onsansASUNUUSAAU adudnenmansiasinalulad UR 15 uns1AL - SUoNAU 2566
Sripatum Review of Science and Technology Vol.15 January — December 2023

nsanszuuhsedeliynsnlunuiinensnssineanaudaLdeseninenuuas

¥ 14 = 1 = 4
granlemalulaglasenglssamiiisauuunauligdu

Agwa Wanuwa’’, 3y Nunee®, Ujau naase®
Lgnunignunalulaginiodnenaunnes
SgU1INeIN1SABNRINDS
AMZINYINTTABNNANBILAZINALUTATE LA

NI IMNYIAIIVAY I IWNT 6

Received: 30 June 2022
Revised: 20 September 2023
Accepted: 24 November 2023

L 1
UNANYd
ANNTRREITERIIAUTUTIAnTuTaIINN SN NYRItaINduTiagede TUdanunnyasnssy

1%
a v A=

Yoy udiomeImMIkazral ddeifaliiauamalulaglassisyssanniisnuuunouligduiive
anANNTALgTENINAUAUTIN MenTEUIuMTIuUnEendt lelasun 5 iediiun1nsiaduingiuy

Sealndaniile Ingldaunsalanenawvuladuiedseistisdiungnluiuiinunsnssy Tunouusn

o v ¥

Unielasunugadeyanimdrsainiuniihseds IngldusslovinnumsuiiavestyyiUssivgiinmins

\B9iin ewauuuudassandnenssuaderisleld uaraireantinonssuiivngay fugunsaiauesna
HasiifannuiSuazanuuiugfuangan switnideldusualawosmnimesdmivwuudasdeld
1¥un wuudiaeslelaidu Teldoa wazlelady dudunvudiassnisdunaiiannududauas uaz
wuSaesildiauemiiinnumngauiugunsalauosnailii ndsnnaasunuin uwusiaedeldion
fiAdsanuusiugiegi 95.68%mAPa.5 Tasflaudunnniuuudaedlelaiduia 50% fianausiug
§98R 95.46%mMAP@.5 i Aeuthuuudasslufndsilgunsalauaanatioi nidelsifingndoyagunm
Freandumesidnlifuleldion ileifiueuutiugrauldalmide 98.0206mAP@.5 ndsanfadaszuy

a ¥ = U L4

U9 EUIAEnausansIaTunisunsnvestistr luiuiinensnssulasgrausiug udunanss

<
aa' ¢ o

91atnIuyeddunadiuegidntes

3

Adfey: Tredungn Nuiinens ananutauds lasadguszanniieunauligiu

" Jusvanuauvan; dla: vasupon.p@rbru.ac.th

Jryryn 1899670y 10NUIU ANISSSU
Intellectual, Professional, Cheerfulness, Morality
86



onsansASUNUUSAAU auudnenmansia-inalulag UR 15 unsAu - SUoIAL 2566
Sripatum Review of Science and Technology Vol.15 January — December 2023

The Development of Monitoring System for Elephant Intrusion Detection in
Agricultural Areas to Reduce Human-elephant Conflict with Convolutional

Neural network technology

Vasupon Phueaknamphol'”, Wichan Thumthong?, Patikom Thongjing®
L2Department of Computer Network Technology
*Department of Computer Science,

Faculty of Computer Science and Information Technology,

Rambhai Barni Rajabhat University

Received: 30 June 2022
Revised: 20 September 2023
Accepted: 24 November 2023

Abstract

Human-elephant conflict occurs due to the migration of elephants from their habitat to human
agricultural areas in search of food and water resource. This research has therefore introduced
Convolutional Neural Network Technology to reduce Human-elephant conflicts, with a framework
called YOLOVS is utilized for real-time object detection from video footage using embedded neural
brain devices to monitor and prevent wild elephant intrusions into agricultural areas. First, researchers
collected elephant image datasets from monitoring areas, leveraging the advancements in deep
learning frameworks to develop Yolo-based architecture models suitable for embedded devices,
ensuring both speed and accuracy. In this work, the researchers adjusted the hyperparameters for the
YOLO model variants: YOLOVSN, YOLOVSS and YOLOVSM. The computations were conducted with
reduced complexity and the proposed models are well-suited for embedded devices. After testing, it
was observed that the YOLOvV5S model achieved an average accuracy of 95.68% mAP@.5 with a speed
increase of up to 50% compared to the YOLOv5M model, which had a maximum accuracy of 95.46%
mMAP@.5. Then, before deploying the models on embedded devices, researchers augmented the
elephant image dataset from the internet for the YOLOV5S model. This augmentation improved the
accuracy to a new value of 98.02% mAP@.5. After deployment, it was found that deep learning could
accurately detect instances of wild elephant intrusions into agricultural areas, even though it may

sometimes be slightly slower than human observation.
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2. lasetngaulssamiviey

Tnsstrenulszanm (Neural Networks) AensiSeuimeiadasiildusaiumalaanlassiieyszam
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(L1&n), YOLOVSm (nan9), YOLOVSL (Tngy), YOLOVSx (Iuajiitew) vuia 1280%1280px 14 YOLOVSNS,
YOLOV5s6, YOLOV5m6, YOLOV5L6, YOLOVSX6 Lusiu sngfunuiifiesnisaiuazidongs (Ultralytics,
2021)

Prediction Box
KirnY1)

Detection Box
Area
H
Area of Overla|
i P 1 Ve)

loU =

Area of Union

Detection Box
Prediction Box

] ° o A 9 vo o v '
AN 3 ﬂ’]iﬂ’mu@%@‘uL%MLﬂW%NWS%@ﬁﬁmqiuﬂWW LW@I‘UW]‘LJ’]EJNﬁﬂ’J’]iJLLEJUEJ’]ﬂ’JEJﬂ’]l@I@Q (lOU)

sEninawasvosiiainglunw Auranisiuneiivuudaesinneglafiniiedu map

5. 115U52AUUTZANSAIWLUUN8DS

[

Intersection over Union (IoU) 1un1sinuseansnmuuudiassdmsuaunsiaduing (Object

9

Detection) M lAanNgns1@IUsENINeNUN (Area) iudou (Intersection) Yo uANg 2 (Bounding Box) %13

a

PENUNTINITIVUA (Area) FIn T 4 vSosendn avll UJaccard) Wudslunsvilasifudviudauseninana

v '

wag (Ground Truth) wazuavinule (Predict) a1baanukdugiviugauu1nnia 0.5 fedreausuls A1 AP

. I ] a o & o ] o
LAY mean Average Precision (MAP) LlUNTAIANLRALAINULLULT FIATUIUIINFNNTT (4) ANAUKUUE
(5) A1AusIEN (6) A1AUYNABY Wag RMSE (Root Mean Square Error) $1n#id84984A14ARALATEY
wdy WemwuaNuRanaIanIsneNsalidilnaaudiansitlnalAssiuauete 1nnd1 0.5 whiuduau
Class NHA1ANULLUEAUgaULINNTN 0.5 TP+FP fiawindudiuiu Class Avinuiele wag TP+FN winiu

wawRas (Kumar et al.,, 2020)

Accuracy = i L — (4)
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Precision = —0— = _ount?) (6)
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1
RMSE = \/;zg;l(yi'—yi)z (7)
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True Position
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10U =0.85
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10U =0.25

True Position b

False Position

[

M 4 nsmeuuiugvivdeuniiuningluniw @) wariundviue @un)

Faflen Precision = count(true positive) / count(all red boxes) = 2/3 = 0.67

LAarAIU8Y Recall

count(true positive) / count(all blue boxes) = 2/3 =0.67

6. UMDYV
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WUUT1a8R5333UTng 4 LuuAe SSD mobilenet v2 model, SSDlite mobilenet v2 model, SSD inception
v2 model uag Fast R-CNN inception v2 wui1 mobilenet v2 ﬁﬂ’s’mLLaJ'uET’laJ’mﬁEjﬂ

Jagannathan et al. (2019) wazangldnaasuilSsuiisulassiieUszamiisanuunsuligduiuy
Fudufumslimaiiamsduneniiossyftenflenmlelisy desls desdermu Welidsanmaiunii
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nsinausulazaduUdaesiimunzaunUBUlgUsTUIaNadNDINar IR
lenuigUszananans1iing (GPU: Graphics Processing Unit) Nvidia tesla p100 #ia8@21141 16
GB fauneude (1) lguuuinass yolovsn, yolovss wag yolovsm fAinauilag Ultralytics @edivunnnis
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