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LGOI CAM ON

Chiing t6i xin Qui loi cdm on trin trong nhat dén ban t6 chitc trai hé Todn hoc va Ung dung PiMA,
triuomg Dai hoc Khoa hoc Tu nhién - Dai hoc Quéc gia Thanh phd Ho Chi Minh ciing nhu cdc don vi
tai tro da tao diéu kién tot nhat vé co sé vdt chat va tinh than cho chiing t6i trong khudn khé hai tudn
tai trai. Nhitng trdi nghiém va kién thiic chiing téi tich lity duoc & ddy c6 v nghia rat Ion doi vdi bin
than méi thanh vién trong nhém, ddy chic chin sé la nhitng hanh trang quy bau ma chiing t6i c6 thé
mang theo trén con duong theo dudi khoa hoc sau nay.

Vdi long biét on chin thanh nhat, chiing t6i xin giri 10i cdm on dén cdc anh chi hudng ddn da nhiét
tinh chi day va didn ddt chiing t6i tir nhitng budc dau tién trong viéc nghién citu dé chiing toi cd thé co
dil kién thitc va ki ning hoan thanh dé tai. Chiing toi xin dic biét cdm on anh Can Tran Thanh Trung,
anh Ken va ban Ha Phuong Uyén vi dd theo sdt dé tai ciing nhu gitip dd nhom tix nhiing van dé nhé
nhgt nhat.

Bén canh dd, chiing t6i ciing xin cdm on toan thé cdc ban trai sinh ciia PIMA i di cho chiing toi
nhiing ki niém kho quén trong hai tuan ciing hoc tdp va nghién citu.

Trong qud trinh lam viéc, do thoi gian chinh sita khong nhiéu ciing nhu trinh dé ciia nhom tdc gid co
han, tuy da rdt cd ging nhung chiing toi hiéu rang sai sot 1 rat kho trdanh khéi. Chiing toi mong nhin
dugc su théng cdm, gop 1y va chia sé tir phia ban doc dé nhém cd thé hoan thién dé tai tot hon.

Thanh ph6 Hé Chi Minh, ngay 9 thdng 8 niam 2019.
Nhom tdc gia.

TOM TAT NOI DUNG

Phan mang hinh dnh 1a mot van dé c6 tinh ting dung cao va dugc nghién citu nhiéu trong
khoa hoc dit liéu. Bai viét nay mo ta nhitng cau tric co ban cia mot mang noron tich chap
va m6 hinh UNet, mo6t m6 hinh hoc su véi cau tric tich chap c6 kha ning phan mang hinh
anh tuong ddi tot. Dong thoi, chung tdi cling trinh bay két qua ma chiing t6i dat dugc khi
dung mo hinh UNet dé phan mang gitta xe 6 t6 va nén trén b di liéu Carvana Image Mask

Challenge.
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1 BAI TOAN PHAN MANG HINH ANH

HI‘I -

Phan mang hinh anh gitta ddi tugng va nén

Phan mang hinh anh (Image segmentation) la bai toan phan di liéu trong 4nh thanh nhiéu
mang nhd, mbi mang chita cac dit liéu cé ciing mot tinh chat nao d6. Bai toan dugc chia lam
hai bai toan nhoé hon, d6 la:

¢ Phan mang hinh anh theo 16p (Semantic segmentation) la bai toan phan mang hinh anh
thanh nhiing 16p (class) khac nhau véi cac ddc tinh khac nhau (Vi du: 16p con ngudi,
16p phuong tién giao thong, 16p nha ctra).

o Phan mang hinh anh theo cé thé (Instance segmentation) 1a bai toan phan mang ting
dbi tugng cua ting 16p (Vi du: ba nguoi khac nhau sé duge to6 mau khac nhau trong
output).

Semantic Segmentation Instance Segmentation

Phan mang hinh &nh theo 16p va phan mang hinh anh theo ca thé

Trong thuc té, ta can phai lya chon phuong phap phan mang thich hop cho titng bai toan. Cu
thé nhu néu ban chi muén phan loai cac tinh chat ctia cac 16p (nhu trong xe ty 14i dé tranh

vat thé) thi ban chi can giai quyét bai toan phan mang hinh anh theo 16p, con néu ban mudn



phan mang ddc 1ap cac phan tif cta cac 16p (nhu trong viéc giam sat ngudi trén duong) thi
ban phai gidi quyét dugc bai toan phan mang hinh anh theo ca thé.

Cac m6 hinh giai quyét bai toan phan mang hinh anh dugc tng dung rat rong rai va cé tiem
nang 16n trong nhiéu nganh nhu: ty dong héa viéc dinh vi cac khoi u trong y té, chan doan
bénh, phuong tién giao thong tu hanh hay nhan dién khu6én mat.

Phat hién té bao ung thu Chéan doan bénh & phéi

Trong khuon khé bai viét nay, ching t6i sé tap trung gidi quyét bai toan phan mang hinh anh
theo 16p. M6 hinh chung t6i trinh bay dé gidi quyét bai toan nay la mang noron tich chap va
kién truc UNet.

2 MANG NORON TiCH CHAP

Cac bai toan phan mang hinh anh noéi riéng va cdc bai todn trong 16p thi gidc mdy tinh noi
chung déu gay cho ta mot s6 khé khan nhat dinh dé giai quyét. Mot trong nhiing khé khan
tiéu biéu ma ta gap phai la do 16n kich thudc ctia dit liéu vao va c6 thé cta ca dit liéu ra. Cac
mang noron don gian thuong c6 ciu tric dua trén viéc tao 1ap cac 16p 4n ndi toan bd cac

noron cua I6p tinh toan trudc voi 16p tinh todn sau.
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Huéng tiép can nay thuong khong pht hop véi cong viée xtt I hinh anh. Ta dé thiy néu chi
lam cong viéc nhu thé thi viéc xtr 1i dit liéu sé rat ton kém tai nguyeén, trong khi do cac dac
trung ctia dit liéu anh khong dugc khai thac va tan dung t6t. Mot mé hinh may hoc c6 nhiéu
lgi thé hon cac mang noron don gian trong cong viée x 1i hinh anh ma ta thudng dung c6 thé
ké dén 1a mo hinh mang noron tich chdp (CNN - Convolutional Neural Network). Y tudng co
ban ctia mang noron tich chap la thay vi ta thuc hién truc tiép cac tinh toan trén cac noron
dya trén mdi mot input dau vao don, ta c6 thé lién tuc nhan tich chap dit liéu ra ctia cac 16p
trude trong cau tric mang dé dugc nhitng ma tran dit liéu c6 kich thude nhd hon nhung van
nam bat dugc cac dic trung cia &nh. Mang noron tich chap gom nhiing 16p co ban: Lp tich
chap (Convolutional Layer), 16p pooling, I16p chudn héa (Normalization Layer), 16p lién két
day du (Fully-connected Layer) va 16p soft-max. Ngoai cac 16p cdo ban trén, ngudi ta thuong
stt dung thém cac ham phi tuyén nhu ReLu hay Sigmoid trong mang dé ting do phuc tap
cho m6 hinh, gitp nang cao kha nang hoc cia may.

224 x224x3 224 x224x64

X 56 X 256
28x28x512 rI’;?xam
e Ta . 1x1x4096 1% 1x1000

@ convolution+ReLU
max pooling
| fully connected+ReLU

] softmax

Vi du m6 hinh mang noron tich chap

Ta sé di vao viéc tim hiéu cu thé cac 16p co ban ctia mang noron tich chap va nhiém vu cia
chiung trong mo hinh.

2.1 Laop tich chap

Lap tich chap la 16p dac trung cta cu tric mang CNN. Nhiém vu chinh ctia 16p nay 1a loc
cac dac trung cda di liéu dnh dau vao, nhitng dic trung nao can loc va cach loc nhirng dac
trung 4y ra sao sé dugc mo hinh noron hoc qua qua trinh huan luyén. Lop nay hoat dong

bang cach thyc hién cac phép nhan tich chap gitta cdc ma tran con trén ma tran pixel cia dnh



dau vao véi cac bo loc (filter). Sau khi thuc hién xong tat ca cac phép nhan tich chap, két qua
sé 1a nhiéu ma tran dac trung (feature map), mdi ma tran dic trung tng vdi mot dic trung
ma mo hinh may mudn hoc. Ma tran dic trung sé c6 kich thudc nhod hon anh goc, diéu nay sé
gitip cho viéc x1t ly tiép theo trd nén dé dang hon va nhanh hon. Vi méi 16p tich chap ta c6
thé quyét dinh dugc sé c6 bao nhiéu dic trung dugc tao ra tir 16p nay tity vao sb bd loc cia
16p. Kich thudc ctia dic trung duge quyét dinh bi mot s6 tham sb nhu sau:

o Budc nhay (stride): 1a khoadng cach b loc di chuyén qua mot ma tran con khéc trén anh

goc.

o Lop dém (padding): la mot s 16p 0 thém vao vién ma tran anh géc trudce khi thuce hién

viéc tinh tich chap.

1 Conv 3x3 with stride=2,padding=0

7x7 Image

Vi du vé tich chap
N6i r6 hon, 16p tich chap:
o Nhan dir liéu dau vao Wy x H; x Dj.
o Gom ba tham s6 khong thay ddi:
— D6 dai canh mdi bd loc F
— Budc nhay S
- S6 16p dém P
o Dit liéu dau ra c6 kich thuéec Wy x Hy x Dy, véi:
-W, =(W;—F+2xP)/S+1
- H,=(H;—F+2xP)/S+1
- Dy =D,
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2.2 Lop pooling

Trén thuyc té, ngudi ta thuong dua vao gitra nhitng 16p tich chap trong mot mang noron tich
chép cac 16p pooling. Y nghia ctia viéc nay la dé gidm lugng thong tin can phai xtt 1i sau méi
mot s6 lugng 16p tinh toan nhat dinh, qua d6 gidm duoc s6 lugng tham s can phai nhé va
tiét kiém dugc thoi gian tinh todn trong mdt mang CNN. Tir d6 ta cling c6 thé tranh dugc
phan nao viéc xay ra overfit.

Ldp pooling dugc dinh nghia la mot 16p:

e Nhan du liéu vao c6 kich thudc W1 x Hy x Dj.

o GOm hai tham s6 khong thay ddi (hyperparameter) ctia bd loc:
— D06 dai canh mdi bd loc F,
— Budc nhay (stride) S.
e Xuat di liéu ra ¢ kich thuéec Wy x Hy x D5, trong do:
- W= (W, —-F)/S+1,
-H,=H;-F)/S+1,
- D, =D;.

o Khong chira bat ki mot tham s6 c6 thé thay d6i (parameter) nao.



o Thuong khong st dung 16p dém zero-padding.
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Lap pooling voi F = 2 va §=2

Dang 16p pooling ma ta thudng gap nhat la 16p pooling v6i bo loc c6 kich thude 2 x 2 va buédce
nhay bang 2, tic ta chia hinh anh ra thanh cac hinh vuéng 2 x 2 va thuc hién phép pool trén
mdi hinh vudng nhé ay, tir d6 tao duge mot bo dit liéu méi c6 kich thude chi bang 25% bo dir

liéu trudc khi qua 16p pooling.

Ta can chii y rang nhiing 16p pooling thuong gdp nhét chi c6 bo loc kich thuéc F =2va S =2
hoac kich thuéc F = 3 va S = 2 (con goi la overlapping pooling), nhiing kich thudc khéc cta
b6 loc thuong khong hoat dong tot trén thurc té vi chung thay d6i qua nhiéu hodc qua it dit
liéu dau vao. Phép toan thuong cho hiéu qua tot nhat (va vi thé thuong duoc dung nhat) &
cac 16p pooling 1a phép toan ldy max cac phan tif trong cac pixel ctia méi bo loc (phién ban

16p pooling nay duoc goi la max pooling).
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Max pooling v6i F = 2 va §=2

2.3 L&p chuan hoa

Ldop chudn hoa (Normalization) dugc dinh nghia la mdt 16p nhan thong tin vao la dir liéu
thudc mot khoang gid tri nao do6 va cho thong tin ra la chinh nhimng dit liéu d6 nhung 6 mét
khoang gia tri khac "dep"va c6 nhiing tinh chat ma ta mong mudn hon, viéc nay dugc thuc

hién bang cach can chinh va thu gon hoic phéng 16n khoang gia tri ctia méi dix liéu.




L6p normalization c6 y nghia trong viéc ting tinh 6n dinh va toc d6 ciia mot mo hinh neural
network bat ki, ta c6 thé hiéu tai sao viéc nay lai xay ra qua mot vi du don gian: gia sir ta c6
mot s6 di liéu nam trong khoang [0,2'%], vi dit liéu & day c6 thé nhan nhing gia tri rat 16n
nén viéc tinh toan trén bo di liéu nay c6 thé sé mat rat nhiéu thoi gian va dan dén nhiing sai
s6 (do hé thong biéu dién sb floating-point ctia mdy tinh), hodc tham chi khong thé tinh toan
duoc khi két qua cac phép toan la qud 16n. Thay vi thuc hién truc tiép cac tinh toan trén cac
di liéu nay, ta c6 thé thuc hién mot budc normalization trude khi tinh toan: chia toan bo cac
dix liéu cho 2'¢. Khi d6, toan bo dit liéu ma ching ta c6 sé nam trong khoang [0, 1], dé thay
day 1a mot khoang dit liéu dé lam viéc hon nhiéu so véi khoang di liéu ci.

original data zero-centered data normalized data

C6 nhiéu phép toan ta c6 thé dung dé tao ra 16p normalization vdi nhitng tinh chat ma ta

mong muon nhu: mini-batch mean, mini-batch variance, normalize, scale and shift L

2.4 Ld&p lién két day du (fully connected)

Lop lién két day dt & mang CNN la mot mang noron nhan tao gom 2 16p, trong d6 cac noron
sau dugc lién két toan bo cac noron & 16p trudc dé bang cac trong s6 (dugc goi la weight va
ki hiéu 1a w). D& dé hinh dung ban doc c6 thé lién tudng dén mang luGi noron than kinh &
ngudi, dugce lién két voi nhau boi cac day than kinh, trong s6 cang 16n thi sy lién két ctia cac
noron cang manh va nguoc lai.

Mot mang noron nhan tao gom ba 16p chinh: 16p dau vao (Input Layer), 16p an (Hidden
Layer), va 16p dau ra (Output Layer).

Lép dau vao trong mang noron nhan tao 1a mot vector cot chira cac thong sé dau vao (thuong
1a cac pixel ctia mot anh) dugce lién két véi cac noron ctia 16p ké tiép bdi cac trong s6 w.

Lép an la cac 16p & sau 16p input layer va trudce 16p output layer. O cac 16p nay mang noron
ctia chting ta sé thyc hién qua trinh huén luyén (Trainning) bang cach udc lugng cac tham sb
W sao cho ham mat mat (Loss Function) ctia ching ta dat dugc gia tri nho nhat. Him mét
mat (ki hiéu 1a L) 1a ham sb thé hién sy chénh léch gitra gia tri wdc lugng cda ching ta (ki
hiéu 1a Y) v6i gia tri that y (gid tri dugc gan nhan trudc trong data).

1 Xemthém § https://arxiv.org/abs/1502.03167


https://arxiv.org/abs/1502.03167

Vi du: Mot trong nhirng phuong phap xay dung ham mat mat trong mang noron nhan tao la
phuong phap téng binh phuong nhoé nhat (Least Square Regression). Cong thitc ctia phuong
phép tong binh phuong nhé nhat nhu sau:
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=
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n
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Least Squares Method 7 =1

A

y-intercept Xi

X (independent)
Phuong phéap tong binh phuong nho nhat
Moi noron trong cung mot 16p tuong tng vdi mot ham kich hoat (Activation Function). Ham

nay c6 dau vao la téng c6 trong s6 tin hiéu tir noron § 16p trudec cong thém mot sai s6 nhat
dinh (Bias).

{a) Xi
X: N e—7
xﬂ

(b) Input 1%t hidden 2n hidden Output
layer layer layer layer

y.=7 [Zx,w,J yff[ijwj] y,=f[2x*wJ

Mot mang ludi noron day da



Khi ham kich hoat 1a ham nhi phan (Binary-Stated), cac tin hiéu dau vao tir cic noron & 16p
trudc va cho ra tin hiéu dau ra chi khi dat dén mot ngudng (Threshold) nhat dinh. Ngudng la
mot gia tri quyét dinh xem noron dé c6 dugc kich hoat hay khong, ki hiéu ctia ngudng 1a 6.

Ham kich hoat thong thuong dugc chon boi cac ham phi tuyén nhu:

1
e Ham sigmoid: y = =
Do thi ham sigmoid
2x
e —1
Ham tanh: y = ——
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Do thi ham tanh
e Ham ReLU: y = max(0, x)

. RelU

R(z)=maz(0, z)

] -5 0 5 0

Do thi ham ReLU



o Ham Softmax la mot ham s6 f : RX — (0,1)X dugc cho bdi cong thic:

¢%i )
f(z)j == ,veij=1,2,...,K

w

k=1

Ham softmax c6 kha nang chuyén bo gia tri s6 thanh mot b phan bb xac suat, do ham
softmax dong bién nén céc gia tri 16n hon sé ing vdi cac xac suat 16n hon. Chinh vi thé
ham softmax dugc ing dung kha nhiéu trong cac bai toan phan loai vi tng voi moi
Xéc suat sé cho ta biét dugc kha ning ctia &nh hoic pixel nao d6 thudc vao 16p nao.
Chinh vi dau ra cudi cting 1a mot phan bd xac sudt nén ham méat mat phut hop dé c6
thé st dung vdi cac mang noron nhan tao 6 16p softmax chinh 1a ham pixel-wise cross
entropy sé dugc gidi thiéu vao phan ké tiép.

input
Layer
hidden
Layer real case:
7,.‘ output ideal case probability
Layer score Oor1
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b1 :4x1 y=1

Mo hinh sau khi da qua 16p softmax

Cac ham phi tuyén nay dugc 4p dung vi trén thuc té di liéu ma ta c6 rét it khi duge phan b
tuyén tinh nén ta phai 4p dung cac ham phi tuyén nay vao dé udc lugng (optimize) ctia ta dat
duoc hgp ly nhét c6 thé. Con mot ly do khac ma cac ham kich hoat 1a cac ham phi tuyén trén
chinh 1a cac ham phi tuyén ctia ta da don gian héa s6 liéu dé viéc tinh toan dugc dé dang hon.
Vi du: ham sigmoid dua dit liéu dau ra cta ta vé khoang (0, 1) c¢6 thé mé phéng cac gia tri
sac xuat, ham tanh thi dua vé khoang (—1,1).

Bén canh d6, cac ham phi tuyén trén c6 cac cong thitc dao ham don gian gitp gidm do phic
tap ctia thuat toan lan truyén ngugc (Backpropagation). Méi ham phi tuyén duoc sit dung
phd bién trong cac dang bai toan va kiéu dit liéu riéng. Cu thé trong bai toan phan mang
hinh 4nh thi ham ReLU dugc st dung kha phd bién.



Lop dau ra Tuy thudc vao yéu cau bai toan, 16p dau ra sé c6 cac gia tri khac nhau, néu la bai
todn phan loai nhi phan thi két qua dau ra sé la gia tri nhi phan. Néu la bai toan phan loai

hinh &nh (Classification) thi I16p dau ra sé nhan cac gia tri la mot phan phoi xac suat.

2.5 Ham mat mat trong phan mang hinh anh

Ham mat mat (Loss Function) thuong duge dung nhét cho cac bai toan thudc 16p thi giac
may tinh 1a ham pixel-wise cross entropy. Ham cross entropy cho ta mot phuong phap do do
chénh léch gitra hai phan b6 xac suat c6 ciing khong gian mau. Cong thitc ham cross entropy
dbi véi hai phan b6 p va g la

H(p,q) = Ep[—log(q)].

Néu p va q déu c6 khong gian mau X rdi rac,, ta sé c6 cong thic tinh cross entropy la

H(p,q) = — ) p(x)log(q(x)).

xeX

Xét riéng trong bai toan phan méang hinh anh thanh hai 16p, ta ap dung cross entropy ddi véi
mdi pixel trén tirng anh khi huan luyén rdi 1y trung binh céc cross entropy ay lam ham mét
mat cho mo hinh. Ki hiéu p(1,y) 1a xac suat pixel y thudc dbi tugng trén thuc té va q(1,y) la
Xac suat pixel y thudc déi tuong do mo hinh may du doan.

1) 1 néu pixel y thudc dbi tugng ,
piLY) = ) )
0 neu pixel y khong thudc doi tuong.

Goi Y1 1a tap cac pixel thudc ddi tugng can phan loai, Y5 1a tap cac pixel khong thudc déi tugng
va [[Y1|| + ||Y2]] = n (n 1a s6 lugng pixel can phan 16p ctia anh). Ta c6 ham loss pixel-wise
cross entropy

L=-2 (2 log(q(1,y)) + ¥ log(1 - q(l,y») .

yeY yEY,

Sau d9, ta c6 thé dung thuat toan lan truyén ngugc dé tim cyc tri cia ham mat mat nay va to1
uu héa mo hinh phan mang cua ching ta.
Li giai cho viéc tai sao pixel-wise cross entropy lai phtt hgp dé lam ham loss trong bai toan

nay, ta c6 thé thy ham cross entropy c6 hai tinh chat rat thuan lgi:

Ham tra ve gia tri nho khi hai phan bo giong nhau va c6 thé tra ve gia tri rat 16n neu hai

phén bb rat khac nhau, diéu nay giip ta c6 thé nhanh chéng t6i wru héa moé hinh may.

Dao ham ctia ham cross entropy kha don gian va dé tinh, diéu nay gitip ta tién lgi trong

viéc tim thuat toan t6i uvu hoa.



3 MO HINH UNET
3.1 Dac diém cla bai toan phan mang hinh anh

Bai todn phan mang hinh anh khéc v6i cac bai toan trong 16p thi gidc may tinh khac nhu phan
loai hinh anh hay nhan dién hinh anh & viéc output cta bai toan khong don gian chi tra 1oi
cau hoi dbi tugng trong anh 1a gi ma con phai tra 1i cAu héi déi tugng d6 nam chinh xac
& viing nao cda hinh anh. D€ c¢6 dugc output tra 10i dugc cau hoi nay, dit liéu ra cta ching
ta phai 1a mot anh c6 kich thude bang hodc tuong déi véi kich thude anh ci. Mot md hinh
deep learning li tudng dé gidi quyét bai toan phan mang hinh anh sé 1a mot mo hinh neural
network nao d6 ¢6 kha nang st dung mang CNN dé hoc cac dic trung ctia hinh anh va sau
dé tai tao lai anh vé kich thudc ban dau.

Ta c6 thé xay dung mot mo hinh mang CNN gidi quyét dugc bai toan phan mang hinh 4nh
dugc tir hai b phan: bd phién ma (CNN Encoder) va bo dich ma (CNN Decoder). Phién ma
c6 thé dugc hiéu nhu bo phan lam nhiém vu nhéan théng tin hinh anh vao va tach chiét cac
dac trung ctia hinh anh nhu hinh déng ngudi, vat rdi phan 16p chung thanh cac doi tugng
khac nhau. Sau khi céc dac tinh ctia bic anh da duoc xac dinh boi b phién ma, dir liéu ra
ctia phién ma sé duoc dich bsi decoder dé tao ngugc lai hinh anh c6 kich thude 16n hoan
chinh (da dugc phan mang). M6 hinh UNet 1a m6t mo hinh tiéu biéu cho cau tric nhu vay.

3.2 Cau tric mod hinh UNet
3.2.1 BO phién ma

Bo phién ma trong mo6 hinh UNet chuta cac 1op

cd ban ctia mét mo hinh CNN binh thuong,

nghia la phién ma cing sé c6 cac 16p tich chap

\ va 1dp pooling xen ké nhau. Qua moi mot 16p

- thi' ;ca sé\ thu dAu’Q’C nh,iéu ma ’irén C}éc trung c/é

image oo+ o s el Chleu\da{va rong nho h\on’chong lén nha\u (cac

i copy and crop 16p nay con c6 thé goi la cac channel). Con sau

# max pool 2:2 moi 1dp pooling thi ma tran dac trung sé nho

+ lai va chi con chita nhitng 6 c6 gid tri [on nhat

i thé hién r6 nhat cac dic trung riéng ctia anh.

*1*1 Sau khi 4nh da dugc phan phién ma xit ly xong

| thi ta sé thu duoc rat nhiéu cac 16p ma tran dac

B trung chita cac dac diém riéng cta anh lam

= cho viéc phan loai cac pixel tién lgi va nhanh

~ -1 hon. Hi€éu mot cach don gian, phién ma khdi

tao va chat loc cac ddc trung ctia hinh anh ban

dau. Céc dac trung nay sé 1a co sd d€ ta phan
16p hinh anh vé sau.



3.2.2 B6 dich ma
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B6 dich ma caa mo6 hinh Unet

Bo dich ma trong mo hinh UNet 1a by phan thuc hién qua trinh phuc hoi lai kich thudc cta
anh da qua bd phién ma. Qua trinh dich ma goém ba giai doan co ban:

1. Thyc hién phép tich chap chuyén vi (Transposed Convolution) trén ma tran dic trung
dé dugc mot ma tran dic trung méi c6 kich thude 16n hon.
Ta ¢6 thé nhd dugc réng 0 16p tich chap, ta da thuc hién viéc nhan tich chap gitta ma
tran con ctia anh va ma tran cta tham s, thi & qua trinh nay, viéc nguoc lai sé duoc thuc
hién béng cach 1y mébi mot 6 trén ma tran dac trung nhan lan luot véi cac 6 ctia mot
ma tran tham s khac . Két qua thu dugc 1a cdc ma tran dac trung & kich thudce 16n hon.

Mo ta phép tich chap chuyén vi

Mot vi du cu thé nhu ma tran dic trung co6 kich thudc la 4x 4 va ma tran tham s63 x3
thi két qua sé la mot ma tran chia déc trung mai kich thude 6 x 6.



Input Kemel Qutput

128 5 2 1
111 1 2 4.6 6 4 2
11 1 1 1 3 6089 6 3
11 % 1 1 36 9 9 6 3
1 2 46 6 4 2
12 3 3 2 1

vi du cu thé cho phép tich chap chuyén vi

O ma tran output thi 6 (0,0)sé1a1x 1,6 (0,1)séla 1 x 141 x 1, tuong tu nhu vay
vOi cac 6 con lai.

2. Thuc hién budc skip connection.
Budc nay dugc thuc hién béng cach ghép ma tran vita nhan duoc sau budc 1 véi ma

trdn cuing "cap"vdi n6 & bd phién ma.
3. Nhan tich chdp ma trdn ddc trung nhan dugc sau budce 2.

bo loc & budc nhan tich chap 1 va 3 sé dugc may hoc sao cho phu hgp nhat trong qua trinh
ren luyén.

Ta c6 thé hiéu mot cach don gian rang & budc 1, ta dang phong 16n ma tran dic trung ma ta
da loc duoc dé dugc mot ma tran co kich thude gén vdi kich thude anh output hon. Bén canh
do, trong qua trinh phién ma, mét lugng 16n thong tin téng quat va vi tri tuong ddi ctia hinh
anh da bi mat di do cac phép tich chap, vi thé ta thuc hién budc 2 dé léy lai cac thong tin da
bi mat di nay ctia hinh anh. Cudi ciing & budc 3, ta c6 gang tim céc tich chap phu hgp nhét dé
két hop dit liéu hai ma tran & budc 2, sao cho ma trdn méi vira nam dugc thong tin vé dac
trung anh, vira khdi tao lai dugc vi tri ca déc trung d6 trén ma tran c6 kich thudc gan hon
v6i dit liéu ra mong mudn.

Lap di 13p lai ba budc nay dé dan phong 1én kich ¢d cling nhu gidm s6 lugng ctia cidc ma tran
dac trung, ta thu dugc cac 16p dic trung vira ndm dugc cac chi tiét cia hinh anh, vira luu git
duoc vi tri thue ctia cac chi tiét éy trén anh. 3 mo hinh UNet cu thé trén, 16p dit liéu cudi cia
ching ta gom hai ma tran dic trung, mdi ma tran c6 kich thudc 388 x 388 x 1 va tuong ung
vdi hai ddc trung: "thudc doi tugng"va "khong thudc doi tuong".
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M6 hinh UNet day du

T6i day, ta ding ham soft-max dé xéac dinh xac suat méi pixel thudc déi tugng la bao nhiéu.
Ap dung thuat toan lan truyén ngugc dua trén ham mat mat pixel-wise entropy, ta tim dugc
mo hinh CNN ¢6 kha nang phan mang hinh 4nh ma ta mong mudn.

4 THUC NGHIEM
4.1 Lap trinh mo6 hinh UNet
4.1.1 Khéi tich chap
def conv_block(inp,filters,kernel=(3,3)):
db = Conv2D(filters, kernel, padding="same')(inp)

db = BatchNormalization()(db)
db = Activation('relu’)(db)

db = Conv2D(filters, kernel, padding='same')(inp)
db = Activation('relu’)(db)
db = BatchNormalization()(db)

db




Nhu da dé cap phia trén, mo6 hinh UNet gdm nhiéu cap, mbi cap gom nhiéu 16p. Hinh 4nh
phia trén biéu dién mot cép thudc mo6 hinh UNet.

Dua vao cac dong code phia trén, ta thiy rang mo hinh ctia chting ta c6 hai 16p tich chap véi
ham kich hoat ReLLU.

4.1.2 Qua trinh phién ma

Theo nhu s6 d6 mé hinh UNet da dugce dé cap phia trén, qua trinh "di xudéng"trong mé hinh
duoc biéu dién bang code nhu sau:

inp=Input(shape=input_shape)

dn@a = conv block(inp,16,(3,3))
dn@a_pool = MaxPooling2D((2, 2), strides=(2, 2))(dn@a)

dn@ - conv_block(dn®a_pool,32,(3,3))
dn@ pool = MaxPooling2D((2, 2), strides=(2, 2))(dn@)

dnl = conv_block(dn®_pool,64,(3,3))
dnl_pool = MaxPooling2D((2, 2), strides=(2,

dn2 = conv_block(dnl pool,128,(3,3))
dn2 pool = MaxPooling2D((2, 2), strides=(2,

dn3 = conv_block(dn2 pool,256,(3,3))
dn3 pool = MaxPooling2D((2, 2), strides=(2,

dn4 - conv_block(dn3 pool,512,(3,3))
dn4 pool = MaxPooling2D((2, 2), strides=(2,

cn =conv_block(dn4_pool,1024,(3,3))

Qua trinh phién ma
Theo trén, mdi cap sé g6m mot khoéi tich chap c6 bo loc kich thude 3x3 va mot 16p pooling
kich thudc 2x2.
4.1.3 Qua trinh dich ma

Qua trinh dich ma, nhu phia trén da trinh bay ro rang, la qua trinh gitip mé hinh tai thiét lap
lai mot ma tran pixel c6 kich thudc tuong duong véi hinh anh dua vao ban dau.



upd = UpSampling2D((2, 2)){cn)
upd concatenate([dnd, up4d], axi
upd = conv_block(up4,512,(3,2))

up3 = UpSampling2D((2, 2))(upd)
up3 concatenate([dn3, up3], axi
up3 conv_block{up3,256,(3,3))

up2 = UpSampling2D((2, 2))(up3)
up2 concatenate([dn2, up2], axi
up2 = conv_block{(up2,128,(3,2))

upl = UpSampling2D((2, 2))(up2)
upl concatenate([dnl, upl], axi
upl = conv_block{upl,64,(2,3))

up® = UpSampling2D((2, 2))(upl)
up® concatenate([dn@, up@], axi
up® = conv_block{up®,32,(2,3))

upfa = UpSampling2D({2, 2))(up@)
upPa - concatenate([dn®a, up®a], axis=3)
upBa = conv_block{up®a,16,(3,3))

upfa = Conv2D(16, (2, 2), padding="same"')(upBa)
upBa BatchNormalization() (up@a)
upfa - Activation('relu’)(up®a)

output = Conv2D(num class, (1, 1), activation="sigmoid')(up@a)

Qua trinh dich ma
Ta dé dang thay rang, qua trinh dich ma dai hon va phtic tap hon qud trinh phién ma. D6

chinh 1a b&i mé hinh lic nay bao gom quaé trinh skip connection dé tai stt dung hinh anh tong
quan da mat qua céc 16p tich chap va pooling.

4.2 Két qua mo hinh

4.2.1 S6 lvong tap dir liéu huan luyén va tap danh gia

Trong tap dung dé huan luyén cta Kaggle cho ta tong cong 5088 bé input-output. D€ mo
hinh khong bi qua chi quan, nén dua vao b dir liéu danh gia (validation data) dé danh gia
cac budc di cila mo hinh. Chinh vi vay, ta c6 thé chia by dit liéu lam 2 phan (tap dit liéu train
nhiéu hon tap di liéu danh gia) nhu sau:

Train set: 4284
Validation set: 884



4.2.2 Do thi biéu dién ham mat mat va dé chinh xdc theo thoi gian

Ta c6 thé dung nhiéu loai ham danh gia cho mo hinh nay nhung trong dy an nay, ching t6i
st dung ham méat mat (loss function) va thém mot ham tinh toan diém s6 cho mo hinh la f1

score.
= train loss 101 = = ftrain f1_m
— wval loss = wvalfl_m
10 - h
0.5 1
0.5
v 06 1
[=]
o 06 4 "
= EI
2 04
0.4 1
0.2
0.2 1
-"""--._
0.0 1 0.0 1
0 2 4 B B 0 2 4 B B
epochs epochs

D0 thi ctia loss function va f1 score

4.2.3 Danh gia dé chinh xac cuia mé hinh

Day 1a két qua mong mudn ctia mot mo hinh Image Segmentation
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1250 : _ , 1250
0 500 1000 1500 0 500 1000 1500
Expected result

D€ so sanh, chuing t6i xin phép dugc trinh bay 3 du doan ma mo hinh cta ching t6i dua ra.
Nhing hinh &nh mdy doc vao dugc cam doan khong nam trong tap huan luyén.
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Ir&ﬂage after preprocessing
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Ir‘gage after preprocessing
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4.2.4 Diém han ché cia mé hinh

Do c6 d6 chinh xéc tuong d6i, doi khi dy doan ctia mdy sé khong duge chinh xdc nhu nhitng
hinh anh khéc. Chiing t6i sé trinh bay mot s vi du.
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Ir&ﬂage after preprocessing
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Input image
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