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Abstract

This research aimed to develop a wildlife detection and classification system using deep learning

techniques. The model employed is YOLOv12, trained on a dataset of 12,500 wildlife images collected from

Kagsle, Google, Pixabay and actual field photographs. The study involved performance comparison of 66 degree

and 160 degree wide-angle lenses used in combination with infrared (HC-SR501) and microwave (RCWL-0516)

motion sensors. In addition, a real-time alert system was also developed using the ESP32-S3 microcontroller to

transmit captured images via Wi-Fi to a FastAPI server using the HTTPS protocol and to send alerts through a
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Telegram Bot. The target group of interest in detection of this research was large wildlife species considered
high-risk to human-wildlife conflict including elephants, tigers, bears, and gaurs. Model performance was
evaluated using standard metrics including mean Average Precision (mAP), Precision, and Recall. The results
revealed that the fine-tuned YOLOv12 model for wildlife detection had a mAP@0.5 of 0.908, with the highest
accuracy in classifying tigers (mAP = 0.947), followed by elephants (mAP = 0.925), gaurs (mAP = 0.901), and bears
(MAP = 0.859). The camera with 66-degree lens achieved an average detection accuracy of 82.28%, higher than
that with 160-degree lens (72.72%) because the image from the wide-angle lens reduced the size of the animals
at a distance in the image. The developed system successfully delivered real-time notifications with high
reliability. The HC-SR501 sensor was suitable for close-range detection with 84.43% detection accuracy at 4
meters for elephants and 80.46% detection accuracy at 6 meters for gaurs. On the other hand, the RCWL-0516
sensor was more accurate at long range and in environments with obstacles with 69.43% detection accuracy at 8
meters for elephants and 65.17% detection accuracy at 10 meters for bears. This developed system demonstrates

the potential for cost-effective and accurate wildlife monitoring and alerting in real-world applications.

Keywords: Object detection, Artificial intelligence, Microcontroller, Deep learning, Internet of things
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Figure 1

Data Collection and Model Training

- Collected images of elephants, tigers, bears, and gaurs.
- Annotated images with corresponding labels.
- Trained the model using YOLOv12.

p. A

|

Detection Using ESP32

- Employed HC-SR501 and RCWL-0516 motion detection
SEnsors.

- Utilized cameras with 66-degree and 160-degree lenses.

- Performed detection, image capture, and image
transmission via Wi-Fi.

Server-Side Processing

- FastAPI was used to receive images from the ESP32.
- Animal detection and dlassification were performed
using YOLOv12.

A l v
Alert Notification

- Notifications were sent via a Telegram Bot.
- Reports included the date, time, species, photograph,
and number of detected animals.

l

Evaluation

- Tested and compared the performance of different sensors.
- Tested and compared camera types.

- Evaluated the accuracy of the detection model.
A v

Figure 1 Workflow of the automated wildlife

detection system
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Getting Started

Collected images of
elephants, bears, gaurs, and
tigers

Labeled the images using the
LABELIMG tool

Y

Defined training
parameters such as batch
size, iImage size, number
of epochs, etc

Trained the model

l Monitored loss and mean
Average Precision (mAP)
during training

Verified that the labels were
in YOLO format.

] |

Evaluated the model's
accuracy.

Split the dataset into training
(80%), validation (10%), and
testing (10%) sets

l

Created a data.yaml file
specifying 4 classes.

Confidence
= 80%

Yes

v

Obtained the desired
model

Completed the model
development

Figure 2 Workflow of the YOLOv12 model

training process
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Figure 4 Operational workflow of the ESP32-53

microcontroller
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Figure 5 Workflow of the FastAPI server
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Figure 8 Confusion matrix results
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flage uansiemnuaninsaveslunaluniinsinduinglu
AAARINGTD
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Precision-Recall Curve
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Figure 10 Precision-Recall curve of

the YOLOvV12 model

Tuma YOLOV12 AuSumsailanisnsiadudndun

I@sunistindeyateyadnuiu 12,500 nm lngaufiunig

wiugentuynszRuAUTeiu fakansly Figure 9 Hnvianun 100 50U (Epoch) LitelWlunaaunsaiseus

76



NIATIMEIEansuarmAlulad unnIneduguasyentl UN 28 atduil 1 feuunIIAL-wweY 2569

anwagresingulmunegliediafivssd@ngain aann1s
Usziliunanaenisiln wudlaeaiianiuaiunsalunis
nsr9fueglusedudiuimele Taadid1 Precision 1de
86.7% uaz Recall 1afly 84.0% vaszfiA1 MAP@O.5 i
90.8% WAzA1 MAP@0.5:0.95 71 66.1
NN15ATITIRNYInesdnd wudilueg
annsansaduide uay nszia Ifegrausiudiiian lned
A1 MAP g9n11 94% vzl 919 A1 Precision 88.9%
waz Recall 1 78.9% Fsogluinmia dau il fid1
Precision 76.3% wag Recall i 75.6% %Qﬁﬁ]i’]@é’lu

seRunely Aanandly Table 1

Table 1 Results of model training by animal category

Class Precision Recall mAP mAP
@0.5 @0.5:0.95
Bear 0.763 0.756 0.866 0.711
Tiger 0.967 0.868  0.956 0.616
Gaur 0.848 0.948 0.943 0.705

Elephant 0.889 0.789  0.866 0.612

nadwifanaazvieuialuna YOLOVIZ 7
g uanasa sy ndlflusunsadudaionls
pg195lUsz@nsan lavlanizluszuunsiadunuy
Sealvdiidesnisanundusiuaznisnovauesiinmdy

Pnmsveapmseudasidngluiuiiase du
audnilalulssnalne) lngldiduireinsiaduainy
wieulws HC-SR501 uaz RCWL-0516 Saufundosiaud
HUNBA 66 BIAN kAT 160 0971 fakanslu Figure 11 uay
Figure 12

UIEANTAIMNAITYIUVBITEUULANANA WA
UsgLandnd szeeving wazgunsalild Tnodnvunelvgjd
aglnd 1 419 (sper 4 wes) a1u1snT9ulAusiug
g9an lnaiduwes HC-SR501 saufuiaud 66 aeen 1ol
NAANSWUULIE 84.43% d9u RCWL-0516 a1 83.18%
Tuvaziitaud 160 osailuszan3amainindnies
dmunseia (Szuy 6 Wn3) UsEansnImnisngiaduds
oglusziud Tnoegfiuszan 80% lundosyuuos 66
03f7 uazanauiloldndes 160 oeen Lﬁauawﬁﬁa&ﬂu
szazlnanin (8-10 wns) aunsansiaduldiisadield

WAUE 66 89A15UAY RCWL-0516 TagLdailauaiugn

69.43% uaznil 65.17% wansliiiiuinaudyuning 160

aamldmneAunisasadudninedlnawazdvuaanly

A fanandly Table 2

Figure 11 66° and 160° lenses with RCWL-0516

motion sensor

Figure 12 66° and 160° lenses with HC-SR501

motion sensor

Table 2 Confidence results from sensor and camera

module relative to object ranges

Type Range HC-SR501 RCWL-0516

(m) Field of view Field of view

66° 160° 66° 160°

Elephant 4 84.43 7331 8318 7431

Gaur 6 80.46 72.16 81.06  71.27
Tiger 8 - - 69.43 -
Bear 10 - - 65.17 -
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Figure 13 66° lens with RCWL-0516 sensor (tiger)
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Figure 16 160° lens with RCWL-0516 sensor (tiger)
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4. unasy
nuiTeiRaurlunansiadudadiilaeld
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