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Abstract—Digital Audio Broadcasting (DAB) is an amazing technology, 

achieving its promise of certainly delivering high quality digital audio in the 

most vindicate mobile and fixed receiver environments. The radio signal pro-

cessing capability can be provided by Universal software radio peripheral 

(USRP) hardware. The received signal frequency can be controlled and trans-

mitting the signal through wireless is possible by installing NI USRP utility 

configuration. The programmable USRP was running the VI snippet program in 

block diagram panel with radio companion integrated through USB cable on 

windows 7 64. 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. DAB technology is integrated with USRP device 

using prominent orthogonal frequency division multiplexing (OFDM) technique 

for promise delivery of high quality audio signal. DAB works under four trans-

mission modes in this paper. In this paper RF0 module is used USRP device is 

connected with dual band vertical antenna with 2.4 and 5GHz frequency as Tx1. 

This transmitting VI snippet program will support all file formats such as.wav, 

mp3, etc. the intention of the paper is to transmit the real time data through long 

distance using DAB technology in remote laboratory. The proposed system is 

implemented in virtual lab so that it can be accessed by any user from any-

where. This system is successfully tested on institute of aeronautical engineer-

ing virtual lab for the purpose of exposing the Radio frequency tools and signal 

processing operations for students. 
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1 Introduction 

Virtual and remote laboratories reflect a movement among education institutions to 

make the equipment and elements of a physical science laboratory more easily availa-

ble to learners from any location, via the web. Users are able to manipulate the 

equipment and watch the activities unfold via a webcam on a computer or mobile 

device. This provides students with a realistic view of system behavior and allows 

them access to professional laboratory tools from anywhere, whenever they need. 

Additionally, remote labs alleviate some financial burden for institutions as they can 

forgo purchasing specific equipment and use the remote tools that are at their dispos-

al.[10] Laboratory experimentation plays an essential role in engineering and scien-

tific education. Virtual and remote labs reduce the costs associated with conventional 

hands-on labs due to their required equipment, space, and maintenance staff. Further-

more, they provide additional benefits such as supporting distance learning, improv-

ing lab accessibility to handicapped people, and increasing safety for dangerous ex-

perimentation. [2]. It is envisioned that all broadcasting systems will be digitalized in 

future. New services and more information require high data rates for broadcasting 

systems. There are many digital audio broadcasting standards in the world, such as 

DAB (Digital Audio Broadcasting) in Band III and Band L [3].Software radios are 

emerging as platforms for multiband multimode personal communications systems. 

Radio etiquette is the set of RF bands, air interfaces, protocols, and spatial and tem-

poral patterns that moderate the use of the radio spectrum [4]. Software-defined radios 

(SDRs) promise unprecedented flexibility, but their architecture has proven to be a 

challenge for MAC protocols [5]. After being the subject of speculation for many 

years, a software-defined radio receiver concept has emerged that is suitable for mo-

bile 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 electronically [6].A system and method for providing one 

hardware platform to implement multiple wireless communication standards, services 

and applications. The kernel oriented macro based Software defined radio architecture 

provides a configurable and programmable hardware platform to implement multiple 

wireless standards, services and applications [7]. The experiments based on USRP 

device was implemented in virtual and remote lab was explained [8] and same exper-

iment was done for the purpose of students with FM transceiver with large file capa-

bilities [9]. Digital audio signal is broadcasted in rural area with gfdm transceiver 

using software defined radio and plotted the graphs [11]. 
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2 Implementation 

 

Fig. 1. Proposed System of DAB using NI USRP 2901 

Figure 1 shows the implementation steps of Digital audio broadcasting system us-

ing USRP 2901. The session was opened using vi program which is inbuilt. Then we 

configure the signal with active antenna, gain in dB, carrier frequency of the antenna 

using NI USRP configure signal utility. We have used input as sound file and con-

verted the analog data to digital signal using the icons in the lab view. The QAM uses 

only ones and zeros as input and then output of signal mapper block is connected to 

OFDM Transmitter which has nearly 10 blocks in it. OFDM is an amazing technology 

with many applications and supports orthogonality to avoid the interferences between 

the signals. QAM mapper converts bits to symbols. The two inputs are given to NI 

USRP write to data vi with different data types of data. Usually pink color data is 

coming from configure signal VI and orange color data which is of signal is connect-

ed to write to data VI. Finally the verto antenna which supports tri bands is used to 

transmit the data. 

2.1 Experimental set-up with Tri band antenna 

Figure 2 shows the experimental set up. The set up usually connects the USRP 

2901 using USB Cable. After connecting this device the PC shows the NI configura-

tion device window in which the name of USRP device will appear. The same name 

should use at the front panel of the program to run the VI. The figure shows red color 

blinking in the device which means the data is transmitting if the device shows green 

color the data is receiving.  

 

Fig. 2. Experimental setup of USRP Transmitting Audio Signal  
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Connect ni USRP device to computer using USB cable and AC/DC power supply 

cable. Configuration of ni USRP devices follows: 

• Select Start» All Programs» National Instruments» NI-USRP»NI-USRP Configu-

ration Utility to open the NI-USRP Configuration Utility. 

• Your device should appear in the list on the left side of the tab, similar to the fol-

lowing figure. 

• If you have multiple devices, verify that you selected the correct device. The de-

vice ID of the selected device displays in the Selected Device ID textbox. 

2.2 Working operation 

 

Fig. 3. VI Programs used in LabVIEW 

Figure 3 is an glimpse of the icons used in transmitter program. Some of the VI are 

already inbuilt in the labview. Here the input is audio signal with different formats. 

We have converted the audio file into digital format ie one’s and zero’s because the 

QAM signal mapper accepts only digital data to modulate. According to DAB block 

diagram the converted digital bits need to encoded. Here we have used convolutional 

encoder icon which is already availble in RF Communications labview. Then we have 

converted the serial data to parallel format using subset array. Then we have mapped 

the bits to symbols and applied IFFT VI to the parallel data. This icon converts 

frequency domain data into time domain data with less number of multiplications. We 

have used inbuilt VI named cyclic insertion to avoid Intersymbolic Interference 

between the symbols. Then we have used array icons to convert this time domain 

parallel data to serial data. Finally we have used guard interval block to avoid the 

Intercarrier Interference noise. Here table 1 is shown below which is used for 

simulation. The simulation parameters are used in labview program. The carrier 

frequency used is 1.5GHz. 

 

 

80 http://www.i-joe.org



Short Paper—USRP Based Digital Audio Broadcasting Using OFDM in Virtual and Remote Laboratory 

Table 1.  Parameters used in VI program i.e.DAB Transmission Modes 

No of Subcarriers Subcarrier spacing Symbol time Carrier Frequency 
Transmitter separa-

tion 

192 8kHz 155.8µS <3GHz <12Km 

1536 1KHz 266.2 µS 375MHz <5Km 

384 4KHz 666.6µS 1.5GHz <10Km 

768 2KHz 133.3µS 750MHz <20Km 

3 VI Program Using LabVIEW 

 

Fig. 4. Digital Audio Broadcasting VI Program used in Block Diagram 

iJOE ‒ Vol. 15, No. 13, 2019 81



Short Paper—USRP Based Digital Audio Broadcasting Using OFDM in Virtual and Remote Laboratory 

The figure 4 shows the sound file is taken as input with the help of path. The icons 

such as sound read, sound write is used. The device ID is used and we have config-

ured the signal. We have converted the analog signal to digital signal using dynamic 

data type icon along with analog to digital. VI, and given to array subset. We have 

checked the data using appended array and confirmed the output which has only ones 

and zeros. 4-QAM mapping is used and we have converted the serial data to parallel 

data with the help of arrays. This parallel data is given to IFFT.VI, which converts 

frequency domain representation to time domain representation. We have plotted the 

response in both phase plot and magnitude plot with the help of graph palate the stu-

dents can able to analyze the different parallel data as shown in figure 7. We have 

connected the output of IFFT along with guard band interval to Ni usrp write to 

poly.VI which transmits the audio signal through Verito tri band antenna. 

4 Results and Discussions 

 

Fig. 5. Screen shot of USRP Configuration in front panel 
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Fig. 6. Screen shot of Results in Front panel. 

Figure 5 & 6 shows the screen shots of front panel. In Figure 8 the one on the top 

left is QAM mapping with 4 reference symbols. The I/Q mapping block takes each 

symbol sk and maps it to a corresponding complex baseband value Ck in the complex 

plane. These values are usually chosen to be as different (or far apart) as possible so 

that at the receiver we can discern as clearly as possible what was transmitted. A nice 

way to represent the mapping of symbols to complex baseband I/Q values is with a 

constellation diagram. The second on the top right corner is FFT(x) signal and third 

one to the left below is the phase response of the signal. The last one is IFFT(x) which 

gives the digital audio signal in time domain.  

5 Conclusion 

Thus the Digital Audio Broadcasting system using OFDM is implemented using a 

USRP 2901 with tri-band antenna. The real time data is send over 1GHz frequency 

with distance of nearly 1Km. The demand for high data rate wireless communication 
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has been increasing dramatically over the last decade. OFDM, which is the most 

emerging multi-carrier modulation technology of this era, can solve this problem 

significantly. This paper has provided an analysis of OFDM behaviors, principles and 

analyzed different techniques error reduction and frequency offset estimation that 

improve performance of OFDM for wireless communications Lastly the simulation 

results found with the help of working setup of OFDM system implementation using 

LabVIEW software and USRP hardware which conclude the successful transmission 

and reception of information bit using 4 QAM techniques with equalized data and 

amplitude after OFDM receiver.  
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