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Abstract

In much of the farming land of rural Nepal, wild animals, most notably the Rhesus Macaque,
a widely distributed monkey species found in Nepal, pose a significant issue. These animals
frequently find their way into the farmland and destroy the farm crops, endangering the efforts
and earnings of the farm- ers. The research aims to create a smart solution that uses Artificial
Intelligence-based detection and ultrasonic-based repellents. The system enables the use of
the Al-powered cameras to scan and monitor the target area and identify the Rhesus Macaque
in real-time using the YOLO algorithm, trained using a custom dataset of monkey images,
and upon detection, use an ultrasonic deterrent system to repel the Rhesus Macaque. The
detection model was trained on the dataset collected from the Pashupatinath and
Swayambhunath area, as the farmland shares similar species, to enhance the detection
performance of the model under local settings. Upon identification of the species, the
detection model activates the ultrasonic deterrent subsystem. The YOLO based detection
model achieved a precision of up to 1.00, an Fl-score of 0.97, and a recall of 0.99. The 555
Timer IC-Based ultrasonic generator was validated at the prototype stage, with its generated
output frequency measured and verified using an oscilloscope.

Keywords—Rhesus Macaque, Artificial Intelligence, Real-time object detection, YOLO
algorithm, Frequency repellent

1. INTRODUCTION

It cannot be debated that agriculture continues to occupy a significant role in the Nepalese
economy (roughly 23.9 % of the country’s GDP) [1], as it has been using farming as their
major source of income for most of the people residing in rural areas. Over the years,
agriculture has supported these people with food and financial income through the sales of
crops, which have been grown and harvested. However, in the recent past, wild animals,
especially monkeys, have posed a threat to farming activities and the farm- ing industry
more specifically [2][3]. Monkeys are always a big threat to farmers and their production
since they intrude on farms in the process, causing a lot of damage to plantation crops
[4][5], which ends up making many farmers get huge losses since they depend so much on
what they harvest for their food. According to the study [6], done on Budhigandaki river
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basin lying on Dhading and Gorkha districts of central Nepal, Crop raiding data, collected
via questionnaire, survey method to local households in the nearby villages and also
through direct observation showed that maize (58.43%) was the highest raided, followed
by rice (11.34%), lentil (8.74%), peanut (4.35%), soyabean (4.18%), wheat (3.22%), fruits
(2.97%), black pulses (1.87%), potato (1.67%), sesham (0.92%), tomato (0.79%), millet
(0.67%), mustard (0.36%), broad beans (0.25%), brown Ientil (0.18%) and pumpkin
(0.06%).

Another factor that goes a long way in increasing the severity of this phenomenon is the
fact that there are no efficient deterrent measures that can be employed at the current
moment. In most circumstances, growers use retributive measures that entail beating the
animals or taking retributive action against them, which is unethical. Some farmers use the
‘Watchman’ model [7][8], where people have to sit for many hours to protect the fields.
However, this method takes time, and in most cases, it will not be effec- tive enough to
protect crops from destruction, and in the process, will take more effort from the already
stretched rural workers. Since agriculture is an essential aspect of the economy in these
areas, there is a need to come up with better measures of controlling the threat posed by
wildlife. The continued use of inefficient and labor-intensive practices not only puts the
income of farmers at risk but also poses a threat to the disruption of ecological balance
through practices that may be detrimental to wild animals. There is a dire need to come up
with new technologies that can help in protecting plants and crops from being affected,
while not affecting the wildlife and putting much pressure on the rural farmers. Many such
solutions would maintain the fiscal integrity of rural farming economics and would also
not harm the rich biological diversity of Nepal.

Various techniques have been used for monkey repellent. However, the techniques used are
still tradi- tional. The most common method most of the Farmers have used is attaching
scarecrows in different parts of the field and using a catapult to deter monkeys. But this
method is ineffective. As reported by The Economic Times [9], Ahmedabad airport
officials were directed to dress up in bear costumes to scare away langurs and monkeys
running riot at the airport. In addition, according to The Rising Nepal [10], the farmers of
[llam, fed up with safeguarding their corn from the monkeys in the field all day, began to
make and use devices that produce loud and explosive sounds to scare the apes away.
These manual techniques are helpful, but are time-consuming and need constant physical
monitoring of the field to repel monkeys. So, an automated monkey repelling technique
has to be developed, which uses current technology for constant monitoring as well as
repelling monkeys.

Hence, this research proposes an Al-driven system specially designed to drive away
Rhesus macaques with the help of real-time tracking and ultrasonic sound-based repellent.
The system integrates real-time object detection using the YOLO model and an ultrasonic
sound emission mechanism. The system iden- tifies the presence of the macaques using the
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camera module and sends specific high-frequency sound waves to discourage the animal
from entering or remaining in the protected area. The system is specifi- cally designed for
the environmental and agricultural conditions of Nepal, with the intention of minimiz- ing
crop damage and promoting wildlife-friendly management methods.

2. LITERATURE REVIEW

Agriculture plays a vital role in sustaining the livelihoods of millions of people worldwide,
but it is in- creasingly under threat from wildlife. Among the animals contributing to this
issue, monkeys, particularly the Rhesus macaque, have become a significant nuisance. As
reported by The Kathmandu Post [11], Mon- keys have become a real threat to the locals,
attacking them, and at least eight to 10 people are injured in monkey attacks every year in
local level. Not only have they impacted human beings, but they have also impacted the
agricultural sector, resulting in damage to crops and, in turn, financial losses for farmers
and food insecurity in the affected regions. The authors in [12], proposed the Embedded
Edge-Al-based Intelligent Animal Repelling System (EEAIRS) with attributes like
real-time animal detection, LoRa communication, and solar power. The experimen- tal
outcomes revealed that the proposed system obtained an accuracy of 87% in animal
detection and a 30% reduction in false alarms. Moreover, the system successfully repelled
animals in 92% of cases and minimized power consumption by 15%. The authors in [13]
suggested a relay device that employed the passive infrared sensor (PIR), which turns on
the driver responsible for the production of ultrasound. The sound produced by the device
is 120dB at a distance of approximately 1 m and has a very wide band of 20kHz-40kHz,
which can be tuned to the animal to be repelled. Also, regarding the health issues caused
by ultrasonic sound frequency, the authors in [14] stated through research and observation
that 8-hour exposure to 110 dB at 20 kHz in the third-octave band at 20 kHz, 25 kHz, and
31.5 kHz did not cause hearing loss in audible frequencies. However, people exposed for
15 min to 150 dB at 20 kHz frequency did cause damage to the audible frequencies. The
authors in [15] validated the innovative sound device that repels monkeys using three
different practices in Ramkot and Bhool district of India. The validation test was
performed in three places at peak hour at an interval of 30 minutes. The farmers’ response
to beating drums and fireworks was good, with few monkeys found in the field. But for the
monkey repellent sound device that mimics baboon barking, the total number of monkeys
seen was almost zero. According to The Times of India [16], Telangana State Agriculture
University has devised a solution to address the monkey problem plaguing Secunderabad
and other areas. The university’s vertebrate pest management division developed an agri
cannon, a device that emits a loud sound when fired to scare off monkeys. Officials stated
that monkeys caused about 60 to 70 percent crop damage roughly 20 days before harvest,
but with the introduction of the cannon, the damage has been reduced to 20 percent. The
authors in [17] propose an Arduino-based smart monkey repellent circuit that projects
high-intensity ultrasonic sound that annoys and makes monkeys leave the surrounding area
without causing harm to both animals and humans. For the detection purpose, we use an

Design And Development of An AI-Driven Solution For Rhesus Macaque JACEM, VOI, 12



76
JACEM, VOI 12

Journal of Advanced College of Engineering and Management

object detection technique that uses neural networks to localize and classify objects in
images. Object detection algorithms are broadly categorized into one-stage and two- stage
models. The two-stage detection model comprises region proposal, followed by the
classification of those regions and refinement of location predictions. In contrast,
single-shot detection skips the region proposal stage, providing final localization and
content prediction in a single step [18]. Two-stage algo- rithms include R-CNN, Fast
R-CNN, and Faster R-CNN [19]. One-stage algorithms include YOLO(You Only Look
Once), SSD(Single Shot Detector), RetinaNet, CornerNet, and FCOS(Fully Convolutional
One-Stage Object Detection) [20]. Among one-stage methods, YOLO [21] is a classic
example. The YOLO series has seen many versions, from vl to v8. The YOLO series
focuses on real-time and high classification accuracy, using optimal computational
parameters for fast detection, high accuracy, and edge devices [22]. The development of
the YOLO network from V1 to V5 has seen the addition of many improvements, including
grid division (vl), anchors and two-stage training (v2), multi-scale detec- tion with FPN
(v3), SPP and GIOU loss (v4), and models with variable sizes and Hardswish activation
(v5) [23]. YOLO has many applications in different areas, as shown in a research paper on
plant dis- ease detection using deep learning [24]. The authors employed convolutional
neural network algorithms, specifically YOLO-v5 and YOLO-vS, to detect infected corn
leaves, comparing mean average precision (mAP) at 50 and 50-95. YOLO-v8 exhibited
superior accuracy and a higher detection rate. After a com- prehensive examination of
various object detection algorithms, our research identifies the YOLO (You Only Look
Once) algorithm as the most fitting and effective solution for our objectives in object
detection, especially in real-time [25] [26] [27] [28] .

3. METHODOLOGY

This study proposes an integrated system that has two primary parts: (1) a YOLO
Model-based model for real-time Rhesus macaques detection and (2) an ultrasonic
repellent model. The detailed architecture is presented in the Figure 1.
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Figure 1: Overall Methodology of YOLO-based detection and ultrasonic-based repellent
module
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A. Detection Model Design
a. Data Collection and Pre-processing

The required images of the rhesus macaque were taken from the Swayambhunath
and Pashupatinath area, as the farmland and surrounding areas share a similar species
composition. Approximately 400 images were taken using a mobile phone camera in
Jpg format. After data collection, the images were then annotated using a labeling
tool. We used Roboflow for image labeling. then we have applied the pre-
processing/augmentation techniques like (1) Auto-Orientation, (2) Resizing: Stretch
image to 640x640 pixels, (3) Flip: Horizontal, (4) 90° Rotate: Clockwise,
Counter-Clockwise, (5) Rotation: Between -15° and 15°, (6) Blur: upto 1.8px. This
was done as these pre-processing and augmentation techniques help to transform
existing images to create new variations and increase the number of images in the
dataset. Which makes models more accurate across a broader range of use cases, and
it creates new training examples for the model to learn from by generating
augmented versions of each image in your training set. By doing so, our dataset
images increased from 400 images to 950 images altogether.

b. Dataset Splitting

The dataset is then split into three parts: 75% training data, 20% validation data, and
5% testing data. The test dataset was selected to the bare minimum due to the limited
dataset size, as the data collection is still ongoing. Training data is the subset of the
dataset used to train the machine learning model and learn patterns. This helps to
train our model how to perform. Validation data is used to evaluate the model during
training. Once the model is built, previously unseen data is fed into the model to
check its performance. This dataset is known as testing data and helps to evaluate the
progress of the model in terms of accuracy and precision, and helps to optimize it for
future use. Among 950 images altogether, we split our data as follows: (1) Training
Set: 715 images, (2) Valid Set: 190 images, (3) Test Set: 45 images.

c. Base Model Selection

The detection model is based on YOLO. We have selected the YOLOVS[29]
architecture, more precisely YOLOv8n, a nano version of YOLOVS, as the base
model. The reason for selecting YOLOVS8 as the base model is due to its balance
between detection accuracy and computational efficiency in our case.

d. Model Hyperparameters Configuration and Training

To build and train the detection model, we imported YOLOv8n from the ultralytics
library and fine-tuned using the prepared Rhesus Macaque dataset. The YOLOVS
architecture was configured for training with an input image of 640X640, a batch
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size of 16, learning rate of 0.01. In order to effectively utilize comput- ing resources,
we made use of Kaggle’s GPU. By using Kaggle’s GPU resources, we were able to
speed up the training process and improve the model’s performance through repeated
parameter refinement.

As shown in Figure 2. Initially, the training epochs were set to 300 for our
YOLOv8n-based model; however, the process was conducted over 175 epochs only.
This early stopping was triggered because no improvements were observed in the last
100 epochs, after 175 epochs, and the best model was saved at epoch 175. The model
at this epoch ensured optimal performance without overfitting and also demon-
strated strong performance metrics for the effective detection task.

The loss for validation was slightly higher at the beginning; however, during the first
50 epochs, the training and validation loss decreased effectively, indicating effective
learning and correct parameter up- dates. These metrics highlight the model’s
accuracy and reliability in detecting rhesus macaques based on training data.

e. Real-Time Inference and Trigger Mechanism

The trained YOLOvV8 model is included in our Rhesus Macaque Repellent System
for practical use throughout the model deployment phase. The training process
results in the creation of the best.pt file, which contains the learnt weights and
optimized parameters. This file is the foundation upon which we build our model
deployment, enabling us to use it with ease to detect Rhesus Macaque in realtime
envi- ronment. This real-time monitoring is then analyzed by a computing unit, such
as a Raspberry Pi, with a lightweight YOLOv8n algorithm designed to detect rhesus
macaques. When a macaque is detected by the detection model, it activates an
Arduino Mega to turn on a 555 Timer IC-based deterrent model to emit ultrasonic
sound waves through a piezoelectric tweeter.

Training and Validation Losses

—— Training Total Loss
—— Validation Total Loss

T T T T T T
0 50 100 150 200 250
Epochs

Figure 2: Training and validation Loss curve of our detection model
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f. Repellent System Design and Implementation

The hardware components used for the repellent system are: Arduino Mega 2560,
resistors (1x1kQ and 1x12kQ), a 2.5nF capacitor, a 555 Timer, an IRFZ44N
MOSFET, a Kenwood tweeter (8Q impedance, S0W peak power), and connecting
wires. Our major focus on the repellent system design is generating an ultrasonic
frequency which varies from 20KHz to S0KHz. This is the range that is not audile by
human but irritates monkeys. After the yolo model detects a monkey in a video
frame, a signal is sent to Arduino to turn on the 555 timer IC. The signal to Arduino
is sent using pyserial which is a library of Python that encapsulates access to the
serial port. To initialize Arduino to receive a signal through the serial port, we
uploaded code to Arduino: String command;

void setup(){
Serial.begin(9600);pinMode(2,0UTPUT);
digitalWrite(2,LOW);

h

voidloop(){
if(Serial.available()>0){
command=Serial.readStringUntil(*\n”);command.trim();
if(command=="0ON"){
digitalWrite (2,HIGH);
}elseif(command=="OFF”){

digital Write(2,LOW);

}

This Arduino code monitors serial commands that trigger the control of digital output
on pin 2. The setup() function starts serial communication at a baud rate of 9600
before setting pin 2 as output to ini- tially switch off with the LOW state. The loop()
function maintains constant evaluation of serial port data reception. The available
data initializes its read of incoming text strings until a newline character stops
reception, then performs whitespace trimming before initiating the comparison
process. The ON” com- mand activates the device connected to pin 2 by enabling
HIGH voltage through it. When the command reads "OFF”, the code operates pin 2
to set a LOW state for the device powering off. The code enables external devices,
together with software elements (serial monitor or Bluetooth module), to control
output pins through basic text messages.
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After uploading the code to Arduino, we need to setup python code to communicate
with the Arduino.

import serial

import serial.tools.list ports

# Initialize Arduino
seriallnst = serial.Serial()seriallnst.baudrate = 9600

seriallnst.port = "COM6”seriallnst.open()

ON = "ON\n”.encode (*utf—8’)OFF = "OFF\n” .encode ("utf—-8")

if monkey detected :
seriallnst.write(ON)seriallnst.flush()
else:
seriallnst.write(OFF)seriallnst.flush()

The program uses Python to connect Python with an Arduino board through serial
lines for directing electronic devices. The code implements the PySerial library,
which enables it to transmit commands to Arduino devices through the designated
COM port. The first step of code sets the baud rate to 9600 according to Arduino
serial settings while selecting COM6(or any port) as the port connection. Next, the
program establishes communication through the opened port. Before sending data
through serial commu- nication, the script creates and converts "ON” and “OFF”
commands to UTF-8 byte format. The program- ming system verifies the Boolean
condition of the monkey detected variable. When monkey detected becomes True,
the program sends the ON command to the Arduino to activate a connected device.
The ”OFF” command is transmitted based on the False condition of
monkey detected. Every one of these commands must be followed by a
seriallnst.flush() call to guarantee complete transmission of the buffer data.

After initialization of the communication between Python and Arduino, the host
device can now sent sig- nal based on the monkey detection to Arduino. Since port 2
of Arduino is used here to output the signal to the Vcc of the 555 Timer. The 555
Timer is used here to generate output frequency in a varying range of 20KHz to
50KHz. The frequency and duty cycle of the output signal of the timer IC can be
varied by changing the resistor and capacitor values, according to the result required.

1.44
f=(R1+2-R2)-C
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R +R

We have used R1=1K, R2=12K and C=2.5uF. These values of the component yields
output frequency of 28Khz and a duty cycle of 50%. However, we need to consider
the input voltage according to the output voltage and power requirements. We have
used a 5V input to the 555 Timer, which is provided by Arduino. The circuit uses an
astable configuration of a 555 timer IC, which receives power from either a 12V/5V
DC supply based on component specifications. The circuit creates an uninterrupted
sequence of square wave signals that appear at pin 3 and runs independently from
any triggering input. The output wave- form obtains its frequency and duty cycle
characteristics through the operations of timing components R1 (1k€Q), R2 (12kQ),
and C1 (1.2nF). The pulse signal sent to visualizers for waveform analysis also flows
into digital counting equipment that performs real-time frequency counting. The
counter automat- ically rises in value during each clock cycle and thus monitors the
output signals from the timer oscillator.

ui(vee)

<TEXT> N\==

Figure 4: Hardware Implementation
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The square wave output signal amplified using the IRFZ44N IC, which is an
N-channel MODFET, can be transmitted to a speaker system for producing audible
sound. A Kenwood tweeter speaker rated at 8Q2 impedance with 150W peak power
replaces the traditional buzzer to achieve higher audio clarity and loudness. The
high-power speaker needs an external amplifier circuit because the 555 timer lacks
the capability to operate it directly. Both the amplifier and speaker can be powered
through a 12V power supply, and 5V power is suitable for driving the 555 timer and
digital logic components. The imple- mented design allows for clear audio functions
when producing pulse signals.

4. RESULTS AND DISCUSSION
A. Precision Confidence Curve of detection model

Figure 5(a) demonstrates the Precision Confidence Curve of the YOLOvV8n model.
Confidence is posi- tively related to precision, and the confidence is 1.00 when there is
a threshold of 0.834, which means that the predictions are highly accurate when there is
a high confidence. Figure 5(b) is the Recall Confidence Curve. It is observed that Recall
is nearer to 1.0 when the confidence level is low, but is declining rapidly after 0.8,
which indicates that increasing the level of confidence makes the model selective. The
recall at 1.1 confidence is 0.99 in all classes. Figure 5(c) represents the F1 Confidence
Curve. The highest F1 score of 0.97 is achieved at the confidence level of 0.786, which
is the best tradeoff between precision and recall. At this stage, F1 reduces because of
low recall.

monkey monkey monkey
—— all classes 1.00 at 0.834 —— all classes 0.99 at 0.000 = all classes 0.97 at 0.786

(a) Precision Confidence Curve (b) Recall Confidence Curve (c) F1 Curve

Figure 5: Precision, Recall and F1 Confidence Curves

Design And Development of An AI-Driven Solution For Rhesus Macaque JACEM, VOI, 12



&3
JACEM, VOI, 12

Journal of Advanced College of Engineering and Management

Figure 6: Output images prediction
B. Qualitative Detection Results

The Figure 6 shows sample detection results in a real-time environment. The detection
model identifies rhesus macaques in diverse real-time environments, including
staircases, temple-premises, pavements, brick walls, etc. The bounding boxes indicate
detected objects classified under the monkey” category.

C. Repellent System Prototype Validation

The repellent sub-system is currently in the prototype development stage and has not
been field tested in live environment settings. At this phase, the validation of the
ultrasonic frequency output of the repellent model was measured and verified using an
oscilloscope. During measurement and validation, the different parameters are
calculated as follows:
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Figure 7: Checking Frequency in Oscilloscope

Duty Cycle:

R +R
R R, 1000+1000 2000 N0
b = R +2xR, ~ 1000+2x1000 ~ 3000 0.51 =~ 50%

From the oscilloscope, Time period for 50% duty cycle =3.5. So, the time period for 1
pulse:

T=35x5x2x10"°=3.5 x 10 seconds
Frequency:

% ~ 28571 Hz = 28.57 kHz

Voltage measurement:
Volt/div =2V and Output voltage =2 x 2.1 =4.2V

4.2V is provided by the output of the 555 timer when the input from another IC is
provided as 5V.

5. CONCLUSION

The integration of the YOLOvV8n model with the ultrasonic deterrent circuitry implemented
the real-time monkey detection system, with valid alert and activation capabilities. As the
size of the dataset increased, the generalization ability of the model and the accuracy of
detection enhanced considerably. A set of performance optimization methods increased the
stability of training, minimized the variance of predic- tions, and increased the
convergence rate. Based on comparative analysis, it was observed that YOLOv8n could
achieve more stable training outcomes, making it a preferred model due to its higher
computational efficiency and deployment capability. The deterrent subsystem uses a 555
Timer IC-based ultrasonic gen- erator with a combination of an Arduino Mega 2560,
passive timing elements, an IRFZ44N MOSFET driver, and a high-frequency tweeter. The
circuit generates ultrasonic waves between 20 and 50 kHz, which are not audible to human
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beings but leave monkeys agitated. Once the monkey has been spotted by the YOLOv8n
model, a serial command to the host will trigger the Arduino, and this causes the 555 timer
to enter astable mode and create the necessary waveform. The produced ultrasonic
frequency was experimentally confirmed on an oscilloscope at the hardware level, where it
was observed that the ultra- sonic frequency remained stable at about 28 kHz, which
verifies the functional validity of the prototype circuit of the repellent model. A MOSFET
amplification of the output signal is used to power the tweeter satisfactorily so that the
sound propagates sufficiently. The future work will focus on controlled field test- ing of the
repellent model to analyze the effectiveness of the proposed repellent model under
real-world conditions.
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