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INTRODUCTION

T
HIS     assignment details two tasks, on the first task the research about the different modulation techniques will be conducted. The pros and cons of this modulation will be briefly discussed. Some practical application of the modulation in relation to the networking will also be listed. One the second section of this task practical application of the chosen modulation will be demonstrated using the Matlab software. To support this demonstration some screen shots will also be presented
On the second task a network design using an IoT devices will be constructed. The diagram represented the smart farm. Then results and analysis will be briefly discussed. And final conclusion will be drawn.
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Task-one
A Research 
Definition of modulation 
Modulation is the process of adding information to an electronic or optical carrier signal to translate data into radio waves. Carrier signal have a steady waveform, they have constant amplitude and frequency. Changing phase, frequency, and polarization can help in adding information to the Carrier signal. Moreover, modulation can be also defined as the process of changing few parameters of the periodic waveform so that those signal can be used to transfer message[1]. The sinusoidal waves which are high- frequency waves, are used as a carrier signal. The main objective of modulation is to pass on the source data over a channel in a way which is compatible with this channel[1]. 
Function of modulation in Communication
The main aim of modulation in a communication system is to prepare a message and produce modulated signals which can be utilized for transmission of communication channels. For instance, in a radio communication, modulation is required to transmit the messages into the existing radio frequency. Additionally, it can also be utilized to modulate the carrier frequency in the voice band modems[2]. 
Modulation eliminates the mixing up of signals by using each baseband sound to modulate the various carrier signal in case when the baseband sound signals are send without being modulated. 
 It also enables multiplexing where, two or more signals are able to transmit simultaneously over the same communication channel[3].
Moreover, modulation process also plays a great role in decreasing the amount of noise in the communication band. This is mainly because modulation helps to eliminate the interference in the communication channel. And with the help of some digital communications and frequency modulation, the noise effect can be minimized. This in turn increases the quality of reception[3].
Modulation also makes the reduction in the height of antenna possible. Without the utilization of modulation technique, a very high antenna (approximately 7500 meters) would have been required for the transmission of radio signals[4].  


Types of modulation techniques 
Generally, modulation techniques can be categorized into two broad classifications known as Analog modulation scheme and Digital modulation scheme. When the change in the parameters of the carrier signal such as amplitude, frequency and phase is continuous in line with the analog signal, then the modulation scheme is called analog modulation. But when the changes are discrete, the modulation scheme is called Digital modulation. The digital modulation encompasses three types of modulation know as Amplitude Shift Keying (ASK), Frequency Shift Keying (FSK) and Phase Shift Keying (PSK). While the Analog modulation in turn can be classified as Amplitude Modulation (AM), Frequency Modulation (FM) and Phase Modulation (PM). The diagram below shows different types of Analog modulations[5].

     [image: Capture3]
Figure 1  Types of modulation
                                                    [6]
Types of Digital modulation
Over the past few years the hunger for high data rate transmission between systems has raised considerably due to the advancement in the digitalized communication. Although, there are a number of modulation techniques which permits the transfer of data over channels. And in selecting the most appropriate modulation technique factors like bit error rate, bandwidth efficiency and power efficiency are taken in to consideration. However, the Binary Phase Shift Keying (BPSK), Quadrature Phase Shift Keying (QPSK) which are both parts of the PSK and Quadrature Amplitude Modulation (QAM) will only be discussed in this report.

Binary Phase Shift Keying (BPSK)
Binary phase shift keying (BPSK) is the simplest type of PSK digital modulation scheme which has two state Phase Shift Keying (PSK). PSK is takes place when the carrier wave is changed with regard to the modulation signal. In the BPSK, only one bit per symbol that is either the zero or one is sent and the binary message are denoted by the different phase in the carrier. The one stands for logic high and the other stands logic low. Moreover, the BSPK allows the efficient transmission of data rate equivalent to the bandwidth that is bit per Hertz[7].
Modulation and demodulation of BPSK
The information in any phase modulation technique is defined in the form of phase of carrier. During the data transmission process, when the zero symbol is transmitted, the modulated signal looks like the carrier with 1800 initial phase. On the other hand, when the one (1) symbol is transmitted, the modulated signal resembles the carrier with 00 degrees. To find the BPSK modulated, the sinusoidal carrier is multiplied with the modulating signal which is a binary sequence.   Depending on the message bit, modulation can be gained by changing the phase of the sinusoid[8].                             
The carrier signal for the transmitted bit at different phases can be calculated using the formula below.
S1(t)=Ac cos(fc t),                                        0 ≤ t ≤  Tb    for binary 1                           
S0(t)=Ac cos(fc t +),                                   0 ≤ t ≤  Tb    for binary 0
Where, Tb is a bit duration in seconds, S1(t) is carrier signal when the message bit is equal to one, and S0(t) represents the carrier signal when the message bit is equals to zero. The Ac in the formula represents the sinusoidal signal whereas, the fc stands for the frequency of the carrier.
Usually the constellation diagram for BPSK illustrates that both constellation points are projected on the in-phase (x-axis) and not on the quadrature (y-axis). Hence it can be concluded that the BPSK modulated signal possess only in-phase components. And this is mainly because it has only a single basis function. See the constellation diagram below.
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                          Figure 2 shows the constellation diagram of the BPSK
Demodulation of the BPSK on the other hand is performed at the receiver. And to attain a coherent demodulation received signal needs to be multiplied with carrier which has identical phase and frequency as at the transmitter.
Quadrature Phase Shift Keying (QPSK)
QPSK is type of PSK digital modulation where two bits are assembled together to create a signal. Unlike the BPSK, in QPSK the two bits can be combine in four different ways 00,11,01 or 10 and out these debits only one can be transmitted. Thus, one symbol is permitted to pass on two bits of data. And this attribute makes the QPSK an efficient high bandwidth digital modulation technique comparing to the BPSK[9].
 The QPSK also has two independent binary PSK systems known as the in-phase channel and quadrature channel. A close study of the QPSK shows that there is a production of intricate noise amplitude up on the transmission using the Additive Gaussian Noise (AWGN) where, the autonomous noises components (that is the in-phase and quadrature) destruct the corresponding components of the transmission signals. And based up on this trait it was discovered that the unit energy bit per noise for both the BPSK and QPSK is same. Similarly, the bit error probability BPSK is the same as that of  the QPSK[10]. 
The data rate transmitted by the QPSK is higher than that of the BPSK although the QPSK is more complex and porn to more bit error comparing to the BPSK.
QPSK modulation technique has a number of applications in todays advanced digital communication system. And it can be utilized in mobile communication, satellite communication and wireless communication[11]. 

Modulation of QPSK
In QPSK the modulator generates two carriers which are ninety degrees (900) away from one another. The four identical sine signals are shifted way by forty-five-degree (450) from each other. Thus, they are located at 450,1350, 2250, 3150 (see the diagram below). These four sine signals are produced after modulating the two phases by the binary data. The in-phase and the quadrature signals are added together to the modulated the QPSK signals.

                                [image: QPSK]
                    Figure 3 constellation diagram of the QPSK
The signal of the QPSK modulation can be calculated using the following the equation [12][13],
Where, θi =        the primary phases, fc is carrier’s frequency  A amplitude and t is the time which has a magnitude of  0 ≤ t ≤ Tb . Moreover, the i represents the four possible sine signals and the Tb is a bit duration in seconds.
              Si(t) = A cos [2 fct + θi]                        i = 1,2,3,4       [12]
As it can be seen from the formula [4], the QPSK modulation technique is defined as the product of the Amplitude and the cosine of the frequency multiplied by two plus the angle of the primary phase[14]. 

In real life QPSK has a number of practical applications for instance, it can be used in Digital radios like those used by the police, video broadcasting and Bluetooth devices[15].
Quadrature Amplitude Modulation (QAM)
Quadrature Amplitude Modulation (QAM) is a modulation technique which combines the amplitude and phase components to produce a type of modulation which is capable of doubling the bandwidth efficiency[16].
Each of the two carriers in a QAM signal have the same frequency but they differ in phase. The two carrier waves in the QAM are usually sinusoids and they are ninety degrees (900) phase shifted. These phase difference causes the carriers to be in a quadrature where their name is originated. Usually out of the two signals, one signal is named as “Q” signal and the other signal is named as “I” signal. The signals can also be represented mathematically as cosine and sine waves. See the diagram below[16].
           [image: Capture1]
                                      Figure 4 The basic concept of QAM    
                                                    
Normally, for the purpose of transmission the two modulated carriers are added together at the source. But at the destination, the data is extracted from each other and the carriers are separated. And once, this process took place the data is added together again into the source modulating information[17]. 

QAM may exist in either digital format or analog format. The analogue format of QAM is mainly used to permit several analogue signals to be transmitted on a single carrier. Whereas the Digital QAM is capable of carrying higher amount of data rate as compared to the other amplitude and phase modulated techniques when they are utilized in a radio communication for the purpose of digital data transmission. Moreover, due to its efficiency in power and bandwidth QAM has been commonly used in adaptive modulation[18]. 

The constellation diagram below illustrates the value related with the various positions of the 16QAM signal. The diagram also provides an insight of how the continuous bit streams can be organized into fours and displayed as sequence.  

                      [image: fig1]
                     Figure 5 16 QAM constellation diagram

The most frequently used QAM modulations are the rectangular QAM in which the constellation points are placed in a squire grid. The number of bits per symbol can be (4,5,6, 7….) and this may will give to 16 QAM, 32QAM, 64 QAM and so on. Usually the 16 QAM is considered as the lowest order QAM which can be encountered mainly because the two QAM is the same as BPSK and similarly the four QAM is the same as the QPSK[19].
QAM plays a great role in elevating the efficiency of transmission for the communication system (especially the radio). This is possible because it permits the transfer more bits per symbol and by varying both the phase as well as the amplitude.  
However, the more symbols within the constellation diagram are positioned closer to each other the more the QAM become prone to noise and this is mainly because less level of noise is required to move the signal to various points. 
Moreover, QAM is less suitable for the mobile applications mainly because utilizing a QAM which encompasses an amplitude needs to have liner amplifiers. However, linear amplifiers are inefficient, and they consume more energy.
Last but not list, in order to obtain a higher data rate in QAM different combinations of phase and amplitude are utilized. However, alteration in amplitude are sensitive to noise and always the number of phase shifts utilized by a QAM are greater than those of the amplitude shift.
Comparison of the BPSK, QPSK and QAM
When the three modulation techniques are compared based on their data transmission rate it has been discovered that the BPSK is capable of transmitting one bit per symbol and the QPSK can transmit two bits per symbol but the QAM is capable of transmitting more than four bit per symbol. Hence, QAM has the height data rate followed by the QPSK.
 On the bases of noise susceptibility, the QAM found to be more susceptible to noise comparing to the BPSK and QPSK. BPSK on the other hand is less susceptible to noise due the factors mentioned above.
Taking complexity as a comparison factor, the QAM tends to possess more complexity relative to the BPSK and QPSK[20][21].    

The QPSK modulation has been selected mainly because its implementation is not that much complex, and it also possesses a medium level of error rate. But most importantly, the NetSim simulation software especially the student version does not support the BPSK and QAM modulation techniques.
 Simulation modeling plays a great role in solving the actual or real-world challenges in a more efficient way. Mainly because it delivers an interesting methodology which is relatively simple to justify, communicate, analyze and comprehend. It also provides useful solutions to the complicated system. Simulation also allows the user to study the trend or behavior of the given system without much effort or time consumption to construct it, and yet the results remain generally accurate. The simulation modeling also has a significant role in facilitating educational studies as well as conduction researches [22]. They can be also used with scientific modeling of human being systems to obtain an understanding about their functioning. Some examples of the use of simulation in a network are, the simulation can be used to test the bit error rate, throughput and many other factors, of the given network design. It is also can be used to simulate and test the connectivity or pinging of the given network design[23].  
 Although, simulation is very helpful in enabling the user in finding solutions many questions, anticipating a solution during uncertainty, utilizing few data to produce a model, utilizes creative approach and decreases the costs. On the other hand 
it is also requiring sound theories, difficult to validate, highly skeptical and may also involves political inferences[24].
 Experiment 
The QPSK was modulated using the Matlab pre built blocks. As it can be seen below.

 

Figure 6 QPSK simulation model
 The random integer block is designed to generate random integers to be input into the QPSK modulator. The QPSK modulator block in turn modulates the QPSK and send it to the channel. The Additive White Gaussian Noise (AWGN) block is used to simulates noise and add any noise that might occur to the system. The QPSK demodulator designed to gain the original signals from the modulated form of the signal. The Error rate calculation block is used to compare and the original input integer and the modulated integer and calculates the amount of error. While the display block displays the errors.







  As it can be seen in the diagram below after modulating the QPSK the following constellation diagram was obtained. This diagram shows the fourth phase of the constellation.

Figure 7 constellation diagram
 
Evaluating the BER and SNR
When the SNR are set to 6dB then only two errors packets were generated per 1000. See the diagram below.
Figure 8 setting up the SNR
The amount of error generated.
Figure 9 Amount of errors generated.
When the SNR are set to 0 dB then 16% of errors or 163 errors packets were generated per 1000. See the diagram below.


Figure 10  the Error display.



The scope shows the difference original signal and the signal being introduced. For the 163 error rate.

Figure 11 the scope display.
When the SNR are set to 8 dB only 0% or 1 errors packets were generated per 1000. See the diagram below.


Figure 12 the Error Display






The scope shows the difference original signal and the signal being introduced. For the 1 error rate.

Figure 13 the  scope display
Therefore, from the above performance it can be generalised that any SNR set above 7.5 tends to cause no packet error. While less that can cause packet errors.

The theoretical diagram below shows amount of errors compared to signal Error ratio.

Figure 14 The theoretical diagram.

The diagram below shows the point (7.5) were the amount of errors reduced to zero.

Figure 15 the theoretical  diagram


· BER vs SNR
· Commentary on the performance of the chosen model.

Task 2
Network Design  
During the construction of smart farm, the following factors are placed under assumption.
· There are twenty cows, five sheep, a dog.
· Only one farming equipment(tractor) which is self-driven is going to used. 
· Swansea is chosen as a farming area and the weather shows normal trend. 
· A drone is going to be used to monitor the farm.
·  The herd moves at an average of 5m/s.
· The farming area is 300mx300m.
· The distance between the sensor nodes is 15m.

The screenshot below shows the network design which is implemented in the construction of smart farm using the IoT devices.


Figure 16 Smart farm network design

As it can be seen in the screenshot above twenty sensors each for every cow, five sensors for each sheep and one sensor for the sheep dog were used. Additionally, four different sensors that provides information about the soil acidity, temperature, moisture and humidity sensors were also used. 
In this design a single Sink node (6LowPan) used as a gatewate to this network. The sink node (6Low Pan) is stands for Low powered wireless Personal area network and it is used to minimize the energy consumption and it also reduces the cost of production[25]. Since all the data detected by the sensors are send and received through this devices, a relatively suitable position has been selected. Additionally, this device also uses IPV6 protocol, therefore all the sensors automatically receives an IPV6 internet protocol to share data. The IEEE 802.15.4 which recognizes the operation of 6LowPan and allows the sensors to communicate with it was also implemented.

A single router is also used to link with the 6LowPan devices and the database server so that the all the data from the sensors can be stored there.

Last but not least, an Access Point (AP) device is used to let the end user access the access the data on the base wirelessly using any end devices which supports the wireless connection. However, in this device only a laptop device is used to connect wirelessly. 
 Implementation
The outcome of the network simulation will be discussed on the section below.
Results and analysis 
Results and Analysis of the Transmission Control Protocol (TCP) 
Although, around 37 sensors were initially connected and configured, only the result from seven sample sensors will be analyzed in the implementation of the above network design.

During this simulation test, the TCP protocol and the AODV (Adhoc On-demand Distance Vector) routing protocol on the was used. This protocol assists both the multicast and the unicast routing[26]. This test was also conducted through the path loss channel. The path loss explains the signal attenuation between the gained and the transmitted antenna by comparing distance and other factors[27].In this network design the channel was configured to No Path loss so the ideal world with no class can be visualized. Below are some of the configurations which are done of the sensors. Below are some of the sensor configurations.



Figure 17 The configuration of the sensor nodes.









The diagram below shows the throughput gained from each sensor.

   Figure 18 Throughput measure
As it can be seen in the diagram above the sensors received the same amount of throughput apart from one sensor which is represented by sensor number 19 in the diagram above. This drop of signal can possibly occur due to the location of the sensors and other noise interference. 

The figure below shows the delay which took place during the signal transmission of the sensors.

Figure 19 The delay in microseconds
The above graph shows the delay of the signals in microseconds. As it can be clearly seen the sensor number 26 has experienced no delay while a considerable amount of delay has occurred in the transmission of data on signal number 2. Some of the main causes of signal delay are network traffic, noise interference and collisions.



As it can be seen in the diagram below almost all of the generated packets are received apart from sensor number 19 where only 49 packets are received. Moreover, the application metrics below also provides information about the delay and the throughput.

Figure 20 Application metrics
Results and analysis of the User Datagram Protocol (UDP) protocol 
During this simulation process sensor nodes were configured with a UDP and the channel was set as Path loss_AND _FADING_AND_SHADOWING. Shadowing can be experienced when an object is obstructs the transmission path which can cause a fluctuation on the signal power which is sent and received[28].Fading the variation of signal attenuation due to different factors such as time, frequency or position. Multipath Fading can occur due to multipath propagation and shadow fading occurs due to shadowing from wave obstacles[29].
 


The table below shows the result which are gained from the Network Metrics.

Figure 21 Network Metrics table

As it can be seen in the table above out of the transmitted 720 packets, 27 packets were exposed to error and 683 packets were also experience a collision. Nevertheless, some sensor nodes transmitted a few number of packets while some fails to transmit the packets. Possible reasons are the channel can be busy and queuing among other factors.
The graph below shows the throughput obtained from each sensor node.
Figure 22- The throughput in Mbps

As it can be clearly seen from the above diagram sensor number 32 and 36 received the highest amount of throughput followed by sensor number 26. While sensor number 2 has received null throughput. The distance, noise interference, collision, congestion, and traffic are some of the possible of the causes for the decline of the throughput in the sensor 2. 

The figure below shows the delay which took place during the signal transmission. 

Figure 23 Delay in microseconds

The graph above shows that generally there is a less delay on the transmission of the data by the sensors apart from sensor number 2, 8 and 32 which has experienced a considerable amount of delay in time. This can occurs due to queuing, traffic, collision and poor sensing device.


 The table below shows the application metrics of the sensors which are simulated.

Figure 24 Application Metrics
As it is clearly indicated in the above table out of the 50 packets which are generated by every sensor, the highest number of packets received was one. Some of the packets were also not received by many sensors. This could be due the distance, collision and higher number of packet errors which is experience.

Comparisons between TCP and UDP
The table below shows the comparison between TCP and UDP.
 
	Protocol
	Throughput
	Delay
	Channel
	Packet received

	TCP
	Higher
	Less amount of delay
	Pass loss
	Higher packets

	UDP
	Lower
	Higher
	Path loss and _fading and_ shadowing.
	Less packets



[bookmark: _GoBack]The data transmitted through sensors after configuring them with the TCP and the pass loss channel are tend to be received to be more reliable than those send through the UDP protocol in this wireless network design which is built for the smart farm scenario.

Moreover, in this network design RPL and AODV protocols were tested by author and the result indicated that the network construct using the RPL is less successful compared to the AODV protocol. Hence, the research decided to use the AODV throughout the simulation of this network design.




















Conclusion
The two task as completed successfully, the different modulation techniques are discussed and the practical modulation of the chosen modulation technique (QPSK) has modulated using the Matlab software. 
The second task also completed successfully, the network diagram is designed and analyzed. Factors that might affect the signal or transmission of data has also been briefed out.
The assignment can be further taken up by engaging the potential students to the real world scenarios.
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