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TOM TAT—Phét hién déi twong (object detection) 13 mot trong nhitng vin dé trong tim ctia thi gidc may tinh, dic biét trong
cic linh vec nhw robot va xe tw hanh, noi viéc nhan thiec va hiéu biét chinh xac méi treong xung quanh 1a diéu kién tién
quyét d€ van hanh an toan va hiéu qua. Theo hwéng tiép cin truyén thong, cdic mo hinh phat hién déi twong thwong doi hoi
chi phi tinh toan dang ké va thoi gian huin luyén kéo dai, giy khé khan cho viéc trién khai thwc té. D€ giai quyét nhirng thach
thirc nay, mot phién ban cai tién ctia moé hinh YOLOF (You Only Look One-level Feature), goi 1a YOLOF-SE, dwgc dé xuit voi
muc tiéu ning cao hiéu qua va dé chinh xac trong phat hién ddi twgng. Phwong phap dé xuit ting cwong phin xwong séng
(backbone) bing co ché chu y (attention) nhim tinh chinh biéu dién dic trung, giip m6 hinh tip trung t6t hon vao cac khu
vwc quan trong trong anh. Cach tiép cin nay giit dwoc sw don gian va téc do von c6 cia YOLOF, déng thoi cai thién hiéu suit
nhén dién. M6 hinh YOLOF-SE dwoc danh gia trén hai tip di liéu tiéu chudn: MS COCO va BDD100K. Trén MS COCO, md hinh
dat AP 12 40.4%, ndm trong nhém hiéu suit hang dau déi véi cdc phwong phap phét hién mot giai doan. Trén BDD100K, tip
dit liéu thiét k& cho kich ban 14i xe tw dong, mo hinh dat AP 1a 33.2%, cho thiy kha ning thich &ng tt trong méi trudrng phirc
tap va da dang. K&t qua nay chirng minh rang phwong phap dé xuit cé thé can bing giita d6 chinh xac va hiéu qua, va 1a lva
chon pht hgp cho cic tng dung thuec té, noi tai nguyén tinh todn bi han ché.

Twr khéa—Attention Mechanism, Object Detection, YOLOF, MS COCO, BDD100K.
I. GIO'I THIEU

Trong kién tric téng thé clia hé théng xe tw hanh hoic robot, chudi xt ly chinh bao gdm bén thanh phian tru cot:
Localization (dinh vi), Perception (nhin thirc), Planning (l4p ké hoach) va Control (diéu khién) (hinh 1).
Localization st dung cac cam bién nhw GNSS, IMU va LiDAR dé xac dinh chinh xac vi tri cling nhw hwéng di
chuyén ctia phwong tién. Perception phan tich dir liéu tir cdm bién hinh dnh hodc ddm may diém dé phat hién,
nhan dang va theo déi cac do6i twong xung quanh. Tiép do6, Planning xay dung 10 trinh t6i wu va tinh toan quy dao
di chuyén an toan, trong khi Control chuyén déi quy dao nay thanh céc tin hiéu diéu khién cu thé dé vin hanh
phwong tién. Trong chudi xt 1y ndy, Perception gitt vai tro trung tam, bé&i chit lwong nhan thirc mdi treong sé
quyét dinh hiéu qua cta cac bwéc tiép theo nhw 14p ké hoach va diéu khién. Do d6, ning cao d6 chinh xac va hiéu
qua ctia hé thong phat hién ddi twong trong phin hé Perception 1a yéu td then ch6t, ddm bdo tinh an toan va kha
nang van hanh tin ciy cta toan bd hé thong xe tw hanh va robot.
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Hinh 1. So dd ludng di lidu va cdc thanh phdn chirc ndng chinh trong hé théng vdn hanh xe tw hanh thoi gian thuwe [1]
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Phat hién d6i twong 2D 1a mot trong nhitng nhiém vu nén tang clia phin hé Perception, dong vai tro nhin dién
cac thuc thé quan trong nhw xe ¢d, ngudi di bo hay bién bao giao thong tir dir liéu dau vao. Day 1a bwdc khdi dau
thiét yé&u, anh hwéng truc ti€p dén do chinh xac clia toan bd chudi xtt ly, tir 1ap ké hoach dén diéu khién. Bai toan
nay dit ra yéu cau phai can bing giita ba yéu t6: do chinh x4c, tdc d6 suy luin va kha ning trién khai trén phan
clng gidi han, la diéu kién pho bién trong cac hé théng robot va xe ty hanh thuec té.

Cac mo hinh phat hién d6i twong hai giai doan nhw Faster R-CNN [2] d& chirng minh hiéu qua vwot trdi nho co
ché Region Proposal Network (RPN) két hop v&i nhanh phén loai va hoi quy, dat d6 chinh xac cao trén nhiéu tip
dit liéu chuin nhw MS COCO [3] va PASCAL VOC [4], [5], [6]. Tuy nhién, han ché vé t8c dd suy luin va chi phi tinh
todn khién chung khé 4p dung trong moéi trudrng thoi gian thwe. Ngwoc lai, cic m6 hinh mét giai doan nhw SSD
(Single Shot MultiBox Detector) [7] va YOLO (You Only Look Once) [8], [9], [10] mang lai cai tién dang ké vé téc
d6. SSD tin dung nhiéu ting dic trung tir backbone d€ phat hién ddi twong & nhiéu ti 1&, gidp cai thién hiéu qua
trén déi twong nhd. Trong khi YOLO don gian héa toan bd quy trinh thanh mot bai toan hoi quy duy nhét, dat téc
d6 vwot troi nhwng han ché véi doi twong chdng 14n hodc kich thwéc nhé.

Dé tang kha ndng phat hién da ti 1¢, cic mo6 hinh hién dai thwong tich hop FPN, két hop déc trung tir ting sdu va
tAng ndng nham cai thién do chinh xac trén nhiéu kich thwéc vat thé. Tuy nhién, FPN lai lam ting dang ké s6
tham s8 va chi phi tinh to4n, 4nh hwdng tiéu cwe dén tdc do suy luan Kkhi trién khai trén thiét bi nhing hodc GPU
tam trung.Dé giai quyét, YOLOF (You Only Look One-level Feature) [11], [12], [13] dwoc dé xudt nhw mot bién
thé don gian hda, thay thé FPN bing cach khai thac duy nhAt ting C5 ctia backbone ResNet [14] va mé& rong
truedrng nhin nho phép tich chip gidn cach (dilated convolution) [15]. Thiét k& nay gidp giit téc do cao va hiéu
qua trén d6i twong trung binh dén 16, nhwng van han ché trong phat hién ddi twgng nhd, thudng phé bién trong
giao théng dd thi nhw ngudi di bo, xe may hay bién bio.

Mot thach thirc khac dén tir kién tric backbone truyén thdng nhw ResNet hoidc RegNet [16], caAc backbone nay
xtr 1y dong déu gitra cac kénh dic trung ma khong xét dén tAm quan trong khac nhau cida tirng kénh. Diéu nay
lam giam kha ning tip trung vao cac tin hiéu quan trong trong béi canh phirc tap nhw 4nh sang yéu hoic vat thé
bi che khuit. D& khic phuc, nghién citru nay dé xuit mot phién ban cai tién tir YOLOF, goi 12 YOLOF-SE, trong d6
backbone dwogc tich hop co ché chd y kénh Squeeze-and-Excitation (SE) [17]. Co ché SE cho phép tai phin bd
trong s8 gitta cac kénh dwa trén ngir canh toan cuc, tir d6 nang cao kha ning biéu dién dic treng ma khong lam
gia ting dang ké chi phi tinh toan.

Kién tric dé xuat van giit thiét k& don ting véi chdp gian cdch nhim duy tri téc d6 va do phan giai khong gian,
dong thoi cai thién kha ning biéu dién nho khéi SE. Cac dong gop chinh cta nghién ctru bao gom: (i) phat trién
mo6t md hinh YOLOF-SE dé phéat hién d6i twong 2D nhe va hiéu qua dya trén YOLOF, loai b6 hoan toan FPN dé
giam do phtrc tap; (ii) tich hop co ché chd y SE nhim ting cwong kha ning hoc dic trung; va (iii) tién hanh danh
gid thwc nghiém trén tap dit liéu MS COCO va BDD100K [18] d€ ki€ém chirng hiéu qua trong méi tredng giao
thong thwce té c6 nhiéu bién thién vé thoi tiét, anh sdng va méat d6 giao thong.

Phan con lai cda bai bdo dwgc t6 chivc nhw sau: phan II trinh bay chi tiét kién tric cia mo hinh; phan 11 trinh bay
két qua thwc nghiém trén tip dir liéu MS COCO va BDD100K; phén IV trinh bay mot s6 thdo ludn va dé xuat cac
hwéng nghién ctiru tiép theo; phan V trinh bay 1o cdm on; cudi cing, phén VI trinh bay mét s6 tai liéu tham khao.

I. PHUONG PHAP DE XUAT
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Hinh 2. Kién tric tong thé cia mé hinh YOLOF-SE, bao gém bén thanh phén chinh: Backbone, Attention, Dilated Encoder va
Decoder

Mb hinh YOLOF dwoc thiét ké v&i c4u tric don ting nham don gian héa qué trinh suy luan va tang tdc do xtt ly.
Thay vi 4p dung FPN nhw cac phwong phap phat hién da ti 1€, YOLOF chi khai thac mot tAng dic trung siu (ting
thi 5, ky hiéu 1a C5) va str dung cac khéi chip gidn cach trong encoder dé md rong trwdng nhin (receptive field).
Nh¢ vAy, mé hinh dat hiéu qua tt trong phat hién cac ddi twong trung binh va 1én, dong thoi duy tri téc dd suy
lun cao. Tuy nhién, viéc b6 qua cic ting dic treng néng khién YOLOF gip han ché trong viéc xt 1y cac d6i twong
nho, chiém ty 1& 16n trong moi truedng giao thong thuc té.
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Bén canh d6, mot thach thirc khac dén tir kha niang biéu dién dic trwng ctia backbone. Cac kién triic ph6 bién nhw
ResNet thudng xit 1y dong déu giita cac kénh, khéng xem xét mitc dd quan trong khac nhau, dan dén viéc md
hinh c6 thé bé qua cac tin hiéu then ch6t trong nhitng tinh huéng phitc tap nhw 4nh sing yéu, thoi tiét bat loi
hodc vat thé bi che khuit. P& khic phuc han ché nay, nghién cttu nay tich hop co ché chd y ngay sau backbone
(Hinh 2). Co ché nay cho phép tai phan bé trong sé gitra cac kénh dwa trén ngit canh toan cuc, gitip mé hinh tip
trung manh hon vao nhitrng tin hiéu quan trong ma khéng lam ting dang ké chi phi tinh toan. Nhw minh hoa
trong Hinh 2, kién tric tong thé cia mo6 hinh gom ba thanh phan chinh: (i) backbone trich xuit dic treng ban
dAu, (ii) encoder v&i chap gidn cach va co ché chd y dé khuéch dai ngir canh, va (iii) detection head thwc hién dw
dodan vi tri va phan loai d6i twong.

Thiét k& nay vira ké thira wu diém don gian, téc dd cao clia YOLOF, vira nang cao kha ning biéu dién dic trung,
tlr d6 cai thién hiéu qua phat hién ddi twgng trong cac kich ban giao théng dé thi nhiéu bién dong.

A. BACKBONE
Trong kién tric YOLOF-SE dé xuit, ching tdi sit dung ResNet dd dwgc hudn luyén trwéc trén tip div liéu
ImageNet lam backbone dé trich xuit dic trung tir 4anh dau vao. V&i mot anh I € RP*W*3 backbone tao ra mot

ban d6 dic trung & tang C5, dwoc ky hiéula F € IR{SH_ZX%XC, trong d6 C = 2048 13 s6 kénh dic trung dau ra, va hé
s6 gidam mau 13 32. C4c dic trung nay mang ngit nghia & mic cao, déng vai tro nén tang cho qua trinh suy luan
cta encoder va decoder (con goi 1a detection head) & cic ting ti€p theo. Vi thiét ké nay, backbone khong chi
trich xuat thong tin thi gidc co ban ma con biéu dién cdu triic phan cip cda anh, tir cac canh va hinh khéi don
gidn & ting néng cho tG¢i nhirng khai niém ngir nghia phirc tap hon & ting sau. Piéu nay cho phép md hinh cé
dugc mot khong gian biéu dién gidu thong tin, hd trg truc ti€p cho nhiém vu phat hién déi twong trong moi
trudng giao thong thwe té véi nhiéu bién thién vé hinh dang, kich thwéc va ngir canh.

B. ATTENTION

Mic du backbone cung cip cac dic treng ngit nghia manh, mot han ché 16n ctia ResNet 1a xt¥ Iy dong déu gitra cac
kénh ma khong xét dé€n mitc d6 quan trong khac nhau. Diéu nay khién mé hinh dé bé qua céc tin hiéu then chét,
dic biét trong bdi canh giao thong phitc tap. P& khic phuc, mé hinh tich hop thém khéi chii y kénh SE (Squeeze-
and-Excitation) ngay sau backbone (Hinh 3).

Squeeze  Excitation
MaxPool
e, e
F "‘“Ef AL S A
I AvgPool [

@ Sum (@ Sigmoid ® Multiplication

Hinh 3. Cdu triic khdi Attention theo co ché Squeeze-and-Excitation (SE), bao gém giai doan squeeze (trich xudt théng tin
kénh toan cuc) va excitation (tdi phdn b6 trong sé kénh)

H W
Cu thé, sau khi backbone sinh ra ban db dic trung F € R32°32%¢ v&i € = 2048, ban db dic trung F di qua ba ting

. H W RN /
tich chip tuan tw (convl-conv3) d€ thu dwoc bifu dién trung gian U € R32"32*¢, Biéu dién nay cé cung kich
thwéc khong gian va sd kénh véi F, nhwng da dwgc lam giau thém thong tin ngit nghia, tao tién dé cho giai doan

hiéu chinh kénh. Tlr U, bu¢c squeeze nén thong tin khong gian bang cach két hop Global Average Pooling va

Global Max Pooling, tao ra vector ngit canh z € R¢ véi z, =;Zi,j U:(i,)) + max; ;U:(i,j), trong do

H' W'
H' = :—2, w' = % O budc excitation, vector z dwoc dwa qua hai ting fully connected cling ReLU va sigmoid dé

sinh ra trong s6 kénh s = U(WZ5(W12)), trong d6 § 1a ReLU va o 1a sigmoid. Trong s6 nay dwoc nhin theo tirng
kénh véi U dé tao ra U’, sau d6 két hop véi tin hiéu géc thong qua skip connection, thu dwgc ddura G = F + U'.
Thiét ké nay vira bdo toan thong tin ban diu, vira nhin manh vao cac kénh quan trong, gitip mé hinh tip trung
hon vao tin hiéu hitu ich va loai b nhiéu.

C. DILATED ENCODER

DAu ra tir khoi Attention, ky hiéu 1a G, ti€p tuc dwoc dwa vao Dilated Encoder (Hinh 4). Thanh phin nay dwoc
thiét ké nhdm mé rong trwedng nhin clia dic trung ma khong 1am gidm dd phan giai khong gian. Dilated Encoder
gom hai phan: Projector va Residual Blocks.
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Hinh 4. Cdu triic khéi Dilated Encoder, trong dé ddc trung ddu vao G ldn lwot di qua Projector va Residual Blocks, sau dé két
hop véi két néi tdt dé tao ra bdn do ddc trung P5

Trong projector, dic trung G trwdc hét dwoc dwa qua mot phép tich chdp 1 x 1 d€ gidm sd chiéu kénh tir C
xuéng C, (thwong 1a 512), biéu dién bang cong thirc G’ = W, * G. Tiép d6, mot phép tich chap 3 x 3 dwoc ap
w
Y El v v

DPiu ra G’ sau projector dwgc dwa vao residual block, bao gdm ba phép tich chap lién tiép: 1 x 1 d€ gidm s6 chiéu
kénh, 3 x 3 gidn cach v&i hé s6 d d€ md rong receptive field, va 1 x 1 d€ khoi phuc lai s6 chiéu ban dau. Két qua
clia chubi tich chap nay sau d6 dwoc cong véi dau vao ban dau thong qua mdt skip connection, nhe d6 md hinh
vira bdo toan thong tin gdc vira duy tri sw 6n dinh trong lan truyén gradient. Toan bd qua trinh c6 thé viét gon
thanh P5 = Wl(xzi * 5(W3x3,d * 6(W1(>3 * G’)) + G', trong d6 & la ReLU. K&t qua P5 la ban do6 dic trung co
receptive field rong hon, chira nhiéu ngit cdnh hon nhung van duy tri do phan giai khoéng gian. Day 1a bwéc trung
gian quan trong, gidp mo hinh dat sw cAn bing gitra hiéu qua tinh toan va kha ning phat hién ddi twong & nhigu
kich thwéc khac nhau.

D. DECODER
Dic trweng d4u vao ctia decoder 1a ban d6 dic trung P5, thu duwoc tir Dilated Encoder. Nhw da phén tich & trén, P5

c6 kich thuwéc N x 512 x :—2 X % trong dé N 1a batch size, 512 1a s6 kénh d3c trung sau projector, con :—2 X % lan

A 3 fea R . A . « N N1 , H
dung1én G’ nham tai t6 chirc khdng gian dic trung ma van duy tri kich thwéc 5 X

lwot 13 chiéu cao va chiéu rong ctia ban d6 dic trueng sau khi di dwoc gidm mau tir 4nh gdc. Ban dd P5 chita cac
théng tin ngit canh phong phi va déng vai tro trung gian dé tao ra dw doan cudi cung.

Twr dac trung P5, decoder chia thanh hai nhanh song song: classification head va regression head. Trong
classification head, dic trung P5 di qua hai ting tich chap lién ti€p d€ sinh ra dau ra cé kich thuéc 0, €

H W
NX(K.A)X—=X— 7 N Nz N NN A Xe . ’ A . A N , ~ 1N . Ko . ,
RV*EA5375, trong d6 K 1a s6 16p va A la so anchor trén moi vi tri khong gian. Piéu nay cé nghia la tai moi vi tri

(i, ), classification head xuitra K - A xac sudt, twong ng véi cac 16p khac nhau trén tirng anchor.

Ngwoc lai, regression head dwoc thiét ké phirc tap hon d€ ddm bao dd chinh x4c cao khi dw do4n hop gi¢i han.

HW
Pac trung P5 di qua bon tang tich chép, cho ra dau ra 0,,, € RV*(+4*32°52. M&i anchor tai mdt vi tri (i,)) du

dodn mot vector 4 chiéu (x,y,w, h), trong d6 (x,y) la toa d6 tAm hop gidi han (bounding box) va (w, h) 1a chiéu
rong, chiéu cao hop gidi han.

Bén canh hai d4u ra chinh, mé hinh con hoc moét ban d6 implicit objectness tir regression head. Ban d6 nay cé

H W
kich thuéc 0,,; € RY***32°%2, trong d6 méi phin ti Op,q,i,; Phan d&nh mirc dd tin cdy cla anchor thit a tai vi tri
(i, /). Thay vi yéu cau huin luyén truc tiép, objectness dwgc hoc mot cach 4n, dong vai tro nhw mot trong s hiéu
chinh. Khi tinh to4n xac suit phan loai cudi ciing, mé hinh nhin xac suit phin loai géc v&i trong sé nay, tic la
Pe = Pe. 0, trong d6 p, 12 x4c suit ddi twong thudc 16p ¢ va o 1a objectness ciia anchor twong &ng.

Cach thiét k& nay c6 hai loi ich rd rét. Thit nhit, classification head dwoc gitt nhe hon (chi hai tAng tich chap),
giup tang téc do suy luan, trong khi regression head dwoc ting cwong dd sau (bon ting tich chip) dé ddm bao dé
chinh x4c dinh vi. Thi hai, viéc két hop implicit objectness gitp cai thién tinh 6n dinh, gidm thiéu dw doan sai &
cac vung nén va nang cao chit lwgng phat hién d6i twong trong moéi trweong giao thong phic tap.

I1I. THY’'C NGHIEM

A. TAP DU LIEU

Dé& bdo ddm qué trinh danh gia mo6 hinh mang tinh toan dién va phan anh dwoc ca khia canh téng quat héa lan
kha ning rng dung trong thwc té, hai tap dir liéu MS COCO 2017 va BDD100K dwegc lwa chon cho thuc nghiém.
Trong khi MS COCO 14 tip dit liéu chuin muc toan ciu dé do lwdng hiéu qua clia cdc mé hinh phat hién d6i twong
trong nhiéu tinh hudng thi gidc may tinh phd bién, BDD100K lai dwoc thiét k€ chuyén biét cho bdi canh giao
théng, phén anh chinh xac nhirng diéu kién ma hé théng xe tw hanh thwdong gip phai. Viéc két hop ca hai tip div
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liéu cho phép danh gia dong thoi kha ning biéu dién dic trung & pham vi rong va nang lwc thich ng trong moi
trwong dac thu (Bang 1).

Bang 1. Bdng 3 dwoi ddy minh hoa sw khdc biét quan trong gitva hai tdp dir liéu.

Al 1 1en ,, ) o R " Nhiéu diéu Nhiéu thoi Nhiéu loai
Tap dir liéu | SOlwonganh | Nhiéu thanh pho kién thori tiét di&m canh

MS COCO 143.575 Khong Khéng Khong Khong

BDD100K 120.000 Co Co Co Co

MS COCO (Microsoft Common Objects in Context) bao gom 143.575 hinh anh v&i khoang 1,5 triéu nhin doi
twong thudc 80 16p khac nhau. Tap dir liéu nay da dang vé kich thwéc, géc nhin, mirc d6 che khuit va bdi canh
nén cda cac d6i twong, qua do tao ra thach thirc cho mo hinh trong viéc xtr 1y tinh huéng phirc tap va doi twong
chong 14n. Tuy nhién, MS COCO khong bao ham nhitng yéu td dic thu ciia moi trweong giao thong nhuw bién thién
thoi tiét, thay d6i theo thoi gian trong ngdy hay sw khic biét cdnh quan gitra cic thanh phd. Do d6, MS COCO chu
yéu phit hgp dé€ danh gia kha nang tong quat hoa va hiéu qua phat hién d6i twong trong cac kich ban thi gidc may
tinh tong quat.

BDD100K (Berkeley DeepDrive 100K) la tip dit liéu quy mo 16n trong linh vuc xe tw hanh, bao gobm 120.000
hinh dnh gin nhin d8i twong. Diém manh ctia BDD100K 13 tinh da dang nhu: dit liéu dwgc thu thap tir nhigu
thanh phd, trong nhiéu diéu kién thoi tiét (ndng, mua, swong mu), & cac thoi diém khac nhau (ban ngay, ban
dém), va v&i nhiéu loai canh giao théng (dwong cao téc, khu dan cuw, nit giao ddng dic,...). Nho dic diém nay,
BDD100K phan anh chinh x4c cac bién thién méi trwong phirc tap cla bdi canh giao théng thuc té, qua do tré
thanh chuin danh gia quan trong cho cdc mé hinh phat hién d6i twgng phuc vu hé théng xe tw hanh.

B. THIET LAP THU'C NGHIEM

Cac thi nghiém dwoc thwe hién trén may tram trang bi GPU NVIDIA RTX A5000 (24 GB bd nhé), CPU da ludng 32
16i va RAM 128 GB. M6 hinh YOLOF-SE dwgrc cai dit bang PyTorch, k&t hop CUDA/cuDNN dé khai thac kha ning
tinh todn song song. Trong toan bd qua trinh huin luyén, ché dd Automatic Mixed Precision (AMP) dwoc kich
hoat nhdm giam chi phi b6 nhé va ting t6c do xir 1y.

Anh d3u vao dwoc chudn héa theo théng ké ImageNet. Cac phép ting cwong dit lidu gbm 14t ngang ngiu nhién
(x4c suit 0.5) va padding dé phu hop véi stride 32 cta backbone. D3i véi tip di liéu BDD100K, bd sung thém
bién d6i mau nhe va lam md& Gaussian nhdm ting kha niang bén virng trong diéu kién anh sang yéu va moi
treong ban dém.

M6 hinh YOLOF-SE str dung mot mirc dic treng duy nhit P5 € IR%NXSHX%X% 1am d4u vao cho decoder. Tai mdi vi
tri trong bdn db dic trwng, 9 anchor dwoc tao tir ba ti 1& khung {0.5,1.0,2.0} va ba thang ti 1& {1,21/3,22/3}. Chién
lwrge gdn nhan dwa trén [oU dong: anchor dwong khi c6 IoU cao véi hop that, &m khi IoU thip (< 0.4), va bd qua
cac trueong hop trung gian.

Trong qué trinh huan luyén, nhanh phan loai sir dung Focal Loss dé x{r Iy mat can bang mau, con nhanh héi quy
st dung Distance-IoU (DIoU) Loss dé t&i wu hod vi trf hop gi¢i han. Him mAit mat tdng thé duwgc két hop bang
cach cong c6 trong so hai thanh phan nay.

C. KET QUA THU’C NGHIEM

1. KET QUA TREN TAP DY LIEU MS COCO

Bang 2 trinh bay két qua danh gia trén tap dir liéu MS COCO. Cac phwong phap YOLACT-700 va YOLACT-550-R-
50-FPN cho thay gi¢i han vé d6 chinh xac, 1an lwot dat 33.7% AP va 30.3% AP. Trong d6, YOLACT-550-R-50-FPN
c6 thoi gian suy luan ngan nhat (35.01 ms) nhung d6 chinh x4c th4p nhat, con YOLACT-700 dat AP cao hon mdt
chut (33.7%) song lai c6 do tré lém nhat (74.13 ms). YOLOF géc cai thién dang ké hiéu ning, dat 37.7% AP & téc
d6 60 ms/anh nho tAn dung dic trueng one-level va tich chép gidn cach d€ mé rong trwong nhin. Dang chd y, mo
hinh dé xuit YOLOF-SE dat 40.4% AP v&i 64 ms/anh, cao hon YOLOF goc 2.7% AP trong khi d¢ tré chi ting nhe.

Bang 2. So sdnh cdc mé hinh trén tdp dir liéu MS COCO

Phwong phap AP[0.5:0.95] (%) | Thoi gian (ms)
YOLACT-700 33.7 74.13
YOLACT-550-R-50-FPN 30.3 35.01
YOLOF 37.7 60.00
YOLOF-SE (M6 hinh dé xut) 40.4 64.00
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Hinh 5 minh hoa trwc quan sw danh d6i gitra dd chinh x4c va tdc d6 suy luin trén MS COCO. Két qua cho thiy
YOLOF-SE ndi bat hon hin, dat AP cao nhit trong nhém so sinh ma dé tré van & mirc hop ly. Trong khi cac
phwong phap YOLACT thé hién sw mit cin d6i ro rét gitta do chinh xac va tdc do, YOLOF-SE duy tri dwgc sw cin
bing hiéu qua. Sw cai thién nay xuat phat tir viéc tich hop co ché chi y kénh SE vao backbone, gitip mé hinh tap
trung vao dic treng quan trong, dong thoi tAn dung hiéu qua encoder giin cach d€ mé rong kha niang biéu dién
ma khong lam gia ting dang ké chi phi tinh toan.

MS COCO - Dénh déi gitra AP va D6 tré
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Hinh 5. So sdnh ddnh déi gitva d6 chinh xdc (AP) va do tré trén tdp dir liéu MS COCO. M6 hinh YOLOF-SE (dé xudt) dat AP cao
nhdt véi do tré hop Iy, virot tréi hon so véi cdc phwong phdp déi chitng

2. KET QUA TREN TAP DU LIEU BDD100K

Bang 3 trinh bay két qua danh gid ctia cdc m6 hinh trén tip dir liéu BDD100K, phan anh kha nang thich &ng cta
md hinh trong méi trwdng giao théng thuc té. Cac phwong phap do6i chirng nhw FCOS [19], RetinaMask [20] va
Faster R-CNN, dwoc trich dan tir Visual Intelligence and Systems Group at ETH Ziirich [21] dat 1n lwot 31.1%
AP, 31.3% AP va 32.6% AP. Trong d6, Faster R-CNN thé hién mirc cai thién rd rét so v&i hai phwong phép con lai.
Tuy nhién, mé hinh dé xuit YOLOF-SE dat 33.2% AP, cao hon tit cd cac phwong phép so sanh, chirng té hiéu qua
cta viéc két hop co ché chi y kénh SE va tich chip gidn cach trong encoder.

Bang 3. So sdnh cdc mé hinh trén tdp div liéu BDD100K

Phwong phap AP[0.5:0.95] (%)
FCOS 31.1
RetinaNet 31.3
Faster R-CNN 32.6
YOLOF-SE (M6 hinh dé xuét) 33.2

Hinh 6 minh hoa tric quan sw khac biét vé do chinh xac trén tap dit liéu BDD100K. C6 thé thdy YOLOF-SE vuot
troi hon so v&i FCOS, RetinaNet va Faster R-CNN, dat mirc AP cao nhit trong nhém. Két qua nay cho thdy mé
hinh c6 kha ning xt ly t6t nhirng tinh huéng phirc tap trong giao théng thuc té, ching han nhw phat hién ngwoi
di bd trong diéu kién a4nh sang yéu, phwong tién duéi treri mwa hoidc cac bién bao bi che khuit. Piéu nay khang
dinh tiém ning &ng dung ctia YOLOF-SE trong bdi canh xe ty hanh va cic hé thong thi gidc may tinh ngoai phong
thi nghiém.
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Hinh 6. So sdnh dj chinh xdc (AP) trén tdp div liéu BDD100K. YOLOF-SE (dé xudt) dat 33.2% AP, cao hon so v&i Faster R-CNN,
RetinaNet va FCOS, cho thdy hiéu ndng vwot tréi trong béi cdnh giao thong thuc té

To6m lai, cic két qua trén hai tip dir liéu MS COCO va BDD100K cho thdy YOLOF-SE dat hiéu niang vuot troi ca vé
kha ning téng quat héa 14n kha ning thich &ng trong moi trudng giao thong thuc té. Trén MS COCO, md hinh duy
tri sw can bang hiéu qua gitta d6 chinh xac va d6 tré suy luan, trong khi trén BDD100K, YOLOF-SE thé hién wu thé
rd rét vé do chinh xac so véi cadc phwong phap d6i chirng. Nhirng két qua nay khdng dinh tinh diing din cla thiét
k& mo hinh

IV. THAO LUAN

Két qua thwc nghiém trén MS COCO va BDD100K d4 chirng minh tinh hiéu qua ciia m6 hinh YOLOF-SE trong viéc
duy tri sy can bang gitta do chinh xac va téc do suy luan. So véi YOLOF géc, mé hinh YOLOF-SE dat dwoc mirc
tang dang ké vé dd chinh xac nho viéc tich hgp co ché chid y kénh va encoder gidn cach. Trén MS COCO, do chinh
X4c ting 2.7 % AP ma khong 1am gia ting dang ké chi phi tinh todn. Trén BDD100K, YOLOF-SE dat 33.2% AP, cao
hon tét ca cadc phwong phap ddi chirng, cho thiy kha nang thich &ng tét trong cac tinh hudng giao thong da dang
va phtrc tap.

Tuy nhién, van con ton tai mot s6 han ché. Thit nhat, viéc chi sit dung mot mirc dic trung duy nhat khién mo
hinh van gip kho khin khi phat hién cac ddi twong rat nhé trong méi treong phite tap, ching han nhw bién bao &
khoang cach xa hodc ngudi di bo bi che khudt mot phan. Thit hai, m6 hinh chwa khai thac triét dé€ cac chién lwgc
tang cwong dit liéu va huin luyén da thang (multi-scale training), c6 thé cai thién hiéu ning trén nhirng kich ban
bién thién manh vé kich thwéc va géc nhin. Cudi ciing, mdc du co ché chd y kénh da nang cao kha niang biéu dién,
nhung day van 12 mét dang co ché chu y twong d6i don gidn; kha niang két hop véi cac co ché chi y khong gian
hodc chu y xuyén ting van chwa dwoc kiém chirng.

Trong twong lai, cé thé phat trién nghién ciru theo ba hwéng chinh. Mét 1a két hop co ché téng hop dic trung da
ti 1& nhe thay cho FPN truyén théng, nhdm cai thién kha niang phat hién déi twong nhé nhung van duy tri téc dé.
Hai 12 mé& rong sang cic dang co ché ch y tién tién hon, ching han nhu self-attention hodc transformer-based
attention, d€ ting cuwdng kha niang hoc dic trung ngir cadnh phirc tap. Ba 1a tién hanh cac th nghiém trién khai
tryc tiép trén nén tadng embedded GPU hoic xe tw hanh thuc té, nhdm d4nh gia tinh 6n dinh cia mé hinh trong
moi treong hoat dong ngoai phong thi nghiém.

Nhin chung, cic két qua thu dwoc khdng dinh tiém ndng ctia m6 hinh d& xuit nhw mot gidi phap phat hién dsi
twong hiéu qua cho hé thdng xe ty hanh, déng thdi md ra nhiéu hwéng nghién cliru hira hen dé tiép tuc nang cao
hiéu ndng va kha ning &ng dung thuc tién.
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ENHANCING YOLOF WITH ATTENTION MECHANISM FOR IMPROVED

OBJECT DETECTION PERFORMANCE
Ton Quang Toai, Luu Gia Khang

ABSTRACT— Object detection is one of the central problems in computer vision, particularly in fields such as robotics and
autonomous driving, where accurate perception and understanding of the surrounding environment is a prerequisite for
safe and efficient operation. In traditional approaches, object detection models often require significant computational costs
and lengthy training times, which hinder practical deployment. To address these challenges, an improved version of the
YOLOF (You Only Look One-level Feature) model is proposed, focusing on enhancing efficiency and accuracy in object
detection. The proposed method strengthens the backbone with an attention mechanism to refine feature representations,
enabling the model to better focus on important regions in the image. This approach preserves the inherent simplicity and
speed of YOLOF while improving detection performance. The model is evaluated on two benchmark datasets: MS COCO and
BDD100K. On MS COCO, the model achieves an AP of 40.4%, ranking among the top-performing one-stage detection
methods. On BDD100K, a dataset designed for autonomous driving scenarios, the model achieves an AP of 33.2%,
demonstrating strong adaptability in complex and diverse environments. These results confirm that the proposed method
strikes a balance between accuracy and efficiency, making it a suitable choice for real-world applications where
computational resources are limited.

Keywords—Attention Mechanism, Object Detection, YOLOF, MS COCO, BDD100K
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