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SAMS is a service offer for beekeepers that allows active monitoring and remote sensing of
bee colonies by an appropriate and adapted ICT solution. This system supports the beekeeper
in ensuring bee health and bee productivity, since bees play a key role in the preservation of
our ecosystem, the global fight against hunger and in ensuring our existence. The high
potentials to foster sustainable development in different sectors of the partner regions are they
are often used inefficient.

Three continents - three scenarios

(1) In Europe, consumption and trading of honey products are increasing whereas the
production is stagnating. Beside honey production, pollination services are less developed.
Nevertheless, within the EU 35% of human food consumption depend directly or indirectly on
pollination activities.

(2) In Ethiopia, beekeepers have a limited access to modern beehive equipment and bee
management systems. Due to these constraints, the apicultural sector is far behind his
potential.

(3) The apiculture sector in Indonesia is developing slowly and beekeeping is not a priority in
the governmental program. These aspects lead to a low beekeeper rate, a low rate of
professional processing of bee products, support and marketing and a lack of professional
interconnection with bee products processing companies.

Based on the User Centered Design the core activities of SAMS include the development of
marketable SAMS Business Services, the adaption of a hive monitoring system for local needs
and usability as well as the adaption of a Decision Support System (DSS) based on an open
source system. As a key factor of success SAMS uses a multi stakeholder approach on an
international and national level to foster the involvement and active participation of beekeepers
and all relevant stakeholders along the whole value chain of bees.

The aim of SAMS is to:

enhance international cooperation of ICT and sustainable agriculture between EU

and developing countries in pursuit of the EU commitment to the UN Sustainable

Devel opment Goal (SDG NA2) AEnd hunger, ac|
nutrition and promotes ust ai nabl e agricul tureo

increases production of bee products
creates jobs (particularly youths/ women)
triggers investments and establishes knowledge exchange through networks

The overall objective of SAMS is to strengthen international cooperation of the EU with
developing countries in ICT, concentrating on the field of sustainable agriculture as a vehicle
for rural areas. The SAMS Project aims to develop and refine an open source remote sensing
technology and user interaction interface to support small-hold beekeepers in managing and
monitoring the health and productivity in their own bee colonies. Highlighted will be especially
the production of bee products and the strengthening of resilience to environmental factors.
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Specific objectives to achieve the aim:

Addressing requirements of communities and stakeholder
Adapted monitoring and support technology

Bee related partnership and cooperation

International and interregional knowledge and technology transfer
Training and behavioral response

Implementation SAMS Business cooperation
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In cooperation with the project partners and based on a User Centered Design process, the
bee monitoring system SAMS HIVE was developed at the University of Kassel and elaborated
to a marketable product. The HIVE system collects data from the bee colony and includes
remote data transmission and evaluation of stability and quality. The system is suitable for
stationary and migratory beekeeping due to its modularity and possible pre-configuration. The
systems have been tested under real conditions for several months. Implementation
workshops were also held in the target countries Indonesia and Ethiopia, and components for
50 HIVE systems each were provided and partly implemented. An adaptation to the individual
needs of the beekeepers is possible. For example, the sensors for weight, temperature,
humidity and acoustics can be used individually and extended if necessary. Measuring
intervals and settings can be configured online remotely. Findings were also regularly shared
and discussed during product development. During the test phase, detailed protocols were
collected by the responsible project members in cooperation with the beekeepers to be used
as a basis for data evaluation.

Due to COVID 19 there were also cuts in the planned implementation in this work package,
but the project goals were not significantly affected.

The partner countries Indonesia and Ethiopia are quite divergent in culture and other
preconditions. Therefore, a team of local experts have been analyzed requirements in each
country. Methods of UCD are suitable to organize effective and efficient collaboration between
partners. Based on two phases of user research and on one Workshop for each of the two
target regions West i Java and Ethiopia as well as a study on specific beekeepers needs
within work package 2, the following key points were identified:

Bee colony should be free from pests attack (wasps, ants, rats etc)

Bee colony should be safe from thief

Beekeeper should get support and coaching

New technology or methods should boost the productivity

Bee colony should to be free from any disease

System should help to take an appropriate action

System should help to know how much honey is allowed to be harvested in a colony
Beekeeper should know if the colony is safe enough to be checked or not
Beekeeper wants to know if there is an upcoming swarm in the colony

Beekeeper wants to know the strength of the bee colony

Basic hardware requirements based on UCD research:
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Power grid independent, for location-independent installation

Cost-effective, in order to enable smaller beekeepers to obtain financing as well
To reproduce with simple means in order to be able to reach a broad target group
Open source, for easy access and further development in the community

Expandable by further measurement parameters (e.g. weather station, camera) to
cover a wide range of sensor options

Transferable to common hive sizes, for easy installation

Wireless data transmission, for rapid availability for the end user and researchers
Low data volume, for fast and cost-effective data transfer

High stability, enabling low maintenance and long-lasting data collection

Sustainability: Components and construction which are modular and easy to
recycle

All those key points and requirements built the basis for the selection of hardware components
for the SAMS HIVE system and the iterative development steps.

According to the DIN 1SO 9241-210 for UCD one product, hardware as well as software, has
several iterations of the human/user-centered-design development cycles. Thus, the technical
specifications and technical requirements were steadily under improvement and adaption to
address the local needs and usability:

Research of sensor options, component configuration and autonomous power
supply

Component selection and construction of various prototypes

Programming the Single-Board-Computer

Application test of the energy system

Application test of the monitoring system

Evaluation of the prototype for further development

Definition of further development requirements

In the following the stages of the prototype development are shown and the essential
differences are briefly described:

1st prototype (lo-fi):

Single Board Computer and audio device: Raspberry Pi 3 with Sound module RASP
WOLF AUDIO and regular 3.5 mm microphone.

Case and cables: A regular beehive brood chamber has been used as case.

Power supply: A photovoltaic system was added on top of every case as a power
supply.
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Implementation: 10 systems of the lo-fi prototype have been installed in the acoustic

lab as well as at the bee site of UNIKAS to take audio data of swarming events (Fig.

Figure 1: Implementation of lo-fi prototypes at test site UNIKAS

2nd prototype (hi-fi):

Single Board Computer and audio device: Raspberry Pi Zero W with 12S MEMS
microphone.

Breadboard and PCB: The main components are plugged onto a developer board,
a so-called breadboard. This enables various hardware tests and different
components to be tested quickly in order to develop a dedicated circuit board (PCB)
in the next step.

Power supply: An external photovoltaic system supplies up to 10 systems with
power. As an intermediate step, a control unit with relay board and own time-
controlled energy management (Witty Pi) was also used to test a cost-reduced
power supply.

Sensors: All necessary sensors are installed and tested for errors and accuracy.
Different positions for the placement of the sensors were evaluated.

Implementation: 5 Systems of the hi-fi prototype have been installed at beesite of
UNIKAS as well as in the partnercountries Indonesia and Ethiopia (Figure 2, 3).

N e ,v!' ¢ ’ 7 - . -

Figure 2: Hi-fi prototypes in Ethiopia (left) and control unit with charging controller (right)
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Figure 3: Hi-fi prototypes (left) and beehive with hi-fi prototype (right) in Indonesia

Final HIVE system:

Software: Several software adaptions to reduce bugs and implement additional
features like remote update function and online configuration.

Case and cables: 3D printable cases for computer and sensors as well as plugs
and cables for simple installation (Figure 4, 5).

Implementation: EU: 15 systems have been installed at UNIKAS and at testsites of
partners in Ethiopia and Indonesia, 5 systems are ready to install and will be
implemented soon. IDN: 45 systems have been built and partly already installed.
Partners are still being looked for to implement the remaining 26 systems. ET: 15
systems are currently implemented. For the remaining 35 systems ICEADDIS and
HOLETA are waiting for components which are currently in Ethiopian customs. In
addition, 200 bee colonies with beehives will be acquired in Ethiopia and Indonesia
for further investigation.

Figure 5: SAMS HIVE system

£
S |

Figure 4:SAMS Sensorcase installed in regular
brood frame connected with flatcable to SAMS
HIVE system
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Up to 10 monitoring systems are supplied with power by one photovoltaic system. A DC/DC
converter regulates the input voltage of the photovoltaic battery to 5V. The monitoring systems
are based on a single-board computer Raspberry Pi Zero W with WiFi. The computer can be
equipped with an attachable Witty Pi 3 Mini extension to obtain very differentiated switch-on
and switch-off cycles. The Witty Pi mini allows the Raspberry Pi to be completely disconnected
from the power supply between measurements, thus saving energy. Various sensors can be
connected to the RasberryPi. The software is prepared to connect temperature and humidity
sensor (DHT22), temperature sensor (DS18B20), microphone for recording the frequency
spectrum (SP0645) as well as a load cell (H30A).The components are soldered, plugged and
connected to a PCB made for this purpose. The software must be calibrated before the first
operation. For this purpose, the user needs to connect to the system using a smartphone via
WiFi and perform the calibration through a web browser. A standard mobile GSM Wifi router
is used to connect to the Internet. The router can link up to 10 systems and is connected to
one of the Raspberry Pis for its power supply.

The measuring intervals and parameters can be changed online in the Data Warehouse. The
online configuration is checked by the system before each measurement and changes are
updated if necessary. The software is Open Source and located on a githubserver. Software
updates are automatically requested after each measurement and installed if necessary.
Afterwards the system is shut down automatically, disconnected from the power by Witty Pi
and waits for the next predefined start by Witty Pi. The Witty Pi Schedules can also be adjusted
online. They are also updated with the online configuration. If no energy saving as well as
differentiated measuring intervals are required, the Witty Pi can be omitted and the software
starts the next measurement automatically after a certain time. This time setting can also be
changed online. All collected data is sent to the Data Warehouse and stored there. Reports
can be created and data can be graphically visualized. Log files are also sent to the Data
Warehouse. This enables a differentiated error diagnosis. The software also includes
automatic error handling for a wide range of error scenarios and is designed to display the
status via RGB LED for fast on-site error diagnosis.

In case there is no Internet, the data is stored on the microSD card and can be read out locally
through SSH access via WiFi or directly from the SD card with a computer. In case of internet
breakdowns, the data will be cached and sent to the data warehouse with the next internet
access. All data that has been sent successfully will be automatically deleted from the device
to reduce storage space. If the storage space becomes insufficient, the system deletes the
data of every second measurement until storage can be released again. To reduce
measurement uncertainties, the results of several short series of measurements are taken as
an average. If there are strong outlier values between two measurements, the measurement
is repeated. The respective parameters can also be set in the online configuration. The sensors
are built into sensor frames provided for this purpose and can thus be placed in the bee colony.
The connection is made via a cable. The scale is located in a frame under the beehive. The
computer with PCB is installed in a waterproof case in the scale framework. Chapter 3.4
describes the software processes in more detail and shows a flow chart for the basic software
flow. Behind it, there are several other processes.

N°3.4 Evaluation of HIVE Prototype Design 13/54



%

WP N°3 HIVE System SAMS

The photovoltaic system is only used for power supply. Any other power source adapted to the
system can be used. DC power sources between 5V and 23V as well as standard AC power
sources with micro-USB power supply are suitable. The dimensioning of the power supply is
based on the standard measuring interval with the given hardware. It can be extended as
needed and is independent of the SAMS HIVE system. Table 1 shows the calculation of the
total energy demand. Table 2 shows the values of the Global horizontal irradiation for the
partner countries and EU. Figure 6 and Figure 7 show the average irradiation graphically. For
the project and as a recommendation the following configuration is used (also see Report 3.3):

A monocrystalline 12 Volt Phaesun Sun Plus 50 S solar module with 50 Wattpeak output was
selected as solar module. A 10 Ampere PWM Phocos eco 10 charge controller was installed
between the battery and the solar module. A standard car battery (100 Ah) is needed as
accumulator. Charge controller and battery needs to be placed in a water-protected box and
need to be connected with standard 12 Volt cabels to the solar module and the SAMS HIVE
system.

Table 1: Power Consumption per day

Amount Length

Total Power
of of . : Total
Amount Consumption Consumption :
Consumer Measure Measure . Consumption
of MU per Day per Device
ments ment [h] [MA] [Ah]
per Day [min]
Monitoring
Unit (MU) 56 9 5 4,67 70-200 8,40
Mobile GSM
Router 56 1 10 9,33 400 3,73
Total 12,13

Table 2: Global horizontal ilrradiation per Country/ EU and year in average (globalsolaratlas.info)

Country Min Max Average Monthly Daily Unit

ET 1753 2483 2118 177 6 | KWh/m?
IDN 1314 2191 1753 146 5 | kWh/m2
EU 803 2118 1461 122 4 | kWh/m2
GLOBAL 803 2702 1753 146 5| kWh/m2
GER 951 1257 1104 92 3 | kWh/m2
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Figure 6: Global horizontal irradiation in Ethiopia
(globalsolaratlas.info)
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Figure 7: Global horizontal irradiation in Indonesia (globalsolaratlas.info)
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Table 3 lists the main components of the SAMS HIVE Monitoring System.

Table 3: Components of the HIVE Monitoring System

Component

Raspberry Pi
zerow

UUGear Witty Pi
3 mini incl.
DS3231SN

Dallas DS18B20

Aosong DHT22

Microphon
Adafruit 12S
MEMS SP0645

BOSCHE H30A
load cell

AVIA
Semiconductor
HX711

Step-down
converter mini-
360

Function

Single board
computer

Energy
manager

+ Real time
clock

Temperature
inside hive

Temperature
and humidity

Records
acoustics
inside hive

Weight
measurement

A/D converter

Connects the
device to 12V

Specification

ARM v7 1GHz processor, 512MB
RAM, On-board Wireless LAN
2.4Ghz, On-board Bluetooth and
micro-SD Card reader

Exact time for up to 17 hours

Operating range

-10°C to +85°C +/- 0.5°C

Operating range

humidity 0-100% +/-2% ’4,;.;:‘:,
temperature -40 to +80°C +/- 0.5°C ”

Operating range

50Hz - 15KHz

Accuracy class C3 and nominal load
of 200kg. IP65, as outside hive

24-bit analog-to-digital converter

Output voltage is adjustable
between 5 - 23V
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Data sheets or links for all main components can be found in the appendix. As shown in
Chapter 2.6, the costs of the monitoring system are about 170 0. For the placement and
connection of the components a PCB was designed (Figure 8).

117.86 mm

£9.03 mm

Figure 8: Top and bottom view of a ready to print circuit layout for the SAMS HIVE Monitoring System
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