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Abstract— A Embedded based DC Motor control is very 

important in many general and industrial applications. For 

that implement the manual tuning PID algorithm which is 

simple, stable, easy adjustment and high reliability, 

Conventional control system used in conventional PID 

control .Most of industrial processes with different degrees of 

nonlinear, parameter variability and uncertainty of 

mathematical model of the system. Tuning PID control 

parameters is very difficult, poor robustness; therefore, it's 

difficult to achieve the optimal state under field conditions in 

the actual production. 
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I. INTRODUCTION 

The industrial application, the DC motor control is very 

important and essential especially in petroleum refineries, 

pharmaceutical and chemical process industries. Usually, 

level control exists in some of the control loops of a process 

control system. For the level control the DC motor is used as 

water pumping device. Many times the liquids will be 

processed by chemical or mixing treatment in the tanks, but 

always the level fluid in the tanks must be controlled, and the 

flow between tanks must be regulated[1] Level control in 

tanks is the heart of all chemical engineering systems.  

DC motor controls the Liquid levels in a variety of 

agricultural applications and are often measured manually, 

which can be time-consuming and labor-intensive. Rapid 

advances in electronic technologies have made a variety of 

inexpensive sensing, monitoring, and control capabilities 

available. A monitoring system was developed and evaluated 

for automation of liquid levels, and demonstrated by 

monitoring water levels in evaporation pans used in 

evaporation studies and irrigation scheduling.  

II. PROCEDURE 

The hardware system consists of different modules and 

explanation for each module is given in detail. They are 

 Arduino MEGA 2560 Microcontroller 

 ULN 2003 Relay driver 

 DC motor 

 Personal computer as display unit 

The block diagram of total control system 

implementing software manual tuning PID algorithm is given 

in below figure. 

 
Fig. 1: Block Diagram of DC motor Control System 

A. Arduino MEGA 2560 Microcontroller 

Microcontrollers are widely used in many commercial and 

industrial applications. In the present work we used Arduino 

mega 2560 microcontroller and it operates on +5V with 16 

MHz and the final output of the level measurement after 

processing presented on pc. It has a number of facilities for 

communicating with a computer, another Arduino, or other 

microcontrollers. It provides four hardware UARTs for TTL 

(5V) serial communication. The Arduino software includes a 

serial monitor which allows simple textual data to be sent to 

and from the board. The Arduino Mega can be powered via 

the USB connection or with an external power supply. The 

power source is selected automatically. Out of 54 Digital I/O 

pins 15 provide PWM output. Here the analog voltage of the 

ADC can be adjusted by PWM of the microcontroller which 

is connected to the DC motor implementing PID. 

A PID controller is called a PI, PD or P controller in 

the absence of respective control actions. The PID algorithm 

can be implemented in several ways. The easiest form to 

introduce is the parallel or “non-interacting” form, where the 

P, I and D elements are given the same error input in parallel 

[2-4]. e(t) is the Set point – Measurement (t) is the error signal 

and Kp, Ti, Td are constants that are used to tune the PID 

control loop. 

B. DC Motor 

A water pumping DC Motor which operates with +12V by 

1Amp power supply for pumping the liquid. It consists of one 

inlet and one outlet for maintaining the level in a tank by 

pumping water. In this work the motor controlled by a 

controller line of PWM which is operates with +5V/+12V by 

using Fuzzy with PID software.  The application software for 

the present work developed through communication 

interfacing with PC and USB .One advantage of it is, its 

operating voltage is +5V same as controller. 

C. ULN 2003 Relay Driver 

The ULN2003A devices are high-voltage, high-current 

Darlington transistor arrays. Each consists of seven NPN 

Darlington pairs that feature high-voltage outputs with 

common-cathode clamp diodes for switching inductive loads 

[11]. It has a 2.7-kΩseries base resistor for each Darlington 

pair for operation directly with TTL or 5-V CMOS devices. 

D. Personal Computer 

Here computer is the most important and integral part of the 

entire control system as it plays a vital role in data acquisition, 

display, record, and generate graphs. The predominant 

interfaces between personal computer and microcontroller 

are USB and Ethernet. In this contest USB communication is 

implemented to transfer data to and from controller to PC to 

display and store in database. Computer is loaded with 

windows 2008 operating system, Arduino and Processing 

software. 
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III. PSUEDO CODE FOR PID 

 P = Error[Current] * Kp[fuzzy]; 

 Error[Sum]= Error[Current] + Error[Last] + Error 

[SecondToLast]; 

 I = Error[Sum] * Ki[fuzzy]; 

 Error[Delta] = Error[Current] - Error[Last]; 

 D = Error[Delta] * Kd[fuzzy]; 

 Drive = P + I + D; 

 Error[SecondToLast] = Error[Last]; 

 Error[Last] = Error[Current]; 

The DC motor control done by using the PID controller. The 

PID controller controls the level with the sum of 

proportionality, integrity and derivative of error (difference 

between measured and set value) [5]. Depending on the error 

the drive which is given by “Drive=P+I+D” can be applied to 

the PWM of microcontroller. 

A. Manual Tuning 

If the system must remain online, one tuning method is to first 

set Ki and Kd values to zero. Increase the Kp until the output 

of the loop oscillates, then the Kp should be set to 

approximately half of that value for a "quarter amplitude 

decay" type response. Then increase Ki until any offset is 

corrected in sufficient time for the process. However, too 

much Ki will cause instability. Finally, increase Kd, if 

required, until the loop is acceptably quick to reach its 

reference after a load disturbance. However, too much Kd will 

cause excessive response and overshoot. A fast PID loop 

tuning usually overshoots slightly to reach the set point more 

quickly[6,7]; however, some systems cannot accept 

overshoot, in which case an over-damped closed-loop system 

is required, which will equire a Kp setting significantly less 

than half that of the Kp setting that was causing oscillation. 

 
Fig. 2: PID constants 

The GUI represents the graph time vs temperature 

implementing only PID. 

 
Fig. 3: Real-time control the DC motor drive implementing 

PID 

IV. CONCLUSION 

The DC motor control is done implementing by manual 

tuning PID algorithm. It takes more response time without 

overshooting about set temperature value takes place. Settling 

time also takes more with proper tuning. So for decreasing 

the settling time choose the advance FPID algorithm. 
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