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A High Throughput Offering lot System
For Agriculture Applications
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Abstract: In this paper, we have proposed a high throughput offering 1oT system for agriculture applications. The proposed system performance is
analyzed using network simulator tool by different network protocols and proposed an best performance offering 10T topology. Finally the best
performance offering topology is physically realized using controllers, sensors and actuators. We have extended our analysis theoretically, simulation
wise and finally practical realization. Overall the proposed topology is offering high throughput. The IoT system is capable to collect six physical
parameters like humidity, temperature, solar radiation, wind direction, wind speed, and pressure. Finally an application is designed to display the

physical parameters.
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NOMENCLATURE
AloT- Agriculture Internet of Things
SBC-Single Board Computer
WSN- Wireless Sensor Network
RF- Radio Frequency

1 INTRODUCTION

As Internet of Things (loT)applications are emerging, in the
next decade the world economy is greatly influenced by these
advanced applications. Prior to the I0oT technology, wireless
data collection is done using RF ID, WSN, smart objects.
From the last decade IoT technology showing a great
potential in the area of physical data collection and monitor
with high security. With its flexibility and sturdy nature loT
technology is recommended by researchers in health,
manufacturing, security, agriculture applications. In the area
of Crops and production internet of things is termed as
agriculture internet of things (AloT). In loT system design
communication technology plays an important role. The
communication technology may be wired or wireless, the
wired communication technologies like RS485,HART,
ProfiBus are generally used in loT for transducer interface.
The wireless communication technologies like Wi-Fi, Zigbee,
6LOWPAN are used in loT for data uploading into the cloud
(bigdata). From any communication technology the novel and
sturdy loT system design expecting high transmission rate,
high coverage, low latency, large number of connections, high
reliability, high security. Markov discrete time M/M/1 queuing
modeling is preferable modeling the parameter like energy
consumption, delay, throughput, path loss, wireless link
channel, non-isotropic transmission.
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The paper is organized as follows: in section Il, we investigate
the modeling of 10T systems in terms of power consumption,
delay, throughput, path loss. Section Ill analysis of different
AloT topologies for high throughput. Section IV describes the
design methodology of high secure industrial loT system with
novel and sturdy nature. Design and analytical work is
presented and discussed in section V and followed by
conclusions in section VI.

2 PERFORMANCE INDICES

The major performance indices of loT system are power
consumption, delay, throughput, path loss.

A.Power consumption:

The total power consumption of any loT system depends on
transducers, controllers, and communication modules. The
length of the packet also plays a major role in the overall
power consumption. In any communication amplifiers are
important for efficiency; these are the major power
consumption modules.
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Where Pgy is the receiver power, Prxis the transmitter power,
Pcir Pigie IS the idle power, P is the power for the startup
RF, P.mp amplifier power in communication module.
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B. Delay:
The efficiency of any IoT system is decided with the delay
performance indices.
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Dt = Doont + DPrc + DSWI( Dprop + (3)
Dtrans + uneue + Drec
Where, contention, propagation, switching, processing,

transmission, queuing delays. Software defined networks are
preferable in 0T to minimize access delay.

C.Throughput:

Throughput is nothing but, the amount of data passing
through a system or process. The Throughput can be
expressed as,

S
TMHC =N (1_ T, (T)) ps ? (4)

Where, N is the number of nodes in the network, S is the
packet size, T is the length of the cycle, Pgis the window size,
m.(T) is the probability of successful DATA packet
transmission.

D.path loss:
In wireless sensor networks the topology performance mainly
depends on path loss, the path loss can be expressed as,

PL, =PL(d,)+20¢ log,,(d,)

for d, <8meter, 1=12...n. ®)

PL, = PL(d,)+33¢log,, (%)

for d,>8meter, 1=12,...,n.
Where, PL(do) is the path loss at a distance of d,, § is the path
exponent, dis the distance of the length .

3 NETWORK TOPOLOGY ANALYSIS

Before physical realization of the proposed IoT system the
performance of the system is analyzed using network
simulator (ns3). We have analyzed the performance by
different 10T topologies. The performance of the system is
analyzed in terms of power consumption, throughput, delay,
packet loss and the lifetime. This analysis will helps the loT
system designer for better practical system design. The basic
IoT topology consist a sensor node (Wi-Fi station), internet
provider (Wi-Fi access point) and Internet enable server
(sink). Here, the loT system is for agriculture applications
overall six sensors(humidity, temperature, solar radiation,
wind direction, wind speed, and pressure) are connected to
Wi-Fi enable sensor node.

Sensor Node
(Wi-Fi Station)

- Wi-Fi Internet
comary et || ik ool
' T Point ' Server

direction, wind speed,
and pressure)

Figure 1. Basic model of 10T topology.
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Figure 2: Design of IoT topology in network simulator.
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Figure 3: Packets received and receive rate.

Table 1: Topology network simulation results.

Parameter Value
Average Throughput 950 kbps
Delay 20 ms
Energy Consumption 46%
Path Loss 96%

4 Design and Analysis

The design of real agriculture internet of things (AloT) system
is done in three layers i.e., initially in the perception layer the
sensor nodes are designed and the sensors are interfaced
with single board computer i.e., raspberry pi-3 with built-in Wi-
Fi module. The programming is done using python language.
In the network layer the sensor nodes are connected to the
access point and internet gateway is provided. In the
application layer the database is designed using MySQL and
the application is designed using HTML/PHP.
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Table 2: List of physical parametric sensing devices
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Table 3: Competition of present 10T system with literature

Ref. Present
Par:rmet Ref. [3] 4] Ref. [13] System
Three
Wireless
Air Sensor
Water Quality | Quality For .
Domain Monitoring monitor | Environm Agriculture
System ing ent
System | Monitorin
9
humidity,
temperatur
PH, PMS50 e, solar
Water level , 05, radiation,
Transdu temperature, Tempe BLE wind
cers Carbon rature, Sensors direction,
dioxide, Humidi wind
Turbidity. ty speed,
and
pressure
Con:rolle Raspberry
/Process FPGA ARM PSoC3 Pi
(AVR)
ors
Lpwa | _Local
C_om_mu . Trans area unit Wi-Fi
nication Zigbee mitter (LAN)
Module [RN131C/
Module
G]
TCP/
Internet IP UDP,HTT TCP,
HTTP
Protocol Protoc P
ol Protocol
Cloud laas
Computi --- ---
ng
Cloud User
Security credential

(sensors)

Physical Sensor Analog/D_|g|taI, Parametric
parameter (analog/digital) (working range
(Units) 9/dig principle) 9

A3144
Wind speed Analog 0to 100 m/s
P (Hall Effect (0 to 224
(Anemometer) Sensor) mph)
Analog
Temperature (IC Based) -10to 80 °C
. 1.8m/s (4
. - Potentiometer Analog A
Wind direction (Continuous) (Resistive) mph) with 5
displacement
Relative Digital o
Humidity (Capacitive) 20-90% RH
Robu 6V
80mA Mini
Solar Radiation Solar Panel Analog _
BMP 180
Pressure ( iezglgeltsaiiztive) 300 to 1100
(Barometer) P hPa
'\. m Ny T o
o — —

5 CONCLUSION
This study focuses on design of a high level of quality of
service and performance offering agriculture internet of

Login

Figure 4: User login page in loT application.

Agriculture Internet of Things System.
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Figure 4: Sensor data page in loT application.

system (AloT). The communication system performance
depends on the parameters like power consumption, path
loss, delay throughput. The proposed AloT topology is
offering a throughput of 950kbps, delay of 20ms, energy

consumption of 46% and path loss of 96%.

After topology

analysis in network simulator the loT system is physically
realized in Infrastructure as a service level. The system has
its own dedicated server and applications are designed.
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