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ABSTRACT

Agriculture is one of the key enabler for the economic development of India that accounts for one third
of nation’s income. Due to the problems that agriculture industry is facing, there is a need to introduce
automation in agriculture that improves the efficiency. This paper presents the implementation of
Automated Motor Starter Unit (AMSU) for smart farming applicable to indian scenario. In addition,
current technologies and attempts in smart farming are reviewed and discussed. More than 90% of
indian farmers have been using motors for their farm fields which are controlled by single phase or
three phase power supplies. The AMSU has been designed to turn on/off motor in the farm field
using mobile phone having cellular network from any place. The AMSU is selected to increase the
operation efficiency by minimizing the manual operation of motors for which farmer need to go to
the farm field.
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1 Introduction

Agriculture is the main source of food grains and plays an important role in the economic development of agricultural
countries. India is a agriculture country with 70% of population depending on agriculture or related fields. Income
generated from agriculture accounts for the one third of nation’s capital [1, 2]. However, this is one side of the coin,
the other side contain several problems that decreases the production yield due to inadequate rainfalls, uncertainty
in power supply, and traditional methods followed by farmers. The primary requirement for any crop growth is the
sufficient and uninterrupted water supply. In many parts of the country, due to inadequate rainfalls the irrigation systems
were developed that stores the water during heavy rainfall and releases to the farm field for the crop growth whenever
required using single phase or three phase motors that need to be operated manually by farmer. Usually the distance
from farm field to water source ranges in few kilometers and farmer need to walk all the way in order to operate the
motor. In some cases, due to insufficient water present in well, motor runs in dry state and leads to complete failure.
And, fluctuations in electrical supply resulting in voltage variation of higher than ±10% of prescribed nameplate rating
also leads to motor failure [3, 4]. All the above stated reasons will significantly decrease the efficiency of agriculture
production.

Integration of modern technologies with agricultural methods will reduce the burden on farmer and improves overall
efficiency. Wireless Sensor Network (WSN) consist of sensors and actuators to monitor different parameters and act
accordingly. One of the best application of WSN is in agriculture domain where different parameters are monitored and
communicated wirelessly to take appropriate actions. In general WSN applications in agriculture domain consist of
sensor nodes, gateway that collects the data and sends to cloud for processing. Such applications are in demand and
impose challenges in real time implementation. Some of such challenges are low cost, power requirement, and ease of
use for farmers. Terrestrial Wireless Sensor Network (TWSN) and Wireless Underground Sensor Network (WUSN) are
the two most commonly used networks in agriculture domains [5]. In TWSN, sensor nodes are placed above the surface
of ground and will communicate with gateway using Industrial, Scientific, Medical (ISM) bands of 902-928 MHz and
2.4 GHz. On other hand, WUSN uses sensors that are deployed under the surface of ground. Soil moisture sensor used
to measure soil wetness is one of the example for WUSN. Short range wireless communication is used between sensor
nodes and gateway. IEEE 802.15.4 Zigbee, IEEE 802.15.1 Bluetooth, and IEEE 802.15.6 Ultra Wide Band (UWB) are
few examples [6, 7, 8]. The communication between gateway and remote desktop supports long range for which IEEE
802.11b/g Wireless Local Area Network (WLAN) are used.

In this paper, we present an low cost TWSN implementation of Automated Motor Starter Unit (AMSU) that monitors
the water level in well and sends SMS to farmer’s mobile using Global System for Mobile Communication (GSM),
depending on the status of the water level farmer can turn on/off motor using his mobile by sending SMS or giving a
missed call to the number in the AMSU. In past few years, advances in agriculture has gained interest among several
researchers who came up with different methods, that are presented in Table 1.

This paper is organized as follows. Section 2 presents different wireless communication technologies available with
their features. Section 3 presents the complete implementation of AMSU for real time implementation in agriculture
environment. This section also presents the hardware details for the prototype. Section 4 concludes the paper.
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Table 1: Summary of wireless applications in agriculture.
Category Description Reference

GSM Wireless communication of temperature, humidity,
and wind speed using GSM-SMS

[9]

GSM Automated water irrigation system for crop growth
using GSM

[10]

Zigbee Implementation of green house environment
monitoring system with zigbee using CC2530 chip

[11]

Zigbee WSN for precision agriculture using zigbee [12]

Bluetooth Application of Integrated Control Strategy for
green house monitoring using bluetooth

[13]

Bluetooth Implementation of WSN for monitoring paddy crop
weed using raspberry pi and bluetooth

[14]

Wi-Fi Smart irrigation system using flow sensor, ESP8266,
and arduino

[15]

Wi-Fi Cloud based IoT system for precision agriculture [16]

LoRaWAN IoT based agriculture monitoring system using
LoRaWAN

[17]

2 Wireless Communication Protocols

Till now there is no such protocol dedicated to the agriculture applications. But over past few years, several short range
and long range communication protocols were implemented by agriculture applications by researchers which shown
promising results. Summary of such such protocols are presented in Table 2.

2.1 Cellular

Cellular communication supports high data rate by utilizing GSM, 3G, and 4G capabilities. GSM is the most commonly
used cellular communication in agriculture applications due to its Short Message Service (SMS) feature. It has uplink
frequency of 890-915 MHz and downlink frequency of 935-960 MHz. It has bandwidth of 25 MHz and uses Gaussian
Minimum Shift Keying (GMSK) modulation [18].

2.2 Zigbee

Zigbee is used for the applications that need short range communication of about 10m. In agriculture, zigbee is used
as an transreceiver to transmit the sensor data to the nearby gateway node. It uses IEEE 802.15.4 standard, basically
developed for low power consumption and low data rate applications. It uses 5 MHz bandwidth and Carrier Sense
Multiple Access (CSMA) that avoids multiple data transmission at a time to the receiver [19]. Each transmitter in the
network checks for the carrier signal from another transmitter, if it has found one then it waits till the other transmitter
finishes its transmission. This mechanism avoids the collision between two signals.

2.3 Bluetooth

Bluetooth is a IEEE 802.15.1 standard used for most of the Internet of Things (IoT) applications. It is an terrestrial
short range communication technology that operates using 2.4 GHz frequency band. It consist of three classes namely
Class 1, Class 2, and Class 3 with 100m, 10m, and 1m ranges. It uses Differential Phase Shift Keying (DPSK) and
GFSK modulation techniques [20].
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Table 2: Summary of Wireless Protocols.
Protocol Frequency Band Data Rate Power Range

Cellular 890- 915MHz,
935-960 MHz

High High 35 kM

Zigbee
(IEEE 802.15.4)

2.4 Ghz 250 Kbps Low 10m

Bluetooth
(IEEE 802.15.1)

2.4 GHz 2 Mbps Low 10-100m

Wi-Fi
(IEEE 802.11b/g)

2.4 GHz, 5 GHz 11 Mbps High 100m

LoRaWAN
(IEEE 802.11ah)

923 MHz 37.5 Kbps Very Low 5 Km

2.4 Wi-Fi

Wi-Fi is the most commonly used terrestrial communication protocol in applications that require long range. It uses
both 2.4 GHz and 5 GHz and comes with different variations like IEEE 802.11a/b/g/n. Using Wi-Fi, signal can be
transmitted to a distance of greater than 120m with a data rate of greater than 11 Mbps. It uses Orthogonal Frequency
Division Multiplexing (OFDM), Quadrature Amplitude Modulation (QAM), and Phase Shift Keying (PSK) modulation
techniques [21].

2.5 LoRaWAN

LoRaWAN is a IEEE802.11ah standard used in applications that require large area coverage with low power consumption.
It operates on LoRa network and has channel bandwidth of 125 KHz to 500 KHz. It supports data rate of of 37.5 Kbps.
In LoRaWAN all the transmitters can transmit signals simultaneously, there is no collision avoidance mechanism [22].

3 AMSU Implementation for Agriculture

In this section, we describe the system model for the AMSU prototype. The goal of the AMSU is to overcome the
manual operation of motor in the farm field by automating the process and alert the farmer regarding water status in the
well. The AMSU prototyping system is presented in Figure 3. To determine the water level in the well float switch
is used. A float switch consist of internal float that moves up and down due to liquid flow in which it is placed. The
internal float consist of reed switch and magnet that comes two positions namely Normally Closed (NC), Normally
Opened (NO). Due to liquid flow, the reed switch operates either in "NC" or "NO" position thus closing or opening an
electric circuit which thereby sends an output signal. Float switches comes in two types, horizontal or vertical. In this
prototype, we have used the vertical float switch that is covered with steel net to prevent from dust as shown in Figure 1.
The other end of the float switch is connected to the AMSU. The AMSU unit consist of microcontroller, transreceiver,
and relay circuit. The relay circuit is connected with the Control Unit (CU). The CU is an three phase motor switch
panel with START/STOP buttons used to manually control the motor in the farm field. Along with START/STOP
buttons, the CU consist of Fuses, Contactor, and Relays. In general, the three phase induction motor draws high current
that can damage the motor windings. To protect the motor from over current fuses are used. Whenever there is a high
current flow than the prescribed rating , the fuses will open the terminals. A Contactor consist of an coil that energizes
when current flows through it, thus creating the magnetic field, which in turn causes the START/STOP buttons to close
or open the electric circuit. There are cases in which the load connected to the motor draws high current, causing
overload problem. To protect the motor from overload failure, relays are used that will cut the current flow during
overload. The wiring of three phase motor with START/STOP buttons is shown in Figure 2. To remotely the control the
AMSU through mobile, the GSM link is used. Farmer can turn motor on/off buy giving an missed call or by sending a
SMS to the number installed in the AMSU. Only farmer and authorized users by farmer can control the AMSU, thus
providing security.
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Figure 1: Float sensor installation.

Figure 2: Wiring of three phase motor.
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Figure 3: System Model.

3.1 Hardware design

In our AMSU prototype system we used microcontroller, GSM shield, relay circuit, and float switch. We have used
Arduino Pro mini as microcontroller which is based on ATmega328. It operates on 3.3 V and consist of fourteen digital
input/output pins, six analog input pins. SIM900A is used as GSM shield that operates in dual band 900/1800 MHz. It
is used in voice, SMS, data, and low power consumption applications. It consist of sim holder for placing sim card,
antenna, General Purpose Input Output (GPIO) pins, serial interface, 12 V battery slot, and Analog to Digital Converter
(ADC). The relay circuit consist of 250 VAC 10 A ice cube relays, LM7805 voltage regulator, 1000 µF 25 V Aluminum
Electrolytic Capacitor, 470 µF 25 V Aluminum Electrolytic Capacitor, IN4007 diodes, and prototype Printed Circuit
Board (PCB) 4” x 2”. A vertical float switch is used to detect the water level. The prototype model is shown in Figure 4

3.2 Working Model

• AMSU is installed at the field level by connecting it to the CU which is already connected to the three phase or
single phase motor in the field.

• Four wires from AMSU are connected to existing CU (by opening the case cover ) to automate its performance.

• The present module works with line 2 (L2) supply and ground, which provides 230 VAC which is stepped
down to 12 V 3 A supply which is fed to the Chipset.

• Power to the AMSU module is supplied by connecting it to the line (L2) of three phase supply which is already
given to the existing CU.

Figure 4: Sensor node hardware design.
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• There is an optional availability of two wires from AMSU to connect the float switch to find the availability of
water level in the well.

• Only registered contact numbers can get access to the AMSU.

• A registered contact can add any number of contacts to operate it. (Limited to SIM memory)

• Once a number is registered and the power in the farm field is available, then AMSU will automatically send a
message about the POWER and WATER STATUS to the registered mobile numbers.

• The AMSU can be operated by an SMS or MISSED CALL to the Number that is placed in AMSU.

• If water is not available in the well then the AMSU will detect it through the float switch and turns off the
motor. A message is sent to the farmer mobile, stating that motor is off and water is not available (here AMSU
will continuously read the status of the water level and keep itself updated). If farmer tries to switch on the
motor without sufficient amount of water in the well i.e. about 5 inches, AMSU will not switch on the motor.
Figure 5 shows the flowchart.

4 Advantages

• Save time by avoiding travelling to motor room every time to switch on and off motor.

• Save electricity by turning motor off while not needed.

• Save life by avoiding attack of wild animal while going to motor room in night time.

• Protect motor from dry run.

• Flexible wiring kit in modular way helps to make easy wiring and handling.

• Protect motor from phase imbalance and low voltage.

Figure 5: Software flow: (a) flowchart to switch on motor and (b) flowchart to switch off motor.
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5 Conclusion

In this paper, we present a AMSU used to get the water level indication in well and remotely control the motor in the
farm field using mobile. GSM link is used between the AMSU and mobile. The system is different than the existing
systems in that we consider the problems caused due to power cuts. Once the power has came back, the availability
of power in the farm field is sent to the farmer mobile along with the water level indication. Such a system reduces
the burden on farmer for going to the farm field in order to check the water level in well for turning motor on/off.
Through this AMSU, farmers are able to utilize highly detailed analytics to accelerate productivity and gain more
access to opportunities in the future. A discussion of current available wireless communication protocols for agriculture
applications has also been given in this paper.
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