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Development of an IoT device using
SigFox, ThingSpeak, and MATLAB/Simulink
Takeshi Tanaka, Nobuharu Okamitsu,
Takuma Hamada, Kenshi Nishino
We installed a Sigfox antenna at Hiroshima Institute of Technology and acquired basic
environmental data via the Sigfox network. The IoT device created by us comprises Sigfox,
ThingSpeak, and MATLAB/Simulink, and this configuration may be in the reviews reported so far.
Using the created IoT device, Sigfox acquires environmental data at 15-min intervals that can be
operated at all times and processes it with ThingSpeak and MATLAB, enabling monitoring of the
elderly who live alone.
Keywords–IoT (Internet of Things), Sigfox, LPWA (Low Power Wide Area),
MATLAB/Simulink, ThingSpeak).

Introduction
Against the backdrop of the evolution of internet
technology and various sensor technologies, the
internet of things (IoT) era has changed the way
device (things) communicate with each other through
the internet-home appliances, automobiles, buildings,
and factories, are connected to the internet in addition
to conventional internet-connected terminals such as
personal computers and smartphones [1].
Looking at the trends in the number of IoT devices
in the world, in 2017, communication devices (such as
smartphones and handheld devices) were estimated to
be the largest number of devices produced in the
world. However, due to the complex nature of the IoT
market, relatively low growth is expected in the future
[1].
Going forward, IoT is expected to be predominantly used in the automotive industry, especially with the
introduction of autonomous vehicles, self-driving cars,
etc. it will also be used predominantly in the field of
medicine, delivering medical treatment, promoting the
use of biochips, etc. The digital healthcare sector is
expanding, and this is where IoT should be implemented. Similarly, IoT is used for the development of
smart factories and smart cities. IoT is expected to
extend industrial applications (factories, Infrastructure, logistics) and other applications of IoT are predicted [1] (see Fig. 1 and Fig. 2).
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Fig. 1. Trend and forecast of the number of
IoT devices in the world [1].

Fig. 2. Number of IoT devices and growth rate (2017–2020)
forecast by field and industry [1].
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IoT is expected to proffer solutions to various
communication demands.
For example, high-speed connectivity is required
for applications that require high-definition video (for
example, remote surgery), and large storage capacity
is required for applications that collect information
from multiple IoT terminals such as environmental
monitoring systems and smart meters. In addition to
the above-mentioned mobile phone network, there are
other communication networks, examples of
communication networks: satellite communication
capable of covering a wide area, and wireless
communication technologies capable of allowing
ultra-high-speed networking within a short distance.
Depending on the application, it is necessary to use
the appropriate communication network. Especially in
industrial applications such as communication
applications and technologies where the bandwidth of
communication is limited per device or line but a large
number of connections, such as sensors and embedded
devices, need network connections. Sensors need a
durable communication network (for the transmission
of information) that is power-efficient and low-cost
[2].
The concept called Low Power Wide Area
(LPWA) is currently being developed and specifically
provided for these requirements. The LPWA communication speed is about 200 Kbps, which is slower
than the traditional mobile network, but it can be
operational for decades or more because it is energy
efficient. Its range can cover up to tens of kilometers
(km)—it has a wide area that allows communication
between devices. In France, along with some other
countries, Sigfox has already established LPWA
networks throughout the country. Also, the
introduction of LPWA based on the LoRa (Long
Range) standard has begun in the United States [2].
In light of this, we have installed a Sigfox antenna
and achieved the acquisition of water meter data with
an IoT device through the Sigfox network, and we
have developed a basic Sigfox education system using
that IoT device developed in [3,4].
In this study, we present a rudimentary IoT device
that uses Sigfox and a versatile sensor, that is,
temperature, humidity, pressure, etc. to obtain
environmental data, referring to the review papers
[5,6]. The data are sent to ThinSpeak where the data is
processed using the MATLAB/Simulink that is
embedded in ThinkSpeak and publishes the result on
ThinkSpeak’s HomePage. Furthermore, 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.

36

Installation of Sigfox antenna in Hiroshima
Institute of Technology
To carry out LPWA-related research, on August
14, 2017, we installed a Sigfox antenna at Hiroshima
Institute of Technology and created an environment
where the Sigfox network can be used on campus.
(See Fig. 3)

Fig. 3. Water tower photo (The Sigfox antenna can be seen
at the right end of the water tower).

Furthermore,
we
processed
data
using
MATLAB/Simulink
(our
university
has
a
MATLAB/Simulink license).
First, we created an IoT device that uses Sigfox as
the service provider; the received data is sent to
ThinkSpeak where the data is processed using
MATLAB/Simulink embedded in ThinkSpeak. The
results were displayed through the ThinkSpeak
homepage or a smartphone. In the future, we hope to
use IoT technology to build an education system that
can be used for practical training using actual lectures
and teaching materials, and we aim to use it at higher
education institutions nationwide (For reference, the
usable range of Sigfox is shown in Fig. 4.)

Fig. 4. Sigfox coverage in Japan.
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Fabrication of IoT device with Sigfox
I created an IoT device by inserting a Sigfox shield
for Arduino V2S with versatile sensors for
temperature, humidity, and pressure into Arduino Uno
Rev3 (see Figures 5 and 6).

Fig. 7. Photograph of pyroelectric
infrared sensor module [10].

The illumination sensor used in the IoT device is
Cadmium sulfide (CdS) cell (see Fig. 8).
Fig. 5. Photograph of Arduino Uno [7].

Fig. 8. Photograph of CdS (Cadmium sulfide cell) [11].

Fig. 6. Photograph of UnaShield V2S [8].

Figure 9 shows the hardware of an IoT device that
includes the sensors described above that can measure
temperature, humidity, pressure, motion, and
illuminance, and uses Sigfox for communication.

The BOSCH BME-280 is the sensor of the IoT
device.
The sensor specifications [9]:
 Operating temperature range: −40 to + 85 °C
(rated)
 Humidity: 0 to 100% (relative humidity)
 Atmospheric pressure: 300 to 1100 hPa
 Temperature accuracy: ± 1 ℃ (0 to 65 ℃)
 Humidity accuracy: ± 3% RH (25 ℃, absolute
accuracy tolerance)
 Atmospheric pressure accuracy: ± 1.0 hPa
(0 to 65 ℃, absolute accuracy)
The motion sensor in the IoT device is a
pyroelectric infrared sensor (see Fig. 7).
Fig. 9. IoT device using Sigfox network with temperature,
humidity, pressure, motion, and illumination sensors.
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Next, Arduino Uno Rev3 software was installed
using Arduino IDE sketch.

Fig. 12. Temperature in a room of elderly
single-person home.
Fig. 10. Sample Arduino code used in this research.

Data processing using ThingSpeak, MATLAB/
Simulink

Fig. 13. Humidity in the room of elderly single-person
home.

Fig. 11. Overview of IoT devices, ThingSpeak,
MATLAB/Simulink [12].

ThingSpeak is a web-based IoT analytics software
that allows you to compile, visualize, and analyze live
cloud data sources. You can send data to ThingSpeak
from your devices, create instant live data
visualizations, and send notification using web
services like Twitter and Twilio. With MATLAB
analytics inside ThingSpeak, you can write and
execute MATLAB code to perform preprocessing,
visualizations, and analyses. ThingSpeak enables
engineers and scientists to prototype and build IoT
systems without setting up servers or developing web
software [12].
Application to elderly single-person’s home
The developed IoT device was installed in a house
where an elderly single-person lives, and basic
environmental data of the house was acquired.
Data obtained using the IoT device (April 27,
2020) are shown for temperature (Fig. 12), humidity
(Fig. 13), pressure (Fig. 14), operation (Fig. 15), and
illuminance (Fig. 16).
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Fig. 14 Atmospheric pressure in the room of
elderly single-person home.

Fig. 15. The value of the motion sensor in the room of
elderly single-person home (Absent under 25).
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The sunrise and sunset hours in Hiroshima, Japan,
on April 27, 2020, are 5:25 and 18:52, respectively
[13]. Fig. 16 shows that the illuminance is peak is at
sunrise and there little or no illuminance at sunset.
Figure 17 exemplified the data after16:00 in Figure
16 in order to expiate the environment condition of the
elderly living alone, who stayed home in the evening
and late at night.

Fig. 16. Illuminance (a.u.) in the room of elderly singleperson home.

Fig. 17. Illuminance (a.u.) in the room of elderly singleperson home.

Using the Sigfox network, we obtained stable
environmental conditions such as temperature,
humidity, atmospheric pressure, motion sensor, and
illuminance every 15 minutes.
The above (IoT) system is applied to the
monitoring of the elderly single-person’s home.
The house's state of illumination is from sunset
until midnight, that is, the light bulb in the house is
turned on and off (the flat part of the illuminance
around 20 o'clock in Fig. 16 and the illuminance
around 24 o'clock is 0). It was confirmed that the
elderly lived by observation of the above.
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Conclusion
An IoT device using Sigfox is developed, data sent
from the device is received by ThingSpeak,
computation is performed with MATLAB/Simulink,
and the result is displayed by ThingSpeak.
It has been explained that the basic data trend can
be obtained by installing this device in a house where
the elderly stay alone and acquire data such as
temperature, humidity, pressure, movement, and
illuminance at intervals of approximately 15 minutes.
Also, in this regard, we are building a consistent
system from materials and electronic devices to
circuits, communications, data processing, and web
display. In the future, we would like to utilize the
above system as an educational system and
collaborate with industry, universities, and high
schools in Japan and overseas. It has been shown to be
possible to evaluate and analyze environmental data
accumulated in ThingSpeak by using machine
learning, deep learning, and artificial intelligence. We
plan to use this developed IoT system as an
educational system.
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