
  
Deploy a The Things Network Gateway using a Raspberry Pi 3 and 
LoRaWAN Concentrator. Then, build an Arduino based device to 
access the gateway. To test, we will drive around Northwest 
Arkansas as the testing device transmits data to the main 
LoRaWAN Gateway.  

I. INTRODUCTION 
The Things Network (TTN) is a LoRaWAN (Long 

Range Wide Area Network) that is being deployed 
worldwide as the backbone for open, public, or 
community centric IoT (Internet of Things) projects. The 
Things Networks gateways and Communities are much 
more widespread in Europe [1]. This is most likely due to 
the limitations and requirements on hardware by the FCC 
[2]. This became especially evident when we did our own 
research on what LoRaWAN Concentrator to use for our 
Gateway.  

We want to bring access to TTN to The University of 
Arkansas (UofA) and the greater Northwest Arkansas 
area. We will do this by deploying a LoRaWAN gateway 
on the Amateur Radio Club of the UofA (ARCUA) radio 
tower on the roof of the Science and Engineering (SCEN) 
building. We also originally intended to temporarily 
deploy a second gateway at a tower site on Mt. Kessler in 
South Fayetteville, however this ultimately proved out of 
scope for the project.  

II. GATEWAY IMPLEMENTATION 
The hardware we chose to use for our TTN Gateway 

is the LoRaGo Port from Sandbox Electronics. It was 
designed as a Raspberry Pi HAT, so the resulting 
gateway is comprised of a LoRaGo Port connected to a 
Raspberry Pi 3 with software running on the Raspberry 
Pi to interface the gateway with TTN.  Physical 
assembly of the gateway was trivial based on the 
manufacturer instructions, and software setup seemed 
straightforward as well. However, after completing setup 
per manufacturer instruction, the gateway did not work 
properly.  

Determining the root cause of the gateway not working 
properly was non-trivial. After setup, the gateway was 
correctly recognized by the TTN Developer Console but 

 
 

would not receive or send packets from our Arduino MKR 
WAN 1300 test device. The software provided by the 
manufacturer is a version of the Semtech UDP Packet 
Forwarder which is an open source packet forwarder for 
LoRaWAN networks. The manufacturer unfortunately 
provides little to no information about how their version 
of the software interacts with their hardware or how the 
software is configured for their hardware. However, after 
quite a bit of digging through code and configuration files, 
we discovered that the manufacturer provided software 
was configured to work on the 868mHz band (used in 
Europe), rather than the 915mHz band that the hardware 
itself operates on. Unfortunately, the documentation for 
the LoRaGo Port makes no mention of differences 
between the two models, or how setup differs so this was 
very hard to debug. To fix this problem, we found the 
correct configuration information for the 915mHz 
frequencies and edited the software configuration 
accordingly. After doing so, the gateway was able to 
receive and retransmit packets from our MKR WAN 
1300, and we were able to view the data on the TTN 
Developer Console to ensure it was working as shown in 
Figure 10. 

III. CONSTRUCTING THE ENCLOSURE 

We designed a weatherproof enclosure to mount the 
concentrator on the ARCUA radio tower. It was built out 
of a plastic industrial box, a solar panel for power 
(Figure 1), a 12V batter, charge controller, Raspberry Pi 
3, wooden back panel, and LoRaWAN Concentrator 
(Figure 2). We also used a borrowed antenna to improve 
the range of the gateway. The first step to build the 
enclosure was to mount a wooden back panel inside of it 
for mounting the rest of the components. The wood was 
attached to the box using epoxy and left to cure for 
several hours. We then cut angle iron pieces to screw 
into the wood to support the battery within the case. The 
battery was attached to the angle iron with 4 zip ties. We 
then screwed in the charge controller, which luckily 
already had holes and screws. Then we mounted the 
Raspberry Pi using Velcro. We had to trim one of the 
plastic inserts around the case to install the antenna for 
the concentrator. We also had to trim an enclosure insert 
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to run cables for the solar panel into the charge 
controller. To mount the enclosure on the radio tower, 
we screwed in two horizontal pieces of angle iron and 
zip tied these to the tower. Additionally, we added 
thread lock to the angle iron screws to make the 
enclosure's support structure more robust. Finally, we 
used silicon to seal all of the external openings and 
screw holes. 

To install the enclosure, we went to the roof of SCEN 
and mounted the solar panel, along with the antenna, on 
the frame of the radio tower as shown in Figure 6. The 
solar panel was mounted directly above the enclosure to 
keep it cooler in the sun and help hold off rain (Figure 
6). The antenna was mounted slightly farther up the 
frame of the tower, to give it a better line of sight. 

IV. ARDUINO PACKET TRACKER 
     In order to test the range of the gateway, as well as 
help build our heat map of the region, we created a 
simple Arduino application to track the current time 
without internet connection, receive and record data 
packets from the gateway through the LoRaWAN 
antennae, and store the packet information in the 
Arduino’s flash memory. The Arduino device is shown 
in Figure 9. When the program stops, it automatically 
compresses the list of packets into a JSON array and 
exports it as a .csv file. This way, we can record received 
LoRaWAN packets (with their timestamps) while 
driving around without an internet connection, and easily 
retrieve the list afterwards.  

Simultaneously, using the iOS app that we built to 
ping the gateway, we would end up with an ordered list 
of data packets, as well as a list of pings from the app, 
with Latitude/Longitude coordinates for each ping. At 
the end, we would be able to cross reference the 
timestamps and coordinates from the app data with the 
timestamps from the Arduino and compile an Excel 
spreadsheet that shows the approximate time and 
location of each packet that the Arduino received while 
mobile. This approach would allow for a relatively 
simple heat map construction to show the range 
throughout the region surrounding the gateway. 

 Unfortunately, we were not ever able to use this 
approach to build a complex heat map, due to 
complications with the gateway’s performance, as 
mentioned in other sections of this report. If those 
complications were resolved, then building an in-depth 
heat map would not take much extra effort. 

V.   IPHONE LOCATION TRACKER 
We built an iPhone app to conduct a range test of the 

network as shown in Figure 5. The original goal was to 
have the iPhone app log it’s 2D GPS coordinates to 
Keen.io every second, along with a timestamp. The 

Arduino would run a program that sends a packet every 
second with a timestamp. After driving around for a 
while, we would correlate this data to determine the 
signal strength at each location and plot it on a heat map 
as shown in Figure 8. 

Unfortunately, the LoRaWAN concentrator was not 
very reliable and had a very short range, so we modified 
the app to submit individual location logs with a custom 
name of the location to record data (Figure 5). We then 
looked at the packet that was sent at that time for the 
RSSI and SNR to determine strength. The concentrator 
was mounted on top of the SCEN building. We tested 
the signal from inside the 7th floor of SCEN, the parking 
lot in front of SCEN, the top of Harmon Parking Garage, 
5th floor of J.B. Hunt, the Greek Theater, and Hillside 
auditorium. The only places we were able to get a signal 
were inside the 7th floor of SCEN and the parking lot of 
SCEN. We were able to get a signal from our WiFi 
hotspot that was powering the concentrator from the top 
of Harmon Parking Garage, which was odd.  

The app was built in Swift 4 on Xcode. It used the 
Cocoapods dependency manager to install the keen.io 
library.  It would request location permission while 
using the app and print the location and time values to 
the screen as it was being used. Because we didn’t push 
through the app store (It would never get approved) it 
can only live on the device for 1 week before it gets 
automatically deleted. It can be reinstalled an unlimited 
number of times. 

VI. NODE RED 
To view data from the LoRaWAN concentrator, we 

deployed Node-RED, and open source tool sponsored by 
IBM to connect IOT devices, on Google Cloud as shown 
in Figure 7. Node-RED supports many plugins and 
creating custom data flows with a drag and drop 
interface. We had to change the default port from 1880 
to 80 so that the U of A network would not black the 
callbacks from the webpage. Unfortunately, we could 
not get packets from TTN to show up in Node-RED, but 
we did connect it to our MQTT todolist topic to verify 
that it was working. 

VII. PHYSICAL ENCLOSURE FOR LORAWAN 
CONCENTRATOR 

We designed a weatherproof enclosure to mount the 
concentrator on the roof of SCEN. It was built out of a 
plastic industrial box, a solar panel for power, a 12V 
batter, charge controller, Raspberry Pi 3, wooden back 
panel, and LoRaWAN Concentrator. The first step to 
build the enclosure was to mount a wooden back panel 
inside of it for mounting the rest of the components. The 
wood was attached to the box using epoxy and left to 
cure for several hours. We then cut angle iron pieces to 
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screw into the wood to support the batter within the case. 
The battery was attached to the angle iron with 4 zip ties. 
We then screwed in the charge controller, which luckily 
already had holes and screws. Then we mounted the 
Raspberry Pi using Velcro. We had to trim one of the 
plastic inserts around the case to install the antenna for 
the concentrator. We also had to trim an enclosure insert 
to run cables for the solar panel into the charge 
controller. To mount the enclosure on the radio tower, 
we screwed in two horizontal pieces of angle iron and 
zip tied these to the tower. We mounted the solar panel 
directly above the enclosure to keep it cooler in the sun 
and help hold off rain. We used silicon to seal all of the 
external openings and screw holes. We also used thread 
lock to make sure that the angle iron screws would not 
get loose 

VIII. RANGE TEST RESULTS 
After completing our range test, it is evident that 

something is still not working correctly with the 
gateway. We expected to get much better range than we 
did, and upon closer inspection of the behavior of the 
gateway and test device it seems likely that it is a 
configuration issue, or problem with the hardware. The 
few packets that gateway received during our range test 
had extremely poor RSSI (less than -100 in most cases). 
This occurred even when standing within feet of the 
gateway. Even so, the gateway receives requests from 
the MKR WAN 1300 to “join” the network, and the 
gateway responds “accepting” the join request, but the 
MKR WAN 1300 never receives the acceptance to its 
join request and therefore never sends its data to the 
gateway.  

We performed some tests with both the gateway and 
Arduino indoors, and in these tests the behavior was 
very similar to our range test, but with one exception 
that sometimes the Arduino receives the “accept” to its 
join request triggering it to send its data packets. We 
believe that this could be because of much higher noise 
outdoors than indoors on the 915mHz band. It's possible 
that the Arduino’s weak receiver is over powered by 
noise outdoors, but less so indoors. 

We used the Google Maps Javascript API to build a 
heat map of our range data. Setting it up was fairly 
simple. We downloaded the sample code, got an API 
key, then coded in the test points and the location where 
we actually got a signal. The website is hosted on 
Google Cloud at 
https://storage.googleapis.com/personal-
test/heatmap.html  

IX. ARDUINO TEST APPLICATION 
To implement a test application, we decided on 

building a people-tracker to count the number of 

students going in and out of the Acxiom Lounge in 
JBHT, using a PIR sensor (Figure 3) to detect motion 
activity. Initially, we ran in to problems accurately 
detecting motion across the PIR sensor's field of vision, 
which led us to believe the sensor might be faulty or 
very insensitive. After some testing, we discovered that 
the PIR sensors are actually quite sensitive, but they also 
force a delay between state changes that makes precision 
difficult to achieve. This would make it difficult to 
accurately track the number of people going in and out 
of a room when there are multiple people entering and/or 
leaving simultaneously. A general idea of the traffic 
would be observable but counting would be skewed and 
likely unreliable. The solution would be to manipulate 
the hardware of the PIR sensor to try to override the 
delay, but that seems like an over-the-top amount of 
effort and potential frustration for a test case.  

A simpler test case would be ideal here, something 
that would not require as much precision. For example, 
measuring the temperature in a very specific location, or 
tracking the noise levels in the Acxiom Lounge at 
different periods of time.  

X. BILL OF MATERIALS 

 
Gateway Parts   

Item Qty Cost 
LoRaGo Port Concentrator 2 160 
Raspberry Pi 3 2 37 
Solar Panel 2 38 
Charge Controller 2 10 
Battery 2 20 
Outdoor Case for Gateways 2 28 
Waterproof fittings for gateway boxes 1 11 
Total  557 
Use Case Device Parts   

Item Qty Cost 
Arduino MKR WAN 1300 (LoRa radio Built in) 2 40 
PIR Motion Sensor 2 10 
Total  100 
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Figure 1 charging from solar power 

 

 
Figure 2 Enclosure 

 

 
Figure 3 Arduino motion sensor 

 

 
Figure 4 Concentrator is online on TTN 
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Figure 5 iPhone testing app 

 
Figure 6 Mounted on the antenna on SCEN 

 

 
Figure 7 Node-RED deployed on Google Cloud 
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Figure 8 Heat map

 

Figure 9 Arduino Range Test Device 

 
Figure 10 Packets Going Between Devices 
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