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Abstract: In the livestock industry, maintaining the health of animals is very important, and the use of
technology has greatly helped this. One of the existing challenges has been that most of the available sensors
and electronic processing devices are designed to fit the human body, and the use of these devices for livestock
faces limitations due to the difference in the structure of the body and skin of animals and humans. Reliable
solutions tailored for animal husbandry can be achieved by modifying the physical and software structure of
existing devices. In this article, we have presented the current situation, by reviewing the research done and
the existing technology in the field of animal husbandry. The aim is to obtain comprehensive parameters for
monitoring livestock health by leveraging available information and exploring new methods based on the
Internet of Things (IOT), Artificial Neural Networks (ANN), and Artificial Intelligence (AI). We take a proactive
approach by utilizing available technologies based on sound-based diagnostic techniques. Initially, we propose
utilizing piezoelectricity and amplifying received sound using a diaphragm attached to a collar. Subsequently,
we discuss the results of relevant tests that can be conducted using the phonocardiography system. For the
next phase of research and designing a more advanced livestock health monitoring system, we suggest
employing an ultrasonic system to measure heart rate and blood pressure for the next phase of research and
designing a more advanced livestock health monitoring system. This system, coupled with a piezoelectric
system to make electric energy from the pulse of the veins, could be subcutaneously implanted for continuous
monitoring.

Keywords: animal health; smart collar; livestock farming and Al; modern animal husbandry; livestock health
technology

1. Introduction

Ever since humans discovered the power of agriculture and animal husbandry, there has always
been a continuous progression. This progress has been reliant on monitoring the health of livestock
and preventing diseases. With the ever-increasing population and human need for food, it becomes
imperative to pay more attention than ever to the health and safety of the livestock farming industry.
This ensures profitability for farmers, prevents migration of farmers to urban areas, and fosters
appreciation for the valuable and beautiful animals known as livestock.

With appreciation and respect for all the services rendered by farmers, veterinarians, engineers,
and researchers over the years, we aim to shed light on a small part of this history. Then, we will
propose innovative methods that we hope will attract the attention of scholars and enthusiasts in this
field. With mutual assistance, we hope to have a significant impact on the advancement of the
livestock health monitoring industry.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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2. Experimental Background

Numerous diverse systems have been introduced for monitoring livestock health, making it
impractical to cover all of them in a single article. Therefore, we will focus solely on the wireless
sensor system on the cow collar, as the neck collar, due to its minimal discomfort for the animal, is
the most widely used tool for livestock.

The best items that can be used for detecting animal health include: body temperature, pulse or
heart rate, respiration, feeding behavior, estrus detection, resting time, and sounds produced by the
animal.

To remotely diagnose and systemically address some of these aspects, systems have been
developed, and extensive research has been conducted to obtain newer, more confident, and higher-
quality methods. Here, we distinguish and introduce the most important of them:

2.1. Existing Systems:

Devices designed for cattle collar usage, utilizing temperature and accelerometer sensors, have
been able to provide valuable information about livestock health, including body temperature,
feeding time, rumination, and cow resting time. Some of the above companies are: 1. www.gea.com
2. www.afimilk.com 3. www.allflex.co 4. www.artemishealth.io/ (Figure 1).

Figure 1. Smart collars.

2.2. Theoretical Foundations:

All the heart rate sensor modules available in the market are designed to be used on the human
body, which work based on the light radiation and reflection system. Due to the difference in the
structure of the skin of animals compared to humans, the use of these sensors for each type of animal
requires special research and testing. To overcome this challenge, we looked for a different or
complementary method, and extensive research is being done, some of the most important articles
on this topic.

The main research in this article is related to the detection of pulse and heart rate because it is
one of the most important factors for identifying diseases in livestock.

e In this article, the heart rate sensor kg011 is used in the back of the cow’s ear, which is made of
thinner skin. [1] (Figure 2)

2 Android Application
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Figure 2. Getting pulse from the behind of the ear.

¢ Indonesian University research on the use of a heart rate sensor on a cow’s neck collar. [2]

e  Using the human heart rate sensor on the sheep skin of the chest area. The heart rate is recorded,
but for more certainty, there is a need to develop and use amplification algorithms. [3] (Figure
3)

Figure 3. Taking a beating from the sheep.
e  An article that reported about 72-75% accuracy in 15 cow samples. [4]
e  An article that uses the combination of a human electrode device with a pulse sensor to improve

and eliminate the weakness of the heart rate sensor on the cow’s abdomen and has achieved
more accurate results. [5] (Figure 4)

I\ — I\

Figure 4. Integration of electrode and pulse.

e  Research paper on the optical heart rate sensor on the end of the tail. Sponsor: University of
Missouri. [6] (Figure 5)

Figure 5. Getting a pulse from the tail.

e In this interesting experiment, the sensors are tied by a belt around the cow’s body and a
stethoscope is used to improve the quality of receiving the heartbeat. [7] (Figure 6)
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Figure 6. Intelligent Animal Monitoring System by using stethoscope.

e  Anarticle about analyzing the behavior of cattle feed using a sound sensor [8] (Figure 7).
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Figure 7. Classifying Chewing and Rumination in Dairy Cows Using Sound Signals.

Abnormalities that cause a change in the animal’s heart rate may include:

Based on the conducted research and considering the need for a reliable method for systemic
monitoring of livestock heart rates, a definitive method for obtaining a cow’s pulse from the collar
has not yet been introduced, given the requirement for the most convenient and wearable device for
animals.

Abnormalities that may cause changes in livestock heart rate include: cardiomyopathy, heart
disease, therapeutic conditions, perfusion disorders, blood diseases, fever, respiratory diseases,
infectious diseases, kidney problems, metabolic disorders, stress and anxiety, esophageal obstruction
during food ingestion, swallowing of indigestible pieces, etc.

3. Examination of Desirable Situation:

Among the factors that should be considered to achieve the desirable state in the livestock
community are precise treatment scheduling, reduction of veterinary expenses, increased
productivity, and enhancement of cattle health and safety through obtaining comprehensive and
accurate information using digital tools and online communications.

One of the best tools traditionally used in livestock farming is the collar, and we aim to gather
more information from the sensor box attached to it. Currently, we have succeeded in utilizing
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temperature sensors, accelerometers, GPS trackers, thermometers, pedometers, gas sensors, and
sound sensors. If we can devise a method for detecting heartbeat on the neck of the cattle, completing
our livestock health monitoring module will lead to significant advancements in livestock breeding.
(Figure 8)

Wearable Collar

Figure 8. IOT-Enabled Cattle Health and Location Monitoring System.

Currently, with the available technology, sensors and amplifiers, we have the ability to receive
the sound of the animal’s heart from the stomach, but placing the sensor box on the stomach of the
animal for a long time is not normal and may be impossible. For this reason, we have tried to find a
way to take the animal’s pulse from the cow’s neck.

4. Applicable Theory:

Thomas was working on a project that detected whether water was flowing in a pipe with
several piezoelectric sensors. Out of curiosity, he stuck the sensor to his finger, and to his surprise,
all the values his microcontroller was spitting out were very noise-free versions of his heart rate. He
found this to be a much simpler solution to measuring heart rate. (Figure 9)

-

Figure 9. Measuring HEART RATE with PIEZO.

History of heart sound processing through electrical voltage:

Awareness of the sounds produced by the heart dates back to Robert Hooke (1703-1635), who
wrote:

“It may also be possible to discover the internal movements and actions of bodies —whether
animal, vegetable, or mineral. The sound they make”. (Figure 10)
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Figure 10. Phonocardiogram.

Common sensors for measuring human heart rate are made of optical system. The sensor shines
light on the skin and measures its reflection with a light detector. The oxygen in hemoglobin has a
special property, that is, it can absorb a certain amount of green light. The more oxygen in the blood,
the redder the blood, which increases the rate of light absorption and reduces reflection. As blood is
pumped through the finger veins, the amount of reflected light changes, creating an oscillating
waveform. By measuring this wave, we can read the heartbeat. (Figure 11)
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Figure 11. Photoplethysmogram.

Conceptual Model:

Fortunately, with the available capabilities, we can listen to the sound of cardiac stimuli from
the cattle using a sound sensor instead of using an optical pulse sensor. With this method, the
thickness of the animal’s skin is no longer a challenge for us because we are using frequency instead
of light. Amplifying and directing sound is feasible for us, and if necessary, we can also utilize
ultrasonic assistance.

The only remaining need is to amplify the received sound. One of the methods for sound
amplification is software-based, which is quite suitable for our purpose but not enough.

The complementary method and the main idea to amplify the received sound involve using a
sound diaphragm embedded in the bottom part of the sensor box, which will be placed on the collar
to capture the sound of the animal’s body. (Figure 12)



Figure 12. The part below the device that connects to the animal’s body.

This diaphragm chamber is connected to the animal’s body like a stethoscope, it receives the
sound of the animal’s body and transmits it to the piezoelectric through a tube. (Figure 13)

Figure 13. The internal view of the device and how the sound is transmitted from the diaphragm to
the piezo.

In the next part of the circuit, the received sound will be converted into electric waves and ready
for processing. The received sound will be in the form of frequency, after processing we will be able
to obtain systolic and diastolic and draw the corresponding diagrams. (Figure 14)
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Figure 14. Detect heartbeat via piezoelectric.

For using the acoustic wave sensitive sensor in veterinary related projects, microphones are
available for animal health and livestock research. One of the most famous microphones sensitive to
sound waves for livestock is the Electret microphone. Features of this microphone: suitable
dimensions for connecting to the diaphragm designed to optimally absorb the internal sounds of the
animal’s body, high sensitivity to sound waves, ideal for recording animal sounds.

Modules used in the desired device:

e  Wemos D1 Mini (Figure 15)

e Audio Sound Sensor Module Microphone, KY-038 (Figure 16)
e Wemos D1 Lithium Battery Shield Module (Figure 17)

o LMB35 Temperature Sensor (Figure 18)

e  Lithium Battery (Figure 19)

e  Flexible Solar Panel (Figure 20)

Figure 15.

Figure 16.
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Figure 17.

Monitor Temperature

D
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Figure 18.

Figure 19.

Figure 20.

Circuit schematic:

Circuit PCB and circuit connection diagram are designed and produced. The raw data received
from the animal will be sent to the hub server by the Wi-Fi system and will be processed and stored
in the cloud. The processed information will be converted into the necessary diagrams and will be
sent to the local system or to their mobile phones. When necessary, the required alarms can be sent
in the form of SMS, email, notification and even through social networks. (Figure 21)

r—
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Red (6330m)

Figure 21. circuit schematic.
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Device box prototyping by 3D printing;:

The 3D design of the sensor box is prepared and produced according to the dimensions and
needs of the electronic components as well as the animal’s body, using 3D printing technology.
(Figure 22)

Figure 22. 3D design of the sensor box.

Neck collar design for the device:
A collar was needed for the manufactured device and a leather strap was used for testing.
(Figure 23)

Figure 23. Neck collar.

To get the information that can be used from the blood system of the cattle, the image below
shows the blood vessels of the cow. (Figure 24)

Figure 24. blood system of the cattle!.

As shown in the picture, the best access to the vein is in the neck area. There are two areas in the
neck of animals where the vein, trachea and esophagus can be accessed. One is close to the animal’s
feet and is very close to the heart, and the other is close to the head and mouth, which is very good

1 Pic from: https://fkaco.ir/home/fa/2017-08-28-11-45-48/87-2017-08-28-10-50-30/d etail /545-2017-08-30-06-35-

03?tmpl=component
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for listening to the sounds related to the animal itself, feeding and breathing. Choosing the best area
for collar belt design will be determined after future tests. (Figure 25)

When designing the collar, we must determine the optimal way to place the sensor in the best
position. The mode where the sensor is placed exactly in the desired place and on the vein and at the
same time creates the least possible pressure for the cattle. (Figure 26)

Figure 25. The best area for sense heartbeat?.

Figure 26. collar on neck*

The processing of received sounds requires energy, and because our device supplies its energy
from the battery, we are facing energy limitations, and the design of energy consumption should be
optimized and the minimum processing should be done in the microcontroller. For this reason, we
will send the received raw frequency to the processing center or server through the Wi-Fi system so
that the processing, analysis and storage tasks are done there, and then it is displayed to the user for
review.

Also, to increase battery life, a flexible solar panel can be used on the door of the sensor
compartment and even on the length of the collar strap. (Figure 27)

2 Pic from: http://zivotinjskisvijet-enciklopedia.blogspot.com/2012/11/zivotinjski-sustavi.html?m=1
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Figure 27. Placed solar on the Protective cover of the sensor box.

5. Challenges Ahead:

Foreseeable challenges in this field encompass constraints and issues that may arise during
operations in agricultural settings with external animals. Factors such as environmental noise, animal
movements, and resistance to wearable devices can be anticipated factors. Properly designed collars
tailored to the animal’s body minimize animal resistance. The presence of a diaphragm renders the
sound sensor polarized, filters environmental sounds to a large extent, and captures body sounds
more clearly.

The most significant challenge ahead lies not in external noises but rather in various internal
achieved sounds of the animal’s body! These may include respiratory sounds, sounds produced by
the cow, eating noises, rumination, and so forth.

This scenario has both pros and cons:

- The advantage lies in the fact that with the same sensor, we can obtain a wealth of information
in various scenarios. For example: sounds related to cardiac and vascular problems,
respiratory issues, digestive problems, unusual sounds indicating animal distress,
unpredictable sounds occurring during unusual events, and so on.

- The downside of the challenge is receiving different sounds of livestock bodies. It is necessary
to filter the received sound first using sound processing software systems and specific
algorithms and also, by using artificial neural networks and Al technology to recognize the
frequency associated with each movement. After sound filtration and categorization of
frequencies related to the heart, lungs, etc., we will be able to use the received information to
detect livestock health.

Optimal Use of Received Information:
Considering the previous steps that have led to obtaining segmented sound information from
livestock, we now have several sets of different and valuable frequency data. For example:

¢  Sounds related to the heart and blood vessels
e  Sounds related to the respiratory system

e  Sounds related to the digestive system

e  Sounds produced by the animal itself

e  Environmental abnormal sounds
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Each of these subcategories can represent a group of important information after processing. For
example, in the case of sounds related to digestion, we can record feeding time, rumination, and
resting time for the animal. Also, signs of discomfort during swallowing and even obstruction of the
airway or esophagus can be detected by the received sounds. Similarly, other items can provide a lot
of information, and ultimately, hundreds of cases that are recordable and processable can be
identified.

Furthermore, it is possible to personalize health information for each individual animal by
processing and storing the received data from each animal in the initial minutes of connection and
considering a specific data file for each animal, synchronized with the moods and physical
characteristics of that particular animal. From now on, we can compare the animal’s information with
the data stored for that animal, and in case of any interference, quickly become aware of changes in
the animal’s condition. Of course, in case of stability, after comparing the above conditions with the
stored data for all animals and system confirmation, if there is no discrepancy, the animal’s health
indicator will move to the stable phase.

For example: a cow’s heart rate in a general state is 60, but perhaps a cow’s normal heart rate in
that specific cow is 58. In our initial connection, we observe the number 58. If the received number is
not significantly different from the general norm, we consider a heart rate of 58 as the health range
for this animal. Based on this algorithm, other items such as temperature, respiration, etc., will also
be manageable.

6. Discussion:

In previous research, good and promising results have been obtained from listening and
receiving the cow’s pulse using a stethoscope to amplify the sound received in the cow’s back. (Figure
28)

Figure 28. Getting a beat from the cow’s back.

In order to be able to use this method, it is necessary that the above system is located on the
animal’s body all the time and has the best possible performance considering the comfort of the
animal. The oldest and best wearable device is the collar, and we are trying to use the
phenocardiography system on the neck of the animal in the initial stage.
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In the next step, by using and relying on the previous research that is listed under this paragraph,
the necessary research and tests will be carried out to reach a more advanced product by upgrading
the above systems and changing the required parameters from human models to the system. It can
be used subcutaneously in livestock, to achieve a significant improvement for livestock monitoring
and permanent micro controller charging through the piezoelectric nanogenerator mechanism.

e Automatic heart rate detection during sleep using on-chip audio recordings from a wireless

acoustic sensor [9]

e  Blood pressure control system based on ultrasonic system [10] (Figure 29)

Figure 29. Wearable Ultrasound Patch Monitors Blood Pressure.

e  Breathing control system using a microelectromechanical system [11] (Figure 30)

Figure 30. Wearable sensor detects heartbeat.

e A miniature, flexible and wearable sound sensor that records the physiological waves produced
in the human body and allows the user to monitor human health [12] (Figure 31).

Figure 31. Preliminary comparison of respiratory signals using acceleration on neck.
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e Diagnosis and monitoring of pregnancy in cattle through the processing of fetal sound signal
and ultrasound [13] (Figure 32)

Shock proof body
PCG sensor

ECG sensor
Figure 32. Pregnancy monitoring in cattle via.

¢  Identifying the piezoelectric signal to detect the heartbeat [14] (Figure 33)

-

Signal conditioning

L LCD display

Figure 33. Heart Rate Detection using Piezoelectric.

e  Setting up the heart pacemaker by the electrical energy produced by the piezoelectric
nanogenerator from the heart’s movements. [15] (Figure 34).

Pacing ECGs

“‘Parallel

/ ‘Scnes
1

Figure 34. piezoelectric nanogenerator.

Porcine heart

Adult Yorkshire pig

7. Results:

Nowadays, smart veterinary stethoscopes have found a great place in the field of cardiology and
disease diagnosis due to their ability to increase the sound (up to 17 times). These stethoscopes have
sensors that amplify the sounds received through the diaphragm and provide a clear sound to the
listener. (Figure 35)



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 March 2024

Figure 35. Smart digital Stethoscope.

To obtain the best area of the animal’s body for listening to the heartbeat and installing the
device, as well as processing and ensuring the correctness of the proposed design, a simple test can
be performed by phonocardiography. To do that, we only need a normal headset, a veterinary
stethoscope, and a mobile phone. By connecting the diaphragm part of the stethoscope to the headset
microphone, we can store the received sound in a mobile phone for processing and performing the
necessary tests through machine learning and Al (Figure 36)

Figure 36. Phonocardiography.

Furthermore, it is possible to personalize health information for each animal by using machine
learning and processing and storing the received data from each animal in the initial minutes of
connection and considering a specific data file for each animal, synchronized with that particular
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animal’s moods and physical characteristics. From now on, we can compare the animal’s information
with the data stored for the same animal, and in case of any interference, quickly become aware of
changes in the animal’s condition. Of course, in case of stability, after comparing the above conditions
with the stored data for all animals and system confirmation, if there is no discrepancy, the animal’s
health indicator will move to the stable phase.

For example: a cow’s heart rate in a general state is 60, but perhaps a cow’s normal heart rate in
that specific cow is 58. In our initial connection, we observe the number 58. If the received number is
not different from the general norm, we consider a heart rate of 58 as the health range for this animal.
Based on this algorithm, other items such as temperature, respiration, etc., will also be manageable
via machine learning.

The strategy of using artificial intelligence technologies, artificial neural networks, and machine
learning to perform the above steps as well as how to use the Internet of Things to transfer
information, and also the results of the tests will be gradually added to this part of the article.

8. Needs and Future Research:

The effective use of online pulse detection sensor systems can significantly assist in improving
the health care system for livestock in farms. This system provides farmers with the ability to monitor
the health status of cattle more accurately and hygienically, ultimately leading to increased
production efficiency and reduced farming costs. A wireless collar system with sensors for
temperature, humidity, accelerometer, pulse, etc., along with a central data processing system, has
been developed and is ready for use. Our main research focuses on prototyping a diaphragm and
sensor housing compatible with the sensors needed to capture the internal body sounds of animals
such as heartbeat, respiration, nutrition, etc. Furthermore, the use of artificial intelligence (AI) and
artificial neural networks (ANN) for processing received sounds for monitoring livestock health
through livestock body sounds and the use of Internet of Things (IoT) technology for data integration
will be employed.

If necessary, the possibility of integrating ultrasonic and electrocardiogram systems are
available. To upgrade the system, we can utilize ultrasonic systems to construct a microcontroller for
monitoring heart rate and blood pressure, as well as piezoelectric devices for charging the module
from energy received from vein vibrations. The subcutaneous module will be placed near the main
neck vein of the animal for optimal use.

Achieving these goals has required months of effort and research by engineers and farmers, as
well as the assistance and collaboration of veterinarians, to reach a good level of awareness. Now, for
faster progress and to enhance the quality of processing data received from sensors, a more detailed
examination of farmers’ needs, identification of suitable body areas for monitoring different types of
animals, and the detection and separation of sounds related to the heart, respiratory system, digestive
system, etc., are necessary. Collaborating with specialists, farmers, veterinarians, and universities for
professional sound processing and the construction of subcutaneous modules is invaluable and
essential to us.

9. Conclusions:

This article aims to present a novel and efficient solution in the field of livestock health care
using wireless sensor technologies, IoT, artificial intelligence(Al), and artificial neural networks
(ANN). In existing collar-based systems, temperature and accelerometer sensors have been used for
monitoring cattle health, and efforts to obtain heart rate information to complement this system are
ongoing.

The use of light-based sensors for receiving pulse information from animals has been somewhat
successful, but it has not yet reached the required quality due to the thickness of animal skins. In this
article, sound detection and processing technology is considered instead of light for receiving
information related to animal health. Initial experiments indicate a high probability of achieving a
novel system for upgrading health monitoring systems. A system that provides the ability to improve
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the health and productivity of cattle and provides farmers with an effective tool for optimal farming
management.

Wider collaboration with scientific and research centers, as well as closer communication with
livestock health companies, universities, and researchers in the field of animal husbandry and
veterinary medicine internationally, will greatly assist in improving experiments and accelerating
research progress.
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