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ABSTRACT

Recently, the country has continuously discovered images of a map of
Vietnam with a cow-tongue line that falsely represents national sovereignty
is embedded in documents and publications that violate Vietham's law on
border sovereignty. This causes many difficulties in licensing the publication
of documents and publications of the Department of Information and
Communications of An Giang province. Therefore, it is necessary to there is
a need form a tool to automatically detect Vietham map images containing
the image of the cow- tongue line in the image document applying for a
publishing license.

In this paper, we study and use a convolutional neural network
(Convolutional Neraul Network - CNN) with models VGG186, InceptionV3
and ResNet50 models combined with transfer learning to detect Vietnam
map images containing cow's tongue line images in image documents.
Experimental results have shown that these three models are feasible,
however, ResNet50 model archieved accuracy. Experimenting on a set of
2,000 image documents, ResNet50 model gives accurate results over 95%.
The high detection probability of the ResNet50 model demonstrates the
model's suitability and is also the basis for building tools for practical
implementation at the Department of Information and Communications of
An Giang province.

TOM TAT

Gan ddy, trong nuwéc lién tuc phét hién hinh anh ban do Viét Nam cé dwong
Ledi b0 thé hién khéng diing chit quyén qudc gia dwoC Cai cdm vao trong cac
tai ligu, an phdam vi pham phap ludt Viét Nam vé chi quyén bién gigi. Piéu
nay gay rat nhiéu khé khan trong cong tac cdp phép xudt ban tai liéu dn
phdm cia S¢ Thong tin va Truyen thdng tinkh An Giang. Do dé rat can co
mét cdng cu tu déng phét hién céac hinh anh ban do Viét Nam c6 chiza anh
dwong ludi bo trong tai ligu anh xin cap phép xudt ban.

Trong bai bao nay ching tdi nghién citu si dung mang no-ron tich chdp
(Convolutional Neraul Network - CNN) véi cac md hinh VGG16,
InceptionV3 va ResNet50 két hop hoc chuyén giao d@é phét hién anh ban do
Viét Nam c6 chira anh dwong hedi bo trong tai liéu anh. Két qud thyec nghiém
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dd cho thdy ba mé hinh nay d@éu kha thi, tuy nhién mé hinh ResNet50 cho két
qud tét nhat, theec nghiém trén tdp 2.000 tai liéu anh, thi md hinh ResNet50
cho két qua chinh xac trén 95%. Xac sudt phat hién cao cia md hinh
ResNet50 thé hién sw phli hop ciia mé hinh va ciing la co s¢ dé xay dung
cong cu dé trién khai thuc té tgi S¢ Thong tin va Truyén thong tinh An Giang.

1. GIOI THIEU

Tai liéu anh (Document Image) bao gém céc
thanh phén: ky tu va phin khong phai ky tu.
Thanh phan khong phai ky tw ¢ thé 1a biéu bang,
anh,... va duoc goi chung la dbi trong dd hoa
(Graphical Object). Dbi twong dd hoa dong vai
trd quan trong trong viéc hiéu ndi dung hay trich
xudt thong tin cia tai lidu. Vi vay, viéc phat hién
dbi tuong d hoa tré thanh mot dé tai duoc nhiéu
nha nghién ciru quan tim do tdm quan trong ctia
bai toan va su thach thirc vé d6 khé ma chung
mang lai. Do chung khong c6 mot cdu trac, hinh
dang va dic trung cu thé va duong nhu viée dé
xudt mot phuong phap cho phat hién tat ca dbi
tuong dd hoa 1a vo cung kho khan.

Bai toan phéan loai tai li¢u anh (Document Image
Classification) da xudt hién tir 1au va da c6 rat
nhiéu phuong phap, bai bao, cong trinh nghién
ctru duge dua ra nham cai thién thuat toan, nang
cao tinh higu qua, d6 chinh xac cho két qua phan
loai. Bit dau véi cac thudt toan sir dung hoc may
(machine learning), chii yéu phan tich nghién
ciru va thtr nghiém cac phuong phap trich dac
trung nham chon ra phuong phap t6i wu nhat dé
dua vao bo phan loai. Két qua thu duge twrong
d6i kha quan. Nhitng ndm gan day cung véi su
phat trién manh mé cta phan cimg may tinh ciing
nhu sy bung nd dit liéu trén Internet, mot nhanh
nghién ctu cua hoc may la hoc sau (deep
learning) da dat duogc nhiéu thanh tuu dang Kké,
dac biét trong linh vyc xtr Iy anh va ngdn ngit tu
nhién.

Céc hé thong xtr 1y anh 16n da khai thac mé hinh
mang no-ron tich chap va dua vao san pham cia
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minh nhiing chirc ning théng minh nhu nhén
dién khuén mat nguoi dung (Facebook), phat
trién xe hoi tu 14i (Google), giao hang tu dong
(Amazon), phan loai anh y t& (Nima Tajbakhsh,
Jae Y. Shin, Suryakanth R. Gurudu, & Jianming
Liang, 2017; ZhiFei Lai and HuiFang Deng,
2017; AhmedT. Sahlol, DaliaYousri, AhmedA.
Ewees, & MohamedAbd Elaziz, 2020). Vao hai
ngay 14 va 15/12/2019 trong khudn khé Zalo Al
Summit 2019 da c6 70 doi voi hon 150 k§ su
tham du cudc thi Zalo AI Hackathon vé&i chu dé
phat hién duong ludi bo phi phap bang Al Ngoai
ra, trong nudc ciing ¢6 nhidu cong trinh nghién
ctru dugc ing dung trong nhiéu linh vuc phén
loai, xtr Iy anh tai Viét Nam c6 thé ké dén nhur:
tac gia Lé Viét Phuong tiép can bai toan dbi sanh
anh vé dic trung cuc bo (Le Viet Phuong, Nayef,
Visani, Ogier, & Tran Cao De, 2014; Le Viet
Phuong, & cs, 2015) va nghién ciru “Logo
detection, recognition and spotting in context by
matching local visual features” (L& Viét Phuong,
2015, tr.1).

Hién trang viéc kiém duyét cac tai li€u 4n phém
xin cap phép xudt ban tai S& Thong tin va Truyén
thong tinh An Giang dang thyc hién thi cong;
thoi han giai quyét 15 ngay 1a mot thach thic
khong nho cho don vi cap phép vé ap luc thoi
gian va d¢ chinh xac trong kiém tra, thAm dinh.
Béi nhiém vu can bo kiém tra 13 phai duyét vé
ndi dung ti€u dé, muc luc, cac doan tom tit,. ..
tiép d6 can kiém duyét ndi dung ting muc, bd
cuc, hinh anh trong tai li€u va thyc hién mot cong
viéc quan trong la ra soat cac hinh anh lién quan
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dén cac hinh anh cam luu hanh theo quy dinh cia ~ Noi dung tiép theo s& gidi thidu chi tiét ndi dung
phap luat nhu hinh anh ban d6 Viét Nam c6 chita  giai thut xir Iy va phan loai anh dé phat hién ban
duong ludi bo vi pham chil quyén quéc gia (sau d6 c6 duong ludi bo trong tai liéu anh. Cac két
day goi tat 1a ban dd co duong ludi bo) (litn quan  qua thyc nghiém va thao luan duoc trinh bay &
dén linh vuc cép phép xuét ban, nam 2019 cac Muc 3, Két luan va hudéng phat trién s& dugc néu
tac gia Pham Thi Minh Thu va Lé Viét Phuong & Muc 4 cua bai bao.

cling da c6 cong trinh nghién ctu lién quan, dé 2. NOI DUNG NGHIEN CUU

la “Xay dung cong cu hd trg doc xuat ban phim T bai bio v tin ¢ hién cfru 06 d
luu chiéu dya trén phuong phép dbi sanh anh tai rong bai bao nay tap frung nghich cti no1 Cung

lieu”). xay dufng moé hinh hoc sau két hop hoc chuyén
o . . giao d¢ phan loai tai liéu anh thanh 2 16p: 16p cac
Xuat phat tir nhu cau thye € cung voi cac thanh 45 fiay anh chira ban dd c6 dudng ludi bo va 16p
cong trong cdc nghién ciru vé thi gide my tinh 40 13 figy anh khong c6 ban dd co dudng ludi
trong phan loai anh, bai bao dé xuat nghién ctru bo. Trén co s& mod hinh nhan duge, thyc hién xay

tmg dung cdc mo hinh hoc sau hi¢n dai d¢ X3y qymg cong cu pht hién tai lidu anh c6 ban db ¢6
dung cong cu phat hién ban do6 co duong ludi bo duong ludi bo hay khong.
trong tai li€u anh. Cong cu nay khi hoan thanh sé 21 Xavd 5 hinh
dugc trién khai tai Bo phéan cép phép xuét ban S6 ' ?y ¥ng mo hin i

Thong tin va Truyén thong tinh An Giang, gop C6 nhiéu phuong phap dé phéan loai anh. Trong
phdn giam b6t phan nao vé 4p lyc thoi gian va  bai bdo, phuong phap duge chon 1a mang no-ron
tang do chinh xdc trong khi thuc thi nhiém vu tich chédp boi cac vu diém vuot trdi ciia nd da
cuia c4c can b tai day. dugc dé cap o trén.

2.1.1 So do mé hinh mang no-ron tich chédp

Input image Convolution RELU Pooling

[rr— layer layer layer Fully conected Oulput
[ L layer classes
¥ ]

[ _] flatten H| YES

. Citigroup: . — [~-~-d_ =T ----- 5 -

"Gimme Shefter’ L =l H o

' = ) =

224x224x3 3x3x32 x2 )" softmax
Dense

Hinh 1. M6 hinh mang no-ron tich chap

Mot mé hinh mang no-ron tich chap c6 dau vao 2.1.2 Ham kich hoat si# dung (Activation
12 mot tai liéu anh véi cac pixel thd va bién doi function)
no thong qua cac 16p tich chap (convolution), l6p Tai céc 16p tich chap, st dung ReLU 1a ham kich

kich hoat ’Phi‘ tuyén ReLU, 16p gop P?oling Yé hoat. Ham nay c6 cong thirc dé& thuc hién tinh
16p lién ket day du (fully connected) dé cho dau 141 va higu qué v6i nhidu loai bai toan, véi tc
ra la tai li¢u %ﬂh thude 2 16p .133 16p cac tai hm} d6 thyc hién nhanh dan dén thoi gian huan luyén
anh ¢6 ban do c6 duong ludi bo va 16p cac tai mo hinh tuong ddi nhanh so véi ham kich hoat
liéu anh khong c6 ban do cé duong ludi bo. khac.

Tai ting lién két ddy du cudi cung, str dung ham
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Softmax. Ham Softmax thuong dugc sir dung &
tAng dAu ra, nhim danh gi4 xac xuat nhin phan
loai ctia dir lidu dau vao cua tang ddy.

2.1.3 Ldp lam phang (Flatten)

L&p nay c6 nhiém vu chuyén doi két qua dau ra
tir 16p tich chap 1a mang nhiéu chiéu va chuyén
ddi thanh vec-to mot chiéu trude khi duge vao
tang két ndi day du dé thuc hién qua trinh phan
loai.

2.1.4 Xay dirng mo hinh hudn luyén két hop hoc
chuyén giao

Do dit lidu dau vao dung dé huan luyén mé hinh
tuong di it (5.000 anh cho mdi 16p) khé co thé
tim kiém va mo rong thém nén cac mé hinh huin
luyén tir chung s& kho c6 thé du bao tbt. Dé tan
dung lai tri thic tr cac pretrained-model véi
cung tac vu phan loai s€ giup cac mo hinh dugc
huin luyén dy bao tét hon véi dit liéu méi,
nghién ctru dé xuat xay dung mé hinh huan luyén
bang cic mang CNN két hop véi hoc chuyén
giao (transfer learning) trén tap dir li€u ImageNet
(tap dix liéu chtra 1,2 triéu anh v6i 1.000 thé loai
khac nhau).

V6i yéu cau bai toan dit ra, ching t6i sir dung
phuong phap Fine tuning dé huén luyén lai, chi
giit lai phan ConvNet trong CNN va bo di FCs.
Sau d6 thém cac Fully Connected layer méi vao
output ctia ConvNet. Khi train model dugc chia
lam 2 giai doan:

Giai doan 1: Vi céc fully connected layer mai
thém vao c6 céac hé sb duge khoi tao ngau nhién
tuy nhién cac layer trong ConvNet cua pre-
trained model da dugc train voi ImageNet
dataset nén s€ khong train (dong bang/freeze)
trén cac layer trong ConvNet.

Giai doan 2: unfreeze cac layer trén ConvNet clia
pre-trained model va train trén cac layer cua
ConvNet cuia pre-trained model va cac layer
moéi. C6 thé unfreeze tit ca cac layer trong
ConvNet cta model hodc chi unfreeze mot vai
layer cudi (tity vao thoi gian va GPU sir dung).
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Toém lai, qua trinh huén luyén st dung hoc
chuyén giao bang Fine tuning dwoc thyc hién:
sau khi lay ra cac ddc diém ctia anh bang viéc sir
dung ConvNet cua pre-trained model, thi ta sé
coi déy 1a input cia 01 CNN méi bang cach thém
cac ConvNet va Fully Connected layer. Ly do la
ConvNet ciia ImageNet model c6 thé 13y ra dugc
cac thudc tinh chung, nhung dic tinh khac nén
can thém 1 s6 ConvNet méi dé hoc thém cac
thudc tinh cta hinh anh can huin luyén.

Xt 1y dir liéu dAu vao: anh dau vao 1a anh chup
¢6 nhiéu kich thuéc khac nhau vi vay can phai
chuyén sang dit liéu dudi dang mot mang (array),
thir bic ctia quy trinh ndy bao gdm nhén dién dia
chi anh (folder chira anh), thu nho anh vé mot
kich thudc chung 1a 224 x 224 (Vi pre-trained
model da dugce train véi kich thude anh ¢b dinh,
nén khi dung pre-trained model can resize lai anh
¢6 kich anh bang kich thuéc ma ConvNet ctia
pre-trained model yéu cau), tao batch véi kich
thudc 64 (qua thuc nghiém, nhan thiy gia tri nay
cho két qua on dinh nhét), xac dinh loai mang
nhin dugc tra vé duge mi hoa “binary”.

Dé c6 thé d6i sanh va chon ra dugc mé hinh huin
luyén tot nhét, chon nghién ctru két hop hoc
chuyén giao v6i 3 md hinh mang CNN phd bién
hién nay, d6 1a VGGI16, InceptionV3 va
ResNet50.

» Mang VGGI16:

Xdy dyng mé hinh huin luyén ding mang
VGG16 c6 su dung pre-trained weights cia
ImageNet. Thuc hién tinh chinh:

- Thém hai 16p két ndi day du véi 4.096 don vi
4an va ham kich hoat ReLU;

- Str dung dropout voi ty 1€ 12 0,5;

- Thém mét 16p két ndi day du cubi cung, su
dung ham kich hoat “softmax”.

»  Mang InceptionV3:

Xay dung md hinh dung mang InceptionV3 su
dung pre-trained weights ciia ImageNet. Thuc
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hién tinh chinh:

- Thém hai 16p két ndi day du véi 4.096 don vi
4n va ham kich hoat ReLU;

- St dung dropout voi ty 1€ 1a 0,5;

- Thém mot 16p két ndi ddy du cudi cing, s
dung ham kich hoat “softmax”.

» Mang ResNet50:

Xay dung mo6 hinh dung mang ResNet50 co6 sur
dung pre-trained weights ciia ImageNet. Thuc
hién tinh chinh:

- Thém hai 16p két ndi day du véi 4.096 don vi
4n va ham kich hoat ReLU;

- St dung dropout véi ty 1€ 14 0,5;

- Thém mot 16p két ndi day di cudi cing, sir
dung ham kich hoat “softmax”.

>  Huin luyén mé hinh:
e Thuat toan tdi wu (Optimizer)

Nghién ctru nay sir dung thuat toan téi vu Adam
(Adaptive moment Estimation). Adam la mdt
thuat toan t6i wu c6 thé bién ddi thich nghi ty 1&
hoc (learning rate) va dugc thiét ké dac trung cho
cac md hinh hoc sdu. Thuat toan Adam c6 thé
dugc xem nhu 13 sy két hop cia RMSprop va
SDG (Sochastic Gradient Descent). N6 sut dung
gi4 tri binh phuong cua gradient dé chia ty 16 hoc
tap nhu thuat todn RMSprop va né tdn dung dong
luong (momentum) bing cach st dung trung
binh di chuyén cia gia tri gradient thay vi
gradient nhu SGD.

e Ham I8i (Loss function)

Ham 15i (hay con goi 1a ham ton hao) dung dé do
luong mirc d6 chinh xac cia md hinh trong qua
trinh huan luyén. Can giam thiéu gia tri ctia ham
nay dé didu khién mé hinh di dung hudng (chi sb
16i cang it, chinh xac cang cao). Ham 16i sir dung
trong nghién ctru nay la Cross Entropy tinh toan
d6 chénh 1éch gilra 2 phan phéi x4c suat cua dy
doan va ctia nhan. Nhan dugc bién ddi thanh mot
vec-to one-hot voi tit ca phin tir trong vec-to

106

nhén gia tri 0 trr mot vi tri biéu dién nhin nhan
giatri 1.
e Ky thuét Drop-out dé giam Over-fitting

Khi st dung full connected layer, cic no ron sé€
phu thugc 1dn nhau trong suét qua trinh huan
luyén, diéu nay lam giam stitc manh cho mdi no-
ron va dan dén truong hop over-fitting trén tap
dit liéu hudn luyén, va dé cai thién duge van dé
nay su dung ky thuat dropout. Ky thuat drop-out
1a cach thirc gia dinh mot phan cac unit (no-ron)
bi 4n di trong qua trinh huan luyén, qua d6 lam
giam tich hoa tron ma dan dén hién tugng over-
fitting. Tai mdi budc trong qua trinh huan luyén,
khi thuc hién qua trinh lan truyén xuéi (forward
propagation) dén ting sir dung drop-out, thay vi
tinh toan tat ca unit c6 trén tng do6, tai mdi unit
thuc hién Iya chon ngau nhién mot $6 unit duoc
thue hién tinh toan dua trén x4c suét p.

2.2 Xay dung cdng cu phat hi¢n

Chung toi sir dung thu vién md ngudn mé
OpenCV, Tensorflow, Keras framework hd trg
x4y dung, huan luyén mo hinh, cai dit bang ngon
ngit Python. Stir dung Framework Flask xay dung
API @ deploy model.

Cong cu phat hién anh ban d6 c6 duong ludi bo
trong tai liéu anh dugc thiét ké dudi dang
website theo kién triic Client/Server, c6 3 tang
nhu & Hinh 2. Trong d6:

> Tang thi nhat 1a ting giao dién nguoi
dung, laung dung website chay trén internet, cho
phép nguoi dung upload cac tai liu anh, gui 1én
server va hién thi két qua nhan dang do server
gui Vé;

> Tang thk hai I tang server quan ly cu
hinh hé thdng, vi du cau hinh giao thtc giri/nhan
dir liéu vai client, giao thuc sir dung trong hé
thong A HTTP;

> Tang thir ba la ting server thyc hién logic
xir ly c&c yéu cau tir client, nhu:

- Nap thu vién va md hinh nhan dang da dugc
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huén luyén;

- Nhén dang cac tai liéu anh dugc upload tir tﬁng
thir nhat bang API giao tiép v6i mé hinh nhan
dang;

- Tra két qua nhan dang (phat hién) bang cach:

hién thi két qua 1én website va xuat két qua nhan

dang ra file excel.

Tang 1. Giao dién ngudi dung

Ung dung trén website

Tang 2. Server quan ly cdu hinh

HTTP server

Tang 3. Server xt ly logic

- Nap thu vién va mé hinh da dwoc huan luyén;
- Nhan dang céc tai liéu anh (upload tir tang 1);

- Tra két qua nhén dang (phét hién):

+ Tryc ti€p trén (rng dung (website);

+ Xuét ra file excel

!'g!

Hinh 2. Kién tric Hé thong phéat hién anh ban dé Viét Nam

¢6 hinh dwong ludi bo trong tai li¢u anh

Ludng hoat dong chinh cua hé théng thé hién
trong Hinh 3, trong d6 cac budc thuc hién cua
server va client tir lic khoi dong ban dau toi luc
két thuc nhur sau:

»  Client (irng dung trén website):

1) Nguoi dung khéi dong ng dung;

2) Nguoi ding upload cac tai liéu anh cin kiém
tra;

3) Ung dung doi nhan Kkét qua nhén dang (phat
hién ddi trong) tir may chui giri vé va hién thi cho
nguoi dung.
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»  Chuong trinh Server:

1) Chuong trinh dugc khéi dong va nap cac thu
vién can thiét;

2) Chuong trinh nap mo hinh nhéan dang da duoc
huén luyén trude do;

3) Bit dau qua trinh tién xtr 1y tai liéu anh, tinh
toan nhan dang bi'mg mo hinh trén;

4) Tra két qua nhan dang vé cho ung dung
client.
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Hé théng phat hién anh ban d6 Viét Nam c6 hinh dwéong ludi bd trong tai liéu anh

Client

Server

Ludng xtr ly

Chon
tai liéu anh

Upload
tai liéu anh

Nap thu vién,
mé hinh

Cau hinh giao
thirc glri, nhan

Két qua

Gan
ludng xt¥ ly

Tién xtr ly
tailiéu anh

nhén dang

Két thic

Giai phong
ludng xtr ly

Nhan dang

i

Hinh 3. Ludng hoat dgng chinh cia h¢ théng

3. KET QUA THUC NGHIEM, THAO
LUAN

3.1 Xay dung tdp dir ligu

Cén xay dung tap dir liéu hudn luyén gom 2 16p,
duoc dit tén nhu sau:

= Lép YES: bao gom céc tai liéu anh c6 chira
ban dd dudng ludi bo;

=  Lép NO: bao gom cac tai liéu anh khong
chira ban d6 c6 duong ludi bo.

Tuy nhién, qua tim hiéu thuc té, viéc thu thap dir
liéu tir cac nguén sach, bao, tai li€u, hinh anh trén
Internet thi thuong tim dugc dudi dang anh ban
d6 Viét Nam c6 duong ludi bo, nhung it tim thay
céc tai liéu anh co chtra ban dd Viét Nam co
duong Iudi bo (thude 16p YES). Nén chung toi
dé xuét phuong an xay dung dir lidu gia lap dé
khoi tao cac tai liéu anh theo 2 16p YES va 16p
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NO. Phuong an d& xuat nhu sau:

v' Budéc 1: Sir dung céc tai liéu anh trong tap dit
liéu PRImA cua Pai hoc Salford (Manchester),
tap dit liéu nay chira céc tai liéu anh duoc scan
tir cAc tai liéu thuc té, tir cAc tap chi, bai bao,...
Trong cac tai liéu anh c6 nhiéu bé cuc khéc nhau,
gom: cAc ving anh vin ban va cac ving chia
hinh anh; céc tai liéu anh c6 ground-truth dé dé
dang tach va chén cac ddi twong. Trong gigi han
cuia dé tai nay, thi ngudn tai liéu anh tim duoc la
phi hop dé xay dung bo di liéu.

- Nguén:
https://www.primaresearch.org/dataset.

- Dit liéu gdom: 293 file tai liéu anh va 293 file
xml twong Gng trong file luu vi tri toa d¢ 4 dinh

clia d6i tuong cuia dbi tugng anh trong tai liéu
nhu Hinh 4.


https://www.primaresearch.org/dataset.
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Anh tal lju

W08 1 ey b e 4 by
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Hinh 4. M6 ta 1 tai li¢u anh va toa d9 cac ddi twong anh trong file xml

v' Buéc 2: tim kiém va thu thap cac hinh anh tir
nguon internet, hinh anh thudc 2 16p:

- Tap thi nhit gom 1.000 anh ban do Viét Nam
¢6 chira duong ludi bo (dé ghép vao tai liéu anh
thu dugc & bude 1, hinh thanh 16p YES) (Hinh
5)
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- Tép thtr hai gdm 1.000 anh theo cac ndi dung:
ban d6 khong c6 duong ludi bo, va cac hinh anh
khac (phong canh, dd vat, con nguoi, con Vvat,
...) (dé ghép vao tai liéu anh thu dugc ¢ bude 1,
hinh thanh 16p NO) (Hinh 6).
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M;f. ‘Hﬁ‘u _ P ’AIWAN

oy 1
m +y PHII.QHNES
%

VIETNAM) Cross & J Maﬂg
W* G ¢
:!L'Z e |
O[her claims
= Philippines
Vietnam
MALAYSIA =Rl

BRUNEI f,'i,,s'lf,'p

yes.0005.jpg yes.0007.jpg

VOA

yes.0012,jpg yes.0013,jpg

Hinh 5. Mt s6 anh trong danh sach 1.000 anh ban dé Viét Nam c6 chira dwong ludi bo
(I6p YES)

no.0502,jpg

no.0508.jpg no.OS;(;.J:[;g
Hinh 6. Mét sé anh trong danh sach 1.000 anh ban dé khong chira dwdmg ludi bo (I6p NO)
v/ Buéc 3: phan chia tap dit liéu thu thap dwoc  hudn luyén (train) chiém 64%, tap dit liéu ding
& Budc 2 thanh 3 tap dix liéu. danh gia mo hinh (validation) chiém 16% va tap
dir liéu dung kiém tra (test) chiém 20%. Xem két

Biang cach ldy ngau nhién cac anh, thuc hién
qua luu 6 Bang 1.

phan chia tap dit liéu thanh 3 tép: tap dir li¢u
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Bang 1. Chia dir liéu thanh 3 tap train, validation va test

Tap dir liéu Lép Themue Tylé S6 lwong (anh)
, YES train\YES 640
Huan luyén (train) ] 64%
NO train\NO 640
YES val\YES 160
banh gia (validation) 16%
NO val\NO 160
, YES test\YES 200
Kiém tra (test) 20%
NO test\NO 200
2 1.000 anh l6p YES
Tong

1.000 inh 16p NO

v' Buéc 4: do myc tiéu bai toan mudn phan loai,
phét hién cac tai liéu anh c6 chira dbi twong anh
la cAc ban db c6 duong ludi bo hay khong, dé
Xuit phuong an chon ghép anh déi tuong anh vao
céc tai liéu anh dé md hinh huin luyén c6 thé
nhan dang dugc cac ddi tuong anh. Sau mot sb
lan thir nghiém véi két qua tuong dbi on dinh,
nghién ctru dé xuét chon ghép lan luot timng anh
dbi tuwong tir tap dir lidu co duoc & Bang 1 lan
luot vaGi 5 tai liéu anh ¢6 duoc ¢ Budce 1, theo
quy tic sau:

- Chon 1 anh dbi tuong tur cac thu muc & Bang 1.

- Tiép theo, tim ngiu nhién trong thu myc tai lidu
anh, chon file tai liéu anh thoa diéu kién vé kich
thude (can cu theo toa do dbi tugng anh luu &

file xml tuong tmg) nhu sau: (Chiéu rong dbi
tuong/Chiéu rong anh trong tai liéu anh) x 100
nam trong khoang tir 50% dén 120%. Thyc hién:
»  Ting/giam kich thuéc dbi twong anh ghép
vao theo ty 1€ trén;

= Ghép dbi twgng vao vi tri trén tai liéu anh,

theo toa dd trén file xml twong ng;

= Canh giira di tugng ghép vao ving anh
trén tai liéu anh, phan du sau khi ghép sé& dugc t6

tréng.

- Thye hién lap lai cac budc trén, dén khi tim du

5 tai liéu anh dé ghép anh ddi tuong vao.

Két qua tap dir liéu dung huén luyén mé hinh:

Bang 2. Dir ligu ciia 3 tap train, validation va test dé huan luyén mé hinh

Tap dir liéu Lép Thw muc Ty 18 S6 lwong (anh)
. YES train\YES 3.200
Huéan luyén (train) . 64%
NO train\NO 3.200
YES val\YES 800
Panh gia (validation) 16%
NO val\NO 800
, YES test\YES 1.000
Kiém tra (test) 20%
NO test\NO 1.000
N 1.000 anh lop YES
Tong
1.000 anh l6p NO
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Hinh 7. Tai liéu anh sau khi ghép céc anh dbi twgng vao
lidu d6 voi 03 mdé hinh mang VGGI6,
InceptionV3, ResNet50.

3.2 Két qud thuc nghigm

Vi tap dit liéu thu thap duogc, sau khi chuén hoa
vé kich thudc chung 224x224, duoc dung lam dir
liéu du vao cho cac mo hinh huén luyén di trinh
bay. Dé c6 co so khach quan nhit trong viéc so
sanh, danh gia, lya chon mo hinh huén luyén str
dung cho hé thong phat hién ddi twong anh ban
dd co duong ludi bo trong tai liéu anh theo yéu
cau bai toan dit ra. Thyc hién 10 lan huan luyén,
dbi v6i 03 mé hinh mang VGG16, InceptionV3,
ResNet50, cu thé nhu sau:

= MGoilan 1ap chon tap dir li¢u dau vao b?mg
cach chon ngau nhién theo Budc 3 va Buée 4 &
Muc 3.1.

»  Lan luot thuc hién huin luyén trén tap dir

Khai bao gia tri cac thong sb trong qua trinh huin
luyén trén 03 md hinh mang néi trén, nhu sau:

- Khai bao ham 16i 1 “binary_crossentropy”, st
dung thuat toan tdi vu “Adam”;

- Ty 18 hoc (learning rate) bang 0,01 va d6 do
khai bado “Accuracy” 1a d6 chinh xac cia mo
hinh;

- Batch size = 64;

- Num epochs = 30.

Két qua huén luyén cac mo hinh lan lugt d6i véi
10 1an chon tap dit liéu dau vao ngau nhién duoc
thé hién ¢ Bang 3.

Bang 3. Két qua 10 lan hun luyén cia 3 md hinh VGG16, InceptionV3 va ResNet50

Lan thye hién Mo hinh huin luyén

Training accuracy Testing accuracy

VGG16 83,06% 76,30%

1 InceptionV3 84,25% 78,18%
ResNet50 97,69% 96,63%

VGG16 81,94% 73,60%

2 InceptionV3 83,06% 75,44%
ResNet50 98,00% 95,17%
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Lan thue hién Mo hinh huin luyén  Training accuracy Testing accuracy
VGG16 81,81% 72,35%
3 InceptionV3 82,00% 78,86%
ResNet50 97,75% 96.21%
VGG16 81,19% 73,50%
4 InceptionV3 83,75% 76,16%
ResNet50 97,50% 96,21%
VGG16 82,56% 73,00%
5 InceptionV3 83,44% 77,54%
ResNet50 96,31% 96,91%
VGG16 82,38% 75,40%
6 InceptionV3 83,81% 78,29%
ResNet50 97,19% 95,93%
VGG16 80,75% 72,45%
7 InceptionV3 84,44% 79,47%
ResNet50 96,31% 96,78%
VGG16 79,69% 73,90%
8 InceptionV3 82,00% 76,85%
ResNet50 97,00% 94,86%
VGG16 82,69% 76,40%
9 InceptionV3 81,13% 74,55%
ResNet50 96,88% 95,37%
VGG16 81,19% 76,45%
10 InceptionV3 82,56% 75,96%
ResNet50 96,06% 95,77%
VGG16 81,63% 74,34%
Trung binh InceptionV3 83,04% 77,13%
ResNet50 97,07% 95,98%

Bang 3 c6 thé hién gia trj trung binh accuracy md hinh huin luyén tuong tng; duoc thé hién &
train va test cua 10 lan huan luyén ddi véi cac biéu do nhu Hinh 8.
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K&t qua huén luyén khi thuc hién véi cdc mé hinh

100 7 s Accuracy Training 97.07 9598

mmm Accuracy Testing

81.63 83.04

Accuracy

InceptionVv3 ResNet50
Model

Hinh 8. Két qua (trung binh) huan luyén khi thuc hién véi cac mé hinh

Qua do thi biéu dién trung binh Kkét qua huén bé khéng dinh viéc chon mé hinh huén luyén
luyén mé hinh & Hinh 13 va két qua hudn luyén  ResNet50 1a t6t hon so v&i cac md hinh di duoc
hinh & Bang 3, c6 thé thiy ring mdé hinh  d& cap. Chung t6i st dung cac d6 do nhu:
ResNet50 cho két qua hudn luyén t6t nhit va 6n Accuracy, Precision, Recall, va bang Ma tran
dinh nhét. Nghién ctru s& chon ResNet50 lam mo nhdm 14n (Confusion matrix) dé danh gia hiéu
hinh hudn luyén dé xay dung cong cu theo yéu sut cua bai toan phan loai anh. P& woc lugng
cAu bai toan dit ra. cac do do nay, co thé dya vao bang 4:

3.3 Tiéu chi danh gia

Bing 4. Bang ma tran nham I1an (Confusion matrix)

Lép du doan
NO YES
Lép nhan
NO TN FP
YES FN TP

Trong 16p du don, g v6i mdi tai liéu anh duge sir dung nhan {NO,YES} dé m6 ta, voi YES la
anh xa vao mot tap hop {NO,YES}, véi YES 1a phan loai tai liéu anh c6 chua ban dd co duong
tich cuc (positive) ung véi tai liéu anh c6 chira ludi bo va NO 1a phan loai tai li¢u anh khong co
ban d0 c6 dwong ludi bo, va NO 1a tiéu cuc  ban dd co duong ludi bo.
(negative) ing vdi tai liéu anh khong ¢ ban db 3.4 Kétqud va dinh gid

¢6 dudng ludi bo. Déi véi 16p nhan (phan loai), . . L
Qua thuc nghiém 10 lan huan luyén mé hinh
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ResNet50 voi tap dit liu dau vao ng?lu nhién
(ctia timg 14n) va thuc hién kiém chimg mé hinh
da huan luyén trén v6i dir liéu kiém ching (tir
tap dit liu test theo cach chon & 2 Budc 3 va
Budc 4 cua Myc 3.1). Két qua hudn luyén trung
binh véi d6 do khac nhu Accuracy, Precision va
Recall nhu sau:

Accuracy: 95,98 (ly test accuracy trung binh

cuia m6 hinh ResNet50).

Tir két qua kiém chimg véi chi s6 danh gia 1a do
chinh xac phan 16p cia mé hinh, nhén duogc &
muc trung binh twong duong 95,98% véi bo dir
liéu kiém chimg. Xem xét voi do do khac nhu
Precision (trung binh) va Recall (trung binh) tu
két qua & Bang 5:

Bang 5. Két qua kiém chirng ciia mo hinh ResNet50

Accuracy scrore: 0,9598

Report:
precision recall fl-score support
NO 0,96 0,96 0,96 1.000
YES 0,96 0,96 0,96 1.000
accuracy 0,96
macro avg 0,96 0,96 0,96 2.000
weighted avg 0,96 0,96 0,96 2.000
Két qua nhan dugc tir 3 d do trén thé hién & Bang 6.
Bang 6. Két qua phan loai cia md hinh ResNet50
Nhén Precision Recall
NO 0,96 0,96
YES 0,96 0,96
Trung binh 0,96 0,96

Vi sb trung binh do d9 Precision cho thdy trong
dir liéu kiém chimg thi 96% dir liéu dwoc phén
loai diing nhan. Trung binh d¢ do Recall cho
thay 1a mau dit liéu c6 nhan phan loai dugc phan
loai dung nhén ciia n6 voi xac suit 1a 96%.

Dé danh gia dwoc mo hinh cy thé hon cin xem
két qua phén loai trén timg nhan. Két qua phan
loai dung, sai cua timg nhén cta 10 1an thuc hién
huén luyén dugc trinh bay & Bang 7.

Bang 7. Két qua phan loai theo tirng nhan & 10 lan thyc hién huin luyén mé hinh ResNet50

Lanthuc = ohan loai

Phan loai ding

Phan loai sai Téng s6 mau

hién
NO 966 34 1.000
! YES 967 33 1.000
2 NO 943 57 1.000
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Lanthuc — \pan phan loai

Phén loai diing

Phan loai sai Téng s6 mau

hién

YES 961 39 1.000
NO 964 36 1.000
3 YES 960 40 1.000
NO 963 37 1.000
4 YES 961 39 1.000
NO 982 18 1.000
> YES 955 45 1.000
NO 944 56 1.000
° YES 975 25 1.000
NO 977 23 1.000
! YES 959 41 1.000
NO 948 52 1.000
8 YES 946 54 1.000
NO 953 47 1.000
’ YES 955 45 1.000
NO 945 55 1.000
10 YES 971 29 1.000
R NO 958 42 1.000

Trung binh
YES 961 39 1.000

Tai 16p c6 nhan YES thi m6 hinh phan loai dung
961 mau trén tat ca 1.000 mau, twong duong voi
96,1%. Vi 16p c¢6 nhan phan loai 1a NO, mo
hinh phan loai diing 958 méu trén tong s6 1.000
mau, chiém 95,8%.

Nhin xét: Vi cac két qua dat duoc trén cho thdy
d6 chinh xac phan loai ctia mé hinh twong d6i 6n
dinh.

3.5 Anh hwéng cia ty 1¢ hoc (learning rate)

dén md hinh

Trong thir nghiém nay, tién hanh thay doi ty 1¢
hoc dé xem su anh hudng cia nod dén do chinh
x4c cia md hinh ResNet50. Thuc hién 10 lan qua
trinh huin luyén véi tap dir liéu dau vao ngiu
nhién (ciia timg 1an) duoc chon (theo cach chon
6 2 Budc 3 va Budc 4 ciia Muc 3.1).

Két qua 10 1an huén luyén mo hinh ResNet50,

v6i cac ty 18 hoc khac nhau thé hién trong Bang
8.

Bang 8. Bang két qua tong hop huin luyén mé hinh ResNet50 khi thay déi ty 1é hoc
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Ir=0,1 Ir=0,01 Ir =0,001 Ir = 0,0001 Ir = 0,00001
Lén Accuracy Accuracy Accuracy Accuracy Accuracy
lap (%) (%) (%) (%) (%)

Train Test Train Test | Train | Test | Train | Test | Train | Test
1 50,75 49,66 | 97,69 | 96,63 | 96,56 | 95,65 | 89,81 | 90,01 | 68,00 | 69,77
2 53,94 54,19 | 98,00 | 95,17 | 95,94 | 93,75 | 91,06 | 88,83 | 65,63 | 65,43
3 51,81 51,31 | 97,75 | 96,21 | 96,06 | 94,84 | 88,94 | 89,24 | 64,63 | 66,50
4 50,31 50,71 | 97,50 | 96,21 | 95,81 | 95,61 | 87,94 | 88,86 | 63,94 | 61,20
5 55,88 57,11 | 96,31 | 96,91 | 95,31 | 95,57 | 90,50 | 87,80 | 71,31 | 68,16
6 65,31 66,68 | 97,19 | 95,93 | 95,75 | 94,66 | 91,12 | 88,97 | 60,94 | 64,84
7 53,06 51,11 | 96,31 | 96,78 | 95,31 | 95,95 | 91,69 | 88,67 | 68,38 | 65,30
8 56,00 60,04 | 97,00 | 94,86 | 95,31 | 93,95 | 87,81 | 88,30 | 71,25 | 70,82
9 54,75 53,33 | 96,88 | 95,37 | 95,69 | 94,72 | 89,50 | 89,30 | 66,63 | 66,11
10 50,94 48,84 | 96,06 | 95,77 | 95,31 | 94,39 | 89,88 | 89,47 | 64,63 | 64,80
Tt;‘;ﬂg 5428 | 54,40 | 97,07 | 9598 | 9571 | 94,91 | 89,83 | 88,95 | 66,53 | 66,29

Lay trung binh 10 1an thuc nghiém khi hudn  hoc lan luot 1a 0,1; 0,01; 0,001; 0,0001 va
luyén mo hinh ResNet50 véi cac tham sé ty 16 0,00001 cho két qua nhu biéu d6 ¢ Hinh 9.

K&t qua huan luyén ResNet50 khi thay déi tham sé learning rate

90 A

80

Accuracy

70 A

60

—8— Accuracy Training
54|4064.28 —8— Accuracy Testing

T T T T
0.1 0.01 0.001 0.0001 0.00001
Learning rate

Hinh 9. Két qua huin luyén mé hinh ResNet50 khi thay di tham sé ty 1& hoc

Tur biéu d6 & Hinh 9 cho théy réng ty 1€ hoc anh cao nhét khi ty 1¢ hoc bf?lng 0,01. Do chinh xac
huéng rat 16n dén do chinh xac cia mé hinh. Vi giam nhanh khi ty 1€ hoc qué 16n hodc qué nho.
cac thir nghiém ty 1€ hoc khac nhau d¢ chinh xac biéu nay cho théy khi chon ty 1¢ hoc can phai
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chon hop 1y. Khi chon qua 16n s& dan dén mo
hinh khong hoi tu con khi qué nhé dan dén mo
hinh hoi tu cham.

3.6 Thdo lugn, dé xudt

3.6.1. Thao lugn

Bﬁng thue nghiém, cé thé danh gia md hinh
ResNet50 cho két qua phat hién tuong ddi tot
trong da s cac truong hop. Tuy nhién, bén canh
d6 d6i khi van con mot sb trudng hop phét hién
cho két qua chwa chinh xac, d6 1a cac truong hop
phat hién sai (tai liéu anh khong c6 ban d6 co

DIOR

duong ludi bo, nhung hé thng lai phat hién c6)
va khong phat hién ddi tuong (tai liéu anh ¢ ban
d6 c6 duong ludi bo, nhung hé thong khong phat
hién dugc). Céc truong hgp phat hién chua chinh
xéc, bao gdbm:

v/ Chét luong anh cua cac dbi trong ghép vao
tai liéu anh (khéng rd rang, nhiéu chi tiét phuc
tap,...): doi khi hé théng khong phat hién duoc
néu ddi tuong khong rd rang; trudng hop anh cé
nhiéu chi tiét phuc tap thi hé thdng phét hién sai
hoac khdng phat hién dugc.

Guccl

UNI
qQLO

Hinh 10. Khéng phat hién khi déi twgng khong rd nét

Allin the Family.

Hinh 11. Phat hién sai (anh trai) va khéng phat hién dwoc (anh phai)
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khi ddi twong trong tai liéu anh c6 nhiéu chi tiét phirc tap
v Anh ddi tugng c6 kich thuéc nho: thinh thoang hé théng phat hién sai néu ddi tuong co kich
thudc nho.

2007 RETIREMENT GUIDE

Phiithién sai

THE FORTUNE 40:

STOCK
PICKS
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Our trademark equity portfolio rocked—again—in the past year.
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it seemed, brought the Dow Jo
new heights. Driven by a tsun
bettertly 3
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& pric
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But while the markets lack the cuphe
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have shrugged off recent market tremors in China, a deeper

0o FORTUNE June 24,2007

Hinh 12. Phéat hién sai khi d6i tweng anh c6 kich thwéc nhé
v' Céc tai liéu anh c6 chira anh dbi twong ¢ gid, hudng bo, c6 hinh dang gan giéng duong
céc chi tiét gin twong ddng anh dudng ludi bd  ludi bo,...): d6i khi hé thong s& phat hién sai.
(nhu duong hang hai, duong hang khong, hudéng

Hinh 13. Phat hién sai khi anh ddi tweng co céc chi tiét nhur:

dwong bay (anh trai), dwong hang hai (anh phai)
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Hinh 14. Phéat hién sai khi anh dbi twong c6 céc chi tiét nhu:
hwong gio (anh trai), hwéong bao (anh phai)
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Hinh 15. Phat hién sai khi d6i twong co cac chi tiét giong nhw dwong ludi bo

v Kich thuéc tai lidu anh dwa vao nhan dang  hop hé théng khdng thé phat hién dugc hoac phét
c6 khd gidy ngang (Landscape): mot s6 truong  hién sai.
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management

‘Als je géén variabele beloning geeft, krijg je 60k | scheve gezichten’ Khéngphit hién

duge doi twong

‘We willen ontwikkeling
ook belonen'

GOVERNANCE
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2 e m

Hinh 16. Khéng phat hién dwge ddi twong khi tai liéu anh c6 khd gidy ngang (Landscape)

10 BEST USES FOR
RFID TAGS
raparn o P

Accol m&k%%&
I A e
DNA test, [ have an above-
average chance of developing
[)rostatc cancer. Should
disclose thistomy fianceé?

Hinh 17. Phéat hién sai khi tai ligu anh c6 khé ngang (Landscape)
* Tém lai, c6 thé thay ring cac nguyén nhan lam tugng sai va khong phat hién nhu bang 9:

cho mé hinh ResNet50 cho két qua phat hién d6i
Bang 9. Nguyén nhan mé hinh phat hi¢n di twgng sai va khong phat hi¢n

Tai li€u anh Phat hién sai Khoéng phat hién dwgce
Chtra d6i trong khong rd nét X

Chtra d6i tuong c6 nhiéu chi tiét phic tap X X

Chtra d6i tuong c6 kich thudc nho X

Chtra d6i trong gan gidng duong ludi bo X

Khé anh tai liéu xoay ngang (Landscape) X
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Muc tiéu bai toan 1a phat hién dbi twong (detect
object), nén quan tdm nhiéu dén vin d& lam thé
nao dé giam ty 1¢ nham 14n khi khong phat hién
duoc ddi tugng (tai liéu anh can kiém tra c6 anh
ban dd6 c6 duong ludi bo, nhung hé thdng
khong phat hién dugc), riéng ddi voi cac truong
hop phat hién sai (tai liéu anh can kiém tra khong
¢6 duong ludi bd, nhung hé théng phat hién co)
s& it anh huong dén nhu cau thyc té cia bai toan
dit ra (do phat hién nhim van tét hon bo sot
truong hop).

Nhin vao Bang 9 c6 thé thdy mo hinh hoat dong
kha hiéu qua, da s6 cac truong hop hé thong
nham 1an 14 do phat hién sai d6i twong.

3.6.2. Pé xudt

Trong qué trinh 10 14n thuc nghiém, bing quan
sat nhan thdy két qua phat hién sai hodc khong
phat hién thuong 1a do chét luong ddi tugng
ghép, kich thudc tai lidu anh. Do d6, dé cai thién
d6, nang cao chinh xac cho mé hinh huin luyén,
dé xuat cac phuong phap xtr 1y sau:

Thir nhét, cai thién chat luong anh cac dbi tuong
ghép vao tai liéu anh.

Thir hai, tim ngudn céc tai liéu anh ¢ khé gidy
ngang (Landscape), bd sung vao tap dit liéu hudn
luyén.

Thu ba, thu thap cac ddi tugng anh cé chi tiét
phire tap, va cac dbi twong anh gan tuong dong
nhau dé 1am phong phu thém cho tap dir lidu
huén luyén thudc 2 16p YES va NO.

4. KET LUAN VA HUONG PHAT TRIEN

Bai bao di d& xuat sir dung mé hinh huan luyén
ResNet50 két hop framework Flask dé xay dung
mot cong cu tur dong phat hién cac hinh anh ban
dd Viét Nam c6 dudng ludi bo trong céc tai liéu
Xin cdp phép xuét ban; mé hinh nay c6 d chinh
xéc trén 95%. Cong cu nay hd trg cong tac cip
phép xuit ban, gitip ty dong hoa trong viéc tim
phat hién cac trang tai liéu anh c6 chira hinh anh
khong dugc phép xuit ban do 1a cac ban dd Viét
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Nam ¢ dudng ludi bo tai B phan cap phép xuat
ban S& Théng tin va Truyén théng tinh An
Giang. Qua dop phan giam bét phan nao vé ap
luc thoi gian va tang d¢ chinh xac trong khi thuc
thi nhiém vu clia cac can bg tai day. Thoi gian
t61, nhom tac gia sé€ tiép tuc nghién ctru cai thién,
nang cao d6 chinh xac ciia mé hinh; thir nghiém
voi mot s6 co so dit liéu khac, phat hién: anh ban
d6 Viét Nam khong ¢6 cac quan dao Truong Sa
va Hoang Sa; anh ban dd Viét Nam ¢6 tén céc
dao va quan dao khong dung.
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