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Abstract- Proportional-Integra-Derivative controllers are 

universal control structure and have widely used in Automation 

systems, they are usually implemented either in hardware using 

analog components or in software using Computer-based 

systems. In this paper, we focused our works designing on 

building a multi-channel PID controller by Field Programmable 

Gate Arrays (FPGAs). To overcome the hardware complexity by 

the use of more processors for multi channel, we are using single 

PID controller for multi channel .Multi channel can be 

implemented by the use of FPGA.when the error is more it can 

differentiate and produce the constant output, when signal is low 

when compared to reference signal it can integrate it.FPGA can 

offer parallel processing, more speed. 
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I. INTRODUCTION 

The application range of FPGA based designs increases 

every day. This is mainly due to the flexibility and 

capability to perform parallel tasks. The industry is adopting 

massively the core-based design methodology for system 

integration using FPGAs, which leads to the appearance of 

the System-on-Programmable-Chip (SoPC) platforms [1]. 

This paper presents a PID core suitable to be introduced in 

such a system. Furthermore, the simulation scheme to 

successfully simulate the hardware and the motor involved 

is also presented. The simulation of the VHDL core is 

performed around the Xilinx System Generator [6]. The 

“System Generator” is a collection of Simulink block sets 

that permit interaction between hardware and modeled 

systems. In this paper we consider discrete time PID 

controller and is implemented in a dedicated FPGA with 

PWM modulator. In this paper, a case study is presented in  

Which a modular FPGA-based design approach is applied 

to design a temperature control system. The  same approach 

can be extended to design other embedded controllers using 

FPGA. The complete system is implemented by dividing 

system functions into reconfigurable modules. In general, 

embedded control designers need to go through three phases 

in the design of digital control systems: 1) software 

modeling/simulation in an environment such as 

Matlab/Simulink; 2) hardware implementation; and 3) co 

simulation of the whole system including both hardware and 

software. The organization of this paper is as follows: In 

section II. Related Work III. Different discrete time PID 

controllers are reviewed. Discuss about the PID controller 

and PWM modulator explained in section IV. The 

simulation and FPGA implementation results are discussed 

in section V&VI. 
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II. RELATED WORK 

1. In this paper, an efficient design scheme for 

implementation of the Proportional-Integral Derivative 

(PID) controller using Field Programmable Gate Array 

(FPGA) technology is presented. 

2.  This paper presents a series of high speed and low-

power finite-word-length PID controllers based on a new 

recursive multiplication algorithm. 

3.  In this paper analysis and implementation of 

Proportional Integral Derivative (PID) controller using 

Field Programmable Gate Array (FPGA) is presented.  

4.  The research presented in this article applies the 

newest Field-Programmable-Gate-Arrays to implement 

motor controller devices in accordance with the actual 

core-based design. The flexibility of the System on-a-

Programmable-Chips in motor multi-axis control systems 

enables the processing of the most intensive computation 

operations by hardware (PID IP cores) and the trajectory 

computation by software in the same device. 

5.  In this paper, modular design of embedded 

feedback controllers using field-programmable gate array 

(FPGA) technology is studied. To this end, a novel 

distributed-arithmetic (DA)-based proportional–integral–

derivative (PID) controller algorithm is proposed and 

integrated into a digital feedback control system. 

6.  This paper presents a PID controller core described 

in VHDL suitable to be introduced into a System-on-

Programmable Chip design. The flexibility of the System-

on-a-Programmable-Chips (SoPCs) in motor multi-axis 

control systems makes possible the processing of the most 

intensive computation operations by hardware (PID IP 

Cores) and the trajectory computation by software. 

III. DISCRETIZATION PID CONTROLLER 

The general form of PID controller given in most of the 

text book is the standard form. 

 

where p K is the Proportional gain, i T is the Integral time, d 

T is the derivative time, e(t) is the error signal and u(t) is the 

output of the controller. The ideal parallel form of the PID 

controller shown in Fig. 1 is represented by a mathematical 

equation as The whole expression of PID algorithm is: 
 u(t) = kp [e(t) + 1/Ti ∫e(t) dt + Td d/dt e(t)]          (1) 

Where kp is the proportional gain, Ti is the integral time 

constant, Td is the differential time constant, u(t) is the 

control variable and e(t) is the system 

error.  
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Equation (1) can be transformed into a discrete-time 

description  

      u(k)= u(k-1)+ kp x1(k)+ ki x2(k)+ kdx3(k)  

          x1(k)= e(k)-e(k-1) 

          x2(k)=e(k) 

          x3(k)=e(k)-2 e(k-1)+ e(k-2) 

  Where ki is the integral coefficient and kd is the differential 

coefficient. Hence we get.         

    u(k)= u(k-1)+k0 e(k)+k1 e(k-1) +k2 e(k-2) 

        k0= kp +ki +kd  

        k1= -kp-2kd 

        K2= kd  

 
Figure 1: Block diagram of PID controller 

 

This parallel form is shown in Fig 1, where the parameters 

are treated as simple gains, is the most general and flexible 

form. However, it is also the form where the parameters 

have the least physical interpretation and is generally 

reserved for theoretical treatment of the PID controller. The 

purpose of integral action is to increase the low frequency 

gain and thus steady state error reduces. The derivative 

action adds phase lead, which improves stability and 

increases system bandwidth. Fallowing [3], from a practical 

point of view, implementation of (2) has certain limitations. 

Firstly, actuator saturation can cause integrator windup, 

leading to sluggish transient response. Secondly, the pure 

differentiation term amplifies noise, leading to deterioration 

of the control command. Finally, the differentiation term 

acts on the error signal, taking the derivative of the 

command signal as well. 

IV. PID CONTROLLER AND PWM MODULATOR 

A. PID controller 

The PID controller follows the classical structure. It 

contains two saturation Blocks, one for the integral part and 

the other for the overall sum (see figure 4). The controller 

has a pipeline structure of three stages, in other words, it 

needs three clock cycles to perform all the operations. In 

order to improve the area and speed, hardware multipliers 

have been used [9]. These multipliers are included in the 

Spartan 3 family of Xilinx and subsequent FPGAs. These 

multipliers have 15 bit input data bus and are signed. This 

leads to optimum implementation when the fixed point 

implementation uses less than 15 bit in two’s complement. 

 

B.  PWM modulator 

The PWM modulator admits a two’s complement input 

and transforms it into a PWM signal. The module has two 

outputs, one the modulated PWM and the other one the sign 

of the modulation (see figure 5). These two outputs permit 

direct connection with existing Full-Bridge Motor Drivers 

[10]. 

 
 

The PWM module also generates the enable signal for the 

control loop. This signal makes the PID controller begin a 

new cycle and calculate a new PWM input value. The PWM 

has a saturating block; this saturation value is symmetrical 

for positive and negative values and can be configured. The 

ratio between PWM cycles and PID cycles and the number 

of bits of the PWM input can also be configured. The PWM 

block also has an on/off input, allowing the disconnection of 

the modulator and the brake of the motor. 

V. PROPOSED METHODOLOGY 

We are proposing a sensor by eliminating PWM 

Modulator and A/D Convertor, which can reduce the power 

consumption and overall Delay for system. In block diagram 

shown below shows the comparison between General PID 

Controller and proposed PID Controller. 

VI. RESULT AND DESCUSSION 

PARAMETERS VALUES 

DELAY 13ns 

TOTAL POWER 43.27mw 

FREQUENCY 50 MHz 

Simulation Results 

 

 
Error output 
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Utilization summary:- 

 
 

Synthesis Results 

 
 

Total Power 

 
 

Out Put Power 

 
 

VII. CONCLUSION 

In this paper, a novel PID based controller was presented, 

for FPGA implementation. Hence the efficient dynamic 

system implementation is done which uses only 3.66 mw of 

the power. We conclude this research that we can minimize 

the cost of overall system by eliminating the PWM 

Modulator and A/D Convertor which can all give 

advantages over Power Consumption and Delay. We can 

achieve high speed as well as better performance and low 

cost as compared to analog counterpart. Average latency can 

be minimized about 14ns. 
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