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ABSTRACT

M. Sc. Thesis

TRANSMITTING FSK SIGNALS BASED ON SOFTWARE DEFINED
RADIO USING HACKRF ONE

Abdulgader Elamin ELSAGHIER

Karabuk University
Graduate School of Natural and Applied Sciences

Department of Electrical and Electronics Engineering

Thesis Advisor:
Assoc. Prof. Dr. Necmi Serkan TEZEL
September 2017, 44 pages

Practically, a communication transmitter is a part of a communication network,
which accepts input signals, arranges the information transmission process on a
certain transmission link and increases the output power to get a successful
transmission. It consists of an oscillator that produces a carrier frequency and a
buffer amplifier that offers a high impedance load in order to reduce drifts and
modulated using amplified intelligence signal. The most common used digital
modulation technique in wireless communications is the Frequency Sift Keying
(FSK), which is a frequency modulation that uses modulating wave shifts to choose
one of two recognized frequencies to the corresponding output. Therefore, this
project aims to implement Software Defined Radio (SDR) using HACKRF One to
transmit FSK signal and evaluate its performance. Various environment

measurements are carried out in this project to assess the system performance with
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using an interface to measure the signal reception quality. Results revealed that the
transmitter is able to keep its position constant for all experiments according to the
included points in the experimental environment, which includes two rooms with a
door connecting them. Furthermore, the lowest needed power was for open door case

among both rooms.

Key Words : FSK, hackrf one, transmitter, modem, gnu radio.
Science Code : 905.1.067



OZET

Yiksek Lisans Tezi

YAZILIM TABANLI RADYO iLE HACKRF ONE KULLANARAK FSK
SINYALLERININ iLETiMi

Abdulgader Elamin ELSAGHIER

Karabiik Universitesi
Fen Bilimleri Enstitust
Elektrik-Elektronik Miihendisligi Anabilim Dah

Tez Danmismani:
Doc. Dr. Necmi Serkan TEZEL
September 2017, 44 sayfa

Pratik olarak, bir iletisim vericisi, giris sinyallerini kabul eden, belli bir iletim hatti
lizerinde bilgi aktarim islemini diizenler ve basarili bir iletim elde etmek icin
¢ikis gliclinli arttiran bir iletisim aginin bir pargasidir. Tasiyict frekansi iireten bir
osilator ve siriklenmeleri azaltmak icin yiksek empedans yiku sunan ve
yiikseltilmis bilgi sinyali kullanilarak modiile edilen bir tampon amplifikatérden
olusur. Kablosuz iletisimde en yaygin olarak kullanilan dijital modiilasyon teknigi,
frekans1 kaydirmali anahtarlamadir (FSK). Bu, frekans modulasyonunda modile
edilen dalga kaymalariyla taninan iki frekanstan birini ¢ikis olarak secer. Bu nedenle,
bu ¢alismada FSK sinyalini iletmek ve performansini degerlendirmek icin HACKRF
One’ 1 kullanarak Yazilim Tabanli Radyo (SDR) uygulamayi amacglamaktadir. Bu
projede, sinyal alimi kalitesini Olgmek icin bir ara yiiz kullanarak sistem
performansini degerlendirmek i¢in g¢esitli ¢evre Olglimleri yapilmistir. Sonuclar,

verici sabit bir konumda tutularak ve deney ortaminda yer alan ve bunlar1 birbirine
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baglayan bir kap1 bulunan iki oda i¢eren noktalara gore alinan isaret elde edilerek
degerlendirildi. Ayrica, belirli bir alis giicli seviyesi i¢in gerekli olan en diisiik giic,

her iki oda arasinda kapinin acik oldugu durumda oldugu goriildii.

Anahtar Kelimeler : FSK, hackrf one, transmitter, modem, gnu radio.
Bilim Kodu : 905.1.067
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CHAPTER 1

INTRODUCTION

Software Defined Radio (SDR) has been a choice to develop a single hardware
which is able to perform multiple waveforms. It introduced by Joseph Mitola in
1990s that known as an radio identifier which is possiblyreprogammed and
reconfigured in form of a software. SDR’s receiver ideally has components which are
an antena and an Analog Digital Converter (ADC) and the transmitter will consist of
only a Digital Analog Converter (DAC) and an antena transmission. Progamable
processors would be handled some functions. Software-defined radio is a permeate
technology which offers multiple services, standards, band, and reconfigurable radio
systems, which based on a reprogrammable software. It is also defined as a radio that
is considerably defined in software that the physical layer array can be changed

through its software [1].

The other definition of SDR is “A communication system implementing most system
blocks in software style and requires minimal hardware designs” [2]. This system is
specifically designed to receive computation resources of multiple baseband. The
SDR’s transcendence is the minimum receiver area to perform various standards.
The reprogramable hardware resulted in reducing cost and provided a solution of
balanced power for the future develoment of wireless communication. Modern
wireless communication standards liea a bandwidth variation, modulation and

duplexing, those requires the most stringent necessity of SDR specification.

In fact, the purpose of applying wireless communication techniques is to find reliable
and cheap communication with the maximum possible use of channel resources. The
channel allows transmitting information from the source to the corresponding
destination. However, such channel may cause some noises, interferences and

distortions, where these problems must be considered with the design of a transmitter



and receiver end technique. As well, both the bandwidth and power efficiency must
be taken into account with ensuring low implementation complexity [3]. To get a
successful transmission, a carrier frequency is created to modulate the imported
signals to the transmitter containing the target information. This carrier frequency
also increases the coupling power level to an antenna [4-6]. Practically, when the
input signals are not compatible to the medium one, such signal is then utilized i
modulating sine wave signal with higher-frequency, which is in a compatible
frequency spectrum with that medium. This signal in turn is known as a carrier,
while the circuit that allows the modulation of the carrier by a low-frequency signal
Is known as a modulator [6, 7].

Transmitter is a part of a communication network that accepts input signals, arranges
the transmission of information on a specific link of transmission and increases the
output power in order to result a successful transmission. It generally composed of
oscillator, which produces a carrier frequency and a buffer amplifier that offers a
high impedance load to reduce drifts and modulated using amplified intelligence
signal [8]. A receiver represents the communication system destination end that is
able to recover original transmitted information. It receives the transmitted signals,
amplifies and filters them to remove undesired signals and then retrieves the original
information. It generally composed of a Radio Frequency (RF) amplifier, oscillator
and mixer [9]. These components are the receiver front end, which allows setting the
receiver noise figure. Specifically, the RF amplifier must have a low noise design
since it is used to amplify low-level signals including noises from the antenna. There
is also a rhombic antenna at the amplifier input terminal to receive transmitted

signals and surrounding ones, in which they must be separated [8].

Frequency Sift Keying (FSK) is one of digital modulation techniques that is used in
wireless comunication. It is a frequency modulation that uses modulating wave shifts
to choose one of two recognized frequencies to the corresponding output [10, 11].
These frequencies are called the space, which associated with zeros and mark, which
associated with ones [12].



The FSK has a narrow bandwidth, which provides a slight enhanced noise
performance when compared to analog modulation schemes. But, it has a larger
number of transmitted sidebands that offer more enhanced fading characteristics. The
output frequency of the FSK is related directly to the logic condition corresponding
to the binary input signal. The basic concept of the FSK, which is the most deployed
digital modulation type when a high frequency spectrum is considered, is the

transmission of digital information based on varying the carrier signal frequency.

Practically, the main idea of the modulation and demodulation of digital signals is
the processing of converted digital symbols into waveform in a way that is efficiently
related to the transmission channel properties. The application of the FSK model
permits transforming such symbols into regular frequencies related to a steady
duration, which is known as baud-rate. It is in turn stands for the number of symbols
for each second. Particularly, several factors are considered to segment the FSK
model into different classes, where the main factors are the symbol number, the
correlation among related frequencies and the such frequencies phase. Modulation

techniques are a crucial role since they define data that must to be transmitted.

The FSK demodulator recovers the original message from the modulated waveform
[13]. On the other hand, after receiving the modulated signal by the corresponding
receiver, the demodulation process is carried out. The demodulation then processes

the modulated carrier signal to get the original data or in formations [14].

This study proposes HacKRF One based Software-Defined Radio (SDR) to transmit
digital data using FSK scheme. HackRF One is a hardware platform of SDR which is
available in the market. It is catagorized as mid-range hardware which is also
compatible with open source of software platform to implement SDR. GNU Radio is
proposed to simulate radio communication process, where it allows measuring and
evaluating the model performance. The FSK scheme is selected in this work due to
its simplicity in both the modulation and demodulation as well as due to its inherent

insensitivity to the nonlinearity of communication systems.



1.1. PROBLEM STATEMENT

This research is conducted with considering the following problem statements:

1. How to implement SDR using HACKRF One to transmit FSK signal?
2. How is the performance of HACKRF one to transmit FSK signal?

1.2. OBJECTIVE OF STUDY

The present research is purposed to:

1. To design the SDR implementation using HACKRF One to transmit FSK signal.
2. Evaluate the performance of HACKRF One for FSK signal transmission.

1.3. CONTRIBUTION

The SDR is a key of wireless technology, which enables flexibility of hardware,
power and price. It has been taken of a novel of wireless technology to be reached in
any market range. There are many offers fairly SDR hardware in the market. It gives
the public possibility to bring wireless device and program it based on their needs
with a simple hardware. HACKRF One is mid-range SDR hardware with fairly price
of US$300 which offers transmitter (Tx) and sentr (Rx) functionality. The FSK
digital modulation is applied for radio spectrum having high frequency range. This
study is expected to give reference to design the transmission of FSK signal through
HACKRF one as mid-range system. It is also looked forward the performance of the
FSK signal generation using HACKRF One.

1.4. RESEARCH OUTLINE

The report is preseted as following outline:

Part 1: This chapter presents introduction which consist of background of the study,

problem statement, objectives, and contribution of the study.
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Part 2: This chapter consists of literature review related to SDR concept, FSK

scheme, hardware and software platform.

Part 3: This chapter explains about the proposed method design and implementation.

Part 4: This chapter describes the experiment results and its discussion.

Part 5: This part is conclusion.



CHAPTER 2

LITERATURE REVIEW

Software-defined radio and its implementation including the transmission schemes
whithin SDR system have gotten great attentions either scholars or engineers. There
were alot of studies have been carried out in order to develop this wireless
communication system since its concept introduced. They investigated and proposed
digital modulation and demodulation techniques for digital communication systems.
The FPGA was used in [15] to design various digital techniques with the aid of
different approaches and tools. Three modulators were basically implemented in
VHDL using Xilinx and Modelsim, namely; ASK, PSK and FSK modulators.
Furthermore, such modulators were then designed by the MATLAB. Researchers
discussed that each modulator has its own benefits and challenges and their use is

based on the application.

Researchers in [16] focused on the Digital Pulse Width Modulator (DPWM) and
introduced that its resolution increased by a on-time/off-time modulation constantly
control in comparison with constant frequency modulation. But, this modulation
control method increases also the switching frequency under weighty conditions of
the load, respectively. Thus, switching losses occur as well as the needed for more
efficient controller increases. Therefore, researcher introduced an advanced PWM
technique using such control method for a buck converter of dc/dc as a solution for
high switching losses and frequency. Results proved the ability of this technique to
decrease the converter switching frequency and enhancing the modulator efficiency

and resolution.

Researchers in [17] provided a tutorial about the use of SDR and presented
applications constructed using GRC. The purpose of such tool kit is to offer a

realistic experience in the field of communication and its concepts, such as signal



operations, digital and analog modulators, signal generations and multiplexing
schemes using GNU radio. The GNU radio differs from the Labview and MATLAB
in being an open source with easily obtained concepts and less programming

concepts.

Researchers in [18] focused on the digital discontinuous PWM generalized
technique, which is an advanced method when the inverter switching losses on any
embedded system are considered. The work was based on carrying out an optimal
choice at each sampling period to clamp a half bridge. When compared with
traditional DPWM, this advanced version outperforms them in its low computation
time, operation under both dynamic and steady-state operating conditions and
independence on the load power factor. Researchers verified their algorithm using
simulation and results proved its effectiveness with considering a starter-generator

application with a resistance-inductance load.

Researchers in [19] used a compression technique called Delta Modulation (DM)
with considering a Photo-Plethysmo-Gram (PPG) signal with high resolution. It was
based on assessing the impact of step size on the DM performance in order to hold
clean PPG signals and those influenced by motion artifacts. Consequently, this
enhances the technique before using it in any data acquisition system. A 16-bit ADC
was used to record PPG signals with 1000 Hz sampling rate. The Percentile Root
Mean Square Error (PRMS) with and without DC component was estimated to
consider the impact of the PGG DC and AC during assessing the performance. Based

on the results, the PRMS with DC was lower than that without DC for all step sizes.

2.1. THE CONCEPT OF SOFTWARE DEFINED-RADIO

The definition from wireless innovation forum (formerly SDR forum) states: A
software-defined radio is a radio in which some or all of the physical layer functions
are defined by software. A main characteristic of SDR is the ability to be compatile

with various different waveforms [20].



Joseph Mitola presented it as an identifier for a specific radio class with an ability to
be reprogrammed using software. It was composed of an ADC located at the receiver
and a DAC at the transmitter with simple transmitting and receiving antenna, in
which other functions were carried out by software. The first real application of the
SDR was in soldierly radio systems to assist in integrating several radio channels in a
certain frequency bandwidth. In the following decades, several developments were
presented for the SDR, where it now offers a support for both digital and analog

radios with a support also for their particular protocols and standards [21].

(a) (b)

Micto- . . Micro-
f D/A | AD
Processor :)—4 Processor

Figure 2.1. Transmitter and receiver of ideal software defined radio [13].

Figure 2.1 shows the general representation of the SDR. The data of users are
included in the specified waveform within the microprocessor. The digital samples
are converted directly into an RF signal and sent to the antenna. The receiver antema
capture the transmitted signal and then digitization and processing are applied on it
using a specific processor. Ideally, the SDR must be able to support all types of

waveforms for any bandwidth and carrier frequency.

Almost all radio functions, such as modulation, multiplexing, amplification, super
heterodyne mixers, multi-access and other transmitter and receiver processes are
performed within software. The software should capable to complement new air
interfaces without reloading theentire set of software 1. Traditional radio hardwares
are replaced with a software in SDR. Furthermore, in the digital domain,
intermediate frequency (IF) sampling based SDR radios are able to carry our more

signal processing than in the analog domain Figure 2.2 shows the flow of typical data
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in a software-defined radio system. The nearly entire processing of baseband signal
on both Tx and Rx ends is undertaken in the domain of software [22].

Digital Analog
;
i mai mai
Transmitter *Qq_g_n_q:__D_O__gpi
[ ™ e ssis S S e e e e e e e o S s (e | S— —— e — =
| Digital Source Channel Digital Digital to RF I
| Source Encoding Encoding Modulation Analog Front-End 11
e e ——— ) ]

|auuEy)

| Digital Source Channel Digital Analogto RF
- - -
| Sink Decoding Decoding Demodulation Digital Front-End

Receiver

Figure 2.2 . Software-defined radio block diagram.

Digital domain performed in software and analog domain performed in hardware.
Particularly, a specific smart antenna is used to implement the receiver to offer a gain
against direction characteristic in order to decrease noises, multipath and undesired
interfaces. This antenna offers the same benefits at the receiver side. One essential
point is that the signal digitalization is performed near that antenna at the receiver
based on deploying the ADC. Similarly, the signal is converted into analog domain

as late as possible in the transmitter using DAC.

In the signal digitization, the IF range is considered to carry out the process.
Practically, this solves the problems of the carrier offset and the involved imaging in
this process with the use of a super-heterodyne approach that deployed in traditional
radios. In the transmission route the DAC is interfaced to process the digital
hardware by the channelization and sample rate transformation processes, while at
the receiving route, this is performed based on interfacing the ADC. Generally, the
baseband processing is carried out with deploying various techniques, such as the
DSPs, "General Purpose Processors (GPPs)", "Application Specific Integrated
Circuits (ASICs)" and "Field Programmable Gate Arrays (FPGAs)". On the other
hand, several software methodologies are deployed to modulate/demodulate signals,
as middleware and the "common object request broker architecture (CORBA)"

9



Some features of Software-defined Radio are as follows:

1. Reconfigurable: the SDR has a reconfigurable architecture that offers several
communication standards to co-occur on general hardware. Therefore, it offers
efficient wireless abilities and features to radio systems with no need for using

new hardware.

2. Reprogrammable: various waveforms and protocols can be used to effectively
reprogram the SDR. With considering mobile communication, it is simple to
upgrade the software functionality over the air, where this is helpful and suitable

for both the service provider and subscribers.

3.  Multi-featured: the SDR permits multiple modes, standards, band features forone

device.

SDR technology development and escalation is believed to revolutionize
communication technology. One of SDR benefit is the flexibility to support multiple
standards. The extraordinary of SDR is capability to configure device, which may be
used by various communication systems (e.g., cellular phones, wireless-fidelity (WI-
FI) transceivers, frequency modulation (FM) and analog modulation (AM) radios,
terminals of satellite communications). It means that one hardware piece will be
configured to perform multiple functions. The platform re-configurability will ensure
hardware reusability. Re-programmability system enables hardware reuse until the
next generation of hardware platforms available. These SDR characteristics consider
as efficient system in cost especially. Manufacturers will not be limited to reduced

hardware platform set and large commercial production will set into lowered costs.

2.2. FREQUENCY SHIFT KEYING (FSK)

Digital modulation and demodulation processes the digital symbols which are
transformed into waveform that is compatible with the characteristics of transmission

channels. Frequency Shift Keying (FSK) scheme enables to convert the digital
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symbols into distinct frequencies for a constant duration. The constant duration is
known as the baud-rate that generally is defined as the number of digital symbols per
second. Frequency Shift Keying is divided based on the number of digital symbols,

the corresponding frequencies correlation and the phase of frequencies.

FSK is the most popular digital modulation form in the high-frequency spectrum
[23]. FSK generally is classified into Binary FSK (BFSK) and M-ary FSK. The
difference is the number of digital symbols where the BFSK has the number of
different digital symbols equals to two and M-ary FSK has number of signaling more
than two. Binary FSK is classified into Coherent and Non-coherent. The coherent
one has the phase of the tones s; (t) describing each symbol that is selected based on
the tone phase describing the previous symbol. The transmitted signal phase can
remain continuous. Non-coherent has no continuity of phase where the phase of the
tones describes two successive digital symbols which are independent one another.

2.2.1. Binary Frequency Shift Keying (BFSK)

Binary FSK (BFSK) is a modulation scheme to send digital information among
digital equipments. This scheme allows transmission of the data by frequency
switching of a continuous carrier in a binary manner to one or other of two discrete
frequencies. One frequency is designated as the ‘mark’ and another is as ‘space’
frequency. In the modulation of BPSK signals, the RF carrier phase is shifted by
180° based on the digital bit stream, where zero stands for a transition, while one
stands for a phase transition. Thus, the carrier phase changes in a binary form, while
both the amplitude and peak remains constant with the change in phase. Figure 2.3
describes the correlation between data information and the signal being transmitted
[24].

A modulated signal of BFSK uses two tones with distinct frequencies f, and f; in

delivering a binary 0 or 1:
Xo(t) = Acos(2rufyt +6,) KTs<t<(k+ 1) Tsforbinary 0

x1(t) = Acos(2rfit + 0,) KTs<t<(k+ 1) Tsfor binary 1 (2.1)
11



Ts is the symbol or bit period, and 6 and 6, are arbitrary phases. Pfsk A%/2 is the
signal power. 6, and 6; are not equal phases in the event, further the signal is stated
to be discontinuous or no coherent. This FSK modulation type is not common. The
common type is coherent FSK modulation in which the phases 6, and 6, are equal
(60=01=0).
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Figure 2.3. BFSK modulation, a) Binary data; b) Modulating frequency of FSK
Signal production, c¢) Frequency characteristics.

Demodulation is a process to recover the original digital data from the modulated
waveforms. There are two method to demodulate FSK signal which are synchronous
(coherent) and asynchronous (non-coherent). Coherent method needs the carrier
phase knowledge because it involves have multiplying received signal of the same
phase and modulating signal frequencies which is used in FSK signal modulation.
Coherent method or detection gives better demodulation results than non-coherent
method. Non-coherent makes envelope detectors usage and allows simple circuicity
to implement it. The frequencies f, and f; are chosen to enable coherent FSK

demodulation as follows:

r(t) = fk(;Hl)TS xo(O)x, (t)dt = A? fk(;fH)TS cos(2mfyt + 8) cos ufit+0)dt =0 (2.2)

Parameters of FSK signal are described in figure 2.4. Minimum duration of a mark or
space is known as length of element which has values between 5 and 22

milliseconds. Frequency measurements of FSK signal are usually delivered in shift
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and center frequency. Both the center frequency and shift are used to describe the
FSK signals and its measurements. The minimal enter frequency locates at the
halfway among both the space and mark frequencies, while the shift stands for the
difference in frequency among them and it is mainly in the range 50-1000Hertz.
Irregularly, these signals are described using the deviation, which is the difference
among one of those frequencies and the center one or the half of the shift.
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SHIFT | Fa-Fyq (IN SECONDS)
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Figure 2.4. Parameters of FSK.

There are two manners to transmit FSK signals; coherent and non-coherent. The first
manner involves that each space/mark tone phase is in a constant relation with a
specific reference. Practically, this is the same as the production of FSK signals
based on the switch among two constant oscillators to generate both the space and
mark frequencies. However, there must be an interrelation among the keying and
shift rate due to the continuality of transitions among the space and mark. Although
the coherent method can offer efficient error reduction, the non-coherent one is
generated more simply and can be deployed for most of the FSK transmissions. It
does not in turn have constant relations among consecutive elements, where the

phase changes in a random manner.

Figure 2.5 and 2.6 describe typical coherent FSK signal waveform with

discontinuous and continuous phase with their relative spectra. The main difference

13



betweenboth phase is the wide range of the spectrum at former over the latter. The

spectral containment property of continuous phase FSK makes it a more desirable
signaling scheme.

0
(a) M

FSK signal with discontinuous phase

0 1 1 1
(b) \/\/\/

FSK signal with continuous phase

1

0
\])\/\/
Figure 2.5. FSK signal waveform; a) Discontinuous phase waveform (non-coherent)

and b) Continuous phase waveform (coherent).
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Figure 2.6. Spectrum of FSK waveform; a) Continuous phase spectrum b)
Discontinuous phase specturm.

14



2.2.2. M-ary Frequency Shift Keying (MFSK)

BFSK extension is M-ary FSK. It has more than two carriers. These carriers can be
orthogonal or not, but the orthogonal could result better BER [25]. M-ary FSK
requires larger bandwith but BER decreases along with the increase of M’s number.
The coherent modulator of binary FSK can change to coherent M-aryFSK. It can be
seen in the figure 2.7. The frequency synthesizer produces M signals by using the
particular frequencies that have been designed and the coherent phase, further the

multiplexer will pick one of them by the n = log, M bits.

hi

A
Frequency f:

. - . e

Synthesizer . Multiplexer

-Jf.l\:l’

L & Fy
Control lines
b, f:r! L b,
Binary input data S/P
Converter

Figure 2.7. M-ary FSK modulator.

The demodulator of coherent M-ary decends in the general form of detector for M-
ary equiprobable, equal-energy signals with known phases. The demodulator is a M

corelator bank or matched filters.

2.2.3. Gaussian Frequency Shift Keying (GFSK)

Gaussian frequency shift keying (GFSK) is a typically modulation scheme that
usually applied in various standards such as Bluetooth, DECT and Wavenis. The

digital transmission derives from symbols translation which is usually known as a
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discrete alphabet where the symbols translation then transforms into a signal. This
transmission generally is transfered through medium. The Rx side will capture the
signal and then recover its original symbols. The sysmbols are known as bits while
the alphabet has only two symbols thatis 0 and 1. The modulation method is a variant
of frequency modulation (FM) of some carrier frequency wc. 2-FSK carries the data
by decreasing the carrier of the 0 symbol duration and increasing the frequency of
the 1 symbol duration. GFSK is generated by adding Gaussian filtering to the square-
wave signal which function to shift the frequency of carrier. Figure 2.8 is general
GFSK diagram.

GFSK
Gaussian filter |—» vCO —>

Bit stream +1..-1

L J

Figure 2.8. General GFSK diagram.

The high-frequency components are reduced in the output spectrum of the modulated
signal beceause there is variation of the continuous phase of CPSK signal which is
being modulated. Pulse-Shaping Gaussian Low Pass Filter estalishes baseband signal
half-sinusoidal shape before being modulated in order to get smooth phase trajectory
of the FSK signal. This way also produces stable variations of instantaneous
frequency over the time. It has some advantages as follow:

1. This system provides a constant envelope of themodulated signal. There is no
need regenaration of specturum to operate GFSK signal with the power amplifier
of class C. It consequently consumes lower power which means better power

effiiency.

2. It produces a narrow Main Lobe and a lower level of spectral Side Lobes of
output spectrum. It has high spectral efficiency because of contiguous channel
interference into low levels. It is crucial for a band limited channel and the non

linear channel.
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3. The GFSK modulated signal canbe demodulated by Non-Coherent
Demodulation schemes leading to low-cost GFSK receivers [26, 27].

The important purpose of lowpass filtering before modulation is the transmitted
spectrum minimization of the FSK modulated transmitted signal. The other important
advantage is that the lowpass filter have a well-behaved time-domain response. A
Gaussian Filters is a class of filters that has a well-behaved time domain response.
The frequency response of a Gaussian Lowpass Filter is 'Gaussian’ in nature,

following thefollowing relation:

-

H(o)=12me 2™ (2.3)

where:

o= frequency (in radians/sec)

7= constant

That is the Gaussian shape or Normal Probability Density Function. A typical filter
with a Gaussian frequency response is that has Gaussian time-domain or impulse
response also [27].

The Gaussian Filter has impluse response which is generally well-behaved, there are
less noise or no overshoot. But the filter frequency response becomes slowly. Time
domain response of a filter is better with the gradual frequency domain response.
Gaussian filters is the most gradual frequency-domain responses of any analog filter
type which has linear frequency-domain response of the Gaussian Filter. So that the

phase of the Gaussian filter is consequenly linear as well.

Algorithm of demodulation of FSK modulated signals are applicable to the GFSK
modulated signals because the GFSK modulation is the modification of the FSK
modulation. A matched filter is important to get optimum demodulation algorithm. A
matched filter means that frequency response of the filter is designed to accurately
match to frequency spectrum of the input signal. A matched filter operation is the

same as correlating a signal with a delayed copy of itself.
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2.3. SOFTWARE DEFINED RADIO HARDWARE PLATFORM

There are available two kind devices of SDR hardware which are functioned as
transmitter and receiver. The transmitter hardware has usually receiver functionity or
in other word transciever. SDR transmitters receive modulated data in form of
baseband signal as an input and further will be generated by a DSP processing. It can
be seen in the Figure 2.9 [28].

Analogic Signal Analogic Signal
at RadioFrequencies at RF Antenna
buc Y
DSP _>Interpolat|on _| Digital | | _| D/A RF L Pow‘e‘r
Filter Mixer | Conv. Conv. Amplifier
? g Digital

1 Di Components
Samples at Igltal ‘ Digital Samples
Baseband Osc. | at Intermediate Frequencies [ Ana!oglc

‘ Components

Figure 2.9. SDR transmitter block diagram.

A Digital Up Converter (DUC) placed on the first block. It is functioned to transfer
modulated data or signal of the baseband to IF. Next, DAC transform the samples to
the analog domain. RF converts the signal into higher frequencies. The signal finally
is amplified and directed to the antenna. The Interpolation Filter is proposed to
increase the baseband signal’s sample rate in order to adjust the operating frequency
of the components which is belong to. Furthermore, the Decimator’s reservely
operation is performed in architecture of the receiver. The samples are delivered to
IF by digital mixer and local oscillator and the local oscillator also will control the
shifted samples. Some hardware of SDR which is available in the market is shown on
the Table 2.1.
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Figure 2.10. SDR receiver block diagram.

Figure 2.10 describes a SDR receiver block diagram. Initially RF tuner functions to
convert the analog signal to intermediate frequencies. The IF signal further proceed
to the ADC converter in transformation of the signal’s domain and switching digital
samples at its output. The samples become feed to the next stage’s input which
processes on a Digital Down Converter (DDC). The DDC is usually a monolithic
chip and it is the key part in receiver side of the SDR system. It consists of three
main components which are a digital mixer, a digital local oscillator, and a Finite
Impulse Response (FIR) low-pass filter. The Digital Signal Processing (DSP) block
receives baseband samples, further demodulating and decoding tasks are performed
within DSP block [28].

Table 2.1. Available SDR devices in the market.

RTL-SDR 2831 24 1766 3,2 8 No 10 -20
FuncubePro 64 1700 0,096 16 No 150
Funcube Pro+ 410 2050 0,192 16 No 200
HackRF 1 6000 20 8 Yes 300
BladeRF 300 3800 40 12 Yes 400-650
USRP1 10 6000 64 12 Yes 700
MatchStiq 300 3800 28 12 Yes 4500
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SDR hardwares become popular and deploying widely in the market which increase
this system popularity since it’s being introduced. Strong and complete-featured
concept in delivering instruction either in the analog area and digital communications
are the reasons behind its popularity. ThoseSDR hardwares which are available
widely in the market offer various range of features and prices as well. There are
three range of SDR hardwares. The first is a high systems of the Universal Software
Radio Peripheral (USRP) platform that provides complete stand-alone radio systems.
It is able to acquire and processing large portions of the RF spectrum. The second
that is considered as mid-point system is the HackRF One. It has features to receive
and transmit, sample rates of up to 20 MS/sec, and operating up 6GHz. The third
one is a very modest system is such as the RealTek RTL2832U stick. It has sampling
rate up to 2.4 MS/sec, operating up to 2 GHz. It has proper capability enough to
perform SDR receiver [29].

2.3.1. Universal Software Radio Peripheral

Universal Software Radio Peripheral (USRP) is a variant of high end system SDR
hardwares. This series are able to operate as stand-alone system which is an open
source platform and have completely features to perform SDR instructions. It can be
functioned as transceivers. Beside USRP has ability to deliver DAC/ADC hardware
with high performance that can be operated in a wide spectral bandwidth when
coupled with a specialized wideband RF front end daughterboard. It should be noted

that high-Q, narrow-band daughterboards are also available for ISM bands.

The USRP hardware architecture consists of a FPGA for digital up/down-conversion
to/from the DAC/ADC for the IF signal to/from the RF daughterboard, respectively.
This technique proposes for achieving highest resolution ADC/DAC conversion
between the baseband and IF signals. The additional function of DSP can be also
deployed through FPGA, although this may bring consequency where FPGA digital

sample rate conversion performance is possible getting reduced.

Three models of USRP series are:
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1. USRP Bus Series is the cheapest model of USRP series. The single transceiver
B200 model prices below $750. This model is connected to interface to the host

through a USB 3.0 connection.

2. The higher priced model is USRP Network Series which priced near $1500 and
it communicates to the host via Gigabit Ethernet.

3. The USRP Embedded Series is stand-alone models which is able to perform full-
functioned SDR and it is no need to be connected to the host on its operation.
Being priced about $1500, USRP Embedded Series E110 consists of a TI
OMAPprocessor 16, an ARM Cortex A8 running at 800MHz and a Tl C64 DSP
in delivering its function. The ARM processor runs Linux that is completed with
preinstalled GNU Radio. The models with additional features such as dual

transceivers and upgrade processing capability are available at higher cost.

2.3.2. HackRF One

HackRF On as middle range SDR hardware can perform transmitting or receiving
functions but it cannot deliver both functions synchronously (half-duplex). The
HackRF One is an open source hardware platform that can be programed for stand-
alone operation or can be utilized as a USB peripheral. The architecture can be found
on the Github Repository 20 so that the users are able to learn the schemes and
improving the schematic as the users’ desire. TheRF front end has RX/TX gain
which programable and filter of baseband. The advanced applications, for example
radar function, can also be deployed because HackRF hardware platform provides

Clock In and Clock Out lines for timing synchronization across multiple devices.

RF and digital hardware components of HackRF One are placed within one PCB. A
single out RF filtering is not easily swapped in and out because of that. So that the
signals tend to diminish to noise ratio for many applications, as this device is meant
to be used as a general purpose, widebandSDR. The custom built external front end

filters is a technique that usually applied to take out a majority general purpose of
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SDR. The reception is possible to be greatly improved for the bands of interest by
additional filter placement between the antenna and the SMAinput of theSDR.

2.3.3. RTL_SDR

There are two popular low cost SDR receiver hardwares which are RTL-SDR 21
dongle and FUNcube Dongle 22 with significant online support communities. The
RTL-SDR is based on the RTL2832U 23 IC that actually a reception IC of European
TV. It employs a driver of modified software which is modified in particular form in
order to function performing SDR. The chipset is used to be able to performed as
USB interface, ADC, filtering and demodulation. TheRTL-SDR dongle includes an
RF frontend tuner IC such as the Elonics E4000 that able to tune in signals from 24-
1766MHz. The tuner will produce that signal at an Intermediate Frequency (IF)
around 4.57MHz, which then theRTL IC will process it. This hardware is considered
as the most effective in cost. RTL device can be purchased with not more than $10

that even includes an antenna capable of operating over the tunable range.

The second one is FUNcube Dongle which can be purchased about $175. This device
is tunable over the frequency ranges of 150kHz to 240 MHz and 420 MHz to 1.9
GHz with a USB 2.0 host connection. The Funcube Dongle Pro+ (FCD) operates in
much the same way as the regular FUNcube Dongle, with the E4000 Tuner IC at the
frontend, but has better performace. The higher quality components are used for the
ADC and LNA in the Pro+ device, along with a separate microcontroller. Both
systems performs mixed RF spectrum directly to baseband frequencies by utilizing a
direct conversion” or “zero-IF” SDR architecture technique which means there is no
intermediate frequency is used. This method is different with the USRP and HackRF
One, which utilizes mixing from passband to an IF, then downsamples or upsamples
from the IF using the FPGA.

2.4. OPEN SOURCE SOFTWARE PLATFORM

SDR system need a software that includes theability to write custom routines in

various programming languages such as C++ or Python or the option of using the
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GNU Radio signal processing package to link the routines to the hardware. Graphical
development tools such asGNU Radio Companion(GRC) or MATLAB Simulink is
used for instructional purposes that enables to configure and link the communication
blocks in creating communication systems. Anopen source modules are available to
seamlessly and easily connect these communication system flow graphs to various
compatible hardware devices with a low-cost antenna. Communication signals can be
transmitted and received at the same time their characteristics canbe examined on
standard laboratory test equipment. Additionally, powerful and easy touse analysis

tools such asSDR# augment the experience [29].

2.4.1. GNU Radio

GNU Radio is an open-source software toolkit that encompass various blocks of
signal processing that allow implementing SDRs effectively in a virtual simulation
environment or with using exterior RF hardware. Its main application fields are in
mobile communications, tracking satellites, audio processing, radar systems and
commercial and academic environments to offer an adequate support for
investigation in the wireless communications field and for practical radio systems
[30]. As well, it is used to implement several band-restricted communication
standards. The general representation of the GNU Radio is demonstrated in Figure
2.11.

‘ Python Script
/ Python Module \;
gnuradio.foo ;

: GNU Radio

! Companion
C++ Library FARS

libgnuradio-foo.so , C++
\ application

Figure 2.11. GNU radio.
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Several processes are carried out by the GNU Radio, such as writing applications to
allow receiving or pushing data from/to digital streams. In addition, there is a variety
of demodulators, equalizers, decoders, vocoders, channel codes, filters and
synchronization elements within it. As well, there is an efficient method to connect

such elements and control the transmission of data among its blocks.

GNU Radio is able to handle digital information only, where mainly the input/output
data of both the transmitter and receiver are complicated baseband samples. Thus, an
analog hardware is deployed to get the target center frequency. Therefore, several
types of data can pass among blocks, as bytes, bits, bursts and several complicated
types. Basically, the Python language is deployed to write the applications of the
GNU Radio, while the C++ is deployed to implement the signal processing path with
deploying specific processor floating-point extensions. Therefore, developers can
design radio systems with high simplicity, throughput and speed [30].

Python or C++ are programable languange tools that able to write blocks of
generated signal processing and add it to the signal chain. GNU Radio is considered
as an impeccable software platform because the general signal processing
applications and communications have already been written and optimized. This
makes GNU Radio highly modular. GNU Radio also has featured with a run-time
scheduler that able to optimize the data flow among processing blocks and creating a

more robust test environment in real-time.

GRC is the graphical user interface for GNU Radio, where users set functional
blocks into a processing chain or flowgraph. GRC application simplifies the way in
develop communication system using GNU Radio. Blocks is used to create the most
comprehensive functions of communication system. The users are expected to simply
configure the block with a handful of parameters particular to the system. A user can
create a custom graphical flow block (in either Python or C++); the blocks can be
found via the user community and by default in GRC. Once a flowgraph has been
created, the user generates a Python file with a click of a button in GRC, where the
signal processing blocks (written typically in C++) are connected together, hence

Python glue code.
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The GRC blocks themselves are somewhat self-documenting in that any user can
study the underlying code that creates the block to better understand its functionality.
Many online tutorials are also available which explain most of the underlying

idiosyncrasies of the program.

GRC provides drivers for many of theSDR transceivers that are exist in aneasily
implemented “source block”. The source block is withdrawn into the flow diagram.
Then it is configured according to preference of the user and based particular
hardware which is used. All SDR devices that are mentioner in previous section have
source blocks available both in GNU Radio and GRC, where most use the Osmocom

source. Figure 2.12 shows the configuration foran Osmocom source.

osmocom Source
Sample Rate [sps): - AN
ChO: Frequency (Hz): 95.7M
ChO: Freq. Corr. (ppm): 53
ChO: DC Offset Mode: OF ._
Cho! 1Q Balance Mode: Automatic
ChO: Gain Mode: Automatic
ChO;: RF Gain [dB: J5
ChO: IF Gain (dB): D
ChO: BB Galin (dB): 0

Figure 2.12. GNU configuration for osmocom source.

2.4.2. GNU Radio Features

Signal flow graphs and source codes are basically generated using the GNU Radio

Companion (GRC) tool. The most essential features of the GNU Radio are:

e It bundles the GRC.
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The ability to completely integrating the GRC into a desktop environment,
which offers a support for desktop standards that are available for free, such as
mime type and icons.

Several Cheetah templates are utilized by the GRC in order to produce a source
code using the python for a flow graph. Thus, a source code can be produced
for non-GUI and WX GUI flow graphs.

Documentations can be simply extracted for the blocks of the GNU Radio
using doxygen-generated xml files

The flow graph can include variable blocks, which map specific variable names
to specific values. As well, various graphical variable blocks are included in
the GRC to permit producing WX GUI flow graphs.

There is a related xml file for each GRC block, which includes specific
template, 10 ports and parameters, in which there is a match among the
variable name and the GNU Radio block one to enhance the portability. The
definitions of all blocks are authenticated upon execution.

Any change in the definitions of blocks and variables causes a change on the
flow graph files structure. This is mainly conducted automatically by the GRC,
but this is not completely accomplished in a correct way.

Each block has two states; enabled/disabled, where it is enabled by default. In
the disabled mode, the block is converted into a gray one and neglected by both
the source code generator and validator. Furthermore, it is allowed to copy,
paste and cut blocks among flow graphs.

Hierarchical blocks can be generated by the GRC

2.4.3. C++ Programming Language

C++ is a middle-level language and a general-purpose, assembled, statically typed,

free-form and case-sensitive language supporting object-oriented, technical and

generic programming. Its first introduction was in 1979 by Bjarne Stroustrup.

Basically, it includes three portions; core language, standard library and "Standard

Template Library (STL)". The core language offers all needed building blocks, such

as data types and variables, the standard library offers several functions manipulating
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strings, files and others and the STL provides approaches for manipulating structures
of data [31]. The main features of the C++ are [32]:

e Simplicity.

e Portability.

e Powerful and syntax, platform and complier based language.
e Case-sensitivity and utilization of pointers.

e Object oriented language.

2.4.4. Python Programming Language

Python is a high-level language, which was proposed initially in 1991 by Guido van
Rossum. It has code readability and a syntax that permits expressing concepts by
programmers using fewer lines than other languages, such as Java and C++. As well,
it offers intended constructs to permit writing clear programs. Python offers an
automatic memory management with an ability to support several paradigms, such as
imperative, object-oriented, procedural and functional programming. Furthermore, it

composed of a large standard library. The main features of the Python are [33]:

General purpose and open-source language

Functional, procedural and object oriented language

Interfacing with other languages, such as Java, C and C++ by SWIG

Effective interactive environment

2.4.5. SWIG Software Development Tool

Simplified Wrapper and Interface Generator or SWIG is a software development
tool, which mainly deployed to associate programs implemented by C++ and C using
various high-level languages and offer compatible codes with profitable and non-
profitable projects. It is utilized with several languages, as Python, Ruby, JavaScript
and other non-scripting languages, such as Java, R, C# and Octave. Moreover, it
supports various compiled and interpreted scheme implementations, such as
MzScheme/Racket.
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In practice, the SWIG is the most utilized tool to make high-level
compiled/interpreted user interfaces, programming environments and test C/C++
languages. Usually, SWIG is utilized in parsing /C++ interfaces and making the
needed glue code to the languages mentioned above to call them into the C/C++ code
[34]. The main features of the SWIG are:

e Generating wrapper codes for several languages, such as C#, Go, Java,
JavaScript, Lua, PHP, Ruby, R, Perl and Python.

¢ Including global functions, variables, constants, pointers, structures, arrays
with multiple-dimensions and variable length arguments.

e Memory management.

e Template instantiation.

e Class/structure extension.

e Ambiguity resolution.

e Extensive diagnostics including errors and warnings.
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CHAPTER 3

DESIGN AND IMPLEMENTATION

3.1. DESIGN CONSIDERATION

Proposed method designed based several considerations as follow:

1. Flexibility: Proposed system is designed and implemented in order to get flexible
design in implementing SDR system. It is expected to be flexible in:
e Cost which means using affordable cost of hardware in the market, but still can
perfoms transceivers with full featured system.
e Re-configurability which means that the system can use to support any
modulation, demodulation or other schemes.

e Compatibility which means that the system compatible with any PC.

2. Open source: The source code of system must be able to modified or customized.
Both hardware and software are open source platform which available in the

market widely for anyone or all users of any levels.

3. Simplicity: The proposed method is designed with consideration that it will be

simple SDR application either to be design or operated.
3.2. SCOPE OF THE STUDY
Proposed method is designed to get design a software defined radio system and
implement it using mid-range available SDR hardware platform in the market. It is

also proposed to deliver transmision using FSK modulation and demodulation

scheme.
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3.3. INSTRUMENT

3.3.1. HackRF One

HACKRF One is an SDR bordering, which allows the radio signals transmission and
reception in the range from 1 MHz to 6 GHz. This hardware is classified as mid-
range systems with full-featured transceivers system. It allows developing and testing
current and future radio technologies. It is also deployed as a USB peripheral or in

other cases; it is programmed to get stand-alone operational systems.

Some featured HACKRF one specifications are: the half-duplex transceiver, 8-bit
Quadrature samples, offering around 20 million samples in each second, well-
matched with GNU Radio, hi-Speed and powered USB, interior expansion pin
headers, controlled antenna port power, configurable RX and TX gain and SMA

female antenna connector and 10 clock.

Figure 3.1 illustrates the general HackRF One architecture. The schematics are
available on the Github Repository 20. It can be studied in detail and improved as
desire of the user. The RF front-end features a programmable RX/TX gain and
baseband filter. Clock In and Clock Out lines are provided on the HACKRF Onefor
timing synchronization across multiple devices when more advanced applications

(such as radar) are to be used. HACKRF One will connect to a PC.

HackRF One

Passband
I y
Switchable Switchable | (analogl | RFFCS701WB | A"°8) | pax 2837
> LNA + » RLCFitering |« » Synthesizer |e » Broadband
and Mixer XCVR
T SDR SW
____________ 1
|
Basshand Baslsubm CoolRunner Il Bas‘subm |
10, (Analog) MAX 5864 (Digialj | CPLDConvert | (pigirs)) | LPC4320 _PC | I
,| 22MHzADC] | | buswidth, | | usBand ¢ »  Singna !
DAC voltagesand | Control Processing | |
clocking I
____________ |

Figure 3.1. HackRFone architecture.
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3.3.2. GNU Radio Companion

All the signal processing is performed in GNU Radio including to create applications
receiving data out of digital streams or pushing data into digital streams, which is
proceed to be transmitted over hardware. GNU Radio has filters, channel codes,
synchronization elements, equalizers, demodulators, vocoders, decoders, andmany
other elements in theGNU Radio jargon. Those elements are known as blocks which
are typically found in radio systems. Method of connecting these blocks is important

to manages the way of data is passed from one block to another.

Python is the major programming language to write applications in GNU Radio,
while C++ using processor floating point extensions implemets the supplied,
performance-critical signal processing path. The developer is able to implement real-
time, high-throughput radio systems in a simple-to-use, rapid-application-
development environment. GNU Radio Companion (GRC) is a graphical tool to
create signal flow graphs and to generate source codes. GRC is usually bundled with
GNU radio [24].

3.4. IMPLEMENTATION

The proposed design in this project includes modulation and demodulation
using SDR features. The presented modulation scheme is based on the Gaussian
Frequency Shift Keying. It is deployed for such as amateur radio, caller ID and
emergency broadcasts communication systems. The binary FSK (BFSK) is the
simplest FSK, where it deploys a couple of discrete frequencies to send binary
(Os and 1s) information. In such scheme, one denotes the mark frequency, while
zero denotes the space frequency. On the other hand, the BFSK has a wide
spectrum content that needs more bandwidth. The Gaussian frequency-shift
keying (GFSK) basically filters the data pulses using a Gaussian filter to get
smoother transitions. Such filter can decrease the sideband power and the
interference with adjacent channels with increasing the inter-symbol interference.
Furthermore, Gaussian filtering is a typical manner to decrease the spectral

width so it is known as "pulse shaping” in this application.
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3.4.1. Design Diagram

The proposed communication system in this project is shown figure 3.1 source not
found. A music source, which is playing music continuously, is included. The
signal goes to the transmitter that is modulated and broadcasted to the air. A nearby
receiver then captures the signal, demodulates and reproduces the result in an audio
sink.

AIR

Transmitter Receiver

Music
Source

Figure 3.2. Proposed method diagram.

Figure 3.3 and 3.4 illustrate the general structure of transmitter and receiver
subsystems.

DSP D/A RF Output
|:> Converter |:> Front End [>

Figure 3.3. Transmitter subsystem.

Input RF Front A/D DSP
Signal [> End [> Converter [>

Figure 3.4. Receiver subsystem.
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3.4.2. Requirement

The demonstration of the design does not require a significant amount of elements.
Most part of the hardware can be seen in the Figure 3.5. The devices are needed for

present study is as follow:

1. Two computer stations. One for transmitting design and other for receiving.
2. Two HackRF one. The hardware’s have transmitting and receiving capabilities.

3. Two telescopic antennas.

Figure 3.5. Hardware setup.

Both computer need to have GNU Radio companion installed. It is important to
highlight that GNU Radio installation does not include native support for HackRF
one. Thus, it is needed to visit Great Scott Gadgets website and download the drivers

required to make HackRFone compatible with GNU Radio.
3.4.3. Software Block Diagram
The GNU Radio design includes the transmitter and the receiver. The output

frequency is 433 MHz in ISM band which is a free space to transmit. Figure 3.6

draws the transmitter block diagram:
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Options

Variable Variable

10: fck Joophack 10: samp_rate ID:5ps
Generate Options: QT QUL | | Value: 8 Vale:2
Rational Resampler
Wav file Source Interpolation: 10
File:  2011001-00-BkHziav }+[ Decimation: &
Repeat: Yes Taps:
Fractional BWY: 0

Throttle }__ +[
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Packet Encoder
Samples| Symbol: | —
Bits/Symbo:
‘ Samplas Symbal: 2
mtde I_ +I Senstvty: I_ +I
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Payload Length: 0
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Sample Rate (sps): 1M
Chi: Frequancy (Hz): 4400
Chi: Freq, Corr, (ppm}: 0
Ch0:RF Gain (dB): 10
Ch0: F Gain dB): 20
Ch0: B8 Gain dB): 20

Gfsk_loopback was created as option to generate the interface engine (GUI) that
would be rendering the results. Two variables of the transmitter which were sample
rate 8k and sps with the value 2. The digital file source of this study was wav form
with the interpolation and decimation value of 8. Throttle block with the sample rate
10kproposed to keep the sample rate constant when the hardware attached to a
computer. Packet encoder was for an encoder and it controlled introducing structures
for synchronization. GFSKMod was for modulating the GFSK signal with
sample/symbol of 2, sensitivity of 1 and BT 350m. Osmocom sink used to link the

interface with HackRF one to control the output with the sample rate of 1M, 440M

Figure 3.6. Transmitter block diagram.

frequency, RF gain of 10 dB, IF gain of 20 dB and BB gain of 20 dB.

(Options
ID: gfsk_loopback
Generate Options: QT GUI

©osmocom Source
Sample Rate (sps): 1M
Cho: Frequency (Hz): 40M
Cho: Freq. Corr. (ppm): 0

Cho: 10 Balance Mode: Off
ChoO: Gain Mode: Manuzl

ChO: RF Gain (dB): 10
ChO: IF Gain (dB): 20
Cho: BE Gain (dB): 20

QT GUI Frequency Sink
FFT Size: 1,024k

Center Frequency (Hz): 0
Bandwidth (Hz): 128k

Cho: DC Offset Mode: Off
| R—

Variable Variable
ID: samp_rate ID: sps
Value: 8k Value: 2

GFSK Demod
Samples| Symbl: 2
Sensitivity: 1
I Gain Mu: 175m
Mu: S)Im

Freq Error: 0

(Omega Relative Limit: Sm

1 #Quadrﬂture Demod
_b Gain: 1

Packet Decoder

Rational Resampler
Interpolation: &

Access Code: ]———+[ Decimation: 10

Threshold: -1

1

QT GUI Time Sink
Humber of Points: 1.024k
Sample Rate: 2k
Autoscale: No

Taps:
Fractional BW: 0

=

Audio Sink
Sample Rate: Bk

Figure 3.7. Receiver block diagram.
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Figure 3.7 shows receiver block diagram. Osmocom source was interfacing HackRF
one and working as input. The variables of this block were in line with the osmocom
sink in the transmitter. GFSK Demod proposed to receive 1Q signal and demodulated
it with design of sample value of 2, sensitivity 1, gain mu about 175 m, Mu about
500 m and omega relative limit about 5m. Packet decoder received package
transmitted and extracts the information with the threshold value of 1. Rational
resample block has interpolation of 8 and decimation of 10 to recover signal into a
suitable audio sampling rate. Audio Sink reproduced the received signal to the
computer speaker with the sample rate of 8k. QT GUI Frequency sink block was
designed with FTT size 1024k and bandwidth 126k to present the signal being
received in the frequency domain. Quadrature Demod Gain was 1 to convert the
complex signal in a time domain representation. QT GUI Time Sink block presented
plots the signal on time domain into the interface. It designed with number of point
1024k and sample rate 8k.
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CHAPTER 4

RESULT AND DISCUSSION

In this project, initial experiments are conducted with the GNU Radio design in order
to evaluate the performance of the proposed system. The running of the designs
described earlier presents some results through the window interfaces. The received
signal frequency spectrum and time domain in real time are presented in the receiver.
That way is possible to see the frequency and time domain signal from transmitter
side. Figure 4.1 shows a sample of signal received in frequency and time domain.

[l Gfsk Loopback — O] =]

1 —Datao

Amplitude
P

|
i

| |

+ )

a o o
|

Relative Gain (dB)
g 8

=
=]
(=1

-120

i

i

=]
|

-——rrrrr— 77
-60.00 -40.00 -20.00 0.00 20.00 40.00 60.00
Frequency (kHz)

L«

Figure 4.1. Received signal.

When there is no signal being received the spectrum, the power level of the noise
spectrum is only illustrated. A regular pattern of the signal on time domain can be
observed from the previous figure. If there is no signal being received the regular
pattern of GFSK does not appear on the time domain interface. Figure 4.2 shows the

result for absence of signal. Figure 4.3 shows the signal power measurements.
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Figure 4.2. Absence signal.

Several environment measurements are performed in order to evaluate if the system
works properly. The interface is deployed to measure the signal reception quality.

There is 10 dB of signal being received in other simulation.

-40dB

Relative Gain (dB)
T

-100

-140 -

-60.00 -40.00 -20.00 0.00 20.00 40.00 60.00
Frequency (kHz)

Figure 4.3. Signal power measurements.
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Further, both transmitter and receiver were placed in multiple locations in
experimental environment. The environment was designed in 3 m x 6 m that consist
of two rooms. These two rooms were connected by a door. Four scenarios were
design to carry out this experiment. The transmitter placed in fixed position.
Receiver placed in four different positions which were position I, 11, 11l and 1V as
illustrated in the Figure 4.4.

RX RX

3am

X

RX

6m

Figure 4.4. Experiment environment.

Table 4.1. Experimental results.

Scenario | Point Distance Power Result
I A 2m 12 dB Music ON
I B 4m 10 dB Music ON
i c* 3,7m 9dB Music ON
v C** 3,7m 5dB Music ON

* Door opened.
** Door closed.
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Table 4.1 describes that there are different power in each scenario. The first scenario
carried out by placing the receiver in point A with the distance about 2 m between
the transmitter and receiver as shown in the figure. This scenario produced power of
12 dB and the music was able to be received and played in the receiver device. The
second scenario taken place by placing the receiver in point B in separated room with
the transmitter with 4 m distance from the transmitter. This scenario produced power
10dB. The music was on in the receiver device. The third and fourth scenario was
conducted by placing the receiver and transmitter in the separated room with the
distance about 3.7 m. The difference was that the third scenario conducted without
closing the door, but the fourth scenario conducted with the closed door. The results
show that the third scenario produced 9 dB while fourth scenario was 5dB. The

music was able to received and played in both scenarios.
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1. CONCLUSION

This project aims to implement Software Defined Radio (SDR) using HackRF One
as a mid-range open source hardware to transmit and receive GFSK signal and
evaluate receiving performance. Various scenario measurements were carried out to
assess the performance of signal reception quality. GNU radio proposed as a
software platform. All signal processing blocks were written using the C++
programming language, while the python was used to link among blocks. The results
show that the digital data was successfully transmitted and received by proposed
method. It produced different power in each scenario which was 12dB in the scenario

I, 10dB in scenario 11, 9 dB in scenario Il and 5 dB in scenario 1V.

5.2. RECOMMENDATIONS

The Gaussian Frequency Shift Keying (GFSK) filters the data pulses with the use of
a Gaussian filter in order to get smoother transitions. The filter can reduce the
sideband power and the interference with adjacent channels with increasing the inter-
symbol interference. Gaussian filtering is a typical manner to decrease the spectral
width so it is known as "pulse shaping™ in this application.
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