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ABSTRACT

Vehicle detection in aerial images problem poses multiple challenges and
has been of great interest to many in the research community. Objects in

Thong tin chung:
Ngay nhdn bai: 03/03/2022
Ngay nhdn bai swra: 21/04/2022

X o Ae aerial images are a lot smaller in size compared to those in images taken
Nedy duyét dang: 25/0412022 from the ground, which is one of the biggest challenges in this problem.
Title: With small objepts, the differenpes between regional proposals gravel_y
An emperical study of Double- affect the detection result. In this research, the Double-Head method is
Head for vehicle detection in evaluated on the AERIAU dataset, an aerial image dataset that utilizes

data augmentation techniques. The Double-Head achieved an mAP score
of 37.09% on the AERIAU dataset. Compared with the previous method
Tir khéa: that achieved the highest result on the AERIAU dataset, which
wasYOLOv3, Double-Head was surpassed by 2.01%. The Double-Head
model achieved remarkably high results in the ‘car’, ‘bus’, and ‘truck’
vehicle classes, from which proposals are made to detect smaller vehicles.
This is a premise of future research and a basis for developing smart
traffic surveillance systems.

aerial images

Hoc sau, may bay khong nguoi
lai, phat hién phurong tién giao
thong, thanh pho thong minh
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unmaned aerial vehicle Phat hién phiong tién giao thong tir khéng anh ddt ra nhiéu thach thirc

(UAVSs), vehicle detection va nhdn dwge s quan tém tir cong dong nghién ciru. Doi tiwong trong
khong dnh nhé hon rdt nhiéu so véi anh chup tir camera mdt dat, day la
théch thike rat lom. Vi cde doi twong nhé, sw sai khdce cia cde ving dé
xudt s€ lam anh hwéng I6n dén két qua phat hién doi twong. Trong nghién
cru nay, phwong phap Double-Head dwoc danh gia dua trén bo div lieu
AERIAU — mot bo dir liéu khong anh co dp dung cac ky thudt tang cuong
dir liéu. Double-Head dat két qua 37,09% mAP trén bo dir lieu AERIAU.
So sanh voi mé hinh dat két qua cao nhat dwoc cong bé trude dé trén bo
dir lieu AERIAU la YOLOv3, Double-Head cao hon 2,01%. Double-Head
dat két qua cao trén 16p doi tirong xe 6 16, xe buyt, xe tdi, tir d6 dwa ra dé
xudt phat hién xe loai nhé. Pdy la tién dé cho cdc nghién ciru tiép theo,
co s6 dé phat trién cdc hé thong gidm sdt giao thong thong minh.

1. GIGOI THIEU hang ngay dat con s rat 16n. Theo s liéu ctia Cuc
Canh sat giao thong, thang 7/2020 (Téng cuc Buong
b6 Viét Nam, 2021), thanh phd Ho Chi Minh c6 8.94
triéu phuong tién ca nhan, ting gan 7% so v6i cling
ky nam 2018. Trong do, c6 hon 825.000 6 t6 (tang

Viét Nam la mdt trong nhitng nudc c¢6 tinh hinh
giao thong phtic tap nhat trén toan thé gidi vadi so
lugng phuong tién giao thong luu thong trén dudng
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gan 16%) va 8,12 triéu xe may (ting hon 6%). Chi
trong khoang 10 nim (tr nim 2010 dén nay),
phuong tién giao thong da ting thém hon 4 triéu.
Theo thong ké, binh quan méi thang c6 30.000
phuong tién giao thong dang ky méi, dong nghia
v6i mdi ngay c6 1.000 phuong tién dang ky méi.
Didu do tao 4p luc cho cac hé thong giam sat ciing
nhu kiém soat giao théng. Phat hién phuong tién
giao thong 1a mot bai toan khong con xa la thude
nhém céc bai toan phat hién déi tugng va c6 nhiéu
mg dung trén thyc té, 1a tién dé giup phat trién hé
thong giam st giao thong thong minh. Bai toan nay
nhan dugc sy quan tam cua cac nha khoa hoc, cac
hang san xuit cong nghiép 16n nham phat trién cac
hé théng ty dong va diéu tiét giao thong. Viéc tim
duoc vi tri cac dbi tugng giao thong tir khong anh
gitip phat hién cac bat thudng, quan Iy hoat dong cua
cac nut giao thong mot cach hiéu qua, toan di¢n hon.
Quan ly giao thong thong minh 1a chia khoa cho mot
thanh pho théng minh.

Hinh anh chup tir thiét bi bay khong nguoi lai
(flycam, drone) hay con dugc goi 1a khong anh duoc
sir dung rong rii trong nhitng nam gan day. Cu thé
1a trong linh vuc thi gidc may tinh, tuy giam sat giao
thong 1a hoat dong thuong xuyén, can dya vao céc
hé théng camera giam sat dugc thiét lap ¢b dinh
nhung vi khong anh c6 d6 phéan giai cao, tim nhin

bao quat nén cac phuong tién giao thong dé dang
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dugc phat hién. Tuy nhién, do tAm nhin va quy mo
cua khong anh 1a kha 16n nén viéc phat hién cac
phuong tién giao thong con gap can tro boi nhiéu
dbi twong gdy nhidu nhu tda nha, cau, cdy xanh,
thing rac, ... Diéu nay tao nhiéu khé khin cho viéc
phat hién 6101 tuong quan tam mot cach chinh xac.
Dic biét, da sé cac dbi tuong trong khong anh chiém
ty 1€ nho, cu thé 1a d6i tugng xe mo to, day la thach
thirc 16n trong cong ddng thi giac may tinh hién nay.

Phat hién phuong tién giao thong 1a chu d&
khong qua xa la trong cong dong thi gidc may tinh,
cac nghién ctru vé chu dé nay duoc cong bd nhidu
trong nude ciing nhu qubc té (Ho et al., 2020; Liu et
al., 2020). Trén co so ké thira nhiig cong trinh
nghién cau khoa hoc truéc do, nghién ciu nay
huéng dén viéc phan loai phuong tién giao thong
trong khong anh dua trén bo dir liéu AERIAU
(Chung et al., 2020), cac 16p d6i tugng dugc xem
xét trong pham vi nghién ctru 1a xe 06 t0 (car), xe tai
(truck), xe buyt (bus) va xe mo to (motor). Cac
phuong tién c6 hinh dang va kich thude khac nhau,
cac vung d& xuét tim duoc s& ¢6 su da dang vé kich
thude, pht hop cho muyc tiéu nghién ctru. O Hinh 1,
cac phuong tién dugc xac dinh nhu xe mo t6 co kich
thude nhd, to hon 1a 6 t6, xe buyt, xe tai. Khi thay
ddi tAm nhin, bai toan tré nén kho hon, d& nhan
nham giita cac ddi twong va kho phat hién dbi trong
nho.

Hinh 1. Minh hoa bai toan phat hién phwong tién giao thong

Pau vao (anh bén trdi) la dnh cdc phiong tién giao théng dwot chup tir trén cao, dau ra (anh bén phdi) la hdp giéi han
chita cac doi twong dwoc gan nhan theo cac lop car — xe 6 t6, truck — xe tai, bus — xe buyt, motor — xe mé té

Trong nghién clru nay, bai toan phat hién
phuong tién giao thong tir khong dnh va nang cao
hiéu quéa phat hién ddi tugng trong khong anh voi
hai tac vu 1a phén 16p anh va hoi quy hop gidi han
bang mot cach tiép can khac duoc giai quyét. Cu thé,
dong gop chinh cia nghién ctu la:

— Nghién ctru nham khao sat va danh gia hai
mo hinh: 1) mé hinh Double-Head, mdt phuong
phap hdi quy toa d6 ddi twong bang mot dau tich
chap (conv-head) va phan loai d6i twong bang mot
dau két ndi day du (fc-head); 2) phuong phap
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GROoIE, day la mot mo-dun trich xuét dac trung ddi
twgng mai va hiéu qua hon Rol Pooling.

— Pé xuat mot cach két hop Double-Head va
GROoIE, goi l1a GRolIE Double Head gitip tdn dung
ca hai y tudng cua hai phuong phap.

— Thuc nghiém va danh gid phuong phap
Double-Head trén b6 dir liéu AERIAU.

2. CAC NGHIEN CUU LIEN QUAN

_ Phat hién hai giai doan (two-stage detector) bao
gom hai cong viéc chinh: tao cac d€ xuat khu vyc
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(Tim kiém c6 chon loc trong R-CNN va Fast-RCNN
hoic mang d& xuat khu vyc (RPN) trong Faster
RCNN) va phén loai ddi twong cho mdi khu vuc
dugc dé xuat. Chang han, trong Faster RCNN (Ren
etal., 2015), & giai doan dau, mang dé xuat khu vic
(RPN) tao ra cac ving dé xuat, sau d6 cac ving dé
Xuit nay duoc sir dung dé phan loai di tugng. Cau
trac cua phat hién hai giai doan linh hoat, phu hop
hon cho phén loai theo viing quan tam. Diém ndi bat
cua no 1a cho dd chinh xac cao hon phat hi¢n mat
giai doan tuy nhién chi phi tinh toan 16n va toc do
kha cham. R-CNN (Ren et al., 2015), R-FCN (Dai
et al., 2016) 1a cac mé hinh tiéu biéu sir dung kién
tric hai giai doan. Mask R-CNN (He et al., 2017) 1a
phién ban mo rong cua Faster R-CNN, cu tric cua
Mask R-CNN ciing khong qua khac biét so véi ciu
tric cua Faster R-CNN. V&i muyc tidu giai quyét bai
toan phan doan hinh anh (Segmentation), giai doan
dau tién, Mask R-CNN vén sir dung mang dé xuat
khu vuc dé phan loai vat thé va tao hop gidi han néu
c6. Vi giai doan thur hai, thay vi rit trich dac trung
st dung “Rol Pooling” nhu Faster R-CNN thi Mask
R-CNN lai str dung “Rol Align” dé thuc hién viée
nay. ResNet (He et al., 2016), mang ra doi véi s6 16p
16n nhung van giai quyét dugc van d&“tiéu bién
gradient” hodc “bung nd gradient” khi huén luyén,
dat dugc ty 1& 15i (error rate) top-5 1a 3,57%, ¢ )
16p tang dang ké so véi cac mang trude day. Mo
hinh ResNet-50 (He et al., 2016) bao gdbm 5 giai
doan, mdi giai doan c6 mot khdi tich chap va khdi
phan du. Mdi khdi tich chap c6 3 16p tich chap va
mdi khéi phan du ciing c6 3 16p tich chap. ResNet-
50 ¢6 hon 23 triéu tham s huan luyén.

Phat hién mot giai doan (one-stage detector) truc
tiép bo qua giai doan dé xuat khu vuc nhu phat hién
hai giai doan, chi bang mot giai doan tryc tiép né c6
thé phan phdi xac suat cho cac 16p va dinh vi ddi
tuong trén dnh. Phat hién mot giai doan han ché cac
thuat toan tién xir 1y tao kién trac xuong song
(backbone) gon nhe va giam thiéu ving dé& xuat
duoc du doan. Nho vay, tde do phat hién dédi tuong
nhanh hon nhung dé chinh x4c thuong thip hon so
v6i phat hién hai giai doan. Mot s6 mé hinh sir dung
kién trac mot giai doan: YOLO (Redmon et al.,
2016), SDD (Liu et al., 2016). YOLOv1 (Redmon
et al., 2016) danh dau su ra doi ho YOLO, lay ¥
tuong tr GoogLeNet (Szegedy et al., 2015).N6 hop
nhét cac thanh phan chuyén biét tao thanh mang no-
ron duy nhat (24 16p tich chap theo sau 2 16p két noi
day du) v6i anh dau vao co kich thudc 224x224.
YOLOV2 (Redmon et al., 2017) duoc tao ra véi muc
tiéu khéc phuc han ché cua YOLOV1, YOLOV?2 cii
thién do chinh xac va tang tdc do phat hién. Thay vi
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¢6 mot kién tric no-ron phic tap, phién ban nay biéu
dién thong tin don gian dé hoc, tré thanh “state-of-
the-art” (67 FPS, 76,8% mAP trén VOC 2007) vuot
troi so voi Faster RCNN, ResNet va SSD. YOLOv3
(Redmon et al.,, 2018) cé kién trac kha gidng
YOLOV2, tuy nhién YOLOv3 di ¢ nhiing thay doi
méi gitp cai thién hiéu suat phat hién cac ddi tuong
nho - day ciing chinh 1a nhuogce diém cua cac phuong
phap ho YOLO trudc do: st dung “hoéi quy logistic”
cho viéc du doan @b tin cay cho hop gidi han dua
trén ngudng cho truge (threshold = 0,5); dya trén y
tuong kim tir thap tinh nang (Feature Pyramid
Networks), (rng véi mdi vi tri YOLOv3 dwara 3 du
doan (hop gisi han, dbi twong, diém s cua lop);
Darknet-19 duogc thay thé boi Darknet-53 thyc thi
tac vu rut trich déc trung.

3. PHUONG PHAP NGHIEN CUU

3.1. Phwong phap Double-Head

Double-Head 1a phuong phap duoc dé xuét boi
Bae et al. (2020) dé tan dung loi thé cua ca hai dau,
bao gom mot dau dwoc két ndi dy du (fc-head) dé
phan 16p anh va mot dau tich chap (conv-head) dé
héi quy hop gisi han. Fc-head c6 d6 nhay nhét dinh
vé khong gian (spatial sensitivity), fc-head co cac
tham s6 khac nhau cho cc phan khac nhau cia mot
d8& xuét (proposal) va nho d6, mé hinh c6 thé dé dang
phan biét cac bo phan hoic nhimng thanh phan gitra
cac vat thé khac nhau nhung fc-head khong qué noi
troi trong viéc xac dinh “mién offset” ctia toan vat
thé. Nguoc lai, conv-head chia sé ma tran loc tich
chap cho tat ca cac vi tri cua ban d6 dic trung dau
vao va sir dung “average pooling” dé tong hop. Fe-
head phu hgp hon cho nhiém vu phén lop vi sy
chénh 1éch diém s6 phén loai & cac ngudng loU cua
fc-head 5 rét va hon han so véi conv-head. Trong
khi d6, conv-head hdi quy hop giéi han chinh xac
hon.

Phuong phap Double-Head chia phan loai anh va
dinh vi hop gidi han thanh fc-head va conv-head
tuong ung, kién tric day du dugc thé hién ¢ Hinh 2.
Chi tiét ctia Kién trac xwong séng va hai dau mo hinh
Double-Head dugc mo6 ta nhu sau:

Feature Map

fc

ST fe o
1024 ] 1024 cla«

COH\ CUHV

i Pbor

Hinh 2. Minh hoa lgién triic Double-Head dwgc
Bae et al. (2020) deé xuat gom mot dau ket noi
day di va mét dau tich chap
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—  Kién tric xwong séng: Str dung xuong séng
1a FPN (Liu et al.,2016) dé tao ra cac dé xuat khu
Vuce (region proposals) va str dung “Rol Align” trich
Xuat dic trung dbi tuong tur nhiéu cip do. Mdi dé
XUuat c6 mot ban dd dic trung véi kich thude
256x7x7, dugc chuyén d6i boi fc-head va conv-
head thanh hai vecto dic trung (mdi vecto co kich
thude 1024) dé phan loai va hoi quy hop gidi han
trong ung.

— Piau két ndi diy da (fc-head): C6 hai 16p
két ndi day du. Kich thuéc dau ra la 1024. Kich
thuoc tham s6 1a 13,25M.

7

t 1024xHXW

1024xHXW v
1x1

X 256XHXW
(a)

Hinh 3. Kién triic mang caa hai thanh phan: (a)
khéi dw (residual block) ting sé kénh tir 256 1én
1024, (b) khdi nut ¢b chai (residual bottleneck

block)

(Bae et al., 2021)

256XHXW

256X HXW

1024xXHXW
X

(b)

— Piu tich chap (conv-head): Xép chong K
khéi du (residual blocks). Khéi dau tién ting sb
lugng kénh tur 256 1én 1024 (Hinh 3 (a)), va nhitng
khéi khac 1a khoi nat c6 chai (bottleneck blocks)
(Hinh 3 (b)). Cudi ciing, “average pooling” duoc sir
dung dé tao vecto dic trung co kich thuéc 1024. MJi
khdi du ¢6 1,06 M tham s0.

— Loss Function: Cd hai dau (fc-head va conv-
head) déu duoc ‘huén, Iuyép vdiv mang dé xuat khu
vuc (RPN) tir dau dén cuodi. Ton that chung dugc
tinh nhu sau: £ = w/L/¢ 4 @ Leonv 4 £7PR
trong d6 '€ va w™™ lan luot 1a trong sb cua fc-
head va conv-head. £/¢, £°™, £P" [an luot 1a ton
that doi voéi fc-head, conv-head va RPN.

3.2. Phuong phap GRoIE

GROIE 14 phuong phéap dugc cung cip boi Rossi
et al. (2021). Phuong phdp nay trich xuat déc trung
doi tugng tr ban do dac trung chung, nghia la n6 sur
dung tat ca cac 16p cua FPN thay vi chi st dung mot
I6p (I6p tot nhat) nhu trong cdc loai Rol truyen
thong. Kién tric GRoIE cho phép ching ta huong
loi tir thong tin 6 trong tat cd cac 16p FPN, di€u nay
gitp khac phuc dugc nhitng han ché von cé trong
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viéc lya chon mot I6p FPN duy nhat. Phuong phap
nay gébm 4 cong viéc chinh: dau tién, thuc hién
“max-pooling” trén ving quan tam khong ddng nhét
dé duoc biéu dién c6 kich thudc cb dinh. Tiép theo,
cac ban dd dic trung duoc xtr 1y trudc riéng biét va
sau d6 duoc tong hop thanh mét ban dd dic trung
duy nhét Cudi cung, xir ly hau ky dugc ap dung dé
trich xuat thong tin. Phuong phap nay phu hop cho
ca phat hién d6i twong va phan doan ca thé.

Céu trac cia GROIE gpm ¢6 4 phan tuong ng
Vi 4 cong viéc chinh da dé cap ¢ trén: m6-dun “Rol
pooler”, mo-dun tién xi 1y, moé-dun tong hop va mo-
dun hau xt ly (Hinh 4).

FPN 1. 2. 3. 4.
Hinh 4. Céu tric GRolIE. (1) Rol Pooler (2)
Preprocessing (3) Aggregation function (4) Post-
processing

(Rossi et al., 2021)

— Mo-dun “Rol pooler”: Tu dAu ra ctia RPN,
trong mdi quy mé s& c6 mot Rol ¢o kich thudc ¢d
dinh dugc sir dung. Trong sé cac k¥ thuat “Rol
pooling” hién c6, “Rol Align” (He et al., 2017) la
thich hop nhét vi n6 lam giam mot ving dic trung
ctia d6i tuong bang cach chia Rol ban dau trong cac
hop bang nhau va 4p dung noi suy song tuyen bén
trong moi hop. Piéu nay gitp tranh viéc bi mat mat
cac phan tir anh.

I -~ |

— Maé-dun tién xir Iy: Phan nay duoc danh dé
xir Iy trude cac ban dd dic trung mot cach riéng biét
va mo-dun nay thuong gdm mot I6p tich chap duoc
lién két véi mdi ty 1¢ hinh anh. C4u hinh t&i uu bao
gém mot 16p tich chap c6 kich thude 5%5 duy nhét
trén mdi quy mo.

— Maé-dun téng hep: Dung dé tong hop céc
Rol don I¢ thanh mot Rol duy nhét. Viéc téng hop
cac Rol co thé giam thiéu s6 luong cac dac trung can
phai tinh cho 16p tiép theo va diéu nay gitp mang
tap trung vao qua trinh dao tao tir d6 giup mang 6n
dinh hon.

— Mé-dun hau xir ly: Hau xu ly 1a mét budc
xdy dung bd sung dugc 4p dung cho cac dic trung
d3 hop nhat trude d6. N6 cho phép mang tim hiéu
cac ddc trung toan cuc, xem xét trén tit ca cac quy
mo. Muc tiéu chinh cta I6p nay 1a loai bd théng tin
v0 ich.
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conv: convolution layer
fc: fully-connected layer
avg: average pooling

fc
1024 }—)‘ 1024 '—)class

7x7 || 7x7 .
x1024 } x1024 LA box
avg

Double-Head

Hinh 5. Kién tric két hop GRoIE va Double-Head (GRoIE Double-Head)

3.3. Pé xuit két hop GRoIE va Double-Head

Nhu di dé cap tai 3.1 va 3.2, Double-Head va
GROIE la cac loai kién trac phd bién dwoc thém vao
dé cai thién két qua ctia mo hinh. Do do, nhiing kién
tric nay co thé duoc coi 1a mot mo-dun co thé dé
dang két hop voi cac phuong phap phat hién ddi
tugng khac. D6 1a y twong chinh dé nghién ciru nay
xay dung mot kién trac méi ap dung ca hai phuwong
phap GRoIE va Double-Head. Viéc ap dung GRolE
gitp trich xuét va két hop cac dic trung Rol tir cac
tang FPN, gitip dic trung mang thong tin ngir nghia
manh mg, tang hiéu qua du doan toa d6 hop gidi han
va phéan 16p. Bén canh d6, Double-Head khac voi
céc phuong phap 02 giai doan truyén thong. Thay vi
sir dung hai 16p két nbi ddy du dé dy doan cung luc
toa d6 va 16p di tuong, thi Double-Head chia ra hai
nhanh dé giai quyét cong viéc nay. Viéc phan 16p
dbi tugng s& do hai 16p két ndi day di dam trach,
con hoi quy toa do s& duoc du doan bai hai 16p tich
chap. Viéc hdi quy toa do bang cach sir dung cac 16p
tich chap da dwoc ching minh 1a t5t hon so véi hai
16p két ndi dy dir. Trong mé hinh Double-Head, hai
16p tich chap dwoc st dung dé hdi quy toa dé c6 kich
thude ddurala7 x 7 x 1024, kich thudc dau ra nay
duoc dung mac dinh nhu trong nghién cttu. Vi cac
nhan dinh trén, phuong phap két hop Double-Head
v6i GrolE dugc tién hanh véi tén goi 1a GRoIE
Double-Head, va danh gia hiéu suat phat hién
phuong tién giao thong tir khong anh cua kién trac
mai nay. Kién triic mé hinh cy thé duoc truc quan &
Hinh 5.

4. KET QUA THUC NGHIEM
4.1. Bj dir liéu AERIAU

Nghién ctru dugc thuc hién trén b dir liéu
AERIAU (Chung et al., 2020). Bay mot bo di liéu
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tir trén xudng duoc chup boi may bay khong nguoi
1ai dya trén ba bo dit liéu video cong cong, cu thé 1a
VisDrone2018 (zZhu et al.,, 2018), KIT AIS
(Weisbrich et al., 2012) va Aerial Open Source
(Dertat et al., 2018). B6 dir liéu mai chra 1.474 hinh
anh va 56.609 hop dbi tugng. Sau d6, AERIAU ap
dung cac phuong phap ting cuong dit li¢u khac nhau
bao gdm Cit xén va xoay ngau nhién hinh anh hién
¢6. Cac hinh anh trong bo dit liéu sir dung bdi canh,
kich thudc, goc nhin va d cao khong gian khac
nhau, d6 cao khéng gian duoc su dung trong bo di
liéu tir 55 m dén trén 80 m. Piéu nay lam ting sy da
dang cua cac dbi tuong trong bo dir lidu. Bo dit liéu
khong anh AERIAU sau khi ap dung hai ky thuat
tang cuong dir lieu (AERIAU + Cét xén + Quay
ngau nhién hinh anh) bao gom 7.792 anh dinh dang
JPG 4 nhan twong tmg va 131.119 ddi tugng duoc
gan nhan. Trong do, tap huan luyén (Train) 6.086
anh, tap tham dinh (Validation) 1.522 anh, tap kiém
tra (Test) 182 anh. Sé luong cu thé cac nhan ddi
tuong trong bo dir liéu dugc trinh bay trong Bang 1.

Bing 1. Thong ké chi tiét s lwong nhin doi
twgng trong b dir liéu AERIAU

Object Train Validation Test Total

Car 84.253 20.999 3.704 108.956
Truck 5.260 1.349 77 6.686
Bus 2.607 625 264 3.496
Motor 8.662 2.262 1.057 11981

(Chung et al., 2020)
4.2. Céu hinh thyc nghiém va chi s6 danh gia

Toan bd qua trinh thyc nghiém duoc trién khai
trén moi trudng Google Colab Pro. Nghién curu nay
tién hanh hudn luyén Double-Head trén
MMDetection framework V2.10.0 (Chen et al.,
2019) sir dung cdu hinh mic dinh véi kién trac
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xuong song ResNet50 va ResNeXt-101 duoc huan
luyén trong vong 12 epochs. SSD duoc ap dung lam
ham kich hoat véi weight decay 1a le-4, learning
rate duoc khoi tao voi gia tri 0,001 va dong lugng
(momentum) 13 0,9.

Sau giai doan thyc nghiém 1a qua trinh danh gia
md hinh Double-Head trén b6 di liéu AERIAU, d6
do mAP (Mean Average Precision) (Lin et al., 2014)
duoc sir dung dé danh gia trong nghién ctu. Két qua
c6 dugc trén cac d6 do APg, va AP, tuong ttng Vai
ngudng loU (Intersection over Union) lan luot 12 0,5
va 0,75. Lan luot tinh AP (Average Precision) cta
mdi 16p xuat hién trong trang véi cac ngudng loU
khac nhau, tir d6 tinh trung binh dé Iy AP cua Iép
d6. Sau khi c6 AP cua tat ca cac 16p, két qua cudi
cing cho md hinh s& dugc dua ra bang viéc tinh
trung binh dé c6 dugc do do mAP.

4.3. Két qua va thao luan

Béo cao két qua thyc nghiém trén bo dir liéu
AERIAU (Chung et al., 2020) duoc thong ké tai
Bang 2. Double-Head st dung kién triic xuong séng
ResNeXt-101 (37,09% mAP) 1a vuot tréi hon so véi
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ResNet-50 (35,36% mAP). Double-Head ResNeXt-
101 cho két qua thip hon ¢ cac 16p "O 8" (57,1%
so véi 58,9%), "Xe tai" (41,8% so véi 54,0%), "Mo

t6" (1,7% so véi 3,9%) nhung cao vuot troi ¢ 16p
"Xe buyt" (47,9% so vai 21,8%) so vai Double-
Head sir dung ResNet-50. Diéu nay cho thiy mot
Kién triic mang sau nhu ResNeXt-101 phat hién tét
céc ddi twong c6 kich thudc 16n, nhung lai cho hiéu
qua khong t6t trén cac ddi twong nho. Do ResNeXt-
101 cho két qua mAP tét nhat nén né duge dung trén
phuong phéap két hop GRoIE Double-Head dé xuét.
Két qua APso, AP,5, MAP lan luot 1a 59,4%, 48,7%,
38,0%, cao hon 1,19% 4,88% 0,91% so véi Double
Head nguyén ban su dung ResNet-50. GRolE
Double-Head cho két qua vuot troi trén 16p "Xe
buyt" so vdi Double-Head + ResNeXt-101, trong
khi d6 van giit duoc hiéu qua phat hién twong ddi
v6i 16p "O t6". Tuy nhién, & 16p "Xe tai" va "Mo to"
thi m6 hinh két hop cho hiéu suat kém hon Double-
Head nguyén ban. Tuy nhién, véi 46 do mAP duoc
gié tri cao nhat thi phwong phap GRoIE dé xuit van
hiéu qua hon so véi cac thir nghiém duogc bao céo ¢
Bang 2.

Bang 2. So sanh két qua thuc nghiém cic phwong phap trén b dir lisu AERIAU (%)

Method Backbone Car Bus Truck Motor APs, AP mMAP
YOLOv3 Darknet-53 5456 12,21 62,72 10,86 - - 35,08
Double-Head ResNet-50 589 21,8 54,0 3,9 5408 43,1 3536
Double-Head ResNeXt-101 57,1 479 418 1,7 5821 4382 37,09
GRolE Double-Head ResNeXt-101 554 545 395 26 594 487 38,0

Phuong phap moét giai doan (YOLOvV3) da duoc
Chung et al. (2020) thuc nghiém va danh gia trén b
dir lieu AERIAU, do d6 két qua nay dugc so sanh
v6i két qua caa phuong phap dé xuat. Két qua cho
thiy Double-Head phat hién dbi twong “O t6” va
“Xe buyt” ¢ bo dir liéu AERIAU t6t hon YOLOV3,
trong khi cac d6i twong thuc 16p “Mo t6” va “Xe
tai” lai cho két qua thap hon.

Diéu nay cho thiy phuong phap 01 giai doan nhu
YOLOV3 ¢6 hiéu qua phat hién tot hon trén cac ddi
tuegng nho so Véi cac phuong phap 02 giai doan.
YOLOV3 duoc ching minh tét hon trén cac doi
tugng nho, (Liu et al., 2016) di so sanh hiéu sut
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phat hién déi tugng nho, 16n va trung binh ctia cac
phuong phap phat hién mot giai doan va hai giai
doan dya trén tap dt liéu MS COCO. Trong do,
YOLOV3 dat diém sé cao thi ba di véi cac ddi
tuong nho (18,3% APs), chi sau Retinane (21,8%
APs v6i kién tric xwong song ResNet-101 va 24,1%
APs v6i kién tric xuong song ResNeXt-101).
YOLOV3 phat hién dbi tugng nho t6t hon béi vi ban
chat YOLOV3 chia anh theo ting luéi va phat hién
dua trén cac ludi nay. Bén canh d6, YOLOV3 st
dung 3 ty 1& dé chia cac ludi trén anh, cang nhiéu
lu6i thi mé hinh s& nhin duoc 16 hon cac di tuong
nho.
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c. Hép giéi han khéng chira ddi twong
Hinh 6. Truc quan nhirng hinh anh dw doan chwa t6t sau khi thwc nghiém trén bd di ligu AERIAU
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d. Bé sot dbi twong

Mdi mdu sdc Ciia cdc hdp gidi han thé hién cho déi twong khdc nhau, doi tiwong mau do dai dién cho cdc ddi twong xe 6
t6, mau xanh lam cho xe tai, mau xanh luc cho xe buyt va mau vang cho xe mé to.

Phuong phap Double-Head mang lai AP kha tot,
cai thién ty 1& phat hién dbi tuong 1én khoang 2% so
véi thyc nghiém gdc. Tuy nhién, d chinh xac giita
cac 16p 1a khong nhat quan. Nhin bang 2 ta thay, do
tu tin cao nhat thudc vé 16p “O t6”, mo hinh phéan
loai kha chinh xéc ddi twgng trén véi két qua 57,1%
AP. Biéu nay la d& hiéu vi 16p ddi tuong “O t6” c6
nhiéu nhan ddi twong huan luyén nhét, ty 1& kich
thudc cua hau hét cac ddi trong nay so voi hinh anh
trong bo dit lidu ciing da gitp mé hinh trich xuat cac
dac trung 16 rang hon. Tuy AP kha cao nhung viéc
du doan ddi tuong “O t6” van gap mot vai 16i nhu
bo sot dbi twong (Hinh 6 (d)) va chdng chéo cac hop
gidi han (Hinh 6 (b)). Két qua thyc nghiém cua I6p
dbi twgng “M6 6 1a 1,7% AP, mot két qua rat thap
do 16p “Mb t6” 1a 16p d6i twong c6 kich thudce rat
nho. Phat hién dbi tuong nho di va dang la thach
thirc 16n nhan dwoc nhiéu sy quan tim trong cong
ddng thi giac may tinh. Két qua thuc nghiém trén
16p “Xe buyt” (47,9% AP) va l6p “Xe tdi” (41,8%
AP) dat hiéu suat phat hién & mic twong ddi va van
¢6 nhiing sai sot dang quan tdm nhu viéc bo sot ddi
tuong va nham Ian véi cac ddi twong khac (Hinh 6
(a)), cac hop gidi han bao khong hoan toan dbi twong
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(Hinh 6 (a)). Danh gia mé hinh thyc nghiém dua trén
nhiig phan tich trén, mo hinh Double-Head dat két
qua phat hién phuong tién giao thong tuong dbi kha
quan, md hinh dat dugc hiéu suat cao voi cac ddi
tuong “O 16 va “Xe buyt”. Tuy nhién, vin xay ra
mot s6 van dé nhu: bo sot va nham 1an cac doi tugng
Xuét hién rd rang trong hinh anh (Hinh 6 (a)), Hinh
6 (d)); xay ra tinh trang chdng chéo cac hop gidi han
(Hinh 6 (b)); bao khong hét di twong (Hinh 6 (a));
hop giéi han khong chira dbi tugng (Hinh 6 (c)).
Panh gia kién trac Double-Head két hop GRoIE
(hay con goi GROIE Double-Head) dwoc dé xuat
trong bai bao nay, mé hinh da dat duogc ky vong khi
két qua trén 16p d6i tuong “Xe buyt” 1a cao nhat
trong tat ca thyc nghiém dugc tién hanh (54,5% AP),
két qua trén 16p dbi tugng “O t6” ciing rat cao
(55,4% AP). Tuy nhién, m6 hinh khong hoat dong
t6t nhu mong doi trén céac 16p dbi twong nho va vira
khi 16p “Xe tai” chi dat dugc 39,5% AP (thdp nhat)
va 2,6% AP trén 16p “Mb t6”.

5. KET LUAN

Phuong phéap ap dung ciu tric hai dﬁg —Double-
Head dugc thuc nghiém va danh gia dé phat hién
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phuong tién giao thong tir khong anh trén b dir liéu
AERIAU. Két qua cho thdy ring so véi phuong
phap phat hién mét giai doan (YOLOvV3), Double-
Head phat hién cac 16p dbi tugng “O t6” va “Xe
buyt” dé dang va hiéu qua hon. Nguoc lai, ddi tuong
“Xe tai” va “Mo t6” cho hiéu suat thip hon. Ngoai
ra, mO hinh GRolE Double-Head cta nghién ciu
nay hoat dong tot ddi véi cac ddi tuong o kich 16n
va trung binh, cai thién dugc hiéu suat phat hién.
Trong khi d6, mé hinh cho két qua khong kha quan
khi du doan cac dbi tugng co kich thudc nho. Phat
hién nay c6 thé dan dén cac nghién ctru sau hon nhu
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