT89C51 microcontroller depending on the error 
between the desired and attained temperature. When 
the delay of firing angle of TRIAC is varied the 
output voltage on the load side can be varied from its 

maximum value to nearly zero as the firing delay 
angle is varied from 0º to nearly 180º. 

 
 

3.4. Interfacing of TRIAC Triggering Using 
Microcontroller with Driver Circuit 

 

The temperature attained is sensed by the RTD 
and a required voltage equivalent to the temperature 
attained is fed back to the microcontroller via the 
signal conditioning circuit. The 8051 Microcontroller 
calculates the error and produces the delayed pulse if 
it finds that the RTD output differs from the  
desired one. 
The ZCD pulse is fed as input to the microcontroller 
via the Optical isolation circuit using MCT-2E. After 
synchronizing with the AC pulse, a delayed pulse 
from zero reference, depending on the voltage 
required across the heater is introduced to the firing 
circuit of TRIAC containing MCT-2E and NPN 
transistor. The microcontroller thus triggers the 
TRIAC for required voltage level and thus the 
desired temperature is obtained in the process tank.  
 
 

4. Experimental Results and Discussion 
 

4.1. RTD Calibration with respect to Liquid-
in- Glass Thermometer containing 
Mercury (Temperature Vs RTD 
resistance variation) 

 

In the present experiment the temperature of the 
process tank has been sensed by RTD taken as  
Pt 100. Variation of the resistance of RTD with 
temperature is shown in Fig. 7, which covers a large 
span of temperature, from about 37 ºC to 97.5 ºC.  

 
 

 
 

Fig. 6. Interfacing of AT89C51 Microcontroller and TRIAC Driver Circuit. 
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Fig.7. Variation of RTD resistance with Temperature 
 
 

The percentage error from linealrity has been 
shown in Fig. 8. It is observed that the error lies 
between -1.35 % to +0.92 %. 
 
 

 
 

Fig. 8. Percentage Error Curve. 
 
 

4.2. Variation of Temperature with Output 
Voltage after Signal Conditioning 

 
The input to the microcontroller should vary 

within 0 to 5 Volts, which is obtained by the signal 
conditioning circuit in Fig. 3. The variation of the 
output voltage after signal conditioning with respect 
to the change in temperature is shown in Fig. 9. 

The percentage error from linearity is shown in 
Fig. 10. It is observed that the error in percentage lies 
between -16.122 % to +9.68 %. 
 
 

 
 

Fig. 9. Variation of the output voltage after Signal 
Conditioning with the change in Temperature of the Liquid 

in the Process Tank. 

 
 

Fig. 10. Percentage Error Curve. 
 
 

4.3. Closed Loop Temperature Control 
 

The Proportional Control algorithm has been 
implemented in the microcontroller. Variation of 
temperature in the closed loop with respect to 
different set-point values is shown in Fig. 10. 
 
 

 
 

Fig. 10. Set-point Temperature vs. Process Temperature 
Attained Curve. 

 
 

It is observed from the above figure that the 
variation of process temperature attained with 
variation of set point temperature is almost linear. 

The error percentage is calculated from the 
measured value and true value of process temperature 
attained. From the percentage error curve in Fig. 11 it 
is observed that the error lies within ± 3 %.  
 
 

 
 

Fig. 11. Percentage Error Curve. 
 
 

4.4. Control-Loop Characteristics 
 
Process control operations are essentially a time 

variation problem. The process control system is 
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designed to provide regulation so that in spite of the 
occurrence of the disturbances, the controlled 
variable will reach the set-point value quickly. 

 
 

4.4.1. Reaction of Controlled Variable  
with respect to Set-point Changes 

 
In the present experimentation the initial value of 

the process temperature was fixed at 44 ºC. A step 
change in set point from 44 ºC to 64 ºC has been 
given into the system. Variation of Temperature with 
time was observed with a Proportional Control 
Algorithm which has been implemented through the 
programming of the microcontroller. The 
microcontroller sends the firing pulse to the Gate of 
the TRIAC at an appropriate firing angle so that the 
heater voltage is varied and hence the process 
temperature is varied as shown in Fig. 12.  
 
 

 
 

Fig. 12. Reaction of Closed Loop Control System  
to a Set- Point change. 

 
 

It is observed that the temperature increased 
linearly with time. Though the set value of 
temperature is 64 ºC, it is observed that the 
temperature is increased up to 66 ºC giving an offset 
of 2 ºC which can be eliminated by the composite 
control of Proportional and Integral mode (PI). The 
temperature has reached at 66 ºC without any further 
rise in temperature as shown in Fig. 12. It is observed 
that in the present investigation of closed loop 
temperature control system the plot obtained in  
Fig. 12, is a critically damped response for a change 
in set point with an initial off-set error of 2 ºC. 
 
 
4.4.2. Reaction of Controlled Variable  

to Load Changes 
 

It has been observed that with the set-point 
temperature of 64 ºC, the process temperature 
becomes steady at 66 ºC with an offset error of 2 ºC. 
Now at this situation, a step change in process load 
has been given in the system by adding certain 
amount of cold water so that the temperature 
decreases to 63 ºC. The temperature Vs time data 

with respect to the load change is shown in Table 2. 
It is observed that the controller tries to bring back 
the temperature again to the set-point. Thus, after 
certain time interval it has been observed that the 
temperature has again reached at 66 ºC with an offset 
error of 2ºC and has become stable there without any 
further rise in temperature. 

 
 

Table 2. Controlled variable (Temperature) variation  
with time for Load Change. 

 
Set-

Point 
Tempe
rature 

(ºC) 

Time 
(seconds)

Tempera-
ture 

Attained 
(ºC) 

Remarks 

177 45 
Initial Temperature 
of Process Variable 

244 49  
346 55  
410 59  
478 63  

500 64 
Desired or Set-point 
Temperature 

584 66 
674 66 

764 66 

Controlled variable 
(Temperature) 
reached at Set-point 
with an Offset error 
of 2 ºC 

834 63 

Temperature 
decreased due to 
change in Process 
Load 

904 64  

980 65  
1124 66 
1214 66 

64 

1304 66 

Controlled variable 
again reaches at Set-
point with an Offset 
error  
of 2 ºC 

 
 
The same initial offset error of 2 ºC has reached 
again. Reaction to the above load change is shown in 
the Fig. 13.  
 
 

 
 

Fig. 13. Reaction of Closed Loop Control System  
to a Load Change. 
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5. Conclusions 
 

A technique for temperature control using an 
RTD as temperature sensor is described. The 
effectiveness of the design method has been well 
verified. The temperature control system has the 
advantages of friendly human-computer interface, 
simple hardware, low cost, high temperature control 
precision, convenience and versatility, etc.  

The variation of the RTD resistance with the rise 
in temperature of the Process tank is also almost 
linear. The RTD signal conditioning circuit 
containing RTD in one of the arms of the Wheatstone 
bridge is effectively designed by using OPAMPs and 
resistors. The bridge output is fed to the Signal 
Conditioning Circuit, which consists of 
Instrumentation Amplifier, Summing Amplifier and 
an Inverter to get the output with a correct sign. 

Since, an offset error is obtained with 
Proportional -control, Proportional-Integral control 
algorithm can be implemented to eliminate this 
offset. This part provides the scope of work for the 
future. Detailed comparative analysis of the control 
algorithm adopted based on their accuracy, 
repeatability and cost may constitute the future scope 
of work. The performance of the system can also be 
improved by choosing microcontroller chip, which 
performs better than 8051 chip. 
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