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Abstract 

 

 

Robotics is a key technology in the modern world nowadays. 

Robots are become the most important elements in any manufacturing 

process in the most factories because of the high accuracy, safety that 

robots provides it to human and the stability of work with less errors, 

that’s why robots takes the main role of almost every factory now days . 

Most factories around the world began to turn their work from 

single-purpose factory to multi-purpose factory. Multi-purpose 

production provides many types of products, thus, the sales and profits 

will increase, but, it also requires a lot of equipments and robots, 

therefore, the cost will be high for the construction. 

The main aim of our project is to control the movement of a 

material handling arm using FPGA controller with VHDL code. the 

advantages of FPGA over other controllers is that FPGA controller can 

provides the multi-purpose function that factories needs to reduce the 

cost of construction. FPGA is a fast and efficient system with high 

accuracy, parallel data processing and stability in performance, that’s 

why we prefers it from another controllers. 
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 المستخلص

 

 

 يٍ أصبح الإَساٌ اَنً, انحذٌذ ػانًُا فً انشئٍسٍت انخقٍُاث يٍ ػهى الإَساٌ اَنً 

 بّ ًٌخاص يا بسبب ٔرنك, انًصاَغ يؼظى فً ححذد حصٍُغ ػًهٍت أي فً الأساسٍت انؼُاصش أْى

 الإَساٌ اَنً ًٌخاص أٌضا,انخطش يٍ ٔانبؼذ الأياٌ  نلإَساٌ ٌٕفشِ ٔكًا انؼانٍت انذقت يٍ

 حأخز أصبحج صيُُا فً أصبح نٓزا, الأخطاء يٍ جذا بسٍط ػذد يغ انؼًم فً بالإسخقشاسٌت

 .انًصاَغ فً الأساسٍت الأدٔاس

 يصُغ إنى ٔاحذ ٔيُخج غشض رٔ يصُغ يٍ بانخغٍٍش بذأث انؼانى حٕل انًصاَغ أكثش

 صٌادة إنى ٌؤدي ْزا فئٌ ٔاحذ يصُغ فً يُخج يٍ اكثش بٕجٕد, ٔانًُخجاث الأغشاض يخؼذد

 ٔالاجٓضة انًؼذاث يٍ انكثٍش حخطهب انًصاَغ ْزِ يثم اٌضا ٔنكٍ, انفائذة ٔصٌادة انًبٍؼاث

 .جذا ػانٍت حكهفت ٔبانخانً

يصفٕفت  يخحكى) باسخخذاو انً رساع حشكت فً انخحكى ْٕ انًششٔع ْزا يٍ انٓذف

 حؼذد خاصٍت ٌٕفش اٌ ًٌكٍ اَّ بانًخحكًاث غٍشِ ػٍ ًٌخاص. انبٕاباث انقابهت نهبشيجت (

 ٔدقت سشػت رٔ يخحكى ْٕٔ. انخكهفت نخقهٍم انحذٌثت انًصاَغ ححخاجٓا انخً َفسٓا ًْٔ الأغشاض

 باقً ػهى حفضٍهّ حى ٔنٓزا( الأغشاض حؼذد خاصٍت) بانخٕاصي انبٍاَاث ححهٍم ًٌكُّ, ػانٍت

 .انًخحكًاث
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CHAPTER ONE 

1. Introduction 

1.1 Preface 

Industry is the production of goods or services within an economy. 

Manufacturing industry became a key sector of production and labor in 

European and North American countries during the Industrial 

Revolution, upsetting previous mercantile (was an economic theory and 

practice, dominant in Europe from the 16th to the 18th century) and 

feudal economies. This occurred through many successive rapid 

advances in technology, such as the production of steel and coal.[1] 

The industrial revolution led to the development of factories for 

large scale production, with consequent changes in society.[4] Originally 

the factories were steam-powered, but later transitioned to electricity 

once an electrical grid was developed. The mechanized assembly line 

was introduced to assemble parts in a repeatable fashion, with individual 

workers performing specific steps during the process. This led to 

significant increases in efficiency, lowering the cost of the end process. 

Later automation was increasingly used to replace human operators. This 

process has accelerated with the development of the computer and the 

robot.[2] 

An industrial robot is defined by ISO 8373 as an automatically 

controlled, reprogrammable, multipurpose manipulator programmable in 

three or more axes. The field of robotics may be more practically defined 

as the study, design and use of robot systems for manufacturing .[1] 

 Industrial robots are programmed to faithfully carry out specific 

actions over and over again (repetitive actions) without variation and 

with a high degree of accuracy. These actions are determined by 
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programmed routines that specify the direction, acceleration, velocity, 

deceleration, and distance of a series of coordinated motions.  Other 

robots are much more flexible as to the orientation of the object on 

which they are operating or even the task that has to be performed on the 

object itself, which the robot may even need to identify.[2] 

The most type of robots that used in factories is the robotic arms. 

A robotic arm is a type of mechanical arm, usually programmable, with 

similar functions to a human arm; the arm may be the sum total of the 

mechanism or may be part of a more complex robot. The links of such a 

manipulator are connected by joints allowing either rotational motion 

(such as in an articulated robot) or translational (linear) displacement.[3] 

The end effectors, or robotic hand, can be designed to perform any 

desired task such as welding, gripping, spinning etc., depending on the 

application. For example, robot arms in automotive assembly lines 

perform a variety of tasks such as welding and parts rotation and 

placement during assembly.[6] 

A material handling robot is a type of robotic arms that moves, 

selects or packs products. These robots are also used to automate feeding 

or disengaging parts or tools from one location to another. Manufacturers 

raise the safety level of their facilities. Material handling is usually 

tedious, dull and sometimes injury-inducing. Material handling robots 

get human workers out of the tedium and into more fulfilling jobs in the 

company. 
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1.2 Problem statement 

In Industrial environment human interaction may be limited due to 

hazard or unsafe areas. Such as nuclear reactors,  or any area that contain 

a harmful rays or  high temperature it could be very dangerous for a 

human to do the job and a serious injuries could happen. 

Also when high precise manipulation is required human 

interaction will fail. 

Thus, robots arms are introduces to modern factories. Most firms 

are designed to produce various products. So, a multi-purpose robots are 

utilized in order to shrink the CAPEX and OPEX . 

This required a multipurpose controller as well. To provide 

maximum flexibility while assure/maintain high precision . 

1.3 Proposed solution: 

FPGA can be the ideal solution because it a multi-purpose 

controller, so it will be easy to change the function of the arm. 

Also FPGA characterized by high response and it's more stable 

than other controllers. 

1.4 Objectives  

 To design a graphical user interface that let the user 

send his instructions to the robotic arm and the way of movement 

that he wants. 

 To add a wireless transmission system that sends the 

control signals with standard IEEE 802.11. 
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 To design a system that receive the control signals 

and calculate the frequency of the PWM and send it to the servo 

motors . 

1.5 Methodology  

Microsoft visual basic will be used to design a PC software that 

will send the control signal via universal serial port (USB) to CPLD 

controller.  

VHDL code will be written to program the CPLD controller, this 

controller will receive control signals by USB port then send it to a 

FPGA controller via a wireless transmission. The standard that will be 

used in wireless transmission is IEEE 802.11/g . 

VHDL code will be written to program the FPGA , this controller 

will receive control signals. Then calculate the frequencies of the PWM 

depending on control signals which will be send to servo motors .  

1.6 Thesis outlines 

Chapter  one : Introduction 

Chapter  two : control and robot 

Chapter  three :FPGA 

Chapter four: implementation  

Chapter  five: Conclusion and Recommendations 
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CHAPTER TWO 

2. Control and robots 

2.1 BACKGROUND 

2.1.1 Control System 

A control system is a device, or set of devices, that manages, 

commands, directs or regulates the behavior of other devices or systems. 

Industrial control systems are used in industrial production for 

controlling equipment or machines.[7] 

As the human civilization is being modernized day by day the 

demand of automation is increasing accordingly. Automation highly 

requires control of devices. In recent years, control systems plays main 

role in the development and advancement of modern technology and 

civilization. Practically every aspects of our day-to-day life is affected 

less or more by some control system. A bathroom toilet tank, a 

refrigerator, an air conditioner, a geezer, an automatic iron, an 

automobile all are control system. These systems are also used in 

industrial process for more output. We find control system in quality 

control of products, weapons system, transportation systems, power 

system, space technology, robotics and many more. The principles of 

control theory is applicable to engineering and non-engineering field 

both.[8] 

The main feature of control system is, there should be a clear 

mathematical relation between input and output of the system. When the 

relation between input and output of the system can be represented by a 

linear proportionality, the system is called linear control system. Again 

when the relation between input and output cannot be represented by 
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single linear proportionality, rather the input and output are related by 

some non-linear relation, the system is referred as non-linear control 

system.[8] 

 

2.1.2 Types of Control Systems 

There are various types of control system but all of them are 

created to control outputs. The system used for controlling the position, 

velocity, acceleration, temperature, pressure, voltage and current etc.  

Are examples of control systems .Let us take an example of simple 

temperature controller of the room, to clear the concept. Suppose there is 

a simple heating element, which is heated up as long as the electric 

power supply is switched on. As long as the power supply switch of the 

heater is on the temperature of the room rises and after achieving the 

desired temperature of the room, the power supply is switched off. Again 

due to ambient temperature, the room temperature falls and then 

manually the heater element is switched on to achieve the desired room 

temperature again. In this way one can manually control the room 

temperature at desired level. This is an example of manual control 

system. This system can further be improved by using timer switching 

arrangement of the power supply where the supply to the heating 

element is switched on and off in a predetermined interval to achieve 

desired temperature level of the room. There is another improved way of 

controlling the temperature of the room. Here one sensor measures the 

difference between actual temperature and desired temperature. If there 

is any difference between them, the heating element functions to reduce 

the difference and when the difference becomes lower than a 

predetermined level, the heating elements stop functioning[9]. 
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Both forms of the system are automatic control system. In former 

one the input of the system is entirely independent of the output of the 

system. Temperature of the room (output) increases as long as the power 

supply switch is kept on. That means heating element produces heat as 

long as the power supply is kept on and final room temperature does not 

have any control to the input power supply of the system. This system is 

referred as open loop control system[9]. 

But in the latter case, the heating elements of the system function, 

depending upon the difference between, actual temperature and desired 

temperature. This difference is called error of the system. This error 

signal is fed back to the system to control the input. As the input to 

output path and the error feedback path create a closed loop, this type of 

control system is referred as closed loop control system. 

Hence, there are two main types of control system. They are as 

follow: 

1\Open loop control system 

2\Closed loop control system 

 

 

2.1.2.1 Open Loop Control System 

 

A control system in which the control action is totally independent 

of output of the system then it is called open loop control system. 

Manual control system is also an open loop control system. Fig - 1 
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shows the block diagram of open loop control system in which process 

output is totally independent of controller action[10] 

 

 

FIGURE 2-1: Examples of Open loop 

 

 

2.1.2.2. Closed Loop Control System 

Control system in which the output has an effect on the input 

quantity in such a manner that the input quantity will adjust itself based 

on the output generated is called closed loop control system. Open loop 

control system can be converted in to closed loop control system by 

providing a feedback. This feedback automatically makes the suitable 

changes in the output due to external disturbance. In this way closed loop 

control system is called automatic control system. Figure below shows 

the block diagram of closed loop control system in which feedback is 

taken from output and fed in to input.[10] 

 

FIGURE 2-2: Examples of closed loop 1 
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2.1.2.3. Feedback Loop of Control System 

A feedback is a common and powerful tool when designing a 

control system. Feedback loop is the tool which take the system output 

into consideration and enables the system to adjust its performance to 

meet a desired result of system[10]. 

In any control system, output is affected due to change in 

environmental condition or any kind of disturbance. So one signal is 

taken from output and is fed back to the input. This signal is compared 

with reference input and then error signal is generated. This error signal 

is applied to controller and output is corrected. Such a system is called 

feedback system. Figure below shows the block diagram of feedback 

system [11]. 

2.2. Robot 

A robotic arm is a type of mechanical arm, usually programmable, 

with similar functions to a human arm; the arm may be the sum total of 

the mechanism or may be part of a more complex robot. The links of 

such a manipulator are connected by joints allowing either rotational 

motion (such as in an articulated robot) or translational (linear) 

displacement.[12][13] The links of the manipulator can be considered to 

form a kinematic chain. The terminus of the kinematic chain of the 

manipulator is called the end effector and it is analogous to the human 

hand. 

The end effector, or robotic hand, can be designed to perform any 

desired task such as welding, gripping, spinning etc., depending on the 

application. For example, robot arms in automotive assembly lines 
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perform a variety of tasks such as welding and parts rotation and 

placement during assembly. In some circumstances, close emulation of 

the human hand is desired, as in robots designed to conduct bomb 

disarmament and disposal [14]. 

 

2.3. Servomotor 

A servomotor is a rotary actuator or linear actuator that allows for 

precise control of angular or linear position, velocity and acceleration. 

[15] It consists of a suitable motor coupled to a sensor for position 

feedback. It also requires a relatively sophisticated controller, often a 

dedicated module designed specifically for use with 

servomotors..Servomotors are not a specific class of motor although the 

term servomotor is often used to refer to a motor suitable for use in a 

closed-loop control system. 

Servomotors are used in applications such as robotics, CNC 

machinery or automated manufacturing. [15] 

 

2.3.1. Types of Servo Motors 

There are two types of servo motors: AC and DC. AC servos can 

handle higher current surges and tend to be used in industrial machinery. 

DC servos are not designed for high current surges and are usually better 

suited for smaller applications. Generally speaking, DC motors are less 

expensive than their AC counterparts. These are also servo motors that 

have been built specifically for continuous rotation, making it an easy 

way to get your robot moving. They feature two ball bearings on the 
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output shaft for reduced friction and easy access to the rest-point 

adjustment potentiometer.[16] 

Servos are controlled by sending an electrical pulse of variable 

width, or pulse width modulation (PWM), through the control wire. 

There is a minimum pulse, a maximum pulse and a repetition rate. A 

servo motor can usually only turn 90° in either direction for a total of 

180° movement. The motor's neutral position is defined as the position 

where the servo has the same amount of potential rotation in the both the 

clockwise or counter-clockwise direction. The PWM sent to the motor 

determines position of the shaft, and based on the duration of the pulse  

 

 

 

 

 

sent via the control wire the rotor will turn to the desired position. 

The servo motor 

expects to see a pulse every 20 milliseconds (ms) and the length of 

the pulse will determine how far the motor turns. For example, a 1.5ms 

pulse will make the motor turn to the 90° position. Shorter than 1.5ms 

moves it to 0° and any longer than 1.5ms will turn the servo to 180°. 

When these servos are commanded to move, they will move to the 

position and hold that position. If an external force pushes against the 

servo while the servo is holding a position, the servo will resist from 

moving out of that position. The maximum amount of force the servo 

FIGURE 2-3: positions of servo motor 
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can exert is called the torque rating of the servo. Servos will not hold 

their position forever though; the position pulse must be repeated to 

instruct the servo to stay in position[17]. 

 

2.4. RELATED WORK 

There were many literatures in controlling a robot arm. In 2009, 

Spartan II FPGA is used to control the movement of three stepper motors 

that created a small robot arm with three joints, the aim of project is to 

change the degrees and the position of the small arm with control signal 

sent from FPGA chip by using digital PWM signals, each stepper motor 

is connected with a hardware circuit to supply the motor with enough 

power to run [18]. 

 

.In august 2010 , a field programmable get array FPGA is used to 

control five axes robot arm that performed pick and replace operation , 

digital PWM is used to control the speed an position of dc motors , it 

was manual control operation by interfacing the small robot arm with the 

FPGA hardware circuit which contains number of bush buttons to 

change the speed and the position of the small arm [19]. 

 

In November 2010, a robot arm is controlled by personal computer 

PC using graphical user interface GUI , a robot arm with six degrees of 

freedom are interfaced with hardware microcontroller circuit that 

received the control signal from a personal computer PC to control the 

speed and position of several servo motors [20]. 
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In February 2013, in order to improve the functions of the robot 

arms, a multipurpose robotic arm which can perform operations with 

higher accuracy with 6 degrees of freedom is controlled by Spartan II 

FPGA by Shri Lakshmi. The improvement of the functions of the robot 

appears in the automation which applied in the VHDL code in the FPGA 

chip [21]. 

 

 

In September 2014, a simple robot arm with three degrees of 

freedom is been controlled by FPGA chip, an educational robotic arm 

that contains three servo motors receives control signal from the FPGA 

chip to control the movement of the servo motors in order to control the 

position of the arm, also digital PWM are used to change the speed and 

the position of the servo motors. [22] 
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CHAPTER THREE 

3. OVERVIEW OF FPGA 

 

FPGA technology allows developing specific hardware 

architectures within a flexible programmable environment. This specific 

feature of the FPGAs gives designers a new degree of freedom 

comparing to microprocessor implementations, since the hardware 

architecture of the control system is not imposed a priori. However, in 

many cases, the development of this architecture is rather intuitive and 

not adapted to the implementation of more and more complex 

algorithms. Thus, in order to benefit from the advantages of the FPGAs 

and their powerful CAD tools, the designer has to follow an efficient 

design methodology. Such a methodology rests on three main principles: 

the control algorithm refinement, the modularity and the best suitability 

between the algorithm to implement and the chosen hardware 

architecture. These three concepts are detailed thereafter. [23] 

When designing industrial electronics circuits, several criteria 

have to be considered. Some of the most significant are: the cost, the 

power consumption (essential in the case of embedded systems), the 

application performance and above all, the suitability for the chosen 

hardware technology to match the requirements of the algorithm to 

implement. [23] 

3.1 FPGAs in industry 

FPGA technology is now considered by an increasing number of 

designers in various fields of application such as wired and wireless 

telecommunications image and signal processing   where the always 
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more demanding data throughputs take advantage of the ever increasing 

density of the chips. Still, more recently, other application fields are in 

growing demand, such as medical equipment  robotics  automotive and 

space and aircraft embedded control systems . For these embedded 

applications, reduction of the power consumption  thermal management 

and packaging  reliability and protection against solar radiations  are of 

prime importance. Finally, industrial electrical control systems are also 

of great interest because of the ever increasing level of expected 

performance while at the same time reducing the cost of the control 

systems .[24] 

FPGAs have already been used with success in many different 

electric system applications such as power converter control (PWM 

inverters  power factor correction multilevel converters  matrix 

converters soft switching   and STATCOM ) and electrical machines 

control (induction machine drives SRM drives motion control multi-

machines systems Neural Network control of induction motors Fuzzy 

Logic control of power generators  speed measurement ). This is because 

an FPGA-based implementation of controllers can efficiently answer 

current and future challenges of this field. Amongst them, we can quote:  

- Decrease of the cost for at least three reasons: the use of an 

architecture based only on the specific needs of the algorithm to 

implement, the application of highly advanced  and specific 

methodologies improving implementation time also called "time to 

market", and the expected development in VLSI design that will allow 

integrating a full control system with its analog interface in a single chip, 

also called System-on-a-Chip (SOC); [25] 

- Confidentiality, a specific architecture, integrating the know-how 

of a company, is not easily duplicable; [25] 
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- Embedded systems with many constraints as in aircraft 

applications, like limited power consumption, thermal consideration, 

reliability and Single Event Upset (SEU) protection;[26] 

- Improvement of control performance. For example, execution 

time can be dramatically reduced by designing dedicated parallel 

architectures, allowing FPGA-based controllers to reach the level of 

performance of their analog counterparts without their drawbacks 

(parameter drifts, lack of flexibility). Besides, an FPGA-based controller 

can be adapted in run-time to the needs of the plant by dynamically 

reconfiguring it.[26] 

 

3.2 Comparisons between the controllers and FPGAs 

 

Table 3 - 1: Comparison 

 

 

3.2.1 FPGAs versus DSPs  

 Digital signal processors are a specialized form of 

microprocessor, while FPGAs are a form of highly configurable 

hardware. In the past, the use of digital signal processors was nearly 

ubiquitous, but with the needs of many applications outstripping the 
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processing capabilities of digital signal processors (measured in millions 

of instructions per second (MIPS)), the use of FPGAs is growing rapidly. 

Currently, the primary reason most engineers choose use a FPGA over a 

digital signal processors is driven by the application's MIPS 

requirements. Thus, the comparison between digital signal processors 

and FPGAs focuses on MIPS comparison, which, while certainly 

important, is not the only advantage of an FPGA. Equally important, and 

often overlooked, is the FPGA’s inherent advantage in product reliability 

and maintainability. [28] 

The large electronic design automation (EDA) industry 

continually drives the development of FPGA and ASIC test and 

verification tools. It does not have a comparable counterpart in the 

software development world .This may change, as the industry realizes 

the enormous costs and challenges in software verification, but for now, 

the practical software solution is to keep downloading the latest 

patch.[28] 

Most engineering managers understand that the rate of software 

updates to remedy bugs far exceeds the rate of comparable FPGA 

updates in nearly all cases. It is expected and normal to roll out bug fixes 

on embedded software on a regular basis. With the availability of both 

low-cost and high-end DSP optimized FPGA devices, extensive IP cores, 

availability of high-level design entry methods, and the inherent 

robustness of the design and verification process, FPGAs will 

increasingly be the preferred choice for implementing DSP.[28] 

3.2.2 FPGAs versus Microcontroller 

As for the difference between a microcontroller and a FPGA, you 

can consider a microcontroller to be an ASIC which basically processes 
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code in FLASH/ROM sequentially. You can make microcontrollers with 

FPGAs even if it's not optimized, but not the opposite. FPGAs are wired 

just like electronic circuits so you can have truly parallel circuits, not like 

in a microcontroller where the processor jumps from a piece of code to 

another to simulate good-enough parallelism. However because FPGAs 

have been designed for parallel tasks, it's not as easy to write sequential 

code as in a microcontroller.[27] 

For example, typically if you write in pseudo code"let C be A 

XOR B", on a FPGA that will be translated into "build a XOR gate with 

the lego bricks contained (lookup tables and latches), and connect A/B as 

inputs and C as output" which will be updated every clock cycle 

regardless of whether C is used or not. Whereas on a microcontroller that 

will be translated into "read instruction - it's a XOR of variables at 

address A and address B of RAM, result to store at address C. Load 

arithmetic logic units registers, then ask the ALU to do a XOR, then 

copy the output register at address C of RAM". On the user side though, 

both instructions were 1 line of code. If we were to do this, THEN 

something else, in VHDL we would have to define what is called a 

Process to artificially do sequences - separate from the parallel code. 

Where as in a microcontroller there is nothing to do. On the other hand, 

to get "parallelism" (tuning in and out really) out of a microcontroller, 

you would need to juggle with threads which is not trivial. Different 

ways of working, different purposes.[29] 

3.2.3 FPGA versus ASIC 

Field Programmable Gate Arrays (FPGAs) and Application 

Specific Integrated Circuits (ASICs) provide different values to 

designers, and they must be carefully evaluated before choosing any one 

over the other. Information abounds that compares the two technologies. 
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While FPGAs used to be selected for lower speed/complexity/volume 

designs in the past, today’s FPGAs easily push the 500MHz performance 

barrier. With unprecedented logic density increases and a host of other 

features, such as embedded processors, DSP blocks, clocking, and high-

speed serial at ever lower price points, FPGAs are a compelling 

proposition for almost any type of design.[30] 

The FPGA design flow eliminates the complex and time-

consuming floor planning, place and route, timing analysis, and mask / 

re-spins stages of the project since the design logic is already synthesized 

to be placed onto an already verified, characterized FPGA device. 

However, when needed, Xilinx provides the advanced floorplanning, 

hierarchical design, and timing tools to allow users to maximize 

performance for the most demanding designs.[31] 

 

 

3.3 Controlling of servo motors by FPGAs 

3.3.1 Servo motors 

 

Figure 3-1: servo motor  
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A servomotor is a rotary actuator or linear actuator that allows for 

precise control of angular or linear position, velocity and acceleration.[5] 

It consists of a suitable motor coupled to a sensor for position feedback. 

It also requires a relatively sophisticated controller, often a dedicated 

module designed specifically for use with servomotors. 

Servomotors are not a specific class of motor although the term 

servomotor is often used to refer to a motor suitable for use in a closed-

loop control system. 

Servomotors are used in applications such as robotics, CNC 

machinery or automated manufacturing. 

As the name suggests, a servomotor is a servomechanism. More 

specifically, it is a closed-loop servomechanism that uses position 

feedback to control its motion and final position. The input to its control 

is some signal, either analogue or digital, representing the position 

commanded for the output shaft. 

The motor is paired with some type of encoder to provide position 

and speed feedback. In the simplest case, only the position is measured. 

The measured position of the output is compared to the command 

position, the external input to the controller. If the output position differs 

from that required, an error signal is generated which then causes the 

motor to rotate in either direction, as needed to bring the output shaft to 

the appropriate position. As the positions approach, the error signal 

reduces to zero and the motor stops. 

PWM controls the angle of the rotation as we will see . 

3.3.2 Generating PWM 

Pulse width modulation (PWM) is a powerful technique for  



24 
 

controlling analog circuits with a processor’s digital outputs. PWM is 

employed in a wide variety of applications, ranging from measurement 

and communications to power control and conversion .[32] 

The applications of PWM are used in control systems where the 

PWM signals were used to convert unregulated DC voltage to regulated 

or variable DC voltage at the output. [33] 

A PWM signal is not constant, the main parameter is a dutycycle 

D that is a part of PWM period and describes theproportion of on time to 

regular interval. The equation (1) describes the duty cycle as the 

following: 

 

 

figure 3-2 : duty cycle of PWM 

The principle of PWM work is required to design PWM. Figure 

3 -3 illustrates the principle of work : 
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Figure 3 - 3: principle PWM  

Figure 5 illustrates the architecture of PWM counter. This counter 

is used to generate the signal using 8bits. 

As figure 3 – 3 shown the design of processor that generates the 

signals, which give the output of PWM, requires a comparator that 

compares between two values. The first value represents the sawtooth 

signal and the second value represents the data that is entered. 

In generating PWM by FPGA we use the counters . first we take 

not of the frequency of the oscillator that supply the main clock of the 

FPGA . 

Next we choose the frequency of the PWM and calculate the 

Number of divisions of the main clock .[34] 

The code of this counter is written using VHDL. The counter 

increases one bit every CLKDV rising and it counts for example we use 

8 bits from (00000000)2 to (11111111)2. The maximum value is 

(255)10,when PWM counter arrives to this value, it returns to zero. 

There must be a comparator that The output of comparator will be 

PWM generator. When the counter reach a particular value for example 

the output will be 1 and when it reach another particular value the output 

will be 0 .this changes of the output create the PWM with a specific 

frequency. 

In our project we use four counters to divide a 8MHZ into variable 

values of PWM from 1ms minimum to 3ms maximum 
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3.4 PWM counters in our project 

At first we generate a 1 MHZ by a counter with a 19 bits . the 

counter increase by one every clock cycle . And when it reaches  all ones 

it will reset so it will be all zeros . the 1MHZ PWM we took it from bit 

number 2 of the counter. 

So now we have a clock with a 1MHZ frequency we use it like the 

Previous counter to generate 0.09 ms . 

And then we generate 0.081 ms . the last frequency which we use 

it to generate our PWM values from . Therefore to generate 1 ms we use 

a loop that count 13 times .And for the 2 ms we count 25 . 

As we will see later the number of count will be sent from the 

program in the  PC . 
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CHAPTER FOUR 

4. Implementation of the system 

Our project contains of two parts: a pc software and a hardware 

components .in this chapter we will discuss all aspects related  to 

designing of the system.  

4.1 PC Software 

Microsoft visual basic 2010  has been used to design a control unit 

to send control signals from pc to the wireless transmitter kit . 

The control unit let the user choose whether he wants a manual or 

a automatic control of the arm. In the manual control there are six 

buttons : up, down, left, right, open and close. The first four buttons 

controls the direction of the arm ,open and close controls the end effector 

of the arm. 

In the automatic mode the arm do a sequence of instructions that 

has been programmed previously . 

 

Figure 4-1: PC software window  
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Universal serial port(USB interface) has been used to transfer the 

control signal  from the pc to the wireless transmitter kit. 

Control signal contains of 8 bits from (7 down to 0 ). Bits number 

seven and six has been used to select the intended servo motor. If "10" 

that refers to rotation servo ( left and right ) , "01" refers to up and down 

servo and "11" refers to the end effector servo. 

The rest of the bits has been used to send the angle of the intended 

servo . It contains a number from "001111" to "111111" in binary. When 

this number arrives to the wireless receiver kit it determines the 

frequency of the PWM that controls the intended servo as we will see 

later. 

Also the software show the user what the current angles of the 

three motors. 

 

Figure 4-2: GUI servo angles 

The user cannot do anything until he select the specific COM port 

which is connected with the transmitter kit . the combo box contains the 

names of the COMs.  
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And when the user press (start) button the specific COM will open 

and now it's ready to transferring control signals.  

4.2. Hardware environment 

In our project we have three sections that related to hardware 

environment : kit A , kit B and the arm. 

4.2.1 Kit A 

We can name it wireless transmitter kit . it contains of a Xilinx 

CPLD controller and wireless transmitting unit. We can summarize its 

characteristics as below : 

 Xilinx family : CPLD, XC95108PC84 

 Device density : 2400 gates, 108 macro cells 

 On board : +5V, 3.3V, 2.5V supply 

 On board : 8 MHz crystal 

 Configuration method : Boundary scan  

 I/Os : 63  

 USB port   

      

Figure 4-3: ST112A - kit A 
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A VHDL code has been written to program the CPLD. The control 

signal comes to the kit by the USB interface. And then this control signal 

will be send by wireless . 

The stander that we used in the wireless transmission is IEEE 

802.11. 

In order to program the CPLD JTAG interface must be connected 

from the LPT in the PC. Programming will be with the ISE software this 

will be discuss later. 

4.2.2 Kit B 

This kit contains two sections. The first one is receiving control 

signals by the wireless module. It receives the 8 bits that the user sent it 

from the PC software. And the second section is to generating the PWM 

and sends it to the motors. It contains of a Xilinx Spartan 2 controller 

and wireless module. We can summarize the characteristics as below:  

 Xilinx family : Spartan 2, XC2S50PQ208 

 Device density : 50 K gates, 1728 logic cells 

 On board : +5V, 3.3V, 2.5V supply 

 On board : 8 MHz crystal 

 Configuration method : slave serial 

 Number of I/Os : 136  

 USB port  

 

Figure 4-4: ST112B – Kit b 
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A VHDL code has been written to receives the 8 bits and save it in 

a variable. 

And in the second section in order to generating a PWM we divide 

the main clock from 8 MHz to1 MHz and then to  0.081ms. this 

frequency  is suitable for generate our PWM on the way we want. 

Then we make a counter depending on the final frequency that we 

generated and we have an output . the output become 1 when the counter 

start and become 0 depending on  the control signal. When the counter 

equal to the specific number which was sent in the control signal the 

output become 0. So we with this process we generate a PWM with a 

particular frequency. 

 

Figure 4-4: control signal from the GUI 

There are three counters such as that has discussed. Any one 

generate a PWM with a different frequency.  

The first two bits (MSB and 6) selects the intended motor as we 

said previously. 

Range of the angle number is between 13 (001101)B up to 63 

(111111)B. From the datasheet of the servo motor : 1ms gives us 0ᵒ and 

when we calculate this : 
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And also from datasheet 2ms gives us 90ᵒ so the calculation become : 

               

                
 
    

     
         

So the step that we used become: 

         

   

  
      

so the angle increase by 7.5ᵒ degree therefore the maximum angle 

will be 226ᵒ when the angle number become 63.  
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4.2.3 The arm 

Contains of two joints any of them has a servo motor and an end 

effector also has a servo to handle materials. It must connect to 220v 

power supply and it have a regulator to adjust the suitable voltage for 

driving  the motors.  

 

Figure 4-5: the robot arm 
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4.3 Software environment 

Both FPGA and CPLD which we used in our project need a 

software environment to be programmed. Xilinx ISE 8.1i software has 

been used to do the configurations.  

Integrated Synthesis Environment (ISE) is a software tool 

produced by Xilinx for synthesis and analysis of HDL designs, enabling 

the developer to synthesize ("compile") their designs, perform timing 

analysis, examine RTL diagrams, simulate a design's reaction to 

different stimuli, and configure the target device with the programmer. 

4.3.1 Procedure for Designing in Xilinx ISE 

Step one : opening the software and from file selecting new 

project and then choosing a name for it and then pressing on "Next" 

Step two : Selecting the Family, Device and Package of the chips. 

 Family    : Spartan2 (For kit B) 

     : XC9500 CPLD (For kit A) 

 Device    : XC2S50 (For kit B) 

     : XC95108(For kit A) 

 Package : PQ208 (For kit B) 

     : PC84 (For kit A) 

Step three :  assign new sources whether VHDL or UCF.  

Step four : summary will appear and then  clicking  "Finish". And 

then adjusting the impact properties.  

Step five : double click on Impact and choosing whether boundary 

scan (for kit A ) or slave serial ( for kit B). and then programming the 

controller. 
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CHAPTER FIVE 

5. CONCLUSION  AND RECOMMENDATIONES 

5.1 Conclusion 

We designed the PC software by Microsoft visual basic and 

determined  the values of the control signals. Then we tested the output 

from the USB port and we found that it was the correct values that we 

wanted. 

After that we wrote the VHDL codes which we used it in the 

configurations of the controllers. ISE Xilinx software environment had 

been used in the configurations. 

firstly we tested the wireless transmission and we made sure that it was 

working in proper way.  

Secondly we tested the PWM generating it's was working in 

proper way also. We tested manual and automatic control. 

So we made sure that all system was working as it was supposed to be. 

And there was a very fast response. 

5.2 Recommendations 

We recommend for the future to adding an intelligent system. It 

can be detect the locations of materials without been programmed by the 

user. 

The control can be close-loop by adding a feedback that to adjust 

the output and making sure all angles are correct.  

And decrease the step of the servos less than 7 degree to be more 

accurate in handling materials. 
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