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ABSTRACT

In this paper an loT application of LoRa is presented. The application is related to the so-
called precision beekeeping. This term is associated with the monitoring of many variables
within a hive and in its vicinity, which can assist the beekeeper at all the activities that have
to be done in beekeeping practice. In order to achieve that kind of functionality the so
called wireless sensor network has to be realized. First an overview of such technologies is
given. Our decision was to take LoRa. The core of the system is an Arduino microcontroller
with the addition of the LoRa shield. In the paper a process of communication between
master and slave unit is described. In order to demonstrate the applicability, the slave unit
has an additional temperature sensor attached. The system was verified by a successful
temperature measurement lasting several days.
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1. INTRODUCTION

Internet of Things (10T) describes a concept in which devices, typically equipped with some kind
of sensors and data processing capability, exchange information with other devices over internet
or some other network. These devices are often called sensor nodes and used to measure various
variables associated with physical phenomena like temperature, pressure, humidity, etc. Network
formed by these sensor nodes is called wireless sensor network (WSN). Although a permanent
progress is being made in the capabilities of WSNs, some challenges still persist [1]:

1. Energy: loT sensor devices are typically powered by batteries. There is a need to
eliminate redundant data or aggregate sensor readings.

2. Self-Management: ad-hoc deployment of 10T sensors (many sensor networks are
deployed without design).

3. Unattended Operation: self-organization, self-optimization, self-protection, and self-

healing.

Multi-hop Communication: signal attenuation, increased latency, radio range etc.

Design Constraints: lack of 1/0O components such as GPS receivers, Centralized vs

decentralized management.
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6. Security: conventional security techniques often not feasible due to their computational,
communication, and storage requirements.

In order for the specific 10T solution to be optimal for the user the correct loT Network
Protocol has to be chosen. They can roughly be divided in three groups as shown in
Figure 1.
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Figure 1. Common loT network protocols [2]

Wide Area Networks (WAN) cover protocols which allow communications in the range up to

several tens of kilometers. Local Area Networks (LAN) is a group of protocols usually targeted at

home automation, or industrial process control, with ranges typically around the 100 m range [2].
Personal Area Networks (PAN) is a group of protocols which cover a range of 1m or

less. Although range is one of the most important parameters of concern, when defining

the appropriate |0oT protocol, the maximum rate of data transfer might be at least equally
important in some cases. An overview of 10T protocols with respect to both the range

and the data rate is given in

Figure 2.
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Figure 2. Comparison between various communication protocols in 10T [3]
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It can be seen that the majority of high data rate protocols are concentrated in the medium range.
These protocols are based on cellular technologies. The most commonly known is WiFi and 4G.
Short range protocols are sometimes interesting for loT applications. Although NFC/RFID,
which is placed at the shorter-range end, is difficult to imagine in any real life 10T scenario,
protocols such as Bluetooth and Zigbee might be interesting. The long-range group is based on
two technologies. Very Small Aperture Terminal (VSAT) is a satellite-based technology which is
simply to cumbersome and expensive to be used in the vast majority of IoT applications, despite
having a good data rate. Low power wide area network (LPWAN) on the other hand might be a
very interesting alternative. It has significantly lower data rate, but it is also much less
cumbersome, cheaper and uses less power. And the last, but not least, the cost is very important.
A more detailed comparison of several protocols is given in Table 1. They were chosen based on
the fact that loT applications often don't require high data rate. Instead, it is very important that
the range suits the application. Often, the power requirement should also be low, especially if the
device is power is supplied by a battery.

Table 1.Comparison between Zigbee, Sigfox, LoRa, WiFi HaLow and BLE [4]

Features Zigbee Sigfox LoRa WiFi HaLow |BLE

Freq. band 2.4 GHz |902 MHz (US) |902-928 MHz (US) | 902-928 MHz |2.4-2.483 GHz
868 MHz (EU) |434-863 MHz (EV)
490 MHz (CH)

Num. of channels | 1-10-16 360 channels 80 channels (US) 26 channels 40 channels

channels 10 channels (EU)
Chan. bandwidth |- 100-1200 Hz 125 kHz (US) 100 kbhit/s 2.4 GHz
250 kHz (EV)
Max. data rate 20-250 100-600 bps 250-50 kbps Up to 8.67 1 Mbit/s
kbps Mbit/s
Battery life 2.5years | <10 years <10 years 3 years -
Cost Low Low Very low Low Low

When studying the protocols, we had a beekeeping application in mind. Precise
beekeeping is a term associated with a detailed monitoring of several parameters
related to a beehive and the bee colony. At first our goal was to develop a solution which
would enable the beekeeper to monitor temperature in several beehives at once. They
might be scattered across a wider area. The schematic representation of the solution is

shown in
Figure 3.
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Figure 3. Master - slave communication [5]

Of course, in our case there would be one master and many slaves. Our ultimate goal would be to
connect these beehives together and then one of them which would be acting as a master would
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be sending the data to a beekeeper. But at this stage, we just wanted to realize the communication
between different beehives. As our application doesn't need a high data rate, but needs good
autonomy and especially low costs, LoRa was the protocol we have chosen.

2. LORA

Low Power Wide Area Networks (LPWAN) received attention because of its characteristics
covering a large geographical area for low power, low cost and low data rate devices, when
compared to ZigBee, Bluetooth, Z-Wave, WiFi and NFC. LoRa stands for “Long Range”,
communication protocol designed for LPWAN, low consumption and long-range use star or
mesh topology which rises battery life [4]. The LoRaWAN Regional Parameters specification
defines the adaptation of the LoRaWAN Link Layer specification to comply with the various
regulations enforced throughout the world on the use of various frequency bands of unlicensed
spectrum which are available [6]. Each of the regional channel plans can be broadly characterized
as dynamic channel plans, with a small number of default channels, or fixed channel plans, where
all the channels are defined and then selectively activated by the network. LoRa frequency bands
of some countries are displayed in Table 2.

Table 2. LoRa frequency bands of some countries [7]

Location Frequency band Channel plan
[MHZ]
Germany (DE) 433.05 - 434.79 EU433
863 - 870 EUB63-870
United Kingdom (UK) 863 - 870 EU863-870
915-918 AS923-3
United States (US) 902 - 928 US902-928
Japan (JP) 920.6 - 928.0 AS923-1
China (CN) 920.5-924.5 AS923-1
779 -787 CN779-787
470 -510 CN470-510
India (IN) 865-867 IN865-867
Slovenia (SI) 433.05 - 434.79 EU433
863 — 873 EUB63-870
915-918 AS923-3

The LoRa protocoal is defined on the link-layer level (see
Figure 4) and is proprietary, therefore not all the information is freely available. Nevertheless, it is
known that due to the used Chirp Spread Spectrum (CSS), the power consumption does not
depend on the content of the data, but only on the so-called time on air (ToA) and the output
power [8].
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Figure 4. 10T Architecture [9]

In general, the analysis of the power consumption of the 10T devices can be divided into
several phases (see

Figure 5). The first division is into “active” and “sleep” modes. The relation between the two of

course depends on the application, but if this discussion is to be taken under consideration, the

duration of the sleep mode needs to be much longer than the duration of the active mode.

Typically, the IoT device operates in periodic “active” and “sleep” mode configuration.
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Figure 5. Power consumption model of sensor node

The total consumption of energy within one cycle is equal to:

Ecycle = Pyctive * Tactive + Psleep ' Tsleep
The active mode is further divided into several phases [10]:

Wake up B,

Measurements by the sensor P,
Data processing Pyyo¢

Wake up of the radio module P,,,,;
Data transmission P;,

Data reception B,

ook whE

99

In general, the electric currents associated with the “active”™ mode should be in mA range,
whereas the currents associated with the “sleep” mode should be in the pA range although in
reality, higher currents are often measured [8]. The advantages of the “sleep” mode of course
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increase with the percentage of total time spent in this mode. This is of course heavily application
dependent. Some applications using LoRa protocol are:

Unmanned Aerial Vehicle Based for Marine-Coastal Environment Monitoring [11]
Precision agriculture [12]

Smart parking [13]

Street light automation [13]

Renewable Energy Monitoring System [14]

Monitoring of Patient’s SPO2 and Heart Rate [15]

ogapkwbdE

In our case the application could also be called precision agriculture. But to be more exact it is
about precision beekeeping.

3. EXPERIMENT
In Slovenia, various types of beehives are being used, but the most common are the ones called

“AZ” beehives shown in
Figure 6. They are often located on a single spot, typically in a hut with a roof.

Figure 6. Most common beehives in Slovenia

Globally speaking, the so called Langstroth hives (see
Figure 7) are more popular. These hives can be located in a more concentrated manner or widely
dispersed in a possibly forested area. The LoRa with its long range and low power requirement
seemed to be a good solution to be used for precision beekeeping in such a scenario.



Computer Science & Information Technology (CS & IT) 27

e

Figure 7. Langstroth hives

In order to verify the applicability of wireless LoRa connectivity an experiment was
prepared in which the goal was to measure the temperature remotely. The sensor used
for this purpose was LM35 with the sensitivity of 10 mV/°C. The client side of the system
was composed of the Arduino Due microcontroller and the Dragino LoRa shield v1.3 in
addition with an antenna as shown in
Figure 8. The schematic representation of the same system is shown in

Figure 9.

Figure 8. Arduino Due with Dragino LoRa shield and antenna
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Figure 9. The schematic representation of the slave

A similar setup was used also on the master side of the system, in this case without a temperature
sensor. The programming of both, the client and server-side Arduino microcontrollers, was
executed in Arduino IDE. The first step that has to be made is the addition of a proper library.

We have used the library “RadioHead-1.121” [16]. When it is imported into Arduino IDE,
example sketches for both the client and the server are made available. The examples are
designed to send one byte (8-bit) packages. In our case a temperature reading was obtained using
a 10-bit AD conversion, therefore information had to be sent in two packages, which were
formed using the following code:

temperaturel = analogRead(AQ);
byte tmpl H temperaturel >> §;
byte tmpl L temperaturel;

On the receiving end the following code has to be added:

temperaturel = ((buf[0] << 8) + buf[l]) * 3.33 / 1023 * 100.0;

It makes a 16-bit value out of two 8-bit packages. Then this is multiplied by 3.33 (ADC reference
voltage), divided by 1023 (value related to 10-bit conversion) and divided by 0.01, which is the
same as multiplied by 100, which is the sensor sensitivity.

In operation, the following type of message can be seen on the Serial Monitor for the client:

Sending to rf95 server
got reply: Received

In case of the Server, the following information is displayed:
Temperature: 25.72 C
Sent a reply
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The system was successfully tested in a real environment. As an example, a temperature profile
obtained by a measurement lasting several days is shown in

Figure 10.
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Figure 10. An example of the temperature profile

The oscillations due to night and day variations in temperature can be clearly seen. Some more
abrupt variations are attributed to rainstorms.

4. CONCLUSION

In this paper an application of an Arduino microcontroller with a LoRa shield is presented. It was
selected in order to present the applicability of modern loT technologies for smart beekeeping. In
our case the application was a remote temperature measurement. If needed, other environment
variables or parameters related to honey production or bee colony health could be measured as
well. As the solution is scalable it can easily be implemented on multiple beehives at once.

Beside that, the system could also be easily used for any other loT applications that require low
power and long-range communication.
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