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Loi cam on

Chdng em xin chan thanh cam on Ban td chuc trai hé PIMA da mang t6i cho ching
em mot trai he v6 clng bd ich va thu vi, da tao diéu kién cho moi ngudi cé co hdi
hoc tap va nghién ctu nhiing phan that su thu vi trong todn hoc ciing nhu Ging dung
vao Deep Learning. Ngoai viéc hoc toan, chiing em con dugc gap va tiép xic véi nhiéu
ngudi c6 cling dam mé véi Toan trén moi mién dat nudc, tham chi la cd ngoai nudc,
dé 1a mot co hdi hiém khi c6 duoc.

Véi nhitng thanh céng trong 4 nam cla trai he, mong rang PIMA cé thé duy tri va
phat trién hon nita, dé cé thé dem niém yéu thich todn dén véi nhiéu hoc sinh hon
nua.

Chdng em xin cdm on cdc dién gid da téi va c6é nhiing budi néi chuyén rat than mat,
nhung cling day tinh tri tué, qua dé da gitip ching em hiéu hon ciing nhu ducc truyén
Ira dam mé trong viéc hoc sau nay.

Chan thanh cam on Ban Giam hiéu Dai hoc Khoa hoc Tu nhién TP.HCM va cac nha
tai tro da gitp ching em cé di diéu kién dé tham gia trai hé mot cich tét nhat.

Cudi cung, xin cam on anh Nguyén Nguyén va anh Pham Nguyén Hoang Duy da theo
sat nhém ching em trong qua trinh hoan thanh du an nay, cdm on su gép y cla anh
Tran Hoang Bdao Linh dé cho bai bdo cdo nay duoc hoan thién hon.



Gi6i thiéu

Deep Learning (hoc sau) la mdt nhdnh clia Machine Learning (hoc mdy) nhdam moé
phdng hoat déng nhan thiic clia con ngudi bang nhiing céng cu mdy méc va cé (ng
dung rong rai trong cac linh vuc nhu nhan dién hinh anh, xt Ii ngdn ngit tu nhién, phan
tich di liéu, v.v. Du thoi gian tén tai chua lau nhung Machine Learning ndi chung va
Deep Learning néi riéng da dem lai nhitng thanh tuu to 16n giip cach mang héa nén
van minh tri thic cua con nguai.

Mo dau cho mang hoc sau la su xuat hién cia Neural Network (NN) véi 2 I6p dau vao
la mét vector dic tinh cla vat va dau ra 1a xac suat su vat thudc 16p nao. Sau nhiéu
cai tién mang NN duoc thém vao cac layer dé x(r ly dii liéu nhiéu hon, phan tich duoc
nhiéu diac diém cla vat hon vi thé dugc goi l1a Deep Neural Network (DNN). Nhing
nam gan day, nganh Computer Vision chting kién nhiéu thanh tuu dét pha nho 4dp dung
cac mdé hinh hoc sau thay cho cdc phuong phap xU I anh truyén théng. Mot trong
nhiing md hinh dugc sir dung réng rai nhat 13 Convolutional Neural Network (CNN).

Trong pham vi bai viét, chiing ta sé ban vé (ng dung cuta phép tich chap (convolution)
vao mang hoc sau. Tur dé ban vé kién tric co ban cla CNN cho viéc xUr ly anh, dac
biét 13 gidi quyét bai todn Image Segmentation. Sau dé dp dung mé hinh U-Net dé
phan vung xe trong tap di liéu Carvana Image Masking Challenge.
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1 Convolutional Neural Network (CNN)
1.1 Giéi thidu

Convolution Neural Network (ConvNet hodac CNN) la mot mé hinh Neural Network véi
kha niang hoc cac dic tinh ctia anh mot cach hiéu qua da khang dinh su manh mé va
vuot trdi so véi cac phuong phap truyén théng trong cdc bai toan xu Ii hinh anh. CNN
da duoc tng dung trong nhiéu linh vuc nhu nhan dién khuén mat, phat trién xe tu lai,
V.V.

Lich st CNN bat dau kha sém khi CNN da duoc dé xuat tir nhitng ndm 90 bdi Yann
LeCun dé gidi quyét bai toan nhan dién chir cdi. Tuy vdy, CNN (cing nhu Deep
Learning) chi that sir phat trién sau budc dét pha vao ndm 2012 v6i md hinh AlexNet
cung nhiéu ky thuat méi nhu ham RelLU, dropout va dic biét 1a viéc ¢ng dung GPU
dé huan luyén md hinh.

1.2 Kién tric co ban
1.2.1 Convolution Layer

Khi xtr i hinh anh, do luong di€ém anh 16n, nén viéc sit dung tat ca diém anh lam di
liéu dau vao la khéng hiéu qua va khdng can thiét, dic biét 1a khi dp dung 1én nhiing
I6p Fully Connected c6 thé lam luong tham sb tré nén khéng 16. Vi mdi neuron & 16p
nay ndi véi moi neuron cla 16p ké tiép, sb luong tham sb tang nhanh chéng va dé gay
ra hién tuong Overfitting. Chinh vi thé, viéc tién xu | d€ gidm luong dii liéu nhung van
gitt dugc moi quan hé gilra cic diém anh 1an can (spatial relationship) ctia mé hinh I3
can thiét va c6 thé dat dugc théng qua phép tich chap (convolution).

Dinh nghia 1.1

Phép tich chap la tdng cla tich cdc phan tl tuong Gng v6i nhau trén ma tran
gbc va filter, cé thé duoc tinh bdi cong thic:

y = Z Wi jXi js
iJ

VGi w; j, x;; 1a cac phan td tuong tng cua W la ma tran trong so cla filter va X
la ma tran trich xudt ctia ma tran gbc.
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Hinh 1: Minh hoa phép tich chap trén ma tran gbc 5 x 5 vdi filter kich thuéc 3 x 3

Bang phép tinh tich chap, mét luong diém anh 1an can ducsc gom lai thanh mot diém
anh méi. Y tudng cla phép tinh 13 bing mot diém anh van tich hop théng tin cla
nhiing diém |an can va van gii duoc spatial relationship, tir dé gidm duoc sb luong
tham s6 nhung van bao toan duoc théng tin.

Nhan thiy rang kich thuéc ma tran dau ra phai nhé hon kich thuéc ma tran dau vao
Vi ta dang gia st filter phdi nam tron ven trong ma tran dau vao. Trong truong hop
can gilt cho ma tran dau ra cé kich thuéc bang ma tran dau vao, ta cé thé thém cac
gia tri 0 vao ria cia ma tran géc. Ki thuat nay duoc goi 13 padding.

Trong hinh 1, filter duoc dich sang phai mdt 6 sau mdi phép tinh. Trong mét sb trudng
hop, ta cé thé dich filter di nhiéu 6 sau méi phép tinh. S6 luong 6 duoc dich nay
dudc goi la stride.
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V48i mdt ma tran dau vao cé kich thudc ny x no, filter cé kich thudc ky X ko, stride = s,
padding = p, ma tran dau ra sé c6 kich thudc:

2X p—k 2Xp—k
{”1—1- SP 1+1JXLH2+ SP 2+1J.

Hinh biéu dién phia trén thuong ducc ap dung cho cac hinh don sic (monochrome),

nhung moét bdc hinh that thuong cé 3 kénh mau (R: do, G: xanh 13, B: xanh duong)

cung véi kich thudc réng va dai cta bic hinh tao thanh mét ma tran 3 chiéu lam dau

vao. D€ thuc hién phép tich chap, filter can cé sb6 kénh tuong duong véi s6 kénh cla
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hinh. Dau ra cta phép nhan nay sé |3 moét mang 2 chiéu. Thoat dau ta c6 thé nghi
lugng théng tin bi giam di, tuy nhién, mdi I6p Convolution khéng chi dp dung 1 filter
ma nhiéu filter, méi filter chiét xudt 1 dic tinh cta déi tuong. Nhing dic tinh nay
dugc chéng 1én nhau thanh mét ma tran dau ra cé chiéu dai va chiéu rdng nho hon
ma tran dau vao, nhung sb kénh lai tang lén va van giit duoc nhiing dic tinh clta dbi
tugng.

activation maps

32

Convolution Layer
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Hinh 2: M& phong cach 16p Convolution hoat déng trong viéc tang sbé kénh cla buc
anh

1.2.2 Pooling Layer

Muc dich chinh cta I6p Convolution khdng nhat thiét phai gidam di liéu cia mau mot
cach triét dé ma 1a duy tri duoc spatial relationship gilia cdc pixel v6i nhau. Dt liéu sau
khi qua I6p Convolution thuong sé duoc xU Ii dé gidm luong dir lieu nho 16p Pooling
(con goi la Down-Sampling). Nha su két hop gitta Convolution va Pooling, dit liéu dugc
giam dang ké nhung van gil dudc cac dic tinh can thiét.

Pooling hoat déng bang cach két hop nhiing cum dit liéu lai véi nhau, chang han nhu
cum 2 x 2 thanh 1 pixel duy nhat. Mét phuong phdp thuong dung Ia Max Pooling,
bang cach chia nhé ma tran dau vao thanh cac ving nhd hon cé kich thuéc tuong
duong nhau va thuong khéng trung |3p, sau dé |dy gid tri I6n nhat cla vung dé dé tao
thanh ma tran mdi véi it phan ti hon.
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Theo hinh trén, v6i 4 phan tir mbi vung, chi gid tri 16n nhat duoc chon dé hinh thanh
ma tran mdi, gidm 75% sb luong phan tr trong 1 ma tran.

Ngoai Max Pooling, con 2 loai pooling kha phd bién khac 1a Min Pooling (lay gid tri
nhé nhit) va Average Pooling (lay gia tri trung binh).

Y tudng ding sau Pooling 1a vi tri tuyét déi cia 1 dic tinh it quan trong hon quan hé
clia nd véi cac dic tinh xung quanh, tir dé gidm ddng ké s luong phan tir trong mot
ma tran, gitip gidm sb luong trong sb phai tinh todn va han ché overfitting.

1.2.3 Fully Connected Layer

L6p Fully Connected 13 16p co ban nhat cla moét mé hinh Mdy hoc, md phdng lai hoat
ddng clia neuron ndo ngusi. M6t mang neural network chira hoan toan nhiing 16p Fully
Connected thudng ducc biét dén véi tén goi Multi Layer Perceptron.

Dic diém cla 16p Fully Connected 1a mdi neuron cla I6p trudc sé lién két véi méi
neuron cla I6p k& nd, tao nén moét mang ludi lién két hoan toan cac neuron lai véi
nhau. Sau khi chiét xuat duoc cac dic tinh ctia mau, 16p Fully Connected sé lam nhiém
vu phan loai mau.

Dau vao cla 16p Convolution (hodc Pooling) cubi cung chita dung nhiing théng tin
vé dic tinh clia mau sé ducc chuyén thanh vector 1D dau vao (théng qua thao tac
flatten). Vector nay sé nhan véi bo trong sb cla 16p Fully Connected, théng qua mot
ham activation nhu sigmoid hay softmax chuyén thanh nhiing con sé duy nhat (thudng
la cac phan phbi xac suat) phuc vu cho muc dich phan loai.
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Figure 6. The CNN shown here contains two convolution modules (convolution + RelLU + pooling) for feature
extraction, and two fully connected layers for classification. Other CNNs may contain larger or smaller numbers of
convolutional modules, and greater or fewer fully connected layers. Engineers often experiment to figure out the

configuration that produces the best results for their model.

Tuy nhién, han ché cta I6p Fully Connected la lam mat di Spatial Relationship clia céc
diém anh nén 16p Fully Connected thudng chi ducc dung lam nhiing 16p cudi cla mot
mang Convolutional Neural Network.



1.2.4 Activation

Ham activation 13 mdt ham phi tuyén mé phong hoat déng ctia neuron nhu mét céng
tin hiéu. Khi c6 tin hiéu dau vao, ham sé quyét dinh viéc tin hiéu dau ra sé bi bién déi
nhu thé nao.

Théng qua ham activation, mé hinh sé cé tinh chit phi tuyén va nhd dé c6 thé mo
phong duoc nhiing mé hinh phtic tap hon. V6i tinh chat phi tuyén, mé hinh cé thé xap
xi bat ki phuong trinh nao, dem lai cho mé hinh kha ndng hoc hoéi manh mé.

C6 rat nhiéu ham activation phé bién trong cac md hinh Neural Network. Xin duoc
giéi thiéu 3 ham activation théng dung trong CNN |a sigmoid, softmax va ReLU.

e Sigmoid:
1

)= e

Dau ra cta ham sigmoid la mot sb thuc trong khodng (0, 1), phiu hop néu dau
ra la mot xac suat phuc vu cho bai todn phan loai.

e Softmax: trong bai todn phan loai, c6 nhiing trudng hop ta phai xac dinh nhiéu
vat khac nhau thi ham sigmoid khéng thé dap ting duoc diéu kién dé, thay vao
dé ta sir dung ham softmax.

_ exp(z)
Z exp(z))

Dau ra clia ham softmax |12 moét phan phbi xac sudt ma téng cta ching bang 1.
Dua vao dé ta cé thé phan loai nhiéu vat thé.

vi=1,2,...,C

a;

e ReLU (Rectifier Linear Unit): ham RelLU dua moi gid tri am vé bang 0 theo
cbng thtc:
f(s) = max(0, s).
Ham RelLU cho phép kich hoat chi mét sé neuron nhat dinh khi chuyén nhiing
dir liéu cé gid tri am vé 0. Ham Rel.U duoc tao ra véi muc dich bd sung tinh phi
tuyén cho md hinh nhung van don gian va khéng yéu cau nhiing phép tinh toan
phtc tap, cho phép viéc train md hinh dién ra nhanh hon.

D& thi cdc ham sigmoid va ReLU:

Sigmoid RelLU
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1.2.5 Batch Normalization

Trong viéc huin luyén mang Deep Learning, cé hai van dé dang chu y la non-zero
mean (hién tugng di liéu khong phan bbé quanh gia tri 0, ma di liéu c6 phan nhiéu gia
tri 16n hon 0 hodc nhd hon 0) va high variance (d6 léch chuan cao) khién dir lieu c6
nhiéu thanh phan rit 16n hodc rat nhd. Tuy vao cdch khdi tao trong s6 ma khi huin
luyén mang cang sau thi do Iéch cang nghiém trong.

Do léch 16n nay budc cac layer phia sau phai hoc theo cac thay déi trong trong sb va
bias ctia layer phia trudc (vi output cua layer trudc la input cla layer sau). Hau qua la
thoi gian huan luyén tang nhung dé 6n dinh lai gidm.

Ngoai ra van dé nay con anh hudng dén cac ham activation phi tuyén tinh nhu tanh,
sigmoid, ReLU. Cac ham nay déu cé céc vung bao hoa (tiic gid tri dau ra khéng phu
thudc gia tri dau vao). Khi di liéu qua 16n hodc qua nhd va roi vao viing bdo hoa cla
ham activation thi gid tri dau ra rat gidng nhau.

Phuong phap rat hiéu qua dé giai quyét van dé nay la chuan hod dii liéu vé trang thai
zero mean (gia tri trung binh bang 0) va unit variance (do léch chuan bang 1). Phuong
phap nay dudc goi la Batch Normalization.

Trong viéc huan luyén mang Deep Learning, cé viéc thay déi trong sb va bias clia mot
I6p c6 thé dan dén su thay déi I6n & I6p sau d6, khién viéc hudn luyén mat thaoi gian
va khéng hiéu qua. Batch normalization ra ddi nham khac phuc tinh trang nay.

Trong qua trinh huan luyén, I6p Batch Normalization hoat déng nhu sau:

1. Tinh gid tri trung binh va phuong sai cla dir liéu dau vao:
Lo
Us m ;X/
7 = 25 05 - e’
mi=

2. Chuan hod di liéu dau vao bang cdc théng sb trén:

~ Xi — KB

X = ————
" Vo?te
3. Tinh d liéu dau ra:
Yi =% +0

Trong dé: x 1a dit liéu dau vao, X l1a gia tri da chuan hod, ug la gia tri trung binh va
o? 13 phuong sai. 7y vaf B 1a cac tham sb hoc dugc.



Trong qua trinh test, gid tri trung binh va do léch chuan duoc tinh tir nhing gia tri
tuong Uing trong qua trinh train:

1<
i=1
. m 1 / o)
Var, = —1 EEUB

vVVar,+¢€ VvVVar,+¢€

Véi m 1a sb diém dit lieu trong méi batch, j 1a sb6 batch.

Nhan xét. Cdc diém dir liéu duoc chon ngdu nhién cho méi minibatch, do dé gid tri
trung binh va dé léch ciing khdc nhau cho méi minibatch. Hai tham sé nay lai duoc
thém vao dit liéu trong méi lan train. Do dé Batch Normalization con ¢d tdc dung nhu
mot Regularization gitip mé hinh tranh bi overfitting.

Cdc uu diém cla Batch Normalization gdm:

e Gilip cdc layer doc 1ap v6i nhau hon (viéc thay déi tham sb & layer trudc khong
anh hudng 16n dén layer sau)

e Cho phép learning rate I6n
e Giam su phu thudc vao initialization

e (Co6 vai tro nhu moét regularization



2 Bai toan Image Segmentation
2.1 Gi6i thiéu
Trong bai toan Image Segmentation (ImS), ¢ 2 nhanh cbt yéu ma ching ta quan

tam 1a Phan viing theo nghia (Semantic Segmentation) va Phan viung theo ca thé
(Instance Segmentation)

Dinh nghia 2.1 (Semantic Segmentation)

V6i méi pixel ta can xdc dinh loai déi tuong ma né thudc vao (vi du nhu pixel
do la thudc 16p xe hay cay coi, v.v)

Dinh nghia 2.2 (Instance Segmentation)

Ciing gibng nhu Semantic Segmentation, nhung chi tiét hon, mdi pixel duoc
phan loai theo dbi tuong ma ndé thudc vao.

Bén dudi [a mo ta su khac biét cia 2 loai.

Semantic Segmentation Instance Segmentation

M6 hinh CNN c6 dién giai quyét rat toét bai todn phan loai dbi tuong trong hinh anh,
tuy nhién lai khéng gidi quyét dugc bai todn Image Segmentation. Nguyé&n nhan chinh
Ia hinh anh sau khi di qua mang CNN sé bi giam dé 16n, mat di théng tin vé vi tri cla
chi thé trong anh. Trong khi d6, Image Segmentation yéu cau mé hinh mang phai tra
vé output cé cung kich thudc véi input, mbi pixel déu ducc phan loai riéng biét. Vi vay
chiing ta can nang cAp md hinh mang CNN co ban 1én dé cé nhiing cong cu manh mé
hon gilip ta gidi quyét bai todn nay. Cé nhiéu bién thé cia mang CNN duoc st dung
trong bai toan Image segmentation nhu:

e Region-based Convolutional Network (R-CNN): tich hinh anh thanh nhiéu
viing sau dé nhan dién tiing thanh phan trong cac viing nhé.

e Fully Convolutional Network (FCN): dung cic thao tac upsampling dé tang
kich thuéc anh output vé kich thudc input.



2.2 Ham muc tiéu

VGi bai toan Image Segmentation, bai vi output chiing ta la mét hinh dnh, mdi pixel
sé mang mot gid tri (hodc mot phan phdi xac suat) tuong tng véi ving ma né duoc
phan chia vao (hodc la xdc suat ma né dugc phan chia vao).

Cu thé hon, xét bai todn phan vung chl thé va anh nén, mdi pixel sé trd vé mét phan
phdi xac suat y = (yo, y1) tugng trung cho xac sudt ma pixel dé thudéc anh nén (yp)
hodc chu thé (y;) thod man yp + y; = 1. Trong qua trinh training, gid sl rang pixel
hién tai thudc chl thé, ching ta can phan phdi xac suat dau ra la y = (0.0, 1.0), nghia
la xac suat pixel thudc chl thé dat max. Trong thuc té diéu dé rat khé xdy ra. Do dé,
néu mod hinh cho ra mét phan phdi xac sudt y = (3, y1) thi ching ta can tién hanh
diéu chinh cac tham s6 sao cho y tién gan t6i y nhat c6 thé. Vi thé ching ta can mot
ham s6 dé danh gid su khac biét gilia y va y.

C6 rat nhiéu cdch dé danh gid su khac biét ndy, nhung phé bién nhit van la ham
Cross-Entropy dé danh gia su khdac biét gitta 2 phan phbi xac suit.

Dinh nghia 2.3 (Cross Entropy)

VGi 2 xac suat p va g roi rac, ham so:

c
H(p,a) = =) pi.log(a),
i=1
duoc goi |a ham Cross-Entropy cua hai phan phdi p va q.

Nhan xét 2.1. H(p, q) #Z H(q, p) va q; # 0 (vi ham log khéng xac dinh tai 0).

Vi thé nén trong bai todn nay, p nén |3 output that su (y) con g la output du doan
(y), Vi cac gid tri clia y da sb6 bang 0, chi c6 1 gid tri bang 1, véi y thi cac gid tri kho
cé thé dat gid tri 0 tuyét dbi, vi vay khong lo ngai van dé log khéng xac dinh.

Nhan xét 2.2. Néu phan phdi xac suat chi cé 2 gid tri (y va'y & trén) thi ham Cross
Entropy c6 thé viét lai nhu sau:

H(y.¥) = —(0.10g(%0) + y1.log(j1))
= —(Yo.log(¥0) + (1 — ¥0)-log(1 — ¥0)).

D6 con goi 13 ham Binary Cross Entropy cla hai phan phbi y va y.

Nhan xét 2.3. Vi bai todn phan ving dnh, ta cd thé ldy téng gia tri ham Cross-
Entropy (néu cé nhiéu hon 2 loai dbi tuong can phan chia) hodc ham Binary Cross-
Entropy (néu chi c6 2 loai dbi tuong can phan chia) ctia moi pixels d€ xem dé la ham
loss.
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3 Mang U-Net

3.1 CAu triic mang

Bai toan Segmentation la mét trong nhitng bai todn co ban cia Computer Vision, véi
muc tiéu la phai phan tach duoc cac 16p vat thé véi nhau. Nhu da gidi thiéu, bai toan
Segmentation bao gdom 2 mang: Semantic Segmentation va Instance Segmentation.
Mang U-Net duoc tao ra dé tap trung vao xu Ii bai todn Semantic Segmentation.

Y tudng vé hoat dong ctia U-Net |a trong qua trinh hoc, néu mé hinh da cé thé tu tim
ra nhiing d3c diém chung qua qud trinh trich xut dic tinh tir mau, thi mé hinh ciing
c6 thé hoc duoc qud trinh két hop cac dac tinh lai véi nhau dé ting kich thuéc anh.
U-Net dudc tao ra nham cai tién han ché gita nhitng mang CNN truéc dé khi phai
chon lua gitta d6 chinh xac va thdéng tin vi tri clla mot vat. Su cai tién ddng ké nay
xuat phat tir viec U-Net khéng ton tai I6p Fully Connected nao gitip ddm bao théng tin
khoéng bi trén 1an trong qud trinh x{r Ii. Thay vao dé U-Net sir dung kién tric encoder
- decoder nham tai xay dung hinh anh mét cach hiéu qua. Vé ban chit, encoder va
decoder déu 13 cic mang CNN riéng biét. Trong d6, encoder cé cau tric tuong tu
CNN truyén thdng gitp trich xuit cac dic tinh cta anh, con decoder dugc thay cac
I6p convolution bang transposed convolution dé dung anh dau ra. Viéc khdi phuc kich
thudc anh dat duoc théng qua viéc khoi phuc thong tin vi tri tlr cdc ma tran dac tinh
4 encoder.

64 64
Contracting path Expansive path 128 64 64 2
input « »
' output
image _
e || el bl bt segmentation
tle ol A A 2
™ off oo @ map
| Off © > > > x|
> > >
NI B
[Ts] ng wn
¥ o0 10
256 128
512 256 '
3 WTE =» conv 3x3, RelLU
- g g copy and cro
— —
512 512 1024 512 Py p
M-~ E . e § max pool 2x2
© S ¥  1oha g5 B # up-conv 2x2
o I o
& =] : =» conv 1x1
® &

Theo nhu mé hinh, théng tin di qua cac 16p convolution khéng gidm ddng ké vé mat
kich thudc nhung sd chiéu lai tang 1én rat nhiéu, gitp dam bao nhing théng tin vé vi
tri tuong quan gilta cac déi tuong duoc bao toan. Cac 16p pooling ¢ nhiém vu chon
loc ra nhiing théng tin quan trong thé hién ré dbéi tuong nhat va loai bo nhiing théng
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tin khéng can thiét di, gidm luong théng tin can phai xt ly. Tai 16p cubi clung cla
encoder, cac dic tinh da duoc chiét xuat khéi mau va ducc gli qua decoder dé tai tao
kich thuéc. O day vi khong ding dén 16p Fully Connected nén han ché ducc su méat
mat théng tin vé Spatial Relationship gitta cac pixel va nhd vay, viéc tai tao dién ra
thuan loi hon. Tai decoder, cac 16p convolution va pooling nhu encoder duoc thay thé
bang transposed convolution va crop - concatenate. Transposed convolution dam
nhiém chinh trong viéc tang kich thuéc anh, crop - concatenate sao chép mot phan
feature map tu encoder dé tdi tao lai chinh xac hon vi tri cla cac dic tinh.

3.2 Diém khac biét so v6i mang CNN c6 dién
3.2.1 Encoder

Encoder (Contracting Path): Thuong gibng mang CNN co ban, chi gém cac I16p
convolution va cac 16p pooling. Encoder thuc hién nhiéu 1an cac I6p convolution, mai
I6p déu duoc thém vao moét ham RelLU cung mét sbé 16p max poolings dé gidm dién
tich va tdng sb channels (chiéu sau). Cac channels chiia nhiing features ctia anh duoc
téng hop & nhiéu cip do.

3.2.2 Decoder

Decoder (Expanding Path): Trong mang U-Net, decoder dugc dung gan nhu doi
x(ing véi encoder, cling gdm céc 16p convolutions va transposed convolutions dung dé
tang kich thudc anh va gidm chiéu sau cla anh. Diéu dic biét, ngoai viéc tiang kich
thuéc anh, decoder con két nbéi dbi xing véi encoder dé ldy théng tin truc tiép tu
encoder bang Copy and Crop, viéc nay lam gidm di su mat mat théng tin trong qua
trinh upsample. Decoder nhan vao mdt ma tran c6 chiéu sadu (nhiéu ma tran mx n) va
xuat ra mask cla biic anh. Mask la biéu dd biéu hién nhimg pixels dugc danh dau
thuéc ciing mét tap dir liéu sau khi d& phan tich nhiing feature bi téng hop nhiéu
cap. Bén dudi 1a vi du cla mdt mask.

image

"CARMA

P —

3.2.3 Copy and Crop

Copy and Crop (Skip Connections): Trong mang U-Net, & phan decoder c6 tinh
dbi xting véi encoder. Muc dich clia diéu nay 1a dé khi upsample, cac feature 6 phan
expanding path sé duoc cong vdi ding cac feature & vi tri dbi xiing trong contracting
path. Nhiing két ndi nay trong thuc té cho thiy da ting ddng ké hiéu qua trong viéc
khoi phuc dé phan gidi cla anh & dau ra.
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Tra 16i cho su hiéu qua trén ta cé thé ly gidi nhu sau: Théng tin sau khi bi gom cum lai
con mat di spatial information khién cho viéc khéi phuc 6 dau ra rat khé. Vi vay chiing
ta can nhap thang nhiing output & contracting path vao phan tuong ting & expanding
path lam input tuong ting cla tung decoder layer, cung cap théng tin vi tri da bi mat
trong qua trinh encoder.

3.2.4 Transposed Convolution

Nhu da biét, mang CNN c6 dién chi c6 nhiém vu phan 16p di liéu. Trong mang CNN
c6 dién, dit liéu sau khi dudc loc cic dic tinh sé dugc dua vao I6p Fully Connected roi
qua ham activation (thuong la ham sigmoid hodc softmax) cho ra di liéu thudc I6p gi
(ché, meo, ngudi, xe co, v.v).

fc_3 fc_a
Fully-Connecbed Fully-Connected
Neural Network Meural Network
Conv_1 Conw_2 Rel U sctivation
Convolution Convolution J ,—)‘-—\_
|5 ® 5) kernel Max-Poaling |5 % 5) kernel Max-Pooling [with
valid padding 2x2) valid padding {2n2) drapaut]

— @o
T 91
3&' '8
INPUT nl channels nl channels ni channels n channels E '. 9

(28 x 26 x 1) {24 x 2w nl) (12 %12 x nd) 18 % 8 xnZ] (4 x4 xn2)

.- OuUTPUT

n3 units

Hinh 3: Mang CNN truyén thdng

Trong khi dé, bai todn Image Segmentation yéu cau ta phai sinh ra mask cé kich c&
nhu anh ban dau tir cdc ma tran da bi downscale sau khi di qua encoder. Transposed
convolution trong decoder thuc hién diéu nay.

Gid sir X 1a ma tran két qua sau khi thuc hién convolution trén ma tran Y. Transposed
convolution gilp ta xay dung ma tran cé kich thuéc bang ma tran Y tir ma tran X.

Vé ban chit, transposed convolution ciing chi thuc hién tich chap nhu I6p convolution
théng thuong. Tuy nhién, cdc théng sb padding va stride duoc chon sao cho sau khi
thuc hién phép tich chap sé dugc ma tran mdi cé kich thuéc tuong duong ma tran
ci. O day, ngoai y nghia |a khodng cach gita hai 1an tich chap lién tiép, stride con
cd y nghia 1a khodng cach gilta cac pixels cllia ma tran dau vao. Viéc thuc hién
transposed convolution khéng chi khéi phuc kich thudéc ma trdn ma con khoi phuc
spatial relationship gilia cac pixels.
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Hinh 4: Vi du vé transposed convolution

Véi mdi convolution ta déu xay dung duoc mdt transposed convolution tuong ting dé
trd lai ma tran cé kich c& ban dau.

Duéi day xin giéi thieu mot sé cdch xay dung transposed convolution théng dung dua
trén kich c¢& cla 16p convolution va ma tran dau vao. Ta quy udéc /, o |a kich thudc cla
ma tran dau vao cla convolution. i/, o’ 1a kich thuéc ma tran dau vao cla transposed
convolution. Goi k, s, p 1an luct |a kich thudc, stride, padding cla I6p convolution, va
k', s, p’ kich thudc, stride, padding cluia I6p transposed convolution.

Vi muc dich giéi thiéu, dudi day chi xét cac transposed convolution khéng gidn cdch
gifia cac pixel trong ma tran dau vao. Téng hop day du cdc loai transposed convolution
dugc trinh bay chi tiét trong tai liéu [3].

Luuy:o=1/7,0 =i

e Zero padding, unit stride transposed: Convolution c6 s = 1 cé transposed
convolution tuong Ung la k' = k,s' = s,p’ = k— p — 1, output size la 0o’ =
7+ (k—1) —2p.

¢ Half (same) padding transposed: Convolution c6 k =2n+1,n€N,s=1,p=
n cé transposed convolution tuong tng la k' = k, s’ = s, p’ = p, output size la:
o=i"4+(k—-1)—2p.

o=174+2n—-2n

o=/

e Full padding transposed: Convolution c6 s =1, k tuy y, p = k—1 c6 transposed
convolution la k' = k,s' =s,p’ =0 va output size la o' = 1"+ (k — 1).
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Hinh 5. Transposed convolution tuong Ung cua phép convolution 3 x 3 trén ma
tran dau vao 4 x 4 véi unit stride (i =4, k =3, s =1, p=0, o = 2). Transposed
convolution nay tuong duong véi phép convolution 3 x 3 trén ma tran 2 x 2 véi padding
2, unitstride (' =2, k' =k, s"=1, p =2, 0 =4).

Hinh 6: Transposed convolution tuong tng cta phép convolution 4 x 4 trén ma tran
dau vao 5 x 5 v6i padding 2, unit stride (i =5, k =4, s=1and p =2, 0 = 6).
Transposed convolution nay tuong duong véi phép convolution 4 x4 trén ma tran 6 X 6
vGi padding 1, unit stride (i =6, k' =k, s'=1,p =1, o' =5).

Hinh 7: Transposed convolution tuong ting ctia phép convolution 3 x 3 trén ma tran
dau vao 5 x 5 v6i half padding, unit stride (i =5, k=3, s=1,p=1, 0 =05).
Transposed convolution nay tuong duong vdéi phép convolution 3 X 3 trén ma tran
5 x 5 véi half padding va unit stride (' =5, kK =k, s'=1, p'=1, o/ =5).
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4 Ap dung mé hinh

Ap dung mé hinh mang U-Net dé gidi bai todn Image Segmentation véi tap dir liéu
Carnava Image Masking Challenge ta nhan duoc két qua kha tbt.

Dt liéu dau vao gdm 5088 tAm anh xe (kich thuéc 1918 x 1280) nam trén nén trang,
cung véi anh mask 1a danh du vi tri cla xe. C6 téng cong 318 xe, mdi xe ¢6 16 tAm
anh tuong (ng véi 16 géc quay khdc nhau. Ta chia tap di liéu ra lam 3 phan (train,
test, validation) tuong (ing theo ti 1& (70%, 15%, 15%).

Ta tién hanh dung md hinh, dudi day |a moét s6 phan chinh trong doan code:

def conv_block(input_tensor, num_filters):
encoder = layers.Conv2D(num_filters, (3, 3),
padding=’same’) (input_tensor)

encoder = layers.BatchNormalization() (encoder)

encoder = layers.Activation(’relu’) (encoder)

encoder = layers.Conv2D(num_filters, (3, 3), padding=’same’) (encoder)
encoder = layers.BatchNormalization() (encoder)

encoder

layers.Activation(’relu’) (encoder)
return encoder

def encoder_block(input_tensor, num_filters):
encoder = conv_block(input_tensor, num_filters)
encoder_pool = layers.MaxPooling2D((2, 2), strides=(2, 2)) (encoder)

return encoder_pool, encoder

def decoder_block(input_tensor, concat_tensor, num_filters):

decoder = layers.Conv2DTranspose(num_filters, (2, 2), strides=(2,
2), padding=’same’) (input_tensor)

decoder = layers.concatenate([concat_tensor, decoder], axis=-1)
decoder = layers.BatchNormalization() (decoder)

layers.Activation(’relu’) (decoder)

decoder = conv_block(decoder, num_filters)

return decoder

decoder

def createModel():
inputs = layers.Input(shape=(256, 256, 3))
# beginning of encoder blocks
encoder0_pool, encoder0 = encoder_block(inputs, 32)
encoderl_pool, encoderl = encoder_block(encoderO_pool, 64)
encoder2_pool, encoder2 = encoder_block(encoderl_pool, 128)
encoder3_pool, encoder3 = encoder_block(encoder2_pool, 256)
encoder4_pool, encoder4 = encoder_block(encoder3_pool, 512)
# end

center = conv_block(encoder4_pool, 1024)
# bottleneck
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# beginning of decoder blocks
decoder4 = decoder_block(center, encoder4, 512)
decoder3 = decoder_block(decoder4, encoder3, 256)

decoder2 = decoder_block(decoder3, encoder2, 128)
decoderl = decoder_block(decoder2, encoderl, 64)
decoder0 = decoder_block(decoderl, encoder0, 32)
#end

outputs = layers.Conv2D(1, (1, 1), activation=’sigmoid’) (decoder0)
model = models.Model (inputs=[inputs], outputs=[outputs])

model.compile(optimizer="adam’, loss=’binary_crossentropy’,
metrics=[’acc’,fl_m,precision_m, recall_m])

model . summary ()

return model

Model gom cé 5 khdi trong encoder, 5 khoi trong decoder va 2 I6p convolutions &
gitta. M&i khdi trong encoder gém 2 I6p convolution két hop 1 16p max pooling. Mai
khdi trong decoder gdbm 1 I6p transposed convolution va 2 16p convolution. Sau méi
I6p convolutions déu c6 modt 16p batch-normalization.

4.1 Data Preprocessing

Trudc hét, do anh clia bo dii liéu cé kich thuéc khd 16n, nén tit cd nhiing anh dau vao
va dau ra déu duoc thay déi kich thudc thanh 256 x 256.

Do b6 dir liéu Carnava khoéng phic tap (chi cé xe trén nén |a phong trién 1dm), vi thé
gan nhu khéng cé noise, do dé khi thir nhiing cdch preprocessing nhu chuyén sang anh
den trang, chilay 1 kénh mau thi k&t qua khong thay déi 1 cach rd rét. Nén cé thé ndi
rang véi bo dii lieu ndy preprocessing khong gitp ich gi nhiéu. Ngoai ra, bén canh viéc
st dung binary cross-entropy lam ham loss, ta con dung F1-score dé tinh dé chinh xac
(chi véi muc dich theo dai, khéng tbi uu).

loss F1-score precision recall

Chuyén sang anh den trang | 0.009431599 | 0.9915069 | 0.9913708 | 0.9916525

Chi 1ay kénh mau xanh 0.010412044 | 0.99094784 | 0.99542123 | 0.9865221

Khéng tién xtr ly 0.010159233 | 0.9912001 | 0.99542534 | 0.98701715

Dudi day la mot s6 do thi, output clla ham:
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e Khi khong tién xu ly:
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e Khi chi 1ay mdt kénh mau green:
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4.2 Initialization

Bén canh viéc tién xr ly, modt diéu quan trong khéng kém, anh hudng 16n dén qud trinh
train dé 1a viéc khéi tao cac tham s6 clia md hinh truéc khi bat dau train. Mic dinh,
tat ca cac tham sb déu da duoc khéi tao trudc bang khéi tao Glorot (con goi la khéi
tao Xavier).

Khi khoi tao tat cd cic tham sb bang 0, du da train clng véi sé epochs nhu
cdc mod hinh trudc (10 epochs), nhung sau khi train thi mé hinh dua ra két qua
hoan toan khdéng cé giad tri gi, tham chi Fl-score cia mdé hinh sau train chi la 0.0.
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5 Nhan xét va Danh gia

Trong bai toan Image Segmentation, mang CNN to ra rat vuot troi nhd vao tinh chat
cé thé tu trich sut ra cdc dic tinh cta anh trong qud trinh train. Thém nira, mang
CNN c6 thé tim duoc cdc dic tinh cta anh ma khéng can qua cic budc xu ly anh
théng thudng, vay nén né cé thé lam viéc rat tét véi raw data.

Du vay, mé hinh CNN ciing nhu mang U-Net vin can mét luong data cuc ki I6n dé
train (day 1a van dé ma da sb cdc mo hinh déu gap phai), va toc doé train clia mé hinh
CNN kha 1au néu phai train tir dau. Ching ta cé thé gidi quyét phan nao van dé nay
nh& pretrain.

Véi bd di liéu tir Carvana, do di liéu kha don gidn nén model dat két qua khd tot.
Tuy nhién, khi thir model véi nhitng tAm anh phtc tap hon (cé nhiéu hon 1 xe hodc xe
dugc chup trén nén phic tap hon) thi két qua dua ra khong dugc toét 13m. DE model
xUr If dugc nhiing anh phtc tap hon, chiing ta can ting do phic tap cla data set (thém
anh véi cac nén khoé hon, nhiéu xe trong mét anh hon, v.v)
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