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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
Development Goal (SDG N°2) “End hunger, achieve food security and improved
nutrition and promote sustainable agriculture”

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
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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.

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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The report provides information on publications and press clippings of the SAMS project. Such
dissemination activities were planned and carried out with the aim of informing interested
organisations and general public outside the consortium about the project concepts, its
progress and achievements. Dissemination and communication activities on project results are
organised and supervised by GIZ, with the support of all the partners. quarterly newsletter will
be published on the project website. All participants commit themselves to issue publications
on concept and proceedings of SAMS in local, national, or European technical magazines, or
public media.

Overall the reports consist of 16 press clippings for Indonesia, 1 press clippings for Ethiopia,
9 press clippings for Europe and 14 publications as well as 3 upcoming publications.

Besides those action the consortium has published its own SAMS newsletter quarterly. A
compendium of the newsletter is available on the SAMS website, were also each individual
Newsletter can be downloaded. Only non-confidential results were disseminated throughout
the project implementation.

Twitter actions are not provided within this report even so it relates to public media. Individuals
who are interested in SAMS twitter post can check them out. Over the project duration 484
tweets were generated.
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Riung Karsa mengundang kolaborasi yang lebih banyak dengan masyarakat luas. -

REPUBLIKA.CO.ID,JATINANGOR--Universitas Padjadjaran akan menyelenggarakan
Press Gathering dalam rangka menyosialisasikan dan mempromosikan produk-
produk hasil riset unggulan yang saat ini banyak dihasilkan oleh para peneliti di
Unpad. Program ini akan dikemas dalam bentuk obrolan santai sambil minum
kopi di sore dan diberi nama Riung Karsa (Riset Unggulan_Unpad Dan Kerjasama
Untuk Masyarakat Sejahtera). Riung Karsa akan menjadi media branding hasil riset
dan inovasi berkelas dunia yang memiliki dampak dan kontribusi bagi masyarakat.
Program ini akan rutin diselenggarakan setiap minggu pada hari Jumat pukul 15.30
- 16.30 WIB di Unpad Training Center, |I. Ir. H. Juanda no. 4 Bandung.
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Kepala Kantor Komunikasi Publik Unpad, Ade Kadarisman,5.50s., M.T., M.5c
mengungkapkan Riung Karsa adalah wahana Unpad untuk ngahiji dengan
masyarakat melalui kehendak, cita-cita Unpad sebagai World Class University,
Serta membangun masyarakat sejahtera berbasis riset unggulan dan kerja sama
Unpad. "Dengan kerja sama sebagai kunci, Riung Karsa mengundang kolaborasi
yang lebih banyak dengan masyarakat luas untuk bersama-sama menuju
masyarakat kelas dunia. Selain menghadirkan narasumber para peneliti yang telah
melakukan riset berkelas dunia serta berkolaborasi dengan pihak-pihak terkait
dan memiliki dampak bagi masyarakat Indonesia khususnya dan masyarakat
dunia umumnya," papar Ade pada Republika.

Saat ini Unpad memberikan kesempatan bagi dosen peneliti dan tenaga
kependidikan untuk menyelenggarakan aktivitas riset dan pengabdian kepada
masyarakat. Di awal 2018 Unpad telah membuka pengajuan proposal baru dan
lanjutan kegiatan Hibah Internal Riset dan Pengabdian pada Masyarakat. Ada
tujuh skema riset yang ditawarkan Unpad kepada dosen dan tenaga kependidikan,
yaitu Riset Dosen Pemula Unpad (RDPU), Riset Academic Leadership Grant (ALG),
Riset Fundamental Unpad (RFU), Riset Kompetensi Dosen Unpad (RKDU), Riset
Kolaborasi Internasional Unpad (RKIU), Riset Hilirisasi Produk Unggulan (RHPU),
dan Riset Tenaga Kependidikan Unpad (RTKU).

Terwujudnya sebuah program memerlukan proses dan kolaborasi. Dalam hal ini
Unpad berupaya fokus memformulasikan content, digital platform dan diseminasi
informasi melalui berbagai program sehingga bisa dirasakan manfaatnya oleh
publik. Program ini tidak akan berjalan dengan baik tanpa dukungan seluruh unit
kerja baik di tingkat Universitas maupun Fakultas. Selain itu kolaborasi dengan
semua pemangku kepentingan menjadi keberhasilan program ini.

Menurut Ade, melalui dukungan dari berbagai media, diharapkan berbagai karya
riset dan inovasi dapat semakin membumi, memiliki manfaat dan nilai tambah
bagi khalayak luas. Sebagai permulaan Riung Karsa akan mengangkat sebuah
penelitian yang dilakukan oleh Smart Apiculture Management Services (SAMS).
SAMS merupakan project riset internasional dibawah program Horizon 2020 ICT-
39 Uni Eropa dengan tema kemitraan internasional dalam membangun negara-
negara berpendapatan menengah dan menengah ke bawah. Projek ini bertujuan
untuk meningkatkan kerjasama internasional {ICT) dan pertanian berkelanjutan
antara Uni Eropa dan negara-negara berkembang dalam mengejar komitmen EU
untuk mengakhiri kelaparan, mencapai ketahanan pangan dan peningkatan gizi
serta mempromosikan pertanian berkelanjutan.

UNPAD HOLDS RIUNG KARSA

Universitas Padjadjaran will hold a press gathering in order to socialize and promote superior
research products resulting from UNPAD researchers. This gathering is called Riung Karsa;
an abbreviation for UNPAD Flagship Research and Collaboration for a Prosperous Society;
that will be held every Friday afternoon at the UNPAD Training Centre. The gathering is served
in a casual conversation style. This gathering is the kick-off event for the series of Riung Karsa
and is initiated due to UNPADs involvement in the international research project Smart
Apiculture Management Services (SAMS) which is funded by the Europeans Union Horizon
2020 Research and Innovation program. The project aims to promote international cooperation
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in ICT and sustainable agriculture between the European Union and developing countries and

supporting the EU within its commitment to end hunger, achieve food security, improve
nutrition’s and promotes sustainable agriculture.

um # UNIVERSITAS FAKULTAS

AGENDA

Riung Karsa: Riset Unggulan Unpad dan Kerja Sama
untuk Masyarakat Sejahtera

Tanggal Pelaksanaan:
Juli 20, 2018

Tempat Pelaksanaan:
The Sixty Two Cafe, Jalan Cisangkuy No,
62, Bandung
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Riung Karsa event poster with topic of UNPAD involvement in Smart Apiculture Management
Services (SAMS); an international research project.
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Tribun Jabar
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Unpad Kembangkan Riset Perlebahan
agar Hutan Letari dan Masyarakat
Sejahtera

s, lihat foto

afsfe]<]-]

Tribun Jabar/Resi Siti jJubaedah

Rektor Unpad, Prof. Dr. med. Tri Hanggono Achmad, saat memaparkan pengantar materi kesehatan dan keberadaan periebahan
dalam acara Ngopi Sore di Riung Karsa, di Jalan Cisangkuy No 62, Bandung, Jumat (20/7/2018).

Laporan Wartawan Tribun Jabar, Resi Siti Jubaedah

TRIBUNJABAR.ID, BANDUNG - Universitas Padjadjaran
mengembangkan penelitian tentang pelebahan di Indonesia.

Tujuannya agar masyarakat paham bagaimana mengembangkan
usaha perlebahan secara baik sehingga ekosistemn hutan di
Indonesia letasi dan kesejahteraan masyarat meningkat.

IBEE

Ir Yadi Supriyadi, M5 salah satu periset Unpad
mengatakan, kesehatan dan keberadaan perlebahan merupakan
kunci pertanian berkelanjutan di seluruh dunia.

semakin berkurangnya produksi madu menandakan populasi
lebah yang ada di dunia semakin berkurang.

Hal ini mempengaruhi ekosistem lingkungan terutama daerah
hutan yang menjadi sumber kehidupan hewan, tumbuhan
bahkan manusia.
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“lika ekosistemn lingkungan baik, maka lebah juga baik, dalam
melestarikan lebah, harus melestarikan hutan sebagai ekosistem
yang akan melestarikan lebah,” ujar Yadi Supriyadi dalam acara
Ngopi Sore di Riung Karsa, di The Sixty Two Resto and

Lounge, Jalan Cisangkuy No 62 Bandung, Rabu (20/7/2018).

Selain itu tujuan membudi dayakan lebah, agar masyarakat
faham betul akan manfaat dari lebah yang sangat banyak.

Rektor Unpad, Prof. Dr. med. Tri Hanggono Achmad, dr, berharap
masyarakat dapat mengkonsumsi lebah yang cukup, tidak hanya
pada sebagai obat saja. Baik konsumsi dalam bentuk minuman,
maupun makanan ringan dengan kandungan madu.

Sehingga SAMS (Smart Apiculture Management Services) Project
memungkinkan para peternak lebah memantau secara aktif
kesehatan lebah dan aktivitas lebah dalam sarang melalui
pengembangan ICT (Teknologi Informasi dan Komunikasi) yang
tepat.

Program riset dan inovasi tersebut menitik beratkan pada
penciptaan keunggulan pengetahuan, industri, dan
mempersiapkan perubahan sosial di masa yang akan datang.

Sehingga menghasilkan aneka ragam pengetahuan kelas dunia
dan membumikan hasil inovasi di tingkan industri dan
masyarakat.

Selain itu, diharapkan pada program ini dapat menciptakan
lapangan pekerjaan, memicu investasi, dan pertukaran ilmu
pengetahuan melalui perluasan jaringan.

Semua hasil riset Unpad akan dikemas dalam program Riung
Karsa (Riset Unggulan Unpad dan Kerja Sama Untuk Masyarakat
Sejahtera).

Riung Karsa akan menjadi media hasil riset dan inovasi, yang
memiliki dampak dan kontribusi bagi masyarakat.

Abstract of UNPAD develops Beekeeping Research for Sustainable Forests and
Prosperous Communities

Ir. Yadi Supriyadi, one of the Universitas Padjadjaran researchers, explained that the decrease
in honey productivity is one of the effects of the decline in bee colony population caused by
deteriorating environmental conditions. Meanwhile, the health and existence of bee colonies
is the key to the sustainability of agriculture around the world.

With the decline in the condition of beekeeping in the world, it will cause a decline in the
condition of the ecosystem which affects the life of plants, animals and humans.
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The Smart Apiculture Management Services (SAMS) research is intended to help beekeepers
to be able to actively monitor the condition of their bee colonies in the hive by utilizing the
development of appropriate Information, Communication and Technology (ICT).

This research and innovation program focus on creating knowledge excellence, industry, and
preparing for future social change. To produce world-class knowledge while still grounding it
at the industrial and community levels. In addition, it is also hoped that it can create jobs, trigger
investment, and exchange knowledge through network expansion.

Detik News

I
‘ MAKSIMALKAN PEL
detiknews i TRADING DENGAN

R —

d Home Berita Deerash Internasional detikX Kolom BlakBiakan ProKontra Inf

Adsmart” Terpopuler Jawa Barat Jawa Tengah & DIY Jawa Timur Makassar Medan

detikNews > Berita Jawa Barat

Unpad Gali Manfaat Lebah

Mochamad Solehudin - detikNews

Kegiatan Riung Karsa di Bandung. (Foto: Mochamad Solehudin/detikcom)

Bandung - Lebah rupanya memiliki banyak manfaat. Salah satunya
yaitu untuk mengetahui tolok ukur mutu lingkungan di sebuah wilayah
dalam kondisi baik atau tidak.

Peneliti Universitas Padjadjaran (Unpad) Dwi Purnomo menuturkan
keberadaan lebah bisa menjadi salah satu pintu masuk dalam
pembangunan berkelanjutan. Saat ini pihaknya bersama peneliti Unpad
lainnya tengah berupaya mengembangkan berbagai potensi lebah.

Karena menurutnya, banyak manfaat yang bisa diambil dari keberadaan
lebah. Tidak hanya madunya saja, kata dia, tapi berbagai manfaatnya
lainnya terutama dalam pembangunan berkelanjutan terkait lingkungan.
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"Karena jika lebah itu menurun (populasinya) itu faktor kerusakan
lingkungan. Rantai manfaatnya tidak hanya madu, tapi dari juga aspek
ekonomi, ekologi, pemberdayaan, kelestarian lingkungan. Setidaknya
ngomongin lebah dan madu itu menjadi entry point untuk pembangunan
berkelanjutan,” kata Dwi saat acara Riset Unggulan Unpad dan
Kerjasama Untuk Masyarkat Sejahtera (Riung Karsa) di The Sixtytwo
Cafe, Kota Bandung, Jumat (20/7/2018).

Selain itu dia mengungkapkan. saat ini pihaknya sedang
mengembangkan Smart Apiculture Management Services (SAMS).
SAMS merupakan proyek riset internasional di bawah program Horizon
2020 ICT-39 Uni Eropa.

"SAMS proyek ini adalah transfer teknologi dari negara Eropa yang
sudah berhasil mengembangkan populasi lebah yang bagus, kemudian
teknologinya di transfer ke Indonesia,” ujarnya.

Namun dalam transfer teknologi tersebut perlu disesuaikan dengan
kearifan lokal di Indonesia agar bisa diterima oleh masyarakat. "Terus
bukan soal transfer teknologinya tapi juga bagaimana agar bisa bikin
impact yang luas buat masyarakat," katanya.

Salah satunya melalui pengembangan bisnis melalui potensi lebah dan
madu yang dihasilkan. Caranya ialah mengembangkan sejumlah produk-
produk seperti minuman yang diproduksi oleh peternak lebah madu.

"Jadi tidak hanya memanfaatkan lebah dan sarangnya, tapi produk-
produk turunannya,” katanya.

Dosen Fakultas Pertanian Unpad Yadi Supriyadi menambahkan lebah
memiliki peran penting dalam masalah kelestarian lingkungan. Sebab,
menurut dia, melalui lebah dapat diketahui lingkungan rusak atau tidak.

"Lebah itu jadi tolok ukur mutu lingkungan. Kalau (lebah) menetap lebih
lama lokasi (lingkungan) baik. Karena lebah itu tidak diam kalau air
tercemar, udara kotor. Kalau (lebah) menetap berarti mutu lingkungan
bagus," ujar Yadi.

Riung Karsa

Rektor Unpad Tri Hanggono menjelaskan acara yang diber nama Riung
Karsa ini bertujuan menyosialisasikan berbagai hasil riset yang dilakukar
dosen Unpad kepada masyarakat. Karena Unpad ingin hasil riset yang
dibuat itu memberi dampak luas bagi masyarakat.

"Kami berkomitmen untuk kemaslahatan masyarakat," ujarnya.

Acara Riung Karsa ini, lanjut dia, akan digelar setiap pekannya. Berbaga
produk atau riset dosen Unpad akan dipaparkan melalui acara tersebut.

"Ini akan digelar setiap minggu. Jadi berbagai hal akan dibahas. Tidak
hanya menyangkut produk atau riset saja, tapi juga soal kebijakan juga
akan dibahas nantinya,” ucapnya. (bbni/bbn)
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Abstract of UNPAD explores the benefits of bees

The kick-off event Riung Karsa is linked to the international research project named Smart
Apiculture Management Services (SAMS). This project is focusing on technology development
in the apiculture sector which is implemented in Europe and being transferred to Indonesia.
However, this technology needs to be adapted to local needs and values to bring broader
benefits. In this event, bee benefits were explained by Yadi Priyadi and Dwi Purnomo,
researchers of UNPAD. The benefits mentioned are not limited to honey benefits but also other
benefits such as bees as environmental indicators to see an environment quality, as an entry
point to a sustainable development in economic, ecologic, community empowerment, and
environmental sustainability aspects.

in ika dirunut lebiih tajam, rantai
manfaatnya begitu luas. Budi daya
lebah berpotensi mengurangi
kemiskinan karena mampu mencip-
takan lapangan kerja baru dan
mencegah urbanisasi akibat ketim-
®  pangan lapangan pekerjaan di daerah
perdesaan, Potensi lainnya yaitu
peningkatan mutu hidup dan tingkat
kesehatan, periuasan dampak bagi
kesetaraan gender, serta pening-
katan kualitas ingkungan.

Manfaat sektor perlebahan juga
berpengaruh pada ketersediaan air
yang terjaga. Ini didasarkan budi
daya lebah akan otomatis menjaga
kelestarian hutan. Di bidang riset
dan pembelajaran, sektor perlebahan
dapat dapat menjadi media pembela-
jaran transformatif baru.

Lebah, dunia digital dan inovasi
sosial tampaknya menjadi satu can-
toh nyata adanya integrasi riset yang

MADU yang dihasikan lebah tidak h k sebagai bahan iner. Sek juga untuk bahan dasar produk-produk kecan-  mampy melampaui target di revolust

EBAH mungkin sudah mulai
terupakan, kit peranan
pentingnya dalam ekosistem,

Lebah mungkin hanya dikenal seba-
gai hewan penghasil madu yang kaya
| nutris serta sifat stimulannya yang

dapat memperbaiki selera makan,
membantu sistem pertahanan tubuh,
pembentukan sel darah merah
maupun sifat lainnya yang baik bagi
keschatan

Karena sifatnya inilah, madu
memifiki nilai ekonornis yang tinggi.
Saat ini menjamur berbagai pe-
niganan kontemporer yang men
Jadikan madu sebagai fokus nilai
tambahnya. Meningkatnya per-
mintaan ini madu ini kerap tidak di-
imbangi peningkatan budi daya lebah
di dalarn negeri. Hal ini kemudian
memunculkan adanya madu impor
hingga madu yang dipalsukan.

Lebah tidak bisa dianggap sepele
peranannya. la sebagai polinator
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Bees are not merely honey producer

Many people, perhaps, are starting to forget the role of bees in our ecosystem. At the
beginning, bees were known only for their honey which is widely known as a nutrition-rich food
ingredient and its stimulant element, which is good for increasing appetite, helping body
immune system, creating red cell blood, and its other advantageous effects which are good for
health. Because of these advantages, honey is considered to have high economical value.
Even at present, there have been many contemporary comestibles featuring honey as their
strong value. However, the demand of honey that is on increase and not balanced with the
improvement of bee cultivation are causing fake honey products to emerge and it significantly
raises the import of honey. As honey is discussed, the honey creator, bee, should not be
forgotten.

The role of bee, as a pollinator, cannot be underestimated as it contributes the most in
pollinating plants. It is suspected that, in Indonesia, the number of bees is decreasing as the
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result of environmentally unfriendly behavior of human, especially the excessive use of
pesticide in agriculture and the encroachment by human on lands, which are the source of
human food. The existence of bees can also be an indicator of nature condition. If in a region,
the number of bees is significant, it can be said that the nature condition of that region is fine.
The reason is there is still an enough source of bee food, nectar and pollen, which are created
by a flower of a plant.

During the last five years, UNPAD has been actively conducting social innovation research in
Social Entrepreneurship activities. In addition to that, at this moment, UNPAD is also actively
activating topics related to digital business. These two aspects are the strength of UNPAD
research at this time, where Padjadjaran University is incorporated in a joint European Union
International research consortium under the Horizon 2020 umbrella called the Smart Apiculture
Management System (SAMS) or Smart Beekeeping Management System. The SAMS
research project will offer digital technology that will be applied to monitor the health of bee
colonies, monitor bee roaming and bee productivity. This technology is still in the research
stage by using UNPAD Design Thinking / User Centered Design approach together with
Primary Indonesia and Labtek Indie as local partners. Information Technology Development
aimed at bee monitoring aspects was developed through research on business models for
honey bee industry development to expand its social impact.

Combining Digital Technology with Bees can be one good example that illustrates that it is
time that we go beyond the 4th industrial revolution. If the orientation of the 4th industrial
revolution is dominated by robotic technology, Big Data Analysis, ICT and others, SAMS can
be directed to become a new standard of the industrial revolution where, in addition to the
basis of information technology that can be developed, the bee technology and business have
a broad impact not only on the side economy, but also it can be the driving force for ecological
improvement.

If the Industrial Revolution (RI) 4.0 is closely related to the digital integration of information
technology and physical systems, Rl 4.0 generally integrates various roles of large data,
robotic systems, intellectual intelligence, and connectivity that do not need to be limited. Bee
cultivation, the RI 4.0+ objects, will be tested as research objects. Bee cultivation is closely
related to environmental ecosystems and can be an attractive factor for an environmentally
oriented and sustainable industry. Smart Apiculture Management Services (SAMS) technology
was introduced in Europe since 2008 through ITAPIC Technology. SAMS is a digital-based
technology, information technology designed to be able to monitor the condition of bee
colonies which include the health, distribution, and progress of planted bee colonies. This
technology can summarize large data to monitor the needs of bee feed which shows the health
of the surrounding environment.

The application of this technology is combined with the Social Business Model designed in
accordance with the local context of Indonesia. Then, it is expected that the SAMS Project
Indonesia can illustrate the application of the Industry 4.0+ Revolution. The application
business model will be designed to have unique characteristics; 1) expands the impact for the
community, 2) human-oriented, 3) considers aspects of local culture, 4) oriented to local
wisdom, 5) produces good economic growth, 6) focuses on environmental issues and
sustainable development and 7) global impact. Beekeeping and Digital Business in the
planning of the SAMS model are expected to become clear examples that are oriented towards
sustainable development.
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Speaking of sustainable development goals (SDGs) where a model does not only look at
economic, social and environmental issues separately, but also sees a comprehensive multi-
faceted connection, Beekeeping can be played as a single point of "acupuncture" to provide
the impetus for the progress of the region that is guaranteed its sustainability. Bees that have
a very important role in pollination (pollinator) processes not only provide benefits for the
process of pollination of various crops both agricultural crops, plantations and forest plants.
However, further results of the honey can provide other impetus to the 17 aspects of SGDs in
real terms and to foster interrelationships.

Bringing together digital technology with social innovation in the container of bees, if traced
more deeply, the chain of the benefits is so large. The benefits begin with the aim of reducing
poverty because it is able to create new jobs, especially to prevent urbanization due to lack of
employment in rural / inland areas, improvement of quality of life and level of health, expansion
of impacts on gender equality, improvement of environmental quality because the community
is made to be aware that maintained environment will secure reserves of bee food so that
honey can continue to be harvested. Furthermore, the benefits will have an impact on water
availability because forests are maintained, narrowing social gaps to aspects of research and
learning because they can be used as new transformative learning media. The advances that
are expected to be obtained from this massive and systematic re-activation of beekeeping are
the presence of real sustainable development goals in the community. With the points of
"acupuncture" in the form of scattered bee colonies will have a wide impact on the 17 goals of
SDGs.

Bees, the digital world and social innovation seem to be a real example where integrated
research activities can go beyond merely being in industry 4.0. With its unique characteristics,
this bee business model can have an impact socially, economically and ecologically massive
and become a locomotive for sustainable development. In the future, more research needs to
be carried out by prioritizing collaboration between sciences, involving various stakeholders
and giving a real impact to society at large. Its application in the community will certainly be a
source of new knowledge and knowledge that can be used as well as possible for the welfare
and preservation of the environment.

Dwi Purnomo is a Researcher and Lecturer from the Faculty of Agricultural Industry Technology of
Unpad and Chair of the Unpad Research Team for the SAMS Project Indonesia - Horizon 2020

Marlis Nawawi is an alumnus of the Master of Animal Husbandry, Faculty of Animal Husbandry,

Padjadjaran University
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Encouraging the Real Impact of Research on the Community

(Learning from the International Bee Research Consortium of SAMS Project Horizon 2020
EU)

Research actually has an impact on society. Successful research is a research that has a track
of progress at each step of maturity. The more research is carried out, the more broadly the
benefits are felt by the community and, of course, the more sustained its sustainability.

To build the good goals of research, it is necessary to do so with the intention to bring benefits
to mankind. Providing the best contribution to the community can be in the form of academic
products which are already tested for validity. For that reason, a good process can be seen
from the serious implementation with proven scientific methods, which certainly not only
produces quality scientific publications, but also brings the impact of progress on human
civilization.

Why does this paper begin by discussing the sincerity to bring about a good impact and
process? In order to do so, the researchers do not experience errors in distinguishing goals
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from consequences, for example, when high scientific publications become a measure of
success. It should be emphasized again that the purpose of research is to bring benefit. The
success of scientific publications will be a consequence because researchers carry out the
process seriously and write the process and results well. The good intention and the serious
process of research are truly the main capital of a research. A good recorded process will
provide portfolios that bring an impact in the community and produce various forms of
collaboration enriching the process and the results of research.

To get a rich research process, cooperation in a research involving different scholarships is
necessary. Likewise, cooperation with various institutions, it is important to do so that it can
provide access to the resources to achieve a shared vision. Cooperation with a variety of multi-
sector institutions brings an open research process to new ideas and methods. Various kinds
of input can be a source of deeper understanding of the context of the problem being sought
to be collaborated. Speaking of cooperation on paper is easy but carrying out a good
cooperation needs to have a good process so that the capacity of its human resources will
gradually become superior and are able to be good collaborators for the institution.

Obtaining an international cooperation, expanding the impact of research and gaining
resources from internationally reputable institutions are actually a description of a system and
process that is built in earnest, especially if you want to have a strong and continuous
attachment to maintain good relations, improve the quality and exchange the resources to
achieve the vision of the future.

To build a research collaboration, especially cooperation on a large scale needs to be prepared
with frequent cooperation programs starting with practicing organizing an internal scope with
different scientific backgrounds, and consistently trying to go up to the next level with the
cooperative skills that have been owned. A research that is carried out in small or large scale,
short or long term is actually a valuable learning process of mastering cooperative skills. These
skills include communication, administration, resilience, the ability to produce impacts and
other matters concerning aspects of professionalism.

Good cooperation can also be realized because the researchers are consistent in their fields,
and they are able to present their specific abilities to enrich the context of research conducted
by their partners, and so as the cooperation partners should not only complement the research
with his/her own abilities, but also create a good process to exchange resources without
compromising the vision of the organization that is carried. In general, every organization that
has the intention to collaborate has a different vision. Therefore, what needs to be explored is
an object that can be done together so that they can meet the resources needed to strengthen
and accelerate the achievement of its vision. Cooperation partners who can exchange
resources without spending excessive fees can then be classified as key partners.

Learning from the SAMS Project

The SAMS Project is a research consortium involving European countries and developing
countries that choose ICT and Beekeeping as the object of their research. Involving various
international, national and regional institutions is not something that is feared since it seems
to be complicated and difficult. The basic philosophy of involvement is that the richer the
collaboration, the richer the input and process will be. For this reason, collaboration is carried
out by laying out clear foundations regarding the scope of roles to be collaborated. Although
related to bees, there were eleven different faculties at Padjadjaran University, actively
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involved in developing their research, namely 1) Agricultural Industry Technology, 2)
Agriculture, 3) Social and Political Sciences, 4) Fisheries and Marine Sciences, 5)
Communication, 6) Economics and Business, 7) Cultural Sciences, 8) Nursing, 9) Pharmacy,
10) Animal Husbandry and 11) Law. It can be imagined that with these eleven different
sciences, the beekeeping context can be explored with an extraordinary richness. New ideas
come out and bring optimism to be able to apply the research and to have a broad impact on
society and science itself.

The context of cooperation cannot be done only from academics. Therefore, the context of
Pentahelix's collaboration involving Academic, Business, Government, Community and Media
is clearly illustrated in this research collaboration. Academic role is to provide a scientific point
of view so that the process goes through a valid process. The SAMS Project also embraces
businessmen from large to small scale. Businesspeople provide an important point of view
where a research must also generate profits so that sustainability can be maintained. Another
important party is the Government. The government is invited to speak and explore its point of
view, looking for a chance where this research content can fill government policy. For example,
in the government policy of West Java Province with its 10 Common Goals, SAMS can fill
priority content in three goals in the field of 1) Agricultural Economy, 2) Poverty Alleviation,
PMKS and Security, and 3) the management of Environment and Disaster. The government is
not always asked to provide funds, but, more importantly, the government is invited to become
a key partner in the field of development priorities and to provide opportunities for researchers
to fill their content.

The third partnership is the community. The community is the easiest one for cooperation
because in general it is free from bureaucratic difficulties. The community is the most militant
party to cooperate because it is driven by its passion. A community with more youth turns out
to be more aggressive because it has a clearer dream of the impact on the community through
the fields which they fight for. The community involved in this collaboration is the Common
Room Network which has become an international collaborator, with high desire to make the
best contribution to the development of indigenous knowledge. The Local Enablers has high
energy to spread benefits through Social Entrepreneurship and Labtek Indie, a group of young
people who enthusiastically provide their best work through information technology. It is this
community that gives a firm color to the presence of research in the community.

The last pillar is the media. The media is the party needed to become a research amplifier
which then can be written simply in the community, to make it easy to replicate or just to be an
inspiration. The last two pillars of cooperation are often forgotten, namely the younger
generation community and the media which are the right pair to become impact drivers and
amplifiers. Being a funnel of change and bringing an innovation are not just a breath of fresh
air, but it is like wind that flies the superior seeds to be brought and earthed in new lands and
to give birth to new sources of life.

Dwi Purnomo is a Researcher and Lecturer from the Faculty of Agricultural Industry of Technology,
UNPAD, and the Leader of UNPAD Research Team for the SAMS Project Indonesia - Horizon 2020

Ofiar Murwanti is the Secretary of the Directorate of Cooperation and Academic Corporation of
Padjadjaran University
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The Processed Products of Honey; Added Value for Keeping Sustainability

The views of the Indonesian people regarding honey may no longer be doubted. Honey is
known as a popular commaodity with properties that are good for the human body. People still
consume honey in its original form without experiencing further treatment and processing into
value-added derivative products. However, in the current era, more and more beverage
products, food and beauty products for women sold in the market are made of honey as either

raw materials or additives. It can be concluded that honey still has an attraction in Indonesian
market.

Most of the honey content is carbohydrates in the form of fructose and glucose. Besides there
are also water, amino acids, enzymes, polyphenols, minerals and vitamins. The low level of
honey water and the presence of antibacterial compounds cause honey to be stored in a
relatively long time. Honey is consumed by the community due to its benefits, especially for
health since it has high nutrition, antibacterial activity, high vitamins and minerals, and is good
in dealing with flu, sore throat. It can also treat burns, maintain healthy skin and lips, and
maintain stamina and health for all ages. Depending on the type of derivative product, and the
intensity of the processing, many of the benefits of honey can still be maintained if processed
properly and correctly.
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The benefits of honey will be obtained maximally if honey is consumed in its original form.
However, to meet business needs where profit can be obtained because of its high added
value, honey can be derived by its products. Today's contemporary business era needs to
explore various experiences of a commadity, including honey. Honey can be processed into
various kinds of derivative foods, beauty raw materials or other products. Besides being added
value, if this skill is transmitted to beekeepers and their families, it will certainly be a good
empowerment to bring it to a better level of welfare.

Honey can be processed into various types of products, such as food products, health and
beauty products for facial and body care. As mentioned earlier, the honey product with the
similar properties to the original honey will still have all the properties of honey. However, if
honey has undergone a series of processing processes such as heating especially above 60-
80°C, then most of the benefits, activities and properties of honey will begin to change or lost.
High quality of honey is suitable for sale in the form of honey products with the characteristics
that are not too different from the original honey, while any quality of honey can be processed
into various processed products of honey with high processing intensity, especially as a
substitute for cane sugar and a honey flavor on the processed products. This is where
economic opportunities open to increase the derivative of honey from various qualities.

Choosing honey for its derivative products

The type and composition of honey vary greatly depending on nutrition and the type of food
consumed by bees as a basic ingredient in honey formation. For example, forest honey has a
rather dark brown color since it consumes a more complete mineral and enzyme content than
do other honeys harvested from places other than forests. The dark color of honey will affect
the color and appearance of the final product of honey. Honey also contains high
carbohydrates so that besides being a good source of energy, the level of sweetness and
properties of carbohydrates in processing can affect the texture, appearance and taste of the
products produced. All these factors will affect the way in which the formulation of ingredients
is used to produce the processed product.

Many food products can be made with the characteristics of fresh honey to be mixed directly
with various ingredients. The processed food products that can be made with honey as either
a main ingredient or a mixture can be seen from 15 products that have been developed by
UNPAD including: Honey Butter, Honey Lip Scrub, Honey Hydrating Sheet Mask, Honey
Infused Lemon Ginger, Honey Infused Garlic, Honey Balls, Honey Nut Paste , Honey Cookies,
Honey Sauce, Honey Nougat, White Chocolate and Honey Mousse, Honey Mint Yogurt Sauce,
Honey Ginger Lemon Soda, Banana Yoghurt Peanut Butter Smoothies, Honey Espresso
Three Way and other contemporary products. In addition, the use of honey for body care
products can be used as facial scrubs, facial wash soaps, skin cleansers and more. The
processing technology used is quite simple and can be done on a household scale using
materials and processing equipment that are commonly found and easy to use so that the
transfer of technology and processing procedures to the community is quite easy to do.

The Dissemination of Skills and The Development of Business Model for Processed
Honey

To produce superior derivative products of honey, several experiments are needed to arrive at
the desired results. There are many challenges that must be faced. From some of the product
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formulations it is necessary to go through several stages of trial until finally referring to one
satisfactory formulation.

In addition to innovating with honey-based products, the next research is at the stage of how
to train these skills to bee farmers and their families to increase the added value in their
products and to build the welfare of beekeepers so that these beekeepers have a great desire
for increasing the productivity of bee livestock and are economically able to have an impact on
their economy. Besides, the effort to develop this product is also investigated until it found a
validated business model that can reach the appropriate target of consumers.

For the development of sustainable business from these honey products, of course, it needs
a collaboration, especially willing and trying to synergize with beekeepers and their wives or
the women who live in the area. In the end it can bring prosperity by opening opportunities for
new jobs with promising businesses in the development of the honey industry in Indonesia.

These honey products, the dissemination of skills and the business development are an
attraction of added value, not just providing economic benefits to the producers. If these skills
are disseminated to farmers and their unique business models are built together with young
people, it is not impossible that honey products will become a locomotive for sustainability
environment. It happens because honey products are proven to be able to help the economy,
the end of which is how to preserve nature as a habitat for bees to produce good and
continuous bee feed sources and produce honey products themselves.

Rusky Intan Pratama is a Researcher and a Lecturer of Processing Laboratory, Faculty of Fisheries and
Marine Sciences, Padjadjaran University. Member of the Team of Research Consortium of SAMS
Project Horizon 2020

Linda Hindasah and Ina Sawitri are alumni of the Faculty of Fisheries and Marine Sciences, Padjadjaran
University
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Lessons from Honey Bees

The Smart Apiculture Management Services (SAMS) Project is an international endeavor that
aims to support the adoption process of monitoring technology of honey bee colony for
developing countries, especially in Ethiopia and Indonesia. This project is initiated by an
international consortium consisting of the German Development Cooperation (GIZ) GmbH
(Germany), University of Kassel (Germany), Latvia University of Life Sciences and
Technologies (Latvia), University of Graz (Austria), University of Padjadjaran (Indonesia),
Primary Indonesia (Indonesia), Oromia Agricultural Research Institute (Ethiopia), and
ICEADDIS (Ethiopia). This project has received funding from the European Union’s Horizon
2020 research and innovation program under the GA 870755.

The development of the technology of bee colony sensor has been done for decades in various
parts of the world including in Europe. This is mainly triggered by the phenomenon of shrinking
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the number of bee colonies known as Colony Collapse Disorder (CCD). In various studies
several alleged causes of the CCD phenomenon were found, including competition among
species, virus and lice disturbances, the effect of electromagnetic waves, climate change, and
excessive use of chemical pesticides mainly due to the components of pesticides containing
neonicotinoids. The CCD phenomenon is now considered as a trend that endangers the
environment globally because it can result in a decrease in the production of various
agricultural commodities that can cause disruption of the supply of food sources, in addition to
the overall environmental damage.

The adoption of honey bee colony sensor technology in the SAMS project is expected to help
honey bee farmers and breeders to find out the health condition of the colony through the use
of information and communication technology (ICT) and digital media. Through the process of
adopting and utilizing SAMS technology, honey bee farmers and breeders are expected to
know in detail the health condition and development of bee colonies, so as to be able to make
decisions that can support the health of the colony to increase the honey productivity and
maintain the quality of the local environment. In this case honey bees are seen as an integral
part of the environmental ecosystem chain that helps the pollination of agricultural crops and
forest vegetation, which in the process can also improve the welfare of farmers, cultivators,
and beekeepers through the production of honey and all derivative products. In addition, honey
bees are also intelligent insects that have the ability to scan the condition and quality of
environment (bio-sensing). Honey bee colonies will be difficult to develop in an damaged and
polluted environment.

As a first step, the implementation of the SAMS project in Indonesia will be temporarily focused
in the scope of the cultivation of Apis Cerana honey bee which is a local honey species spread
in various regions in Indonesia. Apis Cerana bees are are the most maintained bee by honey
bee farmers and breeders in Indonesia because they have better durability and adaptability to
environmental condition when compared to Apis Mellifera species which is imported into
Indonesia from Europe. In addition to the Apis Cerana and Apis Mellifera species, today in
some parts of Indonesia there is also the activity of the cultivation of Trigona bee which is often
called a stingless bee. Trigona bees are known as species that produce unique honey
characters, in addition to propolis which is widely used for the main components of health
supplement products. Apart from some of the types of bees mentioned above, in Indonesia
there is also Apis Dorsata species which is known as a forest honey producer. This species of
bee lives naturally in the forest environment and cannot be cultivated until now.

Given the importance of the position of bee colonies in various dimensions of life, the SAMS
planning and implementation process are generally carried out with a multi-stakeholder
approach, which involves government agencies, the academic world, the business sector, and
the community of honey beekeepers and farmers. In Indonesia the SAMS project is carried out
by involving stakeholders of bee cultivation and honey production, including the Indonesian
Beekeeping Association, the National Beekeeping Center, the West Java Forestry Service,
Perhutani Public Corporation, and beekeepers and farmers, some of whom were the members
of Forest Village Community Institute. In the first phase, the process of preparing and
implementing the SAMS project in Indonesia is temporarily developed in several areas of West
Java, including Majalengka, Ciwidey, Bandung and Sukabumi regions. In addition, the SAMS
project also involves actors and practitioners who are involved in the development of honey-
derived products, especially those engaged in small and medium enterprises (SMESs).
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The SAMS project was officially initiated in the end of 2017 and will be implemented until 2020.
In Indonesia this project will be carried out jointly by teams from Padjadjaran University and
Primary Indonesia. Through collaborations developed jointly, the SAMS project in Indonesia is
expected to carry out the adoption process of bee colony sensor technology while developing
a business model that places SAMS technology in the ecosystem of bee cultivation and honey
business. In this case, the implementation of the SAMS project in Indonesia begins with an
effort to gather information and establish a cross-stakeholder network as an effort to get an
initial picture and to map the existing beekeeping world ecosystem. This approach also
attempts to identify various techniques and local knowledge related to beekeeping activities in
Indonesia. With a cross-stakeholder collaboration approach and interdisciplinary work, the
adoption process of SAMS technology in Indonesia is expected to increase the productivity of
honey bee keepers and farmers, in addition to increasing the enthusiasm of SMEs in the field
of beekeeping and honey derivative products.

In the process the SAMS project also involves practitioners, researchers and academics who
have diverse backgrounds, especially those who are involved in the world of beekeeping,
agriculture, forestry, environment, climate change, and the use of ICTs and digital media.
Through the efforts of adopting, developing, and utilizing the bee colony sensor technology,
the SAMS project is also expected to assist in the collection of data and information enriching
the knowledge of environmental condition in a broad understanding. In this context, the SAMS
project is also expected to enrich knowledge regarding efforts to maintain food security and
the process of adoption and anticipation of climate change. On the other hand, the various
collected data and information are also expected to affect the process of structuring
environmental governance policies, especially in agriculture and forestry. In a broad scope,
the SAMS project is principally endeavored to have an economic impact and welfare
improvement that go hand in hand with effort to maintain environmental condition in a
sustainable manner.

Ir. Yadi Supriadi, MP. (Lecturer at the Faculty of Agriculture UNPAD, member of the SAMS Project
team)

Gustaff H. Iskandar (Director of Common Room, SAMS Project Advisory Member)
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REKTOR Universitas Padj Tri (kanan) didampingi dua periset sebagai narasumber, Dwi Purnomo dan Yadi Supriyadi, memaparkan péin-
ddngannya pada diskusi Riset Unggulan Unpad dan Kerja Sama untuk Masyarakat Sejahtera (Riung Karsa) di Kafe Sixty Ruwo, Jalan Cisangkuy, Kota Bandung, Ju-
mat (20/7/2018). Acara tersebut untuk menyasialisasikan dan mempromosikan produk-produk hasil riset unggulan yang dihasilkan peneliti Unpad.*

Unpad Meluncurkan Riung Karsa
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Abstract of Unpad Launches Riung Karsa a

Riung Karsa's activities - its first topic the SAMS Project. Universitas Padjadjaran launched
UNPAD Flagship Research and Collaboration for a Prosperous Society or Riung Karsa. The
program, which is planned to be held periodically (serial) every weekend, is expected to be a
real and actual pilot to ground contributing to the benefit of the community.

The first week of the launch of Riung Karsa was attended directly by the Rector of UNPAD, Tri
Hanggono Ahmad, at the Sixty-Two Café, Jalan Cisangkuy, Bandung City, Friday
(20/07/2018). In a casual conversation in front of the media, Tri was accompanied by the Vice
Chancellor for Research, Community Service, Cooperation and Academic Corporations, Keri
Lestari, and two researchers as resource persons, Dwi Purnomo and Yadi Supriyadi. Dwi
Purnomo, member of the SAMS project team, talked about the importance of bees, in relation
to environmental preservation and cultivation and related bee products.
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Abstract of Afternoon Coffee at Riung Karsa

University Padjadjaran (UNPAD) launched Riung Karsa, an activity carried out with the
objective to disseminate research and innovation programs carried out by UNPAD. Taking the
theme of chatting casually by inviting several stakeholders from the general public, the media,
and local figures.

Rector of University Padjadjaran, Tri Hanggono, explained that Riung Karsa will become a
forum for UNPAD to disseminate its research and innovation programs carried to the public so
that the public will be more aware of these UNPAD programs.

The first theme discussed during the Riung Karsa event, is the Smart Apiculture Management
Services (SAMS) project an international research. This project has received funding from the
European Union’s Horizon 2020 research and innovation programme under grant agreement
N° 780755. It includes following partner: German Development Cooperation (GlZ) and Kassel
University from Germany, Latvia University of Life Sciences and Technologies from Latvia,
Graz University from Austria, Holeta Bee Research Center and Iceaddis IT Consultancy PLC
from Ethiopia, as well as University Padjadjaran and CV Primary Indonesia from Indonesia.

The SAMS Project is a research project which develops and ICT solution for the beekeeping
sector, a bee colony monitoring tool using different sensors. Apart from focusing on the
development of such colony system, SAMS also focuses on creating new jobs, especially
those that actively involve women. UNPAD researchers, involved in the SAMS research
program, also apply the Pentahelix concept, in which various stakeholders are involved.
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UNPAD Website

# UNIVERSITAS FAKULTA

Perdana di Kota Bandung, Unpad Kembangkan
Budidaya Lebah

Laporan oleh M. Dzulfikri Firdaus

Rekzor Universitas Padjadjaran Prof. Dr. Rina Indiastuti, M.SIE., meninjau lokasi budidays lebah milik
Unpad di komplek Pusat Psikologi Bandung, jalan Ir. H. Djuanda Nomer 438-8, Bandung, Jumat (10/1).

{Foto: Arief Maulana)*

[unpad.ac.id, 10/1/2020] Rekror Universitas Padjadjaran Prof. Dr. Rina Indiastuti, M.SIE.,
meresmikan pusat budidaya dan edukasi lebah yang berlokasi di komplek Pusat Psikologi
Unpad, Jalan Ir. H. Djuanda, Bandung, Jumat (10/1).

Bertepatan dengan Hari Lingkungan Hidup Indonesia, diresmikan Bandung Bee Sanctuary
(BBS) sebagai pusat budidaya dan edukasi lebah berbasis teknologi pertama di Bandung.
Peresmian BBS ditandai dengan penandatanganan stup lebah dan penanaman bibit
pohon oleh Rektor Unpad.

BBS merupakan salah satu Program Riset Hilirisasi Produk Unggulan (RHPU) Universitas
Padjadjaran yang mulai dirancang pada bulan Juli 2019, Program ini selain bertujuan
sebagai sumber potensi pengembangan budidaya lebah, dan menghubungkan
bagaimana riset Unpad mampu memberikan dampak langsung dalam kegiatan sosial
kepada masyarakat dan para stakeholders untuk membuka peluang kolaborasi dalam
perluasan dampak positif.

BBS berdiri diatas lahan seluas 7 hektar dalam komplek Pusat Psikologi Unpad.
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Dalam sambutannya Rektor menyampaikan apresiasi tinggi dan dukungannya atas
inisiasi BBS. Menurutnya BBS adalah contoh socio-teknopreneurship yang baik.

“Munculnya kreativitas perlu diwujudkan dengan kolaborasi dan tekad kuat, dan saya
mengucapkan selamat kepada para dosen dan peneliti kita, yang telah bergerak mencari
kolaborator tidak hanya pada bidangnya, tetapi pada bidang lain yang mampu
mewujudkan kreativitas tanpa batas, juga bagi mahasiswa yang ingin menunjukkan
eksistensi dan peranannya dalam kolaborasi ini,” ungkap Prof. Rina.

Rektor berharap agar BBS mampu dieksplor untuk masyarakat luas, dilestarikan,
ditingkatkan, dan direkognisi berbagai stakeholder dari Jawa Barat, nasional, bahkan
internasional. Ini sejalan dengan komitmen Unpad sebagai institusi pendidikan yang
membangun sumber daya manusia berkualitas, juga terus melakukan pengabdian pada
masyarakat.

Baca juga: Sebanyak 104 Tim dari Seluruh Indonesia lkuti U-Camaintian 2013

Rekror juga berpesan untuk terus menumbuhkan kreativitas, memunculkan tantangan

baru, dengan dukungan kolaborasi serta tekad belajar sepanjang hayat, maka kreativitas
tanpa batas akan memiliki saluran yang positif.

Sementara itu, Wakil Dekan Fakultas Teknologi Industri Pertanian Dr. Dwi Purnomo, STP.,
MT., dalam sambutannya, memperkenalkan teknologi berbasis loT (Internet of Things)
pada BBS untuk budidaya lebah, yang saat ini dalam proses pengembangan hingga siap
pakai oleh para peternak lebah.

Diharapkan BBS menjadi tempat pertumbuhan dan pengembangan kapasitas dan
kualitas wirausaha masyarakat dengan memerhatikan aspek kelestarian lingkungan.
(am)*

Abstract of UNPAD establish 15t Bee Cultivation Center in Bandung

Coinciding with the Indonesia's Environment Day, the Bandung Bee Sanctuary (BBS) was
established as a first technology-based bee cultivation and education center in Bandung. The
launching of the BBS was marked by a signing ceremony with the rector of UNPAD.

The Bandung Bee Sanctuary (BBS) is one of the downstream products of University
Padjadjaran (UNPAD) research in Smart Apiculture Management Services Project (SAMS
Project) funded by the European Union. The Bandung Bee Sanctuary is a clear example of
UNPAD's efforts in grounding its research and innovation programs to the industrial and
community levels.
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The area of the BBS about 7 hectares and is located on one of the UNPAD lands in the Dago
Bandung area. The land, which was previously neglected and used to be a wasted land, has
been turned into a bee farm, planted with various types of flowers. The types of bees placed
at BBS were not only Apis cerana, but also Trigona Sp. which is a stingless bee that is
becoming a trend for beekeepers in West Java.

BBS is expected not only to function as a bee farm, but also to become an ecosystem for the
development of bees in Indonesia, especially West Java. Furthermore, the BBS shall be a
center for beekeeping research, community education, tourist sites, as well as an example of
urban beekeeping.

There have been 10 more press releases about the opening of the Bandung Bee Sanctuary in
several local news sections. As they all focus on the same content only the links and a
sequence of the articles are provided but not the complete article:

f v @ G A REPUBUKA(O.M Q
n Faihzoug-Ortungsgerbite
Republika - UNPAD launches Bandung Bee Unpad Luncurkan Bandung Bee Sanctuary
San Ctuar‘y Jumat 10 jn 2020 15:19WIB
<Q ANTARANEWS
«Ccom

HOME POLTIK HUKUM EKONOMI ~ METRO ~ SEPAKEOLA ~ OLAHRAGA ~ HUMANIORA LIFESTYLE HIBUR

FOKUS INFOGRAFIK FOTO VIDED TEKNO OTOMOTIF WARTABUMI KARKHAS ANTIHOAX ANTARAINTERAKTIF |

Einkaufen bei Kaufland |

Tingkatkan produksi madu melalui
sentuhan teknologi

Antaranews — Increase honey production
through technology intervention

ANTARA - Universitas Padjadjaran (UNPAD) mengembangkan teknologi budidaya lebah di Kawasan
Dago, Bandung, Jawa Barat, jumat pagi. Dengan sentuhan teknologi tersebut, produktivitas lebah
madu semakin maksimal karena dapat terkontrol melalui gawai. Madu yang dihasilkan pun bisa
dijadikan berbagai produk makanan sehat dan juga menguntungkan.(Dian Hardiana/Chairul
Fajri/Sizuka)
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Pas Untuk Kita Samua’

UNPAD Gelar Grand Opening
Bandung Bee Sanctuary

Pasjabar - UNPAD Held Grand Opening of
Bandung Bee Sanctuary B T

BANDUNG, WWW.PASJABAR.COM — UNPAD menggelar acara Grand
Opening Bandung Bee Sanctuary (BBS) pada Jum’at {(10/1,/2019) di
Kawasan Fakultas Psikologi Jalan Dago No 438 Bandung.

Dalam acara ini melibatkan Community empowerment, green and
sustainable business model, start up development, IoT and technology,
critical land revirtalization, resaurces sharing pentahelix partnership
serta product and services development.

Rektor UNPAD Prof. Dr. Rina Indiastuti, M.SIE., menyampaikan bahwa
lewat program UNPAD dapat melakukan socio technopreneurship artinyva
bagaimana entrepreneurship digabungkan dengan unsur sosial dan
sentuhan aplikasi teknologi.

“Dalam program Bandung Bee Sanctuary lebzh diproduktifkan untuk
IDN TIMES JABAR lebih berkembang lagi, namun disamping itu adalzh bagaimana
menbudidayakan preduk madu bersama masyarakat, bagaimana

° membangun model bisnisnya yang nantinya dapat menciptakan bukti
#MILLENNIALSMEMILIH® NEWS BUSINESS SPORT AUTOMOTIVE TECH REGIONAL v LAINNYA v e :

Bisnis Baru Anak Muda, Beternak Lebah Madu yang
Menguntungkan

Produksi madu lokal dari Indonesia masih minim

IDN Times Jabar - New business for young

people -profitable beekeeping business

IDN Times/Debbie Sutrisno

Berita website erintah Provins:

Dekatkan Petani Milenial Melalui BBS

BERITA & 0 KOMENTAR | SUEHER - REP NO

BANDUNG-Universitas  Padjadjaran

Unpad) men;

mbangkan peneliian
tentang pelebahan di Indonesia
dengan tujuan agar masyarakat lebin
memanami  bagaimana  cara
mengembangkan usaha periebahan
secara bak sehingga memiiki
ekonomi tinggi.

Menurut Ketua Tim Riset Bandung

Bee Sanctuary (BBS), Dwi

[abarprov.go.id - Approaching millennial s
farmers through BBS s sy s iy g s i g o e o o

muda karena memiliki teknoogi kekinian

Yang membedakan adalah bagaimana ini bisa digunakan oleh petani dan yang paling penting adalah satu dari 5 bagian
yang lainnya seperts pemberdayaan manusia, menurunkan dengan procuk turunan, niial tambah dan investast sosial,
ucapnya

Dwi mengatakan. ini merupakan salah satu program Riset Hiltisasi Procuk Unggulan (RHPU) yang mulal dirancang pada
Jul 2019 dan telan berhasd memetakannya menjadi model bisnis yang uuh tidak sendin-sendin dan merupakan
Kolaborast kanan ki

Jadi kalau teknologinya ini adalah yang pertama di indonesia karena melibatkan banyak sensor yang terkait dengan
lingkungan. suhu, panas kelembaban. suara dil” kata Dwi, dalam Launching Kebun Lebah Unpad-B8C, Dago, Jumat
(1001)

Dwi menyatakan, hasil riset ini akan terus dikembangkan menjadi model bisnis baru yang bisa direpikasi di daerah tain
dengan sedikit penyesuaian sesuai kebutuhan masing-masing daerah karena dapal memberikan dampak langsung
dalam keglatan sosial kepada masyarakat can Juga kepada berbagal macam pemangku kebijakan
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ah Provinsi Jawa

Teknologi Berbasis loT Kembangkan Budidaya Lebah

BERITA 0 KOMENTAR REPHO

BANDUNG- Universitas Padjadjaran
(Unpag)  berhasil  memantaatkan
1ahan seluas 7 hektar di sekitar Dago
Atas. Bandung tepatnya di belakang

gedung Unpad  yang

sebelumny; dengan semak
beiukar menjadi lempat budidaya
lepah  dengan  menggunakan
teknolog sensor yang dikembangkan
Fakuttas Teknologl Industri Pertanian
(FTIP) Unpad

Belasan kandang lebah  unluk
menampung madu telah lerpasang dan ekosistem untuk

bunga matahari, kacang tanah, hingga pohon petai cina tumbuh di sebagian fahannya

bangun vegetasi kehidupan lebah teiah ditanam, mulai dari

Menurut Rekior Unpad, Rina Ingiastutl. dengan teknologl baru berbasl
nantinya akan membantu petemak lebah untuk mengontrol keadaan sarang dan Juga kualtas lebah yang bisa dipantau
pergerakannya.

10T (intemet of Things) untuk bucidaya lebah

Dengan teknolog! sensor leban yang dintegrasikan dengan apiikasi montoring berbasis moblke yang bisa dipantau dan
Jarak jaun. Aplikasi ini akan memuat data dan informasi lebah dan juga kondisi sarang seperti suhu, berat, kelembaban
dan fain-fain

Rina mengatakan, ¢

n leknologi ini peternak akan dimudahkan, dimana mereka akan dapat mengetahui apakah

sarang lebah siap panen atau belum tanpa harus bolak-baiik mengecek sarang

Kita akan tahu bagaimana produktifitas lebah dalam menghasilkan madu, kapan leban tu bekerja, kapan itu produkit
dan dengan lebah harmonisasi alamnya bisa terjaga meiestarian lingkungan, kolaborasinya berbagal ahil, anak muda
mitra bisnis, pemda. Institus! internasional lain.” tutumya.

Kantor Pemuda — UNPAD launches
Bandung Bee Sanctuary

jabarprov.go.id - loT-based technology

supports beekeeping

HOME  BERITA TERKIMI = EKONOMI = MILLENNIALS =  NASIONAL - INTERNASIONAL -

VIDEO - OLAHRAGA - -

Unpad Luncurkan Bandung Bee Sanctuary

Bandung Bee Sanctuary adalah pusat pembudidayaan dan edukasi lebah berbasis teknologi
REPUBLIKA.CO.ID, BANDUNG — Universitas Padjadjaran bersama The Local Enablers
memperkenalkan Bandung Bee Sanctuary di Jalan Ir. H. Juanda, Kota Bandung, Jumat
(10/1). BES merupakan pusat pembudidayaan dan edukasi lebah berbasis teknologi di
Bandung.Kepala tim riset Bandung Bes Sanctuary, Dwi Pumomo mengatalan BBS
mengusung konsep inovasi sosial. Lebah yang memiliki potensi bisa dimanfaatkan sebagai
model bisnis baru."Kita akan melakukan bisnis model pemberdayaan, penguatan ekonemi
sosial, dan eknologi yang menyamakan pertanian dengan industri 4.0," kata Dwi.Lahan
seluas 7 hektare pun akan disulap menjadi peternakan lebah. Untuk meningkatkan sumber
daya manusia yang ada, dilakukan pendampingan dengan melibatkan anak muda sebagai
pelaku budidaya lebah."Kita melibatkan 100 crang anak muda yang memiliki ketertarikan
dengan induslri lebah dan mengkolaborasikan dengan berbagai bisnis model yang ada,”
katanya.Selain menggaet anak muda darl Unpad, Dwi menyebut BBS turut menggaet
masyarakat kurang mampu. Seperli peternak lebah yang dahulunya bekerja sebagai
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UNPAD Website

# UNIVERSITAS FAK

Menjaga Bisnis Perlebahan Tetap “Menyengat” di
tengah Pandemi Covid-19

>
y
o

“-'w);‘-_‘},}‘ g N _ ‘_ -ad.ac.id

(Foto ilustrasi) Aktivitas penangkaran lebah di Bandung Bee Sanctuary (2B5) Pusat Budsys dan Edukasi
Lebah Unpad di komplek Pusat Psikologi Unpad, Jalan Ir. H. Djuanda, Bandung, Jumat (10/1). (Foto: Arif
Maulana)*

[unpad.ac.id, 16/6/2020] Pandemi Covid-19 menjadi tantangan bagi sektor bisnis.

Pelemahan ekonomi yang terjadi di masa pandemi harus dilawan oleh pengusaha, agar

bisnis yang dijalankan tetap terjaga kelangsungannya.

Tim Konsorsium Smart Apicuiture Monogement Services (SAMS) Universitas Padjadjaran
memberikan sejumlah rekomendasi untuk memperbaiki dan meningkatkan bisnis,

terutama menghadapi Covid-19. Pengenalan model bisnis ini dipaparkan dalam Webinar
“Menjaga Momentum Bisnis Lebah Madu dan Produk Perlebahan Pasca Covid-19 dengan

Model Bisnis Inovatif”, Sabtu (13/6).

(baca juga: Unpad Terlibat dalam Konsorsium Riset Herizon 2020 ICT-39 Uni Eropa)

Narasumber Webinar yang juga ketua tim SAMS Unpad Dr. Dwi Purnomo, M.T.,
menjelaskan, pandemi Covid-19 menciptakan dua kondisi dalam bisnis, yaitu naik atau
terpuruk. Jika berada pada kondisi naik, keberlanjutannya harus dijaga.

Dalam rilis yang diterima Kantor Komunikasi Publik Unpad , Dr. Dwi memaparkan, hal
yang dapat dilakukan untuk menjaga momentum di antaranya menjaring data konsumen
mulai dari persona, sebaran, preferensi serta perubahan sifat generasi agar tetap relevan

di masa mendatang.

Selain itu, menginvestasikan keuntungan bukan hanya untuk mempelajari teknis produksi
juga mempelajari model bisnis. Dr. Dwi juga mendorong untuk menyiapkan webstore

guna mempermudah pengumpulan data,

(baca juga: Konsorisum Riset SAMS Horizon 2020 Uni Eropa Populerkan Kembali Budidaya
Lebah)
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Apabila berada pada kondisi terpuruk, Wakil Dekan Fakultas Teknologi Industri Pertanian
Unpad ini juga menyarankan untuk jangan lekas memutuskan ikatan kerja pegawai atau
menjual aset. Keputusan jangka pendek ini bisa menjadi bumerang di masa datang.

Baca juga: Peneliti Unpad Ciptakan Alat Ukur Kemampuan Dekter Gigi dalam
Melakukan Dental Hipnosis

Sudut pandang saat bisnis terpuruk harus diputar 180 derajat. Pegawai jangan dipandang
sebagai beban, tetapi justru sebagai aset yang perlu dijaga. Untuk itu, targetkan pegawai
untuk belajar hal baru.

"Kondisi paling kritis saat ini sebenarnya adalah kondisi yang paling memungkinkan
muncul ide-ide gila sambil meeting online cari titik pivot-nya bisa jadi milestone baik di
masa depan,” tambahnya.

Bisnis Potensial

Sektor bisnis perlebahan dan produk turunannya menjadi bisnis potensial di tengah badai
pandemi. Berdasarkan hasil analisis sebuah stwdi lembaga di Mesir terkait posisi ekonomi
berbagai sektor bisnis di era pandemi, bisnis perlebahan dan preduk turunannya sebagai
sektor bisnis food processing & retail menduduki posisi kedua sebagai potentiol winner.

(baca juga: Perdana di Kota Bandung, Unpad Kembangkan Budidaya Lebah)

Sebagai salah satu suplemen kesehatan, madu kini menjadi primadona bagi masyarakat
untuk menjaga ketahanan tubuh di masa pandemi.

Analisis ini juga dibenarkan cleh penggiat perlebahan yang menjadi peserta pada
Webinar ini. Menurut para peserta, di balik pandemi Covid, bisnis perlebahan yang
dijalankan justru mendapat keberkahan. Omzet penjualan pun melejit.

Karena itu, materi Webinar ini diharapkan dapat diaplikasikan untuk mendukung
ketahanan bisnis perlebahan di Indonesia. Apalagi, jika dilihat dari lokasi peserta Webinar,
ada optimisme sektor perlebahan di Indonesia tetap bangkit.

Webinar ini dihadiri oleh 64 penggiat dunia perlebahan dan apiculture enthusiost dari
berbagai dasrah Indonesia baik wilayah Pulau Jawa maupun Luar Jawa. Selain it, webinar
ini mendapatkan respons positif dari peserta.

"Dengan melihat persebaran ini, Indonesia memiliki potensi yang baik dalam
meningkatkan produksi madu dan produk perlebahan lainnya yang sampai hari ini
kebutuhan pasarnya belum dapat terpenuhi oleh produksi lokal,” kata Dr. Dwi.

Baca juga: PTN Badan Hukum Harus Mampu Tingkatkan Mutu Akademiknya

(baca juga: Unpad Dorong Masyarakat Sadar Porensi Budidaya Lebah)
Inkubasi Bisnis Lebah

Dalam Webinar yang didukung oleh The Local Enablers, Asosiasi Perlebahan Indonesia
(AP1), dan lndenesia Creative Cities Network (ICCN), tim SAMS Unpad akan meluncurkan
program inkubasi online untuk peserta penggiat perlebahan yang telah mengikuti webinar
selama 7 minggu.

Pembinaan ini dikhususkan untuk bidang perlebahan dalam rangka mendukung penggiat
bisnis perlebahan menjaga momentum baik yang didapat lewat pandemik Covid-19,
Pembinaan ini tidak terbatas pada kalangan yang sudah memiliki bisnis perlebahan saja,
tetapi untuk kalangan yang belum memiliki bisnis perlebahan dan tertarik untuk memulai
bisnis di bidang ini.

Dengan begitu, kesempatan untuk memenuhi kebutuhan pasar akan produk perlebahan
zemakin terbuka lebar.(art)*
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Short abstract of Beekeeping Businesses during Covid-19 Pandemic

The conditions for the spread of the Covid-19 pandemic have had a huge impact on the
business world, many business lines have been forced to close due to the impact of the Covid-
19 pandemic. These various business lines start from food, beverage, tourism, etc.

However, it turns out that Covid-19 also provides a breath of fresh air for bee product
businesses, especially honey sales in Indonesia. There has been a significant increase in
demand and sales of honey products in the market.

The SAMS University Padjadjaran team carried out a web-seminar activity with the theme
"Maintaining the Post-Covid-19 Beekeeping and Bee Product Business Momentum with an
Innovative Business Model". This web-seminar was intended to provide insight to the
beekeeping sector and related business as well as business opportunities by providing
business model canvas knowledge.

Such web-seminar series, especially on Business Model Canvas, shall enable the sector to
take advantage of the pandemic and grow out of it.

UNPAD Website

# UNIVERSITAS FAKU

Tim Riset SAMS Unpad Luncurkan Program Inkubasi
Bisnis untuk Usaha Perlebahan

- N S -
Kotak stup lebah di Pusat Budidaya dan Edukasi Lebah milik Unpad yang berlokasi di komplek Pusat
Psikologi Unpad, jalan Ir. H. Djuands, Bandung. (Foto: Arif Maulana)*
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[unpad.ac.id, 11/7/2020] Universitas Padjadjaran melalui tim riset internasional Smart
Apiculture Monogement Services (SAMS) meluncurkan program inkubasi model bisnis
inovatif untuk pelaku usaha perlebahan. Sebanyak 180 peserta mengikuti program
inkubasi ini.

Peluncuran program inkubasi dilakukan melalui pertemuan daring yang digelar, Jumat
(3/7). Peserta program tidak hanya berasal dari Jawa Barat, tetapi juga berasal dari
berbagai daerah di Indonesia. Sejumlah pelaku usaha perlebahan, mulzi dari peternak
lebah, pebisnis, penyuluh, pemerintah, hingga masyarakat yang menaruh minat di bidang
perlebahan, menjadi partisipan program ini.

(baca juga: Menjaga Bisnis Perlebahan Tetap “Menyengat” di tengah Pandemi Covid-19)

“Program ini dirancang untuk membantu penggiat bisnis perlebahan untuk memperbaik
model bisnis mereka dengan model bisnis inovatif dan membantu apiculture enthusiast
dalam melakukan ideasi bisnis inovatif perlebahan & produknya,” ujar ketua tim

riset SAMS Unpad Dr. Dwi Purnemo, M.T., yang membawahi program inkubasi ini.

Dalam keterangan tertulis kepada Kantor Komunikasi Publik Unpad, Dwi juga
menjelaskan, program inkubasi ini diharapkan bisa berpengaruh terhadap penguatan
modle bisnis UMKM di bidang usaha perlebahan, perubahan pola pikir dan peningkatan
kapasitas pelaku usaha, penguatan ekosistemn bisnis, hingga penguatan ekonomi
masyarakat.

Program pertama yang akan dijalankan dalam inkubasi ini adalah pembuatan model
bisnis kanvas. Model bisnis kanvas menghasilkan produk yang dibutuhkan kensumen
secara layak dan berkelanjutan.

Realisasinya, peserta inkubasi akan dibagi menjadi beberapa tim. Setiap tim akan dipanc
oleh fasilitator, “Pengelompokkan tim ini akan membantu peserta mengikuti inkubasi
dengan lebih terarah dan terbimbing,” tutur Dwi.

Baca juga: Finder U-CoE Unpad, Perintis Kajian Nanoteknologi di Perguruan Tinggi

(baca juga: Perdana di Kota Bandung, Unpad Kembangkan Budidaya Lebah)

Program inkubasi akan dibagi menjadi 7 sesi pertemuan, Diharapkan peserta dapat
mencapai level usaha yang lebih tinggi.

“Outcomes dari program ini adalah peserta diharapkan mampu menjalankan bisnis usah
perlebahan dengan diversifikasi produk, menjalankan sistem Objective Key Results
(QKRs), peningkatan manajerial dan kapabilitas tim,” katanya.

(baca juga: Unpad Dorong Masyarakat Sadar Potensi Budidaya Lebah)

Selain itu, peserta program dapat memahami segmentasi pasar lebih baik, mampu
melihat kebutuhan konsumen, mampu menjaga hubungan dengan pelanggan dan
mitra,serta mampu membentk kolaborasi.

Kepala Bagian Perencanaan Dinas Kehutanan Provinsi Jawa Barat Aris Dwi Subiantero
yahg hadir dalam acara peluncuran mengatakan, program inkubasi ini selaras dengan
upaya pemprov dalam pengembangan perlebahan di Jabar. Hal ini bertujuan untuk
rmenjadikan Jabar sebagai lumbung madu nasional {art)*
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Short abstract of SAMS UNPAD research team launches business incubation
program for beekeeping businesses

University Padjadjaran launched an innovative business model incubation program for
beekeeping businesses as part of the Smart Apiculture Management Services (SAMS)
international research team. A total of 180 participants applied to this incubation program which
were not only from West Java, but also come from various regions in Indonesia. The incubation
program was launched through an online event that was held on Friday (3/7). Several
beekeeping business actors, ranging from beekeepers, businessmen, extension workers,
government, to people who are interested in beekeeping, participated in this program.

This program is designed to help beekeeping businesspeople to improve their business
models with innovative business models and assist apiculture enthusiasts in carrying out
innovative beekeeping and develop business as well as product ideas. The incubation program
will be divided into 7 meetings. Participants are expected to achieve higher levels of business.

UNPAD Website

# UNIVERSITAS FAKULTA

Ikut Konsorsium SAMS, Unpad Telah Jalankan
Beragam Program Peningkatan Bisnis Perlebahan

Rilis

Internasional Smart Apicuiture Management Service
S)*
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[unpad.ac.id, 1/10/2020] Proyek Kensorsium Internasional Smart Apiculture Management
Service (SAMS) saat ini telah menginjak akhir pericde dari tiga tahun pelaksanaan sejak
Januari 2018 lalu, Tim SAMS Unpad pun telah melaksanakan berbagai kegiatan yang
berfokus pada bisnis perlebahan Indonesia.

Hal tersebut disampaikan tim SAMS pada Steering Committee Meeting ke-7 yang

o0

dilaksanakan secara daring pada 23 - 25 September 2020 lalu.

Pada pericde Maret-September 2020, program yang sudah dilakukan tim SAMS Unpad di
antaranya melakukan penulisan laporan market survei yang dilaksanakan bulan Januari -
Februari 2020 (laporan dapat diakses melalui website SAMS), mencari mitwra bisnis
perlebahan yang akan diberikan dukungan cleh 5AMS, serta melaksanakan webinar dan
inkubasi model bisnis inovatif perlebahan.

{baca juga: Tim Riset SAMS Unpad Luncurkan Pregram Inkubasi Bisnis untuk Usaha
Perlebzahan)

"Harapannya dari kegiatan-kegiatan ini, Indonesia bisa semakin maju dalam bisnis
perlebahan yang bukan hanya mencakup peternak atau penjual madu, tetapi juga dengan
melibatkan stakeholder lain yang tergabung dalam value choin/rantai pasck bisnis
perlebahan seperti pemerintahan, organisasi, dan akademisi,” ujar Ketua tim riset SAMS
Unpad Dr. Dwi Purnomo, M.T., dalam rilis yang diterima Kantor Komunikasi Publik (KKP)
Unpad.

Steering Committee Meeting sendiri rutin dilaksanakan SAMS setiap € bulan sekali.
Pertemuan ini biasanya dilakukan di salah satu negara anggota kensorsium yang
berlokasi di Eropa.

(baca juga: Tindak Lanjut Pregram SAMS, Unpad Gelar Lokakarya “User Centered Design”)

Mamun, pada Steering Committee Meeting ke-7 kali ini terdapat perbedaan dalam
pelaksanaannya. Kendisi dan perkembangan Covid-19 yang berbeda di tiap negara
membuat pertemuan ini digelar secara daring.

Baca juga: Darma Wanita Unpad Beri Santunan kepada Sejumlah Lansia di Desa Cileles
dan Cilayung

"Steering Committee Meeting kali ini adalah yang pertama dilakukan secara daring setelah &
pertemuan sebelumnya selalu dilaksanakan dengan tatap muka,” ungkap Dr. Dwi.

Dalam perternuan kali ini, seluruh anggota konsorsium 5AMS menyampaikan kegiatan
setiap work package dari setiap negara yang telah dilaksanakan sejak Maret - September
2020, Selain itu, seluruh anggota konsorsium juga berdiskusi mengenai langkah-langkah
kerja yang dapar dilakukan demi mencapai tujuan dan dampak yang dharapkan, sesuai
dengan yang telah dirumuskan di awal proyek. (art)*

Short abstract of The SAMS Consortium, UNPAD supports various beekeeping
business improvement programs

The project Smart Apiculture Management Service (SAMS), which has been implemented
since 2018, has entered its last year. Various activities have been carried out by members of
the SAMS consortium, including University Padjadjaran (UNPAD). One of the regular activities
is the Steering Committee Meeting (SCM).

Unlike the previous six SCM, which were always conducted in Europe in person, this 7th SCM
had to be carried out online due to the Covid-19 pandemic. On the occasion of the 7th SCM,
the UNPAD team explained the activities that have been carried out since March-September
2020. Likewise, with other consortium members who explained the activities they have carried
out.

N°7.3. Compendium of SAMS publications and press releases 421153



WP 7 Communication and Dissemination SAMS

UNPAD Website

# UNIVERSITAS FAKULTAS

Konsorsium SAMS Unpad Paparkan Hasil Penelitian di
Bidang loT Perlebahan

Rilis

.1'.!."

~ 9

5 " Prototype 1
Peng: 3 giloT g Koloni
Lebah untuk Revitalisasi Lahan Marginal Melalui
Akselerasi Pengembangan Model Bisnis
Pemberd . oon tat wtif

peneliti utama SAMS UnpadDr. Dwi Purnc
“Beekeeping Then & No

™ . saat menjadi narasumber dalam webinar bertajuk
" bagian dari "Festival Lebah Madu” atau "Bee Fest”, 22 November lalu®

[unpad.ac.id, 9/12/2020] Kensorsium riset internasional “Smart Apiculture Management
Services (SAN

yang diikuti Universitas Padjadjaran sejak awal 2018 sudah mencapai
akhir proyek di pengujung tahun 2020.

Guna mendiseminasikan hasil riset SAMS, khususnya yang dilakukan anggota konsorsium
asal Indonesia terkait penerapan teknologi loT di bidang apikultur, Unpad bersama CVPI,

The Local Enabler, dan Labtek Indie menggelar “Festival Lebah Madu” atau "Bee Fest
secara virtual pada 21-22 Movember lalu.

Acara ini diikuti oleh 118 peserta dari berbagai daerah di Indonesia. Peserta berasal dari

kalangan mahasiswa yang tertarik dengan teknologi perlebahan, wirausahawan, peternak

ebah, dotsen, hingga pemerintah.

Acara "Bee Fest” terdiri dari tiga rangkaian webinar. Webinar pertama bertema “Creating
Social Impact through Internet of Things Live Discussion” digelar pada 21 November
dengan narasumber Dr. Andry Alamsyah M.5c., dari Asosiasi llmuwan Data Indonesia dan

Anshory Muslim dari eFishery serta dimoderatori Amanda Mita dari Labtek Indie.

Baca juga: Unpad Terbitkan Panduan Penyelenggaraan Kegiatan Pendidikan, Penelitian,
dan Kemahasiswaan untuk Semester Genap TA 2020/2021

Pada webinar ini, peserta diajak berdiskusi secara langsung mengenai teknologi loT
secara umum dan pemanfaatannya untuk kemajuan sosial. Rangkaian pertama ini diilouti
aleh 71 peserta.

Pada hari kedua, “Bee Fest” dilanjutkan dengan webinar bertajuk "Beekeeping Then &
Mow". Narasumber pertama, Dr. Ramadhani Eka Putra, PhD, selaku Dosen Institut
Teknologi Bandung memaparkan mengenai budidaya lebah madu dan potensinya di
Indonesia.

Pembahasan berlanjut mengenai konsep urban beekeeping yang diusung oleh Bandung
Bee Sanctuary, sebuah bisnis penangkaran lebah berbasis wisata edukasi yang digagas
Unpad melalui proyek SAMS dengan narasumber Dr. Dwi Purnoma, M.T., selaku peneliti
utama SAMS Unpad dan Yoga Restwu Mugraha, 5.H.Int selaku CEC dari Bandung Bee
Sancwary.

Sebanyak 96 peserta webinar juga diajak untuk mengikuti pemaparan tentang
pemantauan otomatis aktivitas lebah apis cerana menggunakan pemrosesan citra yang
dibawakan oleh Dr. Teny Sumaryada dari Institut Pertanian Bogor.

Webinar hari kedua ditutup dengan “What You Can Do with loT: Its Positioning in
Beekeeping Live Discussion”. 5esi ini secara khusus membahas peran loT dalam
perlebahan Indeonesia.
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Peserta dengan akrtif turut berdiskusi dengan para narasumber yang berkecimpung
dalam bidang loT perlebahan, di antaranya adalah Budi Rahardjo dari STEI ITE, Rois
Sclihin dari Calakan dan Fakhri Ride dari Labtek Indie yang juga Head Engineer SAMS
Indonesia,

Baca juga: Kensep Familiaritas Bahasa untuk Terapi Pasien Afasia Antarkan Riki

Nasrullah Jadi Doktor Neurolinguistik

Tidak berhenti sampai di sana, para peserta Festival Lebah Madu ini diajak untuk
melahirkan ide tentang kondisi perlebahan Indonesia saat ini dan kedepannya dengan
mengisi kuesioner melalui link https://hitlyfidelebah2020,

Tim SAMS Unpad berencana memublikasikan kumpulan ide tersebut. Ideasional
diharapkan dapat menjadi acuan dan bahan pertimbangan bagi seluruh pemangku
kepentingan dunia perlebahan dalam memajukan perlebahan Indonesia

Rangkaian acara ini diadakan dalam rangka membumikan isu loT yang masih belum

dikenal dalam dunia perlebahan Indonesia dan acara ini pun dimaksudkan untuk menjadi

jembatan acara menuju “Final Conference SAMS: ICT in Apiculture”, Konferensi SAMS yang

diadakan secara internasional ini adalah diseminasi akhir perjalan riset seluruh anggota
konsarsium SAMS.[arm)*

Short abstract of UNPAD from the SAMS Consortium Presents Research Results in
Beekeeping loT

The international consortium of the Smart Apiculture Management Services (SAMS) project,
of which the University Padjadjaran is a member, reaches its project end in December 2020.
In order to disseminate the results of the SAMS project, especially those carried out by
consortium members from Indonesia regarding the application of 0T technology in the field of
apiculture, UNPAD together with CVPI, The Local Enablers, and Labtek Indie held a virtual
"Honey Bee Festival" or "Bee Fest" on November 21-22, 2020.

The ‘Bee Fest’ event consisted of three main topics, namely “Creating Social Impact through
Internet of Things Live Discussion”, “Beekeeping Then & Now Web-Seminar”, and “What You
Can Do with IoT: Its Positioning in Beekeeping Live Discussion”.

This event was held in order to bring the IoT topic, which is still uncommon in the Indonesian
apiculture sector, more grounded. Moreover, this event was also intended as a bridging event
for the "Final Conference of SAMS: ICT in Apiculture" event.
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UNPAD Website

# UNIVERSITAS FAKULT,

Konsorsium Riset Internasional SAMS Hasilkan
Beragam Temuan di Bidang Perlebahan

Rilis

$ DAY 1-ICTin
Apiculture

a% Ay ' Wancipare 1 Akeiture
y conrecton

SAMS 5

#DAY 2T in
Apiculture

i penutupdari rangkaisn pe

12/2020] Sebagai penutup dari rangkaian perjalanan Konsorsium riset

[unpad.ac.id, 11/12/2020]
nternasional “Smart Apiculture Management Services (SAMS) , Universitas Padjadjaran

bersama anggota SAMS menggelar konfe
25-26 November lalu.

Konferensi bertajuk “Information, Communication, and Technology in Apiculture” ini
diikuti oleh peserta dari 23 negara. Acara tersebut tidak hanya memaparkan berbaga
temuan selama 3 tahun proyek SAMS dilakukan di Indonesia, Ethiopia, dan beberapa

tapi juga menjadi ajang diskusi terkait teknologi di bidang perlebahan

negara di Erupa,

Hari pertama konferensi dibuka dengan pembahasan mengenai proyek SAMS oleh
Project Manager Stefanie Schaedlich. Stefanie menjelaskan, proyek SAMS dinanai oleh Uni

Eropa dan memiliki 8 anggota institusi dari 5 negara di 3 benua.
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Baca juga: Lises Unpad Tampilkan 10 Tari Tradisional Jabar di Pementasan Sawindu

"Tujuan SAMS untuk mengembangkan menitering sistem kolani lebah sehingga
membantu peternak lebah dalam mengurus, mengawasi kesehatan dan tingkat
produktivitas koloni lebahnya,” ujar Stefanie.

Acara kemudian dilanjutkan dengan deskripsi menitering sistem SAMS Yang
dikembangkan oleh tim dari Universitas Kassel serta bagaimana implementasinya di
Jerman, Ethiopia, dan Indonesia.

Sesi kedua konferensi hari pertama diisi dengan pemaparan mengenai pengawasan
kesehatan lebah cleh Zoologist Dr. Linde Morawetz serta ahli perlebahan Markus
Barmann. Hari pertama konferensi kemudian ditutp dengan pembahasaan berbagai
keaneakaragam temuan yang didapat tim konsorsium dari 3 benua.

Temuan-temuan tersebut didapatkan pada metode User Center Design yang diterapkan
dalam pengembangan monitoring sistem SAMS. Peneliti dari Unpad Anas Bunyamin,
M.5i., berkesempatan memaparkan temuan selama mengerjakan proyek.

Temuan tersebut didapatkan dari sudut pandang peternak lebah maupun calon peternak
ebah yang diberikan materi peningkatan kapasitas pada beberapa kegiatan yang telah
dilaksanakan.

Hari kedua konferensi diisi dengan pembahasan materi mengenai "bee data” dan “bee
policies” di Indonesia, Ethiopia, dan Eropa, konsep 5AMS Business, pengenalan mitra
SAMS dan penandatanganan secara virtual decloration of intent partnership SAMS.

Baca juga: Ekstrak Kulit Buah Manggis Berpotensi Sebagai Anti-Covid-197 Ini Studinya

Pembahasan “Bee Date” disampaikan oleh anggota konsorsium dari Latvia University of
Life Sciences and Technologies serta beberapa narasumber ahli lainnya dari BeeKing dan
BeaXML.

Sesi ini membsahas mengenai cara penyimpanan dan pemrosesan data alat moenitoring
ebah SAMS, kebutuhan data peternak lebah dan juga standardisasi bee dota.

Sesi pembahasan "bee policies” disampaikan oleh Nur Al Faizah & Taufik Ginanjar
Danuwidjaja sebagai perwakilan dari tim SAMS Indonesia, Negash Bekana dari Ethiopian
Apiculture Board, dan Thomas M. Klotz searang science politicion yang berkecimpung
dalam dunia perlebahan.

Materi yang disampaikan sesi ini memperlihatkan bagaimana kematangan dan kesiapan
suatu negara dalam perlebahan sangat berpengaruh pada praktek dan kebijakan yang
berlaku dalam suatu negara.

Potensi yang besar dalam perlebahan perlu didukung dengan kebijakan dan kesadaran
publik yang memadai untuk dapat berkembang dengan baik.

Adapun program “International ICT Api Partnershig”. Kerja sama ini dibentuk dalam rangka
menjaga keberlanjutan dari manfaat proyek SAMS.

Kerja sama ini mencakup 3 bentuk kegiatan, yaitu Internationol Partnership on SAMS
Business Development; Internationol Portnership on Bee Colony Doto ond Knowledge
Exchonge, serta Internationo! Poartnership on Apiculture Technologies and Services.(art)®

Short abstract of SAMS Final Conference - SAMS International Research Consortium
presents various beekeeping findings

As a closing of the research journey of the international research consortium "Smart Apiculture
Management Services (SAMS), University Padjadjaran together with the SAMS project team
held a virtual international conference on November 25-26, 2020. This article exposed the
series of final conference events on the first and second days, such as overall information on
the SAMS project presented by Stefanie Schaedlich, SAMS project coordinator; a description
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of the SAMS monitoring system developed by a team from the University of Kassel and its
implementation and adaption in Germany, Ethiopia and Indonesia; findings of UCD process
and capacity building activities; information regarding "Bee data" and "bee policies" in
Indonesia, Ethiopia, and Europe; the concept of SAMS Business; the introduction of SAMS
partnerships and a virtual signing ceremonial of the SAMS partnership declaration of intent.
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1.2 Ethiopia

1.2.1 June 2019 - LinkUp Magazine — B is for Bees
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A4
Deutsche Besellschaft
fiur Internationale
Zusammaenarbeit (61Z) 6mbH

Ausgabe Nr. 10 | Juni 2019
Klima, Umweltpolitik, Wald, Biodiversitat Newsletter

Aktuelles zu Klima, Umweltpolitik, Wald und Biodiversitét
Ein gemeinsamer Service der Bereiche FMB und GloBe

Monitoring von Bienen — erste Systeme in Indonesien und
Athiopien installiert

SAMS, ein durch das Forschungs- und

o Smart Innovationspragramm Horizon 2020 der Europaischen Union
° Apiculture (GA No® 780755) finanziertes Projekt, zielt darauf ab,
Ma nagemen t Forschungsdaten durch das digitale SAMS
SAMS Servi C es Monitoringsystem zu generieren. Ausgewertete Daten sollen

SAMS Logo. © GIZUNPAD so u.a. Rickschlusse auf Bienengesundheit & -produktivitat

ermoéglichen und die Imkerei in Athiopien & Indonesien
stérken. Die ersten Prototypen wurden in beiden Landem installiert. Das System dient Imker*innen &
Wissenschaftlertinnen als Uberwachungs- und Forschungsinstrument und hilft Bienenzichterinnen
die Ziichtungsauswahl detaillierter durchfiihren.

» Webseite: SAMS Smart Apiculture Management Systems
» Twitter: SAMS_EUproject_H2020

Kaontakt: Angela Zur

Abstract of Monitoring of bees - first systems installed in Indonesia

SAMS, a project funded by the European Union's Horizon 2020 research and innovation
program (GA No° 780755), aims to generate research data through the digital SAMS
monitoring system. Evaluated data should include Enable conclusions to be drawn about bee
health and productivity and strengthen beekeeping in Ethiopia & Indonesia. The first prototypes
were installed in both countries. The system serves beekeepers and scientists as a monitoring
and research tool and helps beekeepers to select breeding in greater detail.
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fur Internationale
Zusammenarbeit (G1Z) GmbH

Ausgabe Nr. 216 | Juni 2019

Lidndliche Entwicklung Newsletter

Monitoring von Bienen — erste Systeme in Indonesien installiert

Regionalbiro Sud - EU H2020 Projekt SAMS als Teil des |ZR-Vorhabens
Innovationswerkstatt

. Das internationale Imkerei-Projekt SAMS (Smart Apiculture
G | Smart Management Services) zielt darauf ab, mithilfe eines
® e A p iculture Moniteringsystems Forschungsdaten unter anderem ber
Man age ment Bienengesundheit und -produktivitat zu liefern und die
SAMS Services Honigwirtschaft in Athiopien und Indonesien zu stirken. Im
SAMS Logo Marz und April 2019 wurden hierfir die ersten Prototypen in
©GIZIUNPAD Indonesien sowie Athiopien installiert. Ein Wabenrahmchen

ist dabei mit einer Uberwachungseinheit inklusive Sensorik ausgestattet, sodass Daten direkt in der
Beute generiert werden. Zusatzlich wird eine Waage unter der Beute installiert, um das Gewicht des
Bienenstocks zu messen und Imker/innen Uber Veranderungen informieren zu kénnen. Alle
Sensoren werden Uber eine Smarfphone App eingerichtet und kalibriert.

Das SAMS Monitoringsystem kdnnte in Zukunft nicht nur Imker/innenn und Wissenschaftler/innen
ein wichtiges Instrument fir Uberwachung und Forschung bieten, sondern auch Bienenziichter/innen
konnten die Zichtungsauswahl anhand verschiedener Parameter detaillierter durchfiihren. Die
gesammelten Daten kdnnen zusatzlich auch fur weitere Forschungsdisziplinen von Relevanz sein
und sollen deshalb offen bereitgestellt werden. Das Projekt SAMS wird aus Mitteln des Forschungs-
und Innovationsprogramms Horizon 2020 der Europaischen Union unter GA 780755 finanziert.

Kantakt:
Angela Zur

Weitere Informationen:
SAMS-Website

SAMS (Twitter)
SAMS-Quartalnewsletter
Regionalbiro Sud

Morisse Unit with wamaon in Brood frams

Scale Spvier with vemor for outside temphusidity

SAMS Meonitoring Hive/ System
©Sascha Fiedler/Universitat Kassel

Abstract of Monitoring of bees - first systems installed in Indonesia
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SAMS is funded by the European Union's Horizon 2020 research and innovation program (GA
780755) and aims to use a monitoring system to generate research data that, among other
things, provide information on bee health and productivity and should strengthen beekeeping
in Ethiopia & Indonesia. The collected data can also be of relevance for other research
disciplines and should therefore be made available openly. In March 19 and April 19, the first
prototypes of the monitoring system were installed in Indonesia and Ethiopia. A honeycomb
frame is equipped with a monitoring unit including sensors so that data is generated directly in
the hive. In addition, scales will be installed under the hive to measure the weight of the beehive
and to inform the beekeeper of any changes. All sensors are set up and calibrated using a
smartphone app.

In the future, the SAMS monitoring system could not only offer beekeepers & scientists an
important tool for monitoring & research, but also beekeepers could carry out the selection of
breeds in more detail based on various parameters.

Deutsche Gesellschaft
tur Internationale
Zusammenarbeit (61Z) GmbH

Ausgabe Nr. 219 | Marz 2020

Léandliche Entwicklung Newsletter

Monitoring von Bienen — Entwicklung eines Data Warehouse und
Decision Support Systems

OE 3920 RB Sld — EU H2020 Projekt SAMS — Smart Apiculture Management Services als
Teil des IZR—Vorhabens Innovationswerkstatt

. Das Imkerei-Projekt SAMS — Smart Apiculture Management
5 Smart Services — liefert mithilfe eines Monitoringsystems
® Api[ultu re Forschungsdaten uber Bienengesundheit und -produktivitat
Man agemen t und soll dazu beitragen, die Honigwirtschaft in Athiopien und
SAMS Services Indonesien zu starken. 2019 wurden in Indonesien und

Athiopien die ersten Prototypen des durch das Forschungs-

und Innovationsprogramm Horizon 2020 der Europaischen
Union (GA 780755) finanzierten internationalen Projekts installiert. Nach User Centred Design
Workshops erfolgte die Anpassung das Manitoringsystems an die Bedarfe der Nutzer*lnnen vor Ort
Weitere Adaptionen fanden seither kontinuierlich statt und die angepassten Moenitoringsysteme
werden nach und nach, flankiert durch Capacity Building-Maknahmen in Indonesien und Athiopien,
implementiert.

Das Monitoringsystem besteht aus diversen Sensoren, die Temperatur, akustische Signale und
Gewicht des Bienenschwarms aufnehmen. Es wird an einem Rahmen im Inneren des
Bienenkastens plaiziert, sodass die Daten direki im Bienenkasten generiert werden. Alle Sensoren
werden Uber eine Smartphone-App eingerichtet und kalibriert.

Die tber das Monitoringsystem generierten Daten werden an das SAMS DataWarehouse (DW)
Ubermittelt. Sie werden analysiert und interpretiert, um das geplante Decision-Support-System (DSS)
zu speisen. Das DSS ubermittelt den Endnutzer®innen (Imker*innen) Hinweise zur aktuellen
Gesundheit ihrer Bienen und liefert nach Bedarf Optimierungsvorschlage fur das
Bienenmanagement

Neben der Entwicklung des Monitoring- und Decision-Support Systems werden Geschaftsmodelle
durch lokale Staksholder erstellt, um entlang der gesamten Wertschopfungskette
Einkommensquellen zu generieren.

Kontakt:
Stefanie Schadlich
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SAMS-Website

SAMS-Quartalnewsletter

SAMS auf Twitter

Mehr Informationen zum Regionalbiro Sud finden Sie hier.

& % R s »
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Abstract of Monitoring of bees - development of a data warehouse and decision
support system

The international beekeeping project SAMS - Smart Apiculture Management Services, funded
by the European Union's Horizon 2020 research and innovation program (GA 780755) aims to
use a monitoring system to provide research data on, among other things, bee health and
productivity and the honey industry in Ethiopia and To strengthen Indonesia. In 2019 the first
prototypes were installed in Indonesia and Ethiopia. After user-centered design workshops,
the monitoring system was adapted to the needs of the users on site. Further adaptations have
taken place continuously since then and the adapted monitoring systems are gradually being
implemented, flanked by capacity building measures in Indonesia and Ethiopia.

The monitoring system consists of various sensors that record the temperature, acoustic
signals and weight of the swarm of bees. It is placed on a frame inside the beehive so that the
data is generated directly in the beehive. All sensors are set up and calibrated using a
smartphone app.

The data generated by the monitoring system is transmitted to the SAMS DataWarehouse
(DW). They are analyzed and interpreted in order to feed the planned decision support system
(DSS). The DSS provides the end users (beekeepers) with information on the current health
of your bees and, if necessary, provides suggestions for optimizing the management of the
bees.

In addition to developing the monitoring and decision support system, business models are
created by local stakeholders in order to generate sources of income along the entire value
chain.
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4 RS ZINAS el
LLU zinatnieki attalinati vac datus
par izmainam bisu stropos

Roza krasa medz bt ne tikai leflu
mijas, bet ari bisu stropt Latvijas
Lauksaimniecibas  universitates
(LLU) Dirzkopibas un apilogijas
nodala. Kamér bitém bija ziemas
miegs, informacijas tehnologiju
pétnieki nesnauda un attilinati va-
ca datus par izmainim stropos. Vi-
Du programmétds monitoringa sis-
témas  izmanto Indonézijas un
Etiopifas biskopji, bet

prototipus pétnieki testé tepat Jel-

gava.
Tas viss notiek projektd “Starp-

{International Partnership on In-
novation in Smart Apiculture Ma-
nagement Services).

Jau no 2018, gada LLU zinatnie-
ki pn.-dahs starptautiska “Apvarsnis
2020” projekta SAMS, kura mérkis
i stiprinat starptautisko sadarbibu
starp Eiropas Savienibas un jaunat-
tistibas valstim Etiopiju un Indo-

‘oda uz slgvqulgu lauksaimnieci-

- uz precizo
bi.lkop[bu.
Preciza bidkopiba, ki to
LLU Informdcijas l:hnologljn fa- FOTO LLU
kultites vadosais pétnieks =
nierzinatyu doktors Aleksejs Zace-  izmantotas, bet Etiopija un Indo.  LLU programmeétas saimju uzraudzibas sistémas un ari  var pieslégt ne tikai projekta izstra-

pins sava promocijas darba, ir "dra-  nézijé tas ir kas jauns. Projekta da- & ieviest datu analizes modufus, kas  datu aparatiiru, bet ari citas uzrau-
vas vadibus strote§j, alsoties . Gbniekicendas uslabot bisu saimju monitoringa sistémas s i at.  dafbas sisémas.

bisu sai dzi-  parvaldib minétajas  1ZMANto INAON@ZIjas UN fictbas stavokjus. Bisu saimes sta-  Batisks ir ari sistémas ekono-
bu, ar mérki mini fusaimes  valstis, sikot ar p bituturesa-  Etiopijas biskopji, bet voklu atpazisanai var izmantot da-  miskais aspekts, jo biskopji Etio-
resursu patérinu un maksimizétbi-  nas jautdjumiem un beidzot ar au- hnologiju . #adus parametrus, bet projektitick  pija un Indonézija nevélas ieguldit
$u produktivitati’ Lai veiksmigi tomatizéto sistému izstradi un ie-  ad v stradits gah ar svara un  daudz lidzeku automatizéta uz-
realizétu precizo bidkopibu, ir ne-  vieanu. pétnieki testé tepat temperatiras  mérfjumiem. Péc  raudziba, tipéc tiek stradits pie
piecietams ieviest bisu saimju uz-  A.Zacepins stista, ka projektd it Jalgayg temperatiiras datiem var secindt dazadam sistémas konfiguracijam,
raudzibas sistémas, ar kuru pali-  astoni partneri un vadosais partne- par bisu saimes bojacju, spi i jot elastigu funkcionali
dzibu tiks nodrosinita datu par bi- risirGIZ (Deutsche gesellschaft un perofany, bet péc svara datiem 1, balstoties uz lietotaju prasibam
$u saimém attalinata savaksana. i I projekta uzd ir izstradit  viegli iespéjams secinit par nektars  un vajadzibam, skaidro A Zace-

Eiropa bidu uzraudzibas sisté- bcik)noVici}u. timekja datu noliktavas sistému,  vakianas intensititi. Datu nolikta-  pins. @

mas ir diezgan attistitas un plasi Latvijas ki partnera viens no kas Jaus atspogujot datus no bifu  vas prickirociba ir tida, ka pie tas — Andra Ozola

Abstract of the “Zemgales Zinas" newspaper article “LLU scientists remotely collects
data about the changes in the beehives"

A local Latvian newspaper (Zemgales Zinas) published a short summary about the SAMS
project and remote bee colony monitoring. The article gives an introduction about the
importance of precision beekeeping and its application in Indonesia and Ethiopia, where bee
colony temperature and weight are being monitored. Alongside the monitoring system, the
SAMS data warehouse for data storing and analysis is shortly described as well.
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Deutsche Gesellschaft
fur Internationale
Zusammenarbeit (61Z) GmbH

Ausgabe Nr. 220 | Juni 2020

Landliche Entwicklung Newsletter

Pinbeard Lindliche Entwicklung
Ein Service der Abteilung G500 / der Kompetenzcenter 4D20 und 4D30

Chancen und Risiken durch Corona im internationalen ICT-
Imkerei-Projekt SAMS

OE 3920 RB Siid — EU H2020 Projekt SAMS — Smart Apiculture Management Services als
Tell des IZR—\Vorhabens Innovationswerkstatt

Auch in einem internationalen Projekt, in dem regelméfige
Treffen iiber Videokonferenzen und digitales Arbeiten an der
Tagesordnung sind, spirt man die Auswirkungen der
Corona-bedingten Umstande stark.

Das Imkerei-Projekt SAMS — Smart Apiculture Management
Services — liefert mithilfe eines Monitoringsystems

Wegen Problemen mit der Netzstabilitat . . -
unzghz‘auﬁgen Netzzusammenbriichen hat Forschungsdaten tber Bienengesundheit und -produktivitat

das SAMS-Team eine bequeme Lasung und soll dazu beitragen, die Honigwirtschaft in Athiopien und
fir lokale offline Datenspeicherung durch . . . .

Nutzung eines Flashdrives entwickelt I_ﬁdunesen zu starken. HI(_B_EU arbeiten Partner aus Lettland,
@LL Osterreich, Deutschland, Athiopien und Indonesien seit

Januar 2018 eng zusammen.

Nachdem im Jahr 2019 in den indonesischen und athiopischen Projektregionen Bienenstécke mit
Monitoringsystemen ausgestattet worden sind, bereitet die Generierung und der Transfer von Daten
Probleme, welche durch die Corona-Fandemie verstarkt werden. Durch Ausgangssperren und eine
noch starker eingeschrankte Infrastruktur wird das regelmaftige Konftrollieren der Bienenstdcke und
der automatische Datentransfer beeintrachtigt. Fir letzteres Problem konnte nun durch lokale
Datenspeicher Abhilfe geschaffen werden. Mit dieser Strategie ist das Projekt allerdings auf ein
haufigeres Besuchen der Testgebiete zur Datensammiung und Bienenstockkontrolle angewiesen —
was in Zeiten von Ausgangssperren jedoch schwer umsetzbar ist.

Die parallel zur technischen Entwicklung laufenden Weiterbildungsmafnahmen im Bereich
Bienenmanagement und -gesundheit sowie Business Design in der Honigwertschapfungskette
mussten wegen Corona-Beschrankungen bis auf weiteres ausgesetzt werden.

Wahrend auf Seiten der Hardware und der Weiterbildung legistische Probleme durch die Corona-
Maflinahmen verstarkt werden, lauft die Entwicklung der Software weiter. Bei der Ausarbeitung des
Decision-Support-Systems (DSS), welches Imker*innen Hinweise zur aktuellen Gesundheit ihrer
Bienenvélker und, je nach Bedarf, Optimierungsvorschlage fur das Bienenmanagement liefert,
profitiert das Projekt von der internationalen digitalen Zusammenarbeit. Auf Basis der ersten
Datensétze von Gberwachten Bienenkolonien konnte ein Datenverarbeitungsmodell entwickelt
werden, das den Imker*innen die entsprechenden Informationen zu ihren Bienenstécken liefert. Eine
erste Version des Decision-Support-Systems ist den beteiligten Imker*innen nun online zugéanglich.
Nach dem digitalen Prinzip ,Design with the user* durchlauft die Testversion eine Anwenderprifung
durch athiopische und indonesische Imker*innen. Nach dieser Prufung wird das Decision-Support-
System nochmals, entsprechend der Bedarfe der Nutzer*innen vor Ort, angepasst.
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Kontakt:
Stefanie Schadlich

Weitere Informationen:

SAMS-Website

SAMS auf Twitter

Mehr Informationen zum Regionalbiro Sid finden Sie hier.

Input Apiary Information

ahide nua

AFAET HIDRMATION

o by
b gt e b Forrdab Lebeh
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Das neue Design des SAMS-Decision-Support-Tools fir Imker*innen

Abstract of Opportunities and risks from Corona in the international ICT beekeeping
project SAMS

Even in an international project, in which regular meetings via video conferences and digital
work are the order of the day, the effects of the Corona-related circumstances can be felt
strongly.

The beekeeping project SAMS - Smart Apiculture Management Services - provides research
data on bee health and productivity with the help of a monitoring system and is intended to
contribute to strengthening the honey industry in Ethiopia and Indonesia. For this purpose,
partners from Latvia, Austria, Germany, Ethiopia and Indonesia have been working closely
together since January 2018.

After beehives were equipped with monitoring systems in the Indonesian and Ethiopian project
regions in 2019, the generation and transfer of data is causing problems that are exacerbated
by the corona pandemic. The regular control of the beehives and the automatic data transfer
are impaired by curfews and an even more restricted infrastructure. The latter problem has
now been remedied by local data storage. With this strategy, however, the project relies on
frequent visits to the test areas for data collection and beehive control - which is difficult to
implement in times of curfews.

The further training measures in the field of bee management and health as well as business
design in the honey value chain, which are running parallel to the technical development, had
to be suspended until further notice due to corona restrictions.

While the corona measures intensify logistical problems on the hardware and training side,
software development continues. The project benefits from international digital cooperation in
the development of the Decision Support System (DSS), which provides beekeepers with

N°7.3. Compendium of SAMS publications and press releases 55/153



%

WP 7 Communication and Dissemination SAMS

information on the current health of their bee colonies and, if necessary, optimization
suggestions for bee management. Based on the first data sets from monitored bee colonies,
a data processing model was developed that provides beekeepers with the relevant
information about their beehives. A first version of the decision support system is now available
online to the beekeepers involved. According to the digital principle “Design with the user”, the
test version goes through a user test by Ethiopian and Indonesian beekeepers. After this
check, the decision support system is adjusted again according to the needs of the users on
site.

Univeristy Kassel

Sensorgestiitzte Untersuchung von Bienenviélkern
Vers.-Nr.: Betrieb: Am Sande Schlag: Auf der Hobestadt

AGT & DITSL Dr. Sascha Kirchner, Sascha Fiedler

Versuchsbeschreibung

Bienengesundheit und nachhaltige Bienenhaltung sind Schilsselfaktoren fir eine
erfolgreiche Landwirtschaft. Sinkende Bestdubungsleistung und Honigproduktion
durch eine Verschlechterung der Bedingungen fir Honigbienen gefahrden nicht nur
den Lebensunterhalt der Imker und Imkerinnen, sondern auch die weltweite
landwirtschaftliche Produktion.

SAMS (International Partnership on Innovation in Smart Apiculture Management
Services) ist ein von der Europdischen Union gefordertes Projekt innerhalb des
Forderplans Horizon 2020-1CT-38-2016-2017 und besteht aus vier europdischen
Partnern (Osterreich, Lettland, zwei aus Deutschland), sowie Partnern aus Athiopien
und Indonesien. Das Projekt (htips://sams-project.eu/}) verbindet nachhaltige
Landwirtschaft und moderne [CT-Lésungen (Information and Communication
Technologies).

Im Rahmen des Projektes wird am Fachgebiet Agrartechnik in Witzenhausen an der
Weiterentwicklung eines Bienentberwachungssystems geforscht. Am
Bienenversuchsstand werden dazu dauerhaft die akustischen Signale von
Bienenvolkern mittels Hochleistungsmikrofonen aufgezeichnet. Die entwickelten
Bienenlberwachungssysteme liefern Daten zu akustischen Frequenzspektren,
Temperatur, Luftfeuchtigkeit und Gewicht der Bienenvolker. Imkerliche
Routinekentrollen der Bienenvilker begleiten den Versuch. Die erhobenen Daten
werden auf Zusammenhange hinsichtlich auffalligen Bienenverhaltens analysiert und
mit den Daten unserer Projektpartner in Athiopien und Indonesien verglichen. Die
gewonnenen Ergebnisse solle Zur Weiterentwicklung des
Bienenlberwachungssystems sowie in Kooperation mit unseren Projektpartnern der
Universitat Jelgava zur Entwicklung eines Entscheidungsunterstitzungssystems fur
den Imker genutzt werden.

) Smart
- Apiculture
Managament

SAMS  Services

Abb.: Bienenstand mit Ubemachungssyslem
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Sensor-based research of bee colonies

Bee health and sustainable beekeeping are key factors for successful farming. Declining
pollination performance and honey production by worsening conditions for honeybees not only
endanger the livelihood of beekeepers, but also worldwide agricultural production.

SAMS (International Partnership on Innovation in Smart Apiculture Management Services) is
a project which received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement N° 780755 (2020-1CT-39-2016-2017) and
consists of four European Partners (Austria, Latvia, two from Germany), as well as partners
from Ethiopia and Indonesia. The project (https://sams-project.eu/) combines sustainable
agriculture and modern ICT solutions (Information and Communication Technologies).

In the scope of the project, the research of the Agricultural Engineering Department in
Witzenhausen focuses on further development of a bee monitoring system. Permanently high-
performance microphones recording acoustic signals of the bee colonies bees at the test side.
The developed bee monitoring systems provide data on acoustic frequency spectra,
temperature, humidity and weight of the bee colonies. Along with the recording the beekeeper
controls the bee colonies. The collected data is analysed to identify correlations of the data
with conspicuous bee behaviour and compared the data with data from the project countries
Ethiopia and Indonesia.

The results obtained should be used to develop the bee monitoring system as well as a
decision support system in cooperation with the project partners of Jelgava University.
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Citizien Science Conference

The SAMS poster was presented at the Citizen Science Conference, which was held online.
All conference posters, including ours including the German abstract are still available online.

=8 Universitat

Karl-Franzens-Universittt Graz

Institut fir Biologie

Maturwissenschaften

MARKTPLATZ EINTRAGE

POSTER

SAMS - Dezentrales Bienenvolkmonitoring in Athiopien und Indonesien

Bienangesundheit und nachhaltige Bienenhaltung sind Schlbsselfaktoren flr eine erfolgreiche

Landwirtschaft. Abnehmende Honigproduktion, aber vor allemn sinkende Bestdubungsleistung stellen

damit nicht nur eine Herausforderung fiir Imker und Imkerinnen dar, sondern auch fir die globale
Landwirtschaft und die Weltbevalkerung.

SAMS (International Partnership on Innovation in Smart Apiculture Management Services) ist ein van
der EU geférdertes Horizon 2020 Projekt (ICT-39-2016-2017) und macht sich zum Ziel mit Hilfe von
modernen Open-Source-lCT-Anwendungen die Bienenhaltung zu optimieren, um die
Erndhrungssicherheit und héhere Einkommen anzustreben. Das SAMS-Konsortium besteht aus vier
europdischen Partnern [Osterreich, Lettland und zwei aus Deutschland), sowie Partnern aus den
Ziallandern Athiopien und Indonesien.

Burgerbeteiligung ist in Entwicklungsldndern weniger weit verbreitet als in Europa oder Nordamerika.
Grinde dafiir sind das Fehlen von Freiwilligen und bei Untersuchungen, die technische Unterstiitzung
bendtigen, vor allem der Mangel an verfligbaren Geraten. In SAMS entwickeln und produzieren wir in
Athiopien und Indenesien var Ort elektranische Systeme zur '.:!Je".\-ui_'"u'lg von Bienerwdlkern, die voar
allem glnstig und leicht zu handhaben sein sollen. Das SAMS-Systemn soll den Imkern und Imkerinnen
als Entscheidungshilfe dignen. Dabei werden Sensor-gestitzte Datenousgaben mit anderen
Infarmationsguellen und Vorhersagemodellen kambiniert, urm so Rlckschlisse auf den Status der
Bienankolonien (Vitalitat, Produktivitat, ete)) zu geben. Der Benutzer wird dabei alarmiert, sobald die
Daten vam Normalzustand abweichen. Die dezentralen, aber vernetzten Bienenvilker sammeln dabei
Daten fir die Wissenschaft. Ein weiterer wichtiger Praojektteil ist die Erstellung von
Geschéftsprozessen, die entlang der Wertschopfungskette flir Bienenprodukte entwickelt werden.
Durch eigens auf die Endnutzer zugeschnittene Prazisions-Bienenhaltung werden der
Ressourcenverbrauch minimiert, whrend die Produktivitat maximiert wird, wovon sowohl Klein-
Imkereien, als auch GroBbetriebe profitieren. Um mehr Uber das Projekt zu erfahren, besuchen Sie
unsere Projektwebsaite: https:{fsams-project.ew/, oder unsaren im Raohmen des Projektes ersteliten
Wiki: https:/fwiki.sams-project.eu/.

Angefligte Dateien

SAMS - Dezentrales Bienenvolkmenitaring in Athiopien und Indonesien &

Abstract of “Decentralized bee monitoring in Ethiopia and Indonesia” (first
screenshot) and call for partnerships (second screenshot)

UNIGRA presented the SAMS poster at the Citizen Science conference 2020, which was, due
to the corona pandemic, held online. In addition to the poster, we provided an abstract in
German language that summarizes the SAMS project itself with the aim of developing a bee
monitoring system as well as its advantages for the users. We also mentioned the project
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website and the SAMSwiki. This abstract as well as the call for partnerships (second
screenshot) are still online at their website linked in the headline.

Second following screenshot shows: call for partners at the conference’s “marketplace”. This
posting is also still online.

ANFRAGE

SAMS - Partnerschaften gesucht
Im Zuge unseres SAMS-EU-Projektes (siehe Poster "SAMS - Dezentrales Bienenvolkmonitoring in
Athiopien und Indonesien *) suchen wir immer wieder nach Partnern, die an einer Kollaboration

interessiert sind.

- seien Sie einer der ersten, die SAMS5-News bekommen
- werden Sie Teil der SAMS-community

- arbeiten Sie aktiv mit und teilen Sie Ihr Wissen mit uns und unserem Netzwerk

- bekemmen Sie Zugang zu unserern SAMS-Monitering Systerm und nutzen Sie es flr |hre Business

Start-Up-ldee

Es gibt zwei grole Themenbereiche von Partnerschaften mit SAMS

1) Internationale Partn. aft - SAMS Business Development

2} Internationale Partnerschaft - Daten Management und Datennutzung

se und umn die Details zu erfahren, besuchen Sie bitte diese Webseite und flllen Sie ein
rmular aus. Wir melden uns dann bei lhnen.

https:fsams-project.eufapplication-form/
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Akzente Magazin

akZCnte HIGHLIGHTS REGIONS TOPICS VOICES

The 617 Magazise

NEWS BULLETIN

PROJECTS IN BRIEF

The European Union promotes development, peace and democracy around the
world. GIZ is implementing a host of projects on its behalf all over the globe
Here is a selection

akzente HIGHLIGHTS REGIONS TOPICS VOICES SEARCH Q

The GIZ Magazine
Supporting beekeeping

GLOBAL Beekeeping plays a key role in conserving
our ecosystem, combating hunger worldwide and
guaranteeing our future survival. Digital tools can
make a major contribution to strengthening the
sector’s position. This 1s where the Smart Apiculture
Management Services project (SAMS) comes in. The
project is coordinated by GIZ, with funding from the
European Union’s Horizon 2020 research and

innovation programme (GA No. °780755). The focus is on developing a modular
monitoring system for beehives tailored to the local situation in Ethiopia and
Indonesia, and implementing a cloud-based system that offers beekeepers advice
and support with decision-making. This will not only strengthen the sector but
also identify potential for innovation along the value chain and support a range of
stakeholder groups, mcluding women, i earning a hiving.

Bienenstand

Bienenstand.at was mentioning the SAMS project several times in the past years. In December
the website informed that the SAMS final conference videos are accessible online:
http://bienenstand.at

N°7.3. Compendium of SAMS publications and press releases 60 /153


https://akzente.giz.de/en/artikel/projects-brief
http://bienenstand.at/uncategorized/eu-projekt-online-abschlusskonferenz/
http://bienenstand.at/

WP 7 Communication and Dissemination SAMS

WINTERVERLUSTE VON BIENENVOLKERN CS.1. POLLEN UBER
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== NEUESTE BEITRAGE

FAO Dokumente der Vereinten Nationen

Ki
Honigbiene im Frihjahr 2020
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The APl News

cep

The APl News is a quarferiy sector newsletter published by the ETHIOPIAN APICULTURE BOARD

Volume 5 Number 3, August 2018

Beekeeping for Environment Conservation and Enhancing Rural leellhl:)o-d A]Dlnt EAB and EU

Support to GIZ-SLMP Pilot Project (c

Honey & Beeswax analyses
cont...

Table 2: Information on honey and
beeswax parameter analysis cost

2.1 Honey
S/ no Parameter Unit price
(ETB)

1 Colour 50

Moisture an

content
E] Electrical 100

conductity
4 PH 100
5 Free Acidity 100
[i] Ash content 100
T HMF 150
8 Sucrose 250
o Fructose 250
10 Glucose 250
11 Maltose 250
12 Pollen 100
2.2 Beeswax
5/ mo Parameter | Unit price
1 Melting 100
point

ff

SAMS - International
Partnership on Innovation in
Sman Aplculture Management

Smart
Apiculture
Management
Seryices

Background

SAMS is a consortium project compris-
ing of two parimers =ach from Ethiopia,
Germany and Indonesia and one partner
each from Austria and Latwia. The pro-
ject is funded by the European Union
within the H2020-1CT-38-2016-2017 call
and it addresses the UN Sustainable
Development Goal “End  hunger,
achieve food securiy and improved nu-

The views expressed in the articles are those of the awthars and nof necessanlly those of the EAB

trifion and promofe susfainable agricul-
ture”. To this end, SAMS proposed the
implementation of “Precision Apiculture”
by allowing active monitoring and re-
mote sensing of bee colonies and bee-
keeping by developing appropriate ICT
solutions supporting management of
bee health and bee productivity. Bee
health and sustainable beskesping are
key for sustainable agriculture world-
wide. Risks of depleting honey produc-
tion threatens livelihcods of beskespers,
but degradation of pollination power of
suffering bee colonies threats owverall
agricultural production and affects the
entire population. Advanced ICT and
remote sensing technology in SAMS
increases production of bee products,
and creates jobs (particularly for youths
and'women). triggers investmenis, and
establishes knowledge exchange
through networking. Towards these,
SAMS tries to address requirements of
end-user communities on beekeeping in
project countries. The owverall goal is to
have the beeskesping contexts of Ethio-
pia and Indonesia identified, manuals on
hive construction and hive operation
developed and knowledge exchange
networks established. Az a final out-
come, the project intends to create:

a) A physical low-cost beehive model,
which is locally produced and adapted to
lecal conditions, including integrated
open source sensor and infermation
transition technology, as well as energy-
supply solution;

b) A decision support system that com-
bines the sensor-based data-outputs
with other information sources and pre-
dictive models to measure, analyse and
describe different states of the bee colo-
ny such as health, vitality, production,
aeto.;

¢} An automatic advisory support tool,
which will alert the beskesper in an easi-
by understandable way if any aberrations
frem nomal states are metered and will
provide advice on appropriate counter-
mMeasures;

d) A bee management business concept
for the local productiom and up-scaled
implementation of the developed bee-
hives with integrated beehive monitoring
system.

Dissemination and exploitation of
results

SAMS focuses on providing an accessi-
ble, acceptable, affordable bee manage-
ment system, which combines the re-
quiremenis of the target group with up-to
-date technelogy. A central gquestion to
be addressed through this project is how
to reach and convince local communi-
ties, farmers and beskeepers. Partici-
pants’ existing expertise and the new

ontributed by Talila Keno, Email: talila.

insights, particularly the regional require-
ments gained in this project's work pack-
ages, will be used directly to ensurs an
easy to use ICT system of high quality
and high relevance. Ultimately this pro-
ject aims fto significantly increase the
number of beekeepers that adopt mod-
ern beehives together with meodern tech-
nology. making use of their consisting
potential in the beekeeping sector. The
SAMS strategy for dissemination and
exploitation of projects results takes into
acoount:

# [Reaching warious fangst groups
among the wvalus chain by establishing
of local advisory boards for guiding and
developing communication mechanisms,
® Developing business plans for future
SAMS entsrprises and availing manual
on new HIWE system construction and
operation combined with capacity build-
ing program,

® Approaching beneficiaries for facili-
tating leaming and adoption of
knowledge in praciice through work-
shops. educational trainings and confer-
ences during the project time

All manuals, concepts, tramsfer studies
and other deliverables will be available
fior free download from the project web-
site in English. Part of these delivera-
bles, particularly the manuals, will be
translated inte Amharic and other lan-
guages required by local stakeholders.
International transfer of acquired
knowledge and experiences will be
bassd on (i} establishing international
parimerships, (i) developing transferabil-
ity studies, (i} performing training, work-
shops and conferences, (iv) closed inter-
action with established networks, as well
as (v} intermational surveys with re-
search institutions, beskesper associa-
tioms,. facilitators, agr - entrepreneurs,
market participants and other SAMS
data beneficiaries.

Technoloegy and level of readiness
The technologies which will be adapted
in the SAMS project are based on
technologies developed in the EU
program ICT-AGRI-2 within FF 7 by the
project “ITApic™. The Apiary Sensor Unit
{(ASU) will be based on the system
prototype developed by the University of
Kassal, which W3S tested and
demonstrated im an operational
envirenment (TRL 7). it comsists of a
Raspberry Pi 3 based measurement unit
(B} with integrated open source
recording and data processing softwars
combined with an off-grid power supply
based on solar energy (A)

Continue reading on the next page

4
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Figure 1: University of Kassel Apiary
Sensor Unit (ASU) unit with solar panel
on the cutside (A} and power supply.
measuring and cooling components on
the inside (B).
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Figure 2: Architecture of the tem perature
monitoring and OS5 system.

The project will propose which hive
frame system will be most suitable for
different users in different counfries
{such as Langstroth, Zander, Dadant..)
considering the predominantly wused
model as well as the prevailing bee
races in the partner countries. Qualified
local enterprises will be identified for
producing the hives, and the available
options will be considered (for instance
timber — imported or local - , bamboo,
foam or PU etc.). All frame hives follow
the same set-up (see picture below) but
have different dimensions. Honey
SUDErs could have different
measurements (half size) in order to
consider specific harvesting pericds /
flora types in selected areas.

Frame hives such as Langstroth made
from timber fitted with available compo-
nents are available for a reasonable
price in our country. Frame hives with
Zander measurements have also been
produced in Ethiopian using polyure-
thane foam. Sclar panels, batteries,
Raspberry Pi !/ Smart phones and sen-
sors are also available.

These sensors are used for the
measurements of temperature, humidity
and other weather data; acoustics
{audic and wvideo) and for seweral
stages of a colony: swarming, brood -
less stage, broocd rearing, hive weight,
diseases.

Data fransfer to the server needs to be
determined but could be wvia GSM
network, and then by Wifi or USB sticks
once the data reach the IP address main
unit (Figure 2}.

Onece the methodology is developed,
there must be capacity building
(including manuals for the finished
system) and the establishment of start -
ups.
Expected
S5AMS

" Higher rate of organization of
beskespers fto increase impact on
markets (econocmy of scales) and
govemnment (legislative and funding).

" Interconnection with stakeholders
aleng wvalue chain, especially farmers
and bee-preducts processor (mosily big
companies), regarding smart and
intelligent coordination of agr- and
apicultural activites o bee-health and
establishment of optimal processing/
marketing chains.

" Mew and open trade regulations
between Indonesia and the EL.

" Easy to use and access to services/
tools to make beekeeping more efficient
and more attractive to young people

The final outcome of the project will be a
technologically enhanced beehive
systemn and serviees including the
following main components:

-A physical low-cost beehive model,
that is locally produced and adapted to
local conditions, including integrated
ocpen source semsor and information
transition technology, as well as energy-
supply solution;

-A  decision support  system  that
combines the sensor-based data-
cutputs with other information sources
and predictive models to measure,
analyse and describe different states of
the bee colony such as health, vitality,
production, etc.;

-Am  automatic advisory support tool,
which will alert the beekeeper in an
easily understandable way if any
aberrations fromm normal  states  are
metered and will provide advice on
appropriate  countermeasures.  The
response unit will support the user to
avoid losses and to  increase  the
profitability and stability of beekeeping;
-4 bee management business concept
for the local production and up-scaled

technological Impact of

beshives  with
maonitoring system.

integrated  bechive

The dissemination strategy is part of the
research work in the UCD part of the
work package,

“ASPIRE helps me to expand
my beekeeping venture”
A cass study from Amhara Region
(confributed by Kerealem Ejigu,
e_kerealem@yahoo.com)

Eyayu Achamyeleh started beekeeping
when he was 14 years old by
purchasing one honeybee colony from
his locality with Birr 70. Currently, having
17 years of experience in the field of
beskeeping, 31-year-old Eyayu is one of
the sucocessful young beskespers in
Chan Diba kebele, Chiga woreda of
Armhara region.

Ato Evayn Achamyelew

He is also a resource person in the fisld
whose services are utilized by 7 follower
beekeepers out of which 2 are females
and a Farmers Training Center for

offering practical training. honeybee
colonies  transfeming  and honey
harvesting.

He said that “before he got practical
training with the ASPIRE project, he
maintained 8 honeybee colonies (6 in
local hives and 3 in frame hives) and
managed the colonies in the traditional
manner. As a result the total annual
crude honey produced was not
satisfactory, ranging from 30 to 40
kilograms®. Fortunately he has got the
ASPIRE minimum training package and
the ASPIRE project model beskeepers
training. Dwring the training he was
equipped with protective clothing and
basic beekeeping equipment. protective

Completely assembled frame bes- implementation of the developed clothing enables him to work with.
hive {sketch)
The views expressed In the armickes are those of the authars and not necassanly those of the EAB 5
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Book of Proceedings

FProceedings of the IV International Agricultural Symposium “Agrosym 20187

APPLICATION OF LOBAWAN TECHNOLOGY IN PRECISION BEEEEEPING

Aleksejs ZACEPINS'®, Jans JELINSKIS®, Armands KVIESIS®. Marcis DZENIS®, Vitalijs
KOMASILOVS', Olvija KOMASILOVA'

'Drepartment of Computer Svstems, Faculty of Information Technologies, Latvia University of Lifa Sciences and
Technologies, Jelzava, Latvia
*LLC Lattelecom, Riga, Latvia
*Corresponding author: alsksajs zacepins oo Iv

Abstract

Beekeeping is an important production branch of the agriculture and honeybees are one of the
main pollinators in the world. Therefore. for the beekeepers it is crucial to have information
about the state of the bee colomes. Application of information technologies in the beekeeping
lead to the foundation of the Precision Beekeeping. Precision Beelkeeping is based on constant
data collection of bee colomes, where collected data should be transferred to a remote data
centre for further data analysis. Data transmission in the field of beekeeping sometimes can be
a challenging task because beshives can be placed in reral areas without the option to get
constant power supply and Internet connection. Authors of this paper chose LoFaWAN
techmological solution, as it allowed low energy consumption devices to conmmuucate with
Internet-connected applications over long range wireless connections for many years with
only one battery. LoFaWAN network coverage and sensors were provided by Latvian
company Lattelecom. Three bee colomies were equipped with LoBaWAN enabled
temperature sensors. Measurements from sensors were transmatted to the LoRaWAN network
gateways and servers and access to collected data was provided through the Lattelecom IoT
portal web application. This research was camed out within the Horizon 2020 project SAMS
‘Smart Apicolture Management Services”, proposing implementation of Precision
Beekeeping by allowing active monitoning and remote sensing of bee colomes and
beckesping by developing appropriate ICT (Information and Commmmication Technologies)
solutions supperting management of bee health and bee productivity.

Keywords: Precision Beeheeping, LoRaWAN fechnology, Bee colony monitering, Internet of
Things.
Introducton

In recent years fast development of Intemmet of Things (IoT) allows to collect data about
varions objects, including monitoring of living objects (L1 et al. 2015). Data collection is the
first stage also in the Precision Agriculture (Tery 2006) and it’s branches like Precision
Beekeeping (PB). Precision Beekeeping is an apiary management strategy based on the
moenitering of individnal bee colonies to muinimise resource consumption and maximise the
productivity of bees (Zacepins et al. 2013). For the data collection in Precision Beeleeping
different sensors and technologies can be used (Meikle & Holst 2014). One of the issues in
data collection in PB is data transfer firom momtored object to the remote database or data
warehouse for data storage and further analysis. As beehives usually are placed outside the
whan areas. in deep forests or in mral locations, therefore conmection to convenient data
transmission networks (Wi-Fi, mobile networls) are mited or sometimes wnavailable, as well
220V power supply for measurement devices can be unavailable. Therefore, there is a need of
a new data transmission technology, which can transfer data for a long range and with low
power consumption. One of the available options is to use LoRa (Long Range) technology.
LoRa stands for Long Range TPWAN (Low Power Wide Area Network) signal modulation
technology proposed by Semtech (Georgion & Raza 2017). LoRaWAN is a -range. low-
power, low-bitrate, wireless telecomnmuications network protocol specification, developed by
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the LoRa Alliance, which uses LoRa signal modulation and is an infrastructure basis for the
implementation of IoT solutions (Augustin et al. 2016). Together with long battery life,
coverage is one of the most important features of the LoRaWAN solutions. Potentially
communication range can achieve 10-15 km for outdoor coverage (Petajdjarvi et al. 2016;
Seye et al. 2017). Despite the potential of this technology it is not widely spread and used
(Raza et al. 2016). Figure 1 below conceptually compares several data transmission

technologies:
A
:§
3 | 2G, 3G,
'—2 LoRa 4G
g Bluetooth,
5 LP. Wikt
= WMBUS

>
Energy consumption

Figure 9. Comparison of data transmission technologies

Regarding agriculture sector, LoORaWAN also has huge potential. There are researches about
possible implementation of that technology. for example implementation of smart irmgation
(Zhao et al. 2017), soil parameter measurements (Xue-fen et al. 2017), but authors of this
paper were not able to find any effort to use LoRaWAN i1n the beekeeping sector.

To use LoRaWAN technology it is possible to develop own infrastructure or use existing one.
Many big telecommunication companies in the world provide such service, for example.
Bouygues France telecommunications company has introduced LoRaWAN i 2015 and now
more than 80% of the France temritory is covered (http://www.objetconnecte.com/tout-
savoirreseau-LoRa-bouygues). For author’s research LoRaWAN infrastructure developed by
Latvian company Lattelecom (https:/iot.lattelecom Iv/) 1s used with main aim to evaluate the
possibility to use it for Precision Beekeeping needs.

The Lattelecom group provides IT, telecomnmmnication and outsourced business process
solutions. Lattelecom Group i1s made up of five companies - SIA Lattelecom. Lattelecom
BPO, Citrus Solutions and Lattelecom Technology with its subsidiary Baltic Computer
Academy. The Lattelecom Group is the leading provider of electronic communications
services in Latvia that offers electronic communication solutions for home, small and medium
size businesses, state and municipal institutions, as well as for corporate clients.

In year 2017, Lattelecom started to develop LoRaWAN network and now is offening IoT
services for municipalities and businesses for reading the utility meters, monitoning the utility
infrastructure, controlling the street lights and etc. Advantages of Lattelecom network are:
Lower cost companng to WMBUS or 3G network;

Low energy consumption;

Huge amouat of end devices supported by one gateway;

Wide network coverage;

Data transmission speed from 0.3 to 50 kbit/s.
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To this moment LoRaWAN network is not covering the whole country. but is available in
main cities. The capital Riga (which holds 32% of the population of Latvia, based on
EUROSTAT Urban audit) has almost 99.9% network coverage (see Figure 2):
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Concept of LoRaWAN working principle 1s demonstrated in Figure 3. End devices (sensors)
are equipped with LoRa radio chip for a long-range data transmission End nodes are
commmumnicating with gateways, which are connected to the Internet by the modem
communication means (like fibre optics. or fast mobile internet). Those gateways are sending
sensor data to the remote cloud based network server. Then developed Web application get
data from the network sever to demonstrate it to the end user by the means of reports and data

summaries.
_,‘:_.m_. —4

Sensors Rado dup Gateway Network server Data reponts End user
Figure 11. LoRaWAN working principle

Regarding Precision Beekeeping. there are several bee colony monitoring system
architectures described (Kviesis & Zacepins 2015), in LToRaWAN scenario. each beehive
(measurement node) is directly transferring the measurement data to remote network server
and application using the gateway as a mediator.

Materials and methods
Based on the overall statistics beekeepers are not experienced IT specialists (not all of them).
that's why installation of measurement system (measurement nodes) should not be
complicated and should be done with little or no knowledge of IT. In author’s case.
installation of LoRa temperature sensor 1s trivial and user friendly — user only needs to put the
sensor in the hive and mount the node to the beehive.
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For authors research 3 (three) hives of Apis mellifera mellifera were equipped with
temperature sensors for colony monitering. Bee colonies were placed in an open environment
under a hood (see Figure 4):

Figure 12. Placement of the beehives

The experiment took place at Strazdu iela 1, Jelgava, Latvia (N 56, 390, 4500 and E 23, 450,
1500). Sensors were installed on April 10, 2018. Norwegian-type hive bodies made of wood
with external size 470 x 470 x 270 mm and internal size 380 x 380 x 270 mm_ with a wall
thickness of 45 mm were used in the experiment Sensors used were Adeunis Temp (see
Figure 5) with references: ARFS8181BA, ARFS8I180BA. ARF8181FA (source:
https://www.adeunis.com/en/produit/temp/)).

Figure 13. Sensor Adeunis Temp

The temperature was measured every 10 minutes and data was transferred to a remote
application. One temperature sensor per hive was placed above the hive body covering
polyethylene foil as proposed by Stalidzans and Berzonis (Stalidzans & Berzomis 2013).
Measurement units were mounted to the beehives as demonstrated in Figure 6:

1762

N°7.3. Compendium of SAMS publications and press releases 67 /153



G

WP 7 Communication and Dissemination SAMS

Proceedings of the IX International Agvicultural Symposium “Agrosym 2018

Figure 14. Beehives with mounted measurement units

Distance from the measurement point to the LoRaWAN gateway was approx. 2.4 km by the
air in urban area (different obstacles, houses, trees. etc.. see Fig. 7.). As a gateway Multitech
MultiConnect Conduit with external antenna Taoglas OMB.868 is used.
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Figure 15. Location of beehives and gateway on the map

Web system for measurement visualisation
Bee colony temperature measurement data can be accessible using a Web based application
(system). Web system is developed and provided by Lattelecom and is accessible by the
address: https://iot.lattelecom Iv/portalllogin  To get access to the measurement system
admunistrator should register a new user and provide authorisation information (login and
temporary password). After log in user can see his measurement objects (see Figure 8) and
using pre-defined time periods (current month with 1 day step. last 7 days with 1 hour step.
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last 24 hours with 15 min step or create custom time period) it 13 possible to visualise
measurament data.
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22.599°C 34.607 °C 21.447 °C 35.375°C
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Figure 16. Screenshot of the web system

In addition user can view all measnrement data in table format and copy it if needed.

Usage of described above Web system is not the only option It is pessible to get access to the
data warehouse and create individual system for data visualisation and analysis. This option is
considered in case if more functionality is needed, for example implementing custom data
analysis algerithms it is possible to define various bee colony states (death swarming, brood
rearing. ete.) and inform the beekeeper when mamual inspection of bee coleny 15 needed.

Eesults and Discussion

Aim of this research was to test LoRaWAN npetwork for implementation of Precision
Beekeeping. Practical experiments shows. that data transfer from the experiment beshives to
the ToRa gateway was completed suwecessfully without interroptions during the whole
experiment. As distance was 2.4 km_ open question is how data transfer will eperate on longer
distances. Within this research awthors wsed already available infrastroctre from local
teleconmmunication company Lattelecom but development of own mfrastructure is possible
too, by installing own LoRa gateways. Open question for discussion — is it econcmically
feasible to develep own infrastructure or it is better to use existing one. This should be
evaluated in each scenario and each country individually. Application of LoRa sensor for bee
colony temperature monitoring is theoretically possible, but taking into account econommic
aspects 1s not 0 attractive, becanse of the measurement vnit price, which is about 70 EUR. per
unit (2 tenyperature sensors per vnit — out/in). However, taldng into account that usually new
technologies becoming more affordable after some time anthors foresee that application of
LoRa sensors will be also economically feasible in the firtore.

Conclusions
LoRa sensors can be uwsed for bee colony data collection for realisation of Precision
Beekeeping. Advantage of LoFaWAN technolozy 1s data transmission range, which is crucial
when Wi-Fi network i3 not available. LoBa'WAN network solutions could be applicable in
regions, where mobile networks have poor coverage and quality of services (e.g.. Internet),
for example African region where 15 a good potential for Precision Beekeeping, but new
technologies are not implemented so quickly.
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Still Precision Beekeeping is not only limited by the temperature measwements; next
important parameter is weight of the colony. Equipping scales with LoRa technology would
be a good solution, becanse in that case amount of LoBa radic chip price will be comparable
with scales price.
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Challenges for Beekeeping in
Indonesia with Autochthonous and
Introduced Bees

Kristina Gratzer, Fajar Susilo, Dwi Purnomo, Sascha Fiedler and
Robert Brodschneidere

The current beekeeping
situation in Indonesia

Indonesia has a surface area of 1.91 Mkm®
and with its more than 18,000 islands and
- 113 Mha (2010) of forest area, the
country harbors flora and fauna rich in
diversity (Abood, Lee, Burivalova,
Garcia-Ulloa, & Koh, 2015; Cribb & Ford,
2009; Hansen et al.. 2013; United Nations,
2018). The remarkzble diversity is also
reflected by the number of bee species.
Thus, & out of 9 species of the genus Apis,
with Apis laboriosa as the only absent one,
as well as more than 40 stingless bee
species were observed in Indonesia
{Gupta, Reybroeck, van Veen, & Gupta,
2014; Hadisoesilo, 2001; Hadisoesilo et al,
2008; Kzhono, Chantawannakul, & Engel,
2018; Koeniger, Koeniger, & Tingek, 2010;
Rasmussen, 2008; Roubik, 2005; Tanaka,
Roubik, Kato, Liew, & Gunsalam, 2001;
Theisen-fones & Bienefeld, 2016).

It has been estimated that 66%: of the
worlds crop species are pollinated by bees,
including honey bees, bumble bees and
solitary bees (Kremen, Williams, & Thorp,
2002; Partap, 2011). Beekeeping not only
positively contributes to income gain, it
also plays a role in increased food security,
but beekeeping activity and its poten-

tial receives only subordinate attention
within the Indonesian government and
population. According to scientists from
the Universitas Padjadjaran (UNPAD,
Bandung, Indonesia), bee businesses are
mostly considered as a part time farm-
ing activity and not only parts of the

local community, but people from every
social class are not aware of the bees’
benefits {Chantawannakul, Williams, &
Meumann, 2018). As found in a survey
by UNPAD and CV. Primary Indonesia

D0k 10 | Sm00ST T 019157131

(Labtek Indie), among 80 citizens 57.5%
had certain prejudices against bees. Those
range from insufficient profitability, to
fear of bee stings, to a lack of knowledge
on the importance of bees as pollinators.
Furthermore, there are field owners fear-
ing bees have a negative impact on their
crops productivity. They do not want bees
or beehives near their property and in a
consequence some of them are willing to
burn those colonies, if verbal warnings
were ignoted by the beekeepers. Indonesia
is the 4* most populous country world-
wide with a population that reached 264
million in 2018 (FAOSTAT, 20181 The
population growth is accompanied by a
significant stress for the Indonesian eco-
system and a continuous increase of used
land area, triggered by rising demands

of natural resources like timber and food
[Abood et al, 2015). To antagonize the
existing trend, beekeeping can be used

to sensibilize the population towards the
importance of forest conservation and
non-timber materials.

S0 far, local beekeepers use mostly native
honey bee species like Apis cerana or
Meliponini colonies for managed bee-
keeping (Figure 2) (Schouten, Loyd, &
Lloyd, 2019), but it is also commaon to
practice the art of honey hunting from
wild living, so far not-manageable, Apis
dorsata colonies (Crane, Van Luyen,
Mulder, & Ta, 1993; Gupta et al., 2014).
Besides honey hunting and beekeeping,
Bradbear and FAO (2009] defined a third
type of apicultural activity: “Bee maintain-
ing”; an intermediary stage of beekeep-
ing, where humans safepuard wild living
colonies. The colonies are not kept in
hives, but honey collectors often provide
artificial nesting places, for example tradi-
tional tikeng, fingku or also called sungpau

{wooden honey boards or tree trunks)
(Hadisoesilo, 2002). A similar method to
maintain A. dorsata colonies, observed in
Indomnesia and elsewhere in South-East Asia,
is the use of special rafters (Bradbear & FAQ,
200%; Crane et al., 1993). Tikeings are tra-
pezium shaped boards often made from
banyan (Ficus benghalensis! wood, which
are placed between tree branches to attract
feral A. dorsata colonies. If the tikung is
occupied, the bees build their nest on

it while they forage on the same and on
neighboring trees in flower. Harvesting
takes place during the rainy season and
honey collectors cut only the top of the
honey containing part of the comb to pro-
tect the brood and to maintain the colomy.
To obtain the honey and separate it from
beeswax, it is not common to squeeze, but
gently let the honey flow through filter
fabric (WWE, 2010} {Figure 1). Once

a tikeeryg is oocupied by a swarm, it is
believed, that the same colony remigrates
to it every year (Paar, Oldroyd, Huettinger,
& Kastherger, 2004). This method may be
a pood alternative to the less secure and
maore common practice of honey hunting
and is also used in other Asian countries
(de Jong, 2000: Mahindre, 2000).

To demonstrate the potential of wild
honey production with fikungs, the
Sentarum Lake Beekeeper Association
[APDS), consisting of 217 beekeepers,
recorded wild honey harvests. This was
4.3 tin 2007 and even reached 16.5 tin
2008 to 2009, The total potential honey
production for this area is estimated to
reach 30 t per year (WWE, 2010).

There are only cryptic amounts of litera-
ture available on apiculture in Indonesia.
Within the European Union's Horizon
2020 project SAMS (“Smart Apiculture
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Management Systems”), a review of litera-
ture was conducted, and information was
summarized in a growing Wikipedia-like
database (https://wiki.sams-project.eu).
For example, no official key numbers
representing colony numbers for the whole
country are available, but only limited
datasets: e, in West Java, 7,141 Apis
mellifera hives were managed and 35.81

of honey were produced in this area in

2016 (UNPAD, personal communication).
Unfortunately, there are no hive numbers for
the more commonly kept A. cerana bees.

Conforming to data on honey import
and export available from FAOSTAT
(2018), Indonesia can be regarded as a net
importer of honey (mostly from Asia). In
detail, honey export in 2013 reached 207
t and 2.35 million USD, while 2,177 t of
honey (8.33 million USD) were imported
within the same year (FAOSTAT, 2018).
According to UNPAD, in 2018 high qual-
ity honey offered on the domestic market
was sold for a prize of 200,000 Rupiahs
(~14 USD). Nevertheless, the majority of
the sold honey is considered from lower
quality, containing often more than 25%
of moisture and the alteration with sugar
syrup is also a common problem (White,
Platt, Allen-Wardell, & Allen-Wardell,
1988). The honey bee product yield is
low due to a lack of beekeeping know-
how and other factors like the abscond-
ing behavior of native bees, bee forage
availability, and the indiscriminate use of
pesticides (Amir & Pengembangan, 2002;
Oldroyd & Nanork, 2009).

Page 2 + Bco vy

(d) filtering process of harvested hone

Little information is given on commonly
applied treatments against honey bee pests
and pathogens and no national honey
bee health program exists. Besides the
knowledge on the presence of parasitic
mites (Anderson, 1994; Diao et al., 2018;
Rosenkranz, Aumeier, & Ziegelmann,
2010), information on the national
distribution of organisms affecting honey
bee health is completely missing (Ellis &
Munn, 2005).

Western honey bee vs.

Eastern honey bee

There is no agreement on the exact
introduction date of A. meliifera to
Indonesia. Either way, there is evidence of
several unsuccessful trials of bringing the
Western honey bee into the country,
before it was successfully introduced in
Java in the second half of the 20" century,
probably in 1967 or 1972 (Engel, 2012;
Hadisoesilo, Shanti & Kuntadi, 2002). As a
consequence, A. meilifera spread all over
the island, and until today the majority of
A. meliifera apiaries are still found in this
area (Kzhono et al., 2018). Morphological
and genetic studies are needed to identify
the origin(s) of the introduced A. mellifera
subspecies. Numerous beekeepers all over
Asia believing in the advantages of A.
mellifera are willing to give up beekeeping
with A. cerana. A survey by Theisen-Jones
and Bienefeld (2016) revealed that in
Indonesia the remaining percentage of
managed A. cerana lays between 45% and
60% (compared to introduced A.

meilifera), while native species getting
more and more replaced by the intro-
duced A mellifera all over Asia (e.g.. in
Thailand beekeeping with A. cerana
decreased by 95%). Due to the archipela-
gos structure of Indonesia, those numbers
may vary strongly between regions and
islands.

Both mentioned Apis species do have
their advantages for managed beekeeping.
The colony size of A. cerana ranges from
2,000 to 20,000, while A. mellifera colonies
reach between 30,000 and 50,000, latter
have higher productivity and therefore
the harvesting of honey bee products is
more profitable (Crane, 1990). The higher
productivity of A. mellifera is based on

its survival strategy to hoard as much
honey as possible to ensure the survival
of the colony in times of food shortage
(winters, droughts, excessive rainfalls)
(Crane, 1984). A. cerana follows a differ-
ent strategy by having a high tendency

to abscond in periods of unfavorable
environmental conditions (triggered by
tropical climate, pressure of pathogens/
pests/predators, or insufficient forage-op-
portunities). Consequently, A. cerana
does not store large amounts of honey
(Koetz, 2013). Differences in the foraging
behavior between the two Apis species are
also observable, with A. meilifera having
a wider foraging range, than A. cerana
(Couvillon & Ratnieks, 2015; Koetz,
2013). Nevertheless, the Eastern honey
bee is an excellent pollinator.

Apis mellifera and Apis cerana drones are
attracted by similar pheromones secreted
by the particular queen. Mating between
species is possible, but hybridization
blocks, such as morphological differences
in reproductive organs, may result in
reproductive failure (Ruttner & Maul,
1983). Considering the lower colony size
of A. cerana, they are more affected by
interspecific mating and are less capable of
complementing high drone losses (Moritz,
Hartel, & Neumann, 2005). Due to the
higher aggressiveness of A. mellifera,

they are often more successful in robbing
honey from other honey bee species and
subspecies than vice versa, which could
lead to damage of autochthonous colonies
(Chantawannakul, Petersen, & Wongsiri,
2004; Oldroyd & Nanork, 2009).

The question is, regarding the conse-
quences of the long-term costs of replac-
ing A. cerana colonies, is A mellifera
really the better alternative for future
beekeeping in Indonesia? Oldroyd and
Nanork (2009) do not believe in a severe
impact of A. mellifera on A. cerana
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colonies, because feral A. mellifera col-
onies in Asia, which would also include
Indonesia, are so far unknown. This fact
may have different reasons: the climate of
the tropics brings only minor variation in
day length and thus, Western honey bees
cannot further adapt on these conditions
(e.g., brood production). In comparison,
feral A. mellifera may be only a question
of time, if there are efforts to introduce
African A. mellifera subspecies that are
adapted to tropical climate (Moritz et al,
2005).

In Indonesia, A. mellifera is mostly put
in context with migratory beekeeping,
but this practice is not widely used and
underdeveloped (UNPAD, pers. commu-
nication). Widiarti and Kuntadi (2012)
conducted an interview-based study in

Central Java and identified the major
constraints of developing migratory
beekeeping with A. mellifera resulting in a
shortage of bee forage, capital, extension,
technical training and workshops, as well
as breeding and honey bee health issues
(pests, pathogens). Besides, existing prej-
udices among the Indonesian population
may also be an important contributing
factor to the unpopularity of this beekeep-
ing practice.

One special phenomenon, negatively
affecting the bee forage availability, was
described by the Ministry of Agriculture
in 201 1: a change in market trend from
traditional kapok to modern mattresses
led to a significant decrease of the kapok
tree population, namely 44% from 2000
to 2009. Kuntadi (2008) further revealed a

10.2% decline of kapok trees in the migra-
tory beekeeping region East Java Province.
Kapok trees serve as important forage
plant for bee species and especially for
beekeepers using A. mellifera for migra-
tory beekeeping the plant is valuable.

Performing migratory beekeeping in
Indonesia is not easy and financial costs
are high. The biggest expenses in man-
aging A. mellifera are transportation and
the purchase of sugar. One colony needs
at least 1kg of sugar per month during
the drought season, which may occur
up to 5 months (December to April). In
Java, beekeepers use a similar migratory
route (from West and East, to Central
Java) and therefore the competition

for the best forage sites is high. Those
differ in food availability and therefore
bee colonies often need supplemental
feeding and cause financial penalties. In
a consequence, some beekeepers who fail
to reach their production target sell their
hives after the season. To promote the
development of migratory beekeeping in
Indonesia, it is suggested to increase the
availability of natural bee forage, and to
establish governmental regulations for
colony migration and logging policies.

Krongdang, Evans, Chen, Mookhploy, and
Chantawannakul (2018) compared the
susceptibility of A. mellifera and A. cerana
against Puenibacillus larvae, the causative
agent of American Foulbrood, and found
a higher immune response, reflected by
increased gene expression levels of anti-
microbial peptides (AMPs), in the Eastern
honey bee. Honey bees produce AMPs in
response to pathogens and parasites and
therefore the monitoring of AMP gene
expression acts as a suitable tool for study-
ing innate immunity. In general, A. cerana
has a higher disease-resistance, partic-
ularly against parasitic mites, but seems

to be more sensitive to Thai Sac Brood
Virus (Theisen-Jones & Bienefeld, 2016).
Increased hygienic standards (bees clean
themselves and others at higher frequen-
cies, infected brood is removed before
sealing the brood cells) positively contrib-
ute to the higher resistance and therefore
the treatment with acaricides against
Varroa infestation is not necessary, which
results in less needed equipment, knowl-
edge and time effort for the beckeeper
(Boecking & Spivak, 1999). A. cerana bees
have further advantages: they are known
to have a gentle temperament, they do not
necessarily need supplementation if forage
is available year-round. they need less
foraging areas, and if well-acclimated, they
react less sensitive to changes in climate
conditions and are able to forage under
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more unfavorable conditions (Koetz, 2013;
Oldroyd & Nanork, 2004; Theisen-Jones &
Bienefeld, 2016). In contrast to this, sur-
vival of A. mellifera is impacted if Varroa
or Tropilaelaps spp. infestations stay
untreated. The tropical weather conditions
may also kead to decreased foraging behav-
ior of A. meilifera and in a consequence to
greater demand of supplemental feeding

( Theisen-Jones & Bienefeld. 2016).

The shifting from dry to rainy season and
the decrease of natural bee forage is a chal-
lenge for beekeepers and their bee colonies
and demands proper bee management,
such as offering the right supplemental
food. Kuntadi (2008) compared three
different sovbean flours (roasted, boiled
and fermented with peeled bean) as protein
supplement. The results indicated that soy-
bean flour processing infleences the protein
uptake of honey bees. Specifically, the bees
preferred boiled and fermented (with peeled
bean) sovbean flours over the roasted one.
The processing method of the protein sup-
plement did not affect the mortality of bees
neither the honey bee colony size.

Preservation issue of
autochthonous Apis
specles

As studies on A mellifera in Indonesia are
exceptional, information on a possible
impact of local climate and flora on A
meliifera beekeeping and its profitability is
missing. It has to be mentioned, that
before the selection of desired traits, A
mellifera produced. similar to A. cerana,
only 2-Skg honey per colony (Theisen-
Jones & Bienefeld, 2016). Hence, it is very
likely that selective breeding of A. cerana
will also result in higher honey yield per
colony. This may be a possible compro-
mise that favors beekeeping with, and
therefore the preservation of A. cerana. Of
course, in a country with numerous
amounts of feral A. cerama colonies, there
will always be interactions with their
hived sisters and therefore proper
breeding programs are not easy to initiate
and need adequate governmental,
non-governmental and scientific support.
Another alternative of preserving
autochthonous bee species is focusing on
A. dorsata. Several projects exist, aiming
to encourage the people of Indonesia to
harvest honey not from A. cerana, but
from A dorsata nests, rather than
changing to beckeeping with A. mellifera.
Provided, honey hunting is practiced in a
sustainable and hygienic way: only harvest
the honeycombs instead of destroying the
whole nest, wearing protective dothes, or

Fage 4 » oc Wi

filtrating the honey through simple dosed
mashed nets (Oldroyd & Nanork, 2009).
Mative bee species are known to be more
resistant against pests and pathogens,
while beekeeping with the Western A.
mellifera implicates regular hive-inspec-
tion and management as well as larger
foraging areas to successfully harvest large
amounts of honey and other honey bee
products and therefore is more time-coni-
suming and reguires more knowledge
(Chantawannakul et al., 2004; Theisen-
Jones & Bienefeld, 2016). Mevertheless, if
the beekeepers are proper trained, the
higher amount of invested time is
relativized with the higher productivity of
A. mellifera that leads to a significantly
higher income of beekeepers.

Conclusions

Strengthening the beekeeping sector in
Indonesia keads not only to improved
protection of the environment but also to
an increased quality of life and income.
Better living standards may be achieved
by marketing bee products, or by
improved yields of agricultural goods.
Thus, it is important to spread the word
on the importance of bees and beekeeping
within the government and the
Indonesian population. Besides conwinc-
ing the citizens, it is also important to
train beekeepers and extension workers in
business and beekeeping relating topics
and to conduct field research on homey
bee health, disease recognition, and
dissemination of control methods. The
knowledge about beekeeping with the
indigenous honey bee species A. cemana
already exists {Schouten et al., 2019),
while in Indonesia beekeeping with
introduced A. mellifera is often limited 1o
the still underdeveloped migratory
beckeeping practice. Both bee species
have their advantages and in the end, this
literature based study gives no ultimate
answer on which one should be encour-
aged for beekeeping in Indonesia, but it
has to be mentioned that “poor people
should not be expected to bear the burden
of conservation, which is the responsibil -
ity of us all” (Oldroyd & Nanork, 2009).
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Kurzfassungen der Vortrage und Poster

SAMS - Internationale Partnerschatft fiir intelligente Dienstleistungen
in der Bienenhaltung

KRIsTINA GRATZER & ROBERT BRODSCHMEIDER

Bienengesundheir und nachhaltige Bienenhaltung sind Schliisselfakroren fiir eine erfolg-
reiche Landwirtschafr. Sinkende Bestiubungsleistung und Honigprodukrion durch eine
Verschlechrerung der Bedingungen fiir Honigbienen gefihrden nicht nur den Lebens-
unterhalt der Imker und Imkerinnen, sondern auch die weltweite landwirtschaftliche
Produkrion und berriffr somir die Ernihrung der Welthevilkerung,

SAMS (International Partnership on Innovation in Smarr Apiculture Management Ser-
vices) ist ein von der Europdischen Union gefdrdertes Projekr innerhalb des Grofprojekres
Horizon 2020-1CT-39-2016-2017 und fordert die internarionale Kooperarion zwischen
der EU und Enrwicklungslindern hinsichtlich der Themen nachhalrige Landwirtschaft
und ICT-Lasungen (Informarion and Communicarion Technologies). In vielen Ent-
wicklungslindern spielt die Agrarwirtschaft eine besonders groffe Rolle, darum nurze
SAMS das Potential von Bienen und Bienenwirtschafr fiir die Entwicklungshilfe. Das
SAMS-Konsortium besteht aus vier europiischen Parmern {Osterreich, Lerdand, zwei
aus Deurschland), sowie Partnern aus Athiopien und Indonesien. Das Projekr folgr dem
Entwicklungsziel: “End hunger, achieve food security, improve nutrition and promote
susrainable agriculmure”.

130
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Arhiopien und Indonesien zeichnen sich jeweils durch ein diverses Okosystem aus, das
zahlreiche Bienenvilker unterschiedlicher Spezies und Subspezies beheimarer. In Athiopien
hat die Bienenhaltung bereits eine lange Tradition und auch in Indonesien spielen die tra-
dirionelle Imkerei, sowie verwandre Aktiviciten wie das Honigsammeln von wild lebenden
Bienenvilkern (“honey hunting”) eine Rolle. Trotz der Vorausserzungen und des Vorhan-
denseins eines wirtschaftlichen Bienen-Sekrors, ist das Potential an Honigprodukdion und
Vermarkrung noch lange nichr ausgeschipft. Hier serzt SAMS an und verfolgt das Ziel zu
unterstiirzen und weiterzuenrwickeln. SAMS liefert eine technisch versierte ICT-Lisung
fiir die Bienenhaltung und ist gekennzeichner durch folgende Eigenschaften: a.) giinstige
und einfach zu bedienende Open-Source-1CT-Anwendung fiir den Bienenstock (Open
Source Sensor, Informarions-Verteilungssystem, unabhiingige Energieversorgung), der
lokal produziert und an lokale Bedingungen adapriert werden kann. Dies ist essenriell,
da die in Athiopien autochthon vorkommenden Vilker der Honigbiene (Apis mellifera)
andere Anspriiche an ihre Umgebung haben, als jene, die urspriinglich in Indonesien
beheimarer sind (A. cerana), oder auch dort eingefithre wurden (A, mellifera); b.) Ent-
scheidungshilfe fiir Imkerlnnen. Dabei werden die Sensor-gestiirzren Datenausgaben mit
anderen Informarionsquellen und Vorhersagemodellen kombiniert, um so Riickschliisse
auf den Starus der Bienenkolonie (Gesundheir, Viralicit, Produkrivicir, erc.) zu liefern
und Imkerlnnen zu alarmieren, sobald das System Abweichungen vom Normalzustand
registriert; c.) Erstellung von Geschifiskonzepren fiir die Zusammenarbeit mir Akren-
ren, die innerhalb der Wertschopfungskerre fiir Bienenprodukre agieren. SAMS versteht
sich als Werkzeug fiir die Prizisions-Bienenhalrung, die dazu beitrigr durch rechnisch
untersriitzres Moniroring von Bienenvilkern den Ressourcenverbrauch zu minimieren
und die Produkrivitit zu maximieren. Lokale Klein-Imkereien bieten perfekre Rahmenbe-
dingungen, um das Potential der Anwendung in Entwicklungslindern zu demonstrieren
und diese vor Orr zu verbreiten. Dabei stellt SAMS die Bediirfnisse der Endnurzer in den
Fokus und erméglichr akrives Monitoring, sowie Ferniiberwachung der Bienenviilker.
SAMS verbessert die Produkrion von Bienenprodukren, kreiert Jobs (insbesondere fiir
Jugendliche/Frauen), triggert Investments und schafft den Wissensausrausch zwischen
verschiedenen Nerzwerken. Um noch mehr iiber SAMS herauszufinden, besuchen Sie
unsere Projekr-Webseite: hrrps://sams-project.en/. Um mehr iiber die Bienen und Imkerei
in Athiopien und Indonesien zu erfahren, besuchen Sie den im Rahmen des Projekres

erstellten Wiki: hoops:/fwiki.sams-project.en.

Anschrift der Verfasser:
Kristina Gratzer, M3c, Mag. Dr. rer. nat. Robert Brodschneider, Institut flr Biologie,
Karl-Franzens Universitit Graz, Universititsplatz 2, B010 Graz, Osterreich.
E-Mails: kristina.gratzer@uni-graz.at, robert.brodschneider@uni-graz.at

Abstract of SAMS - International partnership for intelligent services in beekeeping

UNIGRA presented the SAMS poster at the “OEG Tagung” in March 2019. Additionally, we
wrote a short summary of the SAMS project and its overall aims, like the development of a bee
monitoring system. Further we mentioned the different bee species used for beekeeping in
Ethiopia and in Indonesia and the advantages for beekeepers using such a monitoring system
for their bee colonies. The text was published in Entomoligica Austriaca.
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Modular sensory hardware and data processing solution for
implementation of the precision beekeeping

V. Komasilovs', A. Zacepins'", A. Kviesis', S. Fiedler” and S. Kirchner’

'Latvia University of Life Sciences and Technologies, Faculty of Information Technologies,
Department of Computer Systems, Liela 1ela 2, LV-3001, Jelgava, Latvia

*University of Kassel, Department of Agricultural and Biosystems Engineering, MonchebergstraBe 19,
34109 Kassel, Germany

*Correspondence: aleksejs.zacepins@llu.lv

Abstract. For successful implementation of the Precision Apiculture (Precision Beekeeping) approach, immense
amount of bee colony data collection and processing usmg various hardware and software solutions 1s needed.
Tlus paper presents standalone wireless hardware system for bee colony mamn parameters monitoring
(temperature, weight and sound). Monitoring system 1s based on Raspberry P1 3 computer with connected sensors.
Power supply 1s granted by the solar panel for reliable operation in places without constant source for power. For
convement data management cloud based data warehouse (DW) 15 proposed and developed for ease data storage
and analysis. Proposed data warehouse 1s scalable and extendable and can be used for variety of other ready
hardware solutions, using varety of data-in/data-out interfaces. The core of the data warehouse is designed to
provide data processing flexibility and versatility, whereas data flow withun the core 1s orgamzed between data
vaults in a controllable and reliable way. Our paper presents an approach for linking together hardware for bee
colony real-time momtoring with cloud software for data processmg and visualisation. Integrating specific
algorithms and models to the system will help the beekeepers to remotely identify different states of their colonies,
like swarming, brood rearing, death of the colony etc. and mnform the beekeepers to make appropriate
decisions/actions. This research work 1s carried out within the SAMS project, which 1s funded by the European
Union within the H2020-ICT-39-2016-2017 call. To find out more visit the project website https://sams-
project.eu/.

Keywords: Precision beekeeping, data warehouse, bee colony monitoring.
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Abstract. Bee health and sustainable beekeeping are a key for sustainable agriculhure worldwide. Fisks of
depleting honey production threatens livelihoods of beekeepers, but degradation of pollination power of suffering
bee colonies threats overall agricultural production and affects entire population. SAMS is a project funded by the
Euvropean Union within the H2020-ICT-39-2016-2017 call. SAMS enhances international cooperation of ICT
(Information and Commmunication Techneclogies) and sustainable agriculture between EU and developing
countries in pursuit of the EUT commitment to the UN Sustainable Development Geal “End hmnger. achieve food
security and improved nutrition and promote sustainable agriculiure”. The project consortinm comprises four
partners from Euwrope (two from Germany, Austria and Latvia) and two partners each from Ethiopia and Indenesia.
Beckeeping with small-scale operations provides perfect innovation labs for demonstration and dissemination of
cheap and easy-to-use open source ICT applications in developing countries. SAMS proposes implementation of
Precision Beekeeping by allowing active monitering and remote sensing of bee colonies and beekeeping by
developing appropriate ICT sclutions supporting management of bee health and bee productivity and a role model
for effective international cooperation Precision Beekeeping (Precision Apiculture) is an apiary management
strategy based on the monitoring of individual bee colonies to minimize resource consumption and maximize the
productivity of bees. Precision Apriculture methods and technigques can be adapted for beekeeping improving the
beekeepers lmowledge about behaviour of individual bee colomies and prionitize different activities. SAMS
addresses requirements of end-user commmunities on beekeeping in developing couvntries. [t includes technological
improvements and adaptation as well as innovative services creation in apiculture based on advanced ICT and
remote sensing technologies. SAMS increases production of bee products, creates jobs (particularly
youths/women), triggers investments, and establishes Imowledge exchange throngh networks. The final outcome
of the project will be a technologically enhanced beehive system and service including the following main
components: a) A physical low-cost beehive model, that is locally produced and adapted to local conditions,
including integrated open source sensor and information transition technelogy, as well as energy-supply solution;
b) A decision support system that combimes the sensor-based data-outputs with other information sources and
predictive models to measure, analyse and describe differemt states of the bee colony such as health, vitality,
production, etc.; ¢) An automatic advisory suppert tool, which will alert the beekeeper in an easily understandable
way if any aberrations from normal states are metered and will provide advice on appropriate countermeasuses.
The response unit will support the user to avoid losses and to increase the profitability and stability of beekeeping;
d) A bee management business concept for the local production and up-scaled implementation of the developed
beehives with integrated beehive monitoring system. To find owt more visit our project website https://sams-

Eey words: precision Beekeeping, smart beehive, bee colony monitoring.
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Modular sensory hardware and data processing solution for
implementation of the precision beekeeping
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Abstract. For successful implementation of the Precision Apiculiure (Precision Beekeeping)
approach, immense amount of bee colony data collection and processing using various hardware
and software solufions 15 needed. This paper presents standalone wireless hardware system for
bee colony main parameters monitoring (lemperature, weight and sound). Monitoring system is
based on Raspberry Pi 3 computer with connected sensors. Power supply is granted by the solar
panel for reliable operation in places without constant source for power. For convenient data
management cloud based data warchouse (DW) 15 proposed and developed for ease data storage
and analysis. Proposed data warehouse is scalable and extendable and can be used for variety of
other ready hardware solutions, using variety of data-in‘data-out interfaces. The core of the data
warehouse 15 designed (o provide data processing flexibility and versatihiy, whereas data flow
within the core is organized between data vaults in a controllable and reliable way. Our paper
presents an approach for linking together hardware for bee colony real-time monitoring with
cloud software for data processing and visualisation. Integrating specific algorithms and models
to the system will help the beekeepers to remotely identify different states of their colonies, hike
swarming, brood rearing, death of the colony ete. and inform the beekeepers to make appropriate
decisions‘actions. This research work 1s carned out within the SAMS project, which is funded by
the European Unon within the H2020-ICT-39-2016-2017 call. To find out more visit the project
website hitps://sams-project.ew’.

Key words: Precision beekeeping, data warchouse, bee colony monitoring,
INTRODUCTION

Bee health and sustainable beekeeping are a key for sustainable agriculture
worldwide (Gallai et al., 2009; Kaplan, 2008). Risks of depleting honey production
threatens livelihoods of beekeepers, but degradation of pollination power of suffering
bee colonies threats owverall agricultural production and affects entire population.
Approximately 75% of the crops, used for human feeding depends on pollination
(Ollerton et al., 2011; Potts et al., 2016). The European honeybee Apis meflifera is the
most economically valuable pollinator of agricultural crops worldwide. These insects
can provide pollination generally to any fruit and vegetable, playing a crucial ecosystem
service for agricultural food production and for wild plant diversity and conservation
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(Bommarco et al., 2013; Klein et al., 2006). Many national and international projects
like ITAPIC', Swarmonitor®, Smarthees’, PoshBee® and others were implemented or are
ongoing to study factors and parameters that may contribute to the bee health. In
addition, several monitoring sensors have been developed for automatic bechive
monitoring thus facilitating the development of the Precision Beekeeping (Meikle &
Holst 2015). Precision Beekeeping 1s defined as an apiary management strategy based
on the monitoring of individual bee colonies to minimise resource consumption and
maximise the productivity of bees (Zacepins et al., 2015). Nevertheless, there still is a
lack of a system which can be widely used and is very affordable for the end users
{beekeepers).

Despite the fact there are number of implemented solutions for data collection about
bee colonies, only few of them offer basic functionality for data analysis and decision
making. This paper describes authors® developed bee colony hardware system for
temperature, humidity, weight and sound monitoring linked together with a cloud data
warchouse, specially designed for on-line data storage and close to real-time analysis
and decision support actions. The proposed approach integrates two stages of the three-
phase eycle of the Precision Beckeeping, including data collection and data analysis.
Third phase — application of control actions, remains responsibility of the beekeeper.
This phase, called also data wtilization, usually involves the adjustment of important
parameters and making the needed actions (Pentjuss et al., 201 1). Author’s approach can
be integrated inte a beekeeping practice to help the bees and pollination service they

rovide.
F Research idea brings clear economic impact for the beekeepers. Proposed solution
helps to remotely monitor bee colonies, recognize various states (for example normal,
swarming, colony death) and minimise the necessity for on-site colony visits, therefore
reducing beekeeper’s spending on unneeded travelling to remote apiary. As well, bee
colony health can be increased by minimising the number of bechive openings (see
Fig. 1} (Stalidzans et al., 2017).

— Honeyhee colony 1

M rmend af T —
144 disurhamir Hurseybee codomy 2

10 fun ™Y ILjan 1L jm 1Z 12 jan 11 jum 13 jm 14 jn M. jn 1% jm
Dane

Figure 1. Temperature changes in the bee colony duning manual hive weighing.

I Application of Information Technologies in Precision Apiculture — http:/warw itapiceu

I http/iwwow swarmonitor.com

1 Sustamable management of resilient bee populations — hitpyfwaw smarthees-p7.eu

4 Pan-European assessment, monitoring, and mitigation of stressors on the health of bees —
hitpe/fwww poshbes cu
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Every time when hive is opened and bee colony is inspected or any other
manipulations with hive are done an additional stress is posed for the colony. Such stress
can also be caused by manual weighting procedure.

In overall, developed approach facilitates optimization of operational beckeeping
costs and minimises colony losses, increasing the profitability and stability of
beekeeping.

This research is done within the SAMS® project. SAMS is a project funded by the
European Union within the H2020-ICT-39-2016-2017 call. SAMS enhances
international cooperation of ICT (Information and Communication Technologies) and
sustainable agriculture between EU and developing countries in pursuit of the EU
commitment to the UN Sustainable Development Goal “End hunger, achieve food
security and improved nutrition and promote sustainable agriculture”. SAMS proposes
implementation of Precision Beekeeping by allowing active monitoring and remote
sensing of bee colonies and beckeeping by developing appropriate ICT solutions
supporting management of bee health and bee productivity and a role model for effective
international cooperation. The outcome of the project will be a technologically enhanced
beehive system and service including several components, like decision support system,
advisory support tool, bee management business concept.

SENSORY HARDWARE FOR BEE COLONY MONITORING

Many parameters of the bee colony can be monitored by the automated system, but
not all of them can provide the beekeeper with valuable information. According to
literature review and results of recent researches it is concluded, that system should
measure temperature, humidity, weight and acoustic parameters of the colony.
Temperature and humidity are the most commonly used metrics in precision beekeeping
(Meikle & Holst 2015; Zacepins et al., 2015; Meikle et al., 2017). Hive weight is also a
useful metric for monitoring the productivity of a colony with a correlation between
honey production and different parameters of meteorological conditions (Fitzgerald et
al., 2015; Ruan et al., 2017). In addition, monitoring of acoustics of bee colonies can be
used for the prediction of e.g. swarming behaviour (Ferrari et al., 2008; Bencsik et al.,
2011).

Developed system’s architecture is based on proposed approach by (Kviesis &
Zacepins 2015), where measurement node sends data to remote server via mobile
network. According to the demands, a Raspberry Pi 3 (RPi) was used as Single-Board-
Computer (SBC). The RPi was extended with a RPi-Shield-Audio Card and a
microphone. A script addresses the sound card and converts the analog audio signals of
the microphone. These signals are further broken down into their frequency components
by means of a Fast Fourier Transformation (FFT). Using Wi-Fi and a mobile GSM
router, the measured values are uploaded to a cloud server and deleted from the SBC
memory. In case, radio transmission is not possible, the data remains on the device
memory until a connection is established. Conversely, the SBC can also receive updates
from the cloud server. Settings, such as the intervals of the data logger, can be changed
by user from any computer with internet availability. In addition to the interval sizes for

5 Intemational partnership on mnovation in smart apiculture management services —httpz/woww sams-
project.cu
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updates and uploads, variables that can be changed including the recording length of the
audio signals and the sampling rate. The source codes will be available as open source
on SAMS project website (https://sams-project.ew).

The sensory hardware (see Fig. 2) is capable to obtain temperature data of the inside
and outside temperature as well as weight data of the bee colony. A RPi capable sensor
for temperature and a load cell in combination with an A/D converter is used for weight
measurements. Additional sensors can be connected optionally.

Figure 2. Sensory hardware with casing, solar energy supply, single board computer and cooling.

Sensor placement in a modified broodframe is shown in Fig. 3, and the bee hive
with installed monitoring system is demonstrated in Fig. 4.

Figure 3. Sensory placement in a modified Figure 4. Bee hive with monitoring system

broodframe connected with cable. prototype at the test site Witzenhausen of the
University of Kassel.

In order to supply the system with electricity, a polycrystalline photovoltaic module
with a system voltage of 12 V DC was used as a solar generator. To protect the battery
from overcharging. a pulse-width modulated shunt controller with depth discharge
protection was selected. To store energy a 12 V lead batteries with a capacity of 18 Ah
was built in. For adequate ventilation, a temperature controller was installed in
combination with two housing fans.

The energy consumption of the RPi depends on the specific sensor constellation.
For the hardware configuration used here, the power consumption was less than 0.5 A.
To reduce the consumption, the RPi can simply be started for the relevant measuring
intervals using a time-controlled ‘power switch’. The component costs for the sensory
system run to about 300 euros (see Fig. 5). If several sensor systems are used at one
location, the power supply is designed to be shared. This reduces the specific costs

512

N°7.3. Compendium of SAMS publications and press releases 84 /153



WP 7 Communication and Dissemination SAMS

accordingly. Still it can be seen, that costs for granting power supply with alternative
methods (photovoltage system) is already expensive. System costs can be significantly
decreased if the system is connected to the electrical grid available at the apiary. A honey
chamber of a standard magazine hive for honey bees was selected as the casing for the
hardware components. This is familiar to every beekeeper and can easily be placed on a
beehive. In addition the construction principle can be transferred to magazine hives of

other dimensions easily.
= Casing components
= Consumables and other materials

= Measurement hardware
= Cooling system

= Photovoltalc system

3%

Figure 5. Cost distribution of the monitoring device. Complete system costs are about 300 euros.
DATA WAREHOUSE CONCEPT

Data warchouse (DW) can be considered as a universal system, which is able to
operate with different data inputs and have flexible data processing algorithms.

By the definition data warehouse is like an intermediate layer between data provider
systems and data consumer systems or end-users (Inmon, 2010). DW provides
customizable facilities for data storage management. processing, analysis and output.
The DW should be used to help beekeepers run the apiary more effectively by utilising
higher amount of available data and accumulated data interpretation knowledge.

Authors suggest implementing DW as a cloud based data storage and processing
unit with capabilities to combine different data sources like existing systems and
available on-apiary generated data.

Architecture of the developed DW is demonstrated in Fig. 6. DW is capable to
analyse data in the real-time or store it for future analysis.

Figure 6. Architecture of the developed data warchouse.
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DW consists of three modules: a) Core — main data storage and processing unit; it
receives data about various beekeeping objects in predefined format and distributes it
through number of vaults and reports, which apply needed transformation to the data
{e.g. aggregation, modelling, decision making); b) WebApi - intermediary unit between
‘outer world” and DW Core; it provides number of HTTP interfaces for machine-to-
machine interaction with external systems via Internet; main functions of the unit include
request authentication and authorization, user private workspace management, data-in
and data-out interface configuration and data conversion to/from DW Core supported
formats; ¢) Graphical user interface — single-page web application provides user
convenient way for managing the sources of incoming data (e.g. hives with monitoring
devices) and getting insights into produced outputs (e.g. reports).

DW Data-in interface provides data input functionality for various data sources — it
can be in a form of data files uploaded manually via user interface or via automated
{scheduled) scripts. a bee colony measurement system configured, accordingly., to send
data in accepted format, or third-party services, like weather station data.

Benefit of the DW is that data are processed almost immediately by involving
different models for data aggregation and reporting. Modular architecture of the solution
ensures isolation boundaries both for reliability reasons, maintenance and development
considerations.

LINKING REMOTE HARDWARE WITH CLOUD SOFTWARE

Remote hive monitoring systems (like Raspberry Pi based solution described
previously in section ‘Sensory hardware for bee colony monitoring™) need special
authentication mechanisms before sending data to the data warchouse. Since access to
the Web API's interfaces are protected by AuthD authentication and authorization
service, non-interactive Machine-to-Machine authentication flow is required
{https:/auth().com/docs/applications/machine-to-machine). During such flow AuthD
service provides access token (a credential) that is issued to an authorized device and
must be included into each HTTP request to DW endpoints. The access token has an
expiration time (for example, 24 hours) and should be eventually renewed by the device.
Remote measurement system is sending HTTP POST request to DW data-in interface,
including authentication token within request header and JSON formatted data as a body
of the request. A temperature and humidity HTTP POST example is shown below (where
<token= is issued by Auth( service and source IDs are arbitrary identifiers used for
mapping incoming data to beekeeping objects like hives):

POST /api/data HTTP/1.1
Host: example.host.com:port
Authonzation: Bearer <token=
Content-Type: application/json

[{"sourceld": "temp-id-123",
“values": [{"ts": "2018-10-10T23:06:00Z", "value": 33.2},
{"ts": "2018-10-10T23:07:002Z", "value": 33.5}]},
{"sourceld": "hum-1d-234",
"values": [{"ts": "2018-10-10T23:06:002", "value": 42.8}1}]
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Upon receiving such request, it 1s validated against registered/allowed devices, and
only then it is converted to appropriate format and sent to DW Core. Data processing
involves various stages of pre-aggregation and actions performed by DW Core (see
Fig. 6): temporary incoming data storing (swamp). data flow management, data vault
activation, etc. Example of temperature measurements pre-aggregated into hourly record
is shown below:

{"_1d" : "hive-549:2018101510",

"count" : 5,
"max" ; 45.5,
"min" : 39.099998474121094,
"sum" : 213.399997T1 118164,
"wvalues" : {
"15" : 44.400001525878906,
"17": 455,
"20M : 41.599998474121094,
"23" : 39.099998474121094,
"7 D 42.79999923706055]

Described DW was implemented as a set of microservices and modules, built using
Spring Boot 2.0 (back-end) and Angular 6 with Bootstrap 4 framework (front-end).
MongoDB., a NoSQL database was used as a persistent storage for metadata and
measurements.

Developed solution was approbated by building end-to-end data flow from hive
prototype located in Witzenhausen, Germany to DW cloud service (physically hosted on
servers in Jelgava, Latvia). In addition, for testing purposes room micro-climate
monitoring hardware prototype was adapted to send temperature and humidity
measurements to DW using the same data-in interfaces. Both devices are sending their
measurements according to their schedules and become available in D'W user interface
in a form of quick overview of latest values as well as detailed parametrized reports.
During implementation and testing period, several new versions of device and DW
software were deployed. Modular architecture and flexible interfaces contributed to fast
new feature development and deployment cycle.

CONCLUSIONS

Development of the Precision Beekeeping direction is in active state nowadays, as
many scientists and also industrial sector are heading toward development of solutions
for improvement the management and monitoring of the apiary, minimising the
beekeepers direct influence on the process.

Described systems and approach integrates two stages of the Precision Beekeeping,
including data collection and data analysis. Third phase - application, remains still for
the beckeeper.

Developed system should be used to minimise the number of manual bee colony
inspections, which should lead to the minimisation of the impact to the bee colony health.
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The advantage of developed system is the possibility to detect abnormal behaviour
of the colony at an early stage giving the beekeeper the chance to save their colonies.

At this moment system’s prototype is used in experimental apiary in Germany, but
in the future systems will be installed in apiaries in Ethiopia and Indonesia.

ACKNOWLEDGMENT. Scientific research, publication and presentation are supported by the
Horizon 2020 Project SAMS “Smart Apiculture Management Services’™. This project receives
funding from the Horizon 2020 European Union Research and Innovation Framework under
Grant Agreement Nr. 780755 — SAMS. This project receirves funding from the German Federal
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Das SAMS EU Projekt - Entwicklung nachhaltiger
Bienenhaltung in Indonesien

Hinterlasse eine Antwort

Im von der EU geforderten Projekt SAMS
(Smart Apiculture Management Services) wird
S m.a r t die Imkerei in Entwicklungslandern geférdert.
o A p | CUI tu re In diesem Artikel (auch in Bienenaktusll
M dana ge men t MNovember 2019 erschiensn) berichten wir

SAMS SerVi ces Ober unsere Reise nach Indonesien.

Robert Brodschneider & Kristina Gratzer, Bienenaktuell 11/20189, Seite 18-21.

Das von der EU geférderte Horizon 2020 Projekt SAMS (Smart Apiculture Management Services,
Grant Agreement N° 780755) wurde von der Deutschen Gesellschaft fur Internationale
Zusammenarbeit (GIZ) initiiert. Das Ziel dieses Projektes ist weniger wissenschaftlicher Natur,
sondern Armutsbekdmpfung durch die Entwicklung nachhaltiger Bienenhaltung in zwei for die
GIZ bereits seit vielen Jahren bekannten Ziellandern fur Zusammenarbeit: Indonesien, mit
Moglichkeit der Ausweitung auf ganz SUd-Ost-Asien, und Athiopien, mit der Ausweitung auf
Afrika sodlich der Sahara. Das Projektkonsortium basteht von europdischer Seite neben der GIZ
aus Partnern von der Lettischen Agrarwissenschaftlichen Universitdt, dem Witzenhausener
Ableger der Universitdt Kassel, einer Forschungsstelle zu okeologischen Agrarwissenschaften
und dem Institut far Biologie der Universitat Graz. In den Ziellandern sind unterschiedliche
Institutionen involviert — ven Forschungseinrichtungen bis hin zu Organisationen die sich mit
Firmengrindungen oder der Verbreitung von Wissen Gber die Biene kiimmern. Aufhanger fir
dizses Projekt ist die erstmalige Entwicklung leistbarer elektronischer StockUberwachungs-
systeme in diesen Landern, die mit Hilfe der Methode ,Benutzer-zentriertes Design” in enger
Zusammenarbeit mit lokalen Imkern und anderen Benutzergruppen entwickelt werden.
Wahrend in Europa solche Systeme, etwa Stockwaagen, kommerziell erhaltlich und l=istbar
sind, stecken diese Entwicklungen, wie auch teilweise die mederne Bienenhaltung, in Afrika und
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Asien noch in den Kinderschuhen. Als Beispiel sei hier die Vorgabe ,Low Tech, Low Cost & Low
Maintainance” genannt, wobei letzteres auch noch wenig Energieverbrauch inkludieren sollte.
Ebenfalls ist bei diesem Projekt zu bedenken, dass Diebstahl von Bienenvélkern (inklusive
etwaiger technischer Ausristung) vorkommen kann. Eine Erkenntnis dieses Projekts ist auch die
Arbeit die in eine bessere Organisation der Imkerei, zum Beispiel durch Schaffung von

Netzwerken oder Schulungsmaterialien, gesteckt werden muss.

Im Laufe des Projektes sind wir im Sommer 2019 nach Indonesien gereist, um die Situation vor
Ort besser zu verstehen, Netzwerkarbeit zu leisten und natrlich um selbst mehr Gber die
lokale Bienenhaltung zu erfahren (Abb. 1). Indonesien ist Heimat mehrerer Arten der Gattung
Apis, allen voran der éstlichen Honigbiene Apis cerana oder der Riesenhonigbiene Apis dorsata,
aber auch anderer zur Honiggewinnung genutzter Bienenarten (Abb. 2). Unsere westliche
Honigbiene Apis mellifera wurde zur profitablen Bienenhaitung eingefuhrt, hat sich aber noch
nicht vollstandig durchgesetzt. In anderen Worten: Es wird noch haufig mit A. cerana gearbeitet,
auch wenn sich aufgrund fehlender Datenlage der cerana/mellifera Anteil an Vélkern nicht
genau bestimmen I3sst (Abb. 3). Vom auf Seehéhe gelegenen Jakarta aus, fuhren wir per Zug in
die auf fast 800 Meter Seehdhe gelegene ,Stadt der Blumen” Bandung mit ihren zweieinhalb
Millionen Einwohnern. Von den Blumen ist in der tberfullten und vom Individualverkehr stark
gepragten Stadt nicht viel zu sehen. Allerdings ist das Klima sehr angenehm, weniger heif8 und
schwil als erwartet. Dort haben wir in einer Veranstaltung lokale Entscheidungstrager Uber den
Projektfortschritt und vor allem tber die Bedeutung der Bienen informiert. Dabei wurde auch

ein offizielles Dokument zur Unterstiitzung der Bienen unterzeichnet, indem etwa die
erstmalige Schaffung zweier mehrere Hektar grofier Bienenschutzgehiete beschlossen wurde.
Dieser Schritt wurde von den lokalen Bienenfreunden als ein sehr bedeutender erster Schritt
zur offentlichen Anerkennung der Bienen und der Imkerei gewertet, ist doch das Bewusstsein
um die Bedeutung der Bienz noch nicht so stark entwickelt wie in Europa. Eine weitere
veranstaltung war offentlich zuganglich. Bei diesen Veranstaltungen wurden die Entwicklung
der Imkerei in Indonesien, vor allem die Qualitst des produzierten Honigs, der Erhalt der A
cerono Population aber auch die mangelnde Versorgung mit Trachtpflanzen sowie der Einsatz
von Pestiziden diskutiert. Indonesien ist ein tropisches Land, allerdings gibt es wenig Kenntnis
Uber die wichtigsten Trachtpflanzen, Massentrachten fehlen vielerorts. Die Abholzung des
Waldes stellt ein weiteres Problem fir das Land dar.

In der Region Ciwidey besuchten wir einen Betrieb der ausschliellich mit A cerong arbeitet.
Diese Blene Ist etwas kleiner als A mellifers, was sich auch in der fOr uns ungewohnt kleineren
aber schon anzusehenden Zellgrofie wiederspiegelt. Auch die Anzahl der Bienen in einem Volk
ist geringer, verglichen mit A. mellifero. Um der Landwirtschaft (Reis, Tee, Kaffee, Gamuse) aus
dem Weg zu gehen, halt der Imker Debby Bustomi zahlreiche Volker im Wald. Seine Wahl fiel
auf A. cerana, weil diese seiner Meinung nach sehr effizient die Vegetation nutzen kann, und
auch nur wenig Kapital zur Haltung dieser Biene notwendig ist - sein Volkerbestand speist sich
aus dem Wald. Bienenstand ist fur seine Aufstellungsart nicht der richtige Ausdruck, Bienenweg
trifft es schon eher. Insgesamt etwa einhundert Volker sind entlang eines Trampelpfades alle
funfzig bis hundert Meter zu entdecken - ein Wunder, dass er tatsachlich alle, zum Teill in der
Vegetation versteckten Volker findet. Auf Massenaufstellung verzichtet er genauso wie auf
Ablegerbildung und Kéniginnenzucht. Die Beuten bestehen aus einer Einheit, die zum Schutz
vor rauberischen Saugetieren auf holzernen Pfahlen mentiert wurden. Die Pfahle wurden mit
Ol bestrichen, um das Eindringen von Schadlingen, wie Kakerlaken oder Ameisen zu vermeiden.
Einige der Beuten sind nicht besetzt, sondern entweder sind die Bienen abgeschwarmt - bei A
cerana kommen Fluchtschwarme, etwa durch Nahrungsmangel ausgeldst, vor — oder die leeren
Kisten stehen Schwarmen zum Einzug zur VerfUgung. Ein als weisellos identifiziertes Volk
(mehrere Eier je Zelle deuteten sogar auf legende Arbeiterinnen hin} wurde prompt mit
schlupfreifen Weiselzellen aus einem benachbarten Volk versorgt.
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na Arbeiterinnen vor dem

Wir konnten die (Gberaus friedlichen) A. cerano Volker auch bei ihrer Verteidigung gegenuber
Hornissen beobachten. Nahert sich eine solche, schlagen die Bienen synchronisiert mit dem
Abdomen - ein Verhalten dass sich auch noch kurze Zeit nach dem Hornissenangriff durch
Handbewegungen vor dem Flugloch auslésen lasst. Die Honigernte findet etwa einmal pro
Monat statt und der Honigertrag wurde uns mit etwa 2 kg pro Volk und Monat genannt - wobei
allerdings nicht rund ums Jahr diese Menge zu ernten ist und von Rackgangen aufgrund der
Abholzung des Waldes berichtet wird. Zur Ernte werden auch oft zahireiche Helfer, unserer
Meinung nach mehr als notwendig, angeheuert. Geerntet werden Wabensticke (es wird ohne
Mittelwande gearbeitet), geschleudert wird der Honig nicht, sondern entweder als Wabenhonig
in Plastikdosen oder als Presshonig in Plastikflaschen verkauft (Abb. 4). Im Rahmen des
Projektaufenthalts konnten wir einige einfach durchfuhrbare Manahmen identifzieren, die
eine merkbare Qualitatssteigerung erméglichen wirden, Aufgrund fehlender Organisationen
wie Imkereivereinen, hat Debby eine Facebook Gruppe gegrindet, die ,Lebah madu Indonesia®,
oder ,Indonesische Honigbiene”, wo die mehr als 3200 Mitglieder bereits einen regen
Austausch zu bienenrelevanten Themen betreiben.
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Eine besondere Trachtpflanze stellt ein Baum aus der Familie der Hulsenfrichtler dar:
Calliandra, vermutlich C houstoniana ist zwar in Indonesien urspringlich nicht heimisch, der
tropische Baum wurde aber eingefuhrt und versorgt Bienen sechs Monate im Jahr mit einem
stark gelb gefarbten Nektar. Baume dieser Gattung sind den Lesern vielleicht als Zierpflanzen
unter der Bezeichnung ,Puderquastenbaume” bekannt (Abb. 5).

Abb. 5. Der prachtige Biitenstond von Calliondra houstoniana dient den A. cerona Bienen in Indonesien ols wichtige

Nektarquelle.

Neben Bienen der Gattung Apis werden auch stachellose Bienen gehalten. Diese sind sehr viel
kleiner als Vertreter von Apis, und lagern in ihren Nestern Honig in Tépfchen. Abbildung 6 zeigt
ein Nest von stachellosen Bienen der Art Tetragonula laeviceps (frihere und in Indonesien heute
noch gelaufige Bezeichnung: Trigona loeviceps) denen kleine Holzboxen als Nistplatze
angeboten werden. Die kleineren Kugeln beinhalten die Eier und Larven. Honig kann von diesen
Volkern geerntet werden, mengenmaRig ist hier allerdings von einem Groscherlgeschaft zu
sprechen. Gefangen werden die kieinen Vélkchen mittels Bambusstdmmen als Nistplatz. Wenn
sich ein Volk in so einem Bambusstamm einmal angesiedelt hat, konnen die Vélker dann
umgesiedelt und bei ausreichender Starke sogar geteilt werden.

Abb. 6. Einblick in ein Tetrogonula laeviceps Volk. Zu sehen sind Brutzellen und Honigtopfe (rechts unten)
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Wahrend unserer Zeit in Indonesien, konnten wir wertvolle Effahrungen sammeln und uns mit
artlichen Imkern austauschen. Es war interessant zu erfahren, wie unterschiedlich nicht nur die
Art der Bienenhaltung. angefangen von der Bienenbehausung Uber den Umgang mit den
Bienenvélkern bis hin zur Honigernte ist, sendern auch, den Imkern vor Ort Ober die Schultern
zu sehen. Wir lernten Indonesien als ein sehr gastfreundschaftliches Land kennen. Detaillierte
Informationen zur Situation der Bienenhaltung in Indonesien finden Sie in unserem bereits
vorab und frei zuganglich in der Zeitschrift Bee World erschienen Artikel von Gratzer et al.
(2019).  AulBerdem werden auf der Projekt-Website regelmalige
Newsletter verdffentlicht.

Literatur:

Kristina Gratzer, Fajar Susile, Dwi Purnomag, Sascha Fiedler & RobertBrodschneider (2019)
Challenges for Beekeeping in Indonesia with Autochthenous and Introduced Bees, Bee World,
96:2, 40-44,

Abstract of Development of sustainable beekeeping in Indonesia

In June/July 2019 the SAMS team visited a workshop in Bandung Indonesia. UNIGRA decided
to write a travel report to share the great moments we had at the workshop itself and during
our site visits to local beekeepers as well as to inform about the SAMS project, the beekeeping
situation in Indonesia and the difference between a South-East Asian country and Austria in
terms of beekeeping.. The publication was then published in Austria’s most popular
beekeeping magazine “Biene aktuell” and as the magazine is only available for club members,
the website bienenstand.at got the permission to publish the whole article online.
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to follow the life of these insects in order to preserve them from danger, via a range of risk
factors such as Colony Collapse Disorder, pesticides, pests etc. Therefore it is important to
identify any abnormalities inside the honey bee colony at an early stage, which may be
possible using modern technologies e.g. monitoring systems, data processing, and anal-
ysis. This research proposes a solution for honey bee colony state identification using
temperature data and fuzzy logic. The detection process proposes a Fuzzy Inference Sys-
tem that receives five input parameters and provides an output (defined as “assessment of
the colony”) pointing to (for now) three defined possible states — normal, death, and
extremne. The rule base for the inference system was defined taking into account the
knowledge of field experts, literature research, previous observations and was based only
on temperature data and temperature changes inside the hive during different seasons.
The proposed system proved to be quite robust, showing an accuracy value of -98%, 100%
precision and specificity, -37% recall and -98% F1 score when tested with validation set.
© 2020 The Author(s). Fublished by Elsevier Ltd on behalf of IAgrE. This is an open access
article under the CC BY license (http://creativecommons.o censes/by/4.0/).

1. Introduction

Honey bees (Apis mellifera L.) are the most economically
important managed insects (Southwick & Southwick, 1992;
Aizen & Harder, 2009). Bees help to preserve wild biodiversity
for 90% of species, and sustain the health and vitality of our
food production. On the one hand, global honey consumption
is increasing (Garcia 2018) but on the other hand, numbers of
the bee colonies are decreasing (Meixner & VanEngelsdorp
2011; Moritz & Erler 2016). Mortality rates have reached 35%
worldwide, and 44% of U.5. bee colonies were depleted during

* Corresponding author.
E-mail address: armands kviesis@llulv (A, Kviesis).
https://doi.org/10.1016/. biosystemseng. 2020.02.010

the winter of 2015/2016. A combination of multiple factors
could explain the mass extinction of bees or CCD (Colony
Collapse Disorder) phenomena observed worldwide, including
exposure to pesticides, the practice of farmers growing a
single crop, poor nutrition resulting from decreased biodi-
versity, and diseases and pests such as the Varroa mite. To
deal with these problems, traditional beekeeping should be
combined with innovations and technologies. The techno-
logical solutions and their implementation for honey bee
colony real-time monitoring are summarised under the term
precision beekeeping or precision apiculture. Precision

1537-5110/@ 2020 The Author(s). Published by Elsevier Ltd on behalf of IAgrE. This is an open access article under the CC BY license

(httpy//creativecommons.org/ y/4.0/).

N°7.3. Compendium of SAMS publications and press releases

95/153


https://www.sciencedirect.com/science/article/pii/S1537511020300507

WP 7 Communication and Dissemination

%

SAMS

91

beekeeping (FB), a branch of precision agriculture, is defined
as an aplary management strategy aimed at minimising
resource consumption and maximising the productivity of
bees by monitoring individual bee colonies (Zacepins,
Stalidzans, & Meitalovs, 2012). Similar to the precision agri-
culture concept, precision beekeeping is based on a three
phase cycle: data collection, data interpretation and applica-
tion. Data collection or the monitoring of honey bee colonies
can provide important and up to date information about the
state of the colony itself. Data obtained from monitoring re-
quires complex processing and analysis and which would be
time consuming when done manually. Implementation of a
Decision Support System (DSS) can not only facilitate such a
process, but also help to manage and control the operation of
the systern and, based on the results of analysis, inform
interested persons about the necessary actions to take to
affect the colony.

To date, bee colony monitoring and real-time data collec-
tion is the most developed phase in PB, as shown by numerous
researches and commercial products regarding honey bee
monitoring (Altun, 2012; Gil-Lebrero et al, 2017; Hudson &
Hudson, 2014; Kviesis, Zacepins, Durgun, & Tekin, 2015;
Meikle & Holst, 2015; Zacepins, Pecka, Osadcuks, & Eviesis,
2017; Zacepins, Pecka, Osadcuks, Kviesis, & Engel, 2017
Beebot, 201%; BuzzBox, 201%; Listening to, 2019; Welcome to,
2019). Monitoring can be considered a5 a means to get infor-
mation about the processes inside a honey bee colony: when
data are properly processed, it should be possible to identify
state the colony is in = brood rearing, swarming, death etc.
Such information is crucial for DSS for honey bee colony
management to achieve the aims of FB.

Without sufficient data analysis it is not possible to get
added value from different bee colony measurement systems.
D55 can be adapted for PE to automatically analyse data and is
considered as one of the sub-systems of the PB. Using
different algorithms and models, DSS can help beekeepers to
identify different bee colony states and warn about abnormal
situations in the colony. Different bee colony states may have
different levels of importance and can be marked with
different level of reliability. DS5 can process and combine bee
colony data: mass, temperature, sound etc. D55 decisions can
be split into two groups: individual rules, which are based on
single colony monitoring, and differential rules, which are
based on comparison between different colonies within one
apiary.

The importance of data analysis has also been emphasised
by ZaEEPll‘:Ei. Brusbardis, Meitalovs, and Stalidzans IZIEII 5] who
noted that D55 development is usually the hardest task in PA
field. In general DSS can be considered as any system that
gives any kind of support to the user (Bruen, 2008). The deci-
sion, on the other hand, is a choice from many options, which
should alse include the option of doing nothing. Since the D55
provides many functionalities, this has led to simple but
general DSS definitions. According to Marakas (2003), there are
as many D55 definitions as one can find in articles and books
on this topic. Decision support systems do not make decisions
on their own, but rather help with intelligent decision making
(Yourdon, 2006). The main characteristics of a DSS include: it
supports the decision maker, but does not replace them; it
supports all phases of the decision making process; itis under

the D55 user's control; it is interactive and user friendly
(Marakas, 2003; Power, Sharda, 2003).

In the beekeeping field, there have been some efforts
regarding honey bee colony monitoring with data analysis and
DSS  development (Edwards-Murphy, Magne, Whelan,
O'Halloran, & Popovici, 2016, Kridi, Carvalho, & Gomes, 2014,
Kridi, de Carvalho, & Gomes, 2016, Kviesis, Zacepins, &
Riders, 2015; Markovic, Pesovic, Djurasevic, & Sinisa, 2016,
BuzzBox, 2019).

Different methods can be used inside a DSS to utilise the
knowledge about specific domains and formulate the rules.
These can be in the form of a threshold, decision tree or other
classification algorithms (Edwards-Murphy et al, 2018
Kviesis, Zacepins, & Riders, 2015; Markovic et al., 2016).

This research focuses on a development of a system for
automatic honeybee state detection and proposes a novel way
to detect bee behaviour changes in a beehive by using only
temnperature data and is a part of a proposed DSS. As stated by
Baron, Achiche, and Balazinski (2001) fuzzy decision support
systems can deal with incomplete and inaccurate knowledge,
even for linear and non-linear problems.

2 Materials and methods

2.1.  Proposed DSS prototype concept for honey bee
colony management

The proposed DSS, which uses fuzzy logic as the knowledge
processing unit, is based on three aspects: data, models and
knowledge. Developed concept of a DSS decision making
process is demonstrated in Fig. 1

The first stage is problem identification, which seeks to
answer the following questions: “Who will be the decision
maker? Who will be the stakeholder? In this context these
persons are beekeepers, but it should be noted that not every
beekeeper is a specialist in information technology. Hence the
problem should be looked at from the beekeeper's perspec-
tive. It is important for the beekeeper to maintain the colonies
[overwinter)in order to gain maximum production (therefore
detection of brood rearing, swarming and other states are
essential). Since there are different honey bee colony states
that can have an impact on the beekeeper's financial situa-
tion, several models should be developed in order to identify
those states. As one approach, fuzzy logic is proposed and
described further in this paper.

The next stage is alternative generation. Every detected bee
colony state is analysed and necessary actions are deter-
mined: when to go to the apiary, when to do nothing. These
are the two main alternatives the beekeeper can choose from.
Then by using various methods, models can be developed to
analyse possible alternatives. After that, the beekeeper
chooses the alternative that fits them the best, implements it
(performs a certain action) and then makes an assessment of
the decision made. Assessment should be considered as one
of the important steps in the decision making process,
because it gives feedback about the whole process starting
from problem identification toe the alternative analysis. The
assessment phase starts once the system has identified the
problem and provided alternatives, and when the user has
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Fig. 1

Proposed concept of a DSS decision making process.

taken a specific action. Thus the user (the beekeeper) can
detect possible errors in specific steps (problem identification
by the system, alternative selection), without having to repeat
these steps in a cyclical manner. Therefore the beekeeper can
assess whether the system has misidentified bee colony states
or whether the beekeeper themself was making a mistake in
choosing the correct alternative (since the user is the final
decision maker in a D55 environment) or the system did not
correctly analyse the alternatives. Feedback from the user
takes the form of direct communication with the D55 system,
where the user provides as much information as possible
hive number, when the problem was observed (date, time) and
problem description. Afterwards the error processing block
directly informs the system developers/maintainers of the
need to update the knowledge bank, re-train models ete.

2.2,  Fuzzy logic

The use of fuzzy logic for DSS and knowledge processing has
been proposed in different fields. There are various studies
where fuzzy logic has been implemented within a DSS in the
medical domain (e.g Ahmed, Westin, Nyholm, Dougherty, &
Groth, 2006; Madaan & Carg, 2016). One of the few studies
where fuzzy logic has been used in PB was by Bassford and
Painter (2016) wha explored fuzzy logic for bio-environment
maodelling in honey bee colony monitoring for early abnor-
mality detection, specifically to predict colony collapse.

Theidea of a fuzzy logic and fuzzy sets was first introduced
by Zadeh (1965). Lately Fuzzy logic has grown in popularity
and has been used in problem solving that deals with uncer-
tainty and noise. In general, fuzzy logic deals with values be-
tween 0 and 1 (in a manner of “degree of truth”) rather than
exact values 0 or 1, like it is in Boolean logic. Therefore fuzzy
logic is somewhat similar to human reasoning, e.g, in some
reviews the respondents may answer with “rather no than
yes", “partly agree” etc. And not with exact answers “yes” or
“no”. So fuzzy logic allows values to be defined that are be-
tween “yes” and “no”, “true” and “false” etc. Fuzzy rules can be
expressed as [F-THEN statements: IF & THEN B.

To determine the “degree of truth”, fuzzy logic uses what
are called membership functions. Membership functions can
be expressed as u, : X |0,1). These functions represent the
fuzzy set graphically where x axis represents the universe of
discourse, and y the degree of membership (a value between
0 and 1) (Alonso, 2015).

Membership functions can be represented in different
shapes, but the most popular ones are triangle, singleton,
trapezoidal, R-shape and L-shape (half of the trapezoidal), and
Gaussian.

One of the main important units in a fuzzy logic systemn is the
Fuzzy Inference System (FIS) (see Fig. Z) that transforms/maps the
crisp input values into crisp output values by using fuzzy logic.

In general the whole Fuzzy Inference process consists of
three steps — fuzzification, rule evaluation and defuzrzification.
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Concept of a fuzzy inference system (Mehran, 2008).

Fuzzification is a process when input variables that have crisp
values (values that are within a range defined by the universe
of discourse), are mapped through membership functions toa
degree of truth (value between 0 and 1), that represents
belonging to a specific fuzzy set. Rule evaluation contains
several parts - the usage of fuzzy operators, implication
method and rule outputs aggregation.

There are 3 main fuzzy operators (similarly to the de
Morgan law) — union (OR), intersection (AND), complement
(NOT) = that can be used in a fuzzy logic system. These op-
erators, with 2 fuzzy sets A and B in universe X and their
respective membership functions p,(x) and pg(x), can be
written as:

AUB — g pix) = palz) U pg(x) = ma(u (), ualx) (1)
AMB = paqa(x) = pal) nope(x) = minfuafx),pe(x) (2)
A = o afx) =1 - pufx) (3

As can be seen, AND takes the minimum of the given
values; OR - the maximum. When a single rule contains
multiple variables, these operators determine the resultant
value, which is further subjected to the implication method
{usually min or prod function). For example, given results of
fuzzification for temperature "high™ (0.8) and season “winter”
(0.6), the rule example below will returmn a value of 0.6 as a
result of fuzzy operator "and" (corresponds to min operation):

IF temperature IS high AMD season IS winter THEM beestate 1S
extreme.

Afterwards the result value (0.6) serves as an input to the
implication process that will determine the output (conse-
quent) of a specific rule by returning a fuzzy set. Implication
process must be applied to every rule in the rule set. After all
rules have been evaluated (implication methods applied), rule
outputs should be combined (aggregated), where different
methods can be used (max, sum or others).

Deffuzification turns a non-crisp value (a fuzzy set, to be
exact) into a crisp output value. To perform this step, one
must select a specific method ~ centre of gravity, mean of
maximum, largest maximum, smallest maximum etc.

As stated by Sabri et al. (2013), fuzzy logic modelling pro-
vides advantages over traditional mathematical modelling,
where fuzzy logic can combine human expert knowledge with
numerical data and has the ability to approximate complex
non-linear functions with simple models. Since the behaviour
of the honey bee colony is non-linear, fuzzy logic is applicable

to this specific task of recognising honey bee colony states
from temperature changes.

Different honey bee colony states, depending on the sen-
sors used, can be determined during bee colony monitoring
[Zacepins et al., 2015). Relating to temperature monitoring, it
is possible to determine if colony is alive, is in active brood
rearing period, is swarming ete.

23 Experimental site and technologies used

The monitoring systern was set up in Strazdu iela 1, Jelgava,
Latvia (N 56 39 45" and E 73° 45’ 15") to continuously measure
temperature inside ten beehives from December 9th 2014 to
January 1st 2017. All ten colonies were species of European
honey bees (A. mellifera). Colonies were placed in Norwegian-
type hive bodies made of wood with external size
470 = 470 = 270 mm and internal size 380 = 380 x 270 mm,
with a wall thickness of 45 mm. One temperature sensor
(Dallas DS18520) per colony was installed inside the hive
above the hive body (brood frames) as proposed by Stalidzans
and Berzonis (2013) and ZFacepins, Kviesis, Stalidzans,
Liepniece, and Meitalovs (2016) and one temperature sensor
was placed close to the hives (under a hood to avoid direct
sunlight) to measure outside temperature.

Architecture of the monitoring system was based on 4th
approach proposed by Kviesis and Zacepins (2015) and con-
sisted of Raspberry Pi model B, high precision Dallas D518520
digital thermometers (11 in total) {forming a 1-Wire topological
network) and a remote server. The digital thermometer
DS518520 has an accuracy of 205 °C (from —10°Cto +85°C) and
communicates with a master device over a 1-Wire bus. Rasp-
berry Pi model B was set up as a measurement device (and
acted as 1-Wire master device) to gather and transmit datatoa
remnote MySQL database every minute.

During the monitoring period, beekeepers at the experi-
mental site made manual notes (date, approximate time,
colony ID) of observed bee swarms and other bee activities
during regular inspections (during early spring, manual in-
spections were more frequent in order to prepare the bees for
the foraging season). Therefore beekeepers’ observations
were considered as ground truth observations.

The data set (hereinafter referred to as the “raw data set”)
used for further processing and analysis consisted of tem-
perature data in the hives and outside taken every minute.
The raw data set included fields such as—colony ID, date and

Afterwards the raw data set was split into different

time, temperature inside the hive and outside temperature.

groups
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split by seasons because temperature differs, ie. summer

(active brood rearing) and winter), death and abnormal.

swarming, normal (also

24, Automatic honey bee colony state detection process

A honey bee colony state detection process using Fuzzy
Inference System is demonstrated in Fig. 3:

During this research, two groups of rules were defined and
implemented within a DSS prototype. The first group consists
of differential rules, where the temperature difference be-
tween an individual colony and the whole apiary is compared.
The second group are individual rules that are controlled by
fuzzy logic. Defined rules allow the detection of bee colony
death, normal state and extreme state (swarming; colony
death; unknown (diseases, CCD etc ), where the status of the
colony is shown in a user interface (UI) together with addi-
tional notifications. It should be noted that, based on the in-
formation given by the DSS, the beekeeper is still the main
decision maker.

25 FIS structure and practical implementation

The FIS described in this study uses only temperature data in
order to detect honey bee colony states. Since the honey bee
colony is self-regulating (maintains thermoregulation inside
the hive), changes in colony behaviour should be reflected in
temperature data. The prepared temperature data set used to
construct and validate FIS is a ime serles consisting of tem-
perature data collected every minute.

Java programming language and jFuzzyLogic (Cingolani,
Alcala-Fdez, 2012; Cingolani, Alcala-Fdez, 2013) library were
used to implement FIS for honey bee colony state
detection.

The raw data set was also used to define membership
functions for FIS inputs (that are related to temperature data).
FIS is constructed from five input and one output parameter.

@® Colony death

Each input parameter is processed (fuzzified) to determine its
degree of truth - belonging to a specific fuzzy set. During the
fuzzification process, several membership functions are used.
These functions were defined taking into account multiple
information sources — beekeepers’ notes, knowledge and
experience, scientific literature etc.

Input parameters, with relevant membership functions,

are given below:

« temnperature inside the hive
normal, high}
This parameter represents the temperature inside the
hive during various seasons. Since the temperature

th:fverylow, low, moderate,

varies between the seasons (e, during winter, a
healthy colony ternperature usually stays between 5°C
and 20 “C, but during summer, it is between 30 “C and
36 °C), five membership functions were defined;
ambient temperature — tout:{verylow, low, normal, high,
veryhigh}

In total five membership functions were also defined for
this input parameter, taking into account the seasonal
termnperature dynamics;

difference between th and tout = tdiff-{small, large}

This parameter represents the difference between the
ambient temperature and the temperature inside the

-

hive, which is important, eg, in determining the
passible decline of a bee colony;

difference between temperature inside the same hive
(current and previous hour) = tdiff_hive{small, large}

This parameter represents change in temperature in-
side the hive [comparing the current temperature with
the average temperature 1h ago);
« month ~ season:{winter, spring, summer, autumn)

This parameter maps a specific month of the year to a
season, because during seasons the actual temperature
varies (there might be warm winter, cold autumn or
SPring Seasons);

Fig. 3 ~ Representation of a honey bee colony state detection process.
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The output of the FIS was defined by three membership
functions - states:{death, normal, extreme}.

Since the output of the FIS is a crisp value, then in this
context the output was considered and interpreted as “confi-
dence of colony’s healthiness™ or “assessment of the colony”.
Fig. 4 shows the membership functions according to selected
input parameters. It should be noted that “honey bee colony's
death” can also be included in the state “extreme”, since there
are seasons where it 1s not that clear to detect colony's death
by only looking at temperature data. However “extreme” state
can also point to swarming (therefore needs to be identified
using additional methods, as mentioned by Eviesis and
Zacepins (2016) and Zacepins et al (2016), or other abnor-
malities, like high temperatures during winter that could
indicate some diseases or an early brood rearing period.

The raw data set was used to prepare a data set (*FIS data
set”) (see Table 1) that would allow the FIS rule set to be
defined. The FIS data set was prepared by fusion of multiple
information sources — raw data set, observations, literature
and beekeepers’ (experts) knowledge/experience and
combining them with ground truth, e_g., how the temperature
(temperature range) changed when a particular bee state was
observed during a specific season. The FIS data set was used as
a fundamental building block for the FIS rule set (expressed as
IF-THEN statements) that resulted in more than 150 rules. The
complete schematic that shows several data set interactions
to form the FIS rule set is given in Fig. 5.

Table 1 — Example of prepared FIS data set (fuzzified).
th tout season  tdiff  tdiff hive state
Lowr very low  winter large small normal
normal  verylow  winter large large extreme
normal  high surnmer  large large extreme

A derision tree, in our case Iterative Dichotomiser 3 (ID3),
algorithm was used to derive the fuzzy rule base. Such a
method allows rules to be selected with higher information
gain thus reducing the total number of elements in the FIS rle
set. Several studies (Begenova & Avdeenko, 2018; Chaware &
Lanjewar, 2014; Dhakal & Shrestha, 2016) have used decision
tree algorithms for building the fuzzy rule base.

ID3 algorithm allows the root node of the decision tree,
where the root node is the parameter that has the highest
information gain, to be identified and then continues to build
the decision tree, by determining the next attributes under
respective branches. The ID3 stops tree building when a
certain condition is met — all elements that are left belong to
the same class, there are no more attributes or all branches
have leaf nodes.

Az w result, 37 rules wers defined (see example belew),
where temperature difference inside the same hive (tdiff_hive)
turned out to be the root node.

th
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Fig. 4 — Defined membership functions for input parameters.
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Literature (books, ...)
Raw data set Beekeepers' notes
D hive_ID datetime Cdata hive_1D datetime behavioe
756 5 0050616 11:05:00  37.20 a 2015-06-06 10:35:15  swarming
757 6 01506-16110501 3535 5 2015-06-16 11:05:01  swarming
™8 200506-16 110501 3590 A
‘."\_ _: /"
v
FIS data set FIS rule set
th tout season tdiff idiff_hive stae
RULE L2 IF sbff_Mve IS large AND seoson IS aunuma THEN stowe 1S exireme;
T T iy R R i LILE 3: 17 AT Mve 15 igs AND sacom 15 yeng THEN mon 5 ormomt
S v«ylmt winter lacge '-“'W-' 2 m:. :ﬂ:: I:'M_MISWANDWIS ey THEN stave IS extreme;
nmormal  high  summer lage lamge  extreme
Fig. 5 ~ Schematics of FIS rule set creation.
Example of defined rules: In total a data set of 90 records was selected (ground truth

RULE 1: IF tdiff_hive IS large AND season IS autumn
THEN state IS extreme;

RULE 2: IF t@iff_hive IS large AND season IS spring
THEN state IS extreme;

RULE 3: IF tdiff _hive IS large AND season IS winter
THEN state IS extreme;

RULE 4: IF tdiff hive IS large AND season IS summer
AND tout IS high AND th IS low THEN state IS
extreme;

RULE S: IF tdiff _hive IS large AND season IS summer
AND tout IShighAND thISnormal THEN stateIS
death;

3. Results and discussion
3.1.  Developed FIS validation

As there was few data available that characterise different
colony states, the training data set was unevenly distributed.
Training set of 35 records were used for FIS development,
where -25% were swarming patterns, -55% were cases of bee
normal behaviour throughout different seasons and -20%
were cases of bee death. The developed FIS was validated with
data for in-hive temperature collected from honey bee colony.

observations of various bee behaviours), where around 20%
were swarming cases, -40% were normal behaviour, -15%
death and -15% abnormal cases. Since it is possible that a
single measurement point can be faulty (bees can heat the
sensor by “sitting” on it or there can be a technical reason), the
median value was taken from the last 5 measurements.

It was observed that, after development and tuning, the FIS
could detect all swarming cases, where Fig. 6 represents one
such case.

During swarming, there is a temperature rise (Fig. €), and at
this point the FIS value fell to 50%, indicating an “extreme”
state. Therefore this case should be processed further by a
separate state processing module (see Fig. 3) to test if it cor-
responds to swarming pattern. Since there can be cases (as
was observed in one case during the month of August, for
which, unfortunately, the cause could not be clarified), when
rapid increase in temperature does not point to swarming, it is
not enough to apply a threshold-base algorithm, because,
referring to swarming, a specific temperature pattern is
formed. Such case should be processed separately, eg., via
state processing module, as shown in Fig. 3. This processing
maodule could have a pattern recognition method to recognise,
e.g., swarming state.

The data set included data about the honey bee colony
during winter season where the colony was mostly in normal
state, but with some exreptions when temperature spikes
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Fig. 6 — Successful swarming detection by FIS (temperature data throughout the day of 01-JUN-2015).

- 100
25 9 .
Ed
20 :E-.
¢ F a0 E
£ 151 i
J . Fal o
E_ — Temperature inside the hive E
£ 7 —— Ambient temperature 5
= —— Assessment of the colony L 20 E
w
a
=

=5

ZM‘\ PN ]

750 1000

1250 1500 1T50 ZIIIC'III

Data points [each 20 minutes)

Fig. 7 ~ Temperature spikes during wintering season (data for the period from 01-JAN-2015 to 30-JAN-2015).

were observed (temperature increased by 10 °C). All these
cases were successfully identified by the FIS, signalling that
the colony is in “extreme” state. Those spikes clearly point to
some stressful factors (see Fig. 7).

Regarding honey bee colony death, the system was able to
point to some instabilities in temperature data (see Fig 8). The
temperature tended to decrease until it started to resemble the
ambmntl:empemmre curve. ThEFIS wamed r.hal:r.he n:rlun}r |si.n

the extremne state quite Earl:.r and showed that the I:D].IJl'l_',l' died
(colony assessment was under 40%), when the temperature was
almost identical to the ambient temperature.
FIS performance was evaluated using confusion matrix that
used4 different value combinations (Jashi, 2016; Narkhede, 2018):
Figures above (Figs. 6-&) indicates that application of Fuzzy
logic can detect abnormalities at a relatively early stage. By

setting appropriate threshold values, the beekeeper may be
alerted to the occurrence of specific events. This raises an
important question for discussion - what should these values
be so that the beekeeper could react accordingly? As it can be
concluded from the FIS validation results, assessment value
around 50% clearly shows the existence of abnormality,
therefore setting the threshold value to 50% should be a very
strong measure of cunﬁdence

1'-15 p-erﬁ:rrman.ce was evaluated using confusion matrix that
used4 different value combinations (Joshi, 2016; Markhede, 2018):

» true positive (TF) = an actual event occurred and it was

predicted as occurring;
« false negative (FN) — an actual event occurred, but was
misidentified;
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Identification of possible bee colony death (data from 11-MAR-2015).

«» false positive (FF) — an event did not occur, but was
predicted as occurring;

» true negative (TM)
predicted as non-occurring.

an event did not occur and was

Model performance was calculated (formulas 4.-8)) by
determining five measures. According to Joshi (2016) and
Saxena (2018):

» accuracy (ACC) — ratio of correct observations to all
observations. This measure does not always describe
the performance of the model best, especially in cases,
when the test data set is unevenly distributed;

ACC = (TF + TN) / (TF + FP + FN + TN} )

» recall (REC) — ratio of correctly predicted positive ob-
servations to all positive observations. This measure
shows how well the model has recognised relevant re-
sults. One could interpret this as follows: “From all
observed events that occurred, how many were pre-
dicted as ocourring?™;

REC = TF/ (TP + FN} is)

» precision (PRC) — ratio of correctly predicted positive

observations to the total predicted positive observations

the lower the FF, the higher the precision. This could

be interpreted as follows: “From n predicted events, how
many did actually occur?

FRC = TF/ (TF + FF) (8]

« specificity (SPC)
correctly predicted negative cases;

ratio of actual negative cases to the

SPC = TN/ (FP + TN) 7

« F1 score — measure that combines both recall and pre-
cision. If the model is performing very well, this mea-
sure is of a higher value. Calculation of F1 score is based
on harmonic means and can be considered (Joshi, 2016)
to be a more useful model describer, especially, if the
test set is unevenly distributed.

F1= (2 * REC * PRC} / (REC + FRC) (&)

After FIS validation, confusion matrix was evaluated. The
FIS showed an accuracy value of -38%, 100% precision and
specificity, -97% recall and -98% F1 score. The performance
evaluation demonstrates that the FIS operates in a correct
and stable manner (-98%) identifying changes in honey bee
colony state.

In a fully constructed DSS, the user will be provided with
several options to analyse alternatives, eg., in the rase of
swarming, he would be able to evaluate if it would pay off
(what are the costs, if the system failed to correctly detect
swarming and the beekeeper went to the apiary; what are
the benefits if the system detected swarming correctly and
the swarm was caught etc) to go to catch the swarm
(depending on the distance, travel costs, person costs etc).
Since this study is more focused on the state detection
process, this part (alternative analysis) of the DSS is not

addressed here.
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3.2 DSS user interface

An important point of discussion is the Ul and user
(beekeeper) interaction with the developed solution for honey
bee state identification. Since the deweloped FIS is the
knowledge processing block of a DSS, it is crucial for the user
to properly use the benefits of the system, meaning that the
user interface should provide all the necessary information
for apiary management. It is important to point out that the
output of the developed FIS will not be directly shown to the
user, but through a separate Ul layer, so the user will be shown
the detected state and its importance. The UI should be
developed carefully, taking into account the beekeepers’
needs and local context. For some beekeepers' it would be
enough to just show colony state with notifications, but for
some beekeepers, who are also willing to understand how
different parameters change inside the hive, it would be better
to also provide more detailed data display.

4, Conclusion

The developed FIS for early identification of honey bee state
proved to operate in a robust manner, and instabilities were
only observed in special cases that need to be studied in more
detail. The presented prototype for honey bee state identifi-
cation provides a convenient way to modify or expand the
rules and input variable definitions.

In the future, it is planned to extend the FIS with additional
rules based on other monitoring parameters (e.g. audio data,
weight), which will extend the possibility to detect more bee

colony states.
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Available: Volkovs O. IT Alternative Energy Uses in Precision Beekeeping evaluation.:
Bachelor’s paper. — Jelgava: LUA, 2020. — 60 pp., 29 fig., 1 tab., 75 references, 2 appendices.

Annotation of the bachelor’s work:

The first chapter of the paper investigates alternative energy types and their application in
Latvia and in the world. The volume of energy consumption in different sectors of the economy
is analysed. Renewable energy sources such as solar, wind and tidal power are considered.
The use of solar energy, which is the most financially available in Latvia and in the world and
its possibilities, is analysed.

The second chapter deals with the beekeeping sector, its characteristics and prevalence. The
problem areas of the industry, where bee monitoring techniques are important, old-fashioned
maintenance methods, and extensive bee losses in several parts of the world are analysed.

Analysing the possible solutions for bee monitoring, the analysis of technological solutions was
carried out, where a system prototype was developed with the help of Raspberry PI3,
Thingspeak, solar cells, sensors. Functional capabilities and working principles of prototype
are evaluated. The principles of interaction of prototype components are described.

During the experimental implementation of the bee monitoring system prototype, the
usefulness of the obtained data for further processing and application was evaluated. The
obtained data indicate changes in humidity and temperature per unit of time. Data analysis
capabilities of prototype refer to the observation of data in units of time (hours, days). Further
processing of data by exporting to CSV file and freeware R is analysed.

As a result of this work a prototype of bee colony surveillance was developed. By implementing
the Raspberry PI3, Thingspeak, solar panels, sensor interaction process, prototype
functionality is provided. Prototype operation provides data storage, graphical representation
and retrieval in CSV files.

Further development of the work focuses on the development of a prototype by developing
advanced decision support for beekeepers in the event of unforeseen and crisis situations
(reported data).

This bachelor work is developed within the SAMS project:

Darbs ir izstradats Horizon 2020 projekta SAMS (Smart Apiculture Management
Services. Nr. 780755) ietvaros. Un uzdevums par saules energijas novértésanu tika definéts

balstoties uz projekta uzdevumiem.
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Abstract. Honeybees are the main pollinators for agricultural and horticultural plants. They help at
least 30% of the worlds crops and 90%: of the worlds wild plants to thrive via cross-pollination. To
mimimise the effect of on-site colony inspections application of Precision Beckeeping solutions are
becoming increasingly frequent. Real time, remote monitonng of the colonies using ICT can help
the beekeepers to detect abnormalities and identify states of the colony. For successful
implementation of the Precision Beckeeping system development of the bee colony monitoring
hardware solution and computer software for data collection and further analysis is needed. This
paper describes authors developed bee colony monitoring system for the remote bee colony state
detection. Bee colony weight together with temperature are the key metrics for state and behaviour
analysis. Hardware of the developed monitoring system 15 based on the popular ESPE266 low-cost
Wi-Fi microchip. Weight is measured using single point load cell with possibility to measure
weight up to 200kg, which is enough for the bee colony measurements. Data transfer from the
remote apiary 15 provided by the external 3G router. For data storage and analysis cloud-based data
warchouse was developed. Collected data 1= accessible in the web system in real time. In addition,
web tool for system power consumption and battery life evaluation was developed to assess
monitoring system sustaimability. Described monitoring system 15 developed within the Horizon
2020 project SAMS, which is funded by the European Union within the H2020-ICT-39-2016-2017
call. To find out more visit the project website hitps:/s=ams-project.ew/’.

Keywords: Precision Beckeeping, Precision Apiculture, bee colony monitoring, bee colony
weight measurements, SAMS project

1. Introduction

Pollination of agricultural and horticultural plants is crucially necessary for human food
supply. Insects are the main pollinators, and honey bees are the most widespread and
active insects worldwide { Bradbear, 2000:; Breeze et al., 2011).

Beekeeping is one of the traditional branches of the agriculture and recently
Precision Beekeeping (Precision Apiculture) has been defined, as apiary management
strategy based on individual bee colony monitoring (Zacepins et al., 2015). One of the
main objectives of the Precision Beekeeping is to assist the beekeepers with on time
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detection of bee colony states. To detect different states of the bee colonies different
sensors can be used and data should be centrally collected and analysed. Behaviour and
state of bee colonies can be monitored by the use of temperature, humidity, acoustics,
video, weight and other sensors (Meikle and Holst, 2015). Continuous and real-time
monitoring of colony parameters is becoming feasible also for smaller beekeepers as the
cost of the end systems are decreasing while their precision and valuable outcome are
increasing. It is evaluated that implementation of Precision Beekeeping system can lead
to economic benefit for the beekeepers (Zacepins et al., 2020). Another benefit of the
remote bee colony monitoring is the reduction of the number of manual on-site
inspections thus decreasing the effect of bee disturbance. Frequent, physical inspections
of bee colonies interferes with bees normal living and can cause additional stress, that
negatively affects the whole colony productivity (Komasilovs et al., 2019; Zabasta et al.,
2019). As well the distributed locations of apiaries are frequently present, and thus,
indicate the need to ease the monitoring of animals in a 24/7 mode, which can benefit
from advanced intelligent ambiance technologies (Zgank, 2019).

There are many studies about bee colony parameter monitoring and it is concluded
that weight and temperature are the main ones as costs compared to outcome information
is adequate. Bee colony weight monitoring provides one of the most important kinds of
data beekeeper can have about the colonies (Fitzgerald et al., 20015). Automated weight
systems can supply the beekeeper with important information on several important
events from the honey bee colonies (Buchmann and Thoenes, 1990; Meikle et al., 2006,
Meikle et al., 2008). Weight is related to such important activities of the bee colony like
starting of nectar collection, resource consumption by the colony indicating the need of
additional feeding. Some developed solutions are deseribed in scientific publications
(Fitzgerald et al., 2013; Ochoa et al., 2019; Terenzi et al., 2019; Zabasta et al., 2019;
Zacepins et al., 2017). Second important parameter of the bee colony is temperature, as
bees can regulate temperature inside the hive (Southwick, 1992). Temperature
measurements of bee colonies have the longest history and nowadays, bee colony
temperature measurements seem to be the simplest and cheapest way to monitor bee
colonies (Zacepins and Karasha, 2013). Basically, temperature sensor usually is added to
every bee colony monitoring device. The monitoring of honeybee colonies over long
periods of time can result in long-term data for better analysis and understanding of the
colony behaviour (Kviesis et al., 2020 Lecoeq et al., 2015; Odoux et al., 2014: Simon-
Delso et al., 2014).

Aim of this paper is to describe the developed monitoring system for honey bee
colony state detection using single point load cell and ESPR266 low-cost Wi-Fi
microchip.

Within this research authors used several modern computing methods, including but
not limited to hardware prototyping and 3D designing, automatic data collection about
hardware power consumption patterns, actual web system development and data flow
control methods ete.

Development of the bee colony digital monitoring system is done within the Horizon
2020 project SAMS. A combined biological. sociological and technical approach is
made within the SAMS - Smart Apiculture Management Services - project (https://sams-
projectew’). The SAMS project is funded by the European Union within the H2020-1CT-
39-2016-2017 call. It enhances international cooperation of ICT and sustainable
agriculture between EU and developing countries in pursuit of the EU commitment to
the UN Sustainable Development Goal “End hunger, achieve food secunty and
improved nutrition and promote sustainable agriculture™.
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2. Developed digital system for bee colony monitoring

As discussed in the introduction the main parameters of the bee colonies are weight and
temperature. Thus, digital system for those parameter monitoring is developed within
this research. The high costs and inapplicability for outdoor conditions of continuously
loaded general purpose electronic scales limits their application in Precision Beekeeping.

Authors of this research developed prototype of honeybee colony digital monitoring
system based on single point load cell (BOSCHE Wagetechnik Single point load cell
H30A,  https:fwww.bosche.ew/en/scale-components/load-cells/single-point-load-cell/
single-point-load-cell-h30a) with max load of 200kg and ESPE266 low-cost Wi-Fi
microchip. ESP8266 has a full TCP-IP stack and microcontroller capability. ESPE266
CPU frequency and built in memory is enough to perform intended task of collecting bee
colony data and transferring it to the remote storage for further processing. In addition to
weight sensor, two other sensors are added to the system for bee colony temperature and
environmental humidity and temperature monitoring. Environmental parameter
monitoring is essential component too, because sometimes to correctly interpret bee
colony state it is necessary to know the outside conditions (Kviesis et al., 2020).

Chosen load cell is an analogue one and for usage in digital monitoring system it is
needed to convert analogue signal to digital. For getting the weight data analogue/digital
converter HX711 is used. Measurement node itself is battery powered (by 4x1.2V NiMH
rechargeable batteries). For testing purposes, the Wi-Fi router (HUAWEIL E5330) was
powered from power grid (220 AC) via 5V micro USB adapter that can be substituted
also by a suitable 3V battery {or solar powered solution). As well for data sending to the
remote server Wi-Fi network (provided by the 3G router) is used, but it can be easily
substituted by mobile network adding additional module to the ESP microchip or even
data transfer using LoRaWAN (Zacepins et al, 2018) can be implemented. At this
moment system is assembled on the printed circuit board without any casing, but after
tests end market prototype will be developed. Developed system’s architecture is based
on proposed approach by (Kviesis and Zacepins, 2015) where an individual bee colony
measurement node sends sensor data to the remote server via wireless or mobile network
communication.

Mounting of the single-point load cell is performed based on instructions provided by
the manufacturer. Load cell is mounted between two metal plates (10em x 15cm), and
afterwards metal plates are serewed to the plywood plates (30cm x 50cm). Beehive can
be placed directly on the platform or some additional wooden planks can be used.
Mounting of the load cell is shown in Figure 1.

Usually beckeepers are not ready to invest much in the digital solutions, thus
economic aspect of the system is very crucial and system costs should be as minimal as
possible. This proposed solution evolved from authors previous researches and solution
based on four small load cells {Zacepins et al., 2017) and weighting system based on a
Raspberry Pi single board computer (Komasilovs et al., 2019).

Usage of cheaper microchip allowed to decrease the overall costs of the system. In
authors case costs for system components and additional materials are summarised in
Table 1.
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Fig. 1. Load ccll assembling process
Table 1. System components with unit costs
Nr. Name of the component Cost (in EUR)
1 BOSCHE Wagetechnik Single point load cell 50.00
H30A (200kg)
2 Platform for load cell 50.00
2.1 Plywood 14.00
22 Metal plate 14.00
23 Screws 2.00
24 Assembling costs 20.00
3 ESP8266 ESP-12E + adapter plate 13.00
4 Temperature sensor DS18B20 4.00

5 Humidity and temperature sensor DHT22 7.00

6 A/D converter Sparkfun HX711 11.00

7 3G router Huawei E5330 37.00

8 Additional components (PCB, wires, resistors, 10.00

capacitors, connectors, etc.)
9 Rechargeable batteries Ni-MH Eneloop 1900 10.00
mAh (4x)

The calculated costs for one developed system are 192.00 EUR. System installation,
maintenance. data storage, SIM card with appropriate data plan and usage of the web
system, usage of alternative power supply is not considered in those calculations. It
should be mentioned that some components are optional, like 3G router can be dismissed
if there are constant Wi-Fi connection at the apiary site.

System can take measurements based on measurement intervals, that can be
configured individually based on required information that should be gained from the
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system and depending on bee colony states, that could be detected. In authors case, as
system is powered from central power supply for testing purpose, measurements can be
taken more frequently than it is needed. In authors case measurements are performed
each 60 seconds.

In the future it is planned to use battery power also for the networking part for the
real system deployment. It was evaluated that individual measurement node’s current
draw {at 3.3V) during different operational modes are as follows:

* Measurement mode (device is making measurements and petting values from

connected sensors): 25maA for 1.2s

« WiFi power-up mode (device is switching on the Wi-Fi module): 47mA for 1.4s

# Connection mode (device is connecting to the Wi-Fi network and getting network

configuration parameters): 69mA for 2.3s

# Data sending mode (device sends measurement data): 79 mA for 1.8s

» Going into sleep mode (switching off the modules): 36 mA for 1.4s

# Sleep mode (there is no activity of the dewvice, it is in deep sleep state): (L028 mA

for 60s

Current consumption was logged using the UNI-T UT181A True RMS Datalogging
Multimeter. Current draw by different operational states is represented below:

b Comneciung to WilFi router, -2 ks iwhifmA Dutn sending o DA, 1 &5 o0 T
80 Porwering up the Wiki modile, -1 45 G TmA * ix -
| \ Tursang off WilFi module.
1 s i My
k]
]
o«
B 50
Ea0 Sonsnr meenmaements, - 1 25 i 2imA
l
30 - l -
30
Dieap sleep,
. M T
o Dierp sheap. -6 w0 RmA e ks ) (A
]
LU T B 2] (56, 160 LRLIES ] LTRR T 0% 1 20

Timaz, mm s

Fig. 2. Current draw during one measurement iteration (at 3.3V)

The battery life is depending on the measurement intervals. If the system will
perform measurements each two minutes and will use four 1900mAh batteries, then
theoretically system can operate for 18 days. Authors also developed Web based
calculator for estimation of battery life, sex https://sams.science. itf. llu. lv/battery-life
iFig. 3).

Measurement intervals are directly connected with events beekeeper would like to
detect and bee colomy states that should be identified. Some bee colony states require
constant and frequent (each 1 min) measurements, but for some states several
measurements per day is enough. Table 2 summarises possible bee colony states and
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needed measurement and intervals (recommended and minimally required), which can
be detected based on weight and / or temperature measurements.

Bee colony monitoring system’s battery life calculator

Batbery with selected parameters will last Tor aboaut 452,021 howrs or 18801 days

Battery information

Capacity 1904 muh Discharge capacity

e 1520madk

iT|:||"\.rl"'l'|'l operation states

Maasuire L] na w | il
Wik power-up . -
Wil connection % nh # |l
Data sending " na e |l
Gaing into shesp # nh e |l
Dwep shetp ¥ ] ] ]
Fig. 3. Screenshot of the developed Web calculator
Table 2. Summary of possible bee colony states and their detection
Event or state of Parameter Recommended Required
the colony interval interval
Start of the mass Weight Each 4 hours | per day
nectar flow
End of nectar flow Weight Each 4 hours | per day
Swarming Temperature Each 1 min Each 5 min
- Weight Each 30 min Each 1 hour
Broodless Temperature® Each 30 min Each 1 hour
: Temperature® Each 1 hour | per day
Absconding Weight Each 1 hour Each 4 hours
och Temperature® Each 1 hour | per day
Weight Each 1 hour Each 4 hours
Death Temperature® Each 1 hour | per day

* ambient temperature 15 also needed
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As well it should be mentioned that for precise weight measurements single point
load cell should be calibrated before placing the beehive on it.
Developed PCB prototype of the authors” system is shown below:

Fig. 4. 3D PCB prototype of the developed monitoring system’s measurement node

3. Developed digital system for bee colony monitoring

Next important aspect of the whole system after the hardware development, is
implementation of the data transfer procedures and methods. For the data storage and
reporting specific SAMS data warehouse (DW) is developed. DW is available online at
https://sams.science.itf.Hu.lv/. SAMS DW is a universal system, which is able to operate
with different data inputs and have flexible data processing algorithms. SAMS DW
solution uses authentication and authorization services provided by Auth0 universal
platform (https://authO.com/). There are several steps, that have to be performed on
device to send data to the remote data warehouse:

1. Acquire access token. Access token is used by DW to authenticate and authorize
the request. In order to acquire the token, the device should send POST request to
https://sams.science.itf.llu.lv/apitoken with its Client ID and secret (requested
individually). Each device has its unique credentials.

Post the data to DW. There is a single endpoint for posting data to DW -
https://sams.science.itf.llu.lv/api/data. Access token should be provided in the
Authorization header and request body can contain multiple data packages.

3. Reports about posted measurements are immediately available in Ul under the
Reports section. Additional debugging information is available in Dashboard and
Devices (last events and errors).

Full instruction on how to connect general bee colony monitoring hardware to the
SAMS data warehouse is available online:
https://sams-project.ew/'wp-content/uploads/2020/02/DW -data-sending-guide.pdf

()
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Fig. 5. 5AMS data warchouse Dashboard colony card with sensor data

4. Conclusions

Continuous, remote and real time monitoring of the bee colony weight and temperature
becomes a must have procedure in the beekeeping practice and acts as a first stage in
implementation of the Precision Beekeeping approach.

Weight monitoring of at least one reference colony at the apiary can help to identify
start and end of the nectar flow and evaluate the colony foraging activity.

Developed monitoring system focuses on minimisation of manual bee colony
inspections, which should lead to the minimisation of stress to the bee colony and
increase of welfare.

Proposed honey bee monitoring system uses one single point load cell for weight
measurements, one temperature sensor for internal colony temperature and ESPE266 for
data collection from the sencors and transferring it to the remote data warehouee. In a
future system can be set up also in a remote area, when alternative power supply and
mobile network capabilities will be integrated.

Developed web tool for monitoring system power consumption and battery life
estimation can help to evaluate developed system sustainability and applicability and
provide useful information for potential solar powered solution.

There are many possible bee colony states therefore it is crucial to choose the right
measurement intervals for correct state detection.

Application of ICT solutions and remote monitoring systems facilitates the
beekeepers” knowledge gathering about behaviour of individual bee colonies and
improve the efficiency of beekeeping management.

N°7.3. Compendium of SAMS publications and press releases 114 /153



G

WP 7 Communication and Dissemination SAMS

Momitonng System for Remote Bee Colony State Detection 460
Acknowledgments

Scientific research, publication and presentation are supported by the Horizon 2020
Project SAMS “Smart Apiculture Management Services'. This project receives funding
from the Horizon 2020 Ewropean Union Research and Innovation Framework under
Grant Agreement Ne. 780755 - SAMS.

References

Bradbear, M. (2009). “Bees and their role in forest livelihoods™ A guide to the services provided by
bees and the sustainable harvesting, processing and marketing of their products. Food and
Agricultural Organization of the United MNations, 19, 194,
hitps:doiorg/ L0 10T T/CBOSTEI1OT415324.004

Breeze, T. D, Bailey, A. P., Balcombe, K. G, Potts, 5. G. (2011). Pollination services in the UK:
How important are honeybees? Agriculture, Ecosystems Environment, 142{3—4), 137-143.
hitps:/doi.org 1 0. 1016/, agee. 201 1.03.020

Buchmann, 5., Thoenes, 5. (1990). The electromic scale honey bee colony as a management and
research toal. Bee Seience, I, 4047, Retrieved from
hitp:/farww.cabdirect.org/abstracts/ 199 10229804 htm]

Fitzgerald, D. W., Edwards-Murphy, F.. Wright. W. M. D, Whelan, P. M., Popovici, E. M.
(2015). Design and development of a smart weighing scale for bechive monitoring. 26th
Irish Signals and Systems Conference, I58C 2015, 1-f.
hitps:‘doiorg 1 0.1 10S/ISSC. 20057163763

Komasilovs, V., Zacepins, A., Kviesis, A., Fiedler, 5., Kirchner, 5. (2019). Modular sensory
hardware and data processing solution for implementation of the precision beckeeping.
Agronomy Research, 17(2), 509-517. https://doiorg/10.151 5% AR 19.038

Kviesis, A, Zacepins, A (2015). System Architectures for Real-time Bee Colony Temperature
Monitoring.  Procedia  Computer  Science, 43, 8694, httpsyidoiorg/DOL:
101016/, proes. 2014.12.012

Kviesis, A, Komasilovs, V., Komasilova, O, Zacepins, A, (2020). Application of fuzzy logic for
honey bee colony state detection based on temperature data. Biosystems Engineering, 193,
S0-100. https=/i'doi.org/ 101016/ biosystemseng 2020.02.0 10

Lecoeqg, A, Kryger, P, Vejsnaes, F., Bruun Jensen, A (2015). Weight Watching and the Effect of
Landscape on Honeybee Colony Productivity: Investigating the Value of Colony Weight
Monitoring  for  the Beckeeping  Industry.  PLOS  ONE,  10(7). e0132473
hitps:/‘doi.org/10.1371/journal pone.01 32473

Meikle, W. G., Holst, M. (2015). Application of continuous monitoring of honeybee colonies.
Apidologie, 46(1), 10-22. https:/dovorg/ 10, 1007/513592-014-0298-x

Meikle, W., Hoist, M., Mercadier, G. (2006). Using balances linked to dataloggers to monitor
honey bee colonies. Journal of Apicultural Research, 435, 3941, Retrieved from
http:/feat.inist. fr' ?aModele=afficheN & cpsidi=1 7873767

Meikle, W., Rector, B., Mercadier, G., Holst, M. (2008). Within-day vanation in continuous hive
weight data as a measure of honey bee colony activity. Apidologie, (39), 6894-707. Retrieved
from http-/link. springer.com/article/10.105 1 /apido: 2008055

Ochoa, I Z., Guiierrez, 5., Rodnguer, F. (2019). Intemet of Things: Low Cost Monitoring
BeeHive System using Wireless Sensor Network. 2019 IEEE International Conference on
Engineening Veracruz (ICEV), 1-7. hitps://doi.org/1 0.1 1OXICEV.2019.8920622

Odoux, 1-F.. Aupinel, P, Gateff, 5., Requier, F.. Henry, M., Bretagnolle, V. (2014). ECOBEE: a
tool for long-term honey bee colony monitoring at the landscape scale in ‘West European
intensive  agroccosystems.  Journal  of  Apicultural  Research,  53(1).  57-66.
hitps:/’doiorg/ | (L3B96/TBRA.1.53.1.05

N°7.3. Compendium of SAMS publications and press releases 115/ 153



G

WP 7 Communication and Dissemination SAMS

470 Zacepins et al.

Simon-Delso, N, San Martin, G., Bruneau, E_, Minsart, L-A., Mouret, C., Hautier, L. {2014).
Honeybee Colony Disorder in Crop Areas: The Role of Pesticides and Viruses. PLoS ONE,
(7). el03073. https=/dor.org/10. 1371/ joumal pone 0103073

Southwick, E. E. (1992). Physiology and social physiology of the honey bee. In The Hive and the

Honey Bee, (pp. 171-196). Retrieved from
hitp://scholar. google. com/scholarThl=enbinG=Searchg=mtitle:Physiology-+and-+social+physi
ology+of+the+thoney+bee# ]

Terenzi, A., Cecchi, 5., Spinsante, 5, Orcioni, 5, Piawea, F. (2019). Real-time System
Implementation for Bee Hives Weight Measurement. 20019 [EEE International Workshop on
Metrology for Agricul ture and Forestry {(MetroAgnFor), 231236
hitps:/idovorg/ 10,1 109 MetroA gnFor. 201 9. 8909252

Zabasta, A., Fhiravetska, A, Kunicina, N, Kondratjevs, K. (2019). Technical Implementation of
IoT Concept for Bee Colony Monitoring. In 2019 Bth Meditermanean Conference on
Embedded Computing (MECO), 1-4. https:/doi.org/10.1109/meca 20198760180

Zacepins, A., Pecka, A, Osadcuks, V., Kviesis, A, Engel, 5. (2017). Solution for automated bee
colony weight monitoring. Agronomy Research, 15(2), 585593

Zacepins, A Stals, M., Kviesis, A, Komasilovs, V., Komasilova, O. (2020). Evaluation of the
economic gains of the bee colony remote monitoring. Agronomy Research, Submitted.

Zacepms, A, Jehnskis, 1., Kwviesis, A, Deems, M., Komasilovs, V., Komasilova, O. (2018).
Application of LoRaWAN technology in Precision Beckeeping. IX International Scientific
Agniculture Symposivm “AGROSYM 2018", Jahonina, Bosnia and Herzegovina, 4-7
October 2018, Book of Proceedings, pp. 17591765,

Zacepins, A, Karasha, T. (2013). Application of temperature measurements for the bee colony
monitoring : a review. Proceedings of the 12th International Scientific Conference
“Engineering for Rural Development,”™ 126-131. Jelgava, Latvia.

Zacepins, A., Brusbardis, V., Meitalovs, L., Stalidzans, E. (2015). Challenges in the development
of Precision Beckeeping. Biosystems Engineering, 130, 60-T1.
https://dovorg/ 10,101 6/). biosystemseng. 2014, 12.001

Zgank, A. (2019). Bee Swarm Activity Acoustic Classification for an loT-Based Farm Service.
Sensors, 2001), 21 https:Ydoi_org/ 10.3390/52001002 1

Receved April 1, 2020, revised August 3, 2020, sccepted September 12, 2020

N°7.3. Compendium of SAMS publications and press releases 116 /153



G

WP 7 Communication and Dissemination SAMS

Authors: A. Kviesis, A. Zacepins,S. Fiedler, V. Komasilovs, J. Laceklis-Bertmanis

Available online: Agrofor International journal

AGROFOR Intemational Journal, Vol. 5, Issue No. 2, 2020

Professional paper
10.725 1/ AGRENG2002044K
UDC 004:638.1
AUTOMATED 5YSTEM FOR BEE COLONY WEIGHT
MONITORING

Armands KVIESIS', Aleksejs ZACEPINS'", Sascha FIEDLER?, Vitalijs
KOMASILOVS!', Janis LACEKLIS-BERTMANIS®

]D:pu.rtmm.l of Computer Systems, Faculty of Information Technologies, Latvia University
of Life Sciences and Technologies, Jelgava, Latvia
*Department of Agricultural and Biosystems Engineering, University of Kassel, Kassel,
Germany
*Faculty of Engineering, Latvia University of Life Sciences and Technologies, Jelgava,
Latvia

*Comesponding author: alekses zacepinsilu.ly

ABSTRACT

Real time, continuous and remote monitoring of the honeybee colonies with
application of information and communication technologies (ICT) is becoming
increasingly frequent in industry and in a scientific research. Combination of ICT
and beekeeping led to the development of the Precision Beekeeping approach.
Successful implementation of the Precision Beekeeping system includes
development of the bee colony monitoring hardware solution and computer
software for data collection and further analysis. This paper describes developed
and implemented bee colony monitoring unit for weight and temperature
monitoring. Bee colony weight is one of the key metrics of the strength of a
colony. Changes in weight can reflect the productivity rate of the colony, as well as
its health and state. Developed monitoring system is based on Raspberry Pi Zero W
single board computer with several connected sensors for bee colony temperature
and environmental parameter monitoring. Weight is measured using single point
load cell with possibility to measure weight up to 200kg, which is emough for the
beehive measurements. Data transfer from the remote bee colony is provided by
the external 3G router. For data storage and analysis cloud-based data warechouse is
developed. Collected data is accessible in the web system with user friendly
interface for data visualisation and reporting. Within this research scale calibration
process is described and accuracy of the weighting is evaluated and possible
challenges are discussed. Described monitoring system is developed within the
Horizon 2020 project SAMS, which is funded by the European Union within the
H2020-ICT-39-2006-2017 call. To find out more wvisit the project website
https://sams-project.ew’.

Keywords: Precision Beekeeping, Precision Apiculture, weight monitaring, bee
colony monitoring, SAMS praject.
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INTRODUCTION
Insects are the main pollinators for agricultural and horticultural plants (Kremen,
Williams, & Thorp, 2002: Partap, 2011). Up to 79% of the human food supply
today is dependent on pollination, and the honey bee is the most widespread and
active pollinator animal worldwide (Bradbear, 20009: Breeze, Bailey, Balcombe, &
Potts, 2011). Besides the important aspect of pollination, honey bees also produce a
variety of valuable bee products like honey, beeswax, pollen and ete. which also
leads to an economic benefit for the beekeeper (Crane, 1990). Recently Precision
Beekeeping (Precision Apiculture) has been defined, as apiary management
strategy based on individual bee colony monitoring (Aleksejs Zacepins,
Brusbardis, Meitalovs, & Stalidzans, 2015). Within the Precision Beeckeeping
hardware and software solutions should be developed and implemented to assist
the beckeeper by providing real-time data and decisions about the bee colonies and
their states. The monitoring of honeybee colonies over long periods of time can
result in long-term data for better analysis and understanding of the colony
behaviour {Lecocqg, Kryger, Vejsnaes, & Jensen, 2015; Odoux et al., 2014; Simon-
Delso et al., 2014).
Behaviour and state of bee colonies can be monitored by use of temperature,
humidity, acoustic, video, weight and other sensors (W. G. Meikle & Holst, 2015).
Continuous monitoring of those parameters 1s becoming feasible for most
beckeepers as the cost and size of the end devices decrease while their precision
and capacity increase. Additional benefit of the remote monitoring of colonies is in
minimising the number of local manual colony inspections as frequent, physical
mspections of bee colonies interferes bees and can cause additional stress, that
negatively affects the whole colony productivity (Komasilovs, Zacepins, Kviesis,
Fiedler, & Kirchner, 2019; Zabasta, Zhiravetska, Kunicina, & Kondratjevs, 2019).
As well implementation of the bee colony monitoring solutions provides
economical benefit for the beekeepers, taking into account that every inspection of
the remote apiary adds additional transportation costs to the beekeepers (W. G.
Meikle & Holst, 2015; Zetterman, 2018).
Bee hive weight provides one of the most important kinds of data beekeeper can
have about the colonies (Fitzgerald, Edwards-Murphy, Wright, Whelan, &
Popoviei, 2015). Automated weight systems can supply the beekeeper with
important information on several important events from the honey bee colonies
(Buchmann & Thoenes, 1990; McLellan, 1977; W. Meikle, Hoist, & Mercadier,
2006). Weight is related to such important activities of the bee colony like starting
of nectar collection, resource consumption by the colony indicating the need of
additional feeding. Weight data shows the beekeepers when to add supers or start a
honey harvesting. Commercial beckeepers can use bechive scales to save
unnecessary visits to the apiary when they do long-distance migration (Human &
Brodschneider, 2013).
Idea of weighing of the bee colonies is not new, since the 1950s it is suggested to
use weight as an indication of health and productivity (McLellan, 1977), and today
there are a big number of ready commercial and homemade solutions for this
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purpose available for the beekeepers (Human & Brodschneider, 2013). One major
difference among different vendors and systems is the number of load cells in the
product, which may be one, two, or four, but any of these arrangements will work.
https:/‘colonymonitoring.com/current-sensors’ summarised many vendors and their
products in one place. Besides the commercial products many handmade systems
are available too. As well some scientifically used solutions are described in many
publications {Cecchi et al., 2019; Fitzgerald et al., 2015; Gil-Lebrero et al., 2016:
Ochoa, Gutierrez, & Rodriguez, 2019; Sengul Dogan, Erhan Akbal, 2017: Terenzi,
Cecchi, Spinsante, Orcioni, & Piazza, 2019; Zabasta et al., 2019; A. Zacepins,
Pecka, Osadcuks, Kviesis, & Engel, 2017).

Additional value of the bee colony monitoring is an option to geographically
distribute and install of automated electronic scales (Lecocq et al, 2015), then
share the collected data with other beekeepers to inform about the start of the
nectar flow in different geographical regions. There are several such initiatives
found in the web (list is not full and there are many more such systems):

¢ http://honeybeenet. gsfe.nasa.gov — the NASA Goddard Space Flight
Centre has initiated a project in which the daily weighing of hives by
volunteer beckeepers are merged with satellite data (Nightingale, Esaias,
Wolfe, Nickeson, & Ma, 2008).

s https:/www. beeandmegmbh com/global-map-bee-hives - some of the
bechive worldwide made public by the BeeAndme for scientific,
collaborative or information purposes.

s http:/mybees.buzz’ — this Web system shows data about main bee colony
parameter changes from different Nordic countries, including Denmark,
Sweden, Norway, Latvia and Estonia. System is developed by the Danish
Beckeepers Association.

s svaristrops.lv — this Web systems shows data from several bee colonies
located in Latvia using the Capaz monitoring system. System is developed
by the Latvian Beckeeping Association.

The aim of this paper is to describe the developed honey bee colony weight
monitoring system for weight and temperature measurements using one load cell,
as load cells become a standard in bee colony weighing systems and Raspberry Pi
Zero (Arduino, ESP?) computer.

Development of the bee colony weigh monitoring system is done within the
Horizon 2020 project SAMS. A combined biological, sociological and technical
approach is made within the SAMS - Smart Apiculture Management Services -
project {https://sams-project.en).

DEVELOPED SYSTEM FOR WEIGHT AND TEMPERATURE
MONITORING
Inapplicability for outdoor conditions of continuously loaded general purpose
electronic scales and sometimes the high costs of the available commercial
solutions limits their application in Precision Beekeeping. Manual weighing of the
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colonies is possible, but too laborious to perform frequently and also procedure of
lifting the hive and putting on the scales makes addition disturbance to the bee
colony (Stalidzans et al., 2017). So still there is an open possibilities and open
market for development of affordable and reliable solution for the automated bee
colony weighting.

Authors of this research developed prototype of honeybee colony weight
monitoring system based on single point load cell (BOSCHE Wagetechnik Single
point  load cell H30A, https)/www.bosche.ew'en/scale-components/load-
cells/single-point-load-cell/single-point-load-cell-h30a) with max load of 200kg
and Raspberry Pi Zero W single board computer. In addition, two sensors are
added to the system for bee colony temperature and environmental humidity and
temperature monitoring. For getting the weight data analogue/digital converter
HXT711 is used. At this stage system is powered by standard 220% power supply.
but in the future, it is planned to implement power management from renewable
energy sources (e.g. solar power) and additional battery for energy storage. As well
for data sending to the remote server wi-fi network (provided by the 3G router) is
used, but it can be easily substituted by mobile network adding additional module
to the Raspberry Pi directly or even using modern data transfer technologies, like
LoRaWAN (A Zacepins et al., 2018) or other. At this moment system is assembled
using the breadboard, but after testing separate printed circuit board with casing
will be designed and manufactured. Developed system’s architecture is based on
proposed approach by (Kviesis & Zacepins, 2015) where individual measurement
node sends monitoring data to the remote server via wireless or mobile network.
Load cell is mounted between two metal plates (10cm x 15cm), and then metal
plates are screwed to the plywood plates (50cm x 30cm) as described in the load
cell manual. Beehive can be placed directly on the platform or some additional
wooden planks can be used. Mounting of the load cell is shown in Figure 1.
Economic aspect is very crucial for the beekeepers, therefore system costs should
be as minimal as possible. In authors case costs for system components and
additional materials are summarised in Table 1.
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Load cell BOSCHE HI0A

Figure 1. Load cell assembling process

Table 1. System components with unit costs

Nr. Name of the component Cost (in EUR)

| BOSCHE Wagetechnik Single point load cell 50.00
H30A (200kg)

2 Platform for load cell 50.00

2.1 Plywood 14.00

22 Metal plate 14.00

23 Screws 2.00

2.4 Assembling costs 20.00

3 | Raspberry Pi Zero W + SD card 22.00

4 | Temperature sensor DSI18B20 4.00

5 Humidity and temperature sensor DHT22 7.00

6 A/D converter Sparkfun HX711 11.00

7 3G router Huawei E5330 37.00

8 Additional components (breadboard, wires, 10.00
connectors, etc.)

The costs for one developed system are 191.00 EUR. System installation,
maintenance, data storage, SIM card with appropriate data plan and usage of the
web system is not taken into account in those calculations. As well some
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components are optional, like 3G router can be dismissed if there are Wi-Fi
connection at the site.

Measurement intervals can be configured ndividually based on required
information that should be gained from the system. In authors case, as system is
powered from central power network measurement can happen more frequently
that it would be needed in real situation. In authors case measurements are
performed each 2 minutes.

Sensitivity tolerance of the chosen load cell is 0.2 mV/V, which gives
measurement error of +£1 g, nevertheless calibration with standard weight is
necessary. This resolution is more than enough for the beekeepers, because during
the active summer period hive weight changes can achieve 1-3 kg during the day.

LOAD CELL CALIBRATION PROCESS

For precise weight measurements load cell should be calibrated before placing the
beehive on it. Calibration technically means to determine the difference between
the scale readout and the actual weight on the weighing platform to determine
accuracy. Calibration was performed placing an object with known weight on a
scales, making several weightings and getting the needed offset and scale factor
values.

For scales precision evaluation weighting experiment with known weights (5kg,
7.853 kg, 10kg, 17.853kg metal weight) using three physical weights of 5kg, Skg
and 7.853kg was performed in the laboratory. Ten measurements each two minutes
was performed. Weights were placed at the centre of the scale platform. Overview
of the test measurements are summarised in Table 2 below:

Table 2. Overview of the test weighing measurements

Id of the Known Average (from Error STDEV Error (%)
experiment weight () 10 readings) (g (g
reading from
the scales (@)
EXP-1 0 4.5 4.5 1,51 -
EXP-1 5000 50019 1,9 0,99 0,038
EXP-1 7853 TR56 3 0,94 0,038
CXP-1 L0000 10001 | 1.15 0,010
EXP-1 17853 178575 4.5 1.18 0,025

One of the possible problems with scales precision when using single point load
cell could be when object is placed not in the centre but in some corner of the
platform. To evaluate this, additional experiments are performed placing weights at
different locations on the scale platform and making once again ten measurements
each two minutes. Overview of the test measurements are summarised in Table 3
below:
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Table 3. Overview of the test weighing measurements placing weights at different

locations
Id of the Known Average (from Error STDEV Error (%)
experiment weight (g) 10 readings) (gl ()

reading from

the scales (g)
EXP-2 17853 1 78489 4,1 Lo 40,023
EXP-3 17853 1 78644 11.4 0,84 0,064
EXP-4 17853 17877.1 24,1 1,52 0,135
EXP-5 17853 | T858,1 5.1 1,45 0,029
EXP-6 17853 178559 2.9 0,88 0,016

Experiment set-up and location of weights is shown in Figure 2 below:
EXP-3 EXP. [xp-3

[N (501 ERP-&

Ty

Figure 2. Location of weight on a scale platform during the weighting experiment

Analysing the measurements, it can be seen that there are minor changes in values
depending on the placement of weight on a scale platform, but those can be
considered as insignificant, as error is less than | %a.

During the experiments it is found that any physical operation with scales, like
lifting, changing its location affects the weighting values. Therefore, it needed to
perform taring procedure each time scales are transported to a new location. For the
beekeepers it is mean additional operation to perform before imitial bee hive
weighting. To make this process more user-friendly authors developed a physical
interface for scale taring operation. Basically, additional button is connected to the
system and when it is pressed system make taring operation.

Another issue found during lab experiments is weight fluctuation in relation to
environmental temperature. With increase of the temperature weight is decreasing
isee Fig. 3). Authors made a conclusion that A/D converter is affected by the
temperature changes. It is confirmed by heating the A/D converter by the electric
heater and monitoring the weight change.
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Figure 3. Relation of the weight measurements with environmental temperature

FIELD TESTS WITH DEVELOPED SYSTEM
After calibration, tests and experiments in laboratory system was installed in real
environment to monitor two bee colonies during the passive wintering period.
Practical experiments were conducted in the bee colony wintering building made
from metal sandwich panels (Stalidzans et al., 2017) in the LLU apiary in Strazdu
iela, Jelgava, Latvia. Colonies were placed in the wintering building on
21.01.2020. Figure 4 below demonstrates real placement of the developed system:

Figure 4. Installation of the system in real environment
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For the measurement storage and analysis data management solution was
developed. Authors called it data warchouse (DW). DW is developed with main
aim to help beekeepers run the apiary more effectively by utilising higher amount
of available data and accumulated data interpretation knowledge. DW architecture
is developed considering flexibility and extensibility. Within the DW data
visualisation is possible. Figure 5. below demonstrates chart with weight dynamic
of the bee colonies:

Figure 5. Weight dynamic of one bee colony

CONCLUSIONS
Continuous and real time monitoring of the bee colony main parameters like
welght and temperature becomes a standard procedure in the beekeeping practice
and acts as a first stage in implementation of the Precision Beekeeping approach.
Weight monitoring of at least one reference colony at the apiary can help to
identify periods of the nectar flow and predict the colony foraging activity.
Developed system should be used to minimise the number of manual bee colony
mspections, which should lead to the minimisation of stress to the bee colony.
Proposed honey bee weight and temperature monitoring system uses one load cell
for weight measurements, very accurate (£ 0.4 °C) two temperature sensors and
Raspberry Pi for data collection from the sensors and transferring it to the remote
data warchouse. In a future system can be set up also in a remote area, when
alternative power supply and mobile network capabilities will be integrated.
Developed system could also be extended with additional functionality adding new
sensors for example for detection of hive openings, or detection of other
disturbances (e.g, hives can be damaged by animals).
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EVALUATION OF THE ECONOMIC GAINS OF THE EEE COLONY REMOTE
MONITORING

Akksejs ZACEPINS*, Martms STALS. Armands KVIESIS, Vialys KOMASILOVS, Obgya
EOMASILOVA

Deparment of Computer Systems, Faculty of Information Technologies, Latvia University of Life Sciences and
Technologies, Jelgava, Latvia
*Comesponding suthor: aleksejs zacepins il kv

Absitract

Precsion Beekeepmg & focusms on mdnadual bee cobnoy remote montorng wsmz different
neaswenent systems and semsors. Ope task of the Precssion Beekeepme & fo commmounsly
collect real-time data abowt bee colomes for #s fiwther amalyss with am fo dentfy different
states and abmomml behaviow. [n many cases bee colomes have many diffrent parameters
avalabl fr constant mongorms and the beekeeper should decade what kmd of IT system &
neaded to accomplsh this task Amtomat meongormg systene offer many advantapes for the
beekeepers. bt alo have thenr mstallabon prce and nmmtenance costs, so the econonuc
aspect of the IT system mplkmentation should be comsidered when myplkmentms mongorme
system withm the Precsion Beeleepmz Ths paper describes possble economic gams whik
such systems are mplkmented. Different scemarios are cobserved and dscussed. Retwn of
mrestment coefficient i cakulated as well to find owt how fast snestments for system
mplementation of the spectic nentorme system will be retwmed. In addfion to ease the
process of calculation of all fornmilas and evalate the economuc gams of the mplementation
of bee coboy renote monforme system ombne web tool (applcation) i developed and
publshed for pubbc use. Based on made cakulitions and asswnptons # can be conchded
that beckeepers need ad_]mtabh bee colboy montorms system for cheap base measmwrements
of all colones and one main module for ﬂ-deep monitoring of referenced colny within one
remote ap@ary.

Kevywords: Precision Beekeeping, Frecision Apiculture, economics of bechesping, return of
investments, SAMS project.

Introduction

Beekeepmz & tradiwonal and very old branch of agneulhwe with sismificant mupact on other
agricultral sectors, as hopey bees are the mam msect pollmators. Up to 73% of the crops,
wed Br lmman fedme depends on polimation (Ollerton et al, 2011; Poits et al, 2016). Bees
phys the mportant role m wholk crop production cham and swvival of wild plnt species
(Galai et al. 2008; Elm et al. 2007). Over the st 60 years dependence on bees for
polmation mereased to about 300% (Afen & Harder, 2009). Health status and decrease of
the honey bee population worldwide & a growms comcem anwnsst scenfsts. ecologsts,
emviomnent speciabsts, fimers and ako a polcy mekers. It 5 concloded. that bees are the
most  mpacted  species by the  anflwopogenic  fctors (appheation  of ami-chemucak,
emiromnental polsion chanses m bnd we patterns, Colony Collapse Disorder. etc.) agound
the planet with serioms long-term consequences for agricultwe and forestry (Kaplan 2008). A
sipnificant decrease of honey bee colomes can afect the wholk agricultural production cham

In a traditiomal approach to evalate the status of the bee colony, beekeepers have to nmke
fiequent visual observation of the bee colomy, by openmg the bre. Ofien mbnsne bee colomy
mspections are tEre comswnme, can kad to a stress of the colomy (Zacepms et al, 2016) ako
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remote mentormg reduces beekeeper’s spendms on wmeeded tavellng to remwote apiary
(Komasibws et al, 2019) Rapd develbpment of the sensmg data transmssion
NCTOPIOCessor mcwhys allwed the devebpment of the autonmtic remote bee colomy
monttorng systems wiich can assist beekeepers with addmg mportant mbmation on the bee
behaviow and possible state wihowt an smaste mepection (Bromenshend: et al, 2015;
Hunen & Brodschnesder, 2013; Endi et al. 2014; Kndi et al, 2016; Medde & Holst, 20135;
Sanchez et al. 2013; Zogovic et al. 2017).

Fuwe of the tradiional beekeepme & to mplment smart apsry management approach and
start to use amomatc and remote tock for bee colomy mentorme together wih beehne
control mechanisne to mprove the bee colomy produvctrary. Inplementation of technolgical
mventions for the bee colny montormo kad to the Precsion Beekeepmo or Precision
Apiculhe  foundation  Precsion beekeepmo & defined as an apiary nemagement strategy
based on the nondorme of mdiidual bee colbmes to pEmse resowce consungption and
maxise the prodoctivity of bees (Zacepms et al, 2015). The mmn idea of the precision
beekeepmz & to cbserve each bre mdradually and pale mspections, treatment management
actions only to mdnidual bives, the newvsmne the tme needed for mamal mspections of all
colomes and mwnivieis the distwbance of bee colomies. There are mamy pesitive aspects of
the bee colony remote nonitormg with regards of non-dishwbance of bee bhves, decreasing
the production costs, decrease the twwden of death rate, detection of the bee colony swarmings
and merease of the whole bee hive production (| Zacepms etal, 2020).

Aunthors of thes paper would Hee to dscoss and evahate the economme aspect of the remote
bee coboy memtorme system mplementation to the beekeepms practice. Specific amn of this
paper & to present an approach for evahation of the econonse gams of the bee colomy remote
monforns  system  smplementaton  for realtie  and  renwote bee  coloy mondtoring
procedures.

Matenal and e thods

This section describes approach and methods used for the evalation of the economme gams of
the bee colomy remote mongormg This section describes the basic beekeepmg expemses by
takrmg the Latvian beekeeper as an example. Different used varmbles are defined and assumed
either on Meratwe study or avalable resowrces, egher on mdiidual beekeeper knowledge.

For the evabation of possibke benefis by mpkoentne the renote bee colony mondtorms
possible amownt of EUR vales are compared. As well retun of mvestment (FOT) coefficient
& calenlated to show the possble owcome of the mwestmwents of the monitoring system
Diferent monforme system confiowation scenarios are compared to demonstrate how the
profit and mstallition costs changes.

Description of basic beelkeeping expenses
To evahmte the ecopomic gains of the bee colomy remwte monforms o & nDecessary to
understand  which  expenses  posions/sfuations can be affected by the IT system
f tion At the begmmime authors would Hke to describe the overall stmation of the
hobbyist beekeeper m Latvia (should be smular ako to other beekeepers m other couniries)
and adentify #s essential expenses. These costs will be used for fiwther comparson and
evalbation Cost are vabd fr observed cases it may differ between beekeepers. Some
munbers are taken mto consideration based on beekeeper's advice and'er based on Eeratwe
studies. Usnally beekeepers are not pheme more than 20 bee bives m ope location so amthors
consider that small hobbyst beekeeper have 20 bee colmes (varable: NumOfCol) located m
one remote bocation Distance to the apary mostly are not more than 50km Average honey
production per bee colony 1= considered to be 25kg (varable: Prodeol), based on beekeeper’s
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SIHVEY, nmde by Latvian beekeeper's association
(hitps wranw strops. kvfindex php raksti'dravosanas -panensen467- bb-bskopju-aptaujas-
realfatn-apkopopns). Proce per lkg of omey & considered to be 4.50 EUR (varable:
Phongy), (based oo hitpi/laukos | wbiskopj-spej-tlc-medo-svest). For base  meome
(variable: INCpy,,) cakeulation following fornmls = wsed:

INChas =NumOfCoFProdeo FPhoney = 2250 EUR
Anthors would Bke to define basic beekeeper expenses pestions. Authors m this paper only
assre  postions which potentially can be affected by the mplementation of the renmote
monitoring systens and expenses fr equipment, medicme for the bee colomes, efc. are not
comsidered as IT systens will definttely not affect them
Fast comidered expenses are costs for the remote apmry mspections. These costs can be
cakulsted by takmg mic account distance to the apiary and wapge costs for workers, so
expenses comsist of two pasts: one related to travel costs mchding car fiel conswmption and
secomd related to labow cests. To cakulate expenses rebted to the fiel consumption the
dstance to the apmary & needed., car fiel conmmption per 100km and fiel price. As an
afernative, constamt costs for kbmetre allowance can be uwsed for caloulations. For labowr
related expenses, tme for mspecton tme for travelns to apiary and person (or persons)
wage should be considered If beekeeper do not want to comsider the tine spent for work,
Bbow relted costs are zero. We propose the Dlowmg fornmba for calenlton of the
expenses to reach the apiory and make the mspection Defanlt vahes fr varmbles are ako
defined:
Expinspection = Expsiel + Exppers, where
Exprel = Dist*Foeleons100*Fuve Jorice
Dist = Distance to the apary (fom) = 50 km
Fuelkops = Car fiee]l consmmption to 100km (L)y=8L
Fuoelyice = Price of one Liter fiwl = 1.20 EUR.
Exppers =2 [Perstime = Pershour), where
n = Number of persons going to the apiary = 1 pers
Perstime = Time needed to make a wholk mspection (mchdmg travellng tme) = 120 nm for
traveling + 200 mm for mspection (10mm*20).
Perspyy = Salary for one persen how = 5.36 EUR
Costs for one mspection based on provided varables can be caleulated as follows:
ExPispection = (100*8/100%1.2 + 1¥320/60*3 36) = 9.6 + 28.59 =38.19 EUR.
It & assuwed that beekeepers in average are mabing 12 mspections (vamable: NumOfnsp)
dwng the vear amd tlms overall costs for mspection durmg the year can be cakulated as
follows:

Expinspertion: = Expinspection * NumO finsp
Yearly expenses for observed case would be: Epingaciions=38.19 * 12 =4538.24 EUR.

MNext aspect that geperate lbses for the beekeeper s death'disappearmg/Colony collapse
dsorder of the colony (vammble: Expdeath): Expdeath = NumOfColFRatedeath*Peolony

Authors assuwme vahe of ope colony death equal to 140 EUR (variable: Poolony).
Average bee colomy death rate 5 20% (varable: Ratedeath), winch results m death of 4
colomes and kead to losses of 560 EUR

The last aspect which & considered for the cakulations are expenses, generated by the
swarming of the colones Average swarmme mate 5 10% (varabl: Rateswarmm), which
results m swarmmng of 2 colomnes and lead to losses of 212.50 EUR, assumng, that valme of
one swarmed cobny & 106.25 EUR (vamable: Pswarm) (A Zacepms et al, 2020).
Fq:lgm_[m = Nlmﬂ:ﬁmﬁi‘sm*Pm

Swmmarising all mentioned expenses postions the fotal expenses can be cakulated:
Exprgra= 438.24 + 560 + 212 50 =1230.74 EUR
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So basy profit (varable: Profit) for the beekeeper s:
Proftt = INCiyps - Exprorm = 2250 - 1230.74 = 1019.26 EUR

Results and discussion

As aresult of fhis research and scentific paper are:

+ proposed model (alsorthm) for evalmation of benefis by mpkmentms the remote bee
colbmy montoring systent

+ assessment of the ROI coefficent winch mehdes costs of the montormz system self
metalbition and mamtenance costs;

* comparson of expenses and benefis of different confimwation of bee colony
montoring  systems;

s develbped Web application to ease the evalmtion of the econonme gams of the bee
coloy remote momiforing.

Evaluaton of possible benefits by imple menting the remote bee colony monitoring
By mpementmz IT system for the bee colomy remote montorme beekeeper can sipnficanthy
decrease the munber of on-site mspections, flms oewnwsme the costs for gome to the remote
apiary. It can be acheved by the real-tmme colomy states montormg and notifications if on-sie
actions age required.
Apiary mspections coukd be doaded m two groups: mspections that are mandatory on-sie
{camnot be spbsthted by any remote methods) and those can be rephced with remote
monitoring system Mandatory on-stte mspections are: affer winter mspection addmg supers,
bhoney harvest, varrca treatment dums swnmer and vatroa treatment durms winter And the
second growp are iepections to mendtor coleny productraty and stams, Hee checkms if there
i enough witer feed, & there a pectar Sow and bee bealth status. Those mepections can be
substided by the renote system which 5 abk to monfor those siuations. For example,
mectar flow can be easlty mongfored by the scalks system actidy can be checked by
temperatre/sound. winter fod consmption by scales‘temperatwe. Number of mspections m
second growp depends on the mdnadual beekeeper and on beekeepmg approach but awthors
asmme that fhis munber on average & 5 mspections per year (based on indnadual mterviews
with the beekeepers). As a result, beekeeper can save up to 5 (varablke: NumOfnsp) visis to
the apiary dwmg a vear, this baving savings: 5 * 38.19=19095 EUR
Addtional benefit of the realtme bee cobmy monforms can be nmnsation of the bee
colomy death rate by mstant alame and contsmous bee colony momtorme Potemfial decrease
of death mate depends from actions taken affer recenng the alwm notice. Based on
hitps-apistech en'enhive-momtor- 1/ decrease of 20% can be achieved So, the mumber of
colomes dying each vear can be decreased by 20%, flms savmg can be cakulated as: Rownd (4
*0.2)* 140 - 38.19=101.81 EUR.
Notfications  flom mentorme system can wam about upconmns swamme event.  Econonse
bepefit of one colony swaming (vamable: BnfOfSwarming) detection & evahbated m another
authors paper (A Zacepms et al. 2020) and that approach can be wsed to caleulate benefits of
one bee cobbmy swamng detection Thns, saving of addtional 150.42 EUR wall happen
Location, weather and other faictors deternmne wolwres of produced hopey. Mondorns
system provide data for decsions and actions that potentially can kad to mereased producton
volhures,  Accordme to Beratwe and commvercil bee colbny nonforms system web sie
(rtpsVapistechen'en'hive-monger-2) ¢ & evalmted, that merease wp to 23% can ocow.
Total benefits can be caleulated from average yearly horey production vobwnme and price per
hire.
Bifired = NumOoFProd*0.25*Phopey, where
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NumOfCol = muvber of colonies

Prod = Amownd  of production m kg (25kg average)

Phoey = Horey price per kg (4.50 EUR)

Bafirea = 20%25%0.25*4.50 = 562.50 ELR.

Swmmarsing  all cabulations, owerall benefits expressed m EUR per year of remote
montoring system can be as llows: Bofys = Bofingpecion + Bofieat +Boframin: + Bofd
Bofy: =190.95 + 101.85 + 150.42 + 562.50 = 1005.72 EUR.

According to these cakulations, mplkewrentation of IT systemn gies addional econonme
bereft by reducmo potential boses. To cakulate FOI of menitoring system the total costs of
ownership (TCO) nmst be cakulated fist TCO expenses mchde IT system purchase,
mstallation and mamtenance costs.

Overview of the commercial bee colony monitoring systems
To evahate the economie gams of bee colony montorine system the price of such system ifs
operation and nmmtenance costs must be known Today on the market there are various
diferent bee colomy monforme and measwement systems avalabl. Authors am 5 not fo
mame and review all of them but choice & based on random search results. As a requrement
for the system & ability to measwre at kast temperatwe and weisht of the bee cobboy with an
option to remotely access the data Some examples of avalable systems are:
& hitpsywenwwolfwaagen de [/ poice: 800 EUR. per dewice, 24 EURSyear for software,
15 EURfyear for data transnussion
»  www benremvaage de Capaz GSM 200 / price: 1310 EUR per device, additional costs
for data transnmssion
+  hitprlwenwams cowbobive-scaks’ [ oprice: 380 EUR per device, 5 EUR‘month for
data subscrption
+  hitpsdpolendy comproductbeebot’ [ price: 315 EUR per device, 189 EUR for
additonal device withong scales
hitpsy/solutionbee com/ /SolionBee HM-5 Hoe Monttor /prce: 290 EUR
https2/broodminder com’ BroodMinder-Citizen Science Kt/ prce: 289 EUR
It caﬂbe concinded that mminal prce for the bee colony system for wewsht and temperature
monforing & arommd 289 EUR per unmthive. Based on previovs calbeultions, bepefit of such
systemn mplementation £ 1005.72 EUR per year. But now considering system costs, the ROI
can be caleulated as follows:
Costs =20 * 289 = 5750 EUR. (to deploy sywstem for all hives) and
ROI=5780 /100572 =35.75 years
Based on prowided calkubtions & can be conchnded. fhat # 5 not econommeally #asble to
mstall soch system on all bives, as ROI equal to such lmge mmvber = not feasble for the
beekeepers. Based on consuliations with the beskeepers #f & conchuded, that usually advanced
beekeepers mstall only ope system per apiry (per remote beation) and mongors weight of
one target colomy, assunmg that other colomes would behave abnost sandar. Such approach
can provide berefit of production merease of approxmmately 15% and evahating ¢ m EUR-
Buofyog = NumOfCoFProd*0.15*Popey = 20 * 25 * 015 * 450 =337.5 EUR
BOI m this case would be 086 wears, that & a good achievement but all bepefits refated to
decrease of the death rate decrease of mepections and mwmnwsation of swarmng also
deappear m this case.
Authors thoughts are that the best option for the beekeepers to filly wilze the potential of
nonitoring system and get all the bepefis & to wse custom confiowation of the devices for
bee colony real-tme remote momformg In ths confimration there would be one pam
amonmtie device to memitor weight changes mstalled on one control hive, it other hives
woukl be equpped wih temperahwe andior sowndiibration sensors for swarmmng detection
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and constant mongormg (Aklksejs Zacepms et al, 2016). Commection of sensors can be wied
of wireless. Then beekeeper will gam all bepefifs of swanmng detection nwmmsation of
death and merease m production In that case system mstallbiton costs woukd be vwp to 500
EUR (300 EUE. mam modulke, 10 EUR per hive additonal costs), but bepefits would be
1005.72 EUR. (as cakulated previously). In that way, the pericd of retun of imestment would
be within one year.
Tabke 1 belw smmmarses all cakulations and goes overvew of bepefits wme different
system confionrations:
Used variables are:

o NumOfHives - 20

+ PreeHoney - 4.5 EUR

+ ImspectionCost - 38.19 EUR

« Vale of the dead colony - 140 EUR

+  Swarnmmg valbe - 106.25
Table 1. Comparson of expenses with different system confinrations

Without IT All hrves with One hive with Apiary with
system measurme system system custom confiz
Production per hive 25 31K 2873 30
Basic mcome 1250 281250 2587.50 2700
Exzpenses
Number of 12 T 12 T
mspections
EXP..pecsions 458.24 26731 458.24 26731
Number of dead 4 3 4 3
colones
EXP e 560 458.19 560 458.19
MNumber of 2 0 2 0
SWaTIIIES
EXP. i 212.50 0 21250 0
EXPou 1230.74 72550 1230.74 72550
Profit and system installation costs
Profit 101926 2087.00 1356.76 197450
Installation costs - 3780 289 500
898
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Web application to ease evalmation of the economic gains of the bee colony remote
monitering
To ease the process of cakulaton of all forrmiss and evaliate the economme gams of the
mplenentation of bee colmy remote montorms system onlme web tool (appheaton) s
developed and published for public use
(Iftpss/sames science. #fln hsystem-eval).  Cakulator & pre-flled with defdt vabes, and
wer can change them to adapt for lbocal requiements (needs, peculiarities) and prices (costs).
The web tool was budt as a smsle page application vwsmg Sprne Boot 2 famewoerl: (formne
bacl-end) and Angular & famework wih Bootstrap 4 bbrary to create the clent side (front-
end) of the appbeation Fesult is cakulsted smwltanecusly as soon as the requred fields are
flled. A screemshot of the developed web tocl & shown m Fiowe 1 below:

Economic evaluation of remote monitoring systems

Ml BT syl

Mumiber of ool onles (4
Heney prodestion ger solomy ko

Honey price [EL Ao

Iecame (ERj:

Expenzes

| Inap e on o opere +
| Corits dhin o B cBomay claith i
| ot e e veiermbiy +

Tatod awperoes (LAY

Prafit (FTIRL

Fimue 1. Demonstration of the developed web tool for cakultions
Conclusions

The advantage of Precsion Beekeepins is the possibifity fo detect changes or problens m the
bee colomes at an early stage ghing the beekeeper the possbility to take coufermeasyes to
save bee colomes.

Modern beekeepms and smart apiry management camot be dope withowt applbication of
mitrmation and conmmwication feclmologies, bt each mdiddual beekeeper should specify
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what systens be oeeds most Implemented systems should owimize the munber of on-sie
mspections of colomes, and maxmize colony health and productivity.

Based on mmade calultions and assumptions ¢ can be conchded that beekeepers need
confimwable bee colomy montorms system wgh cheap measwements of all colemes and one
basic module for i-deep mondoring of refrenced colomy within one remote apiary.

Te mprove the precision of proposed economne evahmtion @ bno term system tepair and
additional mamfenance costs should be considered.
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Enropean Union within the H2020-1CT-39-2016-2017 call. To find
out more visit the project website hitps:/sams-project.ew’
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[. INTRODUCTION

Importance of the bee health and sustainable beekeeping ane
widely discussed, as bee population is decreasing worldwide
[1]. [2]. In developed countries beekeepers implement various
information technology solutions for constant bee colony
monitoring thus facilitating the development of the Precision
Beekeeping. In some countries beekeepers surveys are com-
pketed to summarize the status of the Precision Beckeeping
development [3]. As defined by [4] Precision Beekeeping is
an apiary management strategy based on the monitoring of
individual bee colonies to minimise Tesource consumption
and maximise the productivity of bees. Situation with the
Precision Beekeeping in developing countries is different, for
instance beckeepers in Ethiopia and Indonesia do not use any
remote monitoring systems and make a management decision
based on on-site visual observations of the colonies and
manual inspections of the bee colonies itself. Some measons
for that are, lack of technical expertise in field of information
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technologies, networking and communication, as well costs
for such system implementation and maintenance sometimes
are very high. Frequent physical inspections of bee colonies
interferes bees and can cause additional stress, that negatively
affects the whole colony productivity [5].

A combined biclogical, sociological and technical approach
is made within the SAMS - Sman Apiculture Manage-
ment Services - project (https:/sams-project.ew’). The SAMS
project is funded by the European Union within the H2020-
ICT-39-2016-2017 call. It enhances intemational cooperation
of ICT and sustainable agriculture between EU and developing
countries in pursuit of the EU commitment to the UN Sustain-
abke Development Goal “End hunger, achieve food security
and improved nutrition and promote sustainable agriculture”.

One of the SAMS project tasks is to develop an enhanced
bechive system and service for real-time constant bee colony
monitoring. This system should help to optimize beckeeping
operational costs and minimise colony losses, thus increasing
the profitability and sustainability of beekeeping.

Aim of this paper is to describe developed solution for bee
colony monitoring and evaluate challenges in such system
implementation in two developing countries: Ethiopia and
Indonesia.

Il. BEEKEEPERS CHALLENGES IN INDOMNESIA

In Indonesia beckeepers usually places Apis Cerana
colonies in deep jungles (forests) with distance up o 30-
100m berween individual colonies and inspection of all those
peographically disseminated colonses is very time consuming.
With the help of the remote monitoring system beckeeper can
identify which hives really needs an inspection, thus saving
work time.

Another aspect in Indonesia is that Apis Mellifera bee-
keepers must use migratory beekeeping method, which means
that beekeepers often change the location of their apiaries.
This happens because foraging resources are limited in every
location and to provide food for the colonies beekeepers have
to search for a suitable place for an apiary.

Regular apiary checks should be made as sometimes theft
of the bee hives are happening and interruption of the remote
measurements should be as an indicator for this, and beckeeper
will be able to react immediately.

In Indonesia bee colonkes tend to abscond. Biological defini-
tion of the absconding comprises the departure of all adult bees
of a colony from their nest, kaving behind whatever brood
and stores ame in it Absconding may be due to shortage of
food, to disturbance, or to other adverse circumstances [6]
That’s why Indonesian beekeepers have to check the apiaries
constantly to identify this. Remote monitoring system can alert
the beekeeper when the bees abscond.

IIl. BEEKEEPERS CHALLENGES IN ETHIOPIA
One of the major problems of the beekeeping in Ethiopia
discovered by the beckeepers is the aggressive behaviour of
local honeybees. In case of this fact, it is almost impossible
to inspect the colonkes during the daylight, thats why they

make visual observations of the colonies during the night.
Monitoring system can significantly minimise the number of
visual inspections.

Absconding of the bee colonies is also a problem. As
mentioned previously, aggressive bees should be kept away
from homestead, sometimes bee colonies are placed in hardly
reachable locations and often travelling to such locations an:
costly. As a result, beekeepers will not visit the beehives on
regular bases. So, absconding of the bees will be recognized
after the empty hives already attacked by wax moth and this
may reach up to 40 % on average.

There are some beckeepers that use additional help from
extension workers to make imspections of the colonkes, so
minimisation of inspections will basically lead w decrease of
Cosis.

Concluding above mentioned challenges and beckeeper
needs in both countries it is decided to propose a solu-
tion primary for temperature and weight monitoring of the
colonkes. These two parameters are enough to measure in
this case. Based on temperature monitoring it is possible to
conclude about death or absconding of the colony. Basically,
temperature is the most commonly used metric in Precision
Beekeeping [7]-{10]. Weight measurements give an overview
of the nectar flow and start / end period of the foraging
activity [11], [12]. For additional scientific needs system is
also capable of recording sound of the colony and humidity.
Proposed SAMS HIVE system consists of three main pans:
hardware solution for physical measurements, software pan
for data storage and analysis and front-end system for the
end-users.

IV. Sams HIVE MEASUREMENT DEVICE

Important functional part of the hardware is the power
supply. SAMS HIVE system is powered by a photovoltaic
system as beekeepers in Ethiopia and Indonesia places hives
in rural areas where standard power supply is not available and
during a foraging season beckeepers are forced to realloca
bee colonies several times. Power unit consists of the standard
components: solar module, charging controller and battery.
The size and capacity depends on the location, the number of
connected measurement units and the data measuring intervals.
The power unit also supplies a mobile GSM Wi-Fi router
which is used as a hotspot for the monitoring units to transfer
data to a SAMS data warehouse (described later).

Other functional groups are (1) the central computer unit
where the sensors are connected, (2) the sensor frame with
temperature sensor and microphone placed in the bechive as
well as (3) the scale unit placed beneath the bechive with
outdoor temperature and humidity sensor (see Figure 1.).

The monitoring uwnit consists of a printed circuit board
(PCB) with Raspberry Pi single board computer, a step-down
converter to change the voltage of the power unit to 5V as
well as an analog-to-digital converter (ADC) that converts
signals of the load cell. The load cell measures the weight
of the colony. Additionally a sensor frame is connected to
the computer and includes temperature sensor and microphone
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as well as a humidity sensor optionally. The acoustics ame
recorded over a certain timespan and wploaded as Fast Fourier
Transformed (FFT) spectrum. It is recorded with 16 kHz
sampling frequency, covering a frequency range from 0 kHz
to 8 kHz. In order to obtain local data on air temperature and
humidity, sensors can be connected and positioned outside the
beehive.

After successful recording, the data is transferred via Wi-
Fi to the mobile GSM router and sent to the web server
(data warchouse) (see Figure 1 and Figure 2). If the upload
is not possible, the data remains on the 3D card until a
successful upload has been performed. In this case, a new
upload attempt starts after a certain time. Each device has
its own 1D (identifier) so that it can be uniquely assigned
on the data warehouse (DW). Individual sensors can also be
added to users, locations or groups on the DW. Successful
recording, data storage, uploads or errors are logged and also
transferred to the web server. Events for troubleshooting can
be viewed there by administrators. On the device, 2 LEDs
indicate working or deep skeep mode. Plug connections ensure
easy installation. The sensor frame is connected via a 9-pin D-
Sub connector. A standard DC power plug was selected for the
power supply. The open source code to run the SAMS HIVE
monitoring system can be found at hittps//github.com/sams-

project.
The recommended installation for sensors is to use a sensor
frame above the brood chamber (see Figure 3). The sensors are

WittyPi Mini

Raspbemy Pi
Zerow

- .

Weight cell

Qutside
Temperalu re
Humidity
DHT22

H30A

Flow chart of the SAMS HIVE System with Power unit, Scale unit and Sensor frame
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P —]
— O T
b B S
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Tihaaal d o
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Fig. 2. Connection of intermet-compatible devices

installed centrally in the frame so that they are located abowe
the brood nest. This allows the use of the natural heat flow.
The size of the sensor frame should not exceed the height of
the species-specific "bee space”™, otherwise there might ocecur
problems due to natural honeycomb construction of the bees.
Sensors should be covered with a close-meshed gnd (mesh
size - 0.2mm), otherwise wax bonding and propolisation of
the mesh could result The frame is placed horizontally on the
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brood chamber and the sensors are connected via cable to the
PCB with the computer unit. To place the computer unit, the
space between the upper and lower plate of the scale can be
used. The scale is located under the beehive (see Figure 3).

Fig. 3. Sensor placement in extra sensor frame between honey and brood
chamber &= well a5 scale below the brood chamber

Cumrent price of the SAMS HIVE monitoring system hi-f
prototype is about 170 €. In addition there are the expenses for
power supply and GSM. The dimensioning of the photovoltaic
system for power supply depends on the location, the number
of monitoring units and the measuring intervals but is about
200 € for up to ten monitoring units. The overall costs
are still elatively high also due to the photovoltaic sysem.
To gain information for an improvement of the bee colony
management only one SAMS system per apiary or even a
shared system could already be sufficient.

In order to enable a long-lasting hardware usage, qualitative
components have been selected. The components are robust,
durable and can also be used for other purposes. The design
is suitable for a simple deconstruction of the components. A
repair and recycling plan should support this if necessary. The
computer can easily be extended with additional sensors. For
example, it is possible to connect a small weather station
to collect megion-specific weather data It is also possible
to connect several temperature sensors. In addition to its
expandability, the system can also be used for other academic
and research applications as well as for bee institutes to collect
sensor data,

V. SAMS Data WAREHOUSE
For the purpose of the bee colony data storage and analysis,
data management solution for the SAMS system was devel-
oped. It is based on several main functional requirements:
« system should be able to get data from many hive
monitoring systems with possible different configurations
« system should be able to store and process bee colony

data based on pre-defined rules
« system should provide interface for data output and
visualisation

Authors decided to call developed solution as data ware-
house (DW). Data warehouse is an intermediate layer between
data provider systems and data consumer systems or end-users
[13]. DW is developed with main aim to help beekeepers

run the apiary more effectively by utilising higher amount of
available data and accumulated data interpretation knowledge.
DW architecture is developed taking into account flexibility
and extensibility of three data management stages:

« data imput functionality is accepted from different data
sources (can be uploaded manually or automatically)
« data storage facility is suitable of different bee colony
measurement types and formats with different data time
granularity (minute, hour, day)
« data processing functionality is built using the modular
approach for flexible aggregation and modelling pipelines
Im overall DW is built in the way that incoming data are
processed almost immediately by mvolving different models
for data aggregation and reporting. Modular architecture of
the solution ensures isolation boundares both for reliability
reasons, maintenance and development considerations [14].

For the sake of communication efficiency and to address
offline operation cases for HIVE hardware data-in package
schema is demonstrated in Figure 4.

Soures 1 ksaguramant 1 Timsatamp
Source 7 Maguramant 2 “alua 1
Sounce M Meaurernn & Wag N

Fizg. 4 Demonstration of hardware dats-in package schema

Such schema allows HIVE devices to send readings from
multiple sources (usually sensors) during a single communi-
cation session. Single data package supports multiple mea-
surements for each source, where each measurement has
timestamp and one or more numeric values. This approach
makes it possible for HIVE devices to operate in offline mode,
perform sensor measurement recordings in needed frequency
and communicate with DW according most efficient schedule
or when connection is available.

V1. EXaAMPLE OF THE USER INTERFACE

Data warehouse provides REST API for configuration, data-
in and data-out operations. Thus, DW can be accessed by any
user and/or unmanned system, but main aim was to provide an
option for creating different and custom end-user interfaces,
for instance localized mobile and Web application. At this
moment, for demonstration and scientific purposes a singlke
page Web application was developed. It has basic functional-
ity and provides a graphical interface for DW configuration
maintenance, for accessing stored information and generate
different meports. For frontend development Angular and
Bootstrap frameworks were used. An example of dashboard
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Fig. 5. Example of WEB system dashboard with installed devices in Ethiopia

shows oversee of Ethiopian apiaries and active devices and
sensors (see Figure 5.)

Unfortunately, it was discovered that Ethiopian and Indone-
sian beekeepers ame not interested in deep data analysis of the
measured data They need easy and understandable interface
for bee colony state visualisation. As smartphones are widely
used in these countries, more often than stationary PC or
laptops. there should be adaptable Web system or a smartphone
app for data observation. Development of such application for
the beckeepers is in authors future plans.

VII CHALLENGES FOR SYSTEM IMPLEMENTATION AND

OPERATION

At this moment, three apiares in Ethiopia are equipped
with the SAMS HIVE system: Bako (thmree systems), Gedo
(five systems) and Holeta (five systems). Due to challenges in
maintaining stable connectivity and a lack of IT expentise near
the installation sites of Holeta and Gedo for applying a quick
solution/ fixing the problems only three systems deployed in
Bako are active at the moment. In Indonesia, five measurement
systems are installed in different geographical locations (two
in Ciwidey, one in Tanikota, two in Ciburial).

One of the challenges for both countries is a mobile network
operation for data transmission. Network stability issues and
frequent interruptions have been observed.

One significant issue is the system maintenance in these
countries as beekeepers lack the technical information, tech-
nology skills and fixing some technical problems related to
the hardware is complicated process, as attracting external
technical staff is complicated too. To minimise this factor and
facilitate the local development of the Precision Beekeeping
system, SAMS project members organised local workshops,

where together with the specialists and beekeepers leam how
to assemble and install the system.

One more issue that should be mentioned is system com-
ponents availability in the target countries and cost of those
components. Sometimes it is very challenging to get the
needed pants for the system development.

CONCLUSIONS

Implementation of the Precision Beekeeping system allows
to decrease the number of the visual on-site observations of
the bee colonies and helps to detect abnormal behaviour of the
colonies and could help to prevent death, absconding, colony
collapse disorder (CCD) of the bee colonies.

Implementation of the bee colony monitoring system to
facilitate the development of the Precision Beekeeping in
Ethiopia and Indonesia i1s necessary and have added value for
the beekeepers. Stll intensive transfer of knowledge is needed
to facilitate the understandability of the benefits provided
by the remote bee colony monitoring systems, including the
economic benefits for implementation of such systems.
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Abstract. Remote and automatic monitoring of two Apis Cerana bee colonies was conducted i Indonesia
to demonstrate precision beekeeping approach in that region. Successful implementation of the precision
beckeeping system includes development of the bee colony monitoring hardware and software for data collection,
analysis and visnalisation. This paper focuses on development and nstallation of such systems at the pnvaic
apiary in Indonesia. For bee colony monitoring at the apiary a developed monitoring unit was used, which is
based on ESP microchip, and for the data storage SAMS data warchouse was used. The monitoring results
showed that the choice of the location of the temperature sensor is important, as the temperature at the hive sides
changes synchronously with the outside temperature. Also, feedback from the beekeeper is collected to further
improve the system and monitoring process. This rescarch is conducted within the SAMS — Smart Apiculiure
Management Services project, which is funded by the Ewropean Union within the H2020-1CT-39-2016-2017
call and with close collaboration with the local private beckeeper. To find out more, visit the project website

hitps://sams-project.ew’.

Keywords: Precision beckeeping, SAMS, bee colony monitoring, temperature and weight monitoring.

Introduction

Asian honey bees, Apis Cerana (4. cerama), are
honey bees from southern and south-castern Asia
with a variety of sub-species found in different Asian
countries including Indonesia (Hyatt, 2012). Asian
honey bee Apis Cerana 15 known for their gentle
temperament and easy handling. To assess the colony
strength, existence of pests, parasites and diseases
beckeepers must open the hive and visually inspect
it on a regular basis. (Brodschneider et al., 2018,
2016; Delaplane, ¥an Der Steen, & Guzman-Novoa,
2013; Gray et al., 201%; Van Der Zec er al., 2012).
However, manual monitoring of bechives is a time-
consuming process for beckeepers and stressful to the
bee colonies. Time-consumption even increases with
the distance of the beckeeping sites to the homesteads,
as bee colonies are frequently placed in rural areas,
far from cities, in jungles or mountain areas, so every
mspection also incurs travel costs o beckeepers.

* Comesponding Author’s email:
aleksejs. racepinsi o v

To facilitate and improve the hive management
procedure, the implementation of smart apiary
management services is believed 1o be the fumre of
modern beekeeping (Bencsik er al., 20011; Edwards-
Murphy er al. 2015 Meakle & Holst, 2015
Zocepins er al., 2016). For this approach. information
communication and technology (1CT) based on remote
sensing tools o monitor the bee colony’s health and
productivity are used (Zacepins ef al,, 2015). While
precision beckeeping approach is already widely used
in Europe, the USA and other developed countries, it
is concluded that in Indonesia, automated and remote
bee colony monitoring is only on its starting point,
and temperature, weight monitoring are not widely
practiced. There are only few articles on the digital
monitoring of Apis Cerana parameters. For example,
some authors investigated the vaniances of the
temperature, relative humidity and CO2 concentration
among brood combs in the Apis cerana colony, by

DOL:10 2478 plus-2020-0017
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using the clectric digital thermometer (Guanhuang
et al, 1999). Others conducted a systematic
observation and rescarch on the overwmtering and
size dynamic characters of Apis cerana in south and
west mountainous area of Anhui Province in China in
1998-2003 (Yu & Han, 2003).

Based on temperature dynamics, different bee
colony states can be identified (like swarming. brood
rearing, broodless state). And based on bee colony
weight dynamics, food consumption and amount of
food storage can be evaluated and lack of resources
can be predicted. For example. abnormal food
consumption can indicate some unwanted behaviour
of the bee colony. High food consumption during the
passive period could indicate increased activity of the
colony, possible brood rearing. Too carly brood rearing
is not always welcomed, as to the moment when the
colony is strong, there could be insufficient foraging
resources. In addition, bee colonies tend to abscond
i Indoncsia. Biological definition of the absconding
comprises the departure of all adult bees of a colony
from their nest, leaving behind whatever brood and
stores arc in it. Absconding may be duc to shortage of
food, disturbance, or to other adverse circumstances
(Crane, 1990). Therefore, & remote monitoring system
together with data analysis solutions can alert the
beckeeper when the bees abscond.

This rescarch is done within the SAMS project
in collaboration with pnvate Indonesian beckeeper.
A combmed biological, sociological and technical
approach is made within the SAMS (Smart Apiculture
Management  Services) project. It enhances
mternational cooperation of ICT and sustainable
agriculture between EU and developing countries in
pursuit of the EU commitment to the UN Sustainable
Development Goal “End hunger, achieve food secunity
and improved nutrition and promotc sustainable
agriculture™. Main objectives of SAMS arc to
develop. refine and implement an open source remote
sensing technology for monitoring the health and

Figure 1. Modem bechive used in the experiment.

productivity of bee colonies and to foster the regional
added benefit and gender equality in employment.
The SAMS project focuses on beckeeping in Ethiopia
(Demisew, 2016; Negash & Greiling, 2017: Wakjira
& Alemaychu, 2019) and Indonesia (Gratzer ef al.,
2019) as in those countries there is a huge beckeeping
potential that is not fully discovered yet.

The aim of this study is to assess the feasibility of
using precision beckeeping for bee colony temperature
and weight monitoring of Apis Cerana in Indonesia,
as well as to demonstrate that remote and automated
monitoring of Apis Cerana is possible, and it can
provide valuable nformation for the local beckeepers.
This article presents the first results of measuring Apic
Cerana temperature and weight during summer period.

Materials and Methods
Bee colonies

Since this study focuses on the evaluation and
feasibility of the proposed monitoring system. only
two bee colonies of Apis Cerana were subjected to
expenments in the ficld. One bee colony is placed ina
modern bechive (Figure 1).

The modern hive is made of wood with the outer
size of 40cm length, 30cm width and 25¢m height
with wall thickness of 1.5cm. The second bee colony
1s placed in a frameless bechive which is also called
“Golodog™ with the same hive dimensions (Figure 2).
Golodog type of modem bechives is actually a simple
modern bechive that is used as a bee colony trap box.
Beckeepers use this box to acquire new bee colonics
and move the colony in the standard (with frames)
modern bechive once the bee colony has settled, but
sometimes they let the bee colony stay in this hive
anyway.

Bee species under monitonng s Apis Cerana
Cerana.

Location of the bee colonies

Expeniment was carried out in an open environment

at the private Madu Manbaya Apiary. This apiary

Figure 2. Frameless hive “Golodog™
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15 owned by Pak Koswara in Maribaya, West Java,
Indonesia.
Status of the colonies

Based on the visual mspection of the hives, the
beckeeper concludes that both colonies are in good
condition. This 1s evaluated by the expenience of the
beckeeper by his own evaluation procedure. Procedure
includes several basic actions: observation if the bees
are still there, if the brooed is present and the amount of
it 1s sufficient, if the queen is present, and if the colony
produce honey. In the case if all indicators are present.
a conclusion about the bees condition can be made.
SAMS bee colony monitoring device

Two (2) bee colonies were equipped with a SAMS
hive monitoring system based on the NodeMCU
clectronic platform (ESP8266 microchip) (Zacepins
et al., 2020), Figure 3.

For weight monitoring, a single-point load
cell Bosche H30A was used. For the bee colony
temperature monitonng DSI8S20 1-Wire® sensors
were used.

Architecture of the developed hardware platform
1s shown 1n Figure 4:

Temperature sensors were placed in three positions
mside the hive: in the middle frame, in the most nght

frame and in the most left frame (Figure 5). Authors
chose different sensor positions with the aim to
compare the temperature dynamics and then conclude
about the appropnate sensor position for the reliable
temperature measurements.

Environmental  conditions  (temperature  and
humidity) were monitored using a DHT22 sensor. The
NodeMCU platform were powered by a power bank.
For the rescarch purpose, data was collected each two (2)
minutes and sent to the remote SAMS data warchouse.
For mtemet connection, a mobile Huawei router was
used. which was connected to the clectnc gnd at the
beckeeper’s house. Distance from the router to the
monitoring nodes 1s around 10m. As mobile connection
at the apiary location was poor, interruption of Intemet
connection occurred and some data points were lost
dunng the monitoring period. but this docs not affect the
overall conclusion making and monitoring process itself.

The first bee colony monitoring took place on
04.07.2020 and 1s still ongoing.

The second bee colony monitoring took place on
01.08.2020 and 1s still ongoing.

SAMS data warehouse

The SAMS Data Warchouse (DW) 1s a universal

system, which can operate with different data inputs,

Figure 3. NodeMCU based hardware system.
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Figurc 4. Hardware platform architecture.

36 RURAL SUSTAINABILITY RESEARCH 2020, VOLUME 44 (339)

N°7.3. Compendium of SAMS publications and press releases

146/ 153



WP 7 Communication and Dissemination

Armands Kviesis, Aleksejs Zacepins,
Vitalijs Komasilovs, Amanda Manggiasih Paramita,
Fakhri Rido Muhammad

Four-link Spiral Model in the Concept of “Smart
Specialization ™ Innovative Industrial Development

Figure 5. Sensor placement in the modern bechive.

such as direct data transfer from bee colony monitoring
devices as well as manual data upload, which has
flexible data processing algorithms based on the
incoming data sets. SAMS DW can be connected
not only with SAMS momitonng devices, but also
with other general available bee colony monitoring
systems. The SAMS Data Warchouse 1s alrcady
developed and 1s a fully operational platform (https://
sams.science.itf llu.lv/). It can casily be accessed from
any web browser. All measured data is stored in the
SAMS DW for further analysis and report creation.
The screenshot below demonstrates how the
summary of the colony monitoning is shown to the
beckeeper in the SAMS DW in real-time (Figure 6):

Results and Discussion
Temperature monitoring

The performed monitoring results showed that
the temperature measured by the sensors which were
located at the sides of the hive changed synchronously
with the outside temperature. This means that this
location 1s not appropriate for the bee colony behaviour
and state identification. This was also obscrved
by other authors, but dunng the wintering period.
Their results showed that the center temperature of
overwintering bee flock changed synchronously with
the outside temperature (Yu & Han, 2003).

The monitoring results showed that the temperature
measured by the scnsor located in the middle of the
hive showed a stable temperature between 30°C and
35°C (Figure 7). This mecans that this location is

® 1. Pa Koswara Node MCU 1
© Mathiyye, Wt

o B daly > g
frame
Bass
0 “ Jen) ([ M amal
2
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Figure 6. Summary of the bee colony data.

appropriate for the bee colony behaviour and state
identification. Observed temperature indicates that
the bee colony is in an active state and makes brood
(this state is also confirmed by the beckeeper visually
observing the colony).

Temperature monitoring of the colony placed
in the frameless hive also showed similar dynamics
comparing to the colony placed in the modern hive
(Figure 8). It means, that the basic remote monitoring
of the bee colony is also possible for the frameless
hives.

Weight monitoring

Load cell accuracy was vernfied n the lab duning
test measurements, comparing the acquired values
with the known weight placed on the scales. It should
be mentioned that during laboratory experiments with
the developed platform, it is found that weight is
fluctuating in relation to the environment temperature.
When ambient temperature increases, weight of
the hive decrcases, and by decrcase of ambient
temperature weight increases. This can be explained
by clectronics used in the hardware platform and
authors made a conclusion that A/D converter is
affected by the temperature changes. It is concluded
that by the change of the temperature to 1°C weight is
changed up to 20g.

Figure 9 demonstrates the weight dynamics in
Apis Cerana bee colony. It can be observed that during
first days (taking into account weight comrection) there
is no increase i the colony weight. This means that
the bee colony is able to forage resources needed only
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Figure 9. Weight dynamics of the colony.
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for the colony survival. But then a slight increase in- *  Improvement of the monitoring system and

weight is observed. potential commercialisation of it;

Feedback from the beekesper *  Adding additional functionality to the monitoring

During this study authors also collected a feedback system, fior instance, a solution to detect thefis, as
from the private beckeeper sbout the developed it was mentioned by the beekeepers s important
menitoring system and collected data. Some key feature;
points addressed by the beekeeper are: * Improvements to the developed data warchouse
1. The system should be unseen from the outside and and implementation of analytics models.

hardware parts should be hidden. This is needed to
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Short Abstract:

The European Union funded project SAMS (Smart Apiculture Management Services)
enhances international cooperation of ICT (Information and Communication Technologies)
and sustainable agriculture between EU and developing countries in pursuit of the EU
commitment to the UN Sustainable Development Goal “End hunger, achieve food security and
improved nutrition and promote sustainable agriculture”. The project consortium comprises
four partners from Europe (two from Germany, Austria, and Latvia) and two partners each from
Ethiopia and Indonesia. Beekeeping with small-scale operations provides perfect innovation
labs for the demonstration and dissemination of cost-effective and easy-to-use open source
ICT applications in developing countries. Within this frame SAMS allows active monitoring and
remote sensing of bee colonies and beekeeping by developing an ICT solution supporting the
management of bee health and bee productivity as well as a role model for effective
international cooperation. By following the User Centred Design (UCD) approach SAMS
addresses requirements of end-user communities on beekeeping in developing countries. And
includes findings in its technological improvements and adaptation as well as in innovative
services and business creation based on advanced ICT and remote sensing technologies.
SAMS enhances the production of bee products, creates jobs (particularly youths/women),
triggers investments, and establishes knowledge exchange through networks and initiated
partnerships

Authors: Kristina Gratzer, Kibebew Wakjira, Sascha Fiedler, Robert Brodschneider

N°7.3. Compendium of SAMS publications and press releases 151/ 153



WP 7 Communication and Dissemination SAMS

Submitted to: Agronomy for Sustainable Development
Reason for not being published during the project duration:

we submitted the manuscript to another journal at the end of September and waited
several weeks for the editor's decision before we got rejected (topic was not suitable
enough for the journal). In the same week, we submitted the manuscript to the journal
mentioned above and ever since are waiting for the decision.

Short Abstract:

Ethiopia is one of the top ten honey and beeswax producers in the world but plays only a
minor role in international honey trade. Beekeeping could generate sustainable income for
rural poor, but the apicultural potential of the country has so far not been fully used. In this
review article, we summarize the knowledge on Ethiopian beekeeping, honey bees, honey
bee pests, marketing strategies, cultural aspects and major challenges of beekeeping.
Further, we used FAOSTAT data to calculate a pollination gap to draw attention of
stakeholders and decision makers to bees and their importance in pollination and
sustainable rural development. A total of 590 bee forage plants and their flowering times
were added as a supplement to the manuscript to provide a visibly attractive overview of
Ethiopia’s melliferous plants, which was not existing so far. This article is the first
comprehensive review of beekeeping and bee research in Ethiopia. We hope, that the
findings of this article, but also the knowledge gaps identified, help to increase the profile
of apiculture and the research in Ethiopia.
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Short Abstract:

Honey bees can provide income for people in marginalized countries. Beekeeping creates
jobs, has low starting costs, does not require own land and positively contributes to
pollination of nearby areas, including farmland. Nevertheless, honey production is
reported inefficient or below the production potential in many developing countries. The
Smart Apiculture Management Services (SAMS) project aimed to improve the bee sectors
of the target countries Ethiopia and Indonesia by creating a SAMS hive monitoring system,
providing beekeeping training, contextualizing local systems and providing business
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models. The User-Centred design approach guaranteed that the final SAMS products and
solutions addressed the needs and requirements of beekeepers in the target countries.
Within this article, three important UCD outcomes for the SAMS project are described:
User centered design in the SAMS project, creation of personas to classify beekeeper
characteristics, design and constructions of homes for bees. All (co-)created outcomes
are freely available for everyone to use.
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