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1 Chapter 1: Introduction

1.1 Motivation
Over the years, the world is still developing and progressing in all areas of life and people continue thinking in everything and the goal still the same, that is, to live and to work with less effort, less time and more efficiency.

 So we were drawn the idea of the technological project for the same goal, to wireless control  many devices using a fabricated chip, wireless becoming more and more available and widely used. It’s not important what the devices are, and the world tell us that all technologies will be use wireless method for transmission and control. But in our project we will consider the dc motor as an example.

We found it to be particularly interesting idea for wirelessly controlled motor seemed fascinating to us. We also feel that this could be a very practical idea as wireless technology is becoming increasingly more available. So, being able to control a motor through a wireless connection on a laptop could considerably enhance flexibility.  

Our project is general project it is can be installed for any devices in many places, in home, factory, farm or poultry, so know  how to transmit data then you will use it in every area. This is other reason urged us to try to make this project.
1.2 Objectives

The objective of the proposed project is to achieve the following two points:
· Goals

The goal of this project is to design a controller that will be able to run a DC motor wirelessly. This controller will be able to function through a Software application on a laptop or desktop computer.

· Functions

The motor will have the functionality to start, stop, accelerate, and de-accelerate through the push of commands on the computer Software. The Software should be a simple one- screen Windows based application.
1.3 Benefits and Features: 

The expected benefits obtained from the proposed project can be summarized by the following points:

· Practical: The project should work as designed, and it is of our main interest to apply the wireless connection so as to control any system.
· Flexibility: the system should provide flexibility so as to be able to modify, improve, change, and or add any controllable device. 
· Economical: the system should have the canonical feature, an important aspect in designing a system.
· User-friendly: the system sometimes need to be user friendly or to be accessed by any person easily, and to work in any PC environment, independent on the PC ability or operating system.
As well, beside the aforementioned benefits, many features also can be obtained from the project, we mention the following features:
· As mentioned before, the PC environment is of great benefit to work on, but we adopt the most common operating system, which is the Windows environment.
· Long life Battery, the system is designed to work for a long time by providing the system with long life battery and saving of the consumed power.
· We adopt the fabricated chip, that is commercially referred to as an XBee
 chip, to provide the air-interface between transmitter and receiver, namely, the XBee chip is licensed to work via wireless Bluetooth standard.
· The main feature of this project is to generate several wireless signals to achieve several functionality, such as, in case of DC motor, adjusting the rotating speed, ability to start, stop, accelerate or decelerate the DC motor.
· The saving of power benefit, and hence lengthening the battery life, is achieved by stopping the DC Motor immediately when loosing the communication link. 
In Chapter two, an extensive, brief, wireless connection concepts are introduced. A complete analysis of the XBee chip as well the main features and design parameters are to be introduced in Chapter three. 

The second phase of the project is to simulate and implement the proposed system and considering the controlling of a DC motor as a practical example.

2 Chapter 2: Wireless Communication, Background Theory

2.1 Communication Principles
The basic definition of communication process is to transfer information from any point to any point, anytime, and anywhere. In general, the communication system or communication link is restricted on this principle, but over the years this idea is in continuous improvement. For example, at the beginning, people were using fire and drums as signals to transfer the information, and this process only for small distance but now we have improved communications systems now. People can talk and see each other from any side or any place on the earth, precisely, in the universe. Any communication system, simply, includes the following three major parts shown as blocks in Figure 2-1for more details, consult [3].
· Transmitter: it sends information, for example TV transmitting station or radio transmitting station is senders (transmitters), since they transmit information. 
· Channel: this is the path through which the signal propagates from transmitter to the receiver. 
· Receiver: it receives information, for example all TV sets and radios are receiver. They get information from transmitter.
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Moreover, noise from several sources through communication must be added to the transmitted signal, thus, Figure 2-1 shows the complete communication system including the noise that is added to the signal via communication channel.
Figure ‎2‑1: Block diagram of basic communication system.

Whenever the massage or information signal rides over the carrier. It’s called modulating signal. Consider for example a sinusoidal carrier signal. Then massage signal can modulate the carrier signal (sine wave) in three ways for more details, consult [1]:
1. Modulating the amplitude of the carrier.
2. Modulating the phase of the carrier.
3. Modulating the frequency of the carrier.
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The operation of riding over the amplitude of carrier means to modulate the amplitude of carrier is called Amplitude Modulation. The massage signal becomes modulating signal. Similarly when a massage or modulating signal rides over the phase or the frequency of the carrier it is called Angle Modulation, see Figure 2-2, below.
‎2‎Figure ‑2
: Several types of modulation techniques, Amplitude, Frequency, and Phase.

2.2 Analog and Digital Communication
An analog communication system transfers information from an analog source to certain destination, where is the analog information source produces messages that are defined on a continuum. So when we talk about analog communication we means information (signal) that represented by electrical signal which has main property that it is in the continuous time and amplitude. 
But the digital communication system transfers information from digital source to the intended receiver also called the sink, and the digital communication system use the same signal but after some processes must be done on data, it must be in digital form (binary) 0 or 1 that mean this signal must be discrete in time and amplitude so we take samples from the signal and give each sample a code represent the magnitude of sample.

Nowadays, we use digital systems in communication and other applications mostly, that mean the digital is partially better than analog systems, so we must know the different between them. Digital communication has a number of advantages over analog communication for more details, consult [2]
1. Relatively inexpensive digital circuits may be used.

2. Privacy is preserved by using data encryption.

3. Greater dynamic range (the difference between the largest and smallest values) is possible.

4. Data from voice, video, and data sources may be merged and transmitted over a common digital transmission system.
5. In long distance systems, noise does not accumulate from repeater to repeater.
6. Errors in detected data may be small, even when there is a large amount of noise on the received signal.

7. Errors may often be corrected by the use of coding.

But if we give analog communication some respect we can say that the analog communication systems uses less bandwidth and it has simplicity in structures and implementation of circuits needed  but the effects of random noise can make signal loss and distortion impossible to recover.
Analog systems are less tolerant to noise, make good use of bandwidth, and are easy to manipulate mathematically. However, analog signals require hardware receivers and transmitters that are designed to perfectly fit the particular transmission. If you are working on a new system, and you decide to change your analog signal, you need to completely change your transmitters and receivers.
Digital signals are more tolerant to noise, but digital signals can be completely corrupted in the presence of excess noise. In digital signals, noise could cause a 1 to be interpreted as a 0 and vice versa, which makes the received data different than the original data. Imagine if the army transmitted a position coordinate to a missile digitally, and a single bit was received in error? This single bit error could cause a missile to miss its target by miles. Luckily, there are systems in place to prevent this sort of scenario, such as checksums and CRCs, which tell the receiver when a bit has been corrupted and ask the transmitter to resend the data. The primary benefit of digital signals is that they can be handled by simple, standardized receivers and transmitters, and the signal can be then dealt with in software (which is comparatively cheap to change). Figure 2-3 shows the information signal in its two form, analog and digital signal. 
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Figure ‎2‑3: Information signal, analog and digital
2.3 Digital Modulation Techniques

The purpose of analog modulation is to impress an information-bearing analog waveform onto a carrier for transmission, and the purpose of digital modulation is to convert an information-bearing discrete-time symbol into a continuous-time waveform (perhaps impressed on a carrier). In the following subsections, we introduce an important concepts before considering several types of digital modulation techniques.
2.3.1 What is Keying ?

Square waves, sinc waves, and raised-cosine roll-off waves are all well and good, but all of them have drawbacks. If we use an optimal matched filter, we can eliminate the effect of jitter, so frankly, why would we consider square waves at all ? Without jitter as a concern, it makes no sense to correct for jitter, or even take it into consideration. However, since the matched filter needs to look at individual symbols, the transmitted signal can't suffer from any inter symbol interference either. Therefore, we aren't using the sinc pulse. Since the raised-cosine roll-off wave suffers from both these problems (in smaller amounts, however), we don’t want to use that pulse either. So the question is, what other types of pulses can we send?

It turns out that if we use some of the techniques we have developed using analog signal modulation, and implement a sinusoidal carrier wave, we can create a signal with no inter-symbol interference, very low bandwidth, and no worries about jitter. Just like analog modulation, there are 3 aspects of the carrier wave that we can change: the amplitude, the frequency, and the phase angle. Instead of "modulation", we call these techniques keying techniques, because they are operating on a binary-number basis.

There is one important point to note before continuing with this discussion: Binary signals are not periodic signals. Therefore, we cannot expect that a binary signal is going to have a discrete spectra like a periodic square wave will have. For this reason, the spectral components of binary data are continuous spectra.

2.3.2 Basic concepts of modulation in Digital Communication
As mentioned before, modulation is the process of facilitating the transfer of information over a medium. Sound transmission in air has limited range for the amount of power your lungs can generate. To extend the range your voice can reach, we need to transmit it through a medium other than air, such as a phone line or radio. The process of converting information (voice in this case ) so that it can be successfully sent through a medium (wire or radio waves ) is called modulation.
We begin our discussion of digital modulation by starting with the three basic types of digital modulation techniques [4]:

1. Amplitude shift keying (ASK).

2. Frequency shift keying (FSK).

3. Phase shift keying (PSK).

All of these techniques vary a parameter of a sinusoidal to represent the information which we wish to send. A sinusoid has three different parameters that can be varied. These are its amplitude, phase and frequency. Modulation is a process of mapping such that it takes your voice (as an example of a signal ) converts it into some aspect of a sine wave and then transmit the sine wave, leaving the actual voice behind. The sine wave on the other side is remapped back to a near copy of your sound.

The medium is the thing through which the sine wave travels. So wire is a medium and so are air, water and space. The sine wave is called the carrier. The information to be sent, which can be voice or data is called information signal. Once the carrier is mapped with the information to be sent it is no longer a sine wave and we call it the signal. The signal has the unfortunate luck of getting corrupted by noise as it travels.

In ASK, the amplitude of the carrier is changed response to information and all else is kept fixed. Bit 1 is transmitted by a carrier of one particular amplitude. To transmit 0, we change the amplitude keeping the frequency constant. On-off keying (OOK) is a special form of ASK, where one of the amplitudes is zero as given by
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A simple simulated signal of the ASK modulation is shown in Figure 2-4.  
In FSK, on the other hand, we change the frequency in response to information, one particular frequency for a 1 and another frequency for a 0,  In the example shown in Figure 2-5, the frequency f1 for bit 1 is higher than f2 used for the 0 bit. The FSK modulated signal is written as
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Figure ‎2‑4: Binary ASK signal for the information 1010101110
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Figure ‎2‑5: Binary FSK modulated signal for the same information

Finally, in PSK, we change the phase of the sinusoidal carrier to indicate information. Phase in this context is the starting angle at which the sinusoid starts. To transmit 0, we shift the phase of the sinusoid by 180°. Phase shift represents the change in the state of the information in this case. Figure 2-6 shows a simulated signal of a binary PSK where in the modulated signal is given by
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Figure ‎2‑6: Binary PSK signal for the same information

ASK techniques are most susceptible to the effects of non-linear devices which compress and distort signal amplitude. To avoid such distortion, the system must be operated in the linear range, away from the point of maximum power where most of the non-linear behavior occurs. Despite this problem in high frequency carrier systems, Amplitude Shift Keying is often used in wire-based radio signaling, both with and without a carrier. 

ASK is also combined with PSK to create hybrid systems such as Quadrature Amplitude Modulation (QAM) where both the amplitude and the phase are changed at the same time.

The MATLAB code that is used to simulate the aforementioned modulation techniques can be found in Appendix A.

2.4 Quadrature phase shift keying
As the main modulation technique used to implement the communication link using XBee chip is what is called Off-set QPSK, we will concentrate on more details on this type of technique. We first revise the following
2.4.1 Binary phase shift keying (BPSK)

Let’s imagine a ship lost at sea with no communication system. It sees an airplanes flying overhead and wants to communicate its plight to the airplane while it is overhead. The captain marks two spots on each side of the mast. Now he holds a bright light and runs back and forth between the marked spots to signal a message. Spot to the right means a 1 and spot to the left means a 0. We assume that all airplanes seeing this know that what each light stands. This is a one dimensional signal, because the captain uses only one dimension (running from left to right) to indicate a symbol change.

The shining of the light is a symbol. There are two light positions, so those are two symbols. Let’s give these two symbols names of s1 and s2. Simplest thing is to have the symbol stand for just one bit. This method of transmitting information, i.e. the bits, is essentially a Binary Phase Shift Keying (BPSK) modulation. We utilize just one sinusoid as the basis function. We vary the phase of this signal to transmit information which is identical in concept to the example of shining the light from the deck. Each symbol is signaled by a change in position (really the phase) of the light as in this example. In BPSK we define two little packets of the cosine wave, one with zero phase and second one with a 180 degree different phase.

2.4.2  Creating a BPSK carrier

How would we send a bit sequence 0111 0101 0010 1011, for example, using BPSK signaling technique? To transmit this sequence, we need 16 signals to transmit the 16 bits since each BPSK symbol stands for one bit. Alternatively, we can transmit one signal to express two adjacent bits, and in this case we need only to transmit 8 signals to express the 16 bits above. This is what is so-called the Quadrature Phase Shift Keying, or simply, QPSK.
2.4.3  Quadrature phase shift keying (QPSK)
Now imagine a different ship. Its captain thinks up a different signaling arrangement. Here he has marked out four spots on the deck, to the East and West and North and South. He assigns four different combinations to each of the spots as shown below. He can send two bits, with each flash of the light. If he can do it in the same time period as the first ship, then this person would be able to communicate twice as fast. The two dimensional signaling system is shown in Figure 2-7 for more details, consult [4]. 
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Figure ‎2‑7: A two dimensional signaling system.

By creating four signaling spots, he has added another dimension. This gives two basic functions, the East-West and the North-South movements. Now there are four different symbol positions possible and we can assign 2 bits to each unique symbol. The dimensionality of a modulation is defined by the number of basic functions used. That makes QPSK a two-dimensional signal. Not because it sends two bits per symbol, but because it uses two independent signals (a sine and a cosine) to create the symbols. All PSK modulations we will discuss here are two-dimensional.
Now some light math QPSK signal is an extension of the BPSK signal. Both of these are a type of M-ary signals. We can write the process that describes the modulated signal in a polar form as
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Where Ps(t) is the pulse shaping function. In digital phase modulation, the phase of the sinusoid is modified in response to a received bit. A sinusoid can go through a maximum of 2π phase change in one period. So the maximum phase we can change at any one time is 180°. We can use M quantized levels of 2π, to create a variety of PSK modulation, and where 1 ≤ i ≤ M.
 The allowed phases are given by Modulation angles 
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 , and M stands for the order of the modulation. M = 2, makes this a BPSK, M = 4 is QPSK, M = 8, 8-PSK and so on.  Following diagram of Figure 2-8 shows the three examples of these modulations and their “signal constellations.”
 A rotation of the second resulting in the third figure does not change the modulation, its power or performance. This modulation is called rotationally invariant for more details, consult [4].
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Figure ‎2‑8: M-PSK modulation techniques, for several values of M, 2, 4, 4, 8.


For baseband PSK signals, we use a square pulse. The pulse has amplitude of A. The energy in this pulse is equal to the power of the signal times the duration, T it lasts. Power is equal to 
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[image: image13.wmf]with R = 1 ohm and T is the symbol time. Then, the energy is given by
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The pulse has amplitude A over a period T secs, has power given by
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Substitute the power of (5) in (4), we get
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The carrier amplitude Ac, given as 
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An arbitrary plot of the expression given in (7) looks as shown in Figure 2-9 below. At each tick which is the symbol time, there is a phase shift.
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Figure ‎2‑9: An arbitrary modulated signal which shows phase shift at each time period.

Here we see several phase shifts, some 90° as at t = 1 and others 180° as we see at t = 6. A modulated signal for BPSK has only 180° degree phase shifts, whereas a QPSK has 90° degrees and 180° degree phase shifts. 

The modulation in (7) is much more useful in understanding modulation. The first part is the magnitude or the amplitude of the signal and is a constant. The rest is a function of the phase angle just as we would like it to be since we are doing phase modulation. Now let’s expand this equation using the trigonometric identity [image: image22.png]cos(4 + B) = cosAcosB — sinAsinB



, then (7) can be rewritten again as
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At fc = 0, we get four baseband signals we will use for signaling. We have initialized the phases to start at 45°. This shift has no effect on the modulation. Now come the I and the Q channels, remember the basis set 
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. Any two signals created through the scaled versions of these basis signals are also orthogonal. So let’s scale these and call them I and Q channels, where
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The above are clearly orthogonal because we just multiplied the basic functions with a constant. Now multiply them with the angle part, for i = 0, 1, 2, 3 and 4, a QPSK constellation, the second part is also a constant. So (9) can be written as
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Actually true orthogonallity requires that fc be a integer multiple of T/M  but for large carrier frequencies, this is not so important. Finally, the modulation signal is now written as
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The Table below shows the four possible values in case of M = 4, the Table also shows the I and Q signals for more details, consult [5].
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2.4.4 Constellation of QPSK

A constellation is a plot of the symbols on the rectangular space. We create this for PSK by first drawing a circle of radius = [image: image34.png]VEs



. Since we like the I and Q channels to have amplitudes of 1, then the radius of the circle becomes 1.414. Now compute the modulation angle, which is 360° divided my M. For QPSK that is 90°. So that’s four points each 90° apart on the circle. If the modulation is 16 PSK, the points or symbols would be 22.5° apart. Now compute the x and y projections for each symbol. These are the amplitudes of the I and Q channels. We can create I and Q channels and the real modulated signal which is a sum of both channels.
Visually the constellation diagram which is what this picture is called the phases of the symbols and their relationship to each other. The x-axis projection is the I channel amplitude and y-axis projection is the Q channel amplitude. Each signal is shown with a little packet of signal that goes with it. The constellation diagrams is always done at baseband, i.e. fc = 0. So the signal is just a point. But I have added the little packet of modulated signal at fc = 1, just so you can get an intuitive feel for what we are doing. Depending of the fc, it is these little packets that are transmitted. Figure 2-10 shows the signal constellation points of the QPSK signal for more details, cosult [5].
[image: image35.png]



Figure ‎2‑10: Signal constellation of the QPSK modulated signal

2.4.5 Shaping the pulse to reduce bandwidth
The square pulses shown here are not practical to send. They are hard to create and require a lot of bandwidth. So in their lieu we send shaped pulses that convey the same information but use smaller bandwidths and have other good properties such as inter-symbol interference rejection. One of the most common pulse shaping is called “root raised cosine”. This pulse shaping has a parameter called the roll-off which controls the shape and the bandwidth of the signal. Some common pulse shaping methods are for more details, consult [5]:

· Root Raised cosine (used with QPSK)

· Half-sinusoid (used with MSK)

· Gaussian (used with GMSK)

· Quadrature partial response (used with QPR).
2.4.6 Offset QPSK
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Offset QPSK is a minor but important variation on QPSK. In Offset QPSK, the Q channel is shifted by half a symbol time so that I and Q channel signals do not transition at the same time. The result of this simple change is that phase shifts at any one time are limited and hence offset QPSK is more “constant-envelope” than straight QPSK. Although in a linear channel its bit error rate is the same as QPSK, in non-linear applications, its BER is lower when operating close to the saturation point of the transmitting amplifier.  Offset QPSK (OQPSK) is also called staggered QPSK (SQPSK) for more details, consult [5].
Figure ‎2‑11: Converting QPSK onto an OQPSK technique [4].
Unlike QPSK, I and Q channels of an OQPSK signal do not transition at the same time. One consequence of this is that when we look at the constellation diagram of the OQPSK, the symbol transitions occur only to neighbors.  This means that the transitions are never more than 90°. At any symbol change, for either I or Q channel, only one axis can change at a time, either I or the Q but not both. (At any transition, only I or the Q changes but not both.) In constellation-speak, if the signal was in the right upper quadrant, the next signal can only go to either the lower right quadrant or to upper left quadrant but not across. Note how this is different from QPSK, where all transitions can occur.
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Figure ‎2‑12: OQPSK and QPSK signal constellation diagrams.
Figure 2-12 compares the OQPSK signal with a QPSK signal. Note that the OQPSK signal never transitions more than 90°. QPSK on the other hand goes through phase change of 180° for some transitions. The larger transitions are a source of trouble for amplifiers and to be avoided if possible. In satellite transmission, QPSK reigns supreme, it is easy to build and operate. Military often uses OQPSK because of its need to use low power radios and minimum adjacent channel interference issues.
3 Chapter 3: design and functionality
3.1 Proposed System Block Diagram
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In the first section, we will introduce the proposed system block diagram shown in Figure 3-1. In the figure, the proposed system includes major parts such as XBee transceiver, PC user interface, PIC as a control unit, and the DC motor as the device to be controlled by the XBee component.  In the following subsections, we analyze the system in full details. 
Figure ‎3‑1: Proposed system block diagram
3.2 XBee Transceiver function analysis
3.2.1 Introduction to XBEE
XBee is a device used to send and receive wireless Data, it is considered as one of the ZigBee families [6], ZigBee or simply XBee has a feature that is can be easily connected to the air interface RS232 which allows any microcontroller or microprocessor to immediately use the services of the ZigBee protocol. All a ZigBee hardware designers have to be concern of the serial port logic levels that are compatible with the XBee standard, that is to say,  2.8- to 3.4-V logic levels. It worthy to mention some advantages of the XBee chip that are motivate us to select working on this chip.
ZigBee is so low powered that a typical battery-powered node can wake up, check in, send data, and shut down in less than 30 msec. This leads to an extremely long battery life. For devices with a 30-ms check-in period or more, the battery’s shelf life will expire before the battery capacity runs out.
The flash memory requirement for a ZigBee device ranges from 16 to 60 KB depending on the device’s complexity, the required stack features, and whether or not it’s an RFD or FFD
.
AES 128-bit security
 is built in [6], An addressing scheme can support more than 64,000 nodes per coordinator. Multiple network coordinators can be linked, which means extremely large networks are possible.

3.2.2 simplified block diagram

Data is presented to the XBee module through its DIN pin, and it must be in the asynchronous serial format, which consists of a start bit, 8 data bits, and a stop bit. Because the input data goes directly into the input of a UART (RS232) within the XBee module, no bit inversions are necessary within the asynchronous serial data stream. All of the required timing and parity checking is automatically taken care of by the XBee, XBee module produces a received data asynchronous serial data stream for the host on its DOUT pin for more details, consult [7].
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Figure ‎3‑2: (a) XBee device. (b) Simplified block diagram of the XBee modules.
The processor used in XBee module is the well-known MC9S08GT60
 which contains main blocks shown in Figure 3-2.
When serial data enters the RF module through the DI pin (pin 3), the data is stored in the DI Buffer until it can be processed. If the module is receiving a continuous stream of RF data, any serial data that arrives on the DI pin is placed in the DI Buffer. The data in the DI buffer will be transmitted over-the-air when the module is no longer receiving RF data in the network.
On the other hand, when RF data is received, the data enters the DO buffer and is sent out the serial port to a host device. Once the DO Buffer reaches capacity, any additional incoming RF data is lost. Two cases wherein the DO Buffer may become full and possibly overflow: The two cases are:
1. If the RF data rate is set higher than the interface data rate of the module, the module will receive data from the transmitting module faster than it can send the data to the host.

2. If the host does not allow the module to transmit data out from the DO buffer because of being held off by hardware or software flow control.
3.2.3 XBee process

Inside the modem and transceiver IC, the physical layer takes care of encoding bits to send and decoding received bits with a base-band modem and radio transceiver. In fact, this isn’t the entire truth. Things tend to get messy when you go to implement a conceptual model in an efficient manner. Now let’s set aside these extraneous features and get on with the core job of the transceiver. A DSSS modulator
, in which groups of bits are represented by a symbol, generates the modulation of the raw data bits. The symbols are translated into a higher number of bits by mapping them through a look-up table of larger bit sequences chosen for their mathematical properties.
The desired properties include short-run DC balance, autocorrelation, cross-correlation properties, and enough apparent randomness to make the waveform appear as flat noise to a receiver that isn’t supposed to be listening. The reason for discreteness is that a nearby network needs to ignore the signal to concentrate on the transmissions from its own network. In systems where the chipping table constantly changes on a pseudo-random basis, on-air security is also a prime motivator.
In the 802.15.4 standard, the raw data bits are grouped by nibbles to represent symbols. Because 4 bits are represented at a time, there are 16 different symbols in the look-up table numbered from zero to 15. Each symbol corresponds to a 32-bit sequence called a chipping code. Next figure illustrates this process using the chipping code for the zero symbol.
Each symbol now consists of a chipping code of 32 bits called chips, and the rate at which the signal changes has increased greatly, which spreads the signal over a wider bandwidth. Figure 3-3 shows the spreading process of the input data stream and the OQPSK modulation technique for more details, consult [7].
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Figure ‎3‑3: A data stream input subjected to spreading and OQPSK modulation
After some filtering to reduce the bandwidth, chipping codes are presented to the modulator, which carries out half-sine pulse construction. Offset quadrature phase shift keying (OQPSK) is used for the 2.4-GHz physical layer. There are two sine based carriers used in OQPSK. One is in-phase (I) and the other is in-quadrature (Q), which means its offset by 90°. So, there are sine-based and cosine-based components with which to represent a symbol.
This is advantageous because the chipping code can be split and the two halves can be sent simultaneously. The even chips are represented by the I component and the odd chips by the Q component. The I and Q waveforms are added together and amplified before they’re sent through the transmit/receive switch to the antenna.
Data represented by multiple bytes is presented least significant byte first, except for fields associated with security, in which case it’s the other way around. The entire process is reversed at the receiver, which is chip-synchronized with the transmitter and attempts to match one of the 16 possible codes to values in the DataStream. The closest fitting chip sequence is selected using a statistics-based maximum likelihood technique. This results in the dispreading of the correlated signal in the frequency domain, and the dispersing of any single narrow band interference. This processing gain represents a mathematically powered improvement in the signal to noise ratio.
The chipping rate for the 2.4-GHz PHY is 2 million chips per second. Because 32 chips are sent for every 4 bits of real data, the effective data rate is as follows:
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3.3 Application block diagram
3.3.1 PC/User Input

The block diagram in Figure 3-1 is the only point where the system accepts user input. It is a Windows-based software application that can be run on any Windows PC or laptop. Here the user is able to manipulate the various functions of the motor; run, stop, accelerate, decelerate and switch directions using easy to learn onscreen controls. The software should program using java Programming Language. A control scheme must generate to send out a serial control signal that will represent the desired speed of the motor, in RPMs.

Once the user will select a speed, it is outputted to the XBee transmitter a serial port connection. This is a string representation of the integer. If the motor is chosen to be operated in the counter-clockwise direction, the string outputted is just the speed.

However, if the direction chosen is clockwise, then a “-“character is appended to the beginning of the control string. Thus, operating at 50 RPM in the CCW direction has a control string of “50”, whereas in the CW direction it would be “-50”.
3.3.2 12 V Battery

This is the power supply for the circuit. It is used to power the motor, as well as the logic chips of the system. The h-bridge, XBee Rx and PIC microcontroller are supplied with a lower voltage, scaled down by voltage regulator to 5 V. The battery is connected to the motor through the h-bridge, which dictates when and how much voltage reaches the motor leads. 
3.3.3 5 V Voltage Regulators

The voltage regulators should used to convert the 12 V voltages from the battery down to the appropriate supply voltages for each component. The decision is to use the voltage regulators after original voltage divider circuit (consisting of two resistors).

3.3.4 H-Bridge
The purpose of the h-bridge is to allow the user to choose the direction the motor rotates in, as well as bring the motor to a complete stop.  It consists of four MOSFET transistors operating as switches. Two MOSFETS are connected to each lead of the motor, one connecting the lead to VCC (12 V from the battery) and the other connecting the lead to system ground.  When the top switch on one side is on at the same time as the bottom switch on the opposite side, current flows in that direction and causes the motor to turn. When these are turned off and the other two switches turned on, current flows between those two instead and the motor rotates in the opposite direction. The chip may be chose is the NJM2670D2-ND PWM Dual H-Bridge Driver. The two inputs to the H-bridge, IN1 and IN2, receive their signal from the PWMs
. The duty cycle of the PWM signal specifies how long the MOSFET switches are active, thus controlling the average voltage that reaches the motor, which in turn controls the speed. If the motor is to turn in the clockwise direction, then the duty cycle that reaches IN2 is set to 0, and IN1 receives the duty cycle for the given speed, and vice versa. The figure below, Figure 3-5 shows how the H-Bridge work.




Figure ‎3‑4:The principle of the H-Bridge function.
3.3.5 12 V dc Motor
It can be used any type of motors provided that the 12-volt, so that it is fed from the battery and through H-bridge to provide it the voltage partially controlled by PWM from control unit, that to control the speed of the motor, It is capable of rotating in both directions.
This type of motors used in data storage, medical/biotech, semiconductor processing, and automation applications, among others.

4 Chapter 4: designe verification

4.1 Testing Procedures and Results

4.1.1 PC to xbee adapter module
In order to test the connection from the GUI and RS232 Transmitter to the XBee on the motor side, we first connected the RX and TX of the XBee to each other, so that the chip receives a signal from the transmitting PC and sends it back. This is used to verify that both the RX and TX configurations are working properly. Using the application HyperTerminal, ASCII characters are typed with no local echo on, so that if they are not sent back by the XBee module, they will not be displayed on the screen.
By doing this test, we were able to verify that the XBee module was correctly receiving and transmitting the control signal.
Once this was working, we connected the TX of the XBee module to a RS232 level translator, which was then connected to a second PC running HyperTerminal. This was used to represent the PIC. We could observe the speed changing in accordance with what was being selected on the GUI, verifying the output was correct.
In order to design a transmitter including XBee module it should be connected to RS232 of PC so the transmitter needs MAX device as an encoder, the connection between RS232 and MAX (MAX232CPE) is standard as Fig 4.1 show, and to make the connection between MAX232 and XBee module pin number 11 in MAX should connect to pin number 2 of XBee as Dout line, and Fig 4.2 show the other pins and details done which is in the next page.
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Figure ‎4‑1:The connection between MAX232 and RS232.
Figure ‎4‑2:XBee pin diagram.
4.1.2 Microcontroller (PIC16F877A)
The control unit consists of the PIC microcontroller and the pulse width modulator which is shown in layout figure in Fig 4.3. The PIC16F877A was chosen because it was available in the market and it included an onboard PWM. The PWM is used to control the duty cycle of the motor by regulating the power output. Once the control signal from the PC reaches the PIC through the XBee transmitters, it’s values are interpreted in the program and generate the necessary outputs. The PIC is programmed in a simplified PIC C instruction set. The duty cycle of the motor can be set by changing the length of the pulse that the PWM outputs.
There are several options for control that could have been explored, including feed forward. We chose a feed forward control scheme. To implement this, the motor will be run at various speeds with no load allowing us to set up a table comparing current to motor speed. When a certain speed level is received from the user, it mapped to a current using the lookup table, and the current will correspond to the duty cycle that the PWM must output to the h-bridge and motor to achieve the desired speed.
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Figure ‎4‑3:PIC16F877A Layout.
4.1.3 H-Bridge 

The purpose of the h-bridge is to allow the user to choose the direction the motor rotates in, as well bring the motor to a complete stop. It is made out of four BJT transistors operating as switches. Two BJT are connected to each lead of the motor, one connecting the lead to VCC (12 V from the battery) and the other connecting the lead to system ground. When the top switch on one side is on at the same time as the bottom switch on the opposite side, current will flow in that direction and cause the motor to turn. When these are turned off and the other two switches turned on, current flows between those two instead and the motor rotates in the opposite direction.
The chip chosen is the L298N dual full-Bridge. This was specifically designed with DC motors in mind, so it was the logical choice. A signal from the PIC will set the direction of the motor, to IN1 pin for clockwise and IN2 pin for counterclockwise. The PWM signal from the PIC will control when the H-bridge is on and off, and thus will define the duty cycle to the motor.
The L298N device have two H-bridges each can flow 2A as maximum current so the two H-bridges connected parallel tow have capability to flow 4A current then its need heat sink that designed and the Fig 4.4 show the connection.
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 Figure ‎4‑4:H-Bridge (L298N) Layout.
4.1.4 Full Schematic
The next figure 4-5 show the full schematic for the receiver built in general because it is not include some of devices such as capacitors, resistors, and the basic circuit for the PIC.
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Figure ‎4‑5: Full Schematic for the receiver.
4.1.5 PC / User Input
This block is the only point where the system accepts user input. It is a Windows-based software application that can be run on any Windows PC or laptop. Here the user is able to manipulate the various functions of the motor; run, stop, accelerate, decelerate and switch directions using easy to learn onscreen controls. The software was programmed using Visual C sharp programming language. The C sharp code that is used to build the PC interface control program can be found in Appendix B.

The code include the control words that must be sent to control the DC motor using ASCII code form and built to be easy to use by any user and easy to install to windows.
4.2 Thoroughness
Since all of our parts function correctly independently we were able to determine that the product will meet the performance requirements. We knew that if the product did not function correctly, the problem would be due to implementation and connection error and should be relatively easy to identify and resolve.

4.3 Tolerance Analysis
 The PIC   is especially important, as it is the one that controls the exact amount of power that the motor receives; thus controlling the functionality of the motor. Making sure that the PW< is delivering the correct duty cycle to the h-bridge ensures that the user will be able to control the exact speed of the motor. This will be tested by defining different duty cycles and making sure that these are in fact the signal that reaches the h-bridge, and once that is confirmed, making sure these duty cycles correspond to the proper output voltage. More specifically, a known duty cycle will be applied, and an oscilloscope will be used to view the waveform from the PWM to the h-bridge to make sure that duty cycle is in fact seen. When that is working properly, the oscilloscope will be placed over the motor to make sure it is receiving the corresponding correct voltage.
5 Chapter 5: Cost Breakdown
During implementation the system the team built it stage by stage by choosing the suitable devices and testing procedure then replacing the incorrect parts they need to buy devices all the time, and the work done in the university lab so the total cost come from devices price tabulated in the next table.

	Part
	Price(NIS)

	Quantity
	Total Price(NIS)

	XBee Transceiver
	150
	2
	300

	MAX232n
	5
	1
	5

	RS232 Socket
	2
	1
	2

	RS232 Cable
	15
	1
	15

	PIC16F877A
	35
	1
	35

	H-Bridge
	35
	1
	35

	12V Battery
	20
	1
	20

	12V DC Motor
	30
	1
	30

	Crystal Oscillator (4MHz)
	5
	1
	5

	12-5V Regulator
	5
	1
	5

	5-3.3V Regulator
	15
	2
	30

	Board
	15
	2
	30

	LEDs
	1
	6
	6

	Transistor
	1
	1
	1

	Resistor
	0.5
	8
	4

	Capacitor
	1
	6
	6

	Switch
	1
	1
	1

	Diode
	1
	1
	1


From the above table which includes the total parts of the system and the price of each part that the team buys it can account to calculate the total cost. 
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So total price is 531 NIS.

6 Chapter 6: Conclusion
6.1 Accomplishments
With our allotted time this semester, we were able to successfully integrate everything we promised in our design proposal. The user was successfully able to control the motor wirelessly from the GUI running on a laptop.

The user was able to start, stop, accelerate and decelerate the motor by setting the speed (in RPM), the direction of the motor was also selectable, using the CW and CCW buttons. This functionality all worked as desired. When the motor was running and the user chose to switch directions, the motor slowly ramped down its speed to zero, then switched directions and ramped back up to the desired speed. The same ramping effect was used when Stop was selected, to bring it slowly to 0 RPM. The purpose of this was to protect the motor from sudden voltage and speed changes.

6.2 Future Work
Once we had achieved all the aspects that we had originally promised in our design, we decided to take the next step and incorporate a feedback loop into our circuit. The purpose of this was to confirm that the actual speed achieved by the motor matched the desired speed specified by the user. If not, a correction algorithm would be implemented, to compensate and reduce the error.
The practical applications for such a circuit with speed feedback would be a situation where the load is varying or unknown. One example of this would be an off-road remote control car that encounters various terrains.

To make the project more applicable to more those application as a future work it can be done to copy the receiver side to some of receivers and addressing these receivers to make a network of motors in a huge system and control the network from just one computer.

With a feed forward loop, an increase in load would not be compensated for, and thus the desired speed would not be achieved. However with feedback, it would be compensated for, and the voltage to the motor could be increased to achieve the desired speed. 

We were able to begin implementation of this feedback control, by measuring actual RPMS achieved by the motor using a rotary encoder that we designed. We were then able to send this signal to the microcontroller and read it, but did not have enough time to finish implementing the code. This would a great place for someone picking the project up to start with.

6.3 Alternatives
An alternative to using the PWM outputs to set the duty cycle of the motor, a buck converter circuit could have been constructed. However, we found that the PWM technique was much more efficient because all the scaling could be done digitally in the PIC code, rather than via analog using a buck converter. This simplifies the circuit greatly.

An H-bridge with a higher current rating could also have been used, in order to allow a higher input current to the motor, thus increasing the maximum torque and power produced.

Lastly, a battery with a higher Amperes / Hour rating could be chosen which would increase the length of time the circuit can be run. This would be very useful for many applications, such as the remote control car.
appendix A
In this appendix we will write code in Matlab for the modulation technique in analog communication and digital communication. For analog communication it has amplitude modulation, frequency modulation and phase modulation.
· Amplitude modulation Matlab Code

· Frequency modulation Matlab Code

· Phase modulation Matlab Code

For digital modulation
· Amplitude shift keying Matlab Code
    frequency shift keying
· Frequency shift keying Matlab Code


· phase shift keying Matlab Code

appendix B

· PC user interface control Code in C sharp programming language.
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>> t=0:0.001:1; % duration	


>> Ac=1; % amplitude of carrier signal


>> Ka=0.9; % modulation index


>> m=cos(2*pi*2*t); % message signal


>> am=Ac*(1+Ka*m).*cos(2*pi*20*t);% amplitude modulation 


>> plot(t,am)








>> t=0:0.0001:0.2 ; %duration


>> fc=100 ; % carrier frequency


>> fm=10; % message frequency


>> B=4; %modulation index


>> y=cos(2*pi*fc*t+B.*sin(2*pi*fm*t)); % frequency modulation


>> plot(t,y),axis([0 0.2 -1.1 1.1]);








<<t=0:0.0001:.5;% duration


<<A=.8; %amplitude


<<W0=20*pi;


<<F=100;


<<rho=50; %duty cycle


<<sq=A*square(W0*t,rho); %square wave


<<y=cos(2*pi*F*t+30);


<<z=y.*sq;


<<plot(t,z),axis([0 0.2 -3 3])








   fc=20; %frequency


   g=[1 0 1 0 1 0 1 1 1 0]; 


   n=1;


   while n<=length(g)


   if g(n)==0


   t=(n-1)*0.1:0.1/100:n*0.1;


   p=(0)*sin(2*pi*fc*t);


   plot(t,p,'LineWidth',1.5); %grid on;


   hold on;


   else 


   t=(n-1)*0.1:0.1/100:n*0.1;


   p=(2)*sin(2*pi*fc*t);


   plot(t,p,'LineWidth',1.5) %;grid on;


   hold on;


   end


   n=n+1;








     fc=10;


     fm=25;


     g=[1 0 1 0 1 0 1 1 1 0]; 


     n=1;


    while n<=length(g)


     if g(n)==0


     t=(n-1)*0.1:0.1/100:n*0.1;


     p=(2)*sin(2*pi*fc*t);


     plot(t,p,'LineWidth',1.5); %grid on;


     hold on;


     else 


     t=(n-1)*0.1:0.1/100:n*0.1;


     p=(2)*sin(2*pi*fm*t);


     plot(t,p,'LineWidth',1.5); %grid on;


     hold on;


    end


     n=n+1;


      end








     fc=10; 


      fm=10;


      g=[1 0 1 0 1 0 1 1 1 0]; 


      n=1;


      while n<=length(g)


      if g(n)==0


      t=(n-1)*0.1:0.1/100:n*0.1;


      p=(2)*sin(2*pi*fc*t+pi);


      plot(t,p,'LineWidth',1.5); %grid on;


      hold on;


      else 


      t=(n-1)*0.1:0.1/100:n*0.1;


       p=(2)*sin(2*pi*fm*t);


       plot(t,p,'LineWidth',1.5) ; %grid on;


       hold on;


       end


       n=n+1;


      end








using System;


using System.Collections.Generic;


using System.ComponentModel;


using System.Data;


using System.Drawing;


using System.Linq;


using System.Text;


using System.Windows.Forms;


using System.IO;


using System.IO.Ports;


using System.Threading;





namespace Motor_Controller


{


    public partial class Form1 : Form


    {


        public Form1()


        {


            InitializeComponent();


            //Thread SendThread;


        }








private void ClosePort_button_Click(object sender, EventArgs e)


        {


            message_label.Text = " Port is Closed";


            


            sp.Close();


        }





        private void Form1_Load(object sender, EventArgs e)


        {


            string[] SerialPortsNames = SerialPort.GetPortNames();





            foreach (string SerialPortName in SerialPortsNames)


            {


                Port_comboBox.Items.Add(SerialPortName);


            }


            Port_comboBox.SelectedIndex = 0;


        }





        private void on_button_Click(object sender, EventArgs e)


        {


            if (sp.IsOpen && (sp != null))


            {





                sp.Write("A");


            }


            else


            {


                MessageBox.Show("You have to open a port before sending!", "Error", MessageBoxButtons.OK, MessageBoxIcon.Error);


            }


        }





        private void off_button_Click(object sender, EventArgs e)


        {


            if (sp.IsOpen && (sp != null))


            {





                sp.Write("B");


            }


            else


            {


                MessageBox.Show("You have to open a port before sending!", "Error", MessageBoxButtons.OK, MessageBoxIcon.Error);


            }


        }





        private void rotate_right_button_Click(object sender, EventArgs e)


        {


            if (sp.IsOpen && (sp != null))


            {





                sp.Write("C");


            }


            else


            {


                MessageBox.Show("You have to open a port before sending!", "Error", MessageBoxButtons.OK, MessageBoxIcon.Error);


            }


        }





        private void rotate_left_button_Click(object sender, EventArgs e)


        {


            if (sp.IsOpen && (sp != null))


            {





                sp.Write("D");


            }


            else


            {


                MessageBox.Show("You have to open a port before sending!", "Error", MessageBoxButtons.OK, MessageBoxIcon.Error);


            }


        }





        private void speed_up_button_Click(object sender, EventArgs e)


        {


            if (sp.IsOpen && (sp != null))


            {





                sp.Write("E");


            }


            else


            {


                MessageBox.Show("You have to open a port before sending!", "Error", MessageBoxButtons.OK, MessageBoxIcon.Error);


            }


        }





        private void speed_down_button_Click(object sender, EventArgs e)


        {


            if (sp.IsOpen && (sp != null))


            {





                sp.Write("F");


            }


            else


            {


                MessageBox.Show("You have to open a port before sending!", "Error", MessageBoxButtons.OK, MessageBoxIcon.Error);


            }


        }


    }


}





private void rotate_right_button_Click(object sender, EventArgs e)


        {


            if (sp.IsOpen && (sp != null))


            {





                sp.Write("C");


            }


            else


            {


                MessageBox.Show("You have to open a port before sending!", "Error", MessageBoxButtons.OK, MessageBoxIcon.Error);


            }


        }





        private void rotate_left_button_Click(object sender, EventArgs e)


        {


            if (sp.IsOpen && (sp != null))


            {





                sp.Write("D");


            }


            else


            {


                MessageBox.Show("You have to open a port before sending!", "Error", MessageBoxButtons.OK, MessageBoxIcon.Error);


            }


        }





        private void speed_up_button_Click(object sender, EventArgs e)


        {


            if (sp.IsOpen && (sp != null))


            {





                sp.Write("E");


            }


            else


            {


                MessageBox.Show("You have to open a port before sending!", "Error", MessageBoxButtons.OK, MessageBoxIcon.Error);


            }


        }





        private void speed_down_button_Click(object sender, EventArgs e)


        {


            if (sp.IsOpen && (sp != null))


            {





                sp.Write("F");


            }


            else


            {


                MessageBox.Show("You have to open a port before sending!", "Error", MessageBoxButtons.OK, MessageBoxIcon.Error);


            }


        }


    }


}





if (sp.IsOpen && (sp != null))


            {





                sp.Write("F");


            }


            else


            {


                MessageBox.Show("You have to open a port before sending!", "Error", MessageBoxButtons.OK, MessageBoxIcon.Error);


            }


        }


    }


}








� A full details on the XBee chip will be provided in Chapter three.


� The Matlab generated codes are in appendix A. 


� The signal constellation is to be introduces in the following sections.


� RFD: Reduced-Function Devices, FFD: Full-Function Devices.


�  AES: Advanced Encryption Standard.


� More details on the microprocessor functionality can be found in [6] and [7].


� DSSS: Direct Sequence Spread Spectrum


� PWM is pulse width modulation to control the motor speed.


� NIS: Currency in circulation in Palestine.
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