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We have developed a rudimentary Internet of Things (IoT) device equipped with a global 
positioning system module using the Sigfox network. The data sent from the IoT device using Sigfox 
Cloud and ThingSpeak are received and saved. In addition, Python, ipyleaf, Jupiter Note Maps, and 
other Anaconda platform modules were used to display the location on the map online. 
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Introduction 
The global positioning system (GPS) is a satellite-

based navigation system, and GPS devices have been 
used in travel surveys since the late 1990s. GPS 
surveys are being used increasingly in travel data 
collection tasks. To obtain more accurate travel data, a 
number of GPS data (e.g., latitude, longitude, and 
time) processing methods have been developed, and 
approaches that attempt to identify trip ends, detect 
travel modes, and infer trip purpose have been 
systematically reviewed [1]. 

The IoT is expected to be used predominantly in 
the automotive industry, especially with the 
introduction of autonomous vehicles and self-driving 
cars. In addition, the IoT is expected to be used 
extensively in the medical field to deliver medical 
treatment and promote the use of biochips. The digital 
healthcare sector is expanding, and this is where the 
IoT should be implemented. Similarly, the IoT is used 
to develop smart factories and smart cities, and is 
expected to extend industrial applications (e.g., 
factories, infrastructure, and logistics). In addition, 
various other IoT applications have also been 
predicted [2]. 

The IoT is expected to facilitate solutions to 
various communication demands. For example, high-
speed connectivity is required for applications that 
require high-definition video, e.g., remote surgery, 
and large storage capacity is required for applications 
that collect information from multiple IoT terminals, 
e.g., environmental monitoring systems and smart
meters. In addition to the abovementioned mobile 
phone network, other communication networks can be 
identified, e.g., satellite communication that can cover 

a wide area and wireless communication technologies 
that realize ultra-high-speed networking over short 
distances. It is necessary to use an appropriate 
communication network for the given application. 
Various industrial applications, e.g., communication 
applications and technologies where communication 
bandwidth is limited per device or line but there is a 
large number of connections (e.g., sensors and 
embedded devices), require network connections. 
Sensors require a durable, power-efficient, and low-
cost communication network to transmit information 
[3]. 

Thus, we installed a Sigfox antenna on an IoT 
device to acquire water meter over the Sigfox 
network. In addition, and we have developed a basic 
Sigfox education system using a previous developed 
IoT device [4], [5]. 

In this paper, we present a rudimentary IoT device 
equipped with a GPS module that uses the Sigfox 
network to obtain environmental data. This device 
uses Python, ipyleaf, Jupiter Note Maps, and other 
Anaconda platform modules to display the location on 
the map. The IoT device sends data to ThingSpeak for 
processing using MATLAB and Simulink, which are 
embedded in ThingSpeak. The results are then 
published on ThingSpeak’s website. In addition, we 
introduced this device into an elderly, single-person’s 
home and conducted a study based on the data 
obtained from the home’s environment. 

Fabrication of IoT device with GPS using Sigfox 
We created the IoT device by inserting a Sigfox 

Shield for Arduino V2S (Fig. 2) and a GPS module 
(Fig. 3) into an Arduino Uno Rev3 (Fig. 1). 
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Fig. 1. Arduino Uno [6]. 

Fig. 2. UnaShield V2S [7]. 

Fig. 3. GPS module [8]. 

Main specifications GPS module [8] 
・ GPS module: GYSFDMAXB (Taiyo Yuden) 

-Installed GPS receiver chip: MT3339 (MediaTek) 
・  Reception frequency: 1575.42 MHz (L1, C / A 

code) 
・ Number of receiving channels: 66 (Acquisition), 

22 (Tracking) 
・ Supported positioning satellite system: GPS (US), 

QZSS (Japan) 
・ Reception (tracking) sensitivity: −164 dBm (typ.) 
・ Positioning accuracy: 2 m (typ. horizontal position 

of latitude and longitude) @ −135 dBm 

・ Output data format: NMEA0183V3.01 compliant 
・ Geodesic system: WGS1984 (default) 
・  Power supply voltage: DC 5 V (3.812-V) / ・ 

Power supply current: 40 mA 
・  Input/output signal level: C-MOS logic (3.3 V) 

level, asynchronous serial signal 
・ UART communication speed: 9600 bps (default), 

4800–115200 bps 
・  Output data update rate: 1 time per second 

(default), 1 to 10 times output per second 
・ 1PPS output: C-MOS logic (3.3 V) level, pulse 

width: 100 mS (active low) 
・  Indicator: Red LED for energization display, 

satellite tracking (1PPS) display 
・ Board size: 30 × 30 × 13.5 mm (when battery 

box is mounted) 
・  Weight: Approx. 11 g (with backup battery 
installed) 

Figure 4 shows the IoT device with the GPS 
module and Sigfox modules. 

Fig. 4. IoT device with Sigfox network and  
GPS modules. 

Data processing using Sigfox GPS device and 
Sigfox Cloud 

Figure 5 shows the data flow from the Sigfox GPS 
device to the ThingSpeak to display the data via the 
Sigfox Gateway and Sigfox Cloud. 
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Fig. 5. Sigfox network for GPS module [9]. 

First, latitude and longitude data are obtained from 
the GPS module in the Sigfox GPS device, and the 
data are calculated by the Arduino using the 
TinyGPS++ library [10]. The data are then transferred 
to the Sigfox Cloud using a Sigfox Gateway. 
TinyGPS++ is a new, full-featured GPS/NMEA parser 
for Arduino devices. Similar to its predecessor, i.e., 
TinyGPS, TinyGPS++ provides compact and easy-to-
use methods to extract position, date, time, altitude, 
and speed data various devices, including consumer 
GPS devices. However, the programming interface of 
TinyGPS++ is considerably simpler to use than 
TinyGPS, and the new library can extract arbitrary 
data from many NMEA sentences, even proprietary 
ones. 

Next, the Arduino Uno Rev3 software was 
installed using Arduino IDE sketch. 

Fig. 6. Sample Arduino code. 

To confirm that the latitude and longitude data 
from the GPS module were correctly transferred to the 
Sigfox Cloud, we transferred data via email and 
confirmed the content (Fig. 7). 

Next, we used a function that transfers latitude and 
longitude data sent from the Sigfox GPS device to the 
Sigfox Cloud to ThingSpeak aggregation and 
analytics, i.e., a callback function in the Sigfox Cloud. 

SIGFOX backend-noreply@sigfox.com 
ithiroshima.onmicrosoft.com via 
{ 
  “device”: “******,” 
  “time”:”**********,” 
  “station”:”null,” 
  “rssi”:”null,” 
  “snr”:”null,” 
  “data”:”************,” 
  “seq”: “***,” 
  “slt”:”********,” 
  “slg”:”*********,” 
 } 

Fig. 7. Email content from Sigfox Cloud. 

Data processing using ThingSpeak and 
Matlab/Simulink 

Fig. 8. Overview of IoT devices, ThingSpeak, and 
MATLAB/Simulink [11]. 

ThingSpeak is web-based IoT analytics software 
that compiles, visualizes, and analyzes live cloud data 
sources. With ThingSpeak, one can send data to 
ThingSpeak from devices, create instant live data 
visualizations, and send notifications using various 
web services, e.g., Twitter and Twilio. With the 
MATLAB analytics inside ThingSpeak, one can write 
and execute MATLAB code to perform preprocessing, 
generate visualizations, and conduct analyses. 
ThingSpeak enables engineers and scientists to 
prototype and build different IoT systems without 
setting up servers or developing web software [11]. 
The latitude and longitude data transferred to 
ThingSpeak from the Sigfox Cloud are shown in Fig. 
9 and Fig. 10, respectively. 
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Fig. 9. Vehicle position (latitude-time relationship). 

Fig. 10. Position of vehicle (relationship between longitude 
and time). 

Application to car commuting 
Fig. 11 shows the IoT GPS device developed in this 

study, which was mounted on a private car to conduct 
a verification test in a real-world environment. 

Fig. 11. Vehicle equipped with Sigfox GPS device. 

We attempted to process the GPS data from the IoT 
GPS device using Python, ipyleaflet, and Jupiter. 

The Anaconda platform provides Python packages 
for data science. We provide compiled binary files for 
many modules and tools, primarily for scientific 
computing; thus, one can easily build an environment 
that uses Python [12]. 

Fig. 12. Screenshot of Anaconda Navigator. 

Then, the Jupiter, software was on the Anaconda 
platform. Data processing was performed using 
various modules, e.g., Python, ipyleaflet, and map in 
Jupiter. 

A screenshot of Jupiter directory shown in Fig. 13. 

Fig. 13. Screenshot of Jupiter Directory. 

A screenshot of the Python program in Jupiter is 
shown Fig. 14. 

Fig. 14. Screenshot of Python program in Jupiter. 

Figure 15 shows the execution result of the Python 
program. 
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Fig. 15. Position of vehicle (relationship 
between longitude and time). 

As it can be seen, we could display the location of 
the vehicle on the map when the driver commuted 
from his home to the university. However, detailed 
evaluations, e.g., position accuracy, will be required in 
future. 

Conclusion 

In this study, we developed a rudimentary IoT 
device equipped with a GPS module that uses the 
Sigfox network. Data sent from the IoT device using 
Sigfox Cloud and ThingSpeak are received and saved. 
This device also uses Python, ipyleaf, Jupiter Note 
Maps, and other Anaconda platform modules to 
display location data on a map online. 

In its practical evaluation, the system was used to 
display the position of a vehicle driving from one 
location to another. By acquiring GPS data every two 
minutes, it was possible to understand the trend of 
basic data relative to the vehicle’s position. 

The accuracy of measurements at various levels of 
urban development, road infrastructure and speed and 
the quality of the received signals are for further 
study. 

We are also constructing a consistent system from 
materials and electronic equipment to circuits, 
communications, data processing, and web display. In 
future, we plan to utilize the developed system as an 
educational system and cooperate with industry, 
academia, and government in Japan and overseas. In 
addition, machine learning, deep learning, and 
artificial intelligence can be used to evaluate and 
analyze environmental data stored in ThingSpeak, and 
we plan to use the developed IoT system as an 
educational system. 
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