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Abstract— The main aim of this project is to design digital 

PID control algorithms using field programmable gate array 

(FPGA) technology for speed control of the motor. 

Implementation of digital controllers in embedded 

environment suffers from many problems like analog-digital 

signals interfacing, therefore control algorithms have 

limitations. This paper presents a technique for 

implementation of FPGA based digital Proportional-

Integral-Derivative (PID) controller for the motion control 

of a permanent magnet DC motor. The hardware 

implementation has been done on a Xilinx Spartan 3 FPGA 

chip. This technique is used for the generation of control 

input as a PWM signal for controlling motor driver circuit 

and then decoding the optical encoder data for using it to the 

speed feedback in the PID control loop. 
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I. INTRODUCTION 

Due to the rapid advancement and sudden reduction in cost 

of digital computer and embedded system technology, 

digital control systems become very popular. Digital control 

systems are very easy to reconfigure and are not susceptible 

to environmental noise. In the motion control system due to 

speed and position control loops to achieve fast response 

and high accuracy, is a popular technique in industry. 

Therefore in motion control systems digital control 

techniques are becoming very popular which gives the 

control performance. Although there are various 

developments in advanced control theory, the Proportional-

Integral-Derivative (PID) controller are also used in the 

motion control systems in the industry due to well 

acquaintance with the PID controllers. Therefore analog 

controllers are replacing with digital PID controllers in the 

industrial motion control system due to the well-known 

popularity of the digital control system. The proportional 

integral derivative (PID) control methods and algorithms are 

one of the most common types of effective feedback 

controllers that are used in automatic control in many 

industrial processes. PID controllers have been widely used 

in many different areas such as drive control, power 

systems, automotive mechatronics, aerospace, process 

control and also in robotics. Recently, field programmable 

gate array (FPGA) has become an alternative solution for 

the digital control system, which were previously dominated 

by general purpose microprocessor system. In comparison 

with conventional PID realization, FPGA based controller‟s 

realization offer more advantages such as high speed, low 

power consumption, complexity is reduced. Due to the of 

analog-digital converters, the digital controllers suffer from 

quantization error, differential linearity error (DNE), 

integral linearity error (INE) & the non-monotonicity. Thus 

the controllers suffer from errors instead having ingenious 

design. Embedded system gives greater flexibility, speed 

&cost minimization. Control system, digital signal 

processing, Vision based sensing are the developing 

algorithms in embedded platform. Also implementing an 

efficient fast and flexible controller at the software level not 

result into dependable solution in hard real-time. Hence, at 

the chip development level hardware based solution is 

suitable where a dedicated digital circuit is responsible for 

performing the logical and arithmetic operations. However, 

development of such a digital circuit to perform logical and 

arithmetic operations on them is difficult at the chip level 

due to the high level of complexities involved. Hence, 

FPGA technology is used to develop digital circuits so the 

problem of realizing flexible, efficient and fast control 

system could solved at hardware level. This paper presents a 

technique for implementation of an efficient digital PID 

controller that is flexible for future requirements. In the 

literature survey a number of works have been reported to 

achieve a realization of control systems with the maximum 

efficiency, reduced latency and flexibility [1-10]. In [6], a 

two stage interpolation scheme is used to reduce the 

computational burden of NURBS interpolation and it is 

parallel operation of PC and FPGA system. In [1], an 

adaptive backstepping approach has been taken to rule out 

the system uncertainties in the LIM, and this technique is 

dependent on the FPGA architecture only. In [3], work on PI 

controller has been presented. [7] uses an FPGA based 

adaptive fuzzy controller for the speed control of PMSM 

drive. However, our work on implementation of a digital 

controller in motion control system is flexible for future 

requirements.    

II. FORMULATION OF CONTROL ALGORITHM 

A. Mathematical Model of the PMDC Motor 

The armature voltage Va is given by, 

Va(s) = Ia (s) [Ra+ sLa] + Eb (s)           (1) 

And, for a PMDC motor, 

T(s) =Kt.Ia (s)                 (2) 

The back emf of the motor is, 

Eb (s) = Kb.s ϴ(s)                   (3) 

The mathematical model of the motor is, 

T(s) = ϴ(s) [Js+B+].s           (4) 

From equation (2) 

Ia (S) = [s (Js +B) / Kt].ϴ(s)      (5) 

Putting (5) & (3) in equation (2) 

ϴ(s) / Va (s) = Kt / s[(Js +B) (sLa + Ra ) + Kt + Kb]  (6) 

B. Parameter Identification- 

The schematics diagram for the identification process is 

illustrated in Fig.1. 

 
Fig. 1: Diagram for the Identification Process 
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The motor is bidirectional motor. It can rotate 

clockwise or anticlockwise. The response of the motor was 

tracked using the FPGA & according to the motor‟s position 

data is generated. The generated data was transferred by 

serial communication to the connected PC. The motor model 

was linearized. Hence non-linearity due to the presence of 

backlash, the dry-friction were neglected. Optical encoder is 

nothing but Infra-red Led, which senses the speed of the 

motor in rotations/second means according to the rate of 

pulses of the optical encoder the motor speed data has been 

obtained.  

 
Fig: 2: Block Diagram of the Complete System 

C. Design of the Controller: 

The controller used is Proportional-Integral-Derivative 

(PID) controller. The PID controllers control the system 

with its proportional, integral and derivative action. Thus, 

PID controllers are used in process control systems. These 

controllers are used in cascaded position and in current 

loops as well as in velocity loops and also in nested loops is 

used.([11],[12],[13],[14]).Flexible and efficient static and 

dynamic characteristics of the system can achieve using PID 

controller in cascaded position of velocity and current loops. 

The output of PID controller with respect to error 

e(t) is given by, 

u (t) = kp e(t)+ki ∫e(t) dt + kd.(d/dt e(t))   (7) 

Where, 

e (t) = error signal 

u (t) = control signal 

kp = proportional gain 

ki = integral gain 

kd = derivative gain 

Taking Laplace transform of (7) 

Hence, U(s) = E(s) [kp+ ki /s + kd .s]  (8) 

There are various methods to tune the PID 

controllers, here from the Simulink PID tuner with the help 

of the system step response the proportional (kp), integral 

(ki) and derivative (kd) gains are obtained. For 

implementation purpose gains are rounded off to the nearest 

integer values while the system is stabilized and the 

resulting system was again tuned until the desired response 

achieved.   

D. PMDC Motor Driver Circuit- 

Pulse Width Modulation (PWM) is a popular technique for 

delivering power to any circuit in a controlled and precise 

manner. In this design PWM generator is used to provide the 

L293D quadruple Half-H driver circuit.L293D is a motor 

driver IC, which drives the motor. L293D is a dual H-

bridge motor driver integrated circuit (IC). Motor drivers act 

as current amplifiers since they take a low-current control 

signal and provide a higher-current signal. This higher 

current signal is used to drive the motors.L293D has two 

inbuilt H-bridge driver circuits means it can handle to drive 

two DC motors simultaneously both in forward and reverse 

direction.L293D is a16 pin IC. The PWM is given a 

reference and the duty cycle of the output signal is a 

function of the reference. Thus in hex reference of FF 

corresponds to a100% duty cycle of the output. 

E. Error Signal Computation- 

The optical encoder is nothing but Infra-red (IR) sensor.IR 

sensor has IR transmitter and IR receiver.IR sensor transmits 

the IR signal on the object mounted on motor and then the 

signal is reflected back from the surface of the object. Then 

the reflected signal is received by an IR receiver. Infrared 

sensors are simple, user friendly and it has fast obstacle 

detection capability. Using Infrared sensor the sensing 

distance can be adjusted manually. The optical encoder 

mounted on the motor has precision of 12.So,if the motor 

RPM has a value of „x‟ rotations per second, then the 

encoder will generate „30x‟ amount of pulses in a second. 

The error signal can be generated by calculating the number 

of encoder pulses from the feedback signal and then 

converting it to an equivalent hexadecimal value of the 

reference to the PWM. Thus, the PID controller is supplied 

with the difference of the PWM reference and the effective 

output.    

III. CONCLUSION 

This paper has presented a technique to implement digital 

controllers with implementation of a digital PID controller. 

The control algorithm was implemented in a Xilinx Spartan 

3 FPGA. We get a chip utilization data. The motor rotate in 

4 modes and in each mode the motor has different speed. 

Hence motion of the motor is controlled. The design shows 

improvements over the implementation way of digital 

controllers in Microcontroller Units in terms of response, 

latency, robustness and flexibility. Using advanced 

controllers the system results into superior, reliable and 

flexible systems. 
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