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Abstract—An analog method to modulate and demodulate signals is
presented in this short paper. This paper discusses modulation techniques with
the LabVIEW-based RF communications package, developed for the
illustration of different modulation types in undergraduate virtual
instrumentation labs. The tool can generate and display the time and frequency
domain behaviours of modulated signals with the help of spectral and tone
measurements icon. All the modulation parameters can be specified by the user.
This signal processing tool in the block diagram is also enables adding noise to
a modulated signal, and selecting among different types of baseband pulse-
shaping filters. The transition between the virtual and the real world is
accomplished via data-acquisition cards, installed in PCs. The results of
simulation show that the interface of each system is beautiful, the parameters
are easy to adjust and the process of modulation-demodulation is simpler than
the traditional system which is designed by hardware circuit. This Amplitude
modulation is tested in NI USRP RIO 2920 as transmitter. The carrier frequen-
cy used is 555-1650 KHz for amplitude modulation and the carrier frequency is
88-108 MHz in India.

Keywords—NI USRP RIO 2920, amplitude and frequency modulation, Signal
processing

1 Introduction

Communication is the process of exchanging information. The encoded symbols
transmitted in the AWGN channel, at the receiver information is decoded and which
recreates the original message signal [1]. Modulation technique is used to reduce the
antenna height and also increases the range of communication, multiplexing and im-
proves quality of reception [2]. The modulation schemes are broadly classified into
two categories such as continuous and digital modulations [3].The topic for imple-
mentation is Amplitude & Frequency modulation followed by demodulation. As liter-
ature survey shows that few papers are available to describe about basic voice/signal
modulation and demodulation in LabVIEW and TMS320C6748 DSP kit [4]. Lab-
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VIEW is a development environment for problem solving, accelerated productivity
and continual innovation. Hardware integration can be done rapidly which aids to
acquire and visualize data sets from virtual I/O devices and real time signals. It is
combined with graphical programming syntax that reduces programming time [5].
LabVIEW programs are called Virtual Instruments or VIs, because their appearance
and operation imitate physical instruments such as oscilloscopes, multimeters, signal
generators and other basic electronic input/output devices [6]. Graphical user interface
system is explained for analog data.[7].

2 Implementation

With the help of available tool box named signal processing in block diagram the
simulation signal icon. The user can specify the parameters such as amplitude, fre-
quency and phase. The user can also add the noise to the signal.

2.1  Simulation of Amplitude modulation and demodulation
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Fig. 1. VI Snippet of Amplitude modulation
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Fig 1 explains the operation of amplitude modulation in which the amplitude of
carrier signal is varied in accordance with message signal amplitude variations. The
spectral measurements give the frequency domain representation in linear value.
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Fig. 2. Front Panel output of amplitude modulation

Fig 2 shows the ouput. With the help of graph palette the waveforms can be ana-
lyzsed in time and frequency domain clearly. The user can verify different modulation
schemes such as under modulation, critical modulation and over modulation.

2.2 Square law modulator

The standard equation of the square law device with modulator is given as
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Fig. 3. VI Snippet of Square law modulator
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Fig 3 gives the implementation of amplitude modulation using square law device.

The parameters a,, and g, will decide the AM output because amplitude sensitivity
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Fig. 4. Front panel output of square law modulator

Fig 4 shows the ouput of modulator and demodulation. The demodulation of the
signal is done with respect to filter with butterworth type of order 5, and used as low
pass filter with user specified cut off frequency.

2.3  Double Side band Suppressed carrier
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Fig. 5. VI Snippet of Double side band Suppressed carrier
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Fig 5 shows the implementation of balanced modulator. The modulation parame-
ters are specified by the user. It is nothing but product of carrier signal with message
signal and the spectral measurements icon gives the frequency domain representation.
m(t) is the modulating signal and c(t) is carrier signal.
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Fig. 6. Front panel output of balanced modulator

Fig 6 shows the front panel output. It shows three waveform graphs. The balanced
modulator output gives the perfect modulation index i.e the ratio of amplitude of
message signal with amplitude of carrier signal.

Fig. 7. NI USRP RIO 2920

Fig 7 shows the NI USRP RIO 2920 which is used in laboratory. It will operate at
23 degrees ambient temperature. The USRP-2920 is a tunable RF transceiver with a
high-speed analog-to-digital converter and digital-to-analog converter for streaming
baseband I and Q signals to a host PC over 1/10 Gigabit Ethernet. SRP-2920 for the
following applications: white space; broadcast FM; public safety; land-mobile, low-
power unlicensed devices on industrial, scientific, and medical (ISM) bands; sensor
networks; cell phone; amateur radio; or GPS.
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Fig. 8. VI Snippet of Amplitude and Frequency modulation using ni USRP Configuration

USRP is wide band MHz receiver and centered around 93.5 MHz. Each peak in the
output is local FM station. By zooming in with graph palette we can see different FM
stations occupying a bandwidth of 200KHZ. The 1Q Sampling rate can be changed
according to user. The input is taken from sound card. The demodulation is done by
using phase wrapping icon. The final operation resample’s the original signal with
50K samples. The frequency spectrum can also be plotted by the user specification.
By tuning the frequency at the receiver the user can able to listen sound file directly.
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Fig. 9. USRP RIO Simulation results
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Fig 9 gives the idea of receiving antenna with operating frequency. Here the 2
channels are used and the sampling rate is around 45K. the 1Q rate is specified by the
user.
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3 Conclusion

In this short paper the implementation of AM and FM modulation techniques are
successfully carried out using NI USRP RIO 2920 and LabVIEW. By observing the
results obtained we can conclude that demodulation of the modulated signal can be
achieved successfully using Software defined radio receiver which is tuned to operat-
ing frequency. The amplitude modulation receiver is designed with the carrier fre-
quency of 1560 KHz and same design is implemented for FM receiver with carrier
frequency of 94 MHZ.
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