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Abstract. In this paper, we propose an implementation of a synthesizable Very 

High Speed Integrated Circuits Description Language program of Proportional-

Integral-Derivative controller on a map XC3S700A Xilinx Starter Kit using the 

Xilinx ISE 10.1 software. The control strategy was applied to a second order state 

system. The Very High Speed Integrated Circuits Description Language was used 

as a programming tool. The use of Field Programmable Gate Array circuits pre-

sents a good choice regarding to the problem of execution time. A Proportional-

Integral-Derivative Matlab program was also implemented in order to make a per-

formance comparison. 
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1   Introduction 

The first realizations of digital implementation of control algorithms were per-

formed using microprocessors. These numerical solutions have solved the prob-

lems associated with the use of analog controls. They also have a large economic 

interest and a better design flexibility. With technological advancement in the field 

of microelectronics, new digital solutions such as FPGAs (Field Programmable 

Gate Array) are available and can be used as targets for the implementation of dig-

ital control algorithms [1]. The programmable FPGA circuits (Field Programma-

ble Gate Array) didn't escape to this law. The circuits FPGA were initially devel-

oped like a natural evolution of the CPLD (Complex Programmable Logic 

Devices), but with further complexity in every new integration until reaching one 
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billion of transistors for the most recent generations. In fact, the level integration 

increase is mainly due in the similar power growth of the computations of these 

circuits. One of the proposed solutions was to use the FPGAs in order to make the 

fast samples and still find their place in many industrial and electronic domains. 

The majority of the industrial systems control controllers are PID controllers. 

From this point of view, it will be necessary to digitalize the PID algorithm. In 

general, the modern digital control systems require stronger and faster calculation 

components [13]. This type of elements becomes yet indispensable with the use of 

some new control algorithms as the adaptive control, the  fuzzy control, and, the 

sliding mode control…[6] [7]. Despite the fact that the PID controllers are the old-

est ones, they still represent the most used controllers in the industrial control sys-

tems.The target FPGA device used in this paper is Spartan-3A manufactured re-

cently by Xilinx [4]. Design development and debugging is carried on a low-cost, 

full featured kit provided by Digilent. This board provides all the tools required to 

quickly begin designing and verifying Spartan-3 platform designs. 

 In this paper, we present an implementation of a PID controller applied to a se-

cond order state system using a synthesizable VHDL integer program [2]. It has 

the advantage to effectively represent the real type not synthesizable in VHDL 

better than fixed point libraries which take a lot of space on the FPGA, and they 

also require some clock cycles to generate results. The results are compared with 

those obtained in Matlab. 

The paper is structured as follows: in   Section II and Section III, we present a 

theoretical review of PID controller and system to control. In Sections IV and V, 

we present the controlled state system VHDL design, their simulations and im-

plementation results. The last section is devoted to conclude this paper. 

  

2   PID Controller 

Proportional-Integral-Derivative (PID) controllers are widely used in automa-

tion systems. They are usually implemented either in hardware using analog com-

ponents or in software using computer-based systems [8] [9].This paper outlines 
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The corresponding discrete PID equation is given [12]:
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( )cY z : The set point signal.

( )Y z : The feedback signal.

( )E z : The error signal.

       
( )U z : The control signal.
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are respectively the proportional, integral,
 
derivative param

ters. The PID controller is shown in Fig. 1. 

 
Fig. 1.

  
A block diagram of PID controller 

The PID parameters are computed using the Takahashi method in closed loop 
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The PID parameters are computed using the Takahashi method in closed loop 
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3   System To Control

In this example, the proposed process is

tor fitted with a speed sensor in order to regulate the speed of the motor by mani

ulation of the input voltage [10]. The mathematical model of the system with a 

sampling time of 0.1 sec is [5]:
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4   Implementing A PID Controller On The Map Xilinx Spartan 

3A Starter Kit XC3S700A

4.1   Simulink Model 

The application of a PID controller in a feedback control system is shown in 

Fig. 2. 
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The application of a PID controller in a feedback control system is shown in 

 
Fig. 2.  Simulink implementation of controlled system
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4.2   VHDL Programming  

The design includes: 

• The “Set_point”: integer type written in VHDL as a state machine. 

• The “PID controller”: the VHDL  algorithm block written in integer. 

• The “system”: the VHDL  algorithm block written in integer. 

The three blocks are synchronized by the same clock “clk”. 

The VHDL PID controller program has four inputs and output: 

• Inputs: Clock (frequency 50 MHz), clock enable, reset and the 

set_point is of “std_logic_vector (11 downto 0)” type: It is a periodic 

signal written in VHDL as a state machine. 

• Outputs: The control is "std_logic_vector (11 downto 0)" vector. 

The VHDL System program has four inputs and output: 

•  Inputs: Clock (frequency 50 MHz), clock enable, reset and the con-

trol is of “std_logic_vector (11 downto 0)”. 

• Outputs: The output  is "std_logic_vector (11 downto 0)" vector. 

The choice of 12 bits is due to the use of the DAC for displaying the output on 

the oscilloscope. 

5   Simulation and Implementation Results  

In this section, we present the simulations of the programs carried out on 

Simulink and Xilinx ISE 10.1 with Xilinx ISE simulator as well as the inter-

pretation results. 

 

5.1   Simulation Results By Simulink 

The resulting curves of the Matlab simulation are illustrated in Fig. 3 and 

Fig. 4. 
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5.2   Simulation By The ISE Simulator

The simulation using the ISE simulator is  shown in Fig. 5. The

between 1000 and 3000.

 
Fig. 3.  Set point and output signals of the matlab 

 
Fig. 4.  Matlab control signal of PID controller 

Simulation By The ISE Simulator 

The simulation using the ISE simulator is  shown in Fig. 5. The set point varies 

between 1000 and 3000. 

set point varies 



    
Fig. 5.  

 

The clock frequency is fixed at 50 MHz (20ns) which is equal to the clock fr

quency of the XC3S700A Starter Kit.

The output reaches the set point

We note that the value of the output is stabilized with the first set point value 

(1000), when there is a change in the set point value, the value of the output starts 

to increase until it reaches the second value set point (300

 

5.3   Digital-To-Analog Converter

As shown in Fig. 6, the FPGA uses a Serial Peripheral Interface (SPI) to co

municate digital values to each of the four DAC channels. The bus SPI is a full

duplex, synchronous, character

terface [4]. A bus master (the FPGA in this example) transmits serial data 

(SPI_MOSI) to the selected bus slave (the DAC in this example) and drives the 

bus clock signal (SPI_SCK). Meanwhile, the bus slave transmits the serial data 

(SPI_MISO) back to the bus master.

  Simulation of PID control system by the ISE simulator 

The clock frequency is fixed at 50 MHz (20ns) which is equal to the clock fr

quency of the XC3S700A Starter Kit. 

The output reaches the set point value after 20 iterations. 

We note that the value of the output is stabilized with the first set point value 

(1000), when there is a change in the set point value, the value of the output starts 

to increase until it reaches the second value set point (3000). 

Analog Converter 

As shown in Fig. 6, the FPGA uses a Serial Peripheral Interface (SPI) to co

municate digital values to each of the four DAC channels. The bus SPI is a full

duplex, synchronous, character-oriented channel employing a simple four-

terface [4]. A bus master (the FPGA in this example) transmits serial data 

(SPI_MOSI) to the selected bus slave (the DAC in this example) and drives the 

bus clock signal (SPI_SCK). Meanwhile, the bus slave transmits the serial data 

MISO) back to the bus master. 
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The clock frequency is fixed at 50 MHz (20ns) which is equal to the clock fre-

We note that the value of the output is stabilized with the first set point value 

(1000), when there is a change in the set point value, the value of the output starts 

As shown in Fig. 6, the FPGA uses a Serial Peripheral Interface (SPI) to com-

municate digital values to each of the four DAC channels. The bus SPI is a full-

-wire in-

terface [4]. A bus master (the FPGA in this example) transmits serial data 

(SPI_MOSI) to the selected bus slave (the DAC in this example) and drives the 

bus clock signal (SPI_SCK). Meanwhile, the bus slave transmits the serial data 
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Sending data is synchronous with DAC_SCK which operates at a maximum fr

quency of 50 MHz, it is programmed in a state machine that is illustrated by the 

following transition diagram:

 

       

During the state (idle), the frame that contains the data we want to convert by se

ting DAC_CS at the highest level. Then we start to read the frame during the state 

(ready). After this task, and during the state (send), we start to send the frame that 

Fig. 6.  Digital-to-Analog Connection Schematics 

Sending data is synchronous with DAC_SCK which operates at a maximum fr

quency of 50 MHz, it is programmed in a state machine that is illustrated by the 

transition diagram: 

Fig. 7.  State diagram of the VHDL program DAC 

 

During the state (idle), the frame that contains the data we want to convert by se

ting DAC_CS at the highest level. Then we start to read the frame during the state 

(ready). After this task, and during the state (send), we start to send the frame that 

 

Sending data is synchronous with DAC_SCK which operates at a maximum fre-

quency of 50 MHz, it is programmed in a state machine that is illustrated by the 

 

During the state (idle), the frame that contains the data we want to convert by set-

ting DAC_CS at the highest level. Then we start to read the frame during the state 

(ready). After this task, and during the state (send), we start to send the frame that 



contains 32-bit when the clock DAC_SCK is set to high level as it is prepared to 

the state (dummy). Finally, after checking the transmission of the frame that e

sures the state (check), we put DAC_CS high in order to start sending a new 

frame. 

After converting the binary data in decimal, the analog value output is calculated 

by the formula (4). 

 

                                

Vdac Vref

          
 With         

 
Vref

5.4   Implementation Results

After the execution of the synthesis process [3], the

ates the RTL diagram illustrated in Fig. 8, as well as statistics on the number of 

used hardware resources which are depicted in Fig. 9.

 

Fig. 8

bit when the clock DAC_SCK is set to high level as it is prepared to 

tate (dummy). Finally, after checking the transmission of the frame that e

sures the state (check), we put DAC_CS high in order to start sending a new 

After converting the binary data in decimal, the analog value output is calculated 

[11 : 0]

4096

data
Vdac Vref= ×

                                              

 

Vref = 3.3 V 

Implementation Results 

After the execution of the synthesis process [3], the Xilinx ISE software gene

ates the RTL diagram illustrated in Fig. 8, as well as statistics on the number of 

used hardware resources which are depicted in Fig. 9. 

 
Fig. 8.  RTL schematic design "PID, system and DAC" 
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bit when the clock DAC_SCK is set to high level as it is prepared to 

tate (dummy). Finally, after checking the transmission of the frame that en-

sures the state (check), we put DAC_CS high in order to start sending a new 

After converting the binary data in decimal, the analog value output is calculated 

                                              
(4)

 

Xilinx ISE software gener-

ates the RTL diagram illustrated in Fig. 8, as well as statistics on the number of 
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Fig. 9.  Statistics on the material resources used to implement the "PID, system and 

Then it executes the implementation process (translate, Map, Place & Route). A

ter that, the corresponding bit stream file is generated [3].

Finally, we implement 

3A (Fig. 10) the map using the Xilinx ISE 10.1 software and JTAG cable.

 

Fig. 10

 

 
Statistics on the material resources used to implement the "PID, system and 

DAC" design
 

 

Then it executes the implementation process (translate, Map, Place & Route). A

ter that, the corresponding bit stream file is generated [3]. 

Finally, we implement the VHDL program "PID, system and DAC" on Spartan 

3A (Fig. 10) the map using the Xilinx ISE 10.1 software and JTAG cable. 

 
Fig. 10.  Circuit Xilinx XC3S700A Spartan 3A Starter Kit 

Statistics on the material resources used to implement the "PID, system and 

Then it executes the implementation process (translate, Map, Place & Route). Af-

the VHDL program "PID, system and DAC" on Spartan 

 

 



 

The VHDL program "PID, system 

using the Xilinx ISE 10.1 software (Fig. 11) and JTAG cable. The output signal on 

channel 2 and the set point signal on the chain 1 are then displayed together on the 

screen of the oscilloscope. The result of the i

The output signal on channel 2 and the signal control of the chain 1 are then di

played together on the screen of the oscilloscope. The result of the implementation 

is shown in Fig. 13. 

 

Fig. 12.  Result of the imple

 
Fig. 11.  The Xilinx ISE 10.1 software 

The VHDL program "PID, system and DAC" is implemented in Spartan 3A map 

using the Xilinx ISE 10.1 software (Fig. 11) and JTAG cable. The output signal on 

channel 2 and the set point signal on the chain 1 are then displayed together on the 

screen of the oscilloscope. The result of the implementation is depicted in Fig. 12.

The output signal on channel 2 and the signal control of the chain 1 are then di

played together on the screen of the oscilloscope. The result of the implementation 

 
Result of the implementation of the oscilloscope set point  

and output 
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Fig. 13.  Result of the implementation of the oscilloscope control

5.5   Interpretation Results

Simulation results and implementation, obtained by Matlab and ISE show that 

the speed and the right followed reference trajectory by the output signal.

The difference between the results of simulation and implementation on FPGA 

is due to the difference  interpretation of integer type used in VHDL program and 

real type used in the Matlab program.

Implementing PID controllers on FPGA features speed, accuracy and power 

over other techniques of digital implementation.

6   Conclusion 

In the current investigation, an implementation of PID controller on a map 

XC3S700A, FPGA-based, is performed by writing

program. A comparison of VHDL signals to those obtained by Matlab is carried 

also out. The use of integer type provides good results because it solves the ove

flow problems during the computations. 

Result of the implementation of the oscilloscope control 

 and output 

Interpretation Results 

Simulation results and implementation, obtained by Matlab and ISE show that 

right followed reference trajectory by the output signal. 

The difference between the results of simulation and implementation on FPGA 

is due to the difference  interpretation of integer type used in VHDL program and 

real type used in the Matlab program. 

Implementing PID controllers on FPGA features speed, accuracy and power 

over other techniques of digital implementation. 

In the current investigation, an implementation of PID controller on a map 

based, is performed by writing a synthesizable VHDL integer 

program. A comparison of VHDL signals to those obtained by Matlab is carried 

also out. The use of integer type provides good results because it solves the ove

flow problems during the computations.  

 

Simulation results and implementation, obtained by Matlab and ISE show that 

 

The difference between the results of simulation and implementation on FPGA 

is due to the difference  interpretation of integer type used in VHDL program and 

Implementing PID controllers on FPGA features speed, accuracy and power 

In the current investigation, an implementation of PID controller on a map 

a synthesizable VHDL integer 

program. A comparison of VHDL signals to those obtained by Matlab is carried 

also out. The use of integer type provides good results because it solves the over-
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As a future extension of the current investigation, we will try to control a real 

system using a FPGA board. 
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