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PANH GIA HIEU QUA CAC MO HINH PHAT HIEN POI TUQONG
DUA TREN CO CHE HQOP NHAT PAC TRUNG TRONG
BOI CANH ANH UAV

Nguyén Diing?, Nguyén Ngoc Thity?, Bui Lwong Vii Ngoc?
TOM TAT

Phét hién doi nrong tir goc nhin UAV ngay cang duwoc quan tdm nho cac ing dung
nhuw giam sat giao thong, ndng nghiép théng minh va quan sat méi trwong. Tuy nhién, anh
UAV thirong chira cac doi twong nhé, mdt dé cao, bi che khudt va c¢é nén phiic tap, gay nhiéu
thach thic. Bai bao nay khao sat va danh gia thuc nghiém cac mé hinh phat hién doi firong
hi¢n dai dwa trén CNN va Transformer trong kich ban UAV, trén cac bg dir liéu
VisDrone2019, TinyPerson va HIT-UAV. Két qua cho thdy su danh doi rd rét giira dé chinh
x&c va chi phi tinh toan, dong thoi cac phirong phap chu y thich ing va thap dac trung da
muzc cho thdy tiém nang can bang hiéu nang va hiéu qud cho trién khai UAV.

Tiur khoa: UAV, phat hién doi firong, hoc sau, co ché cha y, thap dac tring da mirc.
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1. PAT VAN BE

Su phat trién nhanh chéng cua thiét bi bay khong nguoi 1ai (Unmanned Aerial Vehicle
- UAV) da m6 ra nhiéu hudéng tmg dung méi trong linh vuc thi gidc méy tinh, trong d6 phat
hién d6i tuong (object detection) la mot nhiém vu ¢t 16i. So voi cac hé théng camera quan sat
mat dat truyén théng, anh thu thap tir UAV c6 nhiing dic diém riéng biét nhur goc nhin tir trén
cao (bird’s-eye view), do phan giai khong gian thay dbi dang ké theo do cao bay va thuong
chura sb luong 16n cac dbi tuong co kich thude nho. Theo cac théng ké duoc bao cao trén bo
dit liéu VisDrone2019 [1], phﬁn 16n cac doi tuong trong anh UAV thudc nhom ddi tuong nho
theo dinh nghia cia COCO (dién tich <32x32 = 1024 pixel?), véi ty 1 wdc tinh trén 65%. Con
s6 niy cao hon dang ké so vdi cac bo dif lidu phat hién d6i twong phd bién nhu COCO [2], noi
céc ddi twong nho chi chiém khoang 41% tong s6 ddi twong. Pang chu ¥, VisDrone con chta
mot ty 18 16n cac dbi tuong cuc nho (tiny objects, kich thude <16x16 pixel), chiém xéap xi 35-
40% trong khi ty 1& nay trong COCO chi vao khoang 12-15%. Sy chénh léch 5 rét vé phan bd
kich thudc dbi tugng nay khién cac mo hinh phat hién déi tuong truyén thdng gip nhiéu kho
khin khi dugc ap dung tryc tiép cho cac kich ban UAV. Ba thach thirc chinh trong bai toan phét
hién dbi twong tir anh UAV c¢6 thé duge tong hop nhu sau: (i) Pdi tuong kich thude nho va
cuc nho: kich thuéc ddi twong rat han ché (thuong <32x32 pixel) dic trung phan biét do
thiéu thong tin chi tiét hinh hoc va ngit canh; (ii) Mat 6 dbi tugng cao: s6 lugng 16n ddi
tugng tap trung trong mot ving khong gian hep gy ra hién twong che khuét, chong 1ap va
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nham 1an khong gian giita cac d6i twong; (iii) PO phirc tap ctia nén va do twong phan thap:
nén anh da dang va phirc tap, cung voi do tuong phan thap gitta dbi tuong va moi trudng
xung quanh, 1am gia ting kho khan trong viéc phan tach giita dbi twong va canh nén.

Trude bdi canh d6, bai bao nay tip trung vao viéc danh gia mot cach cé hé thong cac
kién trac phat hién d6i tuong hién dai trong kich ban UAV. Céac dong gop chinh cta nghién
clru bao gdm: (1) Khao sat toan dién cic mé hinh dya trén CNN (Convolutional Neural
Networks) va Transformer cho bai toan phat hién ddi tuong tir anh UAV, bao gém céc kién
trac hai giai doan; caic mo hinh mdt giai doan; ciing nhu cac mo hinh dya trén Transformer;
(2) Phan tich chuyén siu cac chién luge hop nhét dic trung da ty 18 nhu FPN, PANet, BiFPN
va vai tro then chét ctia chiing trong viée cai thién hiéu suit phat hién d6i tugng nho; (3) So
sanh dinh lugng toan dién gitra do chinh xéac, do phuc tap tinh todn thong qua céac chi $6
FLOPs (Floating-Point Operations Per Second) va sb luong tham s, ciing nhu kha niang xtr
ly thoi gian thyc duoc dénh gia bang FPS (frames per second).

2. NGHIEN CUU LIEN QUAN
2.1. M6 hinh mét giai doan

Céac md hinh phat hién mot giai doan, tiéu biéu 1a dong YOLO (You Only Look Once)
[3], dugc phat trién v&i muc tiéu can béng gitra tde do suy ludn va d6 chinh xac, va thuong
dugc danh gia chu yéu trén COCO. Sy tién héa ciia dong YOLO phan anh cac nd lyc nham
cai thién hiéu suét ctia md hinh mot giai doan, dac biét trong viéc xur Iy cac débi tugng co
kich thuéc nho, von 1a mét thach thie chung trén ca COCO va dir liéu UAV. YOLOVS8 ap
dung thiét ké anchor-free [4] két hop vai khdi C2f (Cross-Stage Partial Feature Fusion), qua
d6 giam su phu thudc vao cac anchor dugc thiét ké thu cong. Cach tiép can nay giup mo
hinh linh hoat hon trudc su thay doi vé kich thudc va ty 18 di tuong, dic diém thuong gip
trong céac kich ban UAV do sy thay d6i d6 cao va goc nhin. YOLOV10 gidi thiéu co ché PGI
(Programmable Gradient Information) [5] nham cai thién qua trinh lan truyén gradient trong
huan luyén. Cach tiép can nay dugc dé xuat dé ting cudng kha nang hoc dic trung cho cac
doi tugng nho, von chi chiém mot phén nhd dién tich anh va thuong nhan tin hi¢u huén luyén
yéu hon. Phién ban gan day hon, YOLOv11 [6], tich hop cac khéi C3k2 va co ché chii y
C2PSA nhim ting cudong kha ning mo hinh héa thong tin khong gian va kénh trong bbi
canh nén phic tap. Theo cac bao cao thuc nghiém trén COCO, céac thay doi kién tric nay
gop phan cai thién hiéu suat dbi voi cac dbi twong nho, thudng duoc phan anh qua chi sb
mAPs danh cho nhom nay. Khi 4p dung cho cac bg dir liéu UAV nhu VisDrone2019, noi ty
1¢ dbi twong nhé cao hon so vdi COCO, cac thiét ké twong tu ciing dwoc ghi nhan 1a mang
lai cai thién nhét dinh vé hiéu sut, cho thay kha ning chuyén giao cua céc cai tién kién trac
tir COCO sang bdi canh UAV.

2.2. M6 hinh hai giai doan

Bén canh cac mo hinh mdt giai doan, cac mé hinh hai giai doan nhu Faster R-CNN
[7] va Cascade R-CNN [8] thuong dugc sir dung nhu chudn tham chiéu vé d6 chinh xéc trén
COCO, dic biét trong céac kich ban yéu cau dinh vi chinh x4c cac d6i trong nhé hoic bi che
khuat. Céc kién triic nay hoat dong bang cach sinh cac ving dé xuat ¢ giai doan dau, sau d6
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thue hién phan loai va hdi quy bounding box & giai doan sau. Cascade R-CNN [8] mé rong
¥ tuong ndy bang cach ap dung nhiéu giai doan tinh chinh lién tiép vdi cac ngudng IoU
(Intersection over Union) ting dan, nham cai thién do chinh xac & cac muc IoU cao. Trong
nghién ctru UAV, cac mé hinh hai giai doan thuong duoc sitr dung nhu mot mdc tham chiéu
dé danh gia hiéu suét cua céc kién trac nhe hon. Khi mot mo hinh mét giai doan hoac dua
trén Transformer dat hiéu sudt tiém can cdc mo hinh hai giai doan trén cing mét bo dit liéu,
diéu d6 cho thdy kha ning trich xuit dic trung va dy doan cua kién tric d6 & mirc canh
tranh. Tuy nhién, chi phi tinh toan ctia cac mo hinh hai giai doan thudng cao, véi sb lugng
phép toan 16n khi danh gia trén COCO. Diéu nay gy han ché trong céc kich ban yéu cau xtr
1y thoi gian thuc hodc trién khai trén nén tang UAV vdéi tai nguyén tinh toan, bd nhé va nang
luong han ché. Do d6, trong thuc té, cac md hinh hai giai doan thudng phu hop hon véi cac
bai toan xtr 1y ngoai tuyén hodc cac hé thong ¢ du tai nguyén, trong khi cac img dung UAV
thoi gian thuc uu tién cac kién trac gon nhe hon.

2.3. M6 hinh dwa trén Transformer

DETR (Detection TRansformer) [9] dua ra mot cach tiép can khac cho bai toan phat
hién ddi tuong béng cach mo hinh hoéa viéc phat hi¢én nhu mdt bai todn dy doén tap hop, qua
d6 loai bo budce hau xir Iy NMS (Non-Maximum Suppresion) thudng thdy trong cac kién
trdc truyén thong. Trén COCO, DETR cho thiy kha ning xtr 1y cac canh phirc tap v6i nhidu
db6i tugng thong qua co ché tu chii ¥ toan cuc, cho phép md hinh hoc cac méi quan hé khong
gian giita cac d6i tuong. Tuy nhién, DETR nguyén ban gip han ché trong viéc phat hién céc
dbi twong nho, chi yéu do kha ning khai thac thong tin da ty 18 con han ché va chi phi tinh
toan cao cua co ché chu y toan cuc. Cac bién thé nhu Deformable DETR [10] duoc dé xuit
nham giai quyét van d& nay bang cach sir dung co ché chii ¥ bién dang da ty 1¢, trong d6 mo
hinh chi tip trung vao mét tip con cac vi tri quan trong trén ban d6 dic trung. Cach tiép can
nay gitip cai thién hidu suat dbi voi ddi tuong nho trén COCO dong thoi giam chi phi tinh
toan, va dugc xem 1a phu hop hon vdi cac kich ban c6 phan bd dbi tugng khong dong déu
nhu dit liéu UAV. RT-DETR (Real time DETR) [11] tiép tuc huéng nghién ciru nay véi muc
tiéu tiém cin yéu cau thoi gian thuc trén COCO. M6 hinh két hop mang CNN dé trich xuat
dac trung cuc bo hi€u qua voi bd giai ma cua Transformer cé do phtc tap thép hon, déng
thoi ap dung chién lugc Iya chon dbi twong nham giam s6 lwong phép toan can thiét. Cach
thiét ké lai nay cho phép khai thac wu diém ciia ca CNN va Transformer trong mot kién triic
thdng nhat. Viéc RT-DETR dat dugc su can bang giita do chinh xac va chi phi tinh toan trén
COCO thudng duge xem 1a mot chi bao vé kha niang mo rong sang cac kich ban trién khai
thuc té, bao gdm UAV, noi cac rang budc vé tai nguyén con khit khe hon. Do d6, RT-DETR
khong chi dai dién cho mot mé hinh cy thé, ma con phan dnh mot hudng tiép can trong thiét
ké cac kién trac Transformer c6 kha nang trién khai trong diéu kién thoi gian thyec.

2.4. Vai tro cia COCO trong nghién ciru phéat hién déi tweng UAV

Viéc str dung COCO lam tryc phan tich trong nghién ctru phat hién déi tuong UAV
mang lai mot s6 1oi ich chinh. Thir nhit, COCO la mdi truong noi nhiéu cai tién kién trac
quan trong dugc dé xuét va danh gia, cho phép quan sat sy tién hoa ctia mé hinh qua cac thé
hé kién tric khac nhau. Thtr hai, COCO cung cip mét giao thirc danh gia thong nhat, hd tro

22



p-1SSN 3030 - 4628

TAP CHi KHOA HQC TRUONG PAI HQC HONG PUC - SO 84 (02.2026) = ISSN 3030 - 4636

so sanh tuong d6i cong bang giita cac md hinh dwogc phat trién boi cac nhom nghién ciru
khac nhau. Thit ba, viéc phan tich hiéu suit trén COCO gitip nhén dién cic huéng thiét ké
c6 tinh tong quét cao, trude khi tién hanh diéu chinh va t6i vu hoa cho cac bo dir liéu UAV
cu thé. Theo cach tiép can nay, nghién ctru phat hién ddi tugng UAV co thé dugc xem 1a su
ké thira va mo rong c6 chon loc tir cac nguyén 1y thiét ké da dugc kiém ching trén COCO.
Céc k¥ thuat nhu hop nhit dic trung da ty 18, co ché chu ¥, hay thiét ké anchor-free déu cho
thdy kha nang tmg dung trong bbi canh UAV. Tuy nhién, viéc chuyén giao nay doi hoi sy
diéu chinh phu hop dé dép tmg cac dic thu cua dir liéu UAV, bao gdm gbc nhin tir trén cao,
phan bd d6i twong khong ddng déu va cac rang budc nghiém ngit vé tai nguyén tinh toan.

3. PHAN TiCH CAC CO CHE HOP NHAT PAC TRUNG

Feature Pyramid Network (FPN) [12] 1a mét kién trac nén tang duoc dé xuat nham giai
quyét bai toan phat hién dbi twong da ty 1¢ trong thi gidc may tinh. FPN xay dung mot kim tyr
thap dic trung bang cach két hop cac dic trung tAng siu (glau ngltr nghia nhung d6 phan giai
thdp) v6i cac didc trung ting ndng (giau chi tiét nhu'ng yeu ngir nghia) thong qua co ché top-
down pathway va lateral connections. Nhd @6, mdi muc trong kim ty thap déu s¢ hiru dic
trung c6 tinh ngit nghia manh, dong thoi van duy tri thong tin khong gian can thiét cho viéc
phat hién cac ddi tuong & nhiéu kich thuéc khac nhau. FPN di tro thanh thanh phan “neck”
tiéu chudn trong nhiéu hé thong phat hién d6i twong hién dai nhu Faster R-CNN [7], Mask R-
CNN [13] va RetinaNet [14]. Tuy nhién, trong cic kich ban phat hién d6i tugng nho tir anh
UAV, FPN truyén théng van boc 10 nhiéu han ché. Thi nhét, cac ddi twong nho thudng chi
chiém rat it pixel, khlen dac trung tang sau bi suy giam nghiém trong. Tht hai, sy chénh léch
nglt nghla glu:a cac tang nong va ting sdu gay kho khan cho qua trinh hop nhét dic trung. Thi
ba, bdi canh nén phuc tap va do twong phan thap trong anh UAV lam gidm kha ndng phan bi¢t
gilta myc tiéu va nén. Do do, nhiéu nghién ctru gan day da tap trung cai tién FPN theo cac
hudng nhu ting cuong ludng thong tin hai chidu, thiét ké co ché hop nhét dic trung dang thich
nghi, tai t6 chirc kénh dic trung va khai thac t6t hon cac déc trung nong cho ddi tuong nho.

Mot hudng cai tién tiéu biéu 1a Dynamic Multi-Path Feature Pyramid Network
(DMPEPN), dugc dé xuat trong mo hinh DFA-DETR [15] cho phat hién ddi twong nho trong
anh UAV. Khac v6i FPN truyén théng va ca BiFPN [16], DMPFPN thiét ké ludng thong tin
hai chiéu véi nhiéu duong truyén song song (bidirectional multi-path), cho phép tuong tac
dic trung sdu—nodng day dic hon ¢ nhiéu murc ty 16. Bén canh d6, module Shift-Enhanced
Channel Reorganization (SECR) dugc tich hop nham tai cdu tric va ting cudng tuong tac
theo chiéu kénh, gitip cac kénh mang thong tin chi tiét yéu ctia dbi twong nhé khong bi 1an
&t trong qué trinh hop nhat. Nho co ché hop nhat dong va tai t6 chirc kénh, DMPFEPN cai
thién dang ké kha niang bao toan chi tiét khong gian cta cac dbi tugng nho. Két qua thuc
nghiém cho théy DFA-DETR dat mtc cai thién ro rét so véi RT-DETR-R18 [11], v6i mic
tang 3.3% mAP50 va 1.9% mAPs trén VisDrone2019 [1], dong thoi thé hién tinh 6n dinh
cao trén tap HIT-UAV [17], dic biét & chi sé mAPs.

Song song v&i hudng tiép can dua trén DETR, mot nhanh nghién ciru khac tap trung
vao cac bo phat hién mot giai doan nhe nhu YOLO, tiéu biéu 1a nghtwelght FPN (L-FPN)
dugc dé xuat trong mo hinh BPD-YOLO [18]. L-FPN tap trung giai quyét bai toan khoang
céch ngit nghia va chi phi tinh toan bang cach thiét ké Dual-phase Asymptotic Feature Fusion
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(DAFF) nhdm hop nhét dic trung theo tu’ng giai doan, gitip cac dic trung tang néng dugc dua
vao qua trinh hop nhat mot cach c¢6 kiém soat. Pong thoi, co ché DEI (Decoupled Feature
Extraction—Semantic Integration) tach biét qua trinh trich xuit dic trung va tich hop ngtr nghia,
tranh viéc cac dic trung sau c6 do phan giai thap 1am suy giam thong tin chi tiét can thiét cho
d6i twong nho. Ngoai ra, module DSPF (Deep Spatial Pyramid Fusion) thay thé céc residual
blocks ning bang chién luoc pooling da ty 16 nhe, gitp giam dang ké chi phi tinh toan trong
khi van duy tri kha ning biéu dién da ty 1&. Thuc nghiém trén VisDrone [1] va TinyPerson
[19] cho thdy L-FPN mang lai ci thién khoang 2.8% mAP50 so véi cac baseline YOLO twong
ung, dac biét hi€u qua trong cac kich ban UAV mét dd cao va nhiéu nhiéu nén.

Téng hop lai, cac cai tién FPN gan ddy cho thdy mot xu huéng rd rang: thay vi chi mo
rong kién trc theo chiéu sau hodc ting s tang pyramid, cac nghién ctru tip trung vao cach
thirc hop nhét dic trung thong minh hon, bao gém ludng théng tin da duong, co ché hop
nhat dic trung dang thich nghi, tai t6 chirc kénh va khai thac t6i da dic trung tang nong.
DMPFPN dai dién cho huéng tiép can thién vé hop nhit dong va tuong tic da ting manh
m&, pht hop véi kién trac DETR va cac bai toan yéu cau ngit canh toan cuc, trong khi L-
FPN dai dién cho hudng lightweight va hidu qua tinh toan, phii hop véi cac hé théng UAV
thoi gian thyc. Ca hai déu chung minh réng viéc thiét ké FPN theo dinh hudng bai toan cu
thé, dic biét 1a phat hién dbi trong nho, mang lai cai thién dang ké so véi FPN va BiFPN
truyén thong.

4. DANH GIA THUC NGHIEM
4.1. Thiét lap thuc nghiém
4.1.1. Cdu hinh thuc nghiém

Céc thi nghiém trén tap VisDrone2019 va TinyPerson dugc thyc hién trén hé théng
Windows su dung GPU NVIDIA RTX 4060 Ti, véi mdi truong cai dat Python 3.9 va
PyTorch 2.4.0+cul21. M hinh dugc huin luyén bang bo téi wu SGD két hop véi lich didu
chinh téc d6 hoc hinh cosine, vai toe d6 hoc ban dau 0.01 giam dan xudng 0.0001 trong 300
epoch, kich thudc 16 huan luyén: 8; riéng ddi véi TinyPerson, kich thudc anh duoc dat 1a
1024 va kich thuéc 16 giam xudng 2, trong khi cac tham sé con lai dugc gitt nguyén. Dbi
voi tap HIT-UAYV, cac thi nghi€ém dugc tién hanh trén hé théng Ubuntu 20.04 véi GPU
NVIDIA GeForce RTX 3090 va CPU Intel i9-11900K, stt dung Python 3.8 va PyTorch
1.13.1. M5 hinh dugc huén luyén bang b t6i vu AdamW véi toc do hoc 0.0001, batch size
8 va 200 epoch.

4.1.2. Bo dir lieu danh gia

Ba b0 dit liéu duoc lua chon dé phan anh céc kich ban UAV dién hinh va b sung lan
nhau, nhu tom tit trong Bang 1. VisDrone2019 dong vai tro 1a bo dir liéu chudn chinh cho
bai toan phat hién ddi tugng tir goc nhin UAV, vdi ty 18 16n ddi tugng nho va su che khuat
phtc tap. TinyPerson déy cac mé hinh d&én gi61 han cuc doan khi dbi tuong chi chiém vai
pixel, phan anh kich ban UAV bay & d6 cao 16n. HIT-UAV mé rong danh gia sang mién anh
nhiét, cho phép kiém tra kha ning khai quat hoa khi chuyén tir anh RGB sang anh nhiét.
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Bang 1. Téng quan cac b dir ligu sir dung trong danh gia thwc nghig¢m.

Bo dit liéu S6 anh |S6 16p Dic trung chinh Kich ban

Mat d6 cao, nhiéu dbi tuong|Giam sat do thi, giao
nho, che khuat phtc tap théng

UAYV bay cao, quan sat
dién rong

VisDrone2019 [1] | 10,209 | 10

TinyPerson [19] | 1,610 | 1 |Pdi tugng cuc nho

Anh nhiét, han ché thong tin

IR Ban dém, thoi tiét xau
chi tiét bé mat

HIT-UAV [17] 2898 | 5

4.1.3. Chi 56 dénh gid

Céc chi s6 duge lya chon nham phan anh toan dién ca hi¢u sut phat hién va kha nang
trién khai, dugc liét ké trong bang 2.

Bang 2. CAc chi s danh gia dwoc sir dung trong nghién cieu

Nhém chi sb Ky hiéu Y nghia Don vi tinh
MAP trung binh tai loU 0
MAP 0.5:0.95 &
Do chinh xac mAP50 mAP tai loU =0.5 %
mAPsimAPm/mAp| | AP cho doi tuong nho / %
trung binh / 16n
N . Params S6 tham s6 mo hinh M (triéu tham so)
Hiéu qua . p
FLOPs Chi phi tinh toan G (ty phép toan )

Trong d6, mAPs dic biét quan trong ddi v6i ung dung UAV, noi phan 16n doi tugng
xuat hién véi kich thude nho.

4.2. Panh gia trén VisDrone2019

Két qua trén VisDrone2019 dugc tong hop trong Bang 3, bao gdbm cac mo hinh dai
dién cho ca hai hudng tiép can dua trén CNN va duya trén Transformer. Két qua cho thiy
DFA-DETR dat mAP50 cao nhit (40.5%) va mAPs cao nhit (14.6%) trén tip
VisDrone2019, khang dinh wu thé 13 rét cua kién trac DETR véi co ché cha ¥ bién dang
trong viéc phat hién ddi twong nho, vén 1a thach thirc ¢t 13i trong bdi canh UAV. So véi
YOLOv11im, DFA-DETR vuot trdi ca vé mAP50 (+5.5%) va mAPs (+4.8%), dong thoi
giam FLOPs xudng con khoang 73% (49.3G so v6i 67.7G), cho thdy hiéu qua tinh toan tot
hon du s6 tham s van & mirc trung binh. Bén canh d6, cac m6 hinh BPD-YOLO thé hién
kha ning can bang hiéu qua giita ¢ chinh x4c va chi phi tinh toan. Pic biét, BPD-YOLON
chi sir dung 1.50M tham s6 va 11.4 GFLOPs nhung van dat mAP50 = 38.1%, cho thay tiém
nang 16n cia cac thiét ké mo hinh nhe trong viéc khai thac dic trung quan trong ma khong
cAn mé rong quy mo mang. Diéu ndy dic biét phu hop cho cac hé théng UAV yéu ciu trién
khai thoi gian thuc va han ché tai nguyén.
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Bang 3. Két qua so sanh trén VisDrone2019

M®d hinh mAP50 mAPs Params FLOPs
YOLOv1im [15] 35.0 9.8 20.04M 67.7G
YOLOvVSs [18] 39.9 - 11.12M 28.5G
DFA-DETR [15] 40.5 14.6 16.55M 49.3G
BPD-YOLOs [18] 45.0 - 5.76M 36.7G
BPD-YOLOn [18] 38.1 — 1.50M 11.4G
RT-DETR-R18 [15] 37.2 12.7 19.89M 57.0G
YOLOv10m [15] 34.5 9.7 15.32M 58.9G

4.3. Panh gia trén TinyPerson

Két qua trong Bang 4 cho thiy YOLOv8n+P2+AFPN dat mAP@0.5 cao nhit trén tap
TinyPerson (39 2%), tuy nhién di kém véi chi phi tinh toan 16n nhét véi 79.6 GFLOPs va
6.05M tham s0. Trong khi do, BPD- YOLO dat gia tri mAP@O 5 gan tuong duong (39.1%)
nhung chi sit dung 1.50M tham s6 va 30.9 GFLOPs, thip nhat trong s6 cac mo hinh dlmc SO
sanh. Didu nay cho thdy BPD-YOLO dic biét phu hop cho cac tmg dung UAV yéu ciu hiéu
qua tinh toan cao va do tin cdy trong phat hién ddi twong nho, chang han nhu tim kiém ctru
nan hodc giam sat dién rong. Bang chi y, sy chénh 1éch mAP gitra cac mo hinh la rat nho
(khoang 0.1-0.2), trong khi chi phi tinh toan khéc biét dang ké, cho thay trén tap TinyPerson,
noi cac do6i tugng co kich thudc cuc nho, thiét ké kién triic va kha nang duy tri ban dd dac
trung do phan giai cao dong vai trd quan trong hon so vdi viéc mo rong quy mo mang.

Bang 4. Két qua trén TinyPerson

Phuong phap mAPS0 mAP Params FLOPs
YOLOv8n+P2+AFPN [18] 39.2 13.8 6.05M 79.6G
YOLOv8n+P2+BiFPN [18] 38.4 13.5 2.34M 49.7G

YOLOvV8n+P2 [18] 38.0 13.4 2.93M 31.7G
BPD-YOLO [18] 39.1 13.6 1.50M 30.9G

4.4. Panh gia trén HIT-UAV

Két qua trong Bang 5 cho thdy DFA-DETR dat hiéu suit cao nhat trén tap HIT-UAV,
v6i mAP5S0 = 83.1% va mAPS = 43.2%, vugt qua YOLOv11m lan luot 1.3% va 2.7%. Déng
thoi, DFA-DETR ciing dat AP tong thé cao nhét (54.8%), cho thdy kha ning phat hién 6n
dinh trén nhiéu thang kich thudc dbi tuong. V& hiéu qua tinh toan, DFA-DETR chi st dung
49.3 GFLOPs, thap hon dang ké so v6i YOLOv11m (67.7 GFLOPs), trong khi s6 tham s
cling giam tu 20.04M xuéng 16.55M. Diéu nay chung to thiét ké Transformer véi
deformable attention khong chi cai thién @6 chinh xac ma con mang lai lgi thé 1o rét vé chi
phi tinh toan. Pang chu y, trong bbi canh anh nhiét thiéu thong tin két cdu va mau sic, DFA-
DETR van duy tri vu thé 15 rang, cho thy kha ning khai quat hoa tot hon khi chuyén sang
mién dit liéu méi, ddc biét phu hop cho cac ing dung UAV giam sat va tim kiém trong diéu
kién anh sang kém.
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Bang 5. Két qua trén HIT-UAV

M6 hinh MAP50 MAPSs Params FLOPs
DFA-DETR [15] 83.1 43.2 16.55M 49.3G
YOLOv1im [15] 81.8 40.5 20.04M 67.7G

RT-DETR-R18 [15] 81.1 38.9 19.89M 57.0G

Nhin chung, két qua trén ba tap dit liéu cho thiy hiéu qua cta cdc mo hinh khong chi
phu thudc vao viéc mé rong quy mé mang ma con chiu anh hudéng manh béi thiét ké kién
trac huéng dén phat hién dbi twong nho. Trén VisDrone2019 va TinyPerson, noi phan 16n
dbi tuong c6 kich thude rat nho va phan bd day dic, cac mé hinh duy tri duoc ban do dic
trung d6 phan giai cao hodc tdn dung hiéu qua co ché chu y (nhu deformable attention trong
DFA-DETR hoic cac thiét ké gon nhe cua BPD-YOLO) cho théy loi thé 1 rét so véi cac
mo hinh CNN truyén théng. Mic du mdt s mé hinh dat mAP@0.5 cao hon, sy chénh Iéch
vé do chinh xac thuong kha nho (chi khoang 0.01-0.05), trong khi chi phi tinh toan va s6
tham s6 co thé khac biét dang ké. Piéu nay cho thay trong bai toan phat hién ddi twong nho,
hiéu qua trich xudt va duy tri ddc trung khong gian quan trong hon so véi viéce ting do sau
hodc dd rong cua mang.

Xu hudng nay tiép tuc duoc quan sat trén tap HIT-UAV, noi anh nhiét thiéu thong tin
két cau va mau sac, lam gla tdng do kho ciia bai toan. Trong bdi canh nay, DFA-DETR duy
tri hiéu sudt vuot troi ca vé mAP tong thé va mAPs, cho thay kha nang khai quat hoa lién
mién t&t hon cua kién tric Transformer. Nguoc lai, cac mo6 hinh nhe nhu BPD-YOLO, du
khong dat mAP cao nhit trong moi truong hop, lai thé hién sy can bang hop 1y giita d6 chinh
X4c va chi phi tinh toan, dic biét phu hop cho cic ing dung UAV thoi gian thuc yéu cau
phat hién 6n dinh cac d6i twong nho véi tai nguyén han ché.

5. KET LUAN

Bai bao nay da thyc hi¢n mdt danh gia thyc nghiém toan dién cdc mo hinh phat hién dbi
tuong hién dai trong bdi canh UAV thong qua mot khung dénh gia thong nhat trén ba bo dir
liéu dai di¢n: VisDrone2019, TinyPerson va HIT-UAV. Két qua cho théy hiéu suit phat hi¢n
d6i twong nho dong vai tro then chdt trong cac tmg dung UAV va khong ludn twong quan véi
mAP tong thé. Cac mé hinh quy mé 16n, du dat d6 chinh xac cao, khong nhét thiét vuot troi
khi xtr ly dbi tuong nho, trong khi cdc mo hinh nhe va cac kién tric dua trén Transformer véi
deformable attention c6 thé dat hiéu suat canh tranh hodc vuot troi v6i chi phi tinh toan thép
hon dang ké. Panh gia trén TinyPerson chi ra rang viéc mé rong quy mo mé hinh mang lai loi
ich han ché khi dbi tuong tré nén cyc ky nho, nhan manh vai tro cua thiét ké kién trac va xu
Iy da ti 16. Pong thoi, cac két qua cross-domain trén HIT-UAV cho thay cic md hinh nhe ¢
xu huéng khai quat hoa tot hon khi chuyén sang mién dir liéu méi nhu anh nhiét. Tir goc do
trién khai, nghién ctru ciing nhan manh réng cac chi s6 hiéu qua nhu Params, FLOPs va FPS
can duoc xem xét dong thoi, do hiéu suat trén phan cling manh khong dam bdo kha nang van
hanh thoi glan thuc trén UAV. Nhin chung, nghién ctru ndy cung cap mdt cai nhin hé thong
vé su danh d6i giita d chinh xéac, kha ning phat hién ddi twong nho va chi phi tinh toan, dong
thoi 1am rd tiém ning ctia cac kién triic nhe va dya trén Transformer hiéu qua trong viéc giai
quyét cac thach thirc ¢t 16i ctia bai toan phét hién dbi tugng UAV.

27



TAP CHi KHOA HQC TRUONG PAI HQC HONG PUC - SO 84 (02.2026)

p-1SSN 3030 - 4695
e-1ISSN 3030 - 4709

[1]

[2]

[3]

[4]
[5]

[6]
[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

28

TAI LIEU THAM KHAO

D. Du et al. (2019), VisDrone-DET2019: The vision meets drone object detection in
image challenge results, in Proceedings of the IEEE/CVF international conference on
computer vision workshops, pp.213-226.

T.-Y. Lin et al. (2014), Microsoft coco: Common objects in context, in Computer
Vision—-ECCV 2014: 13th European Conference, Zurich, Switzerland, September 6-
12, 2014, Proceedings, Part V 13, Springer, pp.740-755.

J. Redmon, S. Divvala, R. Girshick, and A. Farhadi (2016), You only look once:
Unified, real-time object detection, in Proceedings of the IEEE conference on
computer vision and pattern recognition, pp.779-788.

G. J a A C. a J Qiu (2023), Ultralytics YOLOv8, Available:
https://github.com/ultralytics/ultralytics.

A. Wang, H. Chen, L. Liu, K. Chen, Z. Lin, J. Han, and G. Ding (2024), Yolov10:
Real-time end-to-end object detection, Advances in Neural Information Processing
Systems, vol. 37, pp.107984-108011.

R. Khanam and M. Hussain (2024), Yolov11: An overview of the key architectural
enhancements, arXiv preprint arXiv:2410.17725.

S. Ren, K. He, R. Girshick, and J. Sun (2015), Faster r-cnn: Towards real-time object
detection with region proposal networks, Advances in neural information processing
systems, vol. 28.

Z. Cai and N. Vasconcelos (2018), Cascade r-cnn: Delving into high quality object
detection, in Proceedings of the IEEE conference on computer vision and pattern
recognition, pp.6154-6162.

N. Carion, F. Massa, G. Synnaeve, N. Usunier, A. Kirillov, and S. Zagoruyko (2020),
End-to-end object detection with transformers, in European conference on computer
vision, Springer, pp.213-229.

X. Zhu, W. Su, L. Lu, B. Li, X. Wang, and J. Dai (2020), Deformable detr:
Deformable transformers for end-to-end object detection, arXiv preprint
arXiv:2010.04159.

Y. Zhao et al. (2024), Detrs beat yolos on real-time object detection, in Proceedings of
the IEEE/CVF conference on computer vision and pattern recognition, pp. 16965-16974.
T.-Y. Lin, P. Dollar, R. Girshick, K. He, B. Hariharan, and S. Belongie (2017),
Feature pyramid networks for object detection, in Proceedings of the IEEE conference
on computer vision and pattern recognition, pp.2117-2125.

K. He, G. Gkioxari, P. Dollar, and R. Girshick (2017), Mask r-cnn, in Proceedings of
the IEEE international conference on computer vision, pp.2961-2969.

T.-Y. Lin, P. Goyal, R. Girshick, K. He, and P. Dollar (2017), Focal loss for dense
object detection, in Proceedings of the IEEE international conference on computer
vision, pp.2980-2988.

B. Zhang and Y. Zhang (2025), UAV Small Object Detection Algorithm Based on
Dynamic Feature Aggregation and Hierarchical Attention Mechanism, IEEE Access.


https://github.com/ultralytics/ultralytics

p-1SSN 3030 - 4628

TAP CHi KHOA HQC TRUONG PAI HQC HONG PUC - SO 84 (02.2026) = ISSN 3030 - 4636

[16] M. Tan, R. Pang, and Q. V. Le (2020), Efficientdet: Scalable and efficient object
detection, in Proceedings of the IEEE/CVF conference on computer vision and pattern
recognition, pp.10781-10790.

[17] J. Suo, T. Wang, X. Zhang, H. Chen, W. Zhou, and W. Shi (2023), HIT-UAV: A high-
altitude infrared thermal dataset for Unmanned Aerial Vehicle-based object
detection, Scientific Data, 10(1), pp.227.

[18] M. Chao, C. Peng, L. Yun, C. Zhang, H. Wang, and Z. Chen (2025), A lightweight
small object detection model for UAV images based on deep semantic integration,
Scientific Reports, 15(1), pp. 31888.

[19] X. Yu, Y. Gong, N. Jiang, Q. Ye, and Z. Han (2020), Scale match for tiny person
detection, in Proceedings of the IEEE/CVF winter conference on applications of
computer vision, pp.1257-1265.

EVALUATING THE EFFECTIVENESS OF FEATURE FUSION-
BASED OBJECT DETECTION MODELS IN UAV IMAGERY

Nguyen Dung, Nguyen Ngoc Thuy, Bui Luong Vu Ngoc
ABSTRACT

Object detection from the UAV perspective has attracted increasing attention due to
its importance in applications such as traffic monitoring, smart agriculture, and
environmental observation. However, UAV imagery often contains small, densely
distributed objects with frequent occlusions and complex backgrounds, posing significant
challenges. This paper conducts a comprehensive survey and experimental evaluation of
modern object detection models based on CNNs and Transformers in UAV scenarios, using
the VisDrone2019, TinyPerson, and HIT-UAV benchmarks. The results reveal a clear trade-
off between detection accuracy and computational cost, while recent approaches such as
adaptive attention mechanisms and multi-scale feature pyramid architectures demonstrate
strong potential for achieving a favorable balance between performance and efficiency in
UAV deployment.

Keywords: UAV, object detection, deep learning, attention mechanism, multi-level
feature pyramid.
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