Communications on Applied Electronics (CAE) — ISSN : 2394-4714
Foundation of Computer Science FCS, New York, USA
Volume 1—- No.4, March 2015 — www.caeaccess.org

Implementation of FPGA based D.C motor Speed
Controller using PWM Technique

Muhammad Usama Umer
Igra University
Main Campus Karachi

ABSTRACT

The speed controlling of a DC motor drive using field
programmable gate array (FPGA) as a digital controller,
which provides an operational control using PWM technique.
Mostly switching power converters are employed to deliver
the energy to the motor. Pulse width modulation is one of the
good ways of control that delivered energy through power
Mosfet. The P.W.M signal is given from the F.P.G.A board
through the Mosfet driver circuit. The presented work is
programmed on FPGA board Altera D.E 2.0.FPGAs flexible
architecture reduces the processing speed, accuracy,
robustness and hence increases the overall systems efficiency.
The integration of all these above mentioned resources led to
successful implementation of D.C motor P.W.M speed
controller using FPGA and furthers more since dynamo has
been coupled with motor to behave as load resulted in
achieving the open loop control system for a generator of
206watts.

General Terms
Pulse Width Modulation, Control System, FPGA, Verilog
HDL.

Keywords
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1. INTRODUCTION

One of the ways of designing a digital speed control system
for D.C motor is based on software. In order to run that
software microprocessor, PLC, DSP can be used. These all
above mentioned software based techniques employees’
memory processor interaction. The memory holds the
application program while the processor fetches decodes and
executes the program instructions. The implementation of
speed controlling using microprocessor and DSPs is old and
well known [1], [2].When the system size and complexity
increases; Application Specific Integrated Circuits are
utilized. The ASIC must be fabricated on a manufacturing line

, a process that takes several months ,before it can be used or
even tested[3].With the passage of time digital controllers are
taking new shapes and in this connection another development
in this regard was of FPGA.FPGAs are configurable ICs and
used to implement logic functions.

Early generation of FPGAs were most often used as glue logic
which is the logic needed to connect the major components of
a system. They were often used in prototypes because they
could be programmed and inserted into board in few minutes.
Today high end FPGASs can hold several millions gates and
have some significant advantages over ASICs. They ensure
ease of design, lower development costs, more product
revenue and the opportunity to speed products to market. At
the same time they are superior to software based controllers
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As they are more compact, power efficient, while adding high
speed capabilities [4].

Moreover, FPGAs flexible architecture allows
the implementation of many complex systems that requires
parallel execution. These systems may range from pattern
recognition to security algorithms as they have complex
architecture [5], [6], [7], [8].

Before implementing the P.W.M speeds controlling method
for motor. A test bench was achieved by controlling the speed
of the motor using PIC microcontroller. Apart from the
thorough literature review is done of the control system,
digital control system, P.W.M, encoder and FPGA cyclone Il
board. The mentioned literature topics are studied from book
and as well as resources from internet.

P.W.M speed controlling method is programmed on the
FPGA. The P.W.M signal of 100Hz is transmitted from
GPIO_0 (0) to the D.C gear motor via motor driving circuit.
The energy that switching power converter a DC motor is
controlled by Pulse Width Modulation signal applied to the
gate of a power mosfet. The motor is coupled with the dynamo
and a load back comprises of resistive bulbs are connected in
series, to obtain sharp observance of the changes due to
variation in speed of the motor. Since as the speed of the
dynamo coupled motor increases the intensity of the bulb
increases and viceversa.An encoder is coupled on the shaft of
the motor for giving feedback pulses of the speed of the motor
to the FPGA board on pin GPIO_0 (1) .The encoder has
measured the feedback pulses for the duration of 1Hz.Keys on
the FPGA board are used to vary the duty cycle of the input
P.W.M signal and it’s also displayed on seven segment of the
board. In addition to this the seven segments are also
displaying the speed of the motor which is coming from the
feedback path by encoder. Apart from that graphs between
speed of the motor and the duty cycle of the PWM signal at a
constant voltage of 7V have been drawn and shown here. This
was done to proceed further with the project to make it a close
loop system with 7V as a set point.

2. CONTROL SYSTEM

Control system is defined as an interconnection of
components to provide a desired system response [9].
Classical and modern controlling methods were created in
19the century, a revolution came when control system
is transformed and used into latest technologies such as motor
control applications. Unlike close loop control system, open
loop control systems do possess accuracy, robustness, good
performance and stability. Furthermore it’s cost effective and
the design is less complex as compared to close loop control
system.
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2.1 Digital Control System

It is a type of control system that employees computer as a
digital controller. As per the need of the application the digital
controller can take the shape of microcontroller,
microprocessor, dip’s and FPGA etc. Since digital control
system is discrete in nature this field of technology in mid

1960s and mid-1970s, had replaced mainframe computers
which were previously controlling numerous control
applications such as (motor speed control).

Admiring this fact, a similar effort is done in such a way that

the FPGA,; a product from the evolution of embedded system

has been chosen as digital controller for the purpose speed

control, as showing the figurel below.

¢ Output

Digital Controller ¥ P.W.M Signal ™ D.cMotor
(FPGA)

Encoder

Figurel.control system block diagram for speed control of
motor using FPGA

2.2 Pulse Width Modulation

These days’ industries are increasingly demanding process
automation in all sectors. Automation marks into better
quality, increased production and minimized cost. The
variable speed drives, which can control the speed of A.C/D.C
motors, they are essential controlling elements in automation
systems. According to the need of the applications, several of
them are fixed speed and rests are of variable speed drives.
The concept of pulse width modulation is the varying of the
amplitude of the pulse width by varying the duty cycle of
signal or pulse [10].

Since the energy is provided inform of pulses for short
duration of time. It is their fore In comparison to other
methods of speed controlling the P.W.M is found to be
generating less amount of heat, the motor consumes less
energy and as well as offered finer control over motor.

3. HARDWAREDESIGN

Foremost step that was taken in the hardware was
a selection of a D.C gear motor. D.C gear motor has gear
attached to its shaft. It helps in determining the speed and
torque of the motor with load and no load [11]. The motor is
operating at 36V.See tablel for the technical specifications of
the dc motor, taken from its datasheet. [12].

Tablel. D C motor specification

such a way that the radius of the pulley of the motor
(4.5inches) is three times greater than the pulley of the
dynamo(1.5inches).Both of the pulleys are connected with the
pulley belt of size A-36 inches. The difference in sizes of the
pulley has been done to increase the speed of the motor and as
expected it did increase the speed of the motor, causing

The dynamo to generate more A.C voltages. This is followed
by the designing of motor driving circuit.

The purpose of the circuit was to drive the motor when the
P.W.M signal generated form FPGA. It has three major
components named as anon-inverting amplifier LM741 [13],
Mosfet IRF 3205[14] and TP4N35 [15] Opto-coupler along
with passive components and a schotkey diode [16] in parallel
with the motor for protection. See the table2 below for the
components functions.

Table2. Components function

Component Function

Lm741 | To amplify The PWM signal from 2V
To 8V.

TP4N35 | To provide electrical isolation between
Mosfet and motor for feed forward
signal and to work as signal conversion
between encoder and FPGA for
feedback signal.

IRF 3205 | To drive the motor when receive signal
from  FPGA, has VDC=55V&
ldss=110A

610MIC | A safety diode for protection of the
motor, low leakage current (100micro
amp) and low Vfd=0.9V.

Model dc/V  |I/A  [Speed/rpm [I/A Speed/rpm

Da061ga3040-100 |0.56 [560 3.58 560

No [Noload [Max Max

1 P ££ ££

A permanent magnet Dynamo has been chosen as a load, for
the D.C motor. Dynamo has been extracted out from the
generator found in cars. The dynamo is couple with D.C gear
motor by the lathe machine operator. The coupling is done in

Positive edge of PWM signal is amplified by the non-
inverting amplifier. Than it passes through the Opto coupler;
the collector current of the Opto- coupler shorts the gate of the
Mosfet which drives the motor on the desired speed
depending on the width of the PWM signal. Using multiuse
software the circuit was tested before implementation. The
schematic of the motor driving circuit is given below in f ig3.
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Figure2. Motor driving circuit

A resistive load bank consisting of 28 bulbs has been designed
and is in series connection with the dynamo. Out of these 28
bulbs, 18 bulbs are of rating (10W/12V) while 10 bulbs are of
rating (5W/12V).Toggle switches are being used to turn the
bulbs of the load bank ON & OFF.A cooling fan for
ventilationpurposesisusedwhichisoperatingat12V.Two  D.C
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power supplies are used, named as primary and secondary
power supplies. Primary power supply of 36V designated to
motor whereas a secondary power supply (which is giving

5V, 12V,-12V, 5V) is used to provide 12V to encoder of the
motor and to the cooling fan, 12V and -12V for the non-
inverting amplifier in the motor driving circuit. After
completing these all segments of hardware implementation, a
portable wooden box has been made to contain all the
hardware involved in the box.

Dynamo coupled motor has been placed inside and fixed
permanently; the load bank came on the top along with the
Toggles switches and panel meters (digital A.C ammeter and
voltmeter to display current and voltages of the load
respectively at the load on corresponding speed of the
motor.)Seefig3below

™ e

* RERREEFE

Figure3.Portablewooden box

3.1 Encoder Interface

A digital optical encoder is a gadget that converts motion into
a sequence of digital pulses [17].By counting as in glebitor by
decoding a set of bits. These pulses can be transformed to
obtain relative or absolute position measurements. Linear and
rotary configurations are found in encoders, but the most
general type is rotary. Rotary encoders are made in two basic
forms: the absolute encoder where an exclusive digital word
corresponds to each rotational position of the shaft. The
incremental encoder produces digital pulses when shaft
rotates. It allows the measurement of relative position of shaft.
Optical encoder major advantage is that it offers high
resolution.

In the presented work the incremental encoder is coupled
directly to the motor’s shaft, instead of mounting it and it
saved space too. Initially encoder wire is connected to shaft of
motor, but air gap was created. A Crim shell connector has
been used to avoid any problem of air gap in future. On full
scale RPM the encoder was giving (3.2 KHz) so it was scale
down to (100 Hz) for making processing easy. However the
Encoder output than was of (7V) and frequency (3.69

KHz).This was a bit problem because the used FPGA board
was operating at 3.4V.It is their fore an opt coupler was used

as a signal conversion ,it brought down the output of encoder
form 7V to 4.6V.Furthermore a voltage divider circuit is
designed The purpose was to bring down the output voltages
of encoder form 4.6V to 3.46V.Because the FPGA board is
operating at 3.46V(See fig4).The FPGA programming is
performed under the encoder module (see flow chart below)
which count pulses of the feedback signal from the encoder of
the motor for the duration of 1Hz.

As the positive edged pulses from the encoder will be
feedback to the GPIO_0 (1) pin of the FPGA board the
frequency will undergone an increment of 10 on every count
(this increment was done for making frequency readable).If
the duration reached to 1Hz (see fig5.1) the counted pulses
saved in variable frequency will be assigned to a new variable
named as width and will be displayed on the seven segment
display as the speed of the motor. Resulting in successful
measuring of the speed of the motor from the encoder (see fig
5.2).
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Figure5. 1 Flow chart of encoder module
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Figure5.2.Square wave pulses from the encoder.

4. FPGA ALTERA CYCLONE

Cyclone [18], FPGAs are based on stratix architecture, but are
intended for low cost applications. There are three generations
of these devices, called cyclone Il and Cyclone I11.A cyclone
chip has the same basic structure as of (stratix LAB,Dsp and
memory blocks courtesy of Altera).Inaddition,ithasa4- Input
LUT logic element that has dedicated erythematic
circuitry and a programmable flip flop. The types of memory
blocks provided in these devices are M4K in cyclone. Cyclone
11 devices also includes DSP blocks and range in size from

2910 to 119,088 logic elements and 4Mbits of memory.

4.1 Application

Modern FPGAs and their distinguishable capabilities have
been advertised extensively by FPGA vendors .Moreover, few
referred articles addressed and advantages of utilizing these
powerful chips[19][20].In the past two years FPGA families
have been successfully utilized in a variety of applications
which include
inverters[21][22],communications[23],embedded
processors[24] and image processing[25].

4.2 Quartus Il VerilogHDL

A useful source of information for writing Verilog HDL is
Quartus software [26].The help feature of Quartus includes
the description of Verilog features and contains tutorials with
a text editor tool [27].1t’s a very convenient guide to Verilog
syntax.

41 FPGA IMPLEMENTATION

The Fpga implementation contains Verilog HDL
programming for generating PWM signal. The main module
of the program consists of different blocks of coding and
different sub modules for (seven segment display, clock
divisions). The whole programming in the main module
program and is execution parallel processing.

4.2.1 Creation of a G.U.I

A G.U.I has been created for the interaction between the user
and the FPGA board. It contains the declaration inputs and
outputs (such as keys, switches, clock 27MHz) and
initialization of used variables etc. See fig below.

input[17:0] SW;
input[3:0]KEY;
input CLOCK_27;
inout[39:0] GPIO 0.GPIO_1; integer count=0;
output [17:0]LEDR; integer freq=0;
output [3:0]LEDG:; integer a=0;
output [7:0] integer b=0;
HEX0,HEX1 .HEX2 HEX3 HEX4 HEX5 HEX integer loop=0;
6,.HEX7; integer tenth, unit,fp1.fp2; integer width=0;
Integer tentho,unito.fplo.fp2o; integer widtho=0;
wire wl,w2 ,w3, wx

reg [39:0] GPIO_0.GPIO_1:
reg [17:0]LEDR;

Figure6.Coding of G.U.I
4.2.3 Seven Segment Display sub module
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Figure7.Flowchartofseven segment display

4.2.2 Clock Division Sub Module

The FPGA board has a built in clock of 27 MHz .1t has been
brought down tolMHz to generate the required PWM signal
of 100Hz.Seeflow chart in fig6.

input clock_in;
output clock_out;
reg clock_out;
integer count=0;

l

always@(posedge clock_in)

l

begin
count = count+1:

NO begin
@ clock_out=0;

end

yes

begm
clock_out=1;
count=0;

sud

Figure8.Clock division to obtain 1 MHz

Figure 9 shows a flow chart displaying the creation of 100Hz
PWM signal using at GP1O_0 [0] of FPGA board. Figure 8
shows the digital oscilloscope showing the PWM wave of
100Hz.
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Duty cycle of the input signal T
SEVEN_SEG segO(HEX0,p2); begin
SEVEN_SEG segl(HEX1.fp1):; E}emh = (\\'idth-width:hlg((;O) 1300;0 ey
TYITNT 5 7oy N nit = (width-width%100-tenth*1000)'100;
SE\,H\_—S‘EG Seg;a{E\_:““”)= fp1 = (width- width%10 - 1000*tenth-100*unit) 10;
SEVEN_SEG seg3(HEX3tenth); 0 = (width-1000%tenth - 100*unit - 10*£p1);
End
Encoder freq ;le“g:s

SEVEN_SEG seg4(HEX44p20);  Tentho = (widtho-widtho®1000)'1000;
SEVEN_SEG seg3(HEX3.folo); [:rnim =(/\\'i.d[ho-\‘\'i.dlhi)”olOO-lenLhOilOOO)100; )
SEVEN_SEG seg6(HEX6,unito); fplo = (widtho-widtho%10 - 1000*tentho-100*unito) 10;
YR s DT 00 = (widtho-1000%tentho - 100*unito - 10*fplo);
SEVEN_SEG seg (HEXTtentho): pog o e e

4.2.4 Key interface

The Fpga board has four keys. Four of them are being used in
this presented work for the purpose of varying the width of
the PWM signal as per desire of the user. This module handles
the bounce effect of the pushed key and adjusts the cycle of
the pushed key till the period of time it is being pressed. See
the flow chart on figurel0.

,/" 4

Figurell.PWM signal on the O/P of Mosfet.
4.2.3  Coding for measuring the duty cycle.

Figurel2.keysinterfaceprogram for varying the PWM
Signal from Fpga board

25



testLy ) Complaton Report - test1 0 |

Flow Status Successful - Sun Feb 23 12:01:48 2014
Quartus I 32:bit Version 12.1Buld 243 01/31/2013 5P 15) Web Editon
Revision Name test!
Top-evel Entity Name test!
Family Cydone It
Device EP2CISFE7206
Timing Models Find
Totallogic elements 9,200/33,216 (28 %)

Total combinational functions 9,194 /33,216 (28 %)

Dedicated logic registers 257/33,216(<1%)
Total registers 25
Total pns 181/475(38 %)
Total virtual pins 0
Total memory bits 0/483,840 (0 %)
Embedded Multipler 9-bit elements 24 /70 (34 %)
Total PLLs 0/4(0%)

Figure13.Flow summary of program

testLy 9 Complation Report - test1 ] |

Analysis & Synthesis Status Successful - Sun Feb 23 12:00:13 2014
Quartus I1 32:bit Version 12,16uld 24301/31/2013 5P 15) Web Editon
Revision Name test!
Top-evel Entity Name test1
Famiy Cydone IT
Total logic elements 9,194

Total combnational functions 9,194

Dedicated logc registers 258
Total registers 258
Total pins 181
Total virtual pins 0
Total memory bits 0
Embedded Multipler 9-bit elements 24
Total PLLs 0

Figurel4.Anaylsis & synthesis summary of
program

5. RESULTS

The result section features the operation of the system as a
whole. The operation initiates with the power supply
connections to the hardware. The designed program of
controlling the D.C motor is burned via usb blaster cable on to
the FPGA board Altera D.E 2.0.The seven segments on the
FPGA board are initialize to zero. Since the power supplies
have been turned ON the digital ammeter and digital a.c
voltmeter also initialized to zero. Using the keys on FPGA
board the duty cycle of the PWM signal is made to increase
which causes the dynamo coupled motor to run.

5.1 PWM Speed Control Dynamo Coupled

Motor with no Load Bank
Using the keys of the Fpga board the duty cycle of the PWM

Signal is made to increase to its maximum value which is
99.9%.It was observed that while increasing the duty of the
PWM signal the speed of the dynamo coupled motor
increases.

Similarly again using the key on the Fpga board the width of
the PWM signal was made narrow. This caused decrement in
the speed of the dynamo coupled motor.

5.2 PWM Speed Control of Dynamo
Coupled Motor with Load Bank

This test gives a more enhanced observance of the variation in
the speed of the dynamo coupled motor as now the bulbs of
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the load bank will be drawing in the generated voltages from
the dynamo to flow the current in them in order to achieve
brighter state of intensity.

The duty cycle of PWM signal was increased, the speed of
dynamo coupled motor increases and since the load bank was
ON, the bulbs were glowing brighter and brighter and it is
also evident from thefigure15a&bbelow.

| i 3 V’M
FVRREELE

Figurel5a.Full brightness on increasing PWM
signal

When the duty cycle of the PWM signal was decreased the
speed of dynamo coupled motor decreases and since the load
bank was ON, the bulbs were glowing less bright and it is also
evident from the figure below.

Figurel6a.Less brightness on increasing PWM signal

Figurel6b.Low PWM signal

During the conduction of test with load bank, alarge number
of readings were taken of load current, frequency of the motor
at different load (usually the load was greater than the
precedent load on every turn). While keeping the dynamo
coupled motor’s generated voltage at 7V.In doing so when the
desired voltage drops from 7V, the duty cycle of the PWM
signal was increased (which increases the width of the PWM
signal).The increment in the duty cycle increases the speed of
the motor, hence supplying enough energy to dynamo coupled
motor for maintaining7Vonthe output irrespective of the
amount of load. It is important to mention here that the full
load was of 28 Bulbs.7V load voltage was successfully
maintained on full load with the help of PWM speed
controlling technique.
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Figurel7.A 2-Dchart

A huge number of readings have been plotted on graphs
which shows t he relationship between speed of the motor
andthe duty cycle of PWM signals (see fig18), load current
and duty cycle of PWM signal (seefigl9) and encoder
frequency against duty cycle of the PWM signal(seefig20).As
seen from the graphs the red line indicates that a linear
relationship couldn’t been achieved Their fore it was made
Linear by doing the regression analysis of the data
collected for plotting graphs. This led in achieving the open
loop control system for a speed control of a D.C motor using
PWM technique. The collected data has been saved on excel
sheet and it can be easily viewed and downloaded from the
web link www.tinyurl.com/ieeg-projects
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Figurel8.Speedof motor VS duty cycle of PWM
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Figure20.Speed of the Motor VS Encoder Output

6. CONCLUSION

In the current era of high speed and high density, Fpga
provide viable design alternatives to dsp, microprocessor and
ASIC based applications. FPGA offer the most ideal approach
of designing PWM technique for motor control applications.
When design is implemented on FPGA they are designed in
such a way that they can be easily tailored if any need arise in
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future. Writing code on Verilog HDL is easy and simple, they
can be well understand in short period of time .FPGA based
PWM controller for speed control of DC motor is fast,
accurate, and robust [28].The design is not complex as several
external circuits like for keypad interface or seven segment
display not needed to implement, they are already available on
Fpga board. This whole system can be further studied and
converted into a PID controller for DC motor.

7. ACKNOWLEDGMENTS

Our special thanks to our parents and project supervisor Engr
Shujaat khan for his vital guidance, humble support & kind
assistance. We highly appreciate the University’s Project lab
coordinator Engr Hassan Jamil for the provision of all best
available resources and facilities for the accomplishment of
final year undergraduate project along with this research
paper. From the behalf of whole group; wish you all Best of
Luck.

8. REFRENCES

[1] H.D.Mahesappa,R.DSamuel,A Prakashan,”Digital P.I.D
controller for speed control of DC motors “IETE
TECHNICALReviewJournal,V6,N3,PP171-176,India
1989

[2] J.Tang,”PID controller using TMS320C31 DSK with
online parameter adjustment for real-time DC motor
speed and position control”,JEEE International
Symposium on IndustrialElectronics,VV2,PP786-
791,Pusan 2001.

[3] G.Martinand H.Chang,”System-on-chip design”,

Proceedings of the 4thinternational conference on ASIC,
Oct.2001, pp. 12-17.

[4] Anthony Cataldo,”Low-priced FPGAoptions set to
expand” Electrical EngineeringTimesJournal 1361,PP38-
45,USA 2005.

[5] Ebrahim, Mansoor, Shujaat Khan, and Umer Bin Khalid.
"Symmetric  Algorithm  Survey: A Comparative
Analysis." arXiv preprint arXiv:1405.0398 (2014).

[6] Ebrahim, Mansoor, Shujaat Khan, and Syed Sheraz Ul
Hasan Mohani. "Peer-to-Peer Network Simulators: an
Analytical Review." arXiv preprint arXiv:1405.0400
(2014).

[7]1 Ebrahim, Mansoor, Shujaat Khan, and UmerBin Khalid.
"Security Risk Analysis in Peer 2 Peer System; An
Approach towards Surmounting Security Challenges."
arXiv preprint arXiv:1404.5123 (2014).

[8] Ebrahim Mansoor and Chai Wai Chong.”SecureForce: A
low complexitycryptography algorithmfor wireless
senser network (WSN)”.In Control systemComputer and
Engineering(ICCSE)2013 IEEE International
Confrenseon pp 557-562, IEEE 2013.

[9] Control SystemsEngineering,N. Nise, 6th
edition,2010.Wiley.Additionalonline
resourcesat:http://www.wiley.com/college/nise/

[10] P.W.M themeand
introductionen.wikipedia.org/wiki/Pulsewidth_modulatio
n

[11] Gear motor inventorartist.com/electric-motor-gearbox/

[12] Data sheet of dc motor
www.matoba.co.jp/motor/geard/geard09.html

[13] LM741 Operational amplifier, TEXAS Instruments
SNOSC25C -MAY 1998-REVISEDMARCH 2013
www.ti.com

[14] IRF3205,HEXFETPower mosfet, International
rectifier,PD-91279E www.irf.com

[15] 4N35 Optocoupler,Vishay semiconductors Document
Number: 81181 Rev.1.2, 07-jan-10 www.vishay.com

[16] 610MIC ,Schotkey www.datasheetarchive.com

[17] Histand&  Alciatore,Introductionto  Mechatronicsand
MeasurementSystems.1999 McGraw Hill.

[18] AlteraCorporation,Cyclone 1l FPGA  Datasheet
www.altera.com

[19] Gordon Hands, ”Optimized FPGAs Vs DedicatedDSPs”
,ElectronicProduct design Journal25,N12 UK
December2014

[20] R.Jastrzebski,A Napieralski,O.Pyrhonen,H.Saren,” Imple
mentationandsimulationoffast invertercontrol
algorithmswith useof FPGA circuit”,2003
NanotechnologyConferenceand tableshow, pp 238-
241,Nanotech2003.

[21] Lin,F.S;Chen,J.F;Liang,T.J,;Lin,R.L;Kuo,Y.C.”Design
and implementation of FPGA-based single stage
photovoltaicenergy conversion system”,Proceedingsof
IEEE Asia-Pacific Conference on circuitsandsystems, pp
745-748, Taiwan,Dec.2004.

[22] Bouzid Alianeand AladinSabanovic,”Designand
implementationof digitalband pass FIR filterin FPGA”.
Computersin educationjournal, v14, p76-81,2004.

[23] M.Canet,F.Vicedo,V.Almenar,J.Valls,”FPGA
implementationof anlF transceiverfor OFDM-based
WLAN”,IEEE workshop on Signal ProcessingSystem,
Sips: Design and implementation,PP227-232, USA,2004.

[24] Xizhi Li, TiecaiLi,”’ECOMIPS:An economicMIPS CPU

design on FPGA”, Proceedings-4th IEEE
InternationalWorkshop on  System-on-chipfor Real-
Timeapplications,PP291-294, Canada2004.

[25] .Gao, D.Xu, J.P.Bentley,”’Reconfigurablehardware
implementationof animproved parallelarchitecturefor
MPEG-4 motion estimationin mobile applications, IEEE
Transactionson ~ ConsumerElectronics,V 49, N4,
November 2003.

[26] Stephen Brown Book Verilog HDL fifth edition

[27] Quartus\l
Altera/12.1sp1/Quartus/common/help/tutorial/gtutorial .ht
m

[28] Mohamed  Abdelati.”’FPGAbased PID  Controller
Implementation”, The IslamicUniversityofGAZA,
GAZA Palestine.Theresearchis supported by the
Ministryof HigherEducation in Palestine.

28


http://en.wikipedia.org/wiki/Pulsewidth_modulation
http://en.wikipedia.org/wiki/Pulsewidth_modulation
http://inventorartist.com/electric-motor-gearbox/
http://www.matoba.co.jp/motor/geard/geard09.html
http://www.irf.com/
http://www.vishay.com/
http://www.datasheetarchive.com/
http://www.altera.com/
http://www.altera.com/

