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TOM TAT

Viéc gidm sat dong vat trong sé thu dong vai tro quan trong trong quan ly, bao ton
va cac loai dong vat. Trong nghién cttu nay, ching t6i 4p dung mo6 hinh YOLOVS,
mot trong nhiing giai phap phat hién d6i tuong tién tién va hiéu qua nhat hién nay.
M5 hinh dwoc huén luyén ban dau trén bd di liéu COCO va sau d6 tiép tuc dugc
tinh chinh (fine-tuning) trén bd dit liéu African-wildlife nhdm t3i vu héa kha nang
nhan dién cac loai dong vat hoang da pho bién trong sé thu nhu trau, voi, té giac va
ngwa van. Sau qua trinh tinh chinh, m6 hinh dat dwoc mAP (mean Average
Precision) 94.76% tai ngudng IoU 0.5, thé hién d6 chinh x4c va d6 tin ciy vwot troi
trong diéu kién thuc t€. Nho kha nang xtt ly nhanh va chinh x4c, mé hinh nay mang

dén giai phap hiéu qua cho viéc giam sat dong vat trong sé thu theo thoi gian thue.

Tt khoa: YOLO, giam sat, phat hién d6i twong, fine-tuning.

I. GIOI THIEU

Viéc giam sat dong vat trong cac so thii ludn git vai tro ddc biét quan trong, nhat
la d6i véi cac loai ddng vat co nguy co tuyét ching hodc can duoc bao ton nghiém ngét.
Céc so tha khong chi don thuan 1a noi luu gitt va trung bay dong vat hoang da, ma con
la trung tdm nghién ctu sinh thai va bao ton ddng vat quy hiém. D€ dam bao viéc theo
doi strc khoe, s6 luong va moi treong song cua cac loai ddng vat, cac nha quan ly so thu
can trién khai cac hé thong giam sat hiéu qua, tw dong va dang tin cay, ddc biét 6 nhiing
khu vyce rong 16n hodc véi sd luong loai da dang. Trong d6, viéc tich hop hé thong
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camera gidm sat v4i cac mo hinh tri tué nhan tao hién dai dang ndi 1én nhu mét phuwong
phap tién tién va hiéu qua, cho phép nhan dién dong vat ti dong trong thoi gian thuc,
hd tro dac luc cho cdng tac quan ly va bao ton.

Cac phuong phap truyén thdng, nhir quan sat bang mat thuong hodc stt dung
cam bién don gian, thuwong boc 10 nhiéu han ché, bao gom su phu thudc vao yéu t6 con
nguoi, dé dan dén sai sot va kho trién khai hiéu qua 0 cac khu vuc rong 16n hodac khi s6
luwong ddng vat dong. Nguwoc lai, su phét trién cua cac cong nghé hién dai, dac biét 1a thi
giac may tinh va hoc sau, da mang dén nhitng giai phap dot pha, giap tu dong hda qua
trinh giam sat dong vat mot cach hiéu qua. Trong s6 dd, cdc mo hinh phat hién d6i tuong
tién tién nhu Faster-RCNN [1], RetinaNet [2], SSD [3], YOLO [4-10], d&dc biét la phién ban
gan day YOLOvS [11], da chting minh kha nang vuot trdi ca vé toc do 1an d6 chinh xac.
Cac mo hinh nay khong chi phat hién va dém dong vat hiéu qua ma con hoat dong tot
trong cac diéu kién mdi truong phttc tap, mo ra hudng di mai cho viéc quan ly va bao
ton dong vat trong thoi dai cong nghé so.

Bai bdo nay trinh bay viéc ttng dung md hinh YOLOvS d€ gidam sat dong vat
trong so thu, voi quy trinh hudn luyén ban dau trén bo dix liéu COCO (Common Objects
in Context) [12] va tinh chinh [13-15] trén b$ dit liéu African-wildlife [16]. N¢i dung dwoc
t0 chitc thanh bdn phan chinh: (1) Gidi thiéu — néu béi canh nghién cttu, tam quan trong
cua viéc giam sat dong vat va muc tiéu bai bao; (2) Cac nghién ctru lién quan dén ndi
dung nghién cttu; (3) Phuong phap dp dung — trinh bay cau tric mé hinh YOLOVS, dac
diém bd dit liéu, quy trinh huédn luyén va cac thong s6 ky thuat quan trong; (4) Két qua
thue nghiém — phan tich hiéu qua mo hinh thong qua cac chi s6 nhu mAP, toc do xt ly
thoi gian thuc va so sanh trong cac diéu kién moi treong khac nhau; (5) Két luan — tom
tat dong gop chinh va thao luan vé ing dung tiém nang trong quan ly, bao ton dong vat.
Nghién cttu khdng chi khing dinh hiéu qua ctia YOLOVS ma con mé ra hudng phat trién
tng dung Al trong linh virc nay.

II. NGHIEN CUU LIEN QUAN

Viéc ting dung tri tué nhan tao, dac biét la cadc mo hinh thi gidc mdy tinh hién dai,
trong giam sat dong vat hoang da va dong vat trong so tha da thu hut sy quan tam dang
ké trong nhitng nam gan day. Cac nghién ctru dau tién cha yéu tap trung vao viéc st
dung cam bién gan trén dong vat hogc camera bay anh (camera trap) dé thu thap dit liéu
phuc vu nhan dién hodc phan loai loai [17-19]. Tuy nhién, phuwong phap nay thuong doi
hoi qua trinh x& ly hau ky ton thoi gian va nhan luc.

Su phat trién nhanh chéng ctia cac mo hinh hoc sau, dac biét 1a cac mo hinh phat
hién ddi twong, da mo ra kha nang giam sat dong vat trong thoi gian thuc voi do chinh
xac cao. Cac mod hinh nhu Faster-RCNN [1], RetinaNet [2], SSD [3] dac biét la cac cai tién
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cua mod hinh YOLO [4-10] da dwoc st dung trong nhiéu nghién ctru d€ nhan dién dong
vat trong moi treong tu nhién, khu bao ton hodc so tha. Chéng han, Beery va cOng suw
[12] da dé xuadt mot phuwong phap nhan dién dong vat hoang da trong cac anh tir camera
bay bang cach st dung md hinh ResNet két hop véi Faster-RCNN, cho thay hiéu qua
cao trong diéu kién anh sang va moi treong thay d6i. Trong nghién cttu gan day hon,
Norouzzadeh va cong su [20] da ap dung mo hinh hoc sau dé€ tu dong phan loai anh
dong vat trong ti nhién, minh chiing cho tinh kha thi va hiéu qua ctia cdc mo hinh hién
dai trong gidm sat dong vat trén quy mo 16n. Ngoai ra, cac phién ban méi cia YOLO
nhue YOLOV5 va YOLOVS da duoc ap dung thanh cong trong cac hé thong giam sat dong
vat voi téc do xtr ly nhanh, d¢ chinh xac cao va kha nang trién khai trong diéu kién tai
nguyén tinh toan han ché& [20].

Tuy nhién, phan 16n cic nghién ctru hién nay van tap trung vao cac md hinh cé
dd chinh xac cao nhung téc do xr ly con han ché, hodc ngwoc lai, wu tién tdc dd nhung
danh ddi do chinh xac. Trong khi d6, bai toan giam sat dong vat trong so tha doi hoi ca
hai yéu t0: phat hién chinh xac dé€ dam bao theo doi hiéu qua, va tdc d x& ly nhanh dé
dap tng yéu cau giam sat thoi gian thwc. Do d6, nghién cttu nay lga chon mé hinh
YOLOV8 — mét kién trac hién dai c6 kha nang can br?mg tot gitta do chinh xac va toc do
~ nham tGng dung vao viéc phat hién dong vat trong moi truong sd thti phtic tap.

III. PHUONG PHAP AP DUNG
3.1 M6 hinh YOLOvS

YOLO (You Only Look Once) [4-11] la mot trong nhitng ho md hinh phat hién
ddi tuwong pho bién nhat trong linh v thi gidc may tinh. YOLOvV8 mang lai nhiéu cai
tién dang ké vé kién trac va hiéu sudt so voi cac phién ban trede dé. Khac voi cac mod
hinh phat hién d6i twgng khéc, YOLO thuc hién viéc phat hién trong mot [an xem duy
nhat, gitip giam thiéu thoi gian xt Iy nhung van duy tri dwoc dd chinh xéc cao. Diéu nay
ddc biét quan trong khi ap dung trong cac hé thong giam sat dong vat yéu cau xtr ly thoi
gian thuc, noi ma t6c d¢ va d¢ chinh xac déu can duoc dam bao. Hinh 1 mo ta kién truc
mo hinh YOLOVS.
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Hinh 1. Kién trac md hinh YOLOvVS

Mot s6 dac diém noi bat cia YOLOvS bao gom:

e Kién triic Anchor-free: Trong céac phién ban truedc cia YOLO, viéc xac dinh cac
hop neo d€ giéi han vung phat hién d6i tuwong 1a mot khau kha phtc tap.
YOLOVS loai bo yéu cau nay, gitp giam d¢ phtic tap va tang tinh linh hoat trong
phat hién d6i teong,.

e Backbone duwgc cai tién: M6 hinh st dung mot backbone méi va hiéu qua hon
dé rat trich ddc trung tte hinh anh, cho phép phat hién t&t hon cac d6i tuong o
cac kich thuwdc va khoang cach khac nhau.

e Hiéu suit cao trong thoi gian thuc: V6i kha ndng xt ly nhanh chéng, YOLOv8
co thé phat hién ddi tuong trong cac video hodc hinh anh dwoc trich xuat ti
camera giam sat mot cach tie thoi, ddp ting tot cac yéu cau cta hé thong giam
sat dOng vat trong so thu.

3.2 B§ dit liéu huan luyén

M6 hinh YOLOVS8 dugc hudn luyén ban dau trén bo dir litu COCO, mot trong
nhiing bd dit liéu pho bién nhat trong thi gidc may tinh, véi hon 80 16p d6i twgng khac
nhau, bao gom ca nguoi, dong vat va cac vat thé thong thuong. COCO khong chi cung
cap mot tap dit liéu phong pha va da dang vé hinh anh ma con gitip cac mo hinh hoc
sau hoc dugc cac dac trung cuia d6i tuong trong nhiéu tinh hudéng khac nhau, bao gom
ca moi truong tw nhién va nhan tao. Tuy nhién, d€ mo hinh YOLOVS ¢4 thé nhan dién
va dém cac loai dong vat trong so tht mot cach chinh xac hon, can phai thyc hién thém
qua trinh fine-tuning trén mot bo dit liéu chuyén biét hon, trong trieong hop nay la bo
dit liéu African-wildlife. B§ dit liéu nay tdp trung vao cac loai dong vat hoang da chau
Phi, bao gom nhiéu loai nhu trau nudc, voi, té gidc, ngwa van. Hinh 2 m6 ta mot s& hinh
anh trong tap dir liéu hudn luyén. Trong d6 bd dix liéu duoc chia thanh 2 tap: Tap di
liéu huan luyén chita 1.052 hinh anh, va tap d liéu xac thuc bao gom 225 hinh anh.



TAP CHI KHOA HOC VA CONG NGHE, Truong Dai hoc Khoa hoc, PH Hué
SO chuyén san Cong nghé thong tin Tap 27, S6 1B (2024)

- —— _ e

Hinh 2. M6t s6 hinh anh trong tap dit liéu huan luyén

Bang céch fine-tuning md hinh trén bd dit liéu nay, YOLOVS c6 thé hoc thém cac
dac trung cu thé cua céc loai dong vat thuong gdp trong mdi treong sé tha, tir d6 nang
cao d¢ chinh xac trong viéc phat hién va dém dong vat. Hinh 3 mo ta s6 luong doi tuong
trén cac 16p dit liéu ctia bo dix liéu African-wildlife.
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Hinh 3. Phan phdi d6i tuwong trén cac 16p dir liéu cta African-wildlife

3.3 Quy trinh huin luyén

Qua trinh huédn luyén m6 hinh YOLOVS cho bai toan giam sat dong vat trong so
tha bao gom hai giai doan chinh:

3.3.1 Giai doan 1 - Huan luyén ban dau trén b di liéu COCO

Trong giai doan nay, mo hinh dwoc huan luyén trén bo dix liéu COCO dé hoc cac
dac trung co ban vé hinh dang, kich thudc va cac moi lién hé gitra cac do6i tuong. BO div
liéu COCO cung cap cho md hinh mot nén tang kién thitc chung vé dong vat va moi
treong xung quanh chung. Sau khi hoan tat giai doan nay, mo hinh cho thdy tiém nang
dat dd chinh xac cao trong viéc phat hién cac d6i twong dong vat trong nhiéu tinh hudng
khac nhau.
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3.3.2 Giai doan 2 - Fine-tuning trén bd dit liéu African-wildlife

Sau khi hoan thanh huédn luyén trén COCO, mo hinh dugc fine-tuning trén bd dir
liéu African-wildlife d€ cai thién kha nang phat hién cac loai dong vat dac trung cta
chau Phi, tir d6 gittp mo6 hinh thich tng t6t hon véi cac loai dong vat trong s¢ thu. Trong
qua trinh fine-tuning, cac 16p dau cia mo hinh dwoc gitt nguyén dé bao toan kién thic
tte COCO, trong khi cac 16p cudi duoc diéu chinh dé hoc thém cac dac trung tir dit liéu
dodng vat hoang da. Qua trinh huédn luyén va fine-tuning nay giip mo6 hinh YOLOv8
khong chi nhan dién chinh xac cac loai dong vat ma con c6 kha nang dém chinh xac sd
luong dong vat trong cac diéu kién moi treong khac nhau, bao gém ca so thu.

IV. THUC NGHIEM VA KET QUA
4.1 Tham s8 huan luyén

Trong qua trinh huan luyén mé hinh YOLOVS cho bai toan dém déng vat trong
s0 tha, ching toi da st dung cac tham s hudn luyén sau:

Bdng 1. Tham s6 huan luyén cua mo hinh

Tham s6 Gia tri
Learning Rate 0.00125
Batch Size 16
Epoch 50
Optimizer AdamW
WeightDecay 0.0005
Momentum 0.937

4.2 D$ do két qua thwc nghiém
Nghién ctu nay st dung cac d¢ do sau dé€ danh gia hiéu suédt cia md hinh
YOLOVS trong gidm sat dong vat:
o mAP (mean Average Precision): Dugc tinh trén nhiéu ngudng IoU, phan anh do
chinh xac tong thé ctia m6 hinh.
o Precision: Ty 1¢ gitta s6 d6i twong phat hién dung (TP) va tong s6 doi twong duoc
phat hién (TP + FP), cho biét m&c d¢ chinh xac cia mo hinh.
e Recall: Ty 1¢ gitta s6 d6i twgng phat hién dung (TP) va tong s doi twong thuc t€
(TP + FN), danh gia kha ndng nhan dién day du cac doi tugng.
¢ F1-Score: Chi s3 tong hop gitta Precision va Recall, thé hién sy can bang giita dd
chinh xac va kha nang phat hién.
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e Thoi gian du doan: Do luong tdc do xu ly mdi khung hinh, danh gia kha nang
hoat dong thoi gian thuec.

4.3 Két qua thuc nghiém

Hinh 4 trinh bay hai d6 thi Precision-Confidence va Recall-Confidence, phan anh
hiéu suat mo6 hinh phan loai theo cac 16p: buffalo, elephant, rhino va zebra. Khi ngudong
do tin cay (confidence) tang, do chinh xac (precision) cling tdng — dac biét & 16p buffalo
va rhino — do giam cac du doan sai. Nguoc lai, d6 hoi tudng (recall) giam, cho thay nhiéu
mau duong bi bé sét hon. Day 1a sy danh ddi dién hinh giita precision va recall. Lp
rhino duy tri hiéu suat t6t nhat véi ca hai chi s6 ¢ nhiéu ngudng, trong khi elephant va
zebra suy giam manh khi confidence ting. Puong cong tong hop cho thdy mo hinh dat
precision tuyét ddi ¢ confidence 0.966 va recall khoang 97% & ngudng thap nhat, phan
anh hiéu sudt t6t nhung van c6 danh déi ro rét.

Hinh 5 minh hoa d6 thi F1-Confidence, cho thdy su can bang gifta precision va
recall. Lop rhino ti€p tuc ndi bat voi chi sd F1 6n dinh va cao, trong khi elephant khé duy
tri su can bang. Puong cong tong hop dat F1 t&i da 0.92 tai confidence 0.520 — dwgc xem
la nguong t6i wu. Tuy nhién, khi confidence tang, F1 giam rd rét, dic biét ¢ zebra va
elephant, do precision ting nhung recall giam, dan dén F1 giam & cdc ngudng cao.

1o Precision-Confidence Curve Recall-Confidence Curve
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Hinh 4. Duong cong Precision-Confidence (a) va Recall-Confidence (b)

Hinh 6 mo ta ma tran nham 1an khi du doan d6i twong. Hinh nay cho thdy mo
hinh hoat ddng kha t6t véi cac loai nhw buffalo, rhino va zebra, voéi ty 1é du doan dang
trén 90%. Tuy nhién, nham 1an véi nén la van dé 16n, dac biét véi elephant va zebra, khi
ty 16 bi nham véi nén lan luot 1a 42% va 45%. Diéu nay c6 thé do cac ddc diém hinh dang,
mau sac ctia chiing dé bi trung 1ap véi moi truong xung quanh. Diéu nay cho thady mo
hinh gap khé khan trong viéc phan biét ro gitta d6i tuwong va nén. D€ cai thién, mo hinh
c6 thé can tang cueong dit liéu hodc 4p dung cac ki thuat nham xtt ly t6t hon su khac biét
gitta dong vat va nén, gidp giam ty 16 nham lan.
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F1-Confidence Curve
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Hinh 7. Mot s6 két qua phat hién trén tap di liéu xac thuc: (a) Nhan, (b) Du doan

Két qua thyc nghiém ctia mo hinh trén tap dir liéu xac thye duoc thé hién & bang
2 cho thay hiéu suédt cao v6i mAP@0.5 dat 94.76% va mAP@0.5-0.95 la 81.16%, chtng to
mo hinh c6 kha nang phat hién ddi twong chinh xac ¢ nhiéu mirc ngudng khac nhau.

Bang 2. Két qua thuee nghiém ctia md hinh trén tap dit liéu xac thuc

Tham s6 Gia tri
mAP@0.5 94.76%
mAP@0.5-0.95 81.16%

Vé mat thong s6 ky thuat duwoc mo ta & bang 3, mod hinh c6 khoang 43M tham sg,
365 16p mo hinh, va doi hoi 165.4 Gflops dé€ tinh toan. S6 lwong phép dao ham 1a khoang
43M thoi gian du doan trung binh mdi lan cho 1 mot anh 1a 184.5 ms, va m6 hinh dw
doan trén 4 16p. Nhitng thong s6 nay thé hién mot mo hinh ¢6 d6 phtc tap cao nhung
van dat duoc hiéu sudt tot trén tap dit liéu kiém th.

Bdng 3. Thong s6 ki thudt cua md hinh thye nghiém

Tham s6 Gia tri
S6 lwgng tham s6 43,632,924
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S6 16p mo hinh 365
Gflop 165.4
S6 lugng phép dao ham 43,632,908
Thoi gian du doan 184.5ms
S6 16p du doan 4

V.KET LUAN

Nghién ctru nay da trinh bay qua trinh hudn luyén va tinh chinh mé hinh
YOLOVS8 cho bai toan phat hién dong vat trong so thu. Thong qua huédn luyén ban dau
trén bo dir liéu COCO va tinh chinh trén bo dit liéu African-wildlife, mo6 hinh dat d6
chinh x4c dn tuwong véi mAP 1én dén 94.76%, dong thoi van dam bao kha nang xt ly thoi
gian thuc voi tde d) trung binh 0.1845 giay/anh. Cac ddc diém ndi bat cia YOLOVS, nhw
kién tric anchor-free va co ché phat hién nhanh, da chiing minh sy phtt hop trong cac
diéu kién méi treong phtc tap, nhiéu déi twgng nhu ¢ s¢ tha. Két qua thye nghiém cho
thdy mo hinh c6 tiém néng 16n trong viéc ho tro cac hé thong giam st tw dong, gop phan
nang cao hiéu qua quan ly, theo doi stec khoe, hanh vi va s6 lugng dong vat — dac biét 1a
cac loai quy hiém hodc cd nguy co tuyét chiing. Trong twong lai, nghién ctru c6 thé dwoc
mo rong theo hudng ap dung cho nhiéu moéi truong séng khac nhau (vi du: cong vién
hoang da, khu bao ton thién nhién), dong thoi tich hop thém kha ndng nhan dién hanh
vi hodc bat thuong nh3m phuc vu t6t hon cho cdng tac bao ton va giam sat dong vat mot
cach toan dién va thong minh hon.
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Nghién cttu nay duoc tai trg bdi Pai hoc Hu€ qua dé tai ma s6 DHH2025-01-226.
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TAP CHI KHOA HOC VA CONG NGHE, Truong Dai hoc Khoa hoc, PH Hué
SO chuyén san Cong nghé thong tin Tap 27, S6 1B (2024)

APPLICATION OF DEEP LEARNING TECHNIQUES
TO ZOO ANIMAL SURVEILLANCE

Nguyen Dung!’, Le Nguyen Thuy Nhi?,
Hoang Van Dung?, Le Van Tuong Lan3, Dinh Hoai Nam*

1University of Sciences, Hue University
2HCMC University of Technology and Education, Ho Chi Minh city
SHue University, Hue city
‘DakLak Polytechnic College
*Email: nguyendung@hueuni.edu.vn
ABSTRACT

Monitoring zoo animals is essential for effective species conservation, welfare
management, and ecological research. In this study, we apply YOLOVS, one of the
most advanced and efficient object detection models. The YOLOv8 model was
initially trained on the COCO dataset and fine-tuned on the African Wildlife dataset
to improve its recognition of common zoo species such as buffalo, elephants, rhinos,
and zebras. After fine-tuning, the model achieved a mean Average Precision (mAP)
of 94.76% at an IoU threshold of 0.5, demonstrating outstanding accuracy and
reliability in real-world conditions. Thanks to its high-speed and precise processing

capabilities, this model offers an effective real-time zoo animal monitoring solution.

Keywords: YOLO, Surveillance, Object detection, Fine-tuning.
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