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PHAN LOAI CHU SO CHO CAC CAMERA NHAN DIEN
BIEN SO GIAO THONG TAI VIET NAM

Lé Hiru Tén", Nguyén Hoang Ha
Truong Dai hoc Khoa hoc va Cong nghé Ha Noi

TOM TAT

Nhén dang ky tu 1a mot bai toan nghién ciru quan trong va duoc ap dung trong nhiéu bai toan thuc
té, trong d6 c6 bai toan nhan dang cic bién s6 xe cho cac camera giam sat giao thong. Cac bai toan
nhan dang thuong xay dung mot mé hinh phan loai cho tat ca cac 16p. Tuy nhién, ¢ khé dé phan
loai cac 16p ky tu 1a khong dong déu, mot s6 ky tu dé bi phan loai nham hon cac ki ty khac. Viéc
xdy dung mot mé hinh phan loai duy nhét cho tat ca cac 16p ky tu dan dén viéc du doan cac 16p ky
tu c6 d6 chinh xac rat khac nhau. Trong bai bao nay, chung i trinh bay mot phuong phéap gitip cai
thién d6 chinh x4c trong viéc nhan dang céc ki ty kho bang cach xdy dung mot bd phan loai 2 16p.
Trong do, bo phan loai thir nhat duoc ap dung cho tat ca cac loai ky tw, bd phan loai thr 2 c6 tac
dung phan loai lai cac ky tu kho, nhim sta lai nhing 15i phan loai ctia bo phan loai thir nhat. Thuc
nghiém trén 2 tap dir liéu SHVN va tap dir liéu cac chir s trich xuét tir camera nhan dang bién sd tai
Viét Nam cho thdy phuong phap duoc dé xuit gitp cai thién do chinh xac cua 1 sb ky tw dén 1,4%.
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CHARACTER RECOGNITION FOR LICENSE PLATE RECOGNITION
TRAFFIC CAMERA IN VIETNAM
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ABSTRACT

Optical Character Recognition (OCR) is an active research direction with many practical
applications, including digital character classification for license plate recognition on traffic
cameras. The OCR models usually deploy a single classifier for all the categories in the dataset.
However, the classification difficulties among all the classes in the dataset are different, some
characters are easier to be misclassified compared to the others. Due to this reason, the
classification performances across the classes are not equal. In this paper, we deploy a 2-stage
classifier in order to improve the classification accuracy for difficult classes. The first classifier is
used to classify all the classes while the second one is used only for difficult classes, in order to
refine the predictions made by the first classifier. The experiment results on two datasets SVHN
and license plate characters demonstrate that the proposed method helps to enhance the
classification accuracy of some difficult classes by 1.4%.
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1. Gi6i thiéu

Phan loai ky ty 1a mét bai toan nghién cuu
quan trong va dugc 4p dung trong nhiéu tmg
dung thuc té, trong d6 cd bai todn nhan dang
cac bién sb xe cho cac camera giam sat giao
thong. Trong bai toan phan loai, cic m6 hinh
phan loai thudong nhan dau vao 1a mot anh ky
tu va du doan xem ky tu chtra trong anh la ky
ty ndo. Trong nhiing nim qua, di c6 nhiéu
phuong phép dugc cong bd dé giai quyét cac
bai toan nay. Cac phuong phap nay thuong
dugc chia lam hai huong chinh. Hudng thi
nhit str dung cac dic trung thu cong nhu céc
doan ky tu [1], nét chir [2] hodc cac diém dic
trung [3] dé trich xuét cac vector dic trung
cua tung ky tu va dung cac vector dac trung
nay dé nhan dang ky ty. O huéng nghién ciru
thir hai, cac cong bd thuong sir dung thuat
toan hoc sdu voi mang noron tich chép
(convolutional neural network - CNN) dé
nhan dang ky tu. Mot s6 cong bd tiéu biéu co
thé ké dén nhu mang AlexNet [4], MobileNet
[5] hay Population Based Augmentation [6].
Nhan dang chit s 12 bai toan riéng trong nhan
dang ky tu, trong d6 mdi anh diu vao s&
thudc vao mét trong 10 ky ty tir 0 dén 9. Tinh
chat ctia 10 16p chir s6 nay 1a khac nhau: vi du
) lugng mau trong tap dir liéu, mbi quan hé
giita cac 16p ciing nhu sy chdng chéo giita cac
16p dit lidu 1a khac nhau. Do vy, mot sd 1op
chit s6 tré nén khé nhan dang hon cac 16p chir
s6 khac. Van dé nay 1a mot trong nhitng dic
tinh vé mat can bang dit liéu dugc mo ta trong
[7]. M6t sb phuong phap dwoc gidi thidu dé
gidi quyét van dé nay nhu AdaBoost [8] hay
ensemble-based classifiers [9]. Tuy nhién, cac
phuong phap nay chua dugc ap dung thi
nghiém trén cac tap dit liéu nhan dang chir sb.
Dé nang cao d6 chinh xac cia cac 16p chit s6
kho trong bai toan phan loai chir s, chiing t6i
dé xuit mo hinh st dung két hop 2 bd phan
loai CNN. B§ thar nhit duoc st dung dé phén
loai tat ca cac l6p chir s6. B thu hai dugc
dung riéng dé phan loai cac 16p chit s6 kho.

Tuy vao két qua phan loai cia bd CNN thi
nhat, md hinh s& lya chon mot sd anh thudc
cac 16p chir s6 kho nhan dang dé nhan dang
lai. Thyc nghiém trén hai tap dit liéu "The
Street View House Number" [10] va bd dir
liéu cac chir s6 trong bién sb xe cho thiy
phuong phap dé xuét gitp ting kha ning nhan
dién cac ky tw khé 1én dén 1,4%, 1a mot ty 18
dang ké khi trong thuc té viéc cai thién timg
phan trim khi d¢ chinh x4c vuot 90% thudng
rat kho khan. Theo tim hiéu cia chung toi,
day 1a 1an dau tién phuong phap ké trén dugc
ap dung cho hai tap dit liéu nay.

Phén con lai cta bai bao dugc trinh bai nhu
sau. Phuong phap phdn loai anh chit s s
dung hai bd CNN dugc trinh bay trong phan
2. Phan 3 gi6i thiéu va phan tich cac két qua
thuc nghiém. Cudi cing, phan 4 dua ra két
luan vé phuong phéap dugc dé xuat.

2. Phuong phap nghién ciru

Trong phan nay chiing ti trinh bay phuong
phap dé xuat nham cai thién do chinh xac cua
mot s6 16p ky tu kho nhan dién. Hau hét cac
phuong phap nhan dién ky tu hién nay déu sir
dung thuit todn hoc sdu v6i mo hinh mang
noron tich chip CNN. Pic diém cua phuong
phép nay 1a cac mo6 hinh c6 kha nang tu hoc
cac dac trung tdt nhit cua tap dir liéu huin
luyén va tién hanh phan loai. Khi huén luyén
mot md hinh nhdm phan loai tat ca cac chir s6
(0-9), mang CNN s& cb hoc nhiing dic trung
dé phéan loai tat ca cac ki tu nay dua trén mot
ham t6i uvu nham thu dugc ti 1& nhan dién cao
nhét trén toan tap dit liéu. Tuy nhién, tly vao
cac tap dir liéu khac nhau, d6 khoé trong viéc
phén loai cac 16p ky tu 1a khac nhau. Viéc
huén luyén mé hinh dé hoc cac dic trung su
dung chung cho tit ca cac 16p ky tu dan dén
dd chinh xac cia cac 16p ky tu cling khac
nhau. Mét s6 16p ky tur d& phan biét s& cho do
chinh xac cao, trong khi d6, cac ky tu kho phan
biét s& c6 do chinh xéac thip hon. Viéc gia ting
d6 phirc tap cia mang CNN (gia tang s6 16p,
s6 bd loc & mdi 16p) thudng 1am ting dang ké toc
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Hinh 1. Cac budc xir Iy chinh cia phuong phap

d6 tinh toan va nhidu khi khong giai quyét
triét dé van dé (do moé hinh van hoc cac dic
trung t6t nhat cho ca bo dit liéu chu khong tap
trung giai quyét cac 16p dir lieu kho). Xuit
phat tir nguyén nhan trén, ching t6i dé xuat
st dung thém mdt mang CNN duoc huén
luyén riéng cho cac ky tu kho. Sau khi su
dung mot mang CNN chung (sau day goi la
CNN-1) dé phan loai cac ky tu, chiing t6i loc
ra nhitng truong hop cac ki ty kho, co do
chinh xac thip va dwa vao bd CNN thur hai
(sau day goi la CNN-2). Do mang CNN-2
duoc huin luyén chi dé nhan dang cac ky tu
kho, n6 sé& ¢ hoc cac dic trung tdt nhat dé nhan
dang cac ky tu kho nay (thay vi cac dic trung
dé nhan dang tat ca cac ky ty), d6 chinh xac
trong viéc nhdn dién cac ky tu khé duoc cai
thién dang ké. Cac budc thuc hién chinh cta
phuong phap dugc mo ta nhu trong hinh 1.

- Huén luyén mét mang CNN chung dé
nhan dién cac 16p ky tu: D6i véi cac bai
toan phan loai ky tw c¢6 nhiéu mo hinh CNN
da duoc gidi thi€u véi d6 phic tap va hiéu
ning khic nhau. Trong khuén kho bai bao
nay, ching to6i st dung 2 mang CNN la
MobileNet [5] va AlexNet [4], day déu la cac
mang CNN don gian hoac co tdc do6 tinh toan
nhanh, gitip cac b nhédn dang ky tu cé kha
ning dap tng yéu cdu chay trong thoi gian
thyc. Chang t6i hiéu 16, day khong phai 1a
nhitng mang CNN ¢ do chinh xac cao nhit
hay chay nhanh nhat cho tip dit liéu nhén
dang chir s6. Cac mang nay dugc lwa chon
v6i muc dich kiém tra tinh hiéu qua cia mo
hinh CNN 2 16p so voi viéc sit dung 1 md
hinh CNN duy nhat.

- Xac dinh cac ky tw khé nhan dién: Viéc
xac dinh cac ky tu kho nhan dién phy thudc

vao tung tdp dir liéu va ung dung. Trong
nghién ctru cta chung t6i, viéc xac dinh nay
dugc dwa vao ma tran nham ln (confusion
matrix). Véi mdi bai toan, dit liéu thuong
duoc chia lam 3 phﬁn, tap huin luyén
(training data), tap dir liéu xac thuc
(validation data) va tap dit liéu kiém thu
(testing data). Mo hinh dugc huin luyén dua
trén dit liéu huén luyén va dugc lya chon dua
trén do chinh xac trén tap dir li€u xac thuc.
M5 hinh c6 @9 chinh x4c cao nhét trén bo dir
liéu xac thuc duoc chon 1am mé hinh cudi
cling. M6 hinh nay s& dugc kiém nghiém trén
tap dir liéu kiém thir dé dua ra do chinh xac
cubi cing cia md hinh. Thong thudng, cac
tap dir liéu huin luyén, x4c thuc dugc lya
chon sao cho chung c6 ciung tinh chat, do
phirc tap, d6 phan bd so voi bo dit liéu kiém
thir. Sau khi mé hinh dwoc huin luyén, ching
t6i tinh toan ma trdn nhim 14n cua md hinh
trén tap dir liéu xac thyc va tir do tim ra cac
16p chit s6 hay bj nham 14n v6i nhau. Chung
toi s& huin luyén thém bd phén loai CNN-2
dé kiém tra lai két qua nhan dién céac 16p chi
s6 kho nay.

- Huén luyén mang CNN dé nhén dién cac
ky tu khé: Sau khi da xac dinh dugc céc lop
chit s6 kho nhan dién hodc hay bi nham 13n
voi nhau, ching t6i st dung cac chit s6 thuodc
16p nay dé xay dung bd phan loai CNN-2
danh cho cac 16p chir s6 kho. Chung toi van
st dung lai cac tap dir liéu huén luyén, xac
thuc va kiém thir nhu bude trude dé xay dung
bd phén loai CNN nay. Tuy nhién, thay vi st
dung toan bd cac 16p dir liéu, chung t6i chi sur
dung cac 16p chir s6 kho, c¢6 d6 chinh xac thap
dé huéan luyén bo nhan dién nay. O bude nay,
ching ta co thé st dung mot mang CNN cé
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chu tric gidng hodc khac so véi bd CNN-1 sir
dung & budc mét. Tuy nhién, dé két qua thuc
nghiém dugc danh gia mot cach khach quan
va khong phu thudc vao viéc lua chon ciu
tric mang CNN, chung t6i sir dung chung cu
trac mang CNN da st dung & budc mot véi
thay d6i duy nhat 1a thay d6i s6 luong dau ra
(output) cua mang CNN.

- Két hop hai b9 CNN dé ting dd chinh
Xac: & budc nay, chung toi gia thiét bd CNN-
2 s& ¢6 do chinh xac cao hon so v6i bd CNN-
1 trong viéc phan loai cac 16p chir s6 khé. Gia
thiét nay 1a kha thi do bo CNN-2 dugc huin
luyén dé t6i wu hoa kha ning nhan dién cho
céc anh thudc cac 16p chit sé nay, thay vi t6i
uu kha nang nhan dién cho tat ca cac 16p chir
s6. Van dé dat ra 1a 1am thé nao dé xac dinh
nhitng 4anh ndo cin phan loai lai bang bd
CNN-2. Véi mbi anh dau vao, bd phan loai
CNN-1 s& tra vé xac sudt ma anh dau vao
thudc ting 16p chir sd. Két qua nhan dién cubi
cung s& dugc chon 13 16p chir s6 co xac suét
cao nhit. Myc dich cua bo CNN-2 la phan
loai lai cac anh thudc cac 10p chit s6 kho phan
loai. Nham tranh khoi viéc b6 CNN-2 phan
loai lai cac anh thudc cac 16p chir sé khac,
chung t6i lya chon chi phan loai lai nhiing
anh ma hai xac suét cao nhit duoc dé xuét vai
bd CNN-1 déu thudc vao cac 16p chir s6 kho
va hay bi nhan dang nham.

3. Két qua va ban ludn

Tap dir liéu: Dé minh hoa cho mé hinh phén
loai cia minh, chung t6i st dung 2 tdp dir li€u
sau day:

- Téap dir ligu "The Street View House
Number (SVHN)" [10]. Day la tap dir li¢u
chira cac anh chir s6 trong thé giéi thuc. Tap
di li€u nay dugc thu thap tir cac anh s6 nha
ctia thudc Google Street View. Mdi anh trong
tap SVHN co6 kich thude 32 x 32. SVHN bao
gébm 73.257 anh trong tip hudn luyén va
26.032 anh trong tp kiém thir. Chung toi sir
dung mot phan di liéu trong tap huén luyén dé
xay dung b xac thyc véi ty 1€ 8-2, 58.606 anh

duoc sir dung dé hudn luyén mé hinh, 14.651
anh dugc stir dung dé x4c thuc md hinh.

- Tap dir liéu chit sb trong bién s xe tai Viét
Nam: day la tap dir liéu dugc thu thap tir cac
camera nhan dién bién s6 tai Viét Nam, bao
gdm cé bién s6 xe 6 to va bién s6 xe may. Cac
anh trong bd dir li€u nay cé kich thudc 30 x
50. Pé théng nhét voi bo dir liéu SVHN,
ching t6i chi tién hanh nhan dién cac chir s6
va tam thoi bo qua céc ki ty. Bo dit liéu bao
gébm 21.900 anh, v&i 10 16p chir sb (0-9).
Trong thuc nghiém cia minh, ching t6i su
dung 14.235 anh d huan luyén mo hinh,
3.285 anh dé xac thuc mo hinh va 4.380 anh
dé kiém thr md hinh. Céc anh trong bo dit
liéu duoc thu boi nhiéu camera, trong céc
diéu kién anh sang khac nhau, cac anh c6 nén
anh (background) kha dong nhat do déu duoc
cit ra tir bién sd xe. Tuy nhién, do dic diém
cac anh dugc trich xudt tir cac xe dang chuyén
dong, nén cac anh déu bi anh huong it nhiéu
boi nhiu chuyén dong. Do anh hudng cua
nhiéu chuyén dong, mot s6 chit sb d& bj nham
sang chir sb khac, dic biét 1a 16p chir s6 5 va
6 (vi du anh $6 5 trong hang 2, hinh 2b). Dac
diém nay hiém khi xay ra voi cac bo dir liéu
anh tinh khac.

Mot sb mau anh trong 2 tap dit liéu nay dugc
minh hoa nhu trong hinh 2.

- Xay dung bd CNN-1 cho tit ca cac 16p
chir s6: O budc nay chung t6i dung dir lidu
huén luyén dé& xay dung cac mo hinh nhin
dién c6 thé nhan dién tat ca 16p chir s6. Mo
hinh nhén dién dugc lua chon la mé hinh ¢o
d0 chinh x4c nhan dién cao nhét trong tap xac
thuc. P§ chinh xac cta cac b nhéan dién nay
dugc thé hién trong bang 1. Chung ta c6 thé
thiy hiu hét cac phuwong phap déu cho do
chinh xac trén 90%. Do chinh xac trén tap dir
liéu bién sb xe c6 dd chinh x4c cao hon so véi
tap SVHN do tinh chét cta tap dit liéu. Cac
chir s6 trong bo dir liéu bién sé xe thuong dé
phan bi¢t hon, st dung cung mot phéng chit
va nén ciing it nhiéu hon.
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Bang 1. D¢ chinh xac cia bé nhan dang chir $6
cua hai mang AlexNet, MobileNet voi hai tap dir
lieu SVHN va bién so xe

Tap dir liéu AlexNet MobileNet
SVHN 93,67 (%) 91,53 (%)
Bién s xe 97,26 (%) 98,52 (%)

- Xéc dinh cac 16p chir s6 khé nhan dién.
DPé x4c dinh cac 16p chit sé kho nhan dién,
chung ta dya vao ma tran nham 13n cia bd
CNN-1 trén b¢ dir liéu xac thyc. Hinh 3 thé
hién ma trin nhdm l4n cta cac bd nhan dang
trén 2 tap dir liéu khac nhau.

Déi voi tap dir litu SVHN, chung ta co thé
thdy 1 s6 10p dit liéu c6 do nhan dién chinh
xé4c chua cao nhu s6 3 (88,1%), s 8 (88,6%).
Trong d6 c¢6 3,1% s6 3 bi nham thanh s 5,
2,2% sb6 5 bi nham sang s6 3, 4,4% sb 8 bi
nham thanh s6 6, 2,2% s6 6 bi nham thanh s6
8. Nhu vay, chung ta co thé xay dung thém bd
CNN-2 dé phan biét cac 16p chit s6 3 va 5, 6
va 8. Chung t6i lya chon xay dung bd phéan
loai cho chit s6 6 va 8. Bo phan loai cac 16p
chir s6 3 va 5 ¢6 thé 1am tuong tu. Nhimng anh
nao ma bo phan loai dau tién CNN-1 tra vé
hai x4c sudt cao nhat la 6 va 8 s& dugc dua
vao kiém tra lai sir dung bo CNN-2. Trong
thuc nghiém cua chang t6i, c6 846/1155 trén
tong s6 26032 anh trong bo kiém thir phai
chay qua bd CNN-2 véi 1an lugt cac mang
AlexNet va MobileNet. Piéu nay dan dén thoi
gian tinh toan tang thém 3,2% va 4,4%.

Déi voi tap dir liéu bién sd, viéc xac dinh cac
16p chit s6 kho phan loai 1a phuc tap hon.
Thay vi c¢6 2 16p ki ty hay bi phan loai nham
cho nhau nhu tdp SVHN, tap dir liéu bién sb
¢6 3 16p ki ty hay bi nhdm 13n chéo véi nhau.
Vi du, c6 4,2% s6 5 bi nham sang sb 6, 3,2%

ML

l (311
,.E.lu =
- ~

s6 6 bi nham sang s6 5, 2,2% sb 6 bi nham
sang s6 8, 1,5% sb 8 bi nham sang s6 6. Do
do, vai tap dir liéu nay ching t6i xac dinh 3
16p ki tu khé phan biét 1a 16p chir sb 5, 1op
chit s6 6 va 16p chir s6 8. Bo phan loai thir 2
s& dugc dung dé phan loai 3 16p chit s6 o trén.
Nhiing anh nao ma bd phan loai dau tién
CNN-1 tra vé hai x4c suit cao nhat trung voi
cac tap sau s€ dugc dua vao phan loai lai bdi
bd phan loai thu hai: (5,6), (6,8) va (5,8).
Trong thuc nghiém cia chung t6i, c6 183/256
trén tong s6 4380 anh trong bd kiém thir phai
chay qua by CNN-2 voi lan luot cac mang
AlexNet va MobileNet. Diéu nay tuong
duong véi viéc thoi gian tinh toan tang thém
4,2% va 5,8%.

Do chinh xac cua cac bd phan loai thir 2 nay
dugc thé hién trong bang 2. Co thé thiy do
chinh xac cua bd phan loai nay thuong cao
hon d6 chinh xac cia bo phan loai dau tién do
chi phai tap trung phan loai mét sb it cac 16p
dir lidu.

Két hop hai bp CNN dé ting d9 chinh xac.
Do bo CNN-2 thuong c6 dd chinh xac cao
hon bd CNN-1, két hop 2 bo nhan dang nhin
chung gitip gia ting do chinh xac cta toan hé
théng. Hinh 4 thé hién ma trdn nhdm 1an cua
2 tap dir lidu trude va sau khi két hop véi bd
phan loai CNN-2. B chinh xac trong viéc
phan loai cac 10p chir s6 kho ting 1én dang ké.
Bang 3 thé hién d6 chinh xéc trong viéc phan
loai cac 16p chit s6 kho ciing nhu téng hop
thoi gian tinh toan can ting thém do viéc sir
dung 2 bd CNN. C6 thé thiy, véi phuong
phap duoc dé xuat, 6 chinh xac cho cac 16p
chir s6 kho tang 1én khoang 1,4% véi yéu ciu
tang thém 4,4% thoi gian tinh toan.
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Béang ,2. Do chinh xdc cua bo nhan dang cdc I6p
chir 50 kho cua hai mang AlexNet, MolgileNet Voi
hai tdp dir lieu SVHN va bién so xe

Tap dir liéu AlexNet MobileNet
SVHN (6-8) 96,1 (%) 95,7 (%)
Bién s6 xe (5,6,8) 98,86 (%) 99,12 (%)

Nhu viy, liéu tang thém ) l6p cac mang
CNN c¢o6 tiép tuc cai thién do chinh xac cua
mod hinh? Chung t6i da thir nghiém st dung
thém 1 16p CNN thir 3 d phan loai lai cac
chir s6 kho nay nhung do chinh xac cia mo
hinh gan nhu khéng cai thién. Véi ca 2 bo dir
liéu, nghién ctru ma tran nhim 1an sau khi st
dung mang CNN 2 16p cho thdy, ngoai cac
16p chir s6 kho d3 duoc chon dé phan loai &
mang CNN-2 khong con 16p chit s6 nio c6 do
chinh xac thip hon han cac 16p khac. Viéc

(a)

huin luyén thém mdt 16p CNN thar 3 lai cho
cac 16p chir sb6 kho khong cai thién dugc do
chinh xac so véi 16p CNN-2. Thém niia,
phuong phap duge dé xut chi thich hop néu
nhu tim duoc mot sb 16p chir sb hay bi nham
v6i nhau. Néu mot 16p chit s6 co d6 chinh xac
thdp nhung ma trdn nham l1an phan bd déu
cho cac 16p chir s6 khac thi s& khé ra quyét
dinh huan luyén 16p CNN-2 cho nhiing 16p
chit s6 nao. Do vay, chung toi dé xuat chi
dung lai ¢ viéc st dung 2 16p CNN, thay vi
tiép tuc gia ting sb 16p cia CNN cta mé hinh.
4. Két luan

Trong bai bdo nay, chung t6i da trinh bay
phuong phap sir dung mang CNN 2 16p dé cai
thién d6 chinh x4ac ctia mot sd 16p dit liéu kho
phén loai.

(b)

Hinh 3. Ma trdn nham lan cia bé nhdn dang CNN-1 véi tdp dit ligu xdc thuc:
(a) SHVN va MobileNet, (b) bién so xe va AlexNet

¢

(@)

-

(k)

Hinh 4. Ma trén nham ldn ciia mé hinh Mob}'leNet trén tap dir liéu SVHN:
(a) sir dung 1 mang CNN-1, (b) két hop 2 mang CNN
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(a) (b)

Hinh 5. Ma trén nham lan ciia mé hinh AlexNet trén tdp die liéu bién s6 xe:
(a) sir dung 1 mang CNN-1, (b) két hop 2 mang CNN

Bang 3. Pé chinh xdc ciia bé phén loai cdc ki tw khé va thoi gian tinh todn can ting thém

AlexNet [4] MobileNet [5]

1b§CNN 2b)CNN Thoigian 1bd)CNN 2byp CNN  Thoi gian

SVHN (6-8) 91,9 (%) 92,75 (%)  +3,2 (%) 88 (%) 89,9(%) +4,4 (%)
Bién sb xe (5,6,8) 93,2 (%) 951 (%)  +4,2 (%) 96,8 (%)  97,5(%)  +5,8 (%)
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