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Abstract: This paper gives an idea about effect of 

proportional-integral-derivative action on the error signal 

in process. The controller action on error signal in each 

mode is graphically analyzed by changing the tuning 

parameters. AVR microcontroller is use for controlling 

action and graphs are shown with the help of MATLAB. 
Index Terms: MATLAB, AVR Microcontroller, PID. 
 

I. INTRODUCTION 
The difference between process variable and set point to the 

system is mathematically operated by PID controller to reach 

desired output. The error is corrected by choosing the 

appropriate values of gain and integral-derivative time of 

controller. The objective of this paper is to study the response 

of a system under PID controlling action. How exactly the P-

I-D action changes the error signal to reach the set point is 

studied by observing a graph, which shows how PID 

parameters affects error signal. This helps in understanding 

which parameter has to be considered while controlling and 

how to select the appropriate values of parameters i.e tuning 

of controller. 

 

II. DESCRIPTION 
Temperature loop in feedback manner is used here for study 

purpose. System is composed of heating element, LM35 

temperature sensor, a controller, and a dc motor. Atmega328 

microcontroller is assigned to evaluate mathematical 

operations on error signal according to mode selection of 

PID. Control output changes the speed which decides cooling 

rate of fan and deceases the environment temperature to 

desire. AVR is interfaced to PC via USB port for the purpose 

of entering the gain values and to display the graphs. 

MATLAB serves the above purpose, as values are entered 

through GUI (Graphical user interface) and six graphs are 

plotted on MATLAB. Those are- P.V, Error, P, I, D, PID vs 

time. 

 

III. HARDWARE DESIGN 

A. Temperature sensor  

LM 35 senses the temperature of environment and converts it 

into equivalent electric signal. It is a 3 pin IC of which 

second pin is signal output. It has output proportional to the 

Celsius temperature. Scaling factor is 0.01V/Celsius. LM 35 

generates higher voltage than thermocouples and do not 

require amplification at output stage. 

  
B. AVR controller 

Atmega 328(28 pin) collects information from sensing 

element and gain values from MATLAB. It uses internal  

 

ADR (pin23) to convert analog temperature signal into 

equivalent hexadecimal value. Controlling output is 

computed by mathematical programming done in AVR. The 

output is given to motor through transistor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Circuit Diagram 
  
C. Transistor 
BC 338 NPN transistor is used to power up the motor. Low 

power circuitry provides sufficient base current to turn 

transistor on and off. Which further gives enough current to 

start motor? Transistor here is used for switching purpose. In 

NPN transistor output is high when input to be high. 

  
D. FTDI 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Driver circuit for USB 

 
FTDI is a driver ic for interfacing USB port with AVR 

controller. Computed values are send to MATLAB through 

pin 2 of controller and gain values are send to controller 

through RX pin 3. Output of controller is given to pin 1 and 
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input to controller is given from pin 5 of FTDI. 

IV. PID CONTROL 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: PID controlled system 

 

PID controller works mathematically on the process error. 

Err = set point process variable Where, Setpoint= desired 

output of process. Process variable= measured process output 

Here temperature of the environment is the process variable 

and the desired temperature of environment is set point for 

system. This error signal, E(s) is given to microcontroller. 

Microcontroller computes control signal for P action, I 

action, d action and combined PID action according to their 

mathematical equations with gain values for Ki, Kp, KD. 

These are coefficients of proportional, integral and derivative 

elements respectively. Which controls speed of fan in 

feedback system? If error is negative then cooling rate is 

increased and if it is positive then cooler rate is decreased. 

The proportional mode provides an output that is directly 

proportional to the error itself. Pterm=Err*Kp+ P0 Where, 

Pterm= Proportional controller output. Kp= Digital 

proportional gain. Err= SP-PV= error. PV= instantaneous 

measured value of the controlled variable SP=set point In the 

proportional mode, a smooth, linear relationship exists 

between the controller output and the error. Thus over some 

range of errors about the set points, each value of error has a 

unique value of controller output in one to one 

correspondence. An important characteristic of proportional 

control mode is that it produces a permanent residual error in 

the operating point of the controlled variable when a change 

in load occurs. Thus error is referred to as offset. The integral 

mode eliminates the offset problem by allowing the 

controller to adapt to changing external conditions by 

changing the zero error output. Iterm= AccErr*Ki; AccErr= 

AccErr+Err; Where, Iterm =integral mode output. 

Ki=integral mode gain AccErr=AccErr+Err; Derivative mode 

deals with the rate of change of error. It determines the 

change in rate and gives controlling signal to process. 

Dterm= (Err-DErr)*Kd; DErr=Err; Where, Dterm=derivative 

control output DErr =Err Kd=derivative gain Control signal 

of PID controller for each sampling interval T is, Pout= P0+ 

Err*Kp+ AccErr*Ki*T + (Err-DErr)*Kd/T Controller Output 

of P,I,D action and combined PID action is graphically 

represented with GUI in MATLAB. With help of graphs we 

can observe the response of system over controller action. 
 

V. PROGRAMMING 
Mathematical operations are executed in AVR programming. 

Control program is written in the C language which lesser 

the length of coding and saves the time of executing 

instructions. In-built ADC is programmed for conversion of 

analog signal into hexadecimal microcontroller compatible 

language. GUI in MATLAB is constructed to make changes 

in set point, gain values. It sends that values to 

microcontroller and collects controller output values to 

display on graph. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Flow chart 

 

VI. OBSERVATION 
P action: The controller output followed error when p action 

was taken. 
I action: When step change is made in process variable ramp 

signal is observed. 
D action: When step change was made in process variable 

spike was observed. 
PID action: When PID action was taken initially spike was 

observed then ramp was observed. 

 

VII. CONCLUSION 
Aim of the project was to control environmental temperature 

at desired level which is achieved by selecting proper gain 

values for PID controller and analyze the system parameters. 

When temperature of environment was more than required 

the cooling rate of fan was increase by manipulating the 

speed of motor. As per the reduction in error due to 
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improved controlling action, the cooling rate also reduces to 

maintain the set point of system. While reaching to the set 

point there are several up and downs in the temperature value 

which shows damping nature of system and defines settling 

time required for system to reach the set point. Settling time 

of system can be reduced by faster error reduction which is 

the result of selection of precise values for controller gain 

and sampling time. 
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