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Abstract - The process of changing some characteristics of waveform with respect to ttlearacteristics of other waveform is called
modulation. To reduce practical antenna length, improve radiation efficiency of an antenna and to increase the operating rang
this process is needed. In digital modulation techniques there are different schemasch as BPSK, QPSK, QAM, PAM etc. The
study, analysis, simulation and implementation of these techniques on different platforms are necessary such as
MATLAB/SIMULINK, GNU radio and hardware platform like USRP. In this paper we have discussed about two basi techniques
BPSK & QPSK and evaluated their parameters like constellation plot and BER using GNU radio on USRP and compared it with
MATLAB results .
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I. INTRODUCTION To analyze BPSK and QPSK modulation technique &
studying their performance parameters then implementing
Background/Motivation the same on GNU radio & USRP and on MATLAB.

As every modulation techniques has their specific set of kits

on which they can be performed i.e. each technique wilSolution approach/ Outline

require different kit. This is not very convenient, so to makeThis paper preides the study of BPSK and QPSK
things easy there is a platform on which we can perfo modulation schemes and comparison of its parameter, in
Multiple modulation schemes. SDR platform is much moredifferent simulation environment such as in MATLAB
convenient to use. SDR is a radio communication system iand GNU radio in terms of bit error rate, constellation
which the components (mixer, oscillator, filter etc.) that arediagram, and Power Spectral density.

implemented in hardware are instead implemented offhe Software used are MAAB and GNU radio.

software. It is flexibleadaptive and programmable. GNU radio provides set of signal processing blocks that
Study and performance analysis of different modulatiorcan be used to make the flow graphs. The blocks are
techniques like BPSK, QPSK, QAM, PAM, GMSK, OFDM written in C++ language and are run in python. Some of
has been done in this field based on parameters like chanrtbk blocks are readily available with the environment, also
capacity, power efficiency, symbol error rate, BER onnew blocks acording to the requirement can be created
differentplatform such as Matlab/ Simulink and GNU radio. in C++ .There are several advantages such as it is easy to
Simulation has been performed on this platform for the samease like its instantiation, joining the existing blocks and
[1][9] [12]. easy graphical user interface(GUI).

Contribution of our work The existing blocks of GNU radio covers simple
We studied the basics of modulation schemes, theioperations filter, modulation / demodulation and many
performance analysis, and their specifications. Themore others. UHD (USRP hardware driver) blocks and
modulation schemes which we studied were BPSK andiudio blocks are used to create real world interface. To
QPSK. To be specific, we did the study of their bit error ratetransmit or receive signal from wireless medium UHD
constellation diagram and their power spectral densityblocks are added to the flow graphs to use the UBRP
Further we studied the GNU radio, how it is used and howrhe better technique is decided based on the results of
the simulation of the differeniechniques are performed on a simulation.

single platform.

Problem definition
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v ® = . Binary Phase Shift Keying
— — » [Audio] !n digital modu]atlon techniques bmqry phase shift keying
» [Boolean Operat] is one of the simplest form of techniques. In BPSK, for a
e " [Byte Operators| single carrier frequency two phases of output are possible.
Cenerste Optors: 0761 Lol The phase fothe carrier is modulated by the binary
» [Coding] symbols ,1" and ,0" [9]. Corr
> [Control Port] ,0", the phase of the constant
e o] between two values. BPSK takes the highest level of noise
e » [Digital Televisior or distortion which makes the demodolatreach an
Value: 2k > [Equalizers] incorrect decision which make:
: %:;:; Coding ] [6]
» [File Operators ] Binary 0: . o . .
Fig. 1 Graphical User Interface of GNU radio 30 t#1 OMh n 0O 41
MATLAB is another simulation environment used. The Binary 1. e - YR
coding is done in MATLAB R2015a version for BPSK and 3O #1 OMD A P#T QMO ¢
QPSK"s perf or milastereode ia thenwadldde r <
by the several functions of modulation technique. A window 1v
is created in which options for various techniques of ‘I T
modulation are available [1]. ov .
Ini)ut binafr\,r sequence time
Il.  DETAILS OF EXPERIMENT : :
Digital Communication System 1v '
A system in which thénput analog signal is converted into
digital signal by a analog to digital converter and then °'
modulated through a modulator which is passed through 1y

channel and demodulated through a demodulator and

regained by digital to analog converter, which @s ke Fig. 3. BPSK Modulated Signal

received at the destination.

Quadrature Phase Shift Keying

It is a form of phase shift keying in which two bits are
modulated at once, selecting one of four possible carrier
phase shifts (0, 90, 180, 270 degrees). QPSK allows a

Analog

————=t ADC Modulator
Source ——

@ signal to carry twice as much as information as ordinary
PSK ushg the same bandwidth. The phase of the carrier is
channel modul ated by binary symbols
@ n O -ATOMOh nm O 4 (3)
Destination f e — DAC t=—_——| Demodulator _
n 0 -OEdqmOh m O 4 (4)
Fig.2. Block diagram of digital communication 6 WA T QEp - 1034 .
i i i i i i i ~ - Z o~ Z 1 |: 1 L 1
Digital modulation process involves switching or keying of VOEE E p - )

different parameters such as amplitude, phase and frequency
of the carrier data with respect to the input data T9jere

exist many different digital modulation techniques that carf’erformance parameters

be employed for electronic communication. In this paper, wel) Constellation diagram _ .
have implemented only two techniques within the simulatior* constellation diagram is a representation of a signal

environment. modulated by a digital modulation scheme such as
The techniques are: quadrature amplitude modulatiomr phase shift keying. It
1) Binary Phase Shift Keying (BPSK) displays the signal as a two dimensionalYXplane
2) Quadrature Phase Shift Keying (QPSK) scattered diagram in the complex plane at symbol

sampling instants. In a more abstract sense, it represents
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the possible symbols that may be selected by a give@hannel: A communication channel or simply channel
modulation schem as a points in the complex plane. refers either to a physical transmission medium such as a
Measure constellation diagrams can be used to recognize thdre, or to a logical connection over a multiplexed
type of interference and distortion in a signal. medium such as a radio channel in telecommunications
2) Bit error rate: and computer networking. Ahannel is used to convey an

In a digital transmission BER is the percentage of bits withinformation signal, for example a digital bit stream, from
errors divided by the total nuyer of bits that have been one or several senders (or transmitters) to one or several
transmitted, received or processed over given time periodeceivers. A channel has a certain capacity for transmitting
The rate is typically expressed as 10 to the negative powenformation, often measured by its bandwidth in &f its

BER is a digital equivalent to signrtéd-noise ratio in an data rate in bits per second.

analog system. Receiver: In radio communications, a radio receiver
3) Power spectral density: (radio) is an electronic device that receives radio waves
Power pectral density is the frequency response of a randorand converts the information carried by them to a usable
or periodic signal. It tells us where the average power igorm. It is used with an antenna. The antennara®pts
distributed as a function of frequency. The PSD isradio waves (electromagnetic waves) and converts them to
deterministic, and for certain types of random signals iginy alternating currents which are applied to the receiver,

independent on time. and the receiver extracts the desired information. The
receiver uses electronic filters to separate the desired radio

lll . BLOCK DIAGRAM frequency ggnal from all the other signals picked up by
the antenna, an electronic amplifier to increase the power

Methodology/Setup of the signal for further processing, and finally recovers

the desired information through demodulation.

USEFE200

IV. SIMULATION ENVIRONMENT

Constellation Analysis

The phase of the analog signal is shifted in binary phase
shift keying to represent the digital signal. Each symbol
represent one bit which can be seen from the 1Q diagram

e
r— on below:
tput i
Source Transmitter Receiver sink In GNU:

BPSK constellation flow graph

$GNURadio

Options
1D: top block
Generate Options: QT GUI

Fig.4. Block Diagram

Input Source: The input source block is the very first block in [ vaae
the block diagram. The input of this block can be of any formr |J:2m=
whether it may be a text file, image, music or video. The
output of this input source block is given to the next block
which is the transmitteblock. Transmitter: In electronics and
telecommunications a transmitter or radio transmitter is al
electronic device which produces radio waves with ar Fil Source
antenna. The transmitter itself generates a radio frequenc e
alternating current, which iapplied to the antenna. When

excited by this alternating current the antenna radiates rad.c . "
waves. The term transmitter is usually limited to equipment Fig.5. BPSK constellation iw graph
that generates radio waves for communication purposes; or

radiolocation, such as radar and navigatidreaismitters.

Add Const p ) unltlplndm! Add Const ]_|—>D Float To Comal
Constant: .37 Constant; 2 Htvnmm:-] oat Te Complex

QT GUI Constellation Sink
Number of Points: L 024k
Autoscale: Yes

Constant Source
Constant: 0
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BPSK constellation diagram Above Figure is the implementation of QPSK on GNU

~, radio (Fig.4). Fig.5 is the simulated output of constellation
“  diagram for QPSK. The simulated result is distorted due to
effect of noise. The phase shift of the wave can be any of
the four val bad 4n/o4, 73t/44 t o
different input symbols (00, 01, 10 and 11).
q o In MATLAB:
ey QPSK constellation
& 1 ) QPSK constellation
ses32 - 15F
0= - ~ : i 77 - ; l 1 -
| 0 Se+2 lesdd \n-';—;\::g 2433 15e433
Fig.6. BPSK constellation diagram £ 05r
Q
QPSK constellation flow graph: g 0
PR J- A 4 B " 'g
1% untitled ®  qpsk %  const %  practice % g -0.5
Options DPSK Mod
: top, block Type: DOPSK Throttle
::nnuriunpthnnmc.ul :;(-::l:xyg;:l‘z -1F
_ e —
e QT GUI Constelation Si iy
Nolse Source Number of Points: 557
'A”":“m’f"”“" Autoscale: o
era s 2 : : : : : :
Vale: i Ik . A5 4 05 0 05 1 15 2
real part
Fig.9 QPSK constellation diagram
Above is the constellation diagram for QPSK modulation
technique in Matlab. In QPSK there issgmbol and zbit

Fig.7. Constellation flovgraph composition. There are 4 status corresponding to the

QPSK constellation diagram phases m/4, 3n/4, sn/4, 7ml4.
2 *Datad 5 BPSK constellation
\5*:
] b 15
B . . 1k
:| -'..a LI - e
. JSZ E 05|
Pl . . o
§ . . z . !
é . . 'g
451 E o5t
RN Al . l.'.' o.
1 L Y L
15 151
2 L . L | L
: -2 -1.5 -1 -0.5 0 0.5 1 1.5 2
; In-pilas: real part

Fig.8. constellation diagram Fig.10 BPSK constellation diagram
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In the above implementation a text file is transmitted as a file
source in both BPSK and QPSK. The above diagram Fig.@PSK BER flow graph

shows the constlation diagram of BPSK in Matlab. —
There are only two status in BPSK and hence the phases | |mwm n..:..wLm"A!Z&omFM—Lﬂ

the wave are corresponding

Bit Error Rate Analysis

In GNU:

BPSK BER flow graph i v
The BER results Obtained using Matlab simulation scripts et | | wsmeix

shows good agreement with the derived theoretical results.

Options.

Generate Options: Wi GUI

Repeat: Yes

Variable
1D: const type Nolse Source
Value: 1 Noise Type: Gaussian

Amplitude: 0
Seed: 42
Variable WX GUI Slider
ID:samp rate | | 105 EoNO
Value: 100k Labek: ExN0(c8)
Default Value: 10
Converter: Float

WX GUI Static Text
10: varlable statc text 0

Error Rate
Type: Bit Eror Rate
Window Size; 10M
Bits per Symbol: 2

By

WX GUI Number Sink
Title: BER

Units: %

Sample Rate: 100k
Min Value: 0

Max Value: |
Factor: 1

Decimal Places: &
Reference Level: 0
Number Rate: 15
Show Gauge: Show

—_— Default Value: 0
Options File Source Throttle e Conerter ot
Lo it File: .anltaDesitogiocl FI Sample Rate: 10k I_Lbl . Thie: 6%
Generate Options: WX GUI Units: %
ek v Repeat: tes Type: Bit Eor Rate ‘Sample Rate: 100k 8
- s 1] W Fig.13 QPSK BER flow graph
Nolse Source per aymiot Max Value: 1
D: coret
m::z&lm! Noise Type: Gaussian o, ]| Float To Char Factor: QPSK BER OUtpUt
: Amplitude: 0 1 scale: 1 Decimal Places: § -
Seed: 42 Reference Level: 0 Top Block e .
Number Rate: 15 BER Optlons
Show Gauge: Shon " Peak Hold
Varlable WX GUI Slider ) |
10: samp rate | | 10:Eo0 1.9688% BT lrcttie WX GUI Number Sink
Value: 100¢ Label: ESND(d8) Rate: 100k Error Rate i
Default Value: 10 S— Type: Bt Ermor Rate 5‘“,- Rate: 100k
Minimurm: -10 Window Size: 1M Min Value: 0
Import Maximam: 200 Stop Bits per Symbol: 2 Max Value: 1
Import:math | | Converter:Foat ariable_static_text 0:0 e ot 4
Eb/NO(dB): 10 Reference Level:
Number Rate: 15
WX GUI Static Text e Show Gauge: Show
10: variable statie text 0 I m"’"’"( T l;’é:';" -
Default Value: 0 samp.fate .
Comvrtes Pt el e
Minimum: -10
Import Maximum: 200
Import: math Converter: Float
Fig.11 BPSK BER flow graph WX GUI St Ten
1D: variable static text 0
Default Value:
Converter: Float
BPSK BER output
« Top Block @ -]
- Cotion Fig.14. QPSK BER output
Peak Hold In MATLAB:
10375 % Average - WX GUI Number Sink BPSK BER
[ Rate: 100k I_Lﬂ 5 Title: BER Bit error probability curve for BPSK modulation
g Units: % T T T T T T
Type: BitError Rate Sample Rate: 100 theory
Window Size: 104 Min Value: 0 » —><— simulation
Stop Bits per Symbol: 1 Mas Vale: 1 107 F 3
; : ) Factor: 1
ariable static text 0:0 l—‘ Decinal Paces: 4
Eb/NO(dB): |10 Reference Level: 0 Sl |
Number Rate: 15 o 10
= Show Gauge: Show &
vanaoie || WA W1 Sllaer s
1D: samp rate 10: ECND T 4
Vaue: 0 | | Labet: ESNOGB) 5"
Default Value: 10
Minimum: -10
Import Maximum: 200 4l |
Import: math Converter: Float 10
WX GUI Static Text - | | | | | |
1D: variable static text 0 10 2 0 2 4 6 8 10
Default Value: 0
Converter: Float . Eb/No, dB
Fig.15. BPSK BER

Fig.12 BPSK BER output
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The above fig. shows the comparison of theoretical andSPK PSD output
simulated value of BER of BPSK. Till 8dB both the EESIESERCINILES
theoretical and simulated values match but after 8dB there

a slight change in thealue. 0 E —
-20
QPSK BER = o _E
% -60 —E
1[]:' T T T T T T T T T § -80 E
b -100
0 oL B ____"-——-6_____ + -1z0 —;
r -'"Eh__x -1a0 | /il . i . . . . . . Sl
% T | " oo | 2000 000 | 2000  40.00
04F “’Qx,&_ ] Frequency (kHz)
H\ Fig.18. BPSKPSD Output
1[]_5 ! ! 1 ! | 1 1 | 1
0 1 2 3 4 5 6 T 8 9 1 In MATLAB

The last implementation is based on Power spectral
density of BPSK. Power Spectral density gives the
Fig.16. QPSK BER measure of signal strength and evaluate the area of PSD to
get power of signal. This Parameter is important while
From the above Simulation we can say that QPSK system h@snsideriy filtering in communication system. The

double the throughout as that of for BPSK system. performance of PSD for BPSK technique in GNU radio
The selection of digital modulation system is affected mainlyand Matlab environment is shown in Fig. 18 and 19.

by three factors namely:

Bandwidth efficiency

Error performance: the probability of making an bit error as a
function of signaito-noise ratio, at the receiver.

Complexity of equipment [9].

o Welch Power Spectral Density Estimate
T T T T T v T

T T
20 | 4
-40 q
-60 |- 1

-80

Power/frequency (dB/Hz)

o 50 100 150 200 250 300 350 400 450 500

Power Spectral Density Analysis Y PSD of BRSK medulated Data
In GNU ' ' ' ' '
BPSK PSD flow graph A
w0l |
I I x \!J * LD @ L 03 D ( % -@[ u 00 20 20 P a0 100 120 140

qpsk % bpsk constellation %  practice ¥ . .
Fig.19. PSD Diagram of BPSK

Options
1D: top block
(Generate Options: QT GUI

DPSK Mod
Type: DQPSK
Samples/Symbol: 2
Excess BW: 350m
Gray Code: Yes

Nttt V. HARDWARE ENVIRONMENT

Autoscale: No

Throttle
Sample Rate: 100k

File Source

File: ..amiksha/Desktop/doc 1
Repeat: Yes

Unpacked to Packed Noise Source S:T‘:siLFE::MY Sink
Variable —H Bits per Chunk: | Nolse Type: Gatssian Center F;_“mw H2):0
1D:samp e Endianness: LS5 (Lol Bandwidth (Hz): 100k
Value: 100 STHI

Fig.17. BPSK PSD

Fig.20. HardwareSetup
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Above shown is the hardware agt for the implementation [5]. Samar Kumar Rony, Farhanat&r Mou, Moshiur

of the proposed work. In this sep, USRP used is b210 Ra h ma n, “Performance Analysi s
which has two transmitter and two receiver, 3.0 USBBPSK and QPSK Modul ation Techr
interface and has a coverage from 70MBzHz, it can be

used as half duplex as well adl fduplex. Antennas used are [ 6] . Raj esh R. Bhambar e, Dr .
log periodic antennasTwo antennas one acts as a transmitteiSurvey on Digital Modulation Techniques for Software

and the other as receiver are connected to the hardwatke f i ned DRadi o Applications. ",
(USRP b210), which is connected to the device. A text file is

transmitted through the transmitter and reedivby the [ 7] . D. M. Motiur Rahaman ‘O
receiver through the same device. Along with theEssent i al Modul ati on Techni gque

transmission and reception of text file its BER and PSD are
also observed, with the constellation diagram of thd8]. Amith Khandakar, Dr.Amr Mahmaud salem

technique used (BPSK and QPSK) for the same. Mohamed, Dr.Amr El
Sheri f, "Study and analysis o
VI.CONCLUSION in  Wireless environment using USRP and
Matl ab(si mulink)."”, 2013.

The signaltransmitted cannot reach the receiver without
modulation, its radiate power is very less. Modulation is[9]. Hemant Dhabhai, Prof.(Dr.)Ravindra Prakash
needed to increase the radiate power efficiency. DifferenGupt a, " A Per f or mance Analysi s
techniques have different advantages and disadvantages.Thre c hni ques under Simulation er
this paper, the experiments usiMgtlab /Simulink and GNU
radio has been done to see the BER, PSD and Constellatifi0]. Arief Marwanto,Mohd adib Sarijari,Norsheila
plot for a transmission using BPSK and QPSK modulatiorFisal,Sharifah Kamilah Syed us of , Rozeha A. R
scheme and also seen the same for transmission aBtkperimental Study of OFDM Implementation Utilizing
reception of text file through USRP hardware device. TheGNU Radioand USRBDR. ", 2009
efficiency of SDR is proved where changes are made in the
modulation technique by making changes in the softwar§ll]. Kavitha p,Meera Mohan K , Surya R, Gandhiraj R,
without making any hardware modificatiohhe future work Soman K P, "l mpl ement ation of
of this paper could be making use of other modulatior2014.
techniques like QAM, PAM, GMSK, OFDM et And also
use of other application can be made like video streaming dii2]. Laishram Rebica, Shweta Rani,Sushil
image streaming can be done instead of text streaming. Kakkar,” Performance Anal ysi s
Techniques Using GNU Radio. ",
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