o
Ao

‘rwv@@ G

it

‘rwv@@ &

it

wr%} &

it

wr%} &

it

WLD§3 &

it

WLD§3 =

it

sle]1
(e}

IO

o c}’ﬁgu@ G G

DO
V’Tg‘

o &

T
I

DO

O QSUD AU St At At o o o o aubo and
fe)

5,
5% &
3%

Qs

o
(s
TIEVO

34
(=}

&,

Ny
20

Selife?

T,
VIS

o520 qQ

20
e}

\ Q
©
TIEVO

DO
@)

30C
Cfﬁj;?‘\@ o2

J0C;
TIEVO

uje]
@)

FoC
FReo G
(e}

C,
] Cg,“\@

DO

DO
PR G
()

CVIEY

C
] té‘w@

DO

DO
PN G
()

1200 QnBeo anSBao aniieo qnSie Qa2 andZed andeo Qi
VI

J?é,‘w@ O

s)eld

%@Cé
LD@C?
(e}

S
0
ey

J?@g‘wi) ez

TOC

W20

w20 o
s o
i

cad
o G

C,

hﬁﬂ

% c;i‘@;gr

SRS
I8

C.

Y
DO
o)

S

Qj\é%f‘@
30T =
O’u‘%,‘u% ez

AGRI MAGAZINE

(International E-Magazine for Agricultural Articles)

Volume: 03, Issue: 01 (January, 2026)

Available online at http://www.agrimagazine.in
Flish with Pride. @ “Agri Magazine, ISSN: 3048-8656

Smart Dairy Livestock Monitoring Using IOT Sensors: A Review
“Dr. Tilling Tayo® and Dr. Neeta Longjam?

!Assistant Chief Technical Officer (ACTO), Animal Science Krishi Vigyan Kendra
(KVK)-Longding, ICAR, Research Complex for North Eastern Hill (NEH), Region,
Arunachal Pradesh Center, Basar-792130, India
’KVK East Siang under College of Horticulture and Forestry, Pasighat, CAU, India
“Corresponding Author’s email: tilling.tayo@gmail.com

he dairy sector is undergoing a major technological transformation driven by the need to

improve productivity, animal welfare, and sustainability. Smart dairy livestock
monitoring using Internet of Things (1oT) sensors has emerged as a promising approach to
address challenges related to herd health management, feeding efficiency, reproduction, and
disease detection. loT-based monitoring systems integrate sensors, wireless communication,
data analytics, and decision-support tools to provide real-time and continuous information on
animal behavior, physiology, and environmental conditions. This review presents a
comprehensive overview of 10T sensor technologies used in dairy livestock monitoring, their
applications, data management frameworks, benefits, limitations, and future research
directions. The article highlights how smart monitoring systems can support precision dairy
farming and contribute to more resilient and efficient dairy production systems.

Introduction

Dairy farming plays a crucial role in global food security and rural livelihoods. However,
traditional dairy management practices largely rely on manual observation and farmer
experience, which can be time-consuming, subjective, and inefficient, especially in large
herds. Increasing herd sizes, labor shortages, climate variability, and rising concerns about
animal welfare have intensified the need for advanced monitoring solutions. In this context,
loT-based smart livestock monitoring systems have
gained significant attention. The Internet of Things
refers to a network of interconnected devices
equipped with sensors, software, and communication
technologies that enable data collection and exchange
over the internet. In dairy farming, I0T sensors can
continuously monitor individual animals and their
environment, generating large volumes of data that
support informed and timely decision-making. Smart
dairy monitoring aims to shift management from % : ~
reactive to proactive and preventive approaches, improving both productivity and
sustainability.

Components of loT-Based Dairy Livestock Monitoring Systems

A typical smart dairy monitoring system consists of sensing devices, communication
infrastructure, data storage and processing units, and user interfaces. Sensors are the core
components that collect real-time data from animals and their surroundings. Communication
technologies enable data transfer from sensors to centralized platforms, while data analytics
tools transform raw data into meaningful insights. User interfaces such as mobile applications
and web dashboards allow farmers and veterinarians to visualize information and receive
alerts. Power management and system scalability are also critical components. Many sensors
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operate on batteries or energy-harvesting mechanisms, requiring low-power designs. Cloud
computing and edge computing are increasingly used to handle large datasets and ensure
system reliability in diverse farming conditions.

Types of 10T Sensors Used in Dairy Livestock Monitoring

Physiological Sensors

Physiological sensors are used to monitor vital parameters such as body temperature, heart
rate, respiration rate, and rumen activity. Body temperature sensors, often embedded in ear
tags, collars, or rumen boluses, help in early detection of fever, infections, and heat stress.
Rumen sensors provide information on rumination patterns and internal temperature, which
are closely linked to feed intake, digestive health, and metabolic disorders.

Behavioral Sensors

Behavioral monitoring is essential for understanding animal well-being and productivity.
Accelerometers and gyroscopes are widely used to track movement, posture, walking
activity, lying time, and feeding behavior. These sensors are particularly useful for detecting
estrus, lameness, and changes in activity associated with illness. Automated behavior
monitoring reduces reliance on visual observation and improves detection accuracy.

Location and Identification Sensors

Radio Frequency ldentification (RFID) and Global Positioning System (GPS) sensors are
used for animal identification and location tracking. RFID tags enable individual animal
identification and are commonly integrated with milking systems and feeding stations. GPS
sensors are more relevant in grazing-based systems, where they help monitor animal
movement, grazing patterns, and pasture utilization.

Environmental Sensors

Environmental conditions significantly influence animal health and milk production. Sensors
measuring temperature, humidity, air quality, light intensity, and ammonia concentration are
used to assess housing conditions. These data support the management of ventilation, cooling
systems, and housing design to reduce heat stress and improve animal comfort.

Applications of Smart Dairy Livestock Monitoring

Health Monitoring and Disease Detection

One of the most important applications of 10T sensors in dairy farming is continuous health
monitoring. Deviations in physiological or behavioral patterns can indicate the early onset of
diseases such as mastitis, lameness, or metabolic disorders. Early detection enables timely
intervention, reduces treatment costs, and minimizes production losses. Sensor-based alerts
also support precision veterinary care and reduce unnecessary use of medications.
Reproductive Management

Accurate detection of estrus is critical for improving reproductive efficiency in dairy herds.
Activity and behavior sensors can identify subtle changes associated with heat, improving the
timing of artificial insemination. Automated estrus detection systems have been shown to
increase conception rates and reduce calving intervals, contributing to higher lifetime
productivity of dairy animals.

Feeding and Nutrition Management

loT-based monitoring of feeding behavior and rumination provides valuable insights into
feed intake and digestion. These data help optimize ration formulation, identify feeding-
related problems, and improve feed efficiency. Smart feeding systems integrated with sensors
can support individualized nutrition, which is particularly important for high-yielding dairy
COWS.

Milk Production and Quality Monitoring

Smart dairy systems can be integrated with automated milking systems to monitor milk yield,
milking frequency, and milk quality parameters. Changes in milk yield or conductivity can
serve as early indicators of health problems. Real-time monitoring supports better milk
quality control and traceability.
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Data Management and Analytics
loT-based dairy monitoring systems generate large volumes of heterogeneous data that &
require effective management and analysis. Cloud-based platforms are commonly used for 2
data storage and processing, offering scalability and remote access. Machine learning and Ogégﬁ
artificial intelligence techniques are increasingly applied to identify patterns, predict health
events, and support decision-making. Data integration from multiple sensors and farm
management systems remains a key challenge. Interoperability and data standardization are
essential for maximizing the value of smart dairy technologies. Data security and privacy are
also important considerations, particularly as farms become more digitally connected.

Benefits of loT-Based Smart Dairy Monitoring

Smart dairy livestock monitoring offers several advantages, including improved animal
health and welfare, increased productivity, reduced labor requirements, and enhanced
decision-making. Continuous monitoring enables early problem detection and supports
precision management at the individual animal level. From an economic perspective,
improved efficiency and reduced losses can enhance farm profitability. Environmentally,
optimized resource use contributes to more sustainable dairy production.

&
Q

()

Challenges and Limitations

oo andls
L ) =
%

Despite its potential, the adoption of loT-based dairy monitoring systems faces several &
challenges. High initial investment costs, limited technical expertise, and concerns about &%afg
system reliability can hinder adoption, especially among small and medium-scale farmers. 7%
Sensor accuracy, data quality, and maintenance requirements are also critical issues. In @%ﬁ
addition, connectivity limitations in rural areas can affect real-time data transmission and &
system performance. X
&ng’@
Future Prospects and Research Directions o
Future developments in smart dairy monitoring are expected to focus on improved sensor @2;@
accuracy, reduced costs, and greater system integration. Advances in artificial intelligence, @S
edge computing, and digital twins have the potential to further enhance predictive capabilities 052580
and decision support. Research is also needed to develop farmer-friendly interfaces and to 3%
assess the socio-economic impacts of smart dairy technologies. Policy support and capacity- @%i@
building initiatives will play an important role in promoting widespread adoption. 5%
Qo0
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Conclusion

Smart dairy livestock monitoring using 10T sensors represents a significant advancement in
precision dairy farming. By enabling continuous, real-time monitoring of animal health,
behavior, and environmental conditions, these systems support proactive management and
improved decision-making. Although challenges related to cost, infrastructure, and data
management remain, ongoing technological advancements and increasing awareness are
likely to drive broader adoption. loT-based smart monitoring systems have the potential to
transform the dairy sector by enhancing productivity, animal welfare, and sustainability.
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