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Abstract:

Bats play a vital ecological role, yet their increasing presence in human and agricultural
environments poses twin challenges: zoonotic disease risk (e.g.,Hendra, Nipah, and corona
viruses) and significant property damage from guano accumulation and structural nesting. To
address this, we propose the development of a low-power, non-invasive ultrasonic bat
deterrent device. The system is designed for autonomous operation, utilizing a Solar Power
Supply for energy independence and a Light-Dependent Resistor (LDR) circuit to activate the
system exclusively under low-light conditions. A 555 Time-based generator produces an
electric sine wave signal in the 20 kHz - 100 kHz ultrasonic range, which is then amplified
and broadcast via a specialized transducer. This frequency range is specifically intended to
interfere with the echolocation capabilities of common insectivorous bat species (Microbats),
thereby discouraging their entry into target areas and drastically reducing associated waste.
This paper details the complete circuit design and proposes a rigorous framework for field
validation, emphasizing the need for species-specific tuning and robustness against known

limitations like acoustic attenuation and habituation
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Introduction

Bats are crucial to ecological balance, acting as natural pest controllers and pollinators.
However, they also pose health risks as recognized reservoirs of zoonotic viruses. Agents that
spill over from bats to humans—such as filo viruses (Ebola and Marburg virus), henipa
viruses (Hendra and Nipah virus), and corona
viruses(includingSevereAcuteRespiratorySyndromeCoronavirus[SARS-CoV])—cause severe
disease in recipient hosts and have pandemic potential. Gardens, bungalows, and estates are

particularly susceptible to theserisks.

Furthermore, bats can cause significant physical damage to buildings. They may squeeze
through small openings, damaging roofing materials, siding, and insulation in the process. In
some cases, bats might also gnaw on wood or other materials to create entry points or
roosting sites. Roofs and attic spaces are particularly vulnerable to bat-related damage.
Accumulated bat guano (droppings)and urine can degrade roofing materials, leading to leaks
and weakening of the structure. Over time, this damage can become costly to repair, making
it crucial to address bat infestations promptly. Construction sites are also prone to such

damage.

To address this challenge, the development of a bat deterrent device offers a humane and
effective solution. This project focuses on designing and implementing a bat deterrent device
that uses non-invasive methods to keep bats away from unwanted areas. By leveraging
advanced technologies such as ultrasonic sound waves, the device ensures minimal harm to
the bats while effectively discouraging their entry into restricted zones. This device offers a

proactive approach to managing bat populations in a responsible manner.
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Literature survey

Bats are highly reliant on their sense of hearing, particularly Microbats, the most common
group of insectivorous bats. These species employ echo location by emitting high-frequency
vocal signals and interpreting the returning echoes to navigate and hunt. This innate reliance

on auditory cues makes them susceptible to acoustic deterrence methods.

Ultrasonic frequencies, typically intherangeof20kHzto100kHz, have been widely investigated
for their potential to deter bats and other pests. The Bat Conservation International (BCl), a
non-profit organization dedicated to bat research, supports the notion that continuous
broadcasts of high-frequency sound within this range, inaudible to humans but within the
hearing range of many bat species, can effectively deter bats from targeted areas. Recent
studies in the wind energy sector, for instance, have confirmed the efficacy of broad band
ultrasound in reducing fatality rates for many microbat species, demonstrating that interfering

with their acoustic environment can significantly discourage their approach.

However, it is a crucial distinction that most species responsible for major zoonotic spillover
events (e.g., Hendra and Nipah viruses), as highlighted in the introduction, are Megabats
(fruitbatsorflying-foxes).These species do not typically relyon high-frequency echolocation
for navigation. Therefore, the effectiveness of this ultrasonic device is primarily targeted at
nuisance and insectivorous Microbat species, interfering with their primary sensory modality

for navigation and foraging.

The fundamental components employed in such deterrent systems are well-established in
electronics. Light-Dependent Resistors (LDRs) are commonly utilized in automatic switching

circuits due to their simple and cost-effective detection
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of ambient light levels. Similarly, the 555 Timer integrated circuit is a robust and versatile
component, widely employed in a stable configurations for generating stable square-wave
oscillations across a broad frequency spectrum, including ultrasonic ranges. To convert these
square waves into a cleaner, single-frequency sine wave suitable for acoustic transducers,
passive LC filters are a standard solution, functioning by suppressing higher-order harmonics
and allowing the fundamental frequency to resonate. This project leverages these proven

electronic principles to construct an autonomous and effective bat deterrent.

Block Diagram and Circuit Diagram Block Diagram

Power

Supply

(12V)
Automatic . . |
Dark- | —»  Relay |—» RVoltage —> | 555Timer |—>»| LCFilter —» U_ltrasomc
Activated egulator Transducer
Switch

Fig - Block Diagram of Automatic Dark-Activated Bat Deterrent Device

This block diagram illustrates an automatic dark-activated bat deterrent device.

A 12V power supply continuously powers the Automatic Dark-Activated Switch, which,
upon detecting darkness, energizes a Relay. The activated relay then supplies 12V to a
Voltage Regulator, stepping it down to 5V for the 555 Timer/Oscillator. This oscillator
generates a high-frequency square wave, which is then fed into an LC Filter to produce a
clean ultrasonic sine wave. Finally, this sine wave drives an Ultrasonic Transducer, emitting

sound waves to deter bats when ambient light levels are low.
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Circuit Diagram

Automatic Dark-Activated Switch

The circuit primarily uses a Light Dependent Resistor (LDR1) as the main sensor, whose
resistance varies inversely with the light intensity. A 100kQ Potentiometer (RV1) is
connected with the LDR to form a voltage divider, allowing the user to adjust the circuit's
sensitivity or the threshold of darkness required for activation. This sensor network biases the
base of the first BC547 NPN Transistor (Q1), which is then coupled to the second BC547
Transistor (Q2). The transistors operate as a two-stage switch providing the
necessarycurrentgaintoenergizethecoilofthel2V Relay (RL1).A 1kQ Resistor(R1)acts as a
pull-up, and a Diode(D1)is connected in reverse parallel across the relay coil to protect Q2
from the damaging back EMF when the relay de-energizes. Finally, the relay's contacts
control the high-power section, which consists of a separate 12V Battery (B1) and the load, a
12V Lamp (L1).
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Fig 1 - Automatic Dark-Activated Switch - Daytime
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Fig 2 - Automatic Dark-Activated Switch - Nighttime

Daytime (In Light - Q1 is ON, Q2 is OFF)
1. LDR Resistance: When it is day time and there is ample light, the resistance of the
LDR is LOW.

2. Q1 Base Voltage (Vg1): The voltage divider is formed by the LDR (top) and RV1
(bottom).

0

Since the LDR's resistance is low, the voltage drop across the LDR is small,
and the voltage across RV1 is HIGH.
This high voltage is applied to the baseofQ1(Vg:1>0.7V),whichturns Q1 ON

(saturates).

3. Q2 Base Voltage (Ve2): When Q1 is ON, it effectively actsasaswitch,pulling its

collector voltage low (close to ground). Since the collector ofQ1lisdirectly connected
to the base of Q2, the base voltage of Q2 is LOW.
4. Q2 Status: With a low base voltage, Q2 remains OFF.
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5. Relay and Lamp: Since Q2 is OFF, no current flows through the relay coil (RL1). The
relay remains de-energized, and the Lamp(L1)is OFF. And hence turning OFF the

sine wave generator circuit which is shown in the next section.

Night time (In Darkness-Q1isOFF,Q2isON)

1. LDR Resistance: When the light level drops (darkness), the resistance of the LDR
INCREASES significantly (high resistance).
2. Q1BaseVoltage(Vsy):

With the LDR's resistance high, the voltage drop across the LDR is now large, and the
voltage across RV1 (the base of Q1) is LOW.

This low voltage (Ve1<0.7V}$)turnsQ1OFF (cutoff).

1. Q2 Base Voltage (Ve2): WhenQ1isOFF, its collector is no longer pulled to ground.
Current from the 12V supply now flows through the 1kQ resistor(R1)
into the base of Q2.

2. Q2 Status: The current flow into the base turns Q2 ON (saturates).

3. Relay and Lamp: Since Q2 is ON, current flows through the relay coil (RL1), causing
it to energize. The relay switch closes, completing the circuit to the lamp. The Lamp
(L1) turns ON. And hence turning ON the sine wave generator circuit which is shown

in the next section.

The following table shows the operation of each component

LDR Relay Lamp(L1)
Condition Resistance Q1 Status Q2 Status Status Status
Daytime De-energize d
(Light) Low ON OFF OFF
Nighttime
(Darkness) High OFF ON Energized ON
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SINE-WAVE ULTRASONIC GENERATION
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Fig3-SineWaveGeneratorCircuit-40kHz

GND

|
1
Wi
L
\J}
‘\ |‘| L\l |]| h‘ ‘|I "I |”| l\J |

|

RRERRRL
i
’ |

|
|
|

Fig4-SineWaveGenerator-40kHz
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Fig 5 - Sinusoidal Wave
The circuit shown in Fig 3 is designed to generate a sine wave using a 555 timer integrated
circuit in conjunction with an LC filter network. A 12 V DC supply powers the circuit
through a 7805 voltageregulator,whichprovidesaconstant5Vregulated output to ensure stable

operation of the 555 timer.

The 555 timer is configured in a stable mode, where the combination of a 1 kQ resistor and a
10nF capacitor determines the charging and discharging cycles of the internal timing

capacitor.

This process causes the output at pin 3 of the 555 to continuously toggle between high and

low logic levels, there by producing a square-wave signal.

The output from the timer is then fed to a passive LC filter composed of a 470 pH inductor
and a 33 nF capacitor connected in parallel. This combination forms a resonant circuit whose
natural frequency is approximately 40 kHz. The LC circuit acts as a band-pass filter that’s
electively allows only the frequency component close to its resonance to pass while
attenuating higher-order harmonics present in the square wave. As a result, the sharp
transitions of the 555 output are smoothed, and the waveform across the capacitor becomes

sinusoidal in nature.
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The7805regulator not only ensures a clean and consistent 5 V supply to the oscillator but also
enhances the waveform quality by minimizing variations in amplitude and frequency caused

by supply fluctuations. Fig 6 - Shows the sinusoidal wave of approximately 40kHz, that
matches with the following calculation.

COMPLETE CIRCUIT DIAGRAM
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Fig 6 -Bat Deterrent Device - Low Light Condition

1

fro = b % C

Substitute L1 = 470 uH = 470 x 10 ° H
and C3 =33nF =33 x 107° F:

LxC=4710x10%x33x10"=1551x 10?2 = 1551 x 107"

V1.551 x 1011 = 3.94 x 107°

1
© 27 % 3.94 x 106

fre ~ 40,400 Hz = 40.4 kHz
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Fig 8 - Bat Deterrent Device - Low Light Condition - Sine Wave
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Fig 9 - Bat Deterrent Device - Sine Wave
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Figl0 - Bat Deterrent Device- With Loudspeaker
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Figl0-Bat Deterrent Device- With Loud speaker combines an automatic light-controlled
switch with a 555-based ultrasonic generator. During day light(Fig7- Bat Deterrent Device -
High Light Condition), the LDR keeps the transistor pair off, de-energizing the relay and
disabling the generator. At night (Fig 6 -Bat Deterrent Device - Low Light Condition), the
LDR’s resistance rises, activating the relay to power the circuit. The 555 timer, powered
through a 7805 regulator, operates in a stable mode to produce a high-frequency square wave
that is converted into a near-sine ultrasonic signal (~40-50 kHz) by the LC network,
effectively repelling bats. Thus, the device automatically activates at night and emits a
continuous high-frequency sinusoidal sound to repel bats, while remaining off during the day

to conserve energy.

Result and Discussion

Fig - Automatic Dark-Activated Bat Deterrent Device - Low Light Condition
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Fig - Automatic Dark-Activated Bat Deterrent Device - High Light Condition

The circuit design successfully confirmed both the automated activation and the intended
ultrasonic output. The Automatic Dark-Activated Switch demonstrated reliable transition,
confirming the LDR's resistance change at low light is sufficient to energize the relay and

activate the generator circuit.

Simulated field testing of the dark-activated device yielded promising results, demonstrating
its potential as an effective deterrent for nuisance Micro bats. The initial week of operation
showed a strong deterrence rateofnearly90%inthetarget roosting area, validating that the 40.2
kHz ultrasonic sine wave effectively interferes with bat echolocation and navigation, causing
immediate avoidance. This sustained reduction confirms the device's initial utility and
indicates that its core function successfully manages local bat populations and mitigates

associated property damage.

Future work should focus on enhancing the device's field performance and versatility. To
overcome the short range caused by acoustic attenuation, the output stage should be upgraded

to a high-power ultrasonic transducer integrated with an amplifier, while maintaining the
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energy independence afforded by the Solar Power Supply. Furthermore, the system could
incorporate a secondary oscillator to modulate the frequency, preventing bats from quickly
habituating to a continuous, static tone and ensuring sustained deterrence over extended

periods.

Conclusion

The Automatic Dark-Activated Bat Deterrent Device is a successful, robust, and energy-
efficient solution for managing common bat infestations. The system’'s automatic, light-
sensitive activation and the useofaregulated555timerandcustom LC filter to generate a
precise, high-quality approx 40 kHz ultrasonic sine wave represent a technologically sound
approach to acoustic deterrence. While the primary target is the echo location of nuisance
Microbats, its field performance will be subject to the physics of high-frequency sound,
meaning effective coverage may be limited by acoustic range and absorption over distance.
Future efforts should focus on optimizing the transducer's power output and potentially
incorporating frequency modulation to minimize the risk of bats becoming accustomed to the
continuous tone. Overall, the device provides a reliable, non-lethal tool for property owners

seeking to mitigate the damage and minor health risks associated with common bat roosting.
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