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Abstract

The control of mosquitoes is an issue of utmost importance in the present day as a result of rising
number of mosquito borne illnesses which have resulted in the use of various types of pesticides,
herbicides and other mosquito’s repellent agents that are toxic and a risk to human health. This
risk has necessitated the design of an Electronic Mosquito Repellent, EMR as a means of
controlling the menace of mosquitoes that is very effective, cheap, eco-friendly and produces no
risk to human health. Electronic Mosquito Repellent is an electronic device that has the capability
of generating high frequency sound waves of high pitch at an Ultrasonic frequency range, not
audible to human ear but to insects and pests. The constructed EMR generates ultrasonic sound
waves at a frequency range of 20 — 38 kHz that travels at an angle 45° from the source to cover a
wide radius. Due to the intense auditory stress of these ultrasonic sound waves on the mosquitoes,
they are rendered inactive or forced away from the vicinity of the device. The device is designed on
555 Timer IC and can be used indoors or outdoors by the general public to combat the menace of
mosquitoes.

Keywords - 555 Timer, A stable multivibrator, Buzzer, Electronic mosquito repellent,
Ultrasonic frequency, Ultrasonic sound

1.0 Introduction
Malaria affects more than 250 million people and causes more than a million deaths

annually [22]. One important preventive strategy against this and other mosquito-borne
diseases is control, which aims to reduce human-mosquito contact. Different control
measures are used routinely against mosquitoes and their larvae, including chemical (e.g.
insecticides), biological (e.g. carnivorous fish, carnivorous flowers or pathogenic fungi),
environmental (e.g. land filling or draining of drainage), and personal protection (e.g.
mosquito repellents formulated as pills, coils, ointments, lotions, sprays and insecticide
treated and untreated bed nets). Electronic mosquito repellents (EMRs) are marketed in
response to a huge demand from the public for convenient, safe, and effective anti-
mosquito products [18].
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Malaria is a major health problem that particularly affects people living in Sub-
Saharan Africa and other tropical parts of the world. It often causes considerable
morbidity and mortality especially in children under five. It is transmitted by mosquito
bites from infected female mosquitoes. Severally strategies and approaches are available
for preventing mosquito bites and malaria infection, including repellents and these
approaches will be considered by those living in affected areas and by travelers to areas
where there is high risks of infection. There was no evidence in the field studies to
support their promotion or use. Future randomized controlled trails are not proposed as
there was no suggestion in the field of studies that EMRs show any promise as a
preventive measure against malaria [12].

An electronic insect repellent is a safer alternative compared to toxic insect repellent.
These are electronic
devices that have either electromagnetic or ultra sound waves to repel mosquitoes and
roaches. The effectiveness of these devices has not been clearly established but the
numerous studies foe experiments have shown that these electrical devices are indeed
effective in repelling or eliminating pests. Some examples of electronic insects repellents
are plug in electronic repellents, ultrasonic transmitters and the electromagnetic lamps.
These electronic pest control devices are very affordable [10], [16].

Human, animal or anything can produce sound. This sound is created by the insect
during their movement or anything. Insect can be defined as any of numerous small
invertebrate (without a backbone) animals (as centipedes or spiders) that are more or less
obviously segmented. Insects can be a nuisance to human and, under certain conditions,
can be a hazard to health and lives of people. There are many approaches to controlling
insects” populations, including chemical pesticide control, insect-repelling plants and
insect’s traps. Electronic pest control devices also provide a convenient means for
controlling insects in or near your home [4].

However, research has shown that male mosquitoes are actually the ones attracted
by the female flight sound and females normally have a very weak sensitivity for sound
compared with the males. Another reason is that mosquitoes avoid the ultrasonic cries of
bats, although both explanations may be conceivable, there is no published scientific
information to support either idea. Different brands of EMRs have been examined for
their efficacy under laboratory conditions, none of which showed any effects for the
devices tested [1], [3].

2.0 Review of Related Work
"The world's most dangerous animal is the mosquito," according to a BBC World Service
health program as they carry of many harmful diseases like Malaria, Dengue Fever,
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Chikungunya, Lyme disease etc. Chemical repellent is used generally to repel mosquito
which has a remarkable safety profile, but they are toxic against the skin & nervous
system and also causes rashes, swelling, and eye irritation. It causes brain swelling in
children, anaphylactic shock, and low blood pressure [8]. Also, it has discovered that
Chemicals brings about the genetic mutation of the internal make up of these pests such
as mosquitoes that they produce off spring that are immune to these chemicals that were
used on their earlier generation [10]. There have been several focused on designing an
ultrasonic pest repellent system which can be a very useful device to counter the various
problems due to ants, insects, pests, rodents, etc. Due to the compactness, low cost and
pollution free source unlike the other chemical repellents the device can be highly
effective [16].

The electronic ultrasonic repellent device of [13] was designed to repel many types of
insects other than mosquitoes. On activation of the device, it was discovered that some
of the insect moved away at certain constant frequency but other species of insect didn’t
move as repelling frequency was found different for different species of arthropods.
Author [4] also talks about a circuit of an electronic pest repellent. It is effective over a
diameter around 16 meters. Wide varieties of electric mosquito repellent that are still not
in practice so much are available in market. These basically consist of a small hot plate or
a chemical mat in order to produce smokes and fumes. These fumes not only affect the
mosquitoes and other insects but also adversely to human beings. Some of these devices
are costly in operation as well. This Electronic Mosquito Repellent only uses generated
ultrasonic waves rather than chemical fumes or harmful toxic smoke. This circuit
generates ultrasonic wave as an output in the range of 20 - 38 kHz that travels at an angle
45° from the source to cover a wide radius. Ultrasonic wave is not audible to us and hence
is harmless to human beings. The oscillator unit is built using 555 timer astable
multivibrator which is responsible for driving a piezo buzzer that converts the ultrasonic
frequency to sound wave at high pitch as the desired output. This EMR has power
efficiency of 9-volts DC and it is portable, cheap and designed based on simple and
elegant circuit.

3.0 Methodology

3.1 Block Diagram
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Figure 1: The block diagram of an Electronic Mosquito Repellent
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3.2 Design of Electronic Mosquito Repellent Circuit
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Figure 2: Electronic Mosquito Repellent Circuit Diagram

3.2.1 Design Equations and Computed Values

The components used are: 555 timer, an electrolyte capacitor C; of 0.01uF, a ceramic
capacitor Cz of 0.01uF, a resistor R1 of 7601}, a variable resistor R of 1.5kQ), piezo buzzer,
a SPST switch and a 9 V battery. The design of this circuit is based on the principle of
using a buzzer to produce sound at an ultrasonic frequency. An oscillator circuit which
is made up of a 555 timer astable multivibrator circuit is responsible for driving the
buzzer. Designing the circuit of EMR involves designing the circuit of an astable
multivibrator circuit. A multivibrator is an electronic circuit producing a pulsed output
signal. Generally multivibrators are classified based on the nature of stability of
output. A multivibrator with no stable state is known as an astable multivibrator and is
used as an oscillator. Astable multivibrator is also called as Free Running Multivibrator.
It has no stable states and continuously switches between the two states without
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application of any external trigger. The IC 555 can be made to work as an astable
multivibrator with the addition of three external components which are two resistors, R1
and Rz and a capacitor, C. Generally, the frequency of the output signal produced by a
555 astable multivibrator is given by:

144
C(R1+ 2Ry)

Where;

R1 = the resistor between pin 7 and V.,

R> = the resistor between pin 7 and pin 6,

Let;

f =38 kHz

C1 = 0.01uF (i.e. capacitor between pin 6 and ground),

Duty cycle, D = 60% (It is not possible to 555 timer to produce with 50% duty cycle)
Hence the resistors R1 and Rz can be expressed respectively as;

_ 1.44(2D-1)

R
' fC.
And

_ 1.44(1-D)
fFC,

Substituting the values of Cy, f and D;

R.

R - 1.44(2(0.6)-1)
! 38000x0.000000001

=758Q (0.758k Q)

R, - 1.44(1-0.6)

- = 0.01516x1 ()’ = 1.52kQ
38000x0.00000001

Thus 760Q can be used for R, and 1.5kQ for R, . Here a potentiometer of 1.5kQ is

used.

Tc = Charging time or Time at which the output is high
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=0.693 C1 (R1 + Ry) = 0.693x0.01x10-6(760 + 1500) = 15.66x10-6 = 15.66s
Tp = Discharging time or Time at which the output is low

= 0.693R2C1 = 0.693 x 1500 x 0,01 x 10-¢ = 10.395 x 10-6 = 10.395uF
Therefore, the time period of one complete cycle is;
T=Tc+ Tp =15.66 +10.39 = 26.05uF
Frequency of charging when the output is high;

f = - = 63.86 kHz

1
¢ T. 1566x10°

Frequency of discharging when the output is low;

fo=2 - L — =96.25 kHz

° T, 103910
% Duty cycle at f Q= -I% = 2222 x100% = 60.12%
% Duty cycleat f = -I% = 2232 x 100% = 39.88%

3.2.2 The 555 Timer Circuit Connections (The Oscillator Unit)

The 555 Timer IC is the most common type of Astable multivibrator. It is basically an 8
pin IC [18] and it consists of consists of 23 transistors, 2 diodes and 16 resistors [15]. The
555 Timer IC has the following pin connections. Pin 1- is the ground and it is directly
connected to the negative terminal of the battery. Pin 2 - Trigger pin. It is an active low
pin. The timer is triggered when signal at this pin is less than one third of voltage supply.
For astable operation, this pin is connected directly to pin number 6. Pin 3 - It is the output
pin. Pin 4 - It is the reset and an active low pin. It is usually connected to the positive rail
of the battery. Pin 5 - It is the control pin which is seldom used. For the purpose of safety,
this pin is connected through ground to a 0.01 xF ceramic capacitor to avoid any noise
problem. Pin 6 - It is the threshold pin. The timer output is back to its stable state when
voltage at this pin is greater than or equal to two-thirds of supply voltage. For astable
operation, this pin is shorted to pin 2 and connected to pin 7 using a resistor for stable
operation. Pin 7 - It is the discharge pin and provides the discharge path for the capacitor.
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Figure 3: 555 Timer IC Pin Configurations.

Pin 2 and pin 7 of the 555 oscillator circuit are connected together thereby allowing the
circuit to re-trigger itself on each and every cycle hence allowing it to operate as a free
running oscillator. During each cycle, the capacitor C charges up during both timing
resistors, R1 and Rz but discharges itself only through resister, Rz as the other side of Rz is

connected to discharge terminal, pin 7. Then the capacitor charges up to %Vcc (the upper

comparator limit when the output is high) which is determine by the expression of charge
time or time when the output is high, Tc = 0.693(R1 + R2)C combination and discharge
itself down to éVcc (the lower comparator limit when the output is low) determined by
the discharged time or time when the output is low, Tp = 0.693CR2 combination [15], [18].
This results in an output waveform whose voltage level is approximately equal to Vcc -
1.5V and whose output “ON” and “OFF” time periods are determined by capacitor and
resistors combination [23]. The total period of oscillation is T = 0.693(R1 + 2Rz) C and
frequency of oscillation f = 1.44/C(R; + 2R;)

A T

,.TD;.

Figure 4: Output waveform of the 555 Timer in Astable Multivibrator Mode
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3.2.3 Electronic Mosquito Repellent Circuit Operation

Once the switch of the circuit is closed, the 555 timer gets the power supply. As regards
the inner circuit, the capacitor voltage will be zero at the initial stage; hence the voltage
at the threshold and the trigger pin will be zero. As the capacitor charges through the
resistors R1 and Ry, a point is reached where the voltage at threshold pin is less than the
capacitor voltage. This causes a change in timer output to a high at Tc = 0.693(R1 + R2)C.

Ver (+5 to +15V)
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Figure 5: Astable Multivibrator

The capacitor now starts discharging through the resistor R, which means the discharge
continues so until the output voltage is back to the original state at Tp = 0.693CR:z . This
process continuously switches back and forth at a rate depending on the RC network of
the circuit [14]. Thus the output signal is an oscillating signal of frequency 38 kHz. The
output from this astable multivibrator circuit drives a 38 kHz buzzer, producing
ultrasound at regular intervals. The output frequency can also be varied between 20 - 38
kHz by varying the values of the potentiometer Ro.

4.0 Result and Discussion
4.1 Outdoor Test

This test was conducted in known mosquito breeding ground in the presence of human
bait with EMR device TURNED-OFF and observed for 12 minutes. The human bait felt
many mosquitoes landing on different parts of his body. It was not possible to determine
whether the landed mosquitoes were of the same species or not. The EMR device was
TURNED-ON and observed for another round of 12 minutes. In the first 4 minutes 8
mosquitoes were observed to have landed on the human bait. The last 8 minutes
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witnessed the landing of only 2 mosquitoes at an average of 1 mosquito for every 4
minutes. The landing rate of mosquitoes with and without EMR ON is different. This
indicates the capability of the EMR device in repelling mosquitoes outdoor.

4.2 Indoor Test

The second test was conducted indoor in a closed class room with two human baits. The
first human bait was positioned at the centre while the second human bait was positioned
at one of the corners of the classroom respectively. The landings of mosquitoes on each
of the human baits were observed. In the first 12 minutes with the EMR device TURNED-
OFF, the human bait positioned at the middle of the classroom was observed to record
the highest number of mosquito landings. The EMR device was placed between the two
human baits and then TURNED-ON after the first 12 minutes. The human bait positioned
at the centre of the classroom experienced more mosquito landings with most of the
landings recorded from the side body of the human bait away from the EMR device. The
second human bait positioned at the corner of the classroom experienced few numbers
of mosquito landings in the first 4 minutes after which the landing rate drop drastically
to zero.

5.0 Conclusion

The results of these tests provided clear evidence from field-based observations that this
device had effect on mosquito landing rates. These observations examined the
effectiveness of the electronic mosquito repellant on different locations (since the location
and environmental conditions may affect the transmission of the Ultrasound). The
frequencies of the sound emitted by the device was also adjusted (since mosquitoes may
respond to a particular sound wavelength), and times of day (since day-biting and night-
biting mosquitoes may behave differently to the sound emitted by the electronic
mosquito repellant), and mosquito density (since this may affect electronic mosquito
efficacy), but the differences were very subtle and unappreciable. These performance
evaluations have revealed that the EMR has capability to repel mosquitoes. The EMR
capability is based on 555 Timer which is responsible for the generation of ultrasonic
frequency, convert analog voltage signal to digital frequency signal, and in astable
multivibrator mode acts as an oscillator to generate clock pulse in a wide range of
frequencies with enough output power to drive the IC. In order to control the frequency
generated and also make the circuit functioned to generate variable frequencies, a preset
resistor and variable resistor have to be included.
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