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In order to better understanding of network communications and technologies, this paper provides a theoretical and practical overview of modulation techniques used in modern communication systems. This paper has been divided into two parts. The first part is a research conducted to analyse the following modulation schemes: ASK (Amplitude Shift Keying), PSK (Phase Shift Keying) and QAM (Quadrature Amplitude Modulation). The second part describes the design and implementation of a wireless monitoring system in a rural area.
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[bookmark: _Toc6434666]Introduction


The overall structure of the study takes the form of two main parts, organised in the following way:
Part 1: attempts to examine the function of modulation in a communication system, and to explore three of advanced modulation schemes as a research. This section presents the fundamentals of ASK, PSK and QAM, include a comparation of these three schemes and highlight their advantages and disadvantages.
Using MATLAB Simulink, models of modulation implementations have been generated to design and test their performances.

 Part. 2: include the design and implementation of a wireless monitoring system using as help simulation software. The main purpose of this system is to prevent and detect crimes in urban and rural areas. 
In order to find an appropriate solution, the following factors are required to be considered: some farms are highly fenced, while others are not, most of crimes happen at night, various terrain should be considered.
The modulation schemes studied in the first part of this paper will be used to test the performance of the network. To measure the performance the following parameters will be used as metrics: Bit Error Rate (BER), Signal to Noise Ratio (SNR).



[bookmark: _Toc6434667]Role of modulation in a communication system


A communication system consists three basic components: sender, communication channel and receiver. The Sender process the message in an appropriate form for transmission over the communication channel. At the end, the Receiver converts back to signal into an intelligible form.
The practice has shown that information can be altered across the communication channel due to an unintentional factors. For analog signals, these factors can degrade the signal quality, and for digital signals, bit errors may be introduced. 
As shown by Stallings [1, p. 86], the most significant factors are:
· Attenuation
· Delay distortion
· Noise
In broad terms, attenuation can be defined as the decreasing of signal strength with distance over any transmission medium. The delay distortion has come to be used to refer to the variation with frequency of a signal propagation velocity through a guided medium. [1, p. 87] The noise refers to unwanted signals inserted on the transmission medium, or various distortions created by the transmission system.
Against this backdrop, modulation is an important step in communications, and it has emerged as a countermeasure to signal degradation caused by impairments factors. 
The process of modulation consists in a modification of communication channel so that it can carry the message to the receiver over a long distance.
[bookmark: _Hlk5037744]As mentioned above in abstract, in this paper we will study the key aspect of three modulation techniques: ASK (Amplitude Shift Keying), PSK (Phase Shift Keying) and QAM (Quadrature Amplitude Modulation).




[bookmark: _Toc6434668]Computer networks and communication systems


The communication is used between humans to exchange ideas or any important information and also can be used between humans and devices. The term communication has come to be used to refer to the transmission of information from a point to another following a succession of steps over a medium or a communication system. 
[image: ]
[bookmark: _Toc6435887]Figure 1 Elements of a communication system. [2, p. 2]

The communication operates using the same theory of information throughout history, but at the same time with the development of science, communication channels evolved.
The last two decades have seen a growing trend towards using network technologies as communication channels. According to Whitman, “Data communication and networking go hand in hand. Data communication is the exchange of computer-based or other digital messages across a medium” [2, p. 39].






[bookmark: _Toc6434669] Amplitude Shift Keying (ASK)


Amplitude Shift Keying (ASK) is the simplest digital modulation techniques, likewise, is commonly referred as on-off keyring (OOK). ASK was used first for transmissions in Morse code. [4, p. 263] In this linear modulation scheme, the amplitude varies according with succession of bits, keeping frequency and phase constant. The binary states 0 and 1 are represented by a lower level of amplitude (or zero in on-off keyring) and respectively a higher value for 1.

[image: ]
[bookmark: _Toc6435888]Figure 2 ASK Modulated output wave [5, p. 53]




[bookmark: _Toc6434670]Phase Shift Keying (PSK)

Phase Shift Keying or PSK is a modulation technique which involves constant amplitude, changing the phase of carrier in order to generate 0 and 1 states. PSK is widely used in a large range of a radiocommunication system, especially it had a significant impact in data communication.
The general formula [6, p. 38] used to represent PSK is:
 [image: ]
Where:
· hTx(t) is the impulse response of the pulse shaping filter
· is the number of possible values of a phase
· φi = 2πi/M 

Briefly, PSK is presented in many forms, most popular are: Binary Phase Shift Keying (BPSK) and Quadrature Phase Shift Keying (QPSK), Offset Quadrature Phase Shift Keying (O-QPSK) and π/4 DQPSK. [5, pp. 57-60] 
PSK Signal is represented as:
[bookmark: _Hlk5527450]S(t) = A cos(2πfct + ∆θ) [7, p. 12]
Where ∆θ is the change of phase. 
For e better representation of the process, the trigonometrical representation known as constellation diagram is used. The angle measured contraclockwise stands for phase and the distance from origin to a point on a constellation is the amplitude of carrier signal.

BPSK, the simplest PSK technique is defined by 180o shift of carrier phase.
[image: ]
[bookmark: _Toc6435889]Figure 3 BPSK … phase shift [7]

QPSK is a multilevel modulation scheme. The phase shifts are 45°, 135°, 225°, and 315° presented in following figure:
[image: ]
[bookmark: _Toc6435890]Figure 4 QPSK phase shifts [7]

[image: ]
[bookmark: _Toc6435891]Figure 5 QPSK constellation diagram [10, p. 132]

[bookmark: _Toc6434671]Quadrature Amplitude Modulation (QAM)

The last modulation scheme examined in this paper is Quadrature Amplitude Modulation, known as QAM, which is a special extension of multiphase PSK modulation widely used in radiocommunications (commonly in wireless communication) and data delivery applications. 
In contrast with modulation schemes examined above, QAM is different because amplitude and phase variations are present. As a consequence, the constellation points are distributed over whole area of the diagram, in contrast with PSK, where the points are distributed in a circle.




[image: ]
[bookmark: _Toc6435892]Figure 6 QAM – 16 and QAM – 64 constellation diagrams [10, p. 132]

As noted above, the number of constellation points will determine the name of the QAM scheme, as in these schemes used today: 16QAM, 32QAM, 64QAM, 128QAM, 256QAM, 512QAM, 1024QAM, 2048QAM and 4096QAM.

[bookmark: _Toc6434672]ASK, PSK and QAM Comparison

a) ASK [5, p. 54]
	[bookmark: _Hlk5559749]Advantages
	Disadvantages

	· Inexpensive
	· sensitive to atmospheric noise, distortion

	· easy to implement
	· requires excessive bandwidth  

	· simple
	· excessive power consumption



b) PSK [11]
	Advantages
	Disadvantages

	· constant envelope
	· lower bandwidth efficiency than ASK

	· more power efficient than ASK and FSK.
	· detection and recovery algorithms are complex

	· less susceptible to errors than ASK
	· 




c) QAM
	Advantages
	Disadvantages

	· regular constellation diagram facilitating simple receivers
	· more susceptible to noise

	· higher data rate of transmission
	· less efficient and consume more power




[bookmark: _Toc6434673]Application of ASK, PSK and QAM

a) ASK: 
· Morse Telegraph 
· Optical fiber communications;
· IrDA;

b) PSK: [11, p. 275]
· Satellites;
· Cable modems;
· [bookmark: _Hlk5912914]CDMA;
· HSPA;
· LTE;
· LTE-A;

c) QAM
· In the UK, 16 QAM and 64 QAM are currently used for digital terrestrial television using DVB (Digital Video Broadcasting) [5, p. 67]
· Cable modems
· CDMA;
· HSPA;
· LTE;
· LTE-A;
· WLAN technologies such as 802.11n 802.11 ac, 802.11 ad
· WiMax
[bookmark: _Toc6434674]Performance evaluation objectives


The specific objective of this study was to analyse modulation techniques mentioned above. Moreover, in the next part we will conduct a performance evaluation of this schemes in a simulated environment. All the work on the computer was carried out using Simulink included in MATLAB ver. R2019a under Microsoft Windows operating system. 
In order to assess performance of ASK, PSK and QAM, we will use as parameter Bit Signal to Noise Ratio (SNR) in the context of increasing the noise level on the channel. As such, the following chapters contain the design of simulation models for all three modulation techniques, testing of various noise levels generated by the simplest model AWGN Channel, using SNR as metrics, and in the end, analysis of findings represented by BER (Bit Error Rate). AWGN Channel add distributed white gaussian noise to the channel. In the real world, white gaussian noise can be produced by humans, or it can occur naturally as thermal noise, atmospheric effects, cosmic radiations. The term white comes from assumption to have constant power spectral density. [6, p. 2]  


[bookmark: _Toc6434675]Implementation Designs

ASK model consists from the following components shown in Figure 7 ASK Modulation Simulink., and enumerated bellow:

· Bernoulli binary: which generates randomly 0 and 1 with a Bernoulli probability distribution.
· Sine Wave generator: generates sinusoidal wave with amplitude 1 and frequency 20 rad/sec
· Constant: 0
· Switch: output is a sinusoid for input 1 and nothing for input 0
· AWGN: Adds noise to the channel with a initial seed of 67
· Product: multiplies original sinusoidal wave with modulated signal
· Signum: outputs: 1 for positive input, -1 for negative input, and 0 for nothing
· Bipolar to unipolar converter: Converts bipolar input to unipolar output, using M-ary number as parameter 
· Error rate calculation - compares the transmitted signal with received signal and calculates Bit Error Rate
· Display: show the BER results
· Scope: signal visualisation


[image: ]
[bookmark: _Ref6435750][bookmark: _Toc6435893]Figure 7 ASK Modulation Simulink.


[image: ]
[bookmark: _Toc6435894]Figure 8 Original and ASK modulated signal.


a) PSK is created using the following blocks:

· Random integer
· AWGN
· BPSK modulator
· BPSK de-modulator
· Error rate calculation
· Display
The blocks used are described before at ASK Model, and we used simulink BPSK modulation and demodulation blocks. [13, p. 50]

[image: ]
[bookmark: _Toc6435895]Figure 9 BPSK modulation and demodulation


[image: ]
[bookmark: _Toc6435896]Figure 10 BPSK Constellation



b) QAM – we will illustrate this modulation scheme using:
· Random integer generator: same as above
· Rectangular 16-QAM: modulator modulates the signal using baseband QAM
· AWGN: same as above
· Rectangular 16-QAM demodulator: demodulates the signal
· Error Rate calculation
· Constellation scope

[image: ]
[bookmark: _Toc6435897]Figure 11 QAM-16 Modulator and Demodulator



[image: ]
[bookmark: _Toc6435898]Figure 12 QAM-16 Original Constellation
           [image: ]
[bookmark: _Toc6435899]Figure 13 Post-Noise Constellation


[bookmark: _Toc6434676]Performance analysis of modulation schemes


One purpose of this study was to assess the performance of modulation schemes researched above in this paper. Whereas in the next pages we will design a wireless sensor network, we will use values for signal to noise ratio which are related with wireless technology in real life. In order to obtain significant results, the proposed values are: 40dB, 30dB, 20dB, 10dB, 5dB. These values are chosen from a wireless testing procedure with various SNR levels. [14].

	SNR
	ASK
	BPSK
	16-QAM

	40dB
	0.29
	0
	0

	30dB
	0.32
	0
	0

	20dB
	0.38
	0
	0

	10dB
	0.31
	0
	0.20

	5dB
	0.30
	0.0009
	0.5



Table 1. Error Rate at various SNR Values

Comparison of the findings with those of other studies confirms, the influence of SNR values on the quality of data transmission. The present results are significant in at least two major aspects: the most sensitive modulation scheme to noise is ASK and the less affected id PSK. 16-QAM presents significant BER around 0 value, but in the 20-40dB range presents 0 BER, which make QAM a good option for data transmission, taking into account the amount of information carried.





[bookmark: _Toc6434677]Wireless monitoring system


The specific objective of this chapter is to design a wireless monitoring system that can be used in rural area to prevent crops and livestock losses, and in urban area to prevent crime. Therefore, because the areas that need to be protected are not similar, the next monitoring system is divided in three modules: rural, urban, end-user linked with local police station.
It is a misconception that in rural area the crime level is very low. Farms are highly susceptible to theft, because of livestock, crops, equipment and fuel.

To protect multiple objectives spread over a large area is a challenge because of varied terrain and difficulties to supply electricity for a classic security system. In this context, it is worthwhile to consider for rural area Zigbee mesh network as in figure Figure 14 Zigbee sensor configuration for farms. To represent Zigbee, Tetcos Netsim is used, but unfortunately, Netsim doesn’t allow to mix different technologies for a general approach.  Zigbee network consists of coordinator, router and end nodes which contains intrusion detectors as shown. The advantages of this design are the following: 	Comment by Carlene Campbell: 
Avoid using contractions (shortened form of a word combination using the apostrophe (') e.g. don't, isn't)!

Write " not" instead of "n't".

Reference(s):http://grammar.about.com/od/words/a/EnglishContractions.htm
· Use low power;
· Easy to setup;
· The configuration is scalable;
· Is not long range but supports a large number of nodes; [15]

Zigbee use three bands 2.4 GHz, 868 MHz and 915 MHz and operates using OQPSK and BPSK.

[image: ]
[bookmark: _Ref6435649][bookmark: _Toc6435900]Figure 14 Zigbee sensor configuration for farms

The communication between Zigbee mesh and end-user is provided by cellular network technologies like GPRS because Zigbee doesn’t require large bandwidth.
[image: ]
[bookmark: _Toc6435901]Figure 15 Zigbee Mesh module


The Wireless security system for urban area consists in wireless cameras spread over the city. In urban area the issue with electricity and internet connection is solved by presence of various access points powered by POE (power over ethernet).
[image: ]
[bookmark: _Toc6435902]Figure 16 Wireless camera surveillance system




Conclusion	Comment by Carlene Campbell: 
Need improvement, this should summed up your report and included any recommendations for the future.



This research builds on existing knowledge in the fields of modulation technique and using them in wireless technologies.
As we seen below in this paper, every modulation scheme has advantages and disadvantages including different behaviour under noise influence.
The last chapter is an attempt to design a wireless security system used in rural and urban areas, using wireless technologies.
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