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● A critical aspect of ‘Smart Cities’ is creating a 
safe, efficient, and effective ways to 
communicate information from vehicles to its 
surroundings. This is called 
Vehicle-to-Everything (V2X) communications. 

● The purpose of this project is creating a 
reliable and efficient way to enable a car to 
communicate in a V2X fashion.

● V2X testing and development is done 
Software Defined Radio (SDR) systems due to 
their availability, range of operating 
frequencies and debugging capabilities.

1. Introduction: V2X
● The Nooelec RTL-SDR is a complex low intermediate frequency (CLIF) USB powered receiver that 

is made up of two main parts, the Rafael R820T tuner and the realtek RTL2832 COFDM decoder.
● Using this receiver and the SDR package in Matlab, I wrote a script that receives radio signals at a 

specified frequency, produces the frequency response, and converts the signal to audio if 
applicable. 

● Using a Python Script, I was able to program the SDR capture a specified frequency IF signal and 
save it to a file for later processing.

                                                                                        

3. Nooelec NESDR Smart RTL-SDR Receiver
● On the HackRF One transmission path, there 

are two different amplifiers. These can be 
tuned using the dial and switch on the top of 
the GUI (Figure4)
○ The top dial controls the 0-47db variable 

gain amplifier
○ The second switch enables a 14db amplifier

● The top frequency spectrum is what is being 
transmitted, and the bottom spectrum is what 
is read from the file.

4. Great Scott Gadgets HackRF One Cont.

● Software Defined Radio (SDRs) is a radio 
communication system that is implemented 
using software and a personal computer / 
embedded system instead of more traditional 
analog radios. 

● We used two different types of SDR hardware:
○ Nooelec RTL-SDR (receiver)
○ Great Scott Gadgets HackRF One 

Transceiver (transmitter) 

● We designed the control and functionality of 
these SDRs by writing scripts in both Python 
and Matlab. 

2. Software Defined Radio

6. Acknowledgements

● Created a V2X communication network for 
transmitting data from a file, capture and store 
the transmitted data, provide a frequency 
response, and play audio if applicable. The 
range on this device suitable for the majority of 
V2X applications.

● Future work includes: 
○ Implementing these SDR’s into a vehicle 

and performance testing.
○ Making use of more reliable signal types 

could yield better results than IF, such as 
WLAN (802.11) or cellular signals.

5. Conclusion & Future Work Potential 
● The HackRF One is a USB powered half duplex transceiver, but in the context of this project we will 

be using it to fulfill the transmitting half of the V2X communication system. 

● Using GNU Radio Companion, I created a Python script with a Graphical User Interface(GUI) to 
control the transmission.

4. Great Scott Gadgets HackRF One Transceiver
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Figure 1: 
Nooelec 
RTL-SDR 
receiver + 
antenna 

Figure 3: GNU Radio flow chart to control 
HackRF One transmitter

Figure 4: GUI to control 
transmission in real time

Figure 5: 
HackRF 
Transceiver

Figure 2: Frequency response of the received signal on the Nooelec RTL-SDR. Signal is being 
transmitted in Figure 4.


