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Tom tat:

Trong thdp ky qua, su hinh thanh ciia cdc hé thong giam sat trén khéng da mang dén nhitng déng gép
¢6 gid tri trong cdc nghién civu vé phat hién vit thé bay tam thap. Mc di di c6 nhiéu cong trinh duwoe giGi
thiéu, song hiéu sudt ciia viéc phat hién vit thé bay nhir phirong tién bay khong nguoi ldi (UAV) va diéu
van con han ché, nguyén nhan la do khéng c6 nhiéu bg di liéu chuyén dung cho cdc doi twong trén. Nghién
cleu nay nham gidai quyét thach thire trén bang cach cong bé mot tdp dir liéu méi cé tén la UKD (UAV and
Kite Dataset). Tdp dir liéu UKD bao gom 2.121 hinh anh UAV va diéu thu thdp trong diéu kién ngodi troi,
Véi cdc doi twong dwgc gan nhin bang hdp gi6i han. UKD dwoc khai thdc va dwa vao hudn luyén, danh gid
trén bon mé hinh phat hién doi twong hién dai: YOLOv7, YOLOv10, RT-DETRv3, Salience-DERT. Két qua
nghién cuu chi ra rﬁng viéc su dung bo dir lieu UKD giup cac mo hinh dat toi hiéu sudt phat hién vat thé

bay trén khong lén dén 80,3%.
Tir khod: Diéu, phat hién doi twong, UAV.

1. Giéi thi¢u

Khong gian trén khong tam thap (low-altitude
airspace) ngay cang dugc mo rong cho da muc dich
khéc nhau nhu giam sat, nong nghiép thong minh,
giai tri,...[1-2]. Su gia tdng nhanh chong cua cac
phuong tién bay khong nguoi diéu khién (UAVs),
cling v6i sy xuét hién rong rai cac vat thé bay truyén
thdng nhu diéu, da gép phan tich cuc cho doi song,
kinh té — x4 hoi va cac hoat dong thudong nhat. Tuy
nhién, sy phét trién nhanh chong ciia cac ddi tuong
trong khong gian nay ciing dat ra nhiéu tré ngai
trong cong tac an ninh, an toan hang khong, dac biét
tai cac khu vuc san bay, mat d¢ dan cu cao va cac
cong trinh trong yéu [3].

Viéc phat hién va phan loai chinh xac cac vat
thé bay tam thap tro' thanh mot bai toan then chdt
trong cac hé thong giam sat khong gian. Trong do,
UAV va diéu 14 hai vat thé xuét hién phd bién va dé
gdy nham 1an. Ca hai d6i tuong déu c6 kich thudc
nho, hinh thai da dang, khoang cach quan sat xa va
chiu tac dong manh tir cac diéu kién ngoai troi nhu
anh sang, thoi tiét ciing nhu nén phirc tap. Do do,
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viéc phan biét dung hai loai vat thé nay rit quan
trong, gitip nang cao hiéu qua ciia cac hé thong theo
doi ty dong va canh bao sém.

Trong thoi gian qua, cac ky thuat phat
hién d6i tuong dya trén mang no-ron tich chép
(Convolutional Neural Networks — CNN) [4-9] da
dat duoc nhitng budce tién vuot bac va hiéu suat 4n
tugng trong nhiéu bai toan nhéan dang va dinh vi
dbi tuong trong thé gidi thyc. Tuy nhién, hiéu sudt
phat hién d6i tuong trén khong cua cac ky thuat nay,
tiéu biéu 1a UAV va diéu, van con han ché. Nguyén
nhan do su han ché vé cac bo dit liéu chuyén biét,
phan anh ddy du dic trung va bdi canh xuat hién cua
hai 10p vt thé nay.

Tur thach thirc néu trén, ching t6i tao 1ap mot
tap dir liéu maéi co tén 1a UKD (UAV and Kite
Dataset), gobm 2.121 hinh anh UAV va diéu thu thap
trong moi truong thue. Muc tiéu cua bai bao nay la
nham tang cuong hiéu suét va tinh én dinh cua hé
thdng giam sat khong gian trén khong, qua d6 dat
nén tang cho nghién ciru tiép theo trong linh vyc
phat hién vat thé bay tim thap.
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Téng két lai, nhitng dong gop chinh cua bai
béo bao gdm:

- Mot tap dir liéu méi danh riéng cho bai toan
phat hién UAV va diéu gébm 2.121 hinh anh duoc
chup trong diéu kién thuc té.

- Cai thién hiéu suat phat hién vét thé trén
khong thong qua viée ap dung b dir liéu UKD cho
céc kién trac phat hién dbi tuong hién dai.

Noi dung con lai cua nghién cuu dugc cAu trac
nhu sau: Phan 2 mé ta cong trinh lién quan; Phan 3
trinh bay bo dit liéu dugc dé xudt; Phin 4 dwa ra két
qua thuc nghiém; cudi cung, Phan 5 néu két luan va
hudng phat trién trong twong lai.
2. Cac mé hinh phat hién déi twong

Chung t6i tong hop lai mot sb thuat toan phat
hién ddi twong tiéu biéu 1y cam hing tir mang no-
ron tich chap (CNN) va Transformer.

2.1. Cac mé hinh phat hién d6i twong dya trén CNN

Trong céc hé thong phat hién ddi tugng, cac
md hinh [4-9] dua trén CNN thuong dugc chia
thanh hai hudng tiép can chinh: M6 hinh phét hién
hai pha va mé hinh phat hién mdt pha.

M6 hinh phat hién hai pha: Pién hinh cua
nhom nay la caic md hinh nhu: R-CNN [4], va
Faster R-CNN [5]. O budc dau, cac ving tiém ning
dugc dé xuit thong qua viée ap dung CNN. O budce
tiép theo, cac mo hinh tién hanh xac dinh ddi tuong
va hoi quy hop gi6i han dua trén cac dé xuét nay.

Mo hinh phat hién m§t pha: Cic m6 hinh
tiéu biéu gdbm YOLOV7 [6], YOLOv10 [7]. Viéc tich
hop phat hién va khoanh ving ddi tugng trong mot
budc xur Iy giup cac phuong phap nay duy tri hi¢u
nang xu ly cao trong cac kich ban thoi gian thuec.
2.2. Cac mé hinh phat hién ddi twong dua trén
Transformer

Gan day, song song voi cac hudng tiép can
dua trén CNN, céc cach tiép can phat hién ddi tuong
dwa trén Transformer [8-9] ciing dugc cong dong
nghién ctru ddc biét quan tim. Cac kién truc nay
khai thac co ché tu chu y dé hoc cac biéu dién dic
trung phan anh sy phu thuoc khong gian giira cac
vung trong anh, qua d6 nang cao hi€u nang phat
hién vat thé. Su xuét hién cua kién trac Transformer
d3 mang dén mot mot huéng tiép can méi cho bai
toan phat hién ddi twong, va thic day sy hinh thanh
ctia nhidu phién ban mé rong nham ting cuong hidu
sudt. Nhirng dai dién ndi bat trong nhém nay bao

Khoa hoc va Cong nghé Ung dung - S5 48/Thang 12-2025

p-ISSN 3030-4830

gém RT-DETRv3 [8] va Salience-DETR [9].
3. Bo dir liéu dé xuét

Trong phan nay, chung t6i mang dén mot bo
dir liéu mai c6 tén la UKD (UAV and Kite Dataset),
duoc xay dung dé hd trg cho viée nghién ctru va
phat hién vt thé bay trén khong, cu thé 1a UAV va
didu. Bé xdy dung UKD, trudc tién ching t6i thu
thap bén bo dir lidu nho co lién quan trong d6 co
hai tap dit liéu vé UAV va hai tap dir lidu vé diéu.
Céc tap dir liéu UAV lan luot chira 602 va 392 hinh
anh UAV, trong khi hai tap dit liéu vé diéu gom 233
va 894 hinh anh tuong ung. Nhiing tap dir licu da
duoc dé cap déu da duoc gan hai nhan la “UAV”
va “kite”.

Tiép theo, chiing toi trién khai ra soat va tinh
chinh di liéu nham loai trir cac anh co vat thé bay
xudt hién qua gan mat dat, dé tap trung phat hién
dbi tugng & khoang cach 16n hon va phu hop véi
bai toan giam sat trén khong cua ching toi. Sau giai
doan tién xu 1y, toan bd anh dugc téng hop nham
hinh thanh b dir liéu UKD day du. Cudi cung, tap
dir liéu UKD bao gom téng cong 2.121 hinh anh,
dién giai cho 1.127 trudng hop didu va 994 truong
hop UAV, trong d6 mdi vét thé duoc chu thich véi
mot hop gioi han (bounding box). Hinh 1 thé hién
mot s6 vi du hinh dnh UAV va diéu thude bd dit lidu
UKD cung véi cac hop gioi han dugce gan nhan.

B6 dit liéu UKD duoc chia ngiu nhién thanh
ba phﬁn phuc vu cho huén luyén, thAm dinh va danh
gid, theo cac ty 1¢ 1an lugt 1a 70%, 10% va 20%.

4. Két qua thye nghi¢m
4.1. Trién khai

Thuc nghiém dugc trién khai trén bon thuét
toan phat hién ddi tuwong hién dai: YOLOv7
[91,YOLOv10 [10], RT-DETRv3 [11], Salience-
DERT [12] trén b dir liéu UKD.

Hiéu nang phat hién cua cac thuat toan duoc
danh gia theo quy trinh gdm hai bu6c: Pau tién, cac
mo hinh phat hién dwoc tién hanh huin luyén va
hi€u chinh trén tap dao tao va tap thAm dinh; Tiép
theo, qua trinh kiém tra dugc thyc thi trén tap danh
gi4 con lai bang cac mo hinh di hoan tat huan luyén.

Tét ca cac phuong phap duoc dao tao voi
hé s6 hoc (learning rate) 1a 0,01, kich thudc 16 dix
liéu (batch size) 1a 16 trong 50 epochs. Toan bd thi
nghiém dugc cai dat béng Keras trén hé théng st
dung CPU Intel Core i5-13400F va GPU NVIDIA
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Hinh 1. M{t 56 hinh danh UAV (hang trén) va diéu (hang duwdi) cing hdp gidi han twong img.

YolovT

Yolovi0

RT-DETRv3

Salience-
DETR

Hinh 2. Triee quan hod két qua phat hién doi twong trén bon mé hinh canh tranh

GeForce RTX 4060 Ti. Viéc danh gia hiéu nang phat
hién duoc do ludng bang chi s6 d chinh xac trung
binh cong Average Precision (AP) cua tat ca cac 16p
(mean Average Precision — mAP).
4.2. Panh gia
Hiéu suit nhan dang cac vat thé bay trén khong
ctia bdn mé hinh dwoc thé hién trong Bang 1.
Bang 1. Két qua phat hién vit thé trén khéng trén
bén kién tric phat hién doi trong hién dai

Mb hinh mAP@0.5 | mAP@0.5: 0.95
YOLOvV7 0.680 0.305
YOLOv10 0.803 0.458
RT-DETRv3 0.682 0.402
Salience-DERT 0.796 0.476

Céc thi nghiém trong Bang 1 chi ra ring
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YOLOV10 thé hién hiéu suét vuot troi khi duoc dao
tao cing voi b dir liu UKD. Cu thé, ddi véi cac
phuong phap dua trén CNN, YOLOv7 va YOLOvV10
1an luot ghi nhan mirc mMAP@0.5 va mAP@0.5:0.95
1a 68% va 30,5%, 80,3% va 45,8%. Trong khi do,
cac phuong phap dua trén Transformer gdm RT-
DETRv3 va Salience-DETR dat mAP@0.5 va
mAP@0.5:0.95 lan luot 12 68,2% va 40,2%, 79,6%
va 47,6%, nhu dugec mo ta & hang tuong Grng trong
Bang 1. Ngoai ra, két qua tryc quan hoa ciia bon
md hinh phat hién déi tugng dugc thé hién chi tiét
trong Hinh 2.
5. Két luan

Bai bao nay da gidi thiéu bd dir liéu UKD, mot
b dir liéu moi phuc vu cho nhiém vu phat hién vat

Journal of Applied Science and Technology



p-ISSN 3030-4830

thé bay trén khong, véi hai 16p d6i tuong 1a “UAV”  duoc ky vong sé hd tro t6t hon cac nghién ciru trong
va “kite”. Cac két qua danh gia chi ra ring hiéu  linh vuc gidm sat va phat hién vat thé bay tim thép,
ning cta cac may do phat hién dbi twong duge cai  dong thoi trd thanh ngudn dir liéu tham chiéu c6 gia
thién rd khi ap dung bo dir liéu UKD trong giai doan  tri cho viéc nghién ciru va dénh gia cac kién tric
huén luyén. Nho tinh kha dung cao, bo dir liéu UKD phat hién vt thé trong thoi gian téi.
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AN EFFECTIVE APPROACH FOR LOW-ALTITUDE AERIAL OBJECT DETECTION

Abstract:

Over the past decade, advances in aerial surveillance systems have driven increasing interest in low-
altitude flying object detection within the computer vision community. However, the effectiveness of detecting
and classifying flying objects, such as unmanned aerial vehicles (UAVs) and kites, is strongly influenced
by the availability of specialized datasets, which remain limited. To overcome this challenge, we introduce
a new dataset named UKD (UAV and Kite Dataset). The UKD dataset includes 2,121 real-world images
of UAVs and kites with bounding box annotations and is employed to train and assess four representative
modern detection models, such as YOLOv7, YOLOvI0, RT-DETRv3, and Salience-DERT. Experimental
results demonstrate that leveraging the UKD dataset leads to notable performance improvements, with the
detection results achieving up to 80.3%.

Keywords: Kite, object detection, UAV.
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