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Abstract Livestock production is the second largest economic activity of Pakistan’s rural population, more specifically;
sixty-seven percent of Pakistan’s total population that live in rural areas sources their income from livestock activities.
As this subsector of agriculture within rural Pakistan is so critical to Pakistan’s economy it is especially important to
further develop the sector through the introduction of cost effective, efficient, and practical technologies. In an effort
to improve such an important sector within the agriculture sector in Pakistan research has been carried out to better
understand the capabilities and feasibility of leveraging Internet of Things based technologies, such as, microprocessors
and microcontrollers within Pakistan’s livestock production and management. The internet of Things can potentially
allow for the scaling of small-scale rural livestock production to larger operations through cost effective and efficient
livestock management through the application of IoT technologies. This paper discusses the architecture models of IoT
based smart animal farms and delves into the pitfalls and advantages of applying IoT technologies in this sector. In this
work we will explore the cheap sensors to monitor the internal activities of cattle farm with the aim of using these
sensors as part of system to detect the important operations that need on the time response. This system should provide
the feed and water as required, and control the temperature in sheds to protect the cattle being ill and on heat, and
humidity level .internet connection used to connect these devices with smartphones or computers. In this paper we
proposed the architecture model of IoT based smart animal farm.

Key Words : Internet of Things (IoT), Architecture Model, Agriculture activities, Sensors, Smartphone Technologies

ALY, = TR, AFE ety Received: 9 November, 2018 / Revised: 1 December, 2018 /
"REY, 92w sgdstn, FFE B Accepted: 7 December, 2018

AedAl 2018 11€ 9Y, ‘F@%E: 2018 12¢¥ 1¢ "Corresponding Author: ahmedmateen@outlook.com

A A=) 2018 129 7 Computer Science Department, Chongqing University, China

- 43 -



Architecture Model of IOT Based Smart Animal Farms in Pakistan

I. Introduction

Pakistan is an agricultural country and enrich with
large livestock population. It is pivotal subsector of
whole Pakistan economy. 12.3% of total exports are
earned from this sector. Moreover livestock also serve
the mankind in several ways, they contribute a
considerable amount to our daily protein requirements
in the form of milk meat, hides and provide raw
material for industry. Population growth results greater
consumption of resources, Pakistan needs to increase
its milk and meat production at the rate of 6 to 9%
annually to keep up with increased demand and
increase in income. The primary objective of this
research is to increase the productivity of cows through
streamlining processes and general betterment of their
environments which will be achieved through the use
of an IoT framework.

To achieve this we need to deploy modemn
technology. Internet of Things (IoT) is the major
technology which can be utilized in the betterment of
Modern

monitoring the animals in real time environment

livestock  management. technology  for
provides high productivity in diminishing resources [1]
Internet of things (IoT) is the name of daily used
connected devices. In the era of advancement sensors
are embedded in numerous things to handle their
Physical

objects with internet connectivity can play remarkable

activities without human intervention [2].

role to improve the quality of life. There can be many
IoT based applications , has high impact on daily life in
several ways such as smart homes, health care,
transport, emergency alert, or human generated
hazards where human decision is difficult process [3].
10T refers to technology that taking strong ground in
wireless communication, IoT has visible impact on both
domestic and business field. According to [4] in 2025
IoT will be in every node of daily life -food, paper
document furniture etc.Remote Sensor Networks
(WSNs), Internet of things (IoT) and cloud information

are these days being significantly utilized as a part of

our general public. This test requires another and
brilliant remote system topology for imparting gadgets
[15].

The large scale livestock production business
contributes to the economy of country, at the same
time it also requires robust diet care, prevention of
cattle diseases and management. Economic loss due to
poor management and cattle disease is terrible.
According to [5] UK lost 4 million animals in 2001. For
best potential each animal individual

monitoring and care for identification of abnormality in

required

health. In the large farms it is impossible for human to
visually monitor every anmimal frequently. People
this task costly and time
consuming. IEEER02.154 based tags along IEEE
802.15.4 based router used for automatic data collection
about feeding and drinking behavior of each animal.
Animal robbery has been a principle issue in the
which
destroyed the economy of those countries. Global

involvement makes

farming segments in numerous countries,
positioning wireless node are used acquire the cow
location information. AWSN node was design to sense
the presence of thieves by the speed and movement of
cow. The data of cow speed and movement is collected
for investigation purpose. An irregular walk
demonstrate is connected to the dairy animals’ position
so as to decide the likelihood of the limit condition
where we expect there is an expanded likelihood of a
cow on the limit position being stolen. Continuous Time
Markov Processes (CTMP)

development example of an individual cow with a

is comnected to the

specific end goal to discover the possibility that the
dairy animals will be at the limit position [6].

10T is such framework where sensor based objects
connects to share their digital voice with external
world. According to [7,15] sensor based strategy for
optimal

environment. Most of the time it is used for monitoring

temperature  handling  is solution ~ for
data center environment, based on Arduino hardware

and XBee RF modules.
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Fig. 1. Basic Architecture of loT[14].

Number of IoT based projects specified their own
architecture, their
Architecture based in different subdomain of IoT
depending to scope or requirement of project [817]. In

according  to requirements.

this paper we design a savvy system which consists of
temperature control system, humidity control system,
and feed filling system. The collected data of the
system is transmitted to graphical user interface
through certain IP address with the help of Wi-Fi
modem. The collected data is processed and analyzed
for further analysis. The designed system can handle
via GUL This system can be handle automatically
using some threshold values or manually. Our designed
system considered all-important parameters of farms

which are not available in already existing system.

II. Objective

Objectives of this research are to introduce sensor
based model in Pakistan ,which control relate action to
imperative occasions e.g. humidity and temperature,
food supply management, in an effective manners via
using sensor based frame work. The designed model is
also affordable by small farmer along with the
acceptability of large livestock farmers. To build up a
model sensor framework fit for acquiring information
about farm parameters. To create approach for more
productiveness of dairy cows utilizing sensor based

frame work.

I, Previous Work

A team [9] told method of bio-health monitoring
revolves around the individual’s visual observation,
which weakens the nature of the inspection of the
cattle’s strength. In order to realize the -early
identification of each individual biological disease, in
this enterprise, the remote sensor organization system
(WSN) screens the biological encouragement behavior,
drinking behavior through radio frequency identification
(RFID),
Weakness, heartbeat and body temperature. This will
ensure the continuous inspection of the cows and help
predict health-related infections related to calves and
expand the feasibility of different characteristics of the

Zig-bee module and assistant sensors.

biological aquaculture (such as drainage system
generation), reduce treatment costs, and reduce the cost
of work.

Researcher [10,23] expressed that steers wellbeing
observing on the feedlot is a critical yet nontrivial
errand. The customary method for checking depends
intensely on the cowhand’s visual reconnaissance,
which makes the creature checking quality very
subjective and related with the conspicuousness of the
watched characteristics. Keeping in mind the end goal
to accomplish early recognition of every individual
creature’s sickness, in this paper, a remote sensor
arrange framework is produced to screen the creature’s
sustaining and drinking practices. A directional radio
wire is utilized to enable one switch to screen
numerous creatures all the while, and a vitality efficient
work steering technique is proposed to total the
observing information. The execution of the proposed
framework has been assessed through numerical
investigation and reproductions. The commitments of
this paper lie in the curiosity and achievability of
utilizing directional reception apparatus and remote
sensor arrange advancements for feedlot creature
wellbeing checking.

A group of researcher [11,19-20] explained a
bespoke Wireless Sensor Network framework intended
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to be mounted on touching creatures and gather
development data which is then coded with reference to
it has been
conceivable to align the bespoke framework with the

human perceptions. In doing this
end goal that, in instantaneous, the framework can be
utilized to derive creature conduct (e.g. resting,
touching, rummaging, and so forth.) remotely. At the
point when combined with future sans gps positional
data, this framework will give significant data to the
UK farming industry, notwithstanding conquering the
difficulties looked by numerous business frameworks
which depend on vitality serious GPS innovation. The
mnovation being produced and at present being used
for the work depends on Wireless Sensor Network
(WSN) innovation (Radio Frequency Identification
[RFID]). This innovation was initially created at
liverpool John Moore’'s University (IJMU) to track
business products to be specific gas barrels, because of
of the

administration

the vigor specially  appointed ~ systems

approach  accessible to  WSN
frameworks in cruel conditions.

A researcher expressed [1222] framework's key
goal is to have a smarter cattle infrastructure and to
implement non-intrusive wearable services to track the
physiological and organic movements of cows using
the Internet of Things hypothetical name Internet of
Things. Each cow is adorned with a wearable gadget.
Wearable devices and receiver hubs are based on the
engineering of cloud devices. Wearable devices are
used for the early identification of diseases, from the
identification of norms, crisis care, regional tracking,
changes in the timing of calving, and the identification
of diseases before the appearance of visual symptoms.
The sink hinges are responsible for smart lighting,
strong ventilation, bright sprinkler and smoke locations,
and sprinkler activation to make the frame more
accurate and safer. All sensor readings will be sent to
the event cloud to authorize remote access. The fact
that the cloud continues to be healthy is illustrated by
the facts of the individual cows, the level of the flue

gas in the cultivation, the daily water use and the

electricity consumption will be displayed on the online
map. All information other than time and date can be
used as an extension of the interpretation of the
expected list to conduct promotion checks. Therefore,
the general dairy cow welfare and the creation of
drains will improve welfare by reducing the cost of
raising pigs, guaranteeing small scale, minimal effort,
high consistency and reliability.

A researcher [13,16] expressed that idea of smart
city can be seen in each field of life including brilliant
squander

stopping, saving  money,

administration, keen transport, natural checking and

sewerage,

human services focuses. Web of things (IoT) is a
usage of keen hubs that sense the information,
translate, process and give reaction inside a required
time in a system. The capacity to implant detecting
gadgets into genuine condition empowers the change of
savvy condition. In any case, there is an almost no
useful utilization of IoT foundation, in actuality

compartment.

IV. Methodology and Experiment
Design

In designing the smart framework of dairy farm first
step is to design the flow chart of entire model to
describe basic functionality of model and flow of work.
Flow chart is modified and changed according to user
requirements if needed. Flow chart shows in designing
model first we work at the hardware level. And then
move to software level after that we integrated both
designed module. After successful integration data
acquisition starts and all gathered information is show
on ThingSpeak API [1821].

We designed the system architecture that satisfied
the all defined requirements. This model with little
modification can be used at different farms. This model
enables farmers to handle all activities remotely.

The figure shows the architecture we proposed.
Message routing module is required for establishing
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communication between ThingSpeak and IoT devices.
At the same time, typical smart phones can use Wi-Fi
and Bluetooth to communicate with IoT devices.
Therefore, we designed an application framework to
connect these communication routes and process
messages according to the intentions of service
providers and users. The framework we propose

consists of following functions.

Start
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Fig. 2. Flow chart of designed model functionality
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Fig. 3. System Management

1. Physical System Design

The system designing module is divided following
into two parts

1) hardware design

2) software design

2. Hardware Design

Hardware design is combination of two modules:

e Embedded module

e Ethernet communication module

The primary module comprises of the temperature
and humidity sensor and ultrasonic sensor and two
microcontrollers, which are placed in shed that detects
the parameters of framework. WIFI connect is used to
transmit the collected data via Ethernet using UDP
protocol. System collects the information of connected
dairy farm keep up the record and play out the point of
view activity. The embedded module collects the
information of animal farm and maintain the record for
further processing and perform the relative function in
real time environment.

It works in two modes

1) Automate mode

2) Manual mode.

If the framework in programmed mode, a threshold
value is stored in the system, it operates the function
according to that wvalue and continuously giving
feedback to GUI via Wi-Fi connection. If system is set
in manual working mode, devices are controlled by
using buttons in GUIL The sensor based creature
cultivate comprise of subsystem, Bio gas controller,
feed controller, IP cameras, Incubator and fire detection

etc.

A. Feed control system

Feed control system consist of and feed storage
tank .Ultrasonic sensor embedded into it, detect the
level of feed in tank , when feed level goes down to
predefined value it turn on the valves if it is in
automatic mode or it sends back the feedback to user

to turn on the valves if it works in manual mode. The
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system block diagram is show in figure 1

Actuator
System

Power Supply
Stapper driver

Stepper mator

l—.| ThingSpeak

I Gl

a8 4. D= FMof 28
Fig. 4. Feed control module

B. Temperature Control System

Humidity and temperature are common parameters
measured in many places such as farms, greenhouses,
medical, industrial, home and office. We are using the
Arduino for humidity and temperature measurements
and displaying data on the ThingSpeak. In this Internet
of Things project, we will use ThingSpeak to monitor
humidity and temperature over the Internet, and we
will use the ThinSpeak server to display current
humidity and temperature data over the Internet. It is
accomplished through data communication between
Arduino, DHTI11 ESP8266  WIFI
module. Celsius and Percent Hygrometers display

sensor module,

ambient temperature and humidity and send it to the
ThinSpeak server for real-time monitoring anywhere

in the world.

—®

a5 2 3 &5 2H 28
Fig. 5. Temperature and humidity control module

ThingSpeak
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Fig. 6. complete model of designed system

2. Work and ThingSpeak settings

The IoT-based project is divided into four parts.
The first is the humidity and temperature sensor
DHT11, which is used to detect humidity and
temperature data. Secondly, NodeMCU extracts the
DHT11 sensor’s data into appropriate percentages
and degrees Celsius and sends it to the Wi-Fi
module. Third, the Wi-Fi module ESPS266 sends data
to ThingSpeak’s Finally, ThinSpeak
analyzes the data and displays it in Graph format.

SErvers.

ESP8266 - Arduino DHT11

a3 7. ThingSpeak X
Fig. 7. ThingSpeak setting.

ThingSpeak provides very good tools for Sensor
based IoT- projects. By using the ThingSpeak website,
we can monitor our data from anywhere via the
Internet, and we can use the channels and web pages
provided by ThingSpeak to control our system over the
Internet. ThingSpeak ’collects’ data from sensors,
"trigger response’ analyzes and visualizes 'data and

"behavior’.

Circuit description
NodeMCU with ESP8266 is connected with dthll
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sensor for humidity and temperature and ultrasonic
sensor for remaining feed directly on serial monitor and
ThingSpeak  site.

i

J% 8. StESRI EX|
Fig. 8. Hardware Device

V. Results

Intelligent systems for controlling temperature,
humidity and feed are developed using two software
platforms, ThingSpeak APIL The Arduino IDE is used
as an embedded program for microcontrollers. The
display data collection on the PC works on the
ThingSpeak API platform. This intelligent system is
designed using ThingSpeak and simulation tools 4.7.2
IDE

Arduino’s integrated development environment is a
cross—platform application written in the Java
language. It comes from the IDE for programming
languages and wiring projects. Arduino programs are

written in C or C++.

D sketch_aprO2a | Arduine 1.2.5 - (=] >
File Edit Sketch Tools Help

a8 9. MEHT|
Fig. 9. Lab View

Thingspeak API

The Thingspeak API is used as the integrating
platform for acquiring, processing and transmitting
data.lt provides further Matlab analysis functionality on
acquired data. Temperature results

|OT Based Smart Animal Farms in Pakistan

temprature

a3 10, 2= =A
Fig. 10. Temperature Condition

|OT Based Smart Animal Farms in Pakistan

tempratur e

Date

38 1. 2= Zot
Fig. 11. Temperature result

In order to for proper condition of animals, the shed
should be controlled for temprature on range
30-40C%.the mention. At this temperature their
productivity like milk, meat etc, at maximum. After 40C
cattles become heat stressed.
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Fig. 12. Humidity Conditions within a Shed
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Fig. 13. humidity condition

The highest value of temperature humidity index is
displayed. In order to get proper condition, the SHED
should be controlled for humidity on range 80-90%.
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Fig. 14. Feed level in a drum
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Fig. 15. Feed level

When the predefined level of feed goes down, the
valve’s turn on and supply of feed started.

All collected data of sensors is stored in excel sheet
which can be utilize for further analysis and processing
to evaluate the efficiency of system.it can also be used
to take important decision about the condition of
animals. Most situations, animal numbers and
production will be controlled by feed supply.

All sensors data is stored in excel sheet. This
collected data can be analyzed for further details and
making important decision, and to know about the
previous situation which required attention.

Automatic mode control system

In automatic mode thresh hold value is added in a
system, when system reaches at that level it starts
handle condition smartly.

H1, 2= f &= dolH
Table 1. Temperature verses Humidity Data

No Measuring Condition
temperature humidity feed Fan valve
1 >40 >90 >40 On Off
>30 >80 <40 On On
<30 <80 <30 Off On

It does not need to wait for user response. This
situation is suitable in emergency condition where on

the time response is required to handle situation.

VI. Conclusion

The designed model handle all complex and on the
time responsive activity of livestock. The purposed
model is elements

organized into  components:

identification, information sharing, management,
handling of activities on the time. The designed system
reduces economical loss and labor cost to maintain all
the activities. More accurate data about the internal
condition of farm is shared to take important decision
and further processing done on collected data. In this

paper we have designed IoT based smart livestock
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farm. It's a cost effective system is its cost is
50000PKR.It continuously monitor the parameters of
animals and minimize the change of mistake in
management, and reduces the maintenance cost. It is
best suitable for domestic to large farms. This can be
handled both automatically and manually. With little
modification this can be applicable to different farms.
The "Farm Smart Framework” strives to demonstrate
improvements in best practice in any livestock
management work. Keep in mind the goal of ensuring
the proposed model’s capabilities and strengths.
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