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Abstract: As the world population is at the edge of passing 8 billion, more dependency on food, water,
agriculture, and allied sector products. While providing good livestock products, animal welfare, sus-
tainable environment, public health, and many other issues must be closely monitored. The purpose of
this paper is 10T based solution for Indian farmers with some uplifting in existing infrastructure and the
use of technology like Blockchain. Biosensors help farmers to receive real-time data from animal health,
behavior, food intake, cattle shed or grass yard atmospheric values, etc. Bio-sensor will give a set of
values, which is processed and integrated using a big data analytics system. It helps to sort extensive,
complex data and generate patterns that ease farmers' decision-making. The sensor-enabled system using
Blockchain technology helps to monitor livestock health, track the distribution of agriculture and allied
products from farmer to end consumer, monitor and control the supply chain of milk, fruits, vegetables,
meat, etc., and prevents economic losses. Using precise livestock farming technologies and management
will improve the various sectors in Indian farming like workforce, the production cost of agriculture and
livestock products, the welfare of animals, and a sustainable environment. Data security, privacy, and
integration were considered before implementing multiple farm-based precise livestock management for
Indian farmers.
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Introduction

As per the World Food and Agriculture Statistical Yearbook 2021: Food and Agriculture
Organization of the United Nations, Rome, 2021, the share of global agriculture GDP was 4%
from 2000 to 2019. It has been stable in the last few years. Agriculture employed 874 million
people in 2020, or 27% of the global workforce, compared with about 1 050 million (or 40%)
in 2000. Three hundred thirty-seven million tons of meat were produced in 2019, 44% more
than in 2000, with chicken meat representing more than half the increase. World milk produc-
tion rose by 52 percent to 883 million tons in 2019, an increase of 304 million tons compared
with 2000[1]. As shown in figure 1 and 2, World milk production and producer countries per-
formance varies in last twenty years.
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Table 1 shows the major growth of Asia in milk production, while African milk production
remains constant. In contrast, over the past twenty years, another part of the world has reduced
milk. Calculating milk production includes milking animals like buffalos, camels, cows, goats,
and sheep. Livestock production in developing countries like India provides more job oppor-
tunities in agriculture and allied sector product processing, packaging, and shipping, giving
more jobs with sustainable growth. In India, agriculture has a major role in the National GDP,
approximately 19% of the overall GDP. On the other hand, with a huge population for milk
and other livestock products, consumers are more concerned about animal welfare, farming
impacts on the environment like emission of greenhouse and farm gate gasses, and public
health [2]. In the journey of reaching consumers' needs, water and land will be valuable re-
sources to maximize production [3]. Research scholars, investors, and farmers depend on pre-
cise livestock management to meet the rising demand for livestock products and concerns
about environmental sustainability, public health, and animal welfare.

Table 1: Percentage of World Milk Population on Regional Basis

The region Year: 2000 Year: 2019
Asia 29% 42%
Europe 37% 26%
Americas 25% 23%
Africa 5% 5%
Oceania 4% 3%

Million tonnes

2000 2005 2010 2015 2019

= Asia Europe ®m Americas ®Africa w Oceania

Figure 1: World Production of Milk [1]



Other
3%

United States of America
11%

France

Brazil
3%  Russian Federation  Germany 2%
4% 4%

Figure 2: Milk Producer Countries in 2019[1]

1.1 Current State of Livestock Farming:

In the last few years, robotic usage is helping farmers in feeding livestock, biosensors help
to detect diseases in their early stages, monitor feed intake, reproduction cycles, and milking
cows, camels, buffalos, etc. Even though such successive jumps have been made over the
traditional approach of milking animals, monitoring health symptoms, etc., there are many
areas where farmers face issues in managing livestock in India. It is difficult for farmers with
livestock to closely monitor animal health and welfare [4].The climate of India is not uniform
for North, East, South, West, and seasonal climate change makes more atmospheric changes
in all four areas due to seasonal activities like snow, rainwater, thunderstorms, humid, and
sometimes more dry due to drought, etc. Climate change invites diseases in livestock, and
issues like heat stress seem large in animals [5].

Further, farmers must stay alert, prevent a major outbreak and disease spread in livestock,
and make preventive majors avoid economic losses [6, 7].10T and other recent technology to
improve overall farming infrastructure into digitized livestock agriculture technologies like
big data analytics will be helpful, leading to precise livestock farming [8].Precise livestock
farming technologies use principles that automate the livestock agriculture sector; it helps to
monitor large populations of animals' health and welfare and detects health issues on time
using previous data using symptom records even before disease occurs [9].Using precise live-
stock farming technology, animal health welfare, and a sustainable environment can be
achieved by reducing food safety issues and utilizing resources utmost [10].



1.2. Challenges to Traditional Business Model:

A major reason for challenges to cost, validity, and timing of insights, as traditional meth-
ods require more human resources and time taking processes, which leads to more economic
losses [11]. The traditional approach cannot closely monitor livestock nutritional feed intake
and health symptoms of individual animals. If livestock is in large numbers, then more inten-
sive labor is required for milking and cleaning cattle, buffalo, camels, sheep, etc. Running
vaccination drives for livestock as per age to each individual at a certain interval is essential.
As per the traditional approach in India, it is difficult to maintain a log of vaccination in the
case of large animals on the farm. Milking animals such as buffalo, camels, cattle, and sheep
need more attention during milking time. Reproduction rate and milking phase vary as per
overall physical health, heat stress factors, etc.

Using bio-sensors helps monitor various parameters regarding animal health, feed intake,
shed atmosphere, reproduction rate, etc. In India, livestock product end users or customers
have become more concerned about the sustainability and welfare of animal products, expect-
ing transparency from livestock farmers (Figure 3). Blockchain technology will assure end
users about livestock products traveling without taking farmers'

Time. So, time for animal monitoring, health, environment friendly, and sustainable activity

[9].
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Figure 3:(a) Intelligent solution for Indian farmers for livestock management covers all do-
mains with transparency using recent technologies (b)reducing risk factors and improving
animal welfare and looking out for a predictive or prognostic approach to better function of
infrastructure (c) bridging solutions with maintaining logs of activity for different activities
using Blockchain technologies.

Biometric Sensing:

The livestock farmers use sensors for monitoring animals which is helpful to reduce time in
physical visits or contact hours. It helps in cost cutting in the financial budget as it reduces
human resources in monitoring. Sensing animals using devices like a camera, pedometer,
microphone, and GPS, a single employee can precisely monitor a large group of animals. It is



a reliable method and maintains animals' welfare [4, 7]. Sensors can check the animal's behav-
ior and, if found abnormal, inform farmers, allowing them to examine and make decisions
appropriately, which improves animal welfare [7]. Using biometric tools and some technolo-
gies like artificial intelligence, big data analytics, and providing such details for genomics
helps to identify animals' welfare qualities and choose them for the breeding program [12].
Thermal sensors help measure body temperature remotely, and a sensor is not in direct physi-
cal contact. A skin temperature and TIR (i.e. Total Internal Reflection of optics) of the eye
helps to detect animal illness or disease 5-6 days earlier than traditional methods [13]. It fur-
ther helps to keep the condition in control and stop it from spreading to other animals [14].
Face detection methodology using machine learning algorithms is an exciting field for many
researchers; it detects the face features of animals and computes them with patterns to recog-
nize issues related with animal welfare [15]. Grimace scale is also a domain of interest for
livestock and farmer welfare communities as it helps to identify animal affective state or pain
[16]. Castration, dehorning, and tail docking are standard painful procedures through which
animal livestock frequently passes [17].

2.1 Sensors for Animal Farm and Milking Animals:

In this, we will consider milking animals like buffalo, camels, cattle, sheep, etc. Various
sensors are available from invasive and non-invasive categories for buffalo, camels, cattle,
sheep, etc. Body temperature can be measured with the help of an invasive sensor or non-
invasive Thermal Sensor. Animal stress is usually measured by body temperature; in the case
of cattle, the temperature can be measured at different body parts like the vagina, udder, ear,
reticulum rectum, etc. normal range of body temperature is 37.80C-400C [18]. The pathogen
in the soil leads to Footrot in animals from muddy and wet soil [19]. Soil moisture sensor
helps to maintain soil's dryness to prevent footrot infection. Johne's disease which includes
signs of diarrhea, weight loss and disease like tuberculosis happens due to bacteria of the same
species [20]. It affects the lungs. It’s curable and preventable. Need to monitor animals' health
closely, especially feed intake, weight, waste droppings, etc. There are many diseases like
mastitis, lameness, milk fever, diarrhea, pneumonia, etc., that can be monitored and prevented
by close look up on symptoms shown by animals in regards to the above diseases. Dairy cattle
can be continuously monitored with sensors, ZigBee, Arduino, microcontroller devices, etc.,
for heart rate, temperature, breath ketones, grazing rumination, mooing cough, respiratory
rate, mastitis, milk quality, motion activities like standing, lying, etc. can be monitored with
the help sensors [21,22]. A study by Williams et al. (2020), technology using RFID tags and
accelerometer 95% accuracy is measured for correct classification of behaviors of animals
[23].

3. Big Data Analytics and 10T role in Indian Livestock Farming:

In India, two organizations have noticeable work in livestock farming using Big Data and
Machine learning, 10T, and recent technologies. Table 2 shows the details of companies using
Big Data technology for livestock farming in India. The welfare of livestock is the main prior-
ity for all livestock consumers. Chitale dairy launched a program called ‘cows to the cloud’
where they started RFID tags on cows' collars and collected vital data about 50,000 cows that
more than 10,000 dairy farmers owned. By monitoring the cows’ health and participating in



genetic profiling, farmers can optimize nutrition, prevent diseases, and select the best cows for
breeding. The farmers can also save time, which they use to invest their earnings into growing
cash crops to supplement their dairy income [24]. VMware supports all digital transactions
related to the ‘cows to cloud’ program of Chitale dairy.

PoultryMon is a hatchery/Farm, cold room, layer/brooder or broiler, flock management,
feed plant, precise livestock farming, breeder farm, processing unit, etc. Smart poultry farm
monitoring system created to deliver real-time poultry monitoring and consistent process mon-
itoring through every level of operations. Smart poultry using 10T approach to deliver detailed
hatchery monitoring, management, analysis & reporting on mobile.

PoultryMon provides continuously monitored incubators and hatchery automation, and
climate control systems. It has features like real-time temperature, humidity, fan on/off opera-
tion, door and rack condition monitoring, etc., with remote monitoring. Data is recorded at
some intervals automatically notifications were given to concerned stakeholders on certain
values threshold level breaches. Real-time and historical data reports are available.

Table 2: Companies using Big Data technology for Livestock Farming in India

Company | Big Data | Website Location
Name Technology

Chitale RFID tags on | https://chitalegroup.ruha.co.in/ | Palus,
Dairy cows collar Maharashtra,
and loT sen- India.
sors to collect
data on cattle
diet and
health

Poultry- Big data from | http://www.poultrymon.com/ Gachibowli,
Mon sensors  for Hyderabad,
poultry hatch- India

ery operations
in a remote
way

Based on sensors' data and big data analytics, a prediction model can design a precise live-
stock farming system to enhance animal product capacity, productivity, overall welfare,
etc.MooCare's predictive model helps dairy farming predict milk production [25].

. Blockchain

Blockchain is the solution in distributed storage for various security and performance issues
[26]. In a case study proposed by Daniel Soesanto et al. [27] in Indonesia, Livestock-related
issues with data integrity, cost, type, size, and trust for consumer ingredients values and detec-
tion of food fraud can be achieved using Blockchain. Blockchain technology could provide a
platform for detecting harmful packets back to sources; it improves traceability and accounta-
bility for wrong practices [28]. Figure 4 shows a major advantage of Blockchain is infor-
mation shared across a peer nodes of network than under influence of any single entity or
person or stakeholder.



5. Future Trends and Gap to be Filled Out:

A livestock agriculture is one of the less digitalized domain in 21% century and it has large
potential to grow with digitalization [30]. Precise livestock farming using recent technologies
like big data analytics, machine learning, Internet of Things (loT), sensors, etc. can lead sus-
tainable development in livestock farming while improving animal welfare. It is need of an
hour to train new workforce with better operability for precise livestock farming, hand on
techniques like quality control mechanism, database system, data models, etc [31].
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Figure 4: A Blockchain technology sharing information across all network nodes [29]

The main disturbance of digitalization of livestock in the India is lack of infrastructure, re-
mote areas of North-East region and islands like Lakshadweep, Andaman and Nicobar are
facing issues of digital communication and infrastructure for digitalization for example a sen-
sor needs a wireless sensor network to establish communication between animal and server. In



real life farm, while using sensor various issues may arise which weren’t in testing lab. Ad-
verse climate changes like heavy rainfall, humidity, sharp rise or drop in temperature, etc. may
not be observed for sensor while testing at lab. Farmers in rural area may have disadvantage of
insufficient broadband access [31].

Information, Communication and Telecommunication (ICT) infrastructure should be wide
spread. Technologies like 4G, 5G should be reached to all. Hands-on skill improvement for
digitalized livestock farming management. Farmers should have accessibility to software tools
along with cloud based applications, awareness about technologies like Big Data, 10T, Block-
chain, data models etc. Such factors needed to lighten up to reduce the gap between traditional
livestock farmers to digitalized and precise livestock farmers.

As Asian countries are far ahead than others in milk production since 2000 [1], India will
be leading country to provide livestock products to the world’s rising population demands in
near future. Many companies in different countries AgriDigital (Australia), AgriLedge (Aus-
tralia), Agrichain (United Kingdom), Batch block (United
Kingdom), Origin Trail (Hong Kong), Hunimal Blockchain Limited (Hong Kong) working for
livestock products, food traceability, digital record keeping, animal welfare etc. Such compa-
nies uses Blockchain technologies like distributed ledger system, cloud based management
platform, Ethereum Mainnet, etc.

6. Conclusion:

This paper focused on precise livestock farming using Sensors, 10T, Blockchain technology
which discussed livestock products like milking, animal welfare. Use of invasive and non-
invasive, biometric and biological sensor for dairy animals like buffalo, camels, cattle, sheep,
etc. has a major role in providing real time data to livestock farming system. 10T is useful for
communication between animals and livestock farming system to make decision on various
scenarios of temperature, humidity, moisture, gasses etc. Blockchain assure about traceability
of product and maintaining ledger helps to track back if in case any food is not acceptable at
consumer due to any reason.

These technologies are under development stage in India except ‘cow to cloud’ program of
Chitale Dairy in support of Vmware another organization is PolutryMon which uses sensors,
10T, Blockchain, cloud based applications, very few dairies in India are fully digitalized in
livestock products. This paper will guide for new age farmers in India and investor looking for
agriculture and allied sector specially livestock management along with digitalization with
sustainable animal welfare.
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