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Abstract

The threat posed by birds to economic crops infénms or at storage facilities requires the depleytmof an
effective bird deterrent in such locations. Mariempts have been made to develop successful leierrdnt
systems with only a few achieving desired resulise ultrasonic frequency range 15-25 kHz is knownrbé
disturbing to birds and a device operating at thage was developed. The output of the integrallar was fed to
4 piezo transducers, placed®d® each other to produce a dispersion of overtappans of sound for full 360
coverage. The power of the first device was 7.98M/the intensity of the sound pressure at 1m wizgsileded to be
6.35x10'W/m?® at 118dB. A second device was constructed which éamwer of 23.98W and intensity of the
emitted sound at 1m, 1.91Wnat 123dB. The devices were tested and the resbitsined showed that the
ultrasonic beam from the piezo speakers was aldeve birds away from designated areas. Furthats teonducted
with the unit showed a wider reach of the waves dull day than on a sunny day. About 5-6 of ttemed device is
expected to cover one hectare of field. The degia®lar powered, eliminating the cost of fuel, ith@nvenience of
regular attention and its protection from environtaé perturbation. It is environmentally friendly.
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1. Introduction

Birds exist in our natural environment. Though sashéhese birds are beneficial to man, a few sgeafehem can
be detrimental to human beings. Birds can be aanuis when they cause damage and health problesisvay of
the New Zealand farmers by the nation’s Plant Rtmie Society, revealed that large percentage efmtthad
encountered crop damage from birds (Coleman & Sp0@1). In Nigeria, farmers especially those loddtethe
northern region encounter damage to their crop foineh pests. The magnitude of destruction causethége bird
pests can sometimes be really great. Catastropbjt losses resulted in many African countries withearly 2
decades (1955 to well into the 1970’s) from thehhiggregarious quelea birdsQ(elea quelea) sporadic attacks
despite diverse control measures adopted then (@tdnmar1978, Ward 1979 ). In Nigeria, this same pestroyed
about 45,000 hectares of rice farm under the Bakhligation scheme (located in Sokoto State Nigein 2005
prompting a lot of money to be spent on procurinigides for their control (Ezeonu 2009). Disease transraissi
(wikipedia.org/wiki/transmission_Site), fouling die environment with birds dropping plus the attertdinsect
infestation and the damage of vehicles and glaastates from bird strikesnter alia, are other nuisance factors of
birds to man.

Several devices have been used to control the raefdiirds both at the airports and farms but the af electronic
scarecrows is a relatively new invention. Whilekéeg the protection of human concerns from aviamaoce, the
researchers adopted an environmentally friendlgi-piotection technique like ultrasonic so as teeree the role of
birds in global environmental balance. Some studéss® been carried out to evaluate objectivelyeffiect of
ultrasonics on birds (Meylan 1978, Martins & Mastii984, Kerns 1985). Apart from Meyhan’s (1978w
device operated below the ultrasonic frequency KilHkthese studies have not demonstrated effecsem the
use of ultrasonics in repelling birds (WoroneckB&R Meylan (1978) reported that an ultrasonic dewvas used
successful in reducing damage to sunflower by dieeimes Carduelis Moris) in Switzerland in 1977. Meylan
(1978) reported that the damage during the one Imttvet unit operated was low but increased conditigedter the
unit was removed. Meylan subsequently noted theatittit operated at only about 16,000 Hz (Woronekd&8).
Thus, the sound waves that deterred the birds earsiderably below ultrasonic frequency.

Nankinov D et al (2007) tested a commercial ultrésainit of Conrad Company aimed at scaring rodegginst
some species of birds. The investigation was ahroiet using a specially prepared feeding place @Wgdian
ornithological center which was visited by dovesylings and sparrows. The device produced an ¢oatfp80 kHz.
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Nankinov D et al (2007) reported that the ultrassound produced by the device has no noticealdetesn the
birds but observed that the number of birds vigitine feeding station reduced significantly aftex 1d' day. This
development was related to the influence of thecdeas well as to the advancing period for neskimghe majority
of the birds (Nankinov D et al, 2007).

Hamershock (1992) and Bomford and O'Brien (1980hkeir reviews of published research in ultrasaoeijgeller
reported that there was no evidence that ultrasienices had any effect on avian behavior, inclgdiispersal

Ultrasonic sound, defined with man as referencs,ffeqjuencies above those heard by man (20Hz H2). IMost
birds hear about the same range as human beingar(Br2003), some small birds however, do not hear
frequency sounds but can detect sound of high &ecjes that human beings cannot. Generally birds hHrasonic
limit lower than that of man (Frings 1964).

The aim of the study is to fabricate a solar-poderérasonic device to scare birds away from deigh areas.
2. Device Construction

The block diagram of the circuit device consistshaf frequency scanner, the frequency generaterpoer drive
and the output transducer, see figure 1.

2.1 Frequency Scanner: The frequency scanner consists of an IC 555 tiamer a decade counter, (figure 2). The
frequency of the ultrasonic oscillator was continsly varied betweenl15-25kHz automatically. Fivepstef
variation were used. The 555 timer used as a leguiency square wave oscillator was biased to giveudput
frequency of 250Hz (such that the output of eaefsidin of the counter represented 50Hz). The oufaguency of
the timer (see figure 3) was used as a clock inpatdecade counter. For each clock pulse output the timer, the
logic 1 output of the decade counter shifts frogt@Q;. Five preset variable resistors- VR1 — VR5 (eamtnected

at  to Q, output pins) are set at different values. The WRS used to change the clock pulse rate.

2.2 The Frequency Generator: This consists of another 555 timer and a dualip flop, (see figure 4). The
voltages from the five outputs of the decade cauate connected through D1-D5 and VR1- VR5 respeltito
this 555 timer wired as an astable multivibratoemgping at a high frequency. This timer oscillateghe ultrasonic
frequencies generated by the five presets. Theidmezy outputs of this 555 timer is not symmetriwat is fed to a
dual D flip flop which delivers symmetrical signasits outputs.

2.3 The Power Drive: This consists of a push-pull type amplifier, (siggife 5). The amplifier was used to magnify
the output signal from the dual D flip flop. Herengplementary transistors (NPN and PNP) were useibtain a
full cycle output across a load using half cyclésperation from each transistor. A single inputsvegplied to the
base of both transistors.

The transistors, being of opposite types, condnaposite half cycles of the input. The NPN tratwsi was biased
into conduction by the positive half cycle of thgnal, with the resulting positive half cycle acsdbe load. During
the negative half cycle of the signal the PNP tsdas was equally biased into conduction givingoads negative
output. During a complete cycle of the input, a ptete cycle of the output signal was developed stbe load.
The load was driven as the output of an emittdofadr so that the load resistance is matched bydeoutput

resistance of the driving source (Boylestad & N#&shye1996) and this buffers the signal. The outpadver of the

amplifier is 7.98W.

2.4 The Output Transducers: The symmetrical outputs from the dual D flip flopgamplified in push-pull mode
by transistors @ Q4 to drive the four high frequency piezo tweetershéW the quartz plate of the transducer is
subjected to an alternating electric field, theerse piezoelectric effect causes it to expand antract at the field
frequency. If this field frequency is made to cadlec with the natural elastic frequency of the calsthe plate
resonates. This physical displacement propagatesisvaves.

The combination of the subsections’ circuits cdnstd the complete circuit of the ultrasonic bigpeller, (see
figure 6). In constructing the device, a printextuit board was used. The printed circuit board prasluced using
the toner transfer method (Gootee 2003). The devaspowered by a 12Vsolar panel. The picture efrépeller is
shown in figure 7, with its solar photovoltaic phpewer source.

The output power of the device was 7.98watts. Tibensity (I) of the sound emitted by the devica alistance of
1m was calculated to be 6.35 X8/m? using the inverse square law

(1=P/4r?)
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where P is the power and r is the distance covered.

The sound pressure level is given as
SPL(dB) = 10 log (1)

Where |} is the reference intensity and is equivalent t3*m?. This gave a calculated sound pressure level of
118dB. Another ultrasonic repeller with a highemgo was constructed. Its power was 23.98wattsgetlirees the
output power of the first one. The intensity ofétsitted sound at 1m distance was also calculatée t1.908w/m

and the sound pressure level 123dB.

3. Testing and Results

The circuit constructed was tested. When the dinvas powered, an electric signal was generatedl@adsignal
generated was converted to ultrasound by the giersducer. Ultrasonic level detector (instrumevey used for
detecting the signals propagated from these devietection test for signals produced showed thaarrangement
of the four piezo ceramic speakers placed &tt®0each other produced 368ound dispersion coverage. The
frequency of the emitted ultrasound varied contiralp between 15 kHz and 25 kHz automatically. Obestgons of
birds’ reactions to the broadcasted waves were ntaateexperimental control, the birds’ responspantions of the
field where the broadcasted waves did not reach absgerved. Simple average was employed in evatydtia
signal reach from the raw data obtained.

3.1Signal Attenuation Due To Atmospheric Effect: It was noted that the high frequency sound wagreduced by
the piezo speakers attenuated in intensity witheimging distance from the sound source at a speaife as shown
in figure 8. This was true for sunny, rainy andl didys. It can be observed in figure 8 tha ultrasound generated
by the device traveled slightly farther in moist @.0m reach) than in dry air (less than 6m rea€hijs is primarily
due to the lower concentration of Carbon (IV) Ox{@0,) in moist air due to its solubility in water and aust
particulate matter in moist air. These and thendigconcentration of water vapour means a lowerairsity.
Conversely, on sunny days, the dry air is of coraipagly higher density and contains entrained ghasticles; such
air will therefore vibrate less readily. Sound &B/more slowly through such a medium. This exglaimy the
attenuation was less on a rainy day than on a sdapyThis phenomenon is an advantage since theedeil be
very useful to farmers especially during the rassason; when fruits of rain-fed cereal crops devedod
granivorous birds’ nuisance pervades

3.2 Effect of Gadget Elevation on the Signal Reach: The performance of the two ultrasonic devicesewer
compared when placed on three different heights: @i79m depicted asl, 1.38m as 2 and 1.86m a®% doth
sunny and dull days. On the average, the firstadegovered an area of 45.02 square meters whilgeitend device
covered an area of 232.26 square meters when ptated elevation of 0.79m, while when placed orelawvation
of 1.86m, they covered an area of 175.83 and 428163re meters respectively. Thus about 5-6 pieftctee second
device will effectively cover a hectare. The effe€tgadget’s power and elevation on the reach efganerated
signals is shown in figure 9.

From figure 9, the following can be observed:-

0] When the power of the device increases (from 7.98\&8.98W), the distance the sound travelled also
increases (from 5.8m to 12.5m on a sunny day amd §.5m to 17.5m on a dull day for a device
elevation of 0.79m). This is hardly surprising.

(ii) As the gadget elevation increases (from 0.79m38rf, and 1.86m), the reach of the sound increases:
(from 5.8m to 7.6m, and 12m for device 1 and frdrbin to 16.5m, and 18.6 for device 2 respectively
on a sunny day). Similar trend was obtained fouladhy test. This should most likely be as a restl
less obstacles interference with the transmission.

(iii) The sound travels farther on a dull day than onreg day; (from a reach of 5.8m to 6.5m, 7.6m to
12.8m and 12m to 14.7m for a sunny and dull dageetsvely with device 1 placed at corresponding
heights of 0.79m, 1.38m and 1.86m). A similar resuas obtained for device 2 whose reach increased
from 12.5m t017.7m,16.5m to 19m and 18.6m to 2ZX@ngiven weather conditions and heights as in
device 1, in the same order. The reason is aewaained earlier on.
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3.3 Field Testing

Observations showed that the birds’ activity wolédgreatest early in the morning and graduallyideds the day
progresses. This corroborated with the findingSofimutterer (1978) that quelea birds feed earlyhénmornings
and late afternoon, but rest and drink in-betwégmnsequently the field testing was conducted betwisen and
12noon. The whole exercise lasted for 7 days. e festing of the device was carried out in theskirts of Birnin

Kebbi, Kebbi State in northern Nigeria. The tesswarried out in fields planted with cereal cropéraiting stage

with adjoining savannah bush. The targeted birccisgsewere black birds, weaver birds RBbceida) and Quelea
birds. The weaver birds and quelea birds’ flocksenan the average of 80 and over 400 in ordertmibtack birds
do not move in flock.

3.4 Repellant Impact of the Deviceon the Birds:

i) During the tests both the blackbirds and weaveshiesponded to the stimulus occasioned by the gtatkr
waves. The birds that responded usually move somtersmaway from their perch but did not leave tleaa
entirely. This observation may be due to the that when ultrasound is broadcast over wide opewces the
sound waves lose their intensity rapidly with distaand dissipatevivw.bugspray.com.

i) Quelea birds on the other hand were a specie# tlvas difficult to elicit good noticeable resporisehe
stimulus from the device. They did not respond like other birds and seemed to be unaffected mudheb
ultrasonic waves. The reason needs understandingdsuthought to be the enormity of their flockesiz

iii) During the experiment, it was also observed thatésting and loafing birds are easily dispersad the
feeding birds since it is always difficult to bkethe habit once they are feeding as reported ligh(p et al
2003).

A break in the signals broadcast was ensured wiebitds have given their maximum response totinaukis
S0 as to avoid the birds’ habituation to the degigmal.

4. CONCLUSION

The use of ultrasonic waves; which human ears doetect, but are perceived by small birds is eehtachnology
that can effectively repel such birds from desigdailaces. Ultrasonic waves was successfully geeteravith
automatically varied frequency (between 15kHz abkHz), amplified and broadcast at high enough sqaredsure
level from a locally fabricated solar powered alecic device. The 7.98W device produced an ultradaf 118dB,
on the average will cover a distance of 45.0%mile the 23.98W with an ultrasound of 123dB wiliver a distance
of 232.26mM when placed on the elevation of 0.78m but whenqalan the elevation of 1.86m, their average area
coverage will be 175.83nhand 429.53fmrespectively .The ultrasonic waves created &leanvironment for the
pest birds and had a repulsive influence on thkouygh they have a small radius of action but avaht drove the
birds away from the designated locations. Resptm#®e ultrasonic wave stimulus broadcasted froen th
environmentally friendly gadget was visibly demaoattd by targeted weaver birds and black birdsbttjuelea
birds. The waves travelled farther with increagmogver of the gadget and for wet days than for dysd This is
advantageous as rain-fed cereal crops fruit dutiegainy season and will need the deployment®f#dget more
at such a period. About 5-6 pieces of the 23.98Wocaewill be needed to cover a hectare sized field.
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Fig 1: Theblock diagram of the ultrasonic bird repeller
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Fig 2: The circuit diagram of the frequency scanner
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Fig 6: A complete circuit diagram of the ultrasohicd repeller

Fig 7: The picture of the ultrasonic bird repeller
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Fig 8: Attenuation of ultrasound waves with distanaed weather condition
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Fig 9: Bar chart of the reach of the two devices i3 different heights on sunny and dull days.
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