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Abstract
This report presents the best concept of modulation design and schemes, it identifies the design procedures in to two different software; Netsim and Matlab Simulink. Also, it explains the implementation and the result finding from the simulation QPSK scheme chosen, and why choose that simulation instead of other and importance of using simulation in general. It produces the research report of the evaluation modulation schemes.
[bookmark: _Toc9191683]INTRODUCTION
The aim of this report is to research a modulation scheme in a communication system, to explain the fundamental technique of the chosen modulation, what is advantages and disadvantages, what is the main purpose of modulation in communication system and how to implement this modulation either in digital or analog, also in an experiment is to evaluate its performance in the presence of various levels of channel noise by using Simulink and design of evaluation of wireless sensor network for a small and smart future farm network to allow Farm Management System for remote monitoring. 

[bookmark: _Toc9191684]MODULATION
This is the process of changing electrical data signals for improved transmission. The techniques of modulation divided in to four categories such as Digital, Analog, Pulse and Spread spectrum method modulation [1]. 
Modulation is normally applied in the form of electromagnetic signals such as in computer networks, optics and radio waves. Sometime can applied straight to the direct current that can be taken as a degenerate wave carrier by a fixed frequency of 0 Hz and amplitude mostly by switching on and off, by means of digital current loops interface or Morse code telegraphy. The no carrier specific case means as an answer message response message representing the attached device if no longer in connection of remote system. And that called a baseband modulation. So, the low frequency alternating current 50 to 60 Hz by networking powerline also this Modulation can be applied [2].
[bookmark: _Toc9191685]TYPES OF DIFFERENT MODULATION
The modulation categories in to different types of methods, some of them including the following [2] [3]:
· Polarization modulation this is by the angle of the rotation for an optical carrier signal is comparative to reflect the transmitted data.
· Pulse code modulation this in which the signal of an Analog sampled to originate a data stream for the use of modulate a carrier for the digital signal.
[bookmark: _Toc9191686]USE OF MODULATION
The main aim of modulation in a system of communication is to create a modulated signal suitable to the characteristics of transmission channel. Modulation needed in to transmission system for the radio communication for the purpose of transfer message in to the available any high frequency radio channel. Sometimes is also used in the voice band where data in digital modulate the frequencies of carrier deep into the voice frequency band [4].
Modulation played a huge part in to data transmission signal, other of the benefit as included below [5]:
· Used to reduce the bandwidth signal, such as TV or radio signal
· To reduce the height of antenna in the transmission of radio signal
· Useful for quality of reception improvement
· Can transmitted many channel signals for the same communication simultaneously.
[bookmark: _Toc9191687]CARRIER SIGNAL
Is the transmutation of an electromagnetic signal with a stable frequency alternation on which information is place over by some of modulation form.  Carrier frequency is the exact frequency for the runs of carrier signals, and this measured by using hertz (Hz). The carrier signal modulation allows information like data or voice traffic to be joined into the carrier signal [6]. 
The carrier signal can be either microwave, radio or infrared signal. Delivers the base signal into which data is implanted by using any techniques of the type of modulation. A lot of systems detect signal problem error when the carrier signal disappears [7].
[bookmark: _Toc9191688]ANALOG AND DIGITAL MODULATION
[bookmark: _Toc9191689]ANALOG
The Analog modulation is classically used for short wave broadcasting, FM and AM radio. This transferring Analog low frequency signal such as TV or audio signal into higher radio frequency band [1].

The Analog modulation can be classified as follow [2] [3] [8]:
· AM – Amplitude modulation: focus on transmitting information through radio carrier wave by the height such as the intensity or strength for the carrier signal is varied to mention the data that added into the signal
· FM – Frequency modulation: this is varied to reflect data of the frequency by the carrier waveform frequency 
· PM – Phase modulation: by the point of the waveform carrier is diverted to reflect changes in the data frequency this modulation is like Frequency modulation because the frequency in not changed while phase is changed comparative to the frequency of the base carrier.
[bookmark: _Toc9191690]DIGITAL
The Digital modulation typically involves binary signal transmission for 0 and 1. It uses to separate signals to the carrier wave modulation. This comes in to different types of modulation; PSK - Phase Shift Keying, ASK - Amplitude Shift Keying and FSK - Frequency Shift Keying [1] [9]. Other is Quadrature Phase Shift Key Modulation (QPSK) that is a form of PSK and Quadrature amplitude modulation (QAM) this is the combination of phase shift keying and amplitude modulation and, is uses by two Amplitude modulation carriers to encrypt the numbers of bits into a single transmission.
[10].
The Analog channel is used by digital to transfer a bit stream at a high frequency. This allows transmit signal created in a circuit of digital crossways a physical medium. Widely and readily all this for a digital signal can be handled with the higher safety in security and digital systems [11] [12] 
Below is the different usage according of the types of digital modulation into transmission signal [8]:
· Phase shift key used in a modem for broadband, for satellite communication system and in a mobile phone
· Amplitude shift key is used in receiver also in fibre optical transmitter and to infrared remote control
· Frequency shift key used in telemetry systems into many modems 
The digital modulation system can go through in to different stages, start with the digital input, digital source and encoder, modulator, channel, demodulator, digital user and decoder and final with digital output [13]. 
[bookmark: _Toc9191691]CHOOSEN MODULATION TECHNIQUE
[bookmark: _Toc9191692]QPSK
The modulation chosen for completed this assignment report is QPSK - Quadrature Phase Shift Key. 
This is the one of modulation technique, and it’s only works in a transmission of two bits per symbol, so its symbol represents in a form of 00, 01, 10 and 11 and not 0 or 1, that makes the carrier signal to take possible of four values [14] [15]. QPSK carrier variations are not limit for two states and makes the performance possible. This makes different, for example in Amplitude shift key, the amplitude carrier is either representing a 1 for amplitude option A or representing 0 for amplitude option B. So, in QPSK the carrier differs by in term of phase and not consider frequency and that makes four possible shifts of phase [14] [16].
[image: QPSK Waveform]
[bookmark: _Toc9187936][bookmark: _Toc9188056]Figure 1 QPSK waveform of two bits [17]

The signal of QPSK moves in increased of 90 degrees that from 45 to 135, 135 to -45, -45 to -135 or -135 to 45 degrees. I/Q modulator can be simply implemented by these points. Can be only two Q values and two I value needed, and this makes two bits per each channel. Sometime QPSK called 4-PSK, has four states consequently an efficient bandwidth modulation related to BPSK and possibly twice as efficient [18] [19].
[image: ]
[bookmark: _Toc9187937][bookmark: _Toc9188057]Figure 2 QPSK table and constellation diagram [20]
[bookmark: _Toc9191693]QPSK Modulator
A bit splitter is a QPSK modulator uses, oscillator with two multipliers, a serial of 2-bit to parallel converter and summer circuit. The Following is the diagram of modulator [17]:
[image: QPSK Modulator]
[bookmark: _Toc9187938][bookmark: _Toc9188058]Figure 3 QPSK Modulator diagram [17]
[bookmark: _Toc9191694] QPSK Demodulator
This uses two demodulator product circuits with the oscillator, two integrator circuits, two band pass filters, and a serial converter of a 2-bit parallel. The demodulator diagram as follow [17]:
[image: QPSK Demodulator]
[bookmark: _Toc9187939][bookmark: _Toc9188059]Figure 4 QPSK Demodulator diagram [17]

[bookmark: _Toc9191695]ADVANTAGES OF QPSK [21]
· The immunity of noise is very good
· The probability of error is very low
· The transmission rate of information is higher all because of QPSK reduced bandwidth
· Is used in many satellite system
· One of the main advantages of QPSK is ability to encode two bits per symbol
[bookmark: _Toc9191696]DISADVANTAGES OF QPSK [21] [22]
· Phase variations is extra sensitive
· The transmission of the same power needs eight times round of bandwidth
· Has large inter channel interference
· The receiver of QPSK is extra complex 
· This modulation technique is not power   efficient
[bookmark: _Toc9191697]QPSK IMPLEMENTATION
[bookmark: _Toc9191698]BY USING MATLAB SIMULINK
This assignment report QPSK simulation developed by using Matlab, the Matlab and related toolboxes run the background calculation for each of this implementation, despite the fact the user relates with the environment through Graphic user interface established by using Guide. The Matlab background implement four digital demodulation and modulation techniques. The techniques of each of these, has three Graphic user interface (GUIs) [18] 
These included [18]:
· Transmitter Graphic user interface 
· Channel Graphic user interface and 
· Receiver Graphic user interface 
QPSK implementation demodulation and modulation process using this Matlab Simulink environment is illustrated. The GUI transmitter can activate for inputting the transmitter in to Matlab command prompt at the actual beginning of the process [18].
Matlab is a perfect choice for perform simulation study for its capability of its programming that lets user developed functions. Furthermore, there are many optional toolboxes that written for special applications like; system identification, control system design, signal processing, statistics, symbolic computations, fuzzy logic, neural networks and many more. So, this Matlab has been improved by the most powerful program of Simulink [23] [24].
[image: Related image]
[bookmark: _Toc9187940][bookmark: _Toc9188060]Figure 5 QPSK modulation and demodulation example diagram
[image: Image result for implementing qpsk using matlab]
[bookmark: _Toc9187941][bookmark: _Toc9188061]Figure 6 QPSK Matlab Simulation example diagram
Above is the sample diagrams run through Matlab Simulink that shows the result of the system that already analyzing and simulating.
Simulink in Matlab is a graphical extension for simulation and modeling of the systems. Some of the benefits   of   using this simulation to compare to other are [25]:
· [bookmark: _GoBack]The ability to model nonlinear system is the main advantage of Simulink, which unable to do for the transfer function. 
· The ability to take on an initial condition 
The initial conditions are assumed to be zero when built a transfer function. Also, the disadvantage is very expensive to run Matlab Simulink compare to other simulation software [25].
[bookmark: _Toc9191699] ADVANTAGES OF USING SIMULATION
· When the user design a real-world system can help to provide a practical feedback. This help to come out with the good design before the system constructed. 
· The designer of the system can be able to study any problem happen to a different level of construction.
· It can help to test a behaviour of something before constructing them to the real world.
· It helps to give an accurate result
· It can used to analysis a complex system while is difficult to get the result by mathematical way.
[bookmark: _Toc9191700]DISADVANTAGES OF USING SIMULATION
· It cost time, takes long time to build and test a system model of simulation.
· It is expensive sometimes to do simulation to compare building the actual product
· The processor speed and big memory will be involved for the complex simulation
· It cannot generate the optical solution
· Can loss some of information for an interpreting a very huge data into graphs. 
· The result of the data generating after simulation is hard to understand unless have knowledge of simulation. 
[bookmark: _Toc9191701]FUTURE FARM DESIGN
The future farm Author designed to increase the entire agricultural production at lower cost is used the Internet of Things with the different sensors on it. The author created this part in two different section of design:
Part one 
Based on create network design by using wireless monitoring system, looked more on wireless sensor for the farm of the short and long range for the communication purpose. The Author designed his network by using NetSim simulation software, the author aim for this design is to access each sensor to the farm pc for anything happen through the farm that will be much easier to know where and what the reason of anything and that makes easy, smart monitoring farm and will reduce the cost of production as well. Apart from that, the soil sensor can alert farmer to changing conditions like high acidity, giving the farmer time to reconcile the problem and produce better crops. When it comes to the drone sensor that provide good security to the farm, it monitors the entire farm if incase of any intruder try to entire the farm without permission it will notify the farmer straight and know who is exactly coming. So, the design includes:
· Farm PC
· 1 Server
· 1 Router
· 1 Lowpan gateway
· I wireless access point
· Sensor link connection
· A lot of IoT sensor included, used for each 20 cows, 5 sheep, 1 dog, crop sensor, soil sensor, smart tractor sensor and drone sensor.
Below is the Author screenshot of the entire future farm designed through NetSim software:
[image: ]
[bookmark: _Toc9187942][bookmark: _Toc9188062]Figure 7 Future farm network design NetSim
Part two
Based on illustration design of the modulation scheme the Author used QPSK and design through Matlab Simulink, this simulation involved different of custom blocks for the creation of noise parameters such as signal-to noise-ration (SNR) and Bit error rate (BER). To view result of running simulation of modulator and demodulator, the author created the scope block special to show the different result of noise before and after simulation.
[bookmark: _Toc9191702]IMPLEMENTATION
The implementation is done through both Matlab and NetSim software. In a NetSim the author used the software for the designing purpose, planned the designing structure by adding different network devices for an easy way to understand the entire building of Internet of Things, works through different wireless sensors network for the better future farm production. In a Matlab the author designing the different block parameters by using QPSK simulation scheme, the author chooses this scheme because the immunity of its noise is very good, and it relate to the same design from NetSim software.
[bookmark: _Toc9191703]RESULT FROM NETSIM
The result of the system the Author designed through Netsim software and that bring the better simulation result into different factors, such as, showed the packet generated together with the packet received, packet payload generated with its received, throughput, delay also error transmission. The designed implementing is works like the design of Matlab Simulink because both using QPSK simulation scheme. Below is the different screenshot design and its explanation:
[image: ]
[bookmark: _Toc9187943][bookmark: _Toc9188063]Figure 8 sensor for each cow

[image: ]
[bookmark: _Toc9187944][bookmark: _Toc9188064]Figure 9 sensor for each sheep

[image: ]
[bookmark: _Toc9187945][bookmark: _Toc9188065]Figure 10 Showed different sensor used

[image: ]
[bookmark: _Toc9187946][bookmark: _Toc9188066]Figure 11sensor for crops


The above figures showed each sensor connects through wireless link straight to the server, the first figures showed the how the cows communicates through sensor designed, the second figure showed for the sheep, the third figure showed three series of sensor that included soil sensor, drones sensor and smart tractor sensor. The fourths showed the crop sensor that include blueberry and strawberry.
[image: ]
[bookmark: _Toc9187947][bookmark: _Toc9188067]Figure 12 Devices with WLAN system

The above figure showed how the communication of wireless sensor achieved by using different devices, such as server, lowpan gateway, router, farm pc and wireless access point.
[image: ]
[bookmark: _Toc9187948][bookmark: _Toc9188068]Figure 13 Transport layer properties
The author also above provides how managed to do the transport layer configuration, used both UDP and TCP protocols for some devices because both of this are good for long distance communication and has low latency processing.
[image: ]
[bookmark: _Toc9187949][bookmark: _Toc9188069]Figure 14 Physical layer with wireless standard

Also, the author used the wireless standard of IEEE802.11ac because of the fastest running in both 5GHz and 2GHz range of bandwidth communication.
[image: ]
[bookmark: _Toc9187950][bookmark: _Toc9188070]Figure 15 Application metrics table 1

[image: ]
[bookmark: _Toc9187951][bookmark: _Toc9188071]Figure 16 Application metrics table 2

The above screenshots explained the application metric run from 100 seconds simulation time for the all devices designed for the wireless sensor communication, so it can be easy to view and understand each application name with its packet generated, received, throughput and delay.
[bookmark: _Toc9191704]RESULT FROM MATLAB
When the author designed the first part, he made sure the second part of blocks building by using Simulink works together to the first design provided. Used QPSK simulation used for modulated a signal of noise ratio.
[image: ]
[bookmark: _Toc9187952][bookmark: _Toc9188072]Figure 17 QPSK design

Above figure showed the entire design of simulation scheme of QPSK the author used, the aim is to provide good noise ratio between modulator and demodulator process. It used different block parameters for the best advanced simulation, the noise ratio result display through scope also showed the total of bit error according from the design simulation stop time.
[image: ]
[bookmark: _Toc9187953][bookmark: _Toc9188073]Figure 18 QPSK modulation zoom in

[image: ]
[bookmark: _Toc9187954][bookmark: _Toc9188074]Figure 19 QPSK modulation zoom out

The above pictures display the zoom in and out output of the 100 seconds simulation stop time with the running simulation of QPSK included noise interference. So, the button one is the result of signal output, as it can see the noise gap from above and button is slightly different.
[bookmark: _Toc9191705]CONCLUSION
This report has separated in to two different task, task one explained the research and evaluation of modulation schemes and experiment from the research founded. In task two explained the wireless sensor network design by two different methods, that include NetSim and Matlab Simulink, showed the block parameters of testing noise ratio with the packet loss. So, in general this task two showed and provided different diagrams that complete the wireless network design future farm.
To recommended this, the author should work more on bit error rate and how the packet loss because haven’t provide enough information on this and should use best design with simulation scheme to come out with the solution of this problem.
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