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Abstract 
In this paper, we describe the successful development and packaging of a new educational tool, 
known as SoftDRiFT Kit as part of a Senior Capstone Project. SoftDRiFT includes a Linux Ubuntu 
virtual machine that is configured to interface with an inexpensive Software Defined Radio (SDR) 
dongle and a Global Positioning System (GPS) unit.  The tool is designed to collect and process Long 
Term Evolution (LTE) Radio Frequency (RF) Signal strength data and GPS coordinates data and to 
depict the results in a web-based heat map. We have extensively tested the tool and calibrated it 
against an industry-standard LTE coverage survey instrument for a number of LTE frequency bands.  
A number of hands-on exercises focusing on determining cellular service providers' LTE frequency 
channels, collecting data through test drives, analysing the LTE heat maps using the like of Google 
Maps' Application Programming Interface (API), determining cellular tower locations and comparing 
LTE signal strength between different cellular service providers for a given geographical area. 
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1 INTRODUCTION  

1.1 Opportunity Statement 
Frequency Engineers often use RF drive tests [1] to determine how strong a signal is at given 
locations and are able to determine, then how to better optimize the service they are providing to their 
customers. The equipment that these engineers use can cost in the thousands of dollars, and 
therefore is not easily accessible to educators and students interested in teaching and learning about 
wireless and cellular networks [2].  Because of this, there is a need for the availability of an 
inexpensive but accurate system that faculty can use and provide to students in order to teach them 
different aspects of Wireless Networking and specifically Radio Frequency (RF) principles with special 
emphasis on hands-on lab and field experimentation. 

1.2 Proposed Solution 
A senior undergraduate student and his Senior Capstone Project advisor set out to create a low-cost 
system that would be able to provide accurate signal strength heat maps of different frequency bands 
via Radio Frequency (RF) Drive tests. We accomplished this task by creating the SoftDRiFT Kit - the 
Software Defined Radio (SDR) Frequency Test Kit. By making use of an SDR, we were able to create 
accurate maps and determine from them the signal strength in different areas, and determine what 
causes the deterioration of the signal strength in different areas, as well as compare different Long 
Term Evolution (LTE) frequency bands in different areas. An SDR-based device can be programmed 
for a multitude of uses. It can work as an Amplitude Modulation (AM) or Frequency Modulation (FM) 
radio, act as a spectrum analyser, and even scan frequencies for logging. This means that SDRs can 
map radio frequencies signal strength, as long as they are used with a Global Positioning System 
(GPS) that is logging at the same time [3]. Several SDR-based devices are available, costing 
anywhere from $US10 to $US7000 [4]. 

1.3 Project Objectives 
The project goal is to deliver a cost-effective RF drive test system that enables a student to create an 
LTE heat map (LTE signal strength) for a given geographical area.  To realize this, the project set out 
to accomplish the following objectives: 

• Obtain, configure, or modify various SDRs; 
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• Identify or develop a software application that can process RF signal strength parameters and 
GPS coordinates data; 

• Identify or develop a web application that can depict the gathered data in a heat map format; 

• Develop a number of hands-on lab exercises based with emphasis on LTE/RF drive tests, and 

• Deliver a Virtual Machine (VM) with all the necessary tools for an educator and/or students to 
readily perform and develop lab exercises. 

2 METHODOLOGY 
Provided below is the approach we adopted in the design, development and delivery of the SoftDRiFT 
Kit. First, we provide brief descriptions of the major components selected and used in the development 
of the SoftDRiFT Kit.  Next, we illustrate how the kit was configured, calibrated and tested in the field. 
In the configuration sub section, we describe how we determined the frequency bands to be scanned, 
and how the RTL-SDR scanner was configured.  In the calibration sub section, we explain why we 
selected the Received Signal Strength Indicator (RSSI) parameter for calibration and in the field 
testing sub section, we demonstrate how the system was end-to-end evaluated and assessed in the 
field. 

2.1 SoftDRiFT Kit Components 
Our objective was to identify an SDR-based system that could produce comparable results to that of 
an industry standard LTE/RF drive test system but at a much lower cost. The system that was chosen, 
after testing several, was the RTL-SDR system using the RTL-2832U NESDR Nano USB dongle [5], 
the GPS Delorme Earthmate LT-20 [6], the RTL-SDR-Scanner software [7], and the RTL-SDR Heat 
map software [8]. Fig. 1 depicts the hardware components of this system. 

  
Figure 1.  A photo of the RTL-SDR system, including the hardware components: RTL2832U NESDR Nano 

and Delorme Earthmate LT-20. 

2.1.1 RTL-2832U NooElec NESDR Nano 
This SDR component was selected because of its frequency range and its low cost ($US20).  It 
consists of a single small antenna that is able to connect to the USB RTL-2832U NooElec NESDR 
Nano dongle (shown in Fig. 1).  This system operates between 24 MHz and 1700 MHz and can be 
used with a variety of different SDR software.  

2.1.2 Delorme Earthmate LT-20 

This GPS unit was selected because it can be easily plugged into a laptop running the RTL-SDR 
software and is able to track its location in a moving vehicle. Earthmate GPS LT-20 offers fast satellite 
acquisition times and is Wide Area Augmentation System (WAAS)-enabled for accuracy within three 
meters [9]. This product costs less than $US20.  

2.1.3 RTL-SDR Scanner Software 
The SoftDRiFT Kit comes with a Linux Ubuntu 14.04 Virtual Machine that has RTL-SDR Scanner 
software already installed. This is so that the users are able to jump right into the lab exercises, rather 
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than go through the time consuming process of installing all of the required packages and 
dependencies. The RTL-SDR Scanner [7] is an open-source software and works with both the RTL-
2832U NESDR Nano and the Delmore Earthmate LT-20 GPS unit. It is able to control and manage RF 
scanning and display power density over a range of selected frequencies. It takes anywhere from 2 to 
10 seconds for a single scan. The software also allows for a GPS unit to be used so that the RF signal 
strength data could be logged along with the corresponding GPS location coordinates.  

2.1.4 Heat Map based Web Application 

The location and the signal strength data, gathered by the RTL-SDR Scanner, for a given LTE/RF 
drive test is saved in a file with the .rfs extension.  The rfs data file is further processed and fed, for 
depiction as a heat map on a map, such as a Google Map. This is accomplished by a modified version 
of the open-source software "RF Heat Map Using Google Maps API" [8].  This software is scripted in 
Ruby. It analyzes, manipulates, and converts the .rfs file created by the RTL-SDR scanner to a 
JavaScript Object Notation (JSON) format. The outputted JSON file can be utilized by Google Maps 
API's to render a coverage heat map. 

2.2 SoftDRiFT Kit Configuration 

2.2.1 Finding Local LTE Channels and Center Frequencies 

Before conducting an LTE/RF drive test, it is important for users to identify at least one LTE frequency 
band to scan from one of the major cellular providers. In the USA, the frequency bands leased to 
these service providers are not allocated for LTE [10]. Instead, a portion of these bands could be 
allocated to services other than LTE, such as 3G, or 1x-Voice [11]. As a result, we had to make 
extensive use of smart phones to identify the frequency bands deployed by these service providers in 
a given area. See further details in Section 3. 

2.2.2 RTL-SDR Scanner Software Set Up & Configuration 
To set up the RTL-SDR scanner software [7], we installed a number of different non-trivial 
dependencies on the virtual machine. Once the RTL-SDR scanner software is running correctly and 
the the RTL-2832U NooElec NESDR Nano and GPS LT-20 dongles are connected to the virtual 
machine, we were able to scan their target frequency bands %and conduct LTE drive tests around 
their designated area.  Fig. 2 depicts the results of an 864 to 869 MHz single scan supplemented with 
GPS data from the LT-20. 

 
Figure 2.  A single scan by the RTL-SDR system including the GPS coordinates shown at the bottom. 

Note that because the RTL-2832U NESDR Nano operates between 24 MHz and 1700 MHz, users 
may be limited to how many LTE frequency bands they are able to Drive Test with this system [5]. 
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2.3 SoftDRiFT Kit Calibration 

2.3.1 LTE Parameters: RSSI and RSRP 

RF drive tests [1] typically focus on measuring the RSSI and Reference Signal Received Power 
(RSRP) of one or more frequency bands. The RSSI of an LTE signal is defined as the total received 
wideband power of a channel [12]. This is the total power for every signal in the area radiating that 
frequency, including multiple cell phone towers, thermal noise, and other interference. Because it 
measures how strong a signal is, including the noise and interference, it is both a measurement of 
signal quality and signal strength. RSRP1 is a better measurement of true signal strength in a channel. 
In the calibration of SoftDRiFT kit, we focused on the RSSI parameter to compare the results of the 
SoftDRiFT Kit (RSSI based) to the Anritsu Linkmaster system as a baseline, in order to ensure that 
our results were accurate to that of an industry standard drive test system. 

2.3.2 RTL-SDR Calibration 

To calibrate our RTL-SDR system, we conducted a scan using an Anritsu Linkmaster ML87110A LML 
[13] for RSSI in different frequency bands while the RTL-SDR system was running on another laptop. 
It was simple to capture the RSSI values of the LTE signals using the Anritsu Linkmaster. It was a bit 
more involved to capture the same for the RTL-SDR system because the display only shows the 
channel as a spectrum on a spectrum analyzer as shown in Fig. 2. However, by conducting multiple 
scans with the RTL-SDR system, we determined the RSSI of the channel under test.  Fig. 3 is a 
comparison of the RSSI computed by the RTL-SDR along with the Anritsu RSSI reading for the 
866.30 MHz frequency band.  Note that the Anritsu system displays an RSSI of -43.01 dBm, while the 
RTL-SDR average power density is -43.83 dB/Hz. 

 
Figure 3. A comparison of the RSSI of the 866.3 MHz band taken from the Anritsu system, compared to the 

results of a multi-scan by the RTL-SDR system at the same time and location. 

Typically, the RTL-SDR scanner requires the user to manually enter an offset to have its computed 
power density over the frequency band scaled to match a baseline instrument's reading.  However, in 
our case, the difference between the two readings is relatively small so we decided, for user 
friendliness, not to enter an offset [14]. 

2.4 SoftDRiFT Kit Field Testing 
In order to ensure that the SoftDRiFT kit is comparable in accuracy to an industry standard drive test 
system, we conducted numerous drive tests using simultaneously both the Anritsu Linkmaster and 
RTL-SDR systems. when we compared the heat map rendered by the RTL-SDR system data (RSSI 
measurements) provided in the form of an rfs log file with that rendered by the Anritsu Linkmaster 
                                                        
1 RSRP is the average power of the Resource Elements that carry Reference Signals over the entire channel. 
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system, we were satisfied with the capability of our low-cost system to provide a reliable relative RF 
signal strength heat map as demonstrated in Fig. 4. 

 
Figure 4. The comparison of 751 MHz heat map produced by the Anritsu Linkmaster (left)  

and the RTL-SDR system (right) in the downtown area of our city. 

Note that some of the roads that were driven with the Anritsu Linkmaster system were not driven with 
the RTL-SDR system. These include some roads in the areas A1, A5, B5, D4, D5, E4, and E5. 

3 RESULTS 
Using the SoftDRiFT Kit, faculty can administer a number of lab exercises that make use of LTE drive 
tests. This section provides examples of potential lab exercises implemented using the SoftDRiFT Kit. 

3.1 Lab Exercise 1: Obtaining LTE Frequencies 
Depending on the size of the class, break the students into teams or do this exercise as an entire 
class. Using their smart phones, have the students find their engineering menu code on-line for their 
brand of phone. This menu is accessed by typing the cellular phone's operating system or model 
specific code. These can be found using a simple Google search for a specific smart phone.  For 
example, an Apple iPhone's code is *3001#12345#* [15]. The menu contains two key items: The 
Evolved Absolute Radio Frequency Channel Number (EARFCN) and the bandwidth of the LTE 
channel that is currently being used. With the eARFCN number and the help of an on-line frequency 
calculator [16], students should be able to determine the corresponding down-link center frequency of 
the LTE channel for their service provider in their area, as shown in Fig. 5. 

 
Figure 5. The results of an online EARFCN calculator for EARFCN number 8158. 

3.2 Lab Exercise 2: LTE Drive Test  
Have the students break into teams and create a drive test route. Make sure that they explain why 
they chose the route they did - whether or not it's a heavily populated area, or a popular destination for 
citizens in the city (downtown, a college campus, etc.) Make sure they drive every major road (and 
several minor roads) in that area. Once they are ready, they can begin starting up the Virtual Machine 
on a laptop, hooking up the hardware to the laptop and connecting them to the virtual machine. Make 
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sure that students place the GPS unit and RTL-SDR dongle on the outside of their vehicle so that their 
is no signal loss through the car - this could be a good question for faculty to ask the students to 
answer in a lab-write up of this exercise. The students can then start the RTL-SDR Scanner program 
and once the LT-20 has determined their GPS location, and the desired frequency is entered, the 
students may begin their LTE drive test. Have the students drive the same route that they designed for 
one or multiple drive tests. 

3.3 Lab Exercise 3: LTE Comparison - Different Frequencies 
If the students drive test for multiple frequencies, they can then use the corresponding maps to 
compare which frequency would be of best use in different areas. This can best be done by taking 
screenshots of the maps and creating a grid system over them. An example of this can be seen in Fig. 
6. 

 
Figure 6: The comparison of 751.0 MHz heat map and 866.3 MHz heat map  

produced by the SoftDRiFT Kit in the downtown area of our city. 

This will give the students a chance to explain where the signal strength appears to be stronger and 
weaker in different areas based on the grid (for example, the signal strength of 866.3 MHz appears to 
be stronger than 751 MHz in area C1) and why that may be for each frequency. 

3.4 Lab Exercise 4: RF Theory Based on Analysis of Drive Test Map 
Another exercise that students could perform would be mostly analysis on their completed drive test 
maps - how signal would differ due to obstructions such as towers, hills, different amount of foliage, 
distance, etc. Students could also mark where towers are and in which directions their antennas point. 
This section could also feature several questions that pertain to RF theory that would reinforce what 
students have been learning in class. 

4 CONCLUSIONS 
While the SoftDRiFT Kit does not do everything that an industry standard drive test gear is capable of, 
we believe it is a reliable and usable alternative for educational settings.  It is cost effective because 
we have assembled the system for less than $100. We have packaged the software needed as a 
virtual machine so that a student does not have to download, install and configure numerous software 
dependencies and modules. We verified that an offset for accurate RSSI readings is not required. 

SoftDRiFT Kit produced comparable results to that of the Anritsu Linkmaster, however, it does have its 
limitations. It is only able to record one frequency's signal strength at a time and could only scan 
frequencies between 24 and 1700 MHz [5]. This means that students will be able to perform drive 
tests for only the low LTE frequency bands. Also, the scanning intervals vary anywhere between 2 and 
10 seconds, while an industry leading drive test gear can scan every second or less. 

By using the SoftDRiFT Kit, we believe that educators will be able to teach students to accurately 
determine their signal strength (in RSSI) according to their geographical coordinates and create LTE 
heat maps. From these heat maps, we believe that students would be able to draw conclusions such 
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as possible tower locations based on where the signal is strongest, as well as be able to determine 
where signal strength is poor and there may be a need for a new tower. They would also be able to 
compare signal strengths in a given location between two or more service providers’ LTE frequencies. 
Finally, we believe that students would be able to draw conclusions from these heat maps about why 
signal strength may deteriorate in different places, such as behind buildings, behind hills, or in forested 
areas. 

Our plan is to enhance the LTE drive test capabilities of the SoftDRiFT kit, specifically, for higher LTE 
frequency bands above 1700 MHz. This could be accomplished using other wide-band SDR-based 
devices such as HackRF One [17]. This is among the best and the most reasonably priced units. Also, 
it promises to work with a wide range of SDR scanning software, for example, MathWorks RTL-SDR 
Matlab module [18], SDR Sharp (SDR#) [19] and GNU Radio [20]. 
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