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Abstract 

This paper provides us with a method to control the level of water supply to the rice crops which aims at high efficiency of water 
and electricity. This system utilizes ultrasonic sensors, Zigbee modem, GPRS and microcontrollers viz. PIC and ARM-7. The 
control is done automatically without any human intervention by design, development and trial work of a monitoring system. 
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1. INTRODUCTION 
Water is one of the most important resources of our living. Water occupies 70% of total capacity in this world, but not 
total capacity of water can be used as it contains various impurities. But due to growing pollution there is much stress on 
the water requirements and the scarcity of water is growing day by day. Hence it’s necessary to use the present water in a 
judicial manner. Thus, the automation of water control in rice crops is necessary. 
The automated control is implemented here to avoid damage of crops due to surplus or deficit usage of water. The already 
existing system uses simple water pumps to supply water to the crops as and when required by manual        control.           
Another disadvantageous  method  is  the  discontinuous  monitoring  of  the  water  level  by  using  GSM  (Global  
System  for  Mobile Communications) technology. But, the proposed system uses automatic control by using continuous 
monitoring by GRPS (General Packet Radio Service). The use of binding coils for communication purpose is practically 
impossible. This is because when long distances are involved, it leads to damage of the coils and also disruption in 
communicating information between the field and the centre and the use of coils for communication purpose is 
economically not possible. 
This paper presents a view on coupled usage of Zigbee and GPRS wireless system on the agricultural land by regulating 
with the use of micro-controller. The benefits of wireless communication extend beyond simply not using wires. Wireless 
technology has had an overall positive impact on the costs and efficiency of anything from home Internet installations to 
the operations of large corporations worldwide. Thereby the use of wireless communication for the monitoring and 
controlling on the agricultural land is highly essential. 
 

 
Fig 1: On-Sight Module                                   Fig 2: In-House Module 

 
2. HARDWARE BLOCK DIAGRAM 
The figure 1 and 2 consists of PIC16f877acontroller,arm7 (LPC2103), GPRS modem and sensors. Humidity sensors are 
used to measure the humidity of the environment, temperature sensors are used to measure the temperature and ultrasonic 
sensors are used to measure the water level of the ground. The sensors values are fed to the PIC 16F877A microcontroller. 
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The microcontroller converts the analog values from the microcontroller to digital values which are communicated to the 
user through the LCD display. The digital values from the PIC Microcontroller are sent via the Zigbee Transmitter. The 
Zigbee Receiver receives the signals and sends them to the ARM7 controller. ARM controller gets the data and updates 
the server using GPRS communication. The web page is used to view the parameters of the environment and field. The 
web page also consists of ON and OFF buttons in its pages, to establish a control over the internet connection. So signal is 
transmitted and again received by the GPRS modem and it be sent to the controller. The controller receives the signal, 
and gives the command to the pumping station which is conne cted through the relay circuit. 
 

 
Fig 3: Basic Block Diagram 

 
3.BASIC WORKING OF THE PERFORMANCE MODEL 
The sensors used for measuring are the ultrasonic sensors, temperature sensors and humidity sensors. The ultrasonic 
sensors are used to measure the water level in the field. The principle of operation of ultrasonic sensors is as follows: 
Ultrasonic sensors emit short, high-frequency sound pulses at regular intervals. These propagate in the air at the velocity 
of sound. If they strike an object, then they are reflected back as echo signals to the sensor, which itself computes the 
distance to the target based on the time span between emitting the signal and receiving the echo. Based on the distance 
between the sensor and the object, the water level is determined. As the distance to an object is determined by measuring 
the time of flight and not by the intensity of the sound, ultrasonic sensors are  excellent at  suppressing background 
interference. The temperature  sensors are  used  to  measure the temperature at the field Analog temperature sensors 
are actually chips that record the surrounding temperature. The voltage that isread across the diode is actually the 
working base for the sensor. When the voltage increases, the temperature also rises. There is a voltage drop between the 
emitter and base of the transistor which is recorded. If the voltage difference is amplified, an analog signal is generated. 
This signal and the temperature are proportional. Humidity Sensors relying on this principle consists of a hygroscopic 
dielectric material sandwiched between a pair of electrodes forming a small capacitor. Most capacitive sensors use a 
plastic or polymer as the dielectric material, with a typical dielectric constant ranging from 2 to 15. In absence of 
moisture, the dielectric constant of the hygroscopic dielectric material and the sensor geometry determine the value of 
capacitance.At normal room temperature, the dielectric constant of water vapor has a value of about 80, a value much 
larger than the constant of the sensor dielectric material. Therefore, absorption of water vapor by the sensor results in an 
increase in sensor capacitance at equilibrium conditions, the amount of moisture present in a hygroscopic material 
depends on both the ambient temperature and the ambient water vapor pressure. This is true also for the hygroscopic 
dielectric material used on the sensor. By definition, relative humidity is a function of both the ambient temperature 
and water vapour pressure. Therefore there is a relationship between relative humidity, the amount of moisture 
present in the sensor, and sensor capacitance. This relationship governs the operation of a capacitive humidity 
instrument. Fig2 describes the basic model of humidity sensor. The PIC 16F88A is the most powerful microcontroller 
which can be used in all Industrial works. PIC microcontrollers (Programmable Interface Controllers) are electronic 
circuits that can be programmed to carry out a vast range of tasks. They can be programmed to be timers or to 
control a production line and much more. They are found in most electronic devices such as alarm systems, computer 
control systems, phones, in fact almost any electronic device. PIC Microcontrollers are relatively cheap and can be 
bought as pre-built circuits or as kits that can be assembled by the user. The PIC microcontroller we use here is to 
convert the analog values from the sensors to digital values. These values are displayed using an LCD screen.Zigbee is 
an open wireless communications standard that is very similar to Bluetooth but with a much smaller payload. The 
Zigbee standard uses small very low-power devices to connect together to form a wireless control web. A ZigBee 
network is capable of supporting up to 254 client nodes plus one full functional device (master). Zigbee protocol is 
optimized for very long battery life. 
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Fig 4: Schematic diagram of the automation system 

4.SIMULATION RESULT 
4.1.Proteus: Proteus is software for microprocessor simulation, schematic capture, and printed circuit board (PCB) 
design. It is developed by Lab center Electronics. The proteus is used to program PIC 16F877A which converts the 
analog values from the sensors to digital values displayed in the LCD screen. The sensors are replaced by variable 
resistors for the simulation purp ose alone. 
4.2.PIC C Compiler: PIC C Compiler which is the  C programming language for the microchip’s Peripheral 
Interface Controller microcontroller. 
 

 
Fig 5: Proteus Simulation Result 

 
4.3. Keil: Keil is the name of an ARM company which is essentially concentrating on the applications like complier for 
the microprocessor. This allows the assembling and debugging of files 2k. 

 
Fig 6: Keil Compiler Output 

5.CONTROLLER DESIGN 
5.1. Sensors 
Ultrasonic Sensors 
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Ultrasonic sensors (also known as transceivers when they both send and receive) work on a principle similar to radar or 
sonar which evaluate attributes of a target by interpreting the echoes from radio or sound waves respectively. 
Ultrasonic sensors generate high frequency sound waves and evaluate the echo which is received back by the sensor. 
Sensors calculate the time interval between sending the signal and receiving the echo to determine the distance to 
an object. Thistechnology can be used for measuring: wind speed and direction (anemometer), tank or channel level, 
and speed through air or water. In this case the ultrasonic sensors are used to measure the water level. 

 
Fig 7: Ultrasonic Sensors 

Temperature Sensors 
The temperature sensor used to measure the temperature at the field is LM 35.The LM35 series are   precision 
integrated-circuit temperature sensors, whose output voltage is linearly proportional to the Celsius (Centigrade).The 
LM35 does not require any external calibration or trimming to provide typical accuracies of degree C at room 
temperature and degree C over a full -55 to +150øC temperature range. Low cost is assured by trimming and calibration 
at the wafer level. The LM35's low output impedance, linear output, and precise inherent calibration make interfacing to 
readout or control circuitry especially easy. 

 
Fig 7: Temperature Sensor 

Humidity Sensors 
A humidity sensor also called a hygrometer, measures and regularly reports the relative humidity in the air. A humidity 
sensor senses relative humidity. This means that it measures both air temperature and moisture. Relative humidity, 
expressed as a percent, is the ratio of actual moisture in the air to the highest amount of moisture air at that temperature 
can hold. The warmer the air is, the more moisture it can hold, so relative humidity changes with fluctuations in 
temperature. The most common type of humidity sensor uses what is called "capacitive measurement." This system relies 
on electrical capacitance, or the ability of two nearby electrical conductors to create an electrical field between them. The 
sensor itself is composed of two metal plates with a non-conductive polymer film between them. The film collects 
moisture from the air, and the moisture causes minute changes in the voltage between the two plates. The changes in 
voltage are converted into digital readings showing the amount of moisture in the air. 

 
Fig 8: Humidity Sensors 

5.2. PIC 16F877A Microcontroller 
PIC is a family of modified Harvard architecture microcontrollers made by Microchip Technology, derived from the 
PIC1650 originally developed by General Instrument's Microelectronics Division. The name PIC initially referred to 
"Peripheral Interface Controller" Peripheral interface controller is the most powerful microcontroller which is a 
40pin device which is used as RISC architecture. Reduced instruction set computing, or RISC is a CPU design 
strategy based on the insight that simplified (as opposed to complex) instructions can provide higher performance if 
this simplicity enables much faster execution of each instruction. One advantage of reduced instruction set 
computers is that they can execute their instructions very fast because the instructions are so simple. Another, 
perhaps more important advantage, is that RISC chips require fewer transistors, which makes them cheaper to design 
and produce 
 
LCD Display 
The LCD Display is used to provide the user with the digital values converted by the PIC microcontroller. LCD 
driver is a link between the microcontroller and LCD.It is necessary to interface the LCD according to the driv er 
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specification. To understand the algorithm of LCD interfacing user must have datasheet of both LCD and LCD driver. 
In LCD initialization you have to send command bytes to LCD. 
 
RS 232 
The RS 232 cable is used for the purpose of serial communication. The output signal of PIC16F877A is in TTL 
level from 0V to +5V. But for COM port on PC, it needs both positive and negative voltage levels. Therefore, a 
RS 232 Level Converter is necessary to perform +15V and -15V. 
 
5.3.Zigbee Module 
Zigbee technology is the standard of choice among other wireless technologies due to its efficient low- power 
connectivity and ability to connect a large number of devices into a single network. Zigbee technology uses the globally 
available, license-free2.4GHz frequency band. It enables wireless applications using a standardized set of high level 
communication protocols sitting atop cost-effective, low-power digital radios based on the IEEE 802.15.4standard for 
wireless personal  area  networks.  The  low  cost  allows  the  technology  to  be  widely  deployed  in  wireless  control  
and  monitoring applications, the low power-usage allows longer life with smaller batteries, and the mesh networking 
provides high reliability and larger range 

 
Fig 9: Zigbee Module 

 
5.4. ARM7 Microcontroller 
The arm7 processor describes a family of RISC architecture. RM processors require significantly fewer transistors 
than processors that would typically be found in a traditional computer. The benefits of this approach are lower 
costs, less heat, and less power usage, traits that are desirable for use in light, portable, battery-powered devices 
such as smart phones and tablet computers. 
 
5.5.GPRS 
GPRS stands for General Packet Radio Service.GPRS is one of the technologies to improve 2G phones (second 
generation phones) to enable them for transferring data at higher speed. GPRS allows mobile phones to remain--
connected to network and transfer requested or sent data instantly, e.g. if you receive MMS from other mobile phone, 
you do not need to press a button to check if you have any new MMS, instead mobile handset notifies you when new 
MMS is downloaded to your mobile. GPRS technology can provide you up to 32 kbps to 48 kbps. One of the features 
of GPRS technology which makes it even more useful and practical is that data can transfer during the call and there is 
no requirement of disconnecting call to receiving incoming or outgoing data. For example, you can receive SMS 
during the call and you can reply to it without having to disconnect your ongoing call.GPRS technology enabled to 
move 2G networks closer to the performance of 3G networks. 3G (Third Generation) support networks are best at 
transferring data to unbelievably higher data rates which can go up 2 Mbps. 
 
5.6. Other Components 
Relay 
A relay is an electrically operated switch. The relay is used here to switch the motor to ON /OFF position according to 
the water requirements. Current flowing through the coil of the relay creates a magnetic field which attracts a lever and 
changes the switch contacts. The coil current can be on or off so relays have two switch positions and they are double 
throw (changeover) switches. 

 

Fig 10: Relay 
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DC Motor 
A DC motor is a mechanically commutated electric motor powered from direct current (DC). The stator is stationary in 
space by definition and therefore it’s current. The current in the rotor is switched by the commutator to also be 
stationary in space. This is how the relative angle between the stator and rotor magnetic flux is maintained near 90 
degrees, which generat es the maximum torque.DC motors have a rotating armature winding (winding in which a voltage 
is induced) but non -rotating armature magnetic field and a  static  field  winding (winding that  produce the  main 
magnetic flux) or permanent magnet. Different connections of the field and armature winding provide different 
inherent speed/torque regulation characteristics. The speed of a DC motor can be controlled by changing the voltage 
applied to the armature or by changing the field current. The introduction of variable resistance in the armature circuit or 
field circuit allowes speed control. Modern DC motors are often controlled by power electronics systems called DC drives. 

 
Fig 11: DC Motor 

6. CONCLUSION  
Thus, the continuous monitoring of the agriculture was designed and developed using various microcontrollers by using 
GPRS. In previous method, only discontinuous was obtained by the use of GSM which led to inefficient use of water and 
electricity. Hence by incorporating this method, the water and electricity was used efficiently. 
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