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Abstract—The radio signal processing capability can be provided by Univer-
sal software radio peripheral (USRP) hardware. The received signal frequency 
can be controlled and transmitting the signal through wireless is possible by in-
stalling NI USRP utility configuration. The programmable USRP was running 
VI snippet program in block diagram panel with radio companion integrated 
through USB cable on windows 7 64 bit OS. With the parameters such as IQ rate, 
transmitter gain, carrier frequency along with device name which is given as 
ni2901_1 the students can able to tune the radio signal. In addition to this the 
students can able to record the FM signal and extract the IQ data and plot the 
spectrum of signal and analyze it using graph palette. The standard FM equation 
contains the modulation index, carrier frequency, message signal amplitude, fre-
quency deviation and frequency sensitivity can also analyzed using LabVIEW. 
By using Carson’s rule the bandwidth of wideband FM signal can be calculated. 
In this project RF0 module is used USRP device is connected with dual band 
vertical antenna with 2.4 and 5GHz frequency as Tx1 and the receiver is con-
nected to Tri band vertical antenna with 144, 400 and 1200 MHz. while transmit-
ting red color will blink in the device for transmitting and green color indicates 
the received signal. The purpose of doing this experiment was to gain experience 
in signal processing and receive hands on experience with the USRP. This VI 
snippet program will support all file formats. Up sample we used in front panel 
should be -1 always and if large size files is transmitted the value should be in-
creased. The iPhone received the signal with high quality using ear pods the stu-
dents can able to listen all the information which is transmitted through USRP. 
Here the transmitted frequency we used in the front panel is 94.7 MHz. The trans-
mitted signal through USRP is successfully tested in the campus of Institute of 
Aeronautical Engineering, Hyderabad, India.  
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1 Introduction 

FM broadcasting is a method of radio broadcasting using frequency modula-
tion (FM) technology. Invented in 1933 by American engineer Edwin Armstrong, it is 
used worldwide to provide high-fidelity sound over broadcast radio [1].This paper dis-
cusses modulation techniques with the LabVIEW-based RF communications package, 
developed for the illustration of different modulation types in undergraduate virtual 
instrumentation labs [2].Measure the sensor analog data and displayed in LabVIEW on 
the monitor using the graphical user interface (GUI) [3]. The LabVIEW basic program 
was taken as reference [4],[5]. One of the advantages that joins having the capacity to 
get to DAB broadcasting is that not at all like conventional FM radio telecom where 
you need to recollect the radio station recurrence to tune in, DAB records radio stations 
by their names in order arrange. What's more, there are additional highlights, for 
example, radio stations that must be gotten to from DAB radio recipients, which offers 
even a more extensive scope of radio stations to the audience[6]. Smart Sensor Interface 
Standard, puts forward the idea of the combination of smart sensor and video, audio 
signal monitoring [7]. Frequency division multiplexing (FDM) is another popular tech-
nique in wireless communication which is famous for the efficient high speed transmis-
sion [8]. The modulated carrier contains several spectral components, requiring fre-
quency domain analysis. The key concept and the underlying principle of FM and FM 
bandwidth dilemma are presented [9]. Software-defined radios (SDRs) promise unprec-
edented flexibility, but their architecture has proven to be a challenge for MAC proto-
cols [10]. After being the subject of speculation for many years, a software-defined 
radio receiver concept has emerged that is suitable for mobile handsets. A key step 
forward is the realization that in mobile handsets, it is enough to receive one channel 
with any bandwidth, situated in any band. Thus, the front-end can be tuned electroni-
cally [11]. LabVIEW interacts with the USRP transmitter by means of four functions 
located on the block diagram’s palette under Hardware Interfaces is taken from this 
manual [12]. 

2 Implementation 

2.1 USRP 2901 with Dual Band Vertical Antenna and Tri band Antenna 

Connect niUSRP device to computer using USB cable and AC/DC power supply 
cable. Configuration of niUSRP devices follows, Select Start» All Programs» National 
Instruments» NI-USRP»NI-USRP Configuration Utility to open the NI-USRP 
Configuration Utility. Select the Devices tab of the utility. Your device should appear 
in the list on the left side of the tab, similar to the following figure. If you have multiple 
devices, verify that you selected the correct device. The device ID of the selected device 
displays in the Selected Device ID textbox. 
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Fig. 1. Experimental set up 

2.2 Working operation 

A basic software defined radio system consists of computer equipped with analog to 
digital converter preceded by Radio frequency front end. Software radios have signifi-
cant use for the military and cell phone services, both of which must serve a wide vari-
ety of changing radio protocols in real time. In Fig 1 the red color indicates the signal 
is transmitting and green color indicates the signal is receiving. The message and carrier 
signal is represented in equation (1) and (2). Am and Ac are the amplitudes of signal and 
fm and fc are the message signal frequency and carrier signal frequency.   

   𝑚𝑚(𝑡𝑡) = 𝐴𝐴'cos	(2𝜋𝜋𝑓𝑓'𝑡𝑡)    (1) 

  𝑐𝑐(𝑡𝑡) = 𝐴𝐴0cos	(2𝜋𝜋𝑓𝑓0𝑡𝑡)   (2) 

 𝑠𝑠(𝑡𝑡) = 𝐴𝐴0𝑐𝑐𝑐𝑐𝑐𝑐(2𝜋𝜋𝑓𝑓0𝑡𝑡 + 𝛽𝛽 ∫𝑚𝑚(𝑡𝑡)𝑑𝑑𝑑𝑑)    (3) 

  𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵ℎ = 2(∆𝑓𝑓 + 𝑓𝑓')    (4) 

 ∆𝑓𝑓 = 𝛽𝛽 ∗ 𝑓𝑓'    (5) 

Equation (3) is the standard FM equation in which β means modulation index, if the 
value of β is greater than one then it is wideband FM and if the value of β is less than 
one then it is narrow band FM.  Narrow band FM is same as amplitude modulation 
except side band is shifted to 90 degrees in the frequency domain representation. Equa-
tion (4) and (5) shows bandwidth of FM signal according to Carson’s Rule where 
∆𝑓𝑓	the frequency deviation of FM signal is. The standard value is 75KHz.  
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Table 1.  Transmitter parameters 

Parameter at Transmitter Values used 
Carrier Frequency 94.7MHz
IQ Rate 5M 
Transmitter Gain of the Verto Antenna 5dB 
Number of Samples 150000 
Digital Gain/ Attenuation 2 
Activa Antenna Tx1 

3 VI Snippet program using LabVIEW 

3.1 FM Transmitter 

 
Fig. 2. FM Transmitter VI Snippet 

Fig 2 explains the block diagram for FM transmitter. Initially niUSRP open Tx ses-
sion is used to identify the device name. niUSRP Open Transmitter Session opens a 
transmit session to the devices specify in the device names input and returns session 
handle out, which you use to identify this instrument session in all subsequent NI-USRP 
VI’s. Device names are niusrp_01,ni_2901, niUSRP Property Node VI uses Gets  or 
sets NI-USRP properties.  The local oscillator LO Frequency adds IQ rate and carrier 
frequency of the signal. Next ni USRP configure signal vi is used to give the input 
carrier frequency and transmitter gain. NiUSRP Configure Signal VI can be used with 
a transmitter session. It sets the IQ rate, carrier frequency, gain, and active antenna. For 
multiple USRP configurations the channel list specifies a specific USRP. Not all IQ 
rates, frequencies and gains are valid.  The file dialog is used to select the file from the 
computer and it is given to sound read vi and then resample it and modulate using MT 
mod FM and given to CDB Cluster. This entire section is given to while loop to run 
continuously and at the end ni USRP close session is used to terminate.  
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Fig. 3. Front Panel showing the controls and audio data 

This VI Snippet supports large file capabilities. For large WAV files, you should 
choose a value other than -1 for Number of Samples. By adding a multiply function just 
before the Resample Waveform VI gives the digital gain or digital attenuation to the 
signal.  Values less than 1 will attenuate the signal and values greater than 1 will am-
plify the signal. 

Table 2.  Receiver Parameters 

Parameter at Receiver Value used 
Carrier Frequency 94.7MHz 
IQ Rate 5M 
Receiver Gain of the Verto Antenna 20 
Number of Samples 15000 
Digital Gain/ Attenuation 2 
Coerced Gain 30 
Coerced Carrier Frequency 25MHz 
Coerced  IQ Rate 199.999 
Active Antenna  Rx1 
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3.2 FM Receiver 

 
Fig. 4. USRPReceiving Audio Signal

 
Fig. 5. USRP Receiver Front Panel 

4 Conclusion 

Thus the FM transmitter is designed using USRP 2901 with high quality sound signal 
transmitting. The intent of writing this paper is to teach some basic digital signal pro-
cessing tools and RF concepts which includes filtering, sampling rate conversion to 
students and show them how to use software defined radio to design real time applica-
tions. With the assistance of SDR pack, the usage of FM framework turns out to be 
exceptionally basic since it replaces all equipment that is utilized as a part of the cus-
tomary correspondence framework with programming. SDR has a great deal of poten-
tial for executing the developing remote applications. We exhibited the ease of use of 
SDR to execute the correspondence framework. The FM Transmitter and Receiver 
frameworks actualized here give the idea of Software Defined Radio with the assistance 
of USRP 2901 as an equipment instrument and LabVIEW as a product device. We 
actualized a correspondence framework with LabVIEW programming with USRP and 
we effectively transmit the Digital information from USRP load up and got it on the 
same USRP load up at various time. Consequently obviously one can actualize other 
correspondence frameworks utilizing SDR and break down the execution. Along these 
lines utilizing SDR it is conceivable to outline model of the Communication frame-
works and conceivable to confirm the ongoing execution of the framework. A ton of 
research is being done on the SDR in various applications to make it accessible for 
business utilize
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