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ABSTRACT

This research  presents the design and
implementation of a programmable rain detector
which alerts a user whenever rain begins to fall. It
is a programmed system designed with various
electronic devices/components among which were
transformer,  voltage  regulator, = AT89C52
microcontroller, crystal oscillator, buzzer, Light
Emitting Diode (LED), etc. A block diagram
design of the system was first achieved, after which
each unit was carefully analyzed, developed, and
brought together for a complete functional system.
The system algorithm was designed; from where a
program, written in Assembly language for the
control of the microcontroller operation was
developed. A prototype of the system was
constructed and it tested okay.

KEYWORDS: AT89C52 Microcontroller, crystal
oscillator, buzzer, transformer.

I. INTRODUCTION

1.1 Background of Study

Rain is liquid water in form of droplets
that have condensed from atmospheric water vapor
and then precipitated—that is, become heavy
enough to fall under gravity. Rain is a major
component of the water cycle and is responsible for
depositing most of the fresh water on the Earth. It
provides suitable conditions for many types of
ecosystems, as well as water for hydroelectric
power plants and crop irrigation [1].

Rain water is very necessary in life, and it
is important to know when rain wants to fall. In

some cases, rainfall is not needed. Of course,
having rainfall at a time someone wants his/her
cloth outside to dry is not good; and needed to
monitor when rain starts to fall. This cannot be
effectively done by man but by an intelligent
device which is called rain detector [2].

Rain detector will detect rainfall and makes an
alert. It is used in the irrigation field, home
automation, communication, automobiles, etc.

So a rain detector circuit is a device which
does rain monitoring and gives an alert to a user. It
is a device which will generate an alerting signal
when rain comes. The frequency will be more
when the rain is heavier and the frequency is very
less when the rain will be low. It all means that the
frequency will depend upon the rain.

In order to achieve this detection, rain
sensor is used. A rain sensor or rain switch is a
switching device activated by rainfall [3]. There are
two conventional applications of rain sensors. The
first one is a water conservation device connected
to an automatic irrigation system that causes the
system to shut down in the event of rainfall.

The second one is a device used to protect
the interior of an automobile from rain and to
support the automatic mode of windscreen wipers.
An additional application in professional satellite
communications antennas is to trigger a rain blower
on the aperture of the antenna feed, to remove
water droplets from the Mylar cover that keeps
pressurized and dry air inside the wave-guides [4].
A typical block diagram of a simple rain detector
circuit which uses IC 555 timer is shown in figure
1.
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Figure 1: Block Diagram of a Simple Rain Detector which Uses IC 555 Timer

Rain water sensor is the main component Care should be taken so that there should be no
in the circuit. It uses a simple rain sensor, made up spaces between the wire and board. When the rain
of wires. It can be done by taking a piece of mica water sensor is completed, it should get connected
board and aluminum wires. Mica board should be to the circuit and voltage should be passed through
made completely flat and aluminum wires should the wires [5].
be pasted on the flat board as shown in Figure 2.

A

BAKELITE OR
MICA BOARD

B 1
ATLUMINUM WIRES FIXED
ON BOARD

Figure 2: Rain Water Sensor Using Aluminum Wires

If there is no rain, the resistance between transistors circuitry. Once NE555 is triggered, it
the wires will be very high and there will be no will make the output pin high and this action causes
conduction between the wires in the sensor. If there the buzzer to make an alarm.
is rain, the water drops will fall on the rain sensor
which will also decrease the resistance between the A typical rain water detector alarm circuit is shown
wires; and these wires on the sensor board will in Figure 3, together with its rain sensor.
conduct and trigger the NE555 timer through the
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Figure 3: A Typical Rain Water Detector Alarm Circuit, with its Sensor
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This circuit gives out an alarm when its
sensor is wetted by water.
A 555 astable multivibrator is used here which
gives a tone of about 1kHz upon detecting rain
water. The sensor when wetted by water completes
the circuit and makes the 555 oscillate at about
1kHz. The sensor position is also shown in the
circuit diagram.

It has to be placed making an angle of

about 30 — 45 degrees to the ground. This makes
the rain water to flow through it to the ground and
prevents the alarm from going on due to the stored
water on the sensor.
The metal used to make the sensor has to be
aluminum and not copper. This is because copper
forms a blue oxide on its layer on prolonged
exposure to moisture and has to be cleaned
regularly. The aluminum foils may be secured to
the wooden/plastic board via epoxy adhesive or
small SCrews.
The contact X and Y from the sensor may be
obtained by small crocodile clips or using screws.

Il. LITERATURE SURVEY
2.1 Review of Related Works

Many literatures have been written in the
past about rainfall and its detection systems. Rain
detector will give you a heads-up the instant it
starts to rain, hopefully giving you time to close
windows and bring in possessions [6].

A review of the publication by Jinon [7]
shows that the world's first rain gauge, uryanggye,
was invented in 1441. The inventor was Jang
Yeong-sil, a Korean engineer of the Joseon
Dynasty, under the active direction of the king
Sejong the Great. It was installed in irrigation tanks
as part of a nationwide system to measure and
collect rainfall for agricultural applications. With
this instrument, planners and farmers could make
better use of the information gathered in the survey.

K. Garg and S. K. Nayar [8] worked on
the detection and removal of rain from videos,
which was published in the Proceedings of the
2004 IEEE Computer Society Conference on,
Vol.1 of July 2004, Pgs 1-535. In that paper, they
stated that the visual effects of rain are complex.
And that rain consists of spatially distributed drops
falling at high velocities. Each drop refracts and
reflects the environment, producing sharp intensity
changes in an image. A group of such falling drops
creates a complex time varying signal in images
and videos. In addition, due to the finite exposure
time of the camera, intensities due to rain are
motion blurred and hence depend on the
background intensities.  Thus, the visual

manifestations of rain are a combination of both the
dynamics of rain and the photometry of the
environment.

In that paper, they presented the first
comprehensive analysis of the visual effects of rain
on an imaging system. They developed a
correlation model that captures the dynamics of
rain and a physics-based motion blur model that
explains the photometry of rain. Based on these
models, they developed an efficient algorithm for
detecting and removing rain from videos.

Ruiyue Chen et. al [9] once researched on
the Impact of the Vertical Variation of Cloud
Droplet Size on the Estimation of Cloud Liquid
Water Path and Rain Detection. Their results were
published in the Online Journal of the American
Meteorological Society, USA in 2007. They
developed different algorithms for the impact
analysis.

According to Robert [10], in 1958, the

Cadillac Motor Car Division of General Motors
experimented on a water-sensitive switch that
triggered various electric motors to close the
convertible top and raise the open windows of a
specially-built Eldorado Biarritz model, in case of
rainfall. The first such device appears to have been
used for that same purpose in a concept vehicle
designated Le Sabre and built around 1950-51.
For model year 1996, Cadillac once again equipped
cars with an automatic rain sensor; this time to
automatically trigger the windshield wipers and
adjust their speed to conditions as necessary.

The most common modern rain sensors
are based on the principle of total internal
reflection: an infrared light is beamed at a 45-
degree angle into the windshield from the interior
— if the glass is wet, less light makes it back to the
sensor, and the wipers turn on. Most vehicles with
this feature have an "AUTO" position on the stalk
[11].

Vaisala's DRD11A rain detector [12]
offers fast and accurate precipitation detection
(ON/OFF). It operates on the basis of droplet
detection, rather than signal level threshold. The
capacitive principle utilizes the RainCap sensor
plate. A special delay circuitry allows about a two-
minute interval between raindrops before assuming
an OFF (no rain) state. This means the sensor can
accurately distinguish between rain cessation and
light rain.
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The sensor also features an analog rain
signal for estimating rain intensity. The default rain
categories of the estimated intensity are: low,
moderate and heavy rain. An internal heating
element is provided to ensure that the detection
surface dries quickly. The same element also
protects the surface from fog and condensed
moisture. It is activated at low temperatures in
order to melt snow, thus enabling snow detection as
well.

The current Vaisala's multi-variable
weather instruments: the FD12P and PWD11,
combine Vaisala's forward-scatter  visibility
measurement and RainCap capacitive rain

e
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detection technology. These sensors detect
precipitation type, measure precipitation intensity,
calculate precipitation accumulation, and also
calculate the water equivalent of frozen
precipitation and snow accumulation [13].

It is noted that in [14], there is Rain Bird
RSD Series Rain Sensor which automatically shuts
off sprinkler system when it rains, so there is no
worry if the user is at home or away. Figure 4
shows a model of Rain Bird RSD Series Rain
Sensor.
Also this RSD Series Rain Sensor easily connects
to most irrigation system controllers.

il

S ——

Figure 4: Model of Rain Bird RSD Series Rain Sensor

Rain sensors for irrigation systems are
available in both wireless and hard-wired versions,
most employing hygroscopic disks that swell in the
presence of rain and shrink back down again as
they dry out — an electrical switch is in turn
depressed or released by the hygroscopic disk
stack, and the rate of drying is typically adjusted by
controlling the ventilation reaching the stack.
However, some electrical type sensors are also
marketed that use tipping bucket or conductance
type probes to measure rainfall.

Wireless and wired versions both use
similar mechanisms to temporarily suspend
watering by the irrigation controller — specifically
they are connected to the irrigation controller's
sensor terminals, or are installed in series with the
solenoid valve common circuit such that they
prevent the opening of any valves when rain has
been sensed.

Some irrigation rain sensors also contain a
freeze sensor to keep the system from operating in
freezing temperatures, particularly where irrigation
systems are still used over the winter.

DIY electronics recently developed a rain

alarm circuit that will give you an indication of rain
with the help of an LED. This circuit can also be
connected to a buzzer to sound an alarm. It detects
rain and save some water or use it for different
applications in different fields such as home
automation, automobiles and irrigation field.
This circuit is very useful to close your window
doors and can manage your outside setting before
heavy rain. This low cost circuit consumes only
less power. Initially it consumes no current when
the sensor is dry. This same circuit can be used for
different applications such as tank overflow
indicator and water level indicator circuit [15].

2.2 The AT89C52 Microcontroller

The AT89C52 microcontroller is the type
of microcontroller used for this research. Just like
other microcontrollers, it is simply a miniaturized
microcomputer and became very popular after Intel
licensed other manufacturers like Atmel, Phillips,
AMD, Infineon (formerly Siemens), Matra,
Maxim, Nuvoton, etc. to produce varying but code
compatible versions of the microcontroller [16].
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It is an example of a microcontroller in the 8051
family of Atmel Corporation, and possesses the
following features:

8K Bytes of In-System Reprogrammable Flash
Memory

Endurance: 1,000 Write/Erase Cycles

Fully Static Operation: 0 Hz to 24 MHz

Three-level Program Memory Lock

256 x 8-bit Internal RAM

32 Programmable 1/0 Lines

Three 16-bit Timer/Counters

Eight Interrupt Sources

Programmable Serial Channel

Low-power Idle and Power-down Modes

2.3 Internal Components of AT89C52
Microcontroller

The CPU: The Central processing Unit
(CPU) of the microcontroller comprises of the
arithmetic and logic unit (ALU) which performs
arithmetic and logic operations on the data fetched
from the data memory. It has an instruction decoder
that decodes machine code instruction words. It
also has registers that store  operand
addresses/instructions and the control unit [17].

The Interrupt  Control:  The  AT89C52
microcontroller has two external interrupt control
pins INTO and INT1. When the external interrupt
mode is selected, hardware components connected

to these pins can be serviced when they send an
interrupt request IRQ by making either INTO or
INT1 active (low). When this occurs, the normal
execution of programs stops while the
microcontroller services the hardware (runs a
special subroutine known as the interrupt service
routine ISR for the interrupting device) and when
the hardware has been serviced, the program
execution continues from where it stopped before
the interrupt. This sequence of actions is handled
by the interrupt controller [18].

Bus Control: This controls the flow of instructions
as well as data within the microcontroller. It
prevents bus contention.

The Timer Counters: Timer 0 and timer 1 provide
time measurement and counts events. It is also
employed in generating clock pulses (baud rates)
when the microcontroller is wused in serial
communication [19].

The 1/O Ports: The AT89C52 microcontroller has
1/0 ports used for interfacing the microcontroller to
external devices like keypads, relay, sensors,
ADC’s etc [20]. Apart from the use as I/O ports,
three out of the four ports have alternate functions.
Port 0 and Port 2 are used when interfacing with
external memory and all the pins in port 3 have
alternate functions as illustrated in Table 1.

Table 1: Alternate Functions of Port 3

Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 INTO (external interrupt 1)

P3.4 TO (timer 0 external input)

P3.5 T1 (timer 1 external input)

P3.6 WR (external data memory
write strobe)

P3.7 RD (external data memory
read strobe)

Those functions that have a bar above them are made active when low.

Program Memory (On-Chip ROM): This is where
the control programs executed by the
microcontroller are stored [21]. The sizes and types

of ROM vary in order to meet consumer’s needs;
but generally, they are in the other of a few
kilobytes and flash ROMs are common these days.
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Data Memory (On-Chip RAM): The AT89C52
microcontroller has an on-chip base memory of
256bytes; out of which 128bytes (memory
addresses 00h-7Fh) are reserved for the user. The
remaining 128bytes (memory addresses 80h-FFh)
are reserved for the special function registers
(SFR). Figure 2.3 shows the AT89C52
microcontroller RAM Structure. However, the
RAM is usually defined with respect to the base
memory available to the user [22].

Hence, if a RAM is said to be 128bytes, it means
that 128bytes is available to the user (without
taking into account the special function registers).
The on-chip RAM memory is divided as follows:
the first 32 bytes made of four memory bank (bank
0-bank 3) are 8-bit registers with each bank
possessing eight registers (R0-R7) of one byte
each. The next 16 bytes are made up of 128 bit
addressable memory locations from 00h through
7Fh, occupying 20h to 2Fh of internal RAM. The
remaining 80bytes occupying RAM location 30h to
7Fh is the General Purpose Memory/Registers [23].

Serial port: The AT89C52 microcontroller has a
universal asynchronous receiver and transmitter
(UART) otherwise known as serial port which it
uses for transmission of data in the form of pulses
over longer distances where parallel connection is
impracticable [24]. The AT89C52 takes care of the

protocols needed for serial communication and all
the programmer needs to do is to select the serial
communication mode and the baud rate (humber of
sent/received bits per second) and then the data to
be sent can be placed on the SBUF register.

Oscillator: The oscillator produces equalized pulses
needed to ensure the harmonic and synchronous
operation of all the parts of the microcontroller
[25].

IHl. METHODOLOGY
3.1 Design Methodology
Several steps were taken in developing this project.
These are stated thus:
1) Understanding the problem and gathering
information.
2) Choosing the appropriate method that will be
used in solving the problem based on the
information gathered.
3) Selection of design tools and sourcing of
components.
4) Hardware construction and testing.
5) Software design and testing.
6) Software and hardware integration and final
testing.

The chart in Figure 5 summarizes the design
methodology employed.
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Figure 5: Design Methodology Chart
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3.2 Block Diagram of the Proposed System

The block diagram of the system consists of the Power supply unit, Controller unit, Rain sensing unit, Lighting
unit, and Sound unit. These units are represented in the block diagram, shown in figure 6.

Power supply unit

A 4

Rain sensing unit

\ 4

Controller unit

A 4

Lighting unit <«

Sound unit —

Figure 6: Block Diagram of the Proposed Rain Detector System

The proposed programmable rain detector
system comprises of different units brought
together to form the overall designed system. Each
of these units is made up of discrete components
that are joined to achieve a particular purpose.
These separate units are:

The power supply unit
The controller unit
The rain sensing unit
The lighting unit

The sound unit

Power Supply Unit
The power supply unit is shown in Figure
7. It consists of a 220/12V step down transformer

in which the primary turns are connected to an ac
supply, while the secondary turns are connected to
a bridge rectifier whose function is to convert an
alternating current (AC) input to a direct current
(DC) output. A 1000uF capacitor is connected to
the bridge rectifier to filter the D.C. signal that is
produced.

The positive terminal of the bridge rectifier with
that of the capacitor is connected to the Vi, of the
7805 regulator which produces 5V. The negative
terminal of the bridge rectifier is connected
together with the ground of the capacitor and the
regulator. The 5V signal is supplied to the
microcontroller, the LED and the buzzer.

, D1-D5 = 1N4007 6Y UNREGULATED
0
S5
ON/OFF +5V REGULATED
SWITCH
230V ouT
AC
50Hz R25
3300
G2 -
0.1y LED1
o “ >
X1 =230V AC O GND
PRIMARY TO 7.5V, 300mA
SECONDARY TRANSFORMER =

Figure 7: The Power Supply Unit

Controller unit

The Controller unit is the main brain of the system
because all the processes are controlled by this
hardware device according to how it s
programmed. It consists of one important device

called microcontroller. Figure 8 shows the layout
structure of the microcontroller used, which is
ATB89C52.

However, the pin configuration of the
microcontroller is shown in the Figure.
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Figure 8: Pin Configuration of AT89C52 Microcontroller

The work of the microcontroller is to
monitor when rain starts to fall and to give out an
alert signal indicating sign of rainfall. The
microcontroller used is an Atmel product
(AT89C52) which has 8 special pins and 32
programmable input and output pins.

K

Rain sensing unit
This unit primarily consists of wires

arranged in zig-zag form as shown in Figure 9. The
wires are placed on a Bakelite or mica board with
gaps to accommodate rain droplets.

Bakelite or Mica board

Aluminium Wires

Figure 9: Arrangement of Wires in the Sensing Unit

Lighting Unit

Lighting Unit mainly consists of Light
Emitting Diodes (LED), is the most commonly
used components, usually for displaying pins
digital states. Typical uses of LEDs include alarm
devices, timers and confirmation of user input such

as a mouse click or keystroke. Figure 10 shows the
circuit symbol of a Light Emitting Diode (LED).
The work of this unit is to give out light showing
that rain is falling. In any case, it is a unit for light
indication of rainfall.

DOI: 10.35629/5252-0403685700

Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 692



\ﬁ International Journal of Advances in Engineering and Management (IJAEM)

Volume 4, Issue 3 Mar 2022, pp: 685-700 www.ijaem.net

JAEM
Anode // Cathode

+ . | - Flat Spo

Anode .
Long Lead Cathode
- ShortLead

Figure 10: Circuit Symbol of a Light Emitting Diode (LED)
Sound Unit of 5volts. The Figure 11 shows how buzzer is

This unit produces an alarm (sound) when
the system senses rainfall. The device that produces
this sound is the buzzer which uses a low voltage

connected to a circuit, though the circuit is not a
programmable type of system.

l 2N4403

1 meg

ay 10k 1uF
1= 1 meg *

Rain Sensor IN4401

Buzzer ‘
+

0.1uF

g

Co

Figure 11: Buzzer Connection to a Circuit

IV.SYSTEM DESIGN

4.1 Design Considerations

The design of the system is based on the
developed block diagram. Each block unit is
designed in form of module. When all the modules
are interconnected, they form a complete intelligent
rain detector system. Modular design is done using
required electronic components or devices as the
case may be. A system is constructed with certain
components and every component has its own
function. When integrated, the components form
the modules, which in turn form the entire system.

Since the system requires the use of
microcontroller, the design consists of two parts:
hardware and software. Hardware is constructed
and integrated module by module for easy
troubleshooting and testing. The software on the
other hand is embedded-oriented in nature. It is
worthy to note that the system is smart (intelligent)
in nature because of the use of the stored control
program for its operation.

4.2 The System Architecture

The system architecture of an intelligent rain
detector system can be divided into modules. The
modules are:

(1) Power supply module

(2) Controller module

(3) Rain sensing module

(4) Lighting module

(5) Sound module

The Power Supply module

The module supplies 5volts to the whole circuit.
This module is made up of a transformer, a bridge
rectifier, an electrolytic capacitor, and a 5V
regulator.

The transformer: The transformer used is a simple
step-down transformer with primary winding of
220V/50Hz, a secondary winding of 12V and
current of 1000mA (which is greater than the
current requirement of the circuit). The primary and
the secondary windings are related by the equation:
Vp _Is _ Np

E = E = E ...................... (1)

Where Vp , Is and Np = primary voltage,
secondary current and number of turns of the
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primary coil; Vs, Ip and Ns = secondary voltage,
primary current and number of turns in the
secondary coil.

Since the maximum required voltage is 12V and
the mains voltage supply is 220V, we have:

Primary current, Ip

] [PEe 1
ermary s Secondary
voltage, Ve vaoltage, Wy
Frimary | I T Secondary
“ winding winding
Magnetic core
@ ac. Mumber of Cammeon to Mumber of R
supply F'rimarﬁ both windings secondary
. 1
Alternating ums. Te l turns, Mg ~ Load
current of = resistance,
frequency f R
¥ f

220 Np 55

= )

12 Ns 3

Hence the ratio of the primary to the secondary coil
of the transformer used is 55:3. Figure 12 shows a
transformer circuit arrangement.

Secondary current, Iy

Figure 12: The Transformer Circuit Arrangement

The Bridge rectifier: A full wave bridge rectifier is
used with a step-down transformer to convert the
AC voltage coming into the circuit into a DC
voltage. There are basically four diodes used. D1
and D2 are forward biased and conduct current
when the input cycle is positive. The positive half
of the input cycle is made from the voltage across
the load resistance, D3 and D4 are reversed biased.
Throughout the negative input cycle, D3 and D4
are forward biased and conduct current. A voltage
is again made across the load resistance in the same
direction as during the positive half-cycle.

The filter: A capacitor is positioned in parallel with
the output of the bridge rectifier to minimize the
ripples in the rectified voltage, which will create a
clean DC voltage. The formula below was used to
calculate the capacitance value for the filtering
capacitor:

Vyp is the peak-to-peak ripple voltage

| is the current in the circuit

f is the frequency of the ac power
C is the capacitance.

From the transformer used,

Vpp =V2x11.5 =16.26V;

1 =0.5A; f =50Hz.
0.5
Hence, C = —————— = 307.44yuF
2x16.26 %50

The minimum capacitance that the calculations
give when using the formula is not used. In practice
a larger value is used so that the capacitor can
charge more, hence 1000uF was used in the
research.

Regulator: The voltage regulator IC called 7805
was used to produce the required 5V needed by the
microcontroller, LED and the buzzer.

The circuit is represented in Figure 13. The output
from the filter circuit is 12.5V when tested, and
after regulation we have 5V.
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7805 Voltage Regulator Circuit

+o \Vin = Vout 0+ 5V
Regulated
Input DC Gnd L Voltage
B8v-15v) -—( — &
033uF 0.330F
o

Figure 13: The 7805 Voltage Regulator Circuit

The Controller Module

The AT89C52 microcontroller was chosen
as the controller for the research since it offers
various functions needed for the research. A
microcontroller is a single chip computer. It is
shown in Figure 14. The AT89C52 is the most
available microcontroller in the market. It has a
power circuit, reset circuit, and clock circuit.
Power circuit: The power circuit provides power
for the microcontroller. The AT89C52 uses a
voltage of 5V DC and this is supplied by the power
module. The power circuit of the microcontroller
simply involves connecting pin-40 of the controller
to 5V supply and pin-20 to ground.

The reset circuit: This circuit resets the device
when a high is on the reset pin (pin-9) for two
machine cycles.

Clock circuit: This provides timing for the
microcontroller. The AT89C52 can generate its
own internal clock signal. In order to generate
clock for the microcontroller, the output of the
clock circuit must be connected to XTALL1 (pin-18)
and XTAL2 (pin-19). An oscillator and 2
capacitors are required for the connection. If a
crystal oscillator is used, then the capacitors
required will be 30pF+10 and if a resonator is used,
the capacitors will be 40pF+10.

ATS9CR2

*

16 MHz

els =l

XTAL2

1 XTALY

GND

By

Q
EA

| "

+

= jour U
RST ~[—

| 10K

Figure 14: The Controller Module

The Rain Sensing module

When rain starts to fall, the droplets hit the
gap of the sensor module. If this happens, the wire
gap is bridged and current passes through the wire
to the microcontroller. A type of sensing module is

made up of funnel which collects the rain drops.
This is shown in Figure 15. But in this project,
broken wires were used and inter-connected
randomly with the two terminals connected to the
microcontroller.
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Figure 15: Sensing Module that is made up of Funnel

The Lighting Module

This module comprises of the LED and
biasing resistors. They are interfaced to the
microcontroller. As seen in the circuit diagram in
Figure 17, the anode is connected through a resistor
to GND and the cathode is connected to the
Microcontroller pin. So when the port pin is HIGH,
the LED is OFF and when the port pin is LOW, the
LED is turned ON.

The Sound Module

The sound module consists of a buzzer and a driver
transistor. The two are interfaced to the
microcontroller. The driver for the buzzer is BC337
transistor. The choice of this type of driver is stated
below:

1) The BC337 is a voltage controlled device.

2) It is compatible with the microcontroller because
microcontroller can directly drive the BC337.

MogDsalkal.org

3) It is less temperature dependant and harder to
false trigger due to the threshold voltage required
to turn it on.

4) It is better to use in high frequency operations to
minimize switching losses.

The transistor is controlled by the microcontroller
in such a manner that when a high is applied to the
base, a voltage drop of 5V develops across R1
which will cause a minimum current of 1mA
(which will produce a current of 100mA at the
collector circuit since BC337 has a gain of 100
enough to drive the relay which requires a

minimum of 30mA (m) ) to flow through the

base when a high is on that pin.
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Program Flowchart

| Initialize svstem |

| &
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| Check p1.0 |

No
Is p1.0 LOW?

Activate buzzer and flash LED

Is reset pressed?

Turn OFF buzzer and LED

Figure 16: The Program Flowchart

V.SYSTEM ANALYSIS, alerts the user of an impending rain fall. It consists
CONSTRUCTION AND TESTING of a rain sensor/detector module, a controller, an
5.1 System Analysis indicator and a buzzer as shown in the circuit
The programmable (intelligent) rain diagram of Figure 17.
detector is a system that detects rain splashes and

MasSREN BeRsetay BRRREALR

| RN DETECTOR WODULE

Figure 17: Circuit Diagram of a Programmable Rain Detector
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The rain sensor/detector module is an
array of conducting wires. Each of the conducting
wires is separated into two by a small gap. One side
of each of the wires are looped together and
connected to 5V. The other ends are also joined
together and connected to the base of an NPN
transistor (BC337) through a biasing resistor.

The conducting capability of water is
utilized. When rain drops on the gap between the
conducting wires, the gap is closed and current
flows through the 5V and biases the transistor
causing the pin P1.0 of the microcontroller to go
LOW.

The program checks when P1.0 goes
LOW. When this happens, the microcontroller
activates the buzzer and continues flashing the
indicator LED until the reset button is pressed. The
buzzer will not be deactivated even if the reset
button is pressed until the drop of water between
the conducting wire(s) is/are wiped thoroughly.

5.2 Construction

In the construction of the programmable rain
detector system, several components and devices
were used. They include capacitors, resistors,
transformer, crystal oscillator, bridge rectifier,
regulator, microcontroller, Vero-board, etc. Each
module listed in Section IV was constructed and
later joined together to form the entire
programmable rain detector system.

5.2.1 Power Supply Module

The transformer is connected to mains of
240/50Hz through a power cord. The transformer’s
secondary output (12V/1000mA) is connected to
the bridge rectifier source inputs. An output is
taken from the negative and positive terminals of
the rectifier and connected to the corresponding
pins in the 1000uF/45v capacitor. This bridge
rectifies the supply while the capacitor filters the ac
ripples and equally smoothens the signal to a pure
D.C. voltage of 12V DC.

The positive terminal of the capacitor is connected
to pin 1 of the 7805 voltage regulator, while the
negative terminal connected to pin 2 of the
regulator. This regulator produces an output of +5V
between pin 3 and pin 2(Ground). The 5V is used
for powering the microcontroller.

5.2.2 Microcontroller Unit

As already discussed, the microcontroller
chip used for this design is AT89C52. The port 0 is
pulled up with 1Kk resistors so as to make it function
like other ports (port 1, port 2 and port 3). On the

other hand, one pin is taken from port 2 (P2.6) for
the sound module. The pin is connected through a
1k resistor to the base of the transistor (Q1). This
resistor limits the current that passes through the
transistor. The forward current biases the transistor,
hence closing the switch. This in turn switches on
the buzzer.

Another pin is taken from port 2 (P2.4) for
the lighting module. The pin is again connected
through a 1k resistor to the LED directly. This
resistor limits the current that passes through the
LED. When the P2.4 is low, the forward current (l5)
so created makes the majority carriers of the P-N
materials of the LED to conduct.

All the special pins (pin 9, pin 18, pin 19, pin 20,
pin 29, pin 30, pin 31 and pin 40) are connected
appropriately.

5.3 Program Development

Having constructed the hardware, the AT89C52
chip is as good as nothing if there is no software to
direct the actions of the microcontroller. The
sequence of operation used to solve a program is
often called an algorithm. It is this sequence of
operation that constitutes the actions of the
microcontroller chip. A very simple way of
representing these sequences of actions is by the
use of Program descriptive language (PDL).

This is a guide in writing the assembly
language program that runs the microcontroller. In
designing the program, the system is made to flash
light and makes sound whenever rain starts to fall.
The developed Assembly language program is
shown in appendix A.

5.4 Testing

Testing is necessary in determining if a circuit
meets the desired purpose for which it was
constructed as well as for optimization. The circuit
of this system was tested module by module as it is
being integrated. These tests include:

a) All the components were checked to see if they
are ok before they were used in the circuitry.

b) The power supply was properly checked to see if
it falls within the tolerance value theoretically, so
as to avoid damage to the components.

¢) The components which were not functioning
properly were changed as soon as possible, to avoid
other components being affected by the damaged.
d) Testing equipment was in proper range of the
output measured at any point of the circuit, or
component so as to avoid wrong readings.

DOI: 10.35629/5252-0403685700  Impact Factor value 7.429 | ISO 9001: 2008 Certified Journal Page 698



@ International Journal of Advances in Engineering and Management (IJAEM)
S,;‘.. Volume 4, Issue 3 Mar 2022, pp: 685-700 www.ijaem.net

IJAEM

V1. SUMMARY, CONCLUSION AND
RECOMMENDATIONS
6.1 Summary

This programmable (intelligent) rain
detector system is a programmable system that
alerts a user whenever rain wants to fall. The
system was designed with various
devices/components, among which are
microcontroller, transistors, buzzer, LED, crystal
oscillator, capacitors, resistors and other electronic
components. The microcontroller which is the heart
of the system was programmed with 8051
Assembly language.

The system block diagram was carefully
done, followed by the design of the circuit diagram.
All the components in the circuit diagram including
the programmed microcontroller were connected
together and a complete programmable intelligent
rain detector with alert system was obtained.

6.2 Conclusion

The design and implementation of this
programmable (intelligent) rain detector with alert
system was carried out considering some negative
factors  which includes unavailability  of
components, unavailable research materials, etc.

The completed system when tested, met
the expected design specification and performance.
The system was designed and constructed in such a
way that maintenance and repairs can easily be
done in a case of emergence of fault.

This developed system (Rain detector) can
be used in agricultural fields to detect rain and stop
irrigation system immediately. Moreover, in a case
of a farmer who usually travels out of home, this
system will make it possible for him to know when
rain has irrigated his farm. It is however mostly
used as a simplest way to automatically stop
irrigation during rainfall.

It can be used in home automation applications
such as closing the windows and doors when
raining outside.

In automabiles, it can be used to detect rain and
starts the wiper automatically. Also, in newer
techniques for flood monitoring and detection
systems, rain detectors are used.

6.3 Problems Encountered

Indeed there is no good work without
some hitches. The major problem encountered in
this research is that the power supply unit was
designed and constructed on a number of times
before arriving at the one presently in use.

The problem was short circuitry or
“bridging” of components on the Vero board

initially used for the research. This necessitated the
use of dotted Vero board instead of lined board.

6.4 Recommendations

The recommendations made here arose from
discoveries and problems encountered during the
research, design and construction.

In order to achieve this result-oriented design and
implementation, it is recommended that:

1) This present design should serve as a stepping
stone for further development of the research. It
should not in any way be seen as the end of this
aspect of technology especially in this part of the
world. This is because the idea and understanding
gained from this research work could be expanded
to integrate other forms of detection and control
systems.

2) Enough research should be carried out in the
area of Embedded Systems Design and Real-Time
System Programming & Control so as to improve
on this kind of research.
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APPENDIX A

THE CONTROL PROGRAM
ORG 00H

MOV P1,#0FFH

MOV P3,#0FFH

MOV P2,#00H

CLR P2.6

SETB P2.4

START:

NEXT: JB P1.0O,NEXT
CALL DELAY

CALL BUzZZ

BUZZ: CPL P2.6
CPLP2.4

CALL DELAY1S
RESETT: JB P3.2, BUZZ
CLR P2.6

SETB P2.4

JMP START
DELAY1S: PET:MOV R1,#124
MOV R2,#154

MOV R3,#8

MEG: DINZ R1,MEG
DJIJNZ R2,MEG

DINZ R3,MEG

RET

DELAY:

PET1: MOV R1,#22
MOV R2,#134

MOV R3,#2

MEGL1: DINZ R1,MEG1
DINZ R2,MEG1

DJNZ R3,MEG1

RET

END
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