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ABSTRACT 

The aim of this study is to present up-to-date information on the precision monitoring systems used in 

modern dairy cattle breeding, related to some productive and technological indicators. Nowadays, more 

and more data are being collected in practice through various technologically innovative systems. Some 

of the important benefits of precise monitoring systems include increased efficiency, reduced costs, 

improved product quality, minimized adverse environmental impacts, improved animal health and 

welfare. The use of precise technology to record productive, reproductive and health indicators 

increasingly provides farmers with reliable information. When this information is properly used in the 

production process, it reduces financial costs and improves the management of large herds. The use of 

innovative monitoring systems for precision dairy cattle breeding also has its drawbacks and limitations. 

The state of precision dairy farming in our country is still in its infancy, as there are a large number of 

dairy cows that are scattered over a wide range of geographical areas. The majority of these dairy animals 

belong to smaller farms or herds. Some farmers cannot afford such expensive technologies. In addition, 

most of the herds are composed of different breeds with different production parameters. This creates 

difficulties in the adoption and introduction of precision dairy farming technology outside the large farms. 
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INTRODUCTION 

Precision dairy monitoring systems are defined 

as systems that help track the physiological, 

behavioral, and production performance of 

individual animals to increase farm efficiency. 

The focus is not only on the entire herd, but also 

on each individual animal to develop its 

maximum potential. Precision dairy farming is 

considered to be the implementation of 

technologies to track physiological, 

behavioural, and production indicators of 

individual animals with the aim of improving 

farm management strategies (1). Other authors 

define precision dairy farming monitoring 

systems as the application of information 

technologies to assess the condition of animals 

and their physiological needs, aimed at 

improving farm management strategies as well 

as optimizing its economic, social, and 

environmental efficiency (2). 
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Precision farming involves the use of digital 

technologies and aims to improve production 

and reproduction, animal welfare, and facilitate 

targeted resource use to reduce environmental 

and human health impacts through precise 

process control (3). According to the authors, 

the implementation of precision dairy farming 

depends on many factors - socio-demographics, 

farm size, production system, type of animals 

raised, farming technology, farmer age, country 

and region, etc. 
 

A number of researchers have defined precision 

livestock management as the potential use of 

technology to optimize the individual 

contribution of animals on a dairy farm. 

Through an “information for every animal” 

approach, the farmer can achieve better results 

in terms of quantity and quality of milk 

produced for more sustainable dairy farming. 

According to some, it is the use of technology 

to measure physiological, behavioural, and 

production indicators of individual animals to 

https://trakia-uni.bg/
mailto:emillmitev@gmail.com


 
MITEV E., et al. 

Trakia Journal of Sciences, Vol. 23, № 3, 2025                                                    273 

 

improve management strategies and farm 

efficiency (4). 
 

Precision dairy farming, with a special 

emphasis on technologies for individual animal 

monitoring, aims at environmentally and 

economically sustainable milk production with 

guaranteed quality, as well as a high level of 

consumer and animal protection (5). Precision 

agriculture is based on information technologies 

that allow the producer to collect information 

and data for better decision-making. An 

important aspect of PMR technologies is the 

monitoring of health and production and the 

conversion of monitoring results into useful 

information for the farmer and the actions to be 

taken (6). 
 

According to other authors, the concept of 

precision dairy farming can also be called 

spatial, computer-assisted animal husbandry; 

satellite farming; high-tech sustainable 

agriculture, soil-specific crop management, 

site-specific agriculture, and precision 

agriculture (7, 8). Schulze defines the main 

goals of precision dairy farming as increasing 

animal productivity, detecting early diseases in 

individual cows, detecting early health and 

production problems at the herd level, and 

minimizing the use of drugs through preventive 

health measures (9). 
 

The development of science and technology 

offers opportunities for further innovation in 

milk production. The main drivers are genetics 

and breeding, microchips and nanotechnology, 

information and communication technologies, 

etc. Some of the tools for precision dairy cattle 

breeding can be of importance in dairy farms 

and in terms of animal welfare. 
 

The aim of this study is to present up-to-date 

information on the precision monitoring 

systems used in modern dairy cattle breeding, 

related to some productive and technological 

indicators. 
 

Precise monitoring systems related to milking, 

milk composition and quality 

Milking systems that provide data on milk 

production and quality provide in-depth 

information both for each cow and for all 

lactating animals in the herd. Lukas et al. 

investigated systems that, in addition to milk 

quantity, also measured milk conductivity (10). 

Ten days before the diagnosis of an adverse 

health event, they observed significant changes 

in milk yield and milk conductivity. It has been 

shown that the effects of animal diseases on 

milk production begin 5 days before the 

diagnosis of these diseases and can last for more 

than several months after diagnosis (11). 
 

A group of authors found that developing a 

monitoring system that is able to observe and 

identify small changes would be very useful in 

subclinical phases of health problems (12). 

They believe that the electrical conductivity of 

milk together with information on milk quantity 

and flow, number of incomplete milkings, etc. 

leads to increased detection accuracy and the 

ability to determine early signs of mastitis. 
 

It has long been known that milk composition, 

particularly the fat/protein ratio, can be used to 

determine energy status (13). The milk 

fat/protein ratio is used as an indicator of 

negative energy balance (14). The development 

and use of an automated milk monitoring 

system has led to a much higher accuracy in 

measuring and determining energy status 

compared to the previously used system of 

collecting samples during monthly milk control 

(15). 
 

Early detection of mastitis improves treatment 

efficiency and reduces economic losses in dairy 

cattle farms. To improve the speed of mastitis 

detection, a monitoring system called 

EFMYOLOv3 (Enhanced Fusion MobileNetV3 

You Look Only Once v3) based on two-way 

filtering and enhancement of thermal infrared 

images (16) was developed. The test results of 

the system showed an average frame rate of 99 

frames per second and an average accuracy of 

96.8%, which means that it works with 

sufficient speed and accuracy. 
 

Precise monitoring systems related to animal 

body condition 

Daily body weight measurements, which are 

incorporated into modern milking systems or 

automatic feeders, are used as an indicator for 

monitoring body condition and energy balance 

(17). Ultrasound measurement of the thickness 

of subcutaneous fat in the rear part of the body 

and around the base of the tail provides 

additional information compared to some other 

body condition scoring (BCS) systems (18). 

Body condition scoring systems are useful as a 

means of long-term monitoring of energy 

balance in dairy cows, since the amount of body 

fat changes slowly relative to the accuracy of 

the available measurement scale. The authors 

recommend that body condition score at calving 
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has to be in the range of 3.5 to 4.0, in early 

lactation from 2.0 to 2.5, and in the dry period – 

from 3.5 to 4.0. 
 

The traditional body condition scoring method 

uses visual and palpation techniques, making it 

relatively subjective, time-consuming, and 

stressful for the animals in the herd (19). 

Recently, body condition scoring models based 

on image analysis and machine learning 

techniques have been developed and used to 

assess the body condition of dairy cows (20). 

Studies have been conducted in which they 

captured images of cows from behind using 

network cameras, manually marked key body 

parts (such as the tail, hooks and pins, and 

rump), and then determined the amount of fat 

deposited around the tail using a single-shot 

multibox detector (21). With this metric, they 

determined the body condition score of the 

animal and achieved an accuracy of 98.46%. 
 

Rodrigues-Alvarez et al. propose the use of an 

automated BCS system using data transfer, 

achieving accuracy of 82% at a step of 0.25 

points and 97% at a step of 0.50 points (22). 

Other authors have compared the results of the 

implementation of an automated BCS system 

and a traditional BCS system and found 

approximately equal efficiency for both 

systems, which they believe may discourage 

farmers from implementing automated BCS 

systems (23). Studies have been conducted to 

determine the body condition of Holstein 

heifers and lactating cows using 3D cameras 

(24). The results obtained from them indicate 

that 3D cameras have a good future for 

commercial use, although the model still 

requires improvements in lateral and dorsal 

images. The accuracy of automated BCS 

determination is improving with the 

development of technology. There are also 

some limitations - readiness for network 

connectivity, difficulty in uploading and 

downloading data streams from the cloud, 

updating data, constant connection to an 

Internet source that provides sufficient 

streaming power for transmitting and 

downloading data. 
 

Precise monitoring systems related to feed 

intake and feeding behaviour 

Feeding behaviour and dry matter intake, 

especially in the week before calving, may 

indicate that cows are at risk of metritis (25), left 

displaced abomasum (26) and even dystocia 

(27). 

This would help to suggest and implement 

supportive measures to reduce the risk of 

various diseases. It has been suggested that 

cows with a large drop in dry matter intake 

immediately before calving may be at risk of 

metabolic diseases such as fatty liver and/or 

ketosis (28). 
 

Changes in animal behaviour can indicate 

disease as well as the risk of disease (29). 

Therefore, early warning control 

measurements, such as individual 

measurements of dry matter intake, feeding 

behaviour (30) and locomotion activity, should 

also be performed in the period immediately 

before calving. If dairy cows are not fed a 

balanced diet during this period, serious health 

disorders such as ketosis, acute and chronic 

lameness, etc., will subsequently occur (31). 
 

Feed intake is a major factor influencing 

lactation in dairy cows, and atypical feeding 

behaviour may signal a health disorder. This 

makes changes in feeding behaviour in dairy 

cows an indicator that should be studied and 

monitored continuously. In many different 

research studies, various visual analysis devices 

and training through intelligent systems have 

been applied to track feeding behaviour in cows 

(32). 
 

Kuan et al. developed an embedded image 

system to automatically monitor the feeding 

time of individual dairy cows (33). A similar 

real-time image analysis system was developed 

to monitor the behavior of dairy cows (34). 

Different classifiers based on a specific model 

were used to analyze the images. The results of 

the application of this system show 92% 

accuracy in determining the standing and 

feeding behavior of the animals. Yu et al. 

presented a behavioral monitoring model (35). 

The model detects the feeding behavior of cows 

photographed from the front, reporting low 

accuracy and sensitivity of the algorithm used 

in extensive outdoor farming. 
 

Other authors propose an online-based 

algorithm for the recognition of jaw movements 

using sound, the main advantage of this method 

being low computational costs (36). According 

to Li et al. the technique of combining the 

collected sound data with algorithms can be 

used to determine the feeding behavior of dairy 

cows, taking into account that feeding 

movements (biting, chewing and chewing-

biting), types of feed (alfalfa, fescue) and pitch 
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of the sound significantly affect the amplitude 

and duration of the sounds (37). Although sound 

sensors have good applicability in monitoring 

feeding behavior, they are significantly affected 

by noise, due to the complex technological 

processes and the movement of many units and 

machines in larger farms. There are different 

methods for monitoring feeding behavior, based 

on sensors that are fixed in different places - on 

the head, ear, neck, lower jaw, etc. They 

identify feeding behavior by distinguishing the 

movements and postures taken by the cows (38, 

39). A sensor developed to identify rumen 

movements eliminates initial pressure, and in 

combination with commonly used data 

processing algorithms and time-domain feature 

extraction methods, shows a recognition 

accuracy of 0.966 (40). 
 

Near-infrared spectroscopy is a rapid and 

accurate analytical technique used to collect 

information on the chemical and physical 

composition of raw materials, materials, 

manure and milk and shows good potential in 

predicting the chemical composition of forages 

(41). Piccioli-Cappelli et al. evaluated the effect 

of using a precision feeding system based on a 

near-infrared scanner on metabolic conditions 

and milk yield in lactating dairy cows (42). The 

system performed real-time analysis of dry 

matter and each feed ingredient. The authors 

found that using this system avoided dry matter 

loss and resulted in higher efficiency of forage 

protein absorption. 
 

Other authors calibrated a near-infrared 

spectroscopy system to predict quality 

parameters such as dry matter and crude protein 

in freshly cut grass (43). According to the 

authors, this system gives results with a high 

degree of reliability for dry matter and a lower 

degree of reliability for crude protein content. 
 

Precise monitoring systems related to animal 

hygiene requirements and compliance with 

animal welfare rules 

Continuous monitoring of dairy cow activities 

provides valuable information for both ethology 

researchers and precision animal breeding tool 

developers. 
 

Meunier et al. conducted an in-depth study in 

dairy cow barns (44). They segmented the barn 

into clearly defined zones associated with a 

specific cow activity (e.g., resting), and then 

used a real-time location system to 

automatically translate the cow’s position 

information into a specific behavioural action. 

The authors tested a system that could identify 

major activities (resting, locomotion, feeding, 

etc.) by focusing on integrating image analysis 

techniques to visualize and analyze the dataset, 

both to validate the data and to enrich the 

information extracted. The algorithm, 

developed using freely available tools, 

confirmed the system’s ability to identify major 

cow activities (excluding drinking behaviour) 

with excellent sensitivity (almost 80%). 

According to the authors, improving such 

precise systems will undoubtedly be of benefit 

to specialists developing various devices and 

indicators to ensure optimal health and welfare 

of animals, which will bring practical benefits 

to the veterinary specialist or the farmer raising 

dairy cows. 
 

In response to the challenges of climate change, 

Bonora et al. developed and tested innovative 

procedures for comprehensively analyzing the 

relationship between milk production and 

climatic conditions during the hot season, with 

the aim of supporting livestock farm 

management and developing preventive 

scenarios (45). The specific objective of the 

study is to define and formulate a model that 

provides forecasts based on integrated milking 

data and parameters quantifying environmental 

conditions (temperature and humidity) 

measured by local sensor networks and adjusted 

for expected changes in climatic conditions. 

Heat stress is a serious problem that threatens 

the welfare and productivity of dairy cows 

during the summer season. The problem is 

becoming more serious due to the ongoing trend 

of increasing average and peak temperatures. 

To address this problem, various systems and 

devices are used on dairy farms to monitor and 

control the temperature-humidity index, animal 

behaviour, and other production parameters 

(46). Scientific research in this direction has laid 

the foundation for the development, calibration, 

validation, and testing of numerical models that 

quantify individual responses to heat stress 

conditions. A model was developed to analyze 

the relationship between milk production, 

animal behaviour, and environmental 

parameters based on previous data. Cows in this 

experiment were identified according to their 

response to heat conditions and accordingly 

distributed into three classes of heat stress 

sensitivity within a herd. The authors then 

linked these attributes to various phenotypic 

parameters collected by precision animal 
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breeding devices used on the farm. Thus, the 

study provides a model for assessing the 

consequences of heat stress on individual 

animals. 
 

Global Positioning System (GPS) 

In recent decades, the use of GPS collars for 

animals, including lactating dairy cows, has 

been widely used. This allows recording and 

collection of detailed information about the 

location of dairy cows over long periods of 

time. This provides a better understanding of the 

habits and reasons for the spatial distribution of 

cows (47). Furthermore, given the historical 

price of electronic technologies, it is very likely 

that with appropriate investment in research and 

development, we will have cost-effective herd 

information systems that will allow us to see 

where and how all our animals are and what 

they are doing at any time (48). A precise 

identification system for Friesian cattle based 

on a robotic drone is being developed (49). 

They evaluated the performance of the 

components offline and also online through real 

field tests by flying at low altitudes over farms. 

According to the authors, the presented system 

is a proof-of-concept and a successful step 

towards autonomous biometric identification of 

individual animals from the air. 
 

Precise monitoring systems in the dairy sector 

– advantages and benefits 

The dairy sector is in transition but is on an 

upward trend in terms of the number of high-

yielding cows. The number of dairy cattle with 

good genetic potential is increasing. Precision 

dairy farming technologies allow dairy farmers 

to make timely and informed decisions, which 

some authors argue leads to better productivity 

and profitability (50). 
 

Often, by the time an animal shows clinical 

signs of stress and disease, it is already too late 

for preventive action. The appearance of 

noticeable clinical symptoms is usually 

preceded by physiological responses that are not 

visible to the human eye (e.g. changes in 

temperature and heart rate). The availability and 

use of precise monitoring systems allows the 

dairy farm manager to intervene earlier and take 

adequate preventive action. Currently, more and 

more data are being collected in practice 

through various technologically innovative 

systems. Some of the important benefits of 

precise monitoring systems include increased 

efficiency, reduced costs, improved product 

quality, minimized adverse environmental 

impacts, improved animal health and welfare 

(1). The use of precise technology to record 

productive, reproductive and health indicators 

increasingly provides farmers with reliable 

information. When this information is properly 

used in the production process, it reduces 

financial costs and improves the management of 

large herds (1, 51, 52). 
 

Integrated, computerized information systems 

are essential for interpreting the large amounts 

of data generated by precision dairy farming 

technologies (1). This information can be 

incorporated into systems designed to facilitate 

decision-making for problems that require data 

collection from multiple sources. The same 

authors report that by identifying changes in 

physiological parameters, the farm manager can 

intervene earlier, whereas in the absence of 

precision technologies, decisions for each cow 

would be based almost entirely on the judgment 

and experience of the farmer (1, 52). Therefore, 

timely and correct decisions for individual 

animals or groups of animals based on data from 

precision monitoring technologies lead to 

positive outcomes (53). 
 

Precision monitoring systems in dairy farming 

contribute to improving animal welfare, while 

providing solutions to global challenges, driven 

by the increasing demand for animal products to 

ensure global food security (54). Precision 

monitoring systems enable both individualized 

care for individual animals and information for 

dairy farm management. The development and 

application of digital technologies are crucial 

for the sustainable intensification of dairy 

farming in the coming years, to maximize the 

benefits of precision monitoring systems. 
 

As technological advances continue, farmers 

are now able to measure and analyze a vast 

array of metrics for an individual animal or 

herd, something that was previously not 

possible or time-consuming. 
 

Disadvantages and limitations of using 

precision monitoring systems in dairy farming 
The use of innovative monitoring systems for 

precision dairy cattle breeding also has its 

drawbacks and limitations. 
 

The information obtained from precision dairy 

technologies is only useful if it is interpreted 

and used effectively in decision-making. 
 

Due to the high cost of new precision systems, 

farmers do not adopt them and do not introduce 
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them into the production process, as they are not 

sure about the return on investment. 
 

There is a lack of information exchange and 

demonstration of successful precision solutions 

between farms of similar size and productivity. 

Such technologies are adopted by younger and 

well-educated farmers, who also manage larger 

enterprises and achieve higher profits. 
 

The equipment used in monitoring systems is 

very complex and requires quality technical 

support. Working with it requires continuous 

improvement of farmers' qualifications in order 

to work successfully with it. 
 

Errors may occur when transferring data or 

increasing the duration of processing results 

with the relevant software program. 
 

There is a lack of validated research results on 

the effects of implementing these systems, high 

capital investment and high operating costs. 

Furthermore, they are applicable to a limited 

spatial area. 
 

CONCLUSION 
The state of precision dairy farming in our country 

is still in its infancy, as there are a large number of 

dairy cows that are scattered over a wide range of 

geographical areas. The majority of these dairy 

animals belong to smaller farms or herds. Some 

farmers cannot afford such expensive 

technologies. In addition, most of the herds are 

composed of different breeds with different 

production parameters. This creates difficulties in 

the adoption and introduction of precision dairy 

farming technology outside the large farms in the 

country that raise high-yielding dairy breeds. 
 

ABBREVIATIONS 

BCS - Body Condition Scoring 

GPS - Global Positioning System 
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