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TOM TAT

Thanh céng ctia Transformer trong xw ly ngdn ngw tw nhién da thac day viéc tng
dung ching vao thi giac mdy tinh, dac biét la trong bai toan phat hién ddi tuong.
Khac véi cac mo hinh truyén théng dwa trén CNN vén can budce xtr ly hau ky phtic
tap, DETR (DEtection TRansformer) xem phét hién déi twong la mot bai toan duw
doan tap hop, cho phép huan luyén dau-cudi. Méc du dat dwgc AP0.5 tir 55.7-64.7%,
DETR gdp kho khén vé tdc do hoi tu chdm va hiéu suat kém d6i véi cac d6i tuong
nho (APS 15.2-23.7%). Cac bién thé gan day nhuw Deformable DETR va RT-DETR
(v6i AP0.5 1én dén 72.7%) da khéac phuc nhitng han ché nay thong qua t&i wu hoéa
backbone, thiét ké'lai truy van va cai tién co ché€ attention. Nghién ctru nay danh gia
cac thanh phan ctia DETR, so sanh cac mo hinh dwa trén Transformer, dong thoi dé
xudt cac chién lwge nham nang cao hiéu qua va d6 chinh xdc trong viéc giai quyét

cac thach thiec nhw phat hién d6i twong nho.

Tw khoa: Transformer, Thi gidc may tinh, Phat hién d6i tuong

1. GIOI THIEU

Phat hién déi twgng 1a mot nhiém vy quan trong trong thi gidc mdy tinh, lién
quan dén viéc nhan dién va phén loai cac d6i tugng trong hinh anh hoac video. Nhiém
vu nay cé y nghia 16n vi né la nén tang cho nhiéu ting dung quan trong, chang han nhu
xe tu hanh [1-3], gidm sat an ninh [4, 5], nhan dién khuon mat [6-9], va phan tich hinh
anh y t&€[10-13]. Cac hé thdng phat hién ddi tuong khong chi xac dinh vi tri cac d6i twong
ma con nhan dién chinh xdc ching, tit d6 gitp cac tng dung hoat dong hiéu qua va
chinh xac hon.
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M6 hinh Transformer [14], ban dau duoc thiét ké cho xt ly ngdn ngtt ty nhién
(NLP), da chitng minh hiéu qua vuot trdi trong nhiéu linh virc, bao gom ca phat hién
dai tuong. Viéc ap dung Transformer trong phat hién d6i tuong duoc thuc day boi co
ch€ attention manh mé, cho phép mo hinh tap trung vao cac vung quan trong cta hinh
anh ma khong can dén quy trinh x ly phtic tap nhw cdc mo hinh truyén thong. Diéu
nay gitp giam su phu thudc vao cac budc tién xtt ly va hau xtr ly, dong thoi nang cao
hiéu sudt va d¢ chinh xac trong viéc nhan dién va dinh vi d6i tuong.

Muc tiéu ctia bai bao nay la cung cap mét cai nhin tong quan toan dién vé nhiing
tién bd gan day ctia m6 hinh DETR gdc [15]. Cu thé, bai bao tap trung vao ba khia canh
chinh: (1) Kham pha va phan tich cdc mdé-dun co ban ctia DETR ciing nhu cac cai tién
gan day, chang han nhu thay ddi kién tric backbone, chién lwoc thiét k& query, va cai
thién co ch€ attention; (2) So sanh va danh gia hiéu sudt ctia cac mo6 hinh phat hién d6i
twong dua trén Transformer, dong thoi phan tich kién triic mang cua chung; (3) Dé xuat
cac huwdng nghién ctru trong tuong lai nham khuyén khich cac nha nghién ctu giai quyét
nhitng thach thitc hién tai va ti€p tuc kham pha tiém nang ctia Transformer trong linh
vuc phat hién d6i tuwong.

2. CO SO LY THUYET
2.1. Phét hién d6i twgng truyén thong dwa vao mang CNN

Cac phuong phap phat hién ddi tugng truyén théng dya trén mang no-ron tich
chap (CNN) da dat nhiéu thanh teu va déng vai tro nén tang cho linh vuc thi giac may
tinh. Nhém mo hinh R-CNN [16-19] gom R-CNN, Fast R-CNN va Faster R-CNN st
dung phuong phap dé xuat ving dé€ phat hién ddi tuwong. R-CNN xu ly tiing vung dé
xuét mot cach riéng 18, gay ton thoi gian. Fast R-CNN cai tién bang cach trich xuat déc
trung toan anh, con Faster R-CNN st dung Region Proposal Network (RPN) [18] d€ tang
t6c va cai thién hiéu qua, tuy nhién van con phtec tap. Trong khi d6, YOLO (You Only
Look Once) [20] dua ra cach tiép can don budc: chia anh thanh luwéi va de doan cac hop
gidi han cung xac sudt 16p truc tiép tir toan anh. Nho d6, YOLO rét nhanh va phu hop
voi cac ing dung thoi gian thie nhw giam sat va xe ti hanh. Tuy nhién, m6 hinh gap
kho khén khi phat hién cac d6i twong nhé hodc chong chéo. Qua nhiéu phién ban, YOLO
da lién tuc cai thién vé d¢ chinh xac va hiéu qua. Trong khi d6, SSD (Single Shot
MultiBox Detector) [21] cling la mot mo6 hinh phat hién mét budc, tan dung ddc trung
ttr nhiéu 16p trong mang CNN d€ phat hién ¢ nhiéu ti 1. SSD nhanh va phu hgp véi cac
tng dung thoi gian thuwe, nhung kém hiéu qua véi d6i twong nho va kho diéu chinh cac
tham s6. Ngoai ra, mo hinh RetinaNet [22] st dung kién tric backbone két hop véi
Feature Pyramid Network va ham 16i Focal Loss d& cai thién viéc phat hién cac 16p mat
can bang va d6i twong nho. M6 hinh nay can bang tot gitta tdc d6 va do chinh xac, du
viéc hudn luyén kha ton tai nguyén.
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2.2. Transformer va itng dung trong thi giac may tinh

Transformer [14] la mot mo hinh hoc sau dwgc gioi thiéu lan dau trong bai bao
"Attention is All You Need" ctia Vaswani va cong sit vao nam 2017. Transformer nhanh
chéng tro thanh mot cong cu manh mé trong xt ly ngdn ngtt ti nhién va da dugc ap
dung thanh cong trong nhiéu linh vuc khéc, bao gom ca thi giac may tinh. Hinh 1 dudi
day mo ta kién trac cua mo hinh Tranformer.
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Hinh 1. Kién tric mé hinh Transformer [14]

Nhing dgc diém chinh cta Transformer: (1) Co ché cha y: Transformer st dung
co ché chu y, ddc biét la co ché chu y nhiéu dau, dé tinh toan tim quan trong cua mdi
phan t& trong dit liéu dau vao. Co ché nay cho phép md hinh ty dong tap trung vao cac
phan quan trong ctia dit liéu, gitp cai thién hiéu suat trong viéc nim bt mdi quan hé
dai han va ngtt canh; (2) Khéng can xi ly tuan ty: Khong giéng nhu cac mo6 hinh RNN
[23-25] (Recurrent Neural Network) truyén thong, Transformer khong yéu cau xa ly
tuan tw dit liéu dau vao. Nho do6 Transformer c6 thé tan dung kha nang xtt ly song song
cua phan cung hién dai, dac biét 1a GPU va TPU, dé tang t6c dd huan luyén va du doan;
(3) Kién trac Encoder-Decoder: Transformer bao gom hai phan chinh: Encoder va
Decoder. Encoder ma héa thong tin tit chudi dau vao thanh mot tap hop cac biéu dién
ngit canh, trong khi Decoder st dung cac biéu dién nay dé tao ra chudi dau ra; (4) Tinh
linh hoat: M6 hinh Transformer rat linh hoat va c6 thé duoc tuy chinh cho nhiéu nhiém
vu khac nhau. (5) Kha niang mé rong: Transformer dé dang mé rdng véi s6 luong 1én
cac 16p va tham s0, giup nd xt ly duoc cac tap di liéu 16n va phiec tap

Trong thi gidc mdy tinh, Transformer da duoc st dung d€ thay thé hodc bo sung
cho cac mang CNN truyén thong, ddc biét trong cac nhiém vu nhu phan loai hinh anh
va phét hién d6i twong. Cac mod hinh nhu Vision Transformer (ViT) [26] va Swin
Transformer [27, 28] da dat duoc hiéu sudt vuot trdi trong phan loai hinh anh trén cac
bd dit liéu 16n. Dac biét, mo6 hinh DETR da mang lai mét cach ti€p can méi cho nhiém
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vu phat hién déi twong, tan dung stic manh cua Transformer d€ loai bo su phu thudc
vao cac cau trac CNN truyén thong. Nhitng thanh cong nay danh ddu mot budc tién 16n
trong viéc ttng dung Transformer vao cac bai toan thi gidc may tinh, mé ra hudng di méi
cho c4c nghién ctru va tng dung thuec tién.

3. CAC MO HINH PHAT HIEN POI TUONG DUA VAO TRANSFORMER

Bai bao nay tap trung khao sat va danh gia cac mo hinh phat hién d6i tuong dwa
vao Transformer, mot linh virc dang phat trién manh mé trong thi giac may tinh. Trong
bdi canh nhiéu mo hinh khac nhau da dwoc cong bg, nghién ctru nay déc biét chu trong
dén céc kién tric st dung Transformer nhu mo ta & hinh 2. Bang cach danh gia nhitng
cai tién va két qua dat dwoc ctia cdc md hinh nay, bai bdo nham cung cap cai nhin tong
quan va sau sac vé hiéu qua va tiém ning ctia Transformer trong nhiém vu phat hién
déi tuong.

Deformable EfficientDETR DAB-DETR RT-DETR

DETR UP-DETR WB-DETR DINO-DETR DEYO
Hinh 2. Mdc thoi gian ra doi cua cac mo hinh dwa trén Transformer

3.1. DETR

A. Chi tiét mé hinh: DETR la m6t md hinh phét hién d6i twong dya trén kién trac
Transformer, bao gom ba thanh phan chinh: Encoder, Decoder va Positional Encoding.
Qua trinh bat dau véi Encoder bang cach chia hinh anh dau vao thanh cac patch nho
(thuongla 16 X 16 pixel) va chuyén d6i chiing thanh cac vector dac trung thong qua mot
mang CNN. D€ duy tri thtt twe khdng gian, thong tin vi tri dugc thém vao cac vector ddc
trung dudi dang Positional Encoding, cho phép mo6 hinh nhan dién dwgc méi quan hé
khong gian gitta cac vung khac nhau trong hinh anh. Cac vector ddc trung nay sau do
di qua nhiéu 16p tu cht y (Self-attention), gitip m6 hinh hoc cac phu thudc khong gian
dai han. Két qua cudi cuing cta Encoder dwgc chuyén qua cac 16p mang no-ron truyén
thang dé tang cwong kha nang bidu dién déc trung. Hinh 3 m6 ta kién tric tong quat mo
hinh DETR.
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Hinh 3. Kién triic mo6 hinh DETR
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Decoder ctia DETR bat dau véi mot tap hop cac vector truy van ddi tuong (object
queries), dai dién cho cac ddi tuwong tiém nang can dwoc phat hién. Cac object queries
nay duoc b6 sung Positional Encoding, sau do trai qua co ché€ cross-attention dé két ndi
véi cac vector déc trung tlr Encoder nham xac dinh ddi twong. Cac object queries nay
ti€p tuc qua nhiéu 16p tw cht1 y d€ hoc cac mdi quan hé gitta cac doi teong va cudi cing
duoc dua qua cac 16p mang no-ron truyén thang dé du doan cac hop gidi han va nhan
ddi twgng. Positional Encoding duwoc dung trong ca Encoder va Decoder, cung cap thong
tin vi tri vé cac patch va object queries, gitip m6 hinh nam bat thong tin khong gian quan
trong.

Self-attention trong Encoder cho phép méi vector ddc trung trwong tac véi tat ca
cac vector khac dé tinh toan trong s6 cha y, tao diéu kién cho mé hinh hoc duoc cac moéi
quan hé dai han va phu thudc khong gian. Trong Decoder, co ché cross-attention két ndi
cac object queries véi cac vector dic trung tir Encoder d€ xac dinh chinh xac cac doi
twong, cho phép mo hinh tap trung vao cac vung c6 kha nang chita ddi tuong.

Vé hiéu qua, DETR c6 kha nang dat d6 chinh xac cao & cac mtec IoU (Intersection
over Union) khac nhau. Véi IoU trung binh, m6 hinh dat AP tir 35.3% dén 44.9%, va &
mttc IoU 0.5, @ chinh xdc tang 1én ttr 55.7% dén 64.7%. Tuy nhién, khi gap cac d6i tuong
nho, hiéu qua cta DETR giam dang ké, chi dat APS tir 15.2% dén 23.7%, phan danh mot
han ché€ khi x& ly chi tiét nho trong anh. Vé mat tai nguyén tinh toan, DETR yéu cau
GFlop dao dong tir 187 dén 253 va sO lugng tham so tir 41 triéu dén 60 triéu, chu yéu do
co ché ti chii y va cross-attention phtic tap cung véi yéu cau xtt ly cac 16p Positional
Encoding va cac 16p no-ron truyén thang & ca Encoder va Decoder.

B. Danh gia wu di€ém va han ché: DETR loai bd nhu cau st dung cac thanh phan truyén
thong nhu hop neo va Non-Maximum Suppression (NMS), don gian hdéa quad trinh huan
luyén va dy doan. Co ché ty cha y gittp mo hinh hoc cdc méi quan hé dai han va phu
thudc khong gian, cai thién d¢ chinh xdc phat hién d6i twong. Dong thoi, DETR c6 tinh
thong nhat va linh hoat, phu hgp cho nhiéu tac vu ma khong can thay doéi cau trac co
ban. Tuy nhién, mét han ché'16n ciia DETR la yéu cau tai nguyén tinh toan cao do co ché
twe chu y phtec tap, dan dén thoi gian hudn luyén lau hon so véi cac mo hinh truyén
thong. Hon nita, thi€u cac thanh phan dac trung nhu Feature Pyramid Network (FPN)
lam giam kha nang phat hién d6i twong nho, gay bat loi cho cac tng dung yéu cau do
chinh xac cao trén cac chi tiét nho. Tuy nhién nho vu diém vé d¢ chinh xac cao ¢ cac muic
IoU 16n va kha nang hoc méi quan hé dai han, DETR la lwa chon t6i wu cho cac tng dung
doi hoi do chinh xac cao trén d6i twgng kich thudc trung binh va 16n. Tuy nhién, han ché
vé tai nguyén va d6 chinh xac ddi véi cac d6i tugng nhé can duoc can nhac khi ap dung
vao cac hé thong yéu cau thoi gian thuc hodc tiét kiém tai nguyén.
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3.2. M6t s cdi tién tiéu bi€u gan diy cia DETR

Deformable DETR [29] 1a m{t cai tién quan trong nham khic phuc nhuoc diém
vé toc do huan luyén cham va kha nang nhan dién kém d6i voi cac d6i tugng nho trong
DETR goc. Thay vi stt dung co ché ty cht y toan cuc, Deformable DETR ap dung co ché
tw chu y bién dang, chi tdp trung vao mot sd vi tri khong gian dugc chon lua linh hoat.
biéu nay khong chi gitip giam dang ké chi phi tinh todn ma con tang toc d hoi tu trong
qua trinh huén luyén. Bén canh d6, kha nang thich ting theo hinh dang va vi tri cia cac
dai tuwong gittp mo hinh cai thién hiéu sudt phat hién cac d6i twong nho va phtc tap.
Viéc st dung tai nguyén b nhd hiéu qua hon cling cho phép mo6 hinh xtt Iy hinh anh c6
do phan giai cao ma khong gdp gioi han bo nhé nhu treede.

DAB-DETR [30] 1a mét bién thé caa DETR, tap trung vao viéc cai thién chat
luong du doan thong qua viéc st dung hdp neo dong thay vi cac object queries c6 dinh.
Cac hop neo trong DAB-DETR duoc diéu chinh linh hoat trong qué trinh huéan luyén dé
phu hop véi dac diém cta do6i twgng, tir d6 nang cao dd chinh xac cua hop gidi han.
Ngoai ra, m6 hinh con tich hgp phwong phap ma hoéa vi tri nang cao, gitp hiéu rd6 hon
vé mdi quan hé khoéng gian gitra cac doi twgng. Mot diém ndi bat khac la viéc st dung
cac queries dong thay vi cd dinh, cho phép md hinh tap trung vao cac vung quan trong
hon trong anh. Cu6i cling, m6-dun tinh chinh hop giéi han gitp cai thién thém do chinh
xac trong viéc xac dinh vi tri va kich thudc ddi tuong.

RT-DETR [31] duoc thiét ké d€ phuc vu cac ting dung yéu cau xt ly thoi gian
thiee, voi muc tiéu giam do tré va tang toc d¢ du doan ma van duy tri hiéu sudt cao. M6
hinh st dung kién trtic Transformer nhe hon, giam s& 16p va tham s d€ rat ngén thoi
gian xtr ly. Dong thoi, cac kj thuat ma hoéa vi tri patch hiéu qua duoc 4p dung nham
giam chi phi tinh todn nhung van dam bao mo hinh hoc duoc cdc mdi quan hé khong
gian. Cac object queries cting dwoc tdi wu dé rat gon qua trinh du doan ma khong lam
giam dang ké do chinh xac. Nho viéc tich hop xt ly song song va st dung tai nguyén
phén cting hop 1y, RT-DETR c¢6 thé van hanh t5t trén ca cac thiét bi han ché va dap tung
tot yéu cau cua cac ting dung thoi gian thue.

4. SO SANH VA PHAN TICH

D€ ¢6 cai nhin tong quat vé cac két qua dat duoc ctia cac md hinh, bai bao tién
hanh thong ké mot vai chi sd ctia cdc mo6 hinh nhuw md ta ¢ Bang 1. Cac mo hinh nay
dwoc danh gia trén bo dit litu COCO (Common Objects in Context) [32] — mot tap dit
liéu tiéu chuan trong linh vuc thi gidc may tinh, bao gdbm hon 200.000 hinh anh véi 80
16p ddi tuong khac nhau, hd tro danh gid hiéu qua phat hién ¢ cac mic do khac nhau
nhu d6i tuong nho, trung binh va 16n. Céc chi s6 duoc st dung bao gom:
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(1) GFlop (Giga Floating Point Operations Per Second): S& luong phép tinh trong mot
giay.

(2) Tham s6: SO luwong tham s§ ctia md hinh.

(3) AP (Average precision): D chinh xac trung binh

(4) AP (Average precision at IoU threshold 0.5): Do chinh xac trung binh vdi ngudng
IoU1a 0.5

(5) APS (Average Precision with small objects): D6 chinh x4c trung binh trén cac doi
teong co dién tich nho.

Bang 1. So sanh hiéu nang va do chinh xac ctia cac mo hinh phat hién d6i tuong

Mo hinh Backbone GFlop Tham s6 AP (%) AP%5 (%) | APS (%)
Faster R-CNN Resnet 180-320 42-166M 41.1-440 | 61.4-639 | 22.9-27.2
YOLOvV?7 CSPDarknet | 104-189 36-71 51.2-529 | 69.7-71.1 | 35.2-36.9
YOLOVS EfficientNet | 165-257 43-68M 529-53.9 | 69.8-71.0 | 35.3-35.7
YOLOvV10 MixNet 6.7-160.4 | 2.3-29.5M | 38.5-54.4 | 53.8-71.3 | 18.9-37.0
DETR Resnet 187-253 41-60M 35.3-449 | 55.7-64.7 | 15.2-23.7
Deformable-DETR Resnet 173 40M 46.2 65.2 26.4-28.8
UP-DETR Resnet 86 41M 42.8 63.0 19.0-20.8
Efficient-DETR Resnet 159-289 32-54M 442-457 | 62.2-64.1 | 28.2-28.8
WB-DETR None 98 24M 41.8 63.2 194
DAB-DETR Resnet 216-296 44-63M 45.7-46.6 | 66.2-67.0 | 26.1-28.1
DINO Resnet 279-860 47M 49.0-51.3 | 66.6-66.9 | 32.0-35.0
RT-DETR Resnet 136-259 42-76M 53.1-54.3 | 71.3-72.7 | 57.7-58.6
DEYO Resnet 8-242 4-78M 37.6-53.7 | 52.8-71.3 | 17.9-36.0

Dua trén két qua trong Bang 1, c6 thé thdy cac mo hinh phat hién d6i twong cd
s khéc biét ro rét vé hiéu suat va mirc do phtc tap tinh toan. Trong d6, RT-DETR va
YOLOVS ndi bat véi kha nang xt ly nhanh va d6 chinh xac cao. RT-DETR dat AP0.5
72.7% va APS 58.6%, cho thdy hiéu qua vuot trdi trong phat hién ddi twong nho.
YOLOVS cling cung cap toc do suy luan an tuwong, phu hop vdi cac tng dung thoi gian
thiee yéu cau d6 chinh xéac cao. O nhém mé hinh chinh xac cao nhung tiéu t6n tai nguyén,
DINO va YOLOV7 la dai dién tiéu biéu véi AP lan luot 1a 51.3% va 52.9%. Tuy nhién,
DINO c6 mtrc GFlops cao nhat (279-860), nén thich hop hon cho cac hé thong manh mé
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khong yéu cau thoi gian thye. Néu xét dén hiéu sudt tinh toan, WB-DETR va DEYO néi
bat nho s6 luong tham s6 va GFlops thap, phtt hop vdi cac thiét bi nhing hoac hé thong
di dong. Tuy nhién, d6 chinh xac ctia ching thdp hon do cau tric don gian. Efficient-
DETR va DAB-DETR cung cap su can bang tdt gitta d6 chinh xéc va toc do xt ly, véi
c&u hinh nhe hon nhung van dam bao hiéu sut ddng ké, thich hop cho cac tng dung
linh hoat khong qua khat khe vé thoi gian thue.

Tong két, RT-DETR la lga chon t6i wu cho cdc bai toan yéu cau cao vé hiéu suét
va phat hién vat thé nho. YOLOVS, Efficient-DETR va DAB-DETR mang lai st can bmeg
gitta do chinh xac va tdc d9, trong khi WB-DETR va DEYO pht1 hop véi moéi treong han
ché tai nguyén, con DINO va YOLOv7 phu hop cho cac hé thong wu tién do chinh xac.

5. KET LUAN

Cac md hinh phat hién d6i twgng dya trén Transformer, dédc biét la DETR va cac
bién thé, da mo ra hudng ti€p can mdi trong thi gidc may tinh véi kha nang hoc End-to-
End va hiéu qua cao nho co ché tu chti y manh mé. Nhiing cai tién gan day giup khac
phuc phan nao cac van dé vé téc dd huan luyén va kha nang phat hién déi twong nho.
Tuy vay, cdc m6 hinh nay van d&i mat véi thach thire vé tiéu ton tai nguyén, téc do suy
ludn va kha nang tong quat hoa trong mai treong thuc t€. Hudng phat trién twong lai sé
tap trung vao tdi wu hoa kién tric d€ giam chi phi tinh todn, cai thién kha nang phat hién
ddi twong nho va tang tinh minh bach, tit d6 thic ddy Transformer tro thanh giai phap
hiéu qua va linh hoat hon cho cac bai toan phat hién d6i tugng trong thuc té.

LOI CAM ON

Cam on truong Pai hoc Khoa hoc, Pai hoc Hué da tai tro cho nghién cttu nay
theo ma s6 dé tai DHKH2025A-02.
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EVALUATION OF TRANSFORMER-BASED
OBJECT DETECTION MODELS

Le Nguyen Thuy Nhi', Nguyen Dung", Vo Van Thanh?,
Hoang Van Dung? Le Van Tuong Lan3
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2HCMC University of Technology and Education, Ho Chi Minh city
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ABSTRACT

The success of Transformers in natural language processing has spurred their
application in computer vision, particularly object detection. Unlike traditional
CNN-based models requiring complex post-processing, DETR (Detection
Transformer) treats object detection as a set prediction task, enabling end-to-end
training. Despite achieving AP0.5 of 55.7-64.7%, DETR struggles with slow
convergence and small object detection (APS 15.2-23.7%). Recent variants, such as
Deformable DETR and RT-DETR (AP0.5 up to 72.7%), address these issues through
optimized backbones, redesigned queries, and refined attention mechanisms. This
study evaluates DETR’s components, compares Transformer-based models, and
proposes strategies to enhance efficiency and accuracy in addressing challenges like

small object detection.

Keywords: Transformer, Computer Vision, Object detection.
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