International Journal of Advanced Research in Electrical, Electronics and Instrumentation Engineering (IJAREEIE)

| e-ISSN: 2278 — 8875, p-ISSN: 2320 — 3765| www.ijareeie.com | Impact Factor: 7.122|

|[Volume 9, Issue 5, May 2020||

IoT Based Advanced Animal Health
Monitoring System using Raspberry Pi3

Er. SHUBHAM RAUNIYAR
BTech (BioMedical Engg.), Ex-Engineer, Saraswati Hospital & Research Centre, Unnao, U.P, India

ABSTRACT: A prototype of advanced animal health monitoring system based on IoT for real time monitoring of the
physiological parameters such as body temperature, heart rate and rumination with surrounding temperature and
humidity has been developed.

Various sensors mounted on the body of animals gives the information related to their health status and user can be
easily access those data using the internet. We have used raspberry pi3 as core controller which has inbuilt Wi-Fi, it
processes the data sensed by various sensor and displays on the monitor and forwards to the cloud. User can access the
information from anywhere using internet and an android app.
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I. INTRODUCTION

“Animal Healthcare ensures that farmed animals are healthy, disease free and well looked after. It also aims at
preventing or managing — outbreaks of serious animal diseases and in doing so support the farmers, protect the welfare
of farmed animals and safeguard public health from animal borne disease”.

In India 54% of population is directly dependent on agriculture and most of them practice mixed agriculture. Animals
such as cow, buffalo, goat and sheep contribute significant role in mixed agriculture for their livelihood specially in
case of crop failure. But these animals also suffer from many diseases and sometimes the disease is diagnosed too late
to save the animal, so diseases act as a negative influence on the livestock production system, thus setting off a
cascading “affect of low production, low income, and subsistent livelihood”. The implications of cattle diseases in
livestock can be complex and generally “go well beyond the immediate effects on affected” farmers or owners. These
diseases have numerous affects, which include losses in production for the farmers (production losses, cost of
treatment, market disturbances), loss of income from activities using animal resources (energy, transportation, tourism).
Moreover 60% of the human diseases are zoonotic in nature i.e infection is spread from animals to human being.
Zoonotic diseases include Tuberculosis, Glanders, Anthrax,

Rabies, Avian, Bovine Respiratory Disease (BRD) and Influenza. These diseases are quite harmful so there is need to
control the spread of zoonotic diseases. Highly contagious livestock diseases such as ‘foot and mouth disease (FMD)’,
‘hemorrhagic septicemia (HS)’, ‘mastitis, peste des petits ruminant (PPR)’ and “surra in cloven footed domestic
animals” cause irreparable economic losses to the farming community. The total economic loss due to disease in cattles
can be summarised as the “sum of mortality loss, loss in milk yield and cost of treatment of affected animals”. In India
overall Morality loss in cattle is approximately 15%, which is quite high.

These reasons show the requirement of a system for real time monitoring of the animal health and for controlling and
preventing the outbursts of diseases at larger scale. Technology is already a part of modern farming and is playing an
important role with the advancement in available systems and tools. Livestock farming has been one of the biggest
areas of development in electronic in recent years. A lot of scholars are focused on the development of animal health
monitoring system.

II. SEVERE CATTLE DISEASE

Bovine respiratory disease (BRD) is the most common and costly disease affecting beef cattle in the world. It is also
known as shipping fever. It is a complex, bacterial infection that causes pneumonia in calves which can be fatal. The
infection is usually a sum of three co-dependent factors: stress, an underlying viral infection, and a new bacterial
infection. The diagnosis of the disease is complex since there are multiple possible causes.
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The disease manifests itself most often in calves within four weeks of weaning, when calves are sorted and often sold
to different farms; a common nickname for BRD is "shipping fever." It is not known whether the stress itself, co-
mingling, or travel conditions are at most to blame, and while studies have identified general stressing factors like
transport and cold weather conditions, there is still no conclusive evidence on more specific factors (e.g. distance,
transport mode, temperature, or temperature volatility).

Causes

BRD is a "multi-factorial syndrome" that is dependent on a number of different causes. The pathologic condition
commonly arises where the causative organism becomes established by secondary infection, following a primary
bacterial or viral infection, which may occur after stress, e.g. from handling or transport. Usually all three of these
factors must be present in order to cause BRD. Viral agents are often present in the herd for an extended time, with
almost no symptoms, and only cause severe complications with a bacterial infection.

The bacterial agents most commonly linked with BRD are Mannheimia haemolytica, Pasteurella multocida,
Histophilus somni, and Mycoplasma bovis. M. haemolytica serovar Al is known as a particularly common bacterial
cause of the disease. Viral agents include Bovine viral diarrhea (BVD), Infectious Bovine Rhinotracheitis (IBR),
Bovine respiratory syncytial virus (BRSV) and Parainfluenza type-3 virus (PI-3).

Clinical signs

BRD often develops within 4 weeks of cattle transport. The biggest sign of the pneumonia that BRD causes fever above
104 °F (40 °C) in cows and calf. Also causes depression, shown as droopy ears, dull eyes, and social isolation. Other
symptoms include coughing, decreased appetite, and breathing difficulty.

At present livestock farmer’s encounters so many difficulties on monitoring the animal health so there is an imperative
need of transformation of theoretical information to practical systems. The vital technique to gather precise data of
animal health can be a set up of hardware and software which can be mounted on the body of animal and can be
remotely accessed. The set up can be very efficacious for veterinary doctors to prescribe proper medication at right time
which can reduce the cost of treatment. Moreover the livestock health care would become affordable and cheap for
farmers.

III. PROPOSED TECHNIQUE FOR MONITORING HEALTH OF ANIMALS

In this paper we have proposed an “IoT based smart Animal Health Monitoring System”. In this system critical
parameters affecting cattle health like body temperature, heart beat and rumination are continuously monitored. The
core controller can process the sensed values of sensors. The raspberry PI3 model can be used as a core controller
which is Wi-Fi inbuilt and database can be created on cloud using IoT so sensed data can be found on internet from
anywhere.

Farmer or dairy owner can access the information using an android app in mobile. An email can also be sent to farmer
so that farmer can get the data easily and can monitor the health of his cattle. This regular monitoring of animals health
will help the doctors as well as farmers and dairy owners to know about the disease at its initial stage only and hence
animal can be given proper treatment and in this way it will help to reduce the mortality loss and other economic losses.
Thus this system can be quite helpful and crucial for the welfare of farmers who practice mixed agriculture.

Data of database at cloud can be shared to “Department of Animal Husbandry, Dairing & Fisheries, Ministry of
Agriculture & Farmer’s Welfare, Govt. of India and different educational institutions and vetenary hospitals™.
These data can help the government in making animal healthcare policies and can help the government in better
targeting to specifically affected areas. It will also help in research and development in vetenary science.
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Fig. 1: Block diagram of animal health monitoring system.
IV. RESOURCES REQUIRED
4.1 Hardware Used:
The hardware is composed of the Sensor module, Analog to digital converter (ADC) and Raspberry Pi3 module.
4.1.1 Sensor module

Sensors have many functions, like detection, collection, calculation and routing of surrounding data. These are used for
real-time monitoring of various health parameters. Such type of sensors will be mounted on the cattle’s body, which
will continuously monitor the health parameters of the cattle like heartbeat rate, body temperature and rumination and
sends output in the type of electrical signs. These signs are then compared to a standard limit of normal values. The
Sensors like “body temperature sensor, heart beat sensor and rumination sensor” are used in the IoT based smart animal
health monitoring system. These sensors are connected to the ADC (analog to digital converter) and raspberry pi. So
sensor module will be mounted at the body of cattle so that critical parameters affecting cattle health like body
temperature, heart beat and rumination will be continuously monitored with the help of different sensors discussed
below.

4.1.1.1 DS18B20 Body Temperature Sensor Cable

DS18B20 sensor is utilised to measure the body temperature of the cattle. There are a numbers of infections which can
occur in cattle when the core temperature of the animals changes. So it is necessary to monitor body temperature. The
usual cattle temperature is 38.50C-39.500C.The diseases related with body temperature lower than normal are milk
fever, poisoning, indigestion etc. and when the temperature is more than 410C, diseases occurs are anthrax, influenza
and foot and mouth disease.

DS18B20 has unique 1-wire interface which enables it to communicate with devices easily. It can measure
temperatures from -55°C to +125°C (-670F to +2570F).

4.1.1.2 Heartbeat Sensor

The rate of heart beats per minute (BPM) is the critical factor in evaluation of health. Normally in a fit cow the heart
beats in the range of 48 to 84 times in a minute. Multiple diseases and uneasiness causes fluctuation in BPM.
“Heartbeat Sensor is a well designed plug-and-play heart-rate sensor”. It is an analog sensor but raspberry pi does not
support analog sensors so an “analog to digital converter (ADC:MCP3008)” is used. The sensor is interfaced with ADC
then to Raspberry Pi3.

4.1.1.3 Rumination Sensor Module

Rumination is directly linked to the health status of animals. They stop ruminating normally as soon as they start
feeling uneasy due to physical problem or some disease. So it indicates that animal is normal and health. It is also a part
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of the digestion in animals. Normally an animal ruminates almost “one third of a day (9-10 hours). The variation in
rumination signifies the disease like food digestion, mastitis, metabolic calving disease etc. Moreover the coming back
to normal rumination is fantastic signal of successfulness of treatment. The monitoring of rumination of the cattle is
required because it can give quite precise status of the health of animals.

We have used Accelerometer ADXIL.335 for developing “rumination sensor”. “ADXL335 is a energy efficient, small,
and inexpensive, affordable device which can be used to measures the 3-axis acceleration with a range of +3g. The
ADXL335 output signals are analog voltage that is proportional to the acceleration. The advantages, drawbacks, and
specification are discussed in”. It can also work in the static and dynamic measurement of the acceleration. “By
measuring the amount of acceleration due to gravity, an accelerometer can figure out the angle it is tilted at with respect
to the earth”. The accelerometer can figure out the speed and direction of movement of animal jaw by detecting the
“amount of dynamic acceleration” and thus by observing the sensed data we can get to know whether its normal or not .
The accelerometer is very easy to interface with MCP3008 ADC using 3 analog input pins, and MCP3008 is connected
to Raspberry Pi3 which gives the digital value of analog output of ADC.

“The operating voltage range of the ADXIL.335 module is 1.8V-3.6V and it is operated at a fixed voltage of 3.3V. At
the 3.3V, the maximum output voltage of the accelerometer are - 560mV for the X-axis, +560V for the Y-axis, and
+960mV for the Z-axis”.

4.1.2 Raspberry Pi3 Module:

“The Raspberry Pi3 is a low cost, credit-card sized computer that plugs into a computer monitor or TV, and uses a

standard keyboard and mouse. It is a capable little device that enables people of all ages to explore computing, and to
learn how to program in languages like Scratch and Python”.

4xUSE 10 Fots

40 P

Extmaces GPIO 1GA00 LAN Port

Guaz Corw 1 2GH2
Sroascon
BUMMYT e CPU

Cn Board LS 4opole
Buricon 4t Conposin Video
WiEl = and Audo

Cutput Joch
Nizroo / l ‘< CS! Canan Pon
Carz Siot

| HDMI Output

'
DSI Display Port  Nicro USE Power ingan
Coant handhe up 1o 1 54

Fig. 2: Raspberry pi3 (top view)
4.2 Software used:

The practical realisation of hardware usage for all necessities are supported with the capability of the supporting
software. The main theme of ‘IoT’ is being employed in the enforcement of this solution, makes the need for software a
primary attribute.

i) Mobile User/Android Module:

This module is installed as an Android app in the users phones and display the health status by connecting to
theThingSpeak Cloud.

ii.) A common programming platform has been used to build for interfacing of the discussed hardware with one another

and web server, and for accessing of data by the end user. The Raspberry Pi3 module, ADC and the sensors
communicate by means of the python script run on the Raspberry Pi3.
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iti.) ThingSpeak Cloud:

The ThingSpeak API (Application Programming Interface) is “an open source Internet of Things (IoT) which collects
incoming data, timestamps it, and give outputs to it for both human users (through visual graphs) and machines
(through easily parse-able code)”. It acts as a data base to store all the data related to animal health and displays the
information received from the Rpi3 in graphical form. Moreover, ThingSpeak enables us to create “applications around
data collected” by different sensors. It provides “real-time data collection, data processing, and also simple
visualizations for its users. Data is stored in channels, which provides the user with a list of features”.

V. HARDWARE IMPLEMENTATION

5.1 Interfacing Diagram

Fig. 3: Interfacﬁig diagram of Temperature sensor and ADC with RPi3.

§

Fig. 4: Interfacing_diagram of Heartbeat Sensor and ADXL335 with ADC and RPi3.
5.2 Procedure Followed

The health parameters of animals are measured by sensors (Temperature Sensor, Heartbeat Sensor and Rumination
Sensor) interfaced with MCP3008 and Raspberry Pi3.

a) After measuring data, i.e. in the normal range/out of normal range, the data is sent to “ThingSpeak™ using internal
Wi-Fi of RPi3.

b) Registration is done on the ThingSpeak Cloud and channel is being created for collection of the data. The Data from
the sensors is sent to the Cloud where it is displayed graphically.

¢) A mobile app in the end user’s mobile device then talks to the cloud by connecting to it and the information
regarding the health and well-being of animal is known to the user.
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Fig. 5: Flow Diagram of the IoT based Smart Animal Health Monitoring System

5.3 Results Obtained

The Codes when run on raspberry Pi3 have given the measured body temperature in degree Celsius and degree
Fahrenheit, heartbeat in Beats Per Minutes(BPM) and rumination in terms of movement in X, Y, Z-directions. The
displayed data at the console are forwarded to ThingSpeak cloud by Wi-Fi based on IEEE 802.11 standard. User can
access those data from anywhere using internet and android app on their mobile. By careful observation of the available
information at cloud of ThingSpeak user can easily diagnose the health status of animal.
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Fig. 8: Data of temperature sensors from Raspberry Pi 3 to ThingSpeak

VI. CONCLUSION AND FUTURE RESEARCH

The core goal of the research paper is to design and develop “a prototype of an IoT based smart animal healthcare
monitoring system”. The developed system is capable of real-time monitoring the body temperature, heartbeat and
rumination with the help of Raspberry Pi3 (with inbuilt Wi-Fi) MCP30008 (analog to digital converter), body
temperature sensor, heartbeat sensor and rumination sensor. The displayed data at the console are forwarded to
ThingSpeak cloud by Wi-Fi based on IEEE 802.11 standard .User can access those data from anywhere using internet
and android app on their mobile. By careful observation of the available information at cloud of ThingSpeak user can
easily diagnose the health status of animal. If there is any abnormality he can consult veterinary staff and treatment can
start at initial stage which can be cured easily reducing the treatment cost.

The research work could further be enhanced by determining the QoS parameters of the obtained results. The practical
implementation can be done on mass scale in different cow shelters. Moreover we will use GSM module also to send
text to farmers and owners for real time monitoring of animal health.
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