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We have initiated research with the aim of enhancing the quality of dairy products and
strengthening the competitiveness of the dairy industry by leveraging ICT and Al. In particular,
our focus is on improving the quality of dairy products through the use of grazing.

Previous studies have shown that grazing increases the levels of vitamins such as (3-carotene and
vitamin E contained in pasture. These vitamins not only enhance the flavor of dairy products but
also offer health benefits.

Furthermore, there is growing global emphasis on animal welfare, a concept aimed at improving
the physical and psychological well-being of animals to ensure they live comfortably. In the field
of livestock farming, the World Organisation for Animal Health (WOAH) defines animal welfare
as "the physical and mental state of an animal in relation to the conditions in which it lives and
dies." By raising livestock in comfortable environments, it is possible to reduce stress and disease
in animals, thereby improving productivity and enabling the production of safe livestock products.

Another important concept in the livestock industry is GAP (Good Agricultural
Practice) certification. GAP in livestock farming refers to initiatives that ensure sustainable
agricultural practices through compliance with legal standards relating to food safety, animal
health, environmental conservation, labor safety, and animal welfare. This involves setting
inspection items, as well as implementing, recording, inspecting, and evaluating them repeatedly
to manage and improve the production process. However, there remains a significant gap between
these standards and the current state of Japanese livestock farming. Ensuring compliance with

GAP is a major challenge for expanding the export of Japan’s livestock products.

One important aspect of improving dairy product quality and strengthening the competitiveness
of the dairy industry is the realization of animal welfare.




The basic principles of animal welfare are known as the "Five Freedoms™:

Freedom from hunger, thirst, and malnutrition
Freedom from fear and distress

Freedom from physical and thermal discomfort
Freedom from pain, injury, and disease
Freedom to express normal behavior
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To implement these principles, the following five key practices are emphasized:

Providing appropriate food and water to maintain health
Protecting animals from injuries and illnesses, and providing sufficient veterinary care
when needed
3. Preventing excessive stress caused by fear or suppression
Minimizing not only physical but also mental burden
5. Offering opportunities for animals to express natural behaviors

Among these, the fifth principle—allowing animals to express natural behaviors—is particularly
challenging in Japan, where many livestock are kept in confined barns. Grazing is attracting
attention as a potential solution to this issue.

However, there are several challenges associated with grazing. In Japan’s climate, pasture growth
is limited, making it difficult to secure sufficient forage. Additionally, in recent years, extreme
summer heat has reduced the appetite of cows during grazing hours. Although grazing areas are
cooler than barns, cows often fail to consume the necessary amount of feed to produce the target
amount of milk.

To address this issue, it is necessary to estimate how much forage the cows have consumed while
grazing. Therefore, we have worked on developing IoT and Al technologies that can support such
estimations.

In addition, maintaining animal health—corresponding to the first principle of animal welfare—
requires daily recordkeeping. To facilitate this, we have developed a prototype smartphone
application with a user-friendly interface that allows for simple data input.

We have also conducted field surveys on the actual state of dairy farming in Mongolia, where
grazing is widely practiced, and have engaged in collaborative research with the Mongolian
University of Life Sciences.

Details of these initiatives are presented below.




(1) Development of Cow’s Behavior Monitoring Technology

We developed a behavior monitoring system that combines IoT and Al technologies to estimate
the forage intake of grazing cows. Behavioral observations were conducted on cow at the
Utsunomiya University-affiliated farm, where six-axis accelerometer sensors were attached to

the cows’ backs, necks, and legs to classify feeding behaviors.

Two key findings emerged from this study. First, we compared the accuracy of behavior
classification using Al models—specifically, CNNs (commonly used for image classification)
and Transformers (used in generative Al models like ChatGPT). The results showed that
Transformers significantly outperformed CNNs, achieving over 80% accuracy even for
behaviors that CNNs could only classify with approximately 60% accuracy.

Second, regarding sensor placement, the leg-mounted sensors provided the highest classification
accuracy, followed by those on the neck. Both locations achieved accuracies exceeding 80%,
indicating practical applicability for real-world use.

This research led to three academic presentations [1,2,3], one of which resulted in a student
researcher receiving the Young Researcher Encouragement Award at the IEICE (Institute of
Electronics, Information and Communication Engineers) Technical Committee on Network
Software [3].

(2) Study on Mongolian Grasslands

Mongolia practices grazing-based dairy farming, primarily by nomadic herders, offering
numerous insights relevant to our research. To better understand the actual conditions, strengths,
and challenges of grazing in Mongolia, we conducted the following studies.

First, we investigated the effects of precipitation and vegetation on the movement of large wild
animals across the Mongolian plateau. Since grazing livestock are believed to influence
grassland ecosystems through foraging and the addition of manure and urine, we conducted a
study in the semi-arid grasslands of Mongolia by installing livestock exclusion fences. We then
compared vegetation and soil parameters inside and outside the fences to assess the ecological
impact of nomadic livestock.

Our findings revealed that livestock density affected aboveground plant biomass and soil
nitrogen and carbon content, which in turn influenced vegetation dynamics.

This study was also presented at an academic conference [4].




(3) Research Collaboration with Mongolian University of Life Sciences
(3-1) Field Study on the Current State of Pasture-Based Dairy Farming in Mongolia

In November, we visited Mongolia to conduct field research and strengthen academic
collaboration. During our stay, we visited two dairy farms, conducted a survey on the impact of
voles—whose growing populations are adversely affecting pasture quality—and held meetings
with faculty members of the Mongolian University of Life Sciences (MULS).

As Mongolia’s economy has developed, rapid urbanization, particularly in Ulaanbaatar, has led
to a shortage of safe and secure food supplies such as dairy and meat. In response, more farmers
have begun combining settled lifestyles with grazing in peri-urban areas. To better understand
this shift, we visited two farms located near Ulaanbaatar. One of them was a new facility
operated by the former sumo grand champion Harumafuji, equipped with the latest milking
machinery. Both farms practiced a mixed approach: free grazing in summer and feeding self-
produced forage in winter.

Additionally, as part of a previously conducted joint research project involving drone-based
detection of vole burrows in Mongolian grasslands (interrupted due to the COVID-19

pandemic), we conducted a drone survey on grasslands near Harumafuji’s farm.

Following the field visits, we held discussions with MULS Vice President Dr. Tumurtogtokh,
Dean of the School of Animal Science Dr. Gurbazar, and Professor Ariunbold of the
Department of Animal Science. MULS, established in 1942, currently operates five faculties:
Veterinary Medicine, Animal Science and Biotechnology, Agroecology, Agricultural
Engineering, and Agricultural Economics. It has approximately 7,000 students and 1,500 faculty
and staff members. Within the School of Animal Science and Biotechnology, departments
include Animal Science, Food Science, Grassland and Forage Science, and Breeding Science.
After receiving an overview of each department, we toured their respective research laboratories
and agreed to explore possibilities for future joint research initiatives.

Subsequently, through Professor Ariunbold’s introduction, we visited the JICA Mongolia Office
and the Ministry of Food, Agriculture and Light Industry of Mongolia. At JICA, we received a
briefing on the current challenges facing Mongolia’s dairy industry. JICA expressed an interest
in supporting nomadic herders—who depend entirely on pasture-based livestock farming—
through ICT solutions, and we will consider potential collaborations in this area.

At the Ministry, officials in charge of livestock breeding and improvement shared updates on
policies and national strategies. They emphasized the need for ICT-based education and
information dissemination to address the challenges of covering Mongolia’s vast territory.




As a potential outcome of this collaborative research project, we are currently considering
applying for a JICA-funded international cooperation project.

(3-2) Exchange of Perspectives on the Comparison Between Japanese and Mongolian Dairy
Farming

Following our visit to Mongolia in November, we invited three professors from the Mongolian
University of Life Sciences—Dr. Ariunbold Turtogtokh, Dr. Munkhtuya Dooliokhu, and Dr.
Ganbaatar Onontuul—to Japan in January. During their visit, we organized site tours of the
Utsunomiya University Experimental Farm and several local dairy farms in Nikko City. A
public research symposium was held to facilitate an exchange of perspectives on the differences
between Japanese and Mongolian dairy farming systems.

The symposium featured presentations and discussions on the following topics:

1. Use of ICT in Dairy Farming: Dr. Nagao, Director of the Utsunomiya University
Experimental Farm, presented on the farm’s initiatives in implementing ICT
technologies and its role as a shared educational and research facility. [5,6]

2. Trends in Mongolian Dairy Farming: Dr. Nagao also reported on the findings from the
field research conducted in Mongolia from November 2 to 5, 2024, providing insights
into the current state and challenges of the industry.

3. Al-Based Behavioral Analysis of Grazing Cow: Dr. Atsushi Ito from Chuo University
introduced his research on cow behavior analysis using Al. He demonstrated that Vision
Transformer models are capable of detecting subtle differences in cow behavior with
high accuracy. [7]

4. The Role and Importance of Dairy Farming in Mongolia: Dr. Ariunbold Turtogtokh
explained the central role of dairy farming in Mongolia and the contributions of the
Mongolian University of Life Sciences in supporting the sector through education and
research.

5. Development of Dairy Farming Support Systems: Dr. Munkhtuya Dooliokhu presented
an overview of a dairy farming support system currently being developed at MULS and
proposed future collaborative research based on this system.

6. Horse Grazing, Use of Mare's Milk, and Mongolian Food Culture: Dr. Ganbaatar
Onontuul gave a presentation on traditional Mongolian practices such as horse grazing,
the consumption and processing of mare’s milk, and unique aspects of Mongolian food
culture.




(4) Research on Animal Welfare

Under the proposal of Dr. Fukumori from Rakuno Gakuen University, we developed a digital
application aimed at streamlining the currently manual process of recording dairy cow health
assessments. Traditionally, such evaluations—covering parameters such as Body Condition
Score (BCS), rumen fill, and body cleanliness—are conducted through visual observation and
recorded on paper forms. To digitize this workflow, we designed a data input application that
allows users to submit information via smartphone or tablet to an experimental server, while
also enabling graphical visualization of accumulated data. The current development focused
primarily on designing the user interface. Moving forward, we plan to conduct field trials and
expand the system to integrate with existing herd management applications.

(5) Research on Technologies Supporting Business Development of Dairy Products

Recognizing that the production of high-quality dairy products must be complemented by
effective promotion and utilization—particularly in tourism and regional branding—we
developed support technologies to aid producers in publicizing their products. Our approach
centered on enabling producers to independently create appealing web pages. To this end, we
used generative Al to transform audio recordings into publicly shareable written content,
significantly reducing the time and effort involved in content creation. The results showed that
the time required to produce a 2,000—3,000-character draft was reduced by approximately 90%,
and about half of the output could be used with little or no revision. Going forward, we aim to
develop an integrated environment that bundles these toolchains for practical use by producers.
Three conference presentations have been made on this topic. [8,9,10]
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