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LOI CAM ON

Loi dau tién, dé co dugc bao cdo d6 an nhu ngdy hém nay em xin gui 10i
cam on tran trong nhat t6i Thac sy Pinh Xuan Trudng, giang vién bd mén Khoa
hoc mady tinh tai Hoc vién Cong nghé Buu chinh Vién thong. Subt thoi gian qua
théy dd hd tro nhiét tinh cho em, su hd tro va dong vién quy bau ctua théy trong
ca qua trinh 1am d6 4n giup em hoan thién d6 4n ctia minh mot cach ddy du va
tron ven nhat. Thiy da danh thoi gian va tim huyét dé hudng dan em trong viéc
tim hiéu, phét trién ¥ tudng, cling nhu gitip d& em vuot qua nhimg thach thirc
kho khan. Su tdn tim va kién thirc sdu rong cia thy da giup em c6 dugc nhiing
kién thirc quy gia va trai nghiém thuc té trong linh vuc xtr Iy anh.

Tiép theo, em xin bay té 1ong biét on chan thanh téi bd va me vi sy dong
vién trong sudt qua trinh em 1am d6 an t6t nghiép. Chinh b6 me d3 1 ngudi ding
sau hd trg hiu phuong, sat canh bén canh dé em yén tdm nghién ctru va phat trién
d6 an. Nho c¢6 bé me ma sudt nhitng ngdy thang qua em chi phai tap trung tan
tam nghién ctru d6 an, bd me ludn 14 hau phuong vimg chic nhit cia em trong
sudt quing thoi gian do.

Cubi cung, em xin cam on nha trudng Hoc vién Coéng nghé Buu chinh
Vién thong di tao diéu kién cho em c6 nhiing trai nghiém quy bau nay. Trong
subt 4 nam dai hoc, nha truong luon trao cho em rat nhiéu co hdi dé hoc tap,
nghién ctru va sang tao. Ngay nay, 13 bao cdo do an cudi cing cta em tai truong,
ciing 12 bai hoc, 14 trai nghiém 16n nhét ciia em trong sudt quing doi sinh vién.
Cam on nha truong da trao cho em nhiéu co hoi dé cai thién ban than trong sudt
quang doi sinh vién vira qua.

M5t 1an nita, em xin cam on théy binh Xuan Truong, ban be, gia dinh va
nha truong di ung ho va hd trg em trong hanh trinh nay. Mic du da cb ging hoan
thanh d6 an trong pham vi cho phép nhung ciing khong thé tranh khoi nhiing
thiéu sét. Em rit mong nhan dugc sy thong cam, nhan xét va dong gop y kién tir
thay co.

Em xin chan thanh cam on !

Ha N¢gi, ngay  thang  nam 20...

Sinh vién

Pham Minh Hiéu
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STT Tir viét tit Dién giai
1 API Application Programming Interface
2 CART Classification and Regression Trees
3 CF Confusion matrix
4 CNN Convolution Neural Network
5 CPU Central Processing Unit
6 DRF Django Rest Framework
7 FC Fully Connected
8 FN False Negative
9 FP False Positive
10 GD Gradient Descent
11 GelLU Gaussian Error Linear Unit
12 GPU Graphics Processing Unit
13 HTTP Hypertext Transfer Protocol
14 ID3 Iterative Dichotomiser 3
15 JSON JavaScript Object Notation
16 JVM Java Virtual Machine
17 KL Bién d6i Karhunen-Loéve
18 KNN K — Nearest Neighbors
19 MLP Multi — layer Perceptron
20 MRI Magnetic resonance imaging
21 NN Neural Network
22 PSNR Peak Signal-to-Noise Ratio
23 ReLU Rectified Linear Unit
24 RGB Hé mau Red — Green - Blue
25 SCA Simplified Channel Attention
26 SOTA State of the Art
27 SSIM Structural Similarity Index Measurement
28 N True Negative
29 TP True Positive
30 URL Uniform Resource Locator
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LOI MO DAU

Hién nay, cudc cach mang cong nghiép 4.0 dd va dang cho thiy strc anh
hudng to 16n cua minh trong cudc sébng. Hang loat cac cong nghé mai ra doi va
lién tuc phat huy hiéu niang phuc vu doi séng xa hoi. Khi cudc sdng con nguoi
dugc nang cao, viéc luu gilr lai nhitng hinh dnh cling tré nén kha quen thudc,
nhét 13 Itic cac trang mang x4 hoi dang ngay cang két ndi chung ta lai v6i nhau va
phat trién mot cach manh mé hon. Tir ddy, nhu cau vé xtr 1y anh ciing ting cao vi
don gian tai thoi dai nay, tim anh khong chi mang tinh chat luu giit lai hinh anh
ma con thé hién nhiéu hon vé cac khia canh ngh¢ thuat, tham my khéc. Bén canh
viéc cai thién chat luong anh sao cho sdng dong, ruc r& hon thi nhiém vu khoi
phuc hinh anh ciing rat dugc quan tam.

Cu thé hon, khéi phuc hinh anh bi mo¢ do chuyén dong 1a mot nhi€ém vy
dugc quan tAm rat nhiéu trong nhitg nim gan day khi duoc tng dung rat nhiéu
trong céac linh vyc nhu tai chinh, gido duc, giao thong, y té, nghé thuat, lich su.
Trong thuc té, viéc mot tAm anh quan trong bi chup trong mot hoan canh khong
mAy thudn loi khién tdm anh d6 bi mo khong kho dé bt gip. D c6 rat nhiéu
truong hop tai nan giao thong mic du hinh anh da dugc ghi lai nhung do van tdc,
va cham dién ra chuyén dong qua nhanh khién tdm anh bi mo va 1am anh huéng
dén két qua diéu tra. Hay ban than em d timg mot lan chyup anh nhung do tay
quéa rung nén phai chup di chup lai rat nhiéu lan vi sau mdi lan rung tay thi tim
anh lai tra ra mot két qua khong tét.

Chinh vi hudng téi muc ti€u cai thién nhitng trd ngai khé khan trong viéc
chup anh nén xu 1y nhitng tim anh bi md do chuyén dong da thoi thic em thuc
hién dé tai: “Ap dung mé hinh hoc siu trién khai ing dung Android phat
hién va khéi phuc dnh mo” nay.

Noi dung trinh bay trong bao cdo d6 4n gom 3 chuong sau:

- CHUONG 1. GIOI THIEU CHUNG

Trinh bay vé bdi canh thuc té, cac muc tiéu, ddi twong va cong cu xay

dung do an. Bén canh d6 gidi thiéu cac kién thirc nén tang co ban vé xir ly

anh, mg dung cua xur 1y anh, Deep Learning va cac chi sé danh gia do
hi€u qua ctia mot mo hinh.
- CHUONG 2. CAC THANH PHAN HE THONG

Gidi thiéu vé so dd hoat dong téng thé ciia hé thong va ludng van hanh cac

chuc nang. Tim hiéu céc kién thic vé thuét toan va mo hinh phuc vu cho

viéc thir nghiém nhu céc thuat toan hoc may truyén théng, mo hinh hoc
sau MobileNet va mo hinh hoc sau NAFNet
- CHUONG 3.XAY DUNG CHUONG TRINH

Tap trung gidi thiéu, phan tich so do xay dung chuong trinh va thuc hién

theo cac budc dd dé ra. Tién hanh thir nghiém cac thuit toan, mé hinh hoc

may, mé hinh hoc sau dd gidi thiéu ¢ chuong 2 va dua ra danh gia két
luan. Cudi cung 13 xdy dung chuong trinh va dua ra cac két qua minh hoa.
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CHUONG 1. GIOI THIEU CHUNG

Noi dung chuong 1 duoc xay dung dé gidi thiéu vé nhing khai niém, nén
tang kién thirc chung cua d6 4n. Muc dich cta chwong 1 dé 1am 18 cac ndi dung
kién thirc lién quan s& duoc sir dung trong dd an. Trinh ty trinh bay chuong 1 bao
gom cac thanh phan sau:

- Gidi thi€u hién trang, myc tiéu, dbi tugng va cac dinh huong giai phap dé
xay dung d an.

- Céc kién thtrc co ban lién quan dén xtr 1y anh va cac Gmg dung cua xtr 1y
anh trong thyc té.

- Gioi thidu vé Deep Learning va kién thirc vé mang no — ron tich chap.

- Gi6i thiéu cac chi s6 danh gia mot mo hinh hoat dong c6 hiéu qua hay
khong.

1.1. Gidi thi¢éu hién trang

Hién nay, viéc bat gap mot hinh anh k¥ thuat s chira cac ving bi mo do
chuyén dong 1a kha pho bién. Nguyén nhan tim anh chtra ving mo d6 1a viéc
may anh khong thé bt kip chuyén dong cua vat thé, khién cho tAm anh bj nhoe
di theo huéng chuyén dong ctia vat thé. Nguyén nhan thir hai co thé ké ti 1a viéc
chup tdm anh trong mét diéu kién camera bi rung lic. Khi camera & trong trang
thai khong 6n dinh ciing giy ra hién tuong anh k¥ thuat s6 bi nhoe di do su rung
lac nay. Cac hinh anh minh hoa duéi ddy cé thé phan nao giup ban doc hicu rd
hon vé mot tim anh ky thuat s bi mo do chuyén dong.

e

ol 7*\, .
Hinh 1.1. Hinh anh mo do rung lac

Hinh 1.2. inh anh mo do di chuyén [1]

C6 thé thiy rang, cac hinh anh trén bi md khién tAm anh bi nhoe di, gay
mat my quan va anh huéng téi nhicu két qua lién quan sau nay trong nhiéu linh
vuc nhu tai chinh, y té, giao thong. Xuét phat tir hién trang thuc té d6 dé tai dd an
nay da huong to1 viéc xay dung mot ung dung cho phép phat hién va khoi phuc
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anh mo trén nén tang Android. Pé tai d an xoay quanh viéc tim hiéu cac co so
ly thuyét vé xir Iy anh, nhan dang anh, ving mo va khoi phuc anh bi mo do
chuyén dong. Tir co so 1y thuyét do tién hanh thr nghiém cac moé hinh, thuat todn
dé ap dung va xay dung mot Gmg dung cu thé xtr 1y hai tac vu chinh d6 1a phat
hién anh mo va khoi phuc anh mo. Hinh dnh dugc thir nghiém thudc loai hinh
anh bi md do chuyén dong hodc rung lac tir camera.

1.2. Muc tiéu va doi twong

Muc tiéu dé tai: Tim hicu ly thuyét va ap dung kién thirc d¢ xay dung 1én
mot ung dung Android giap phat hién, phac thdo ving mo va khoi phuc anh mo
do chuyén dong.

Ung dung s& cho phép ngudi dung chup anh hodc tai anh 1én dé nhan biét
va phac thdo lai cac ving bi mo. Sau khi nhén di¢n tam anh bi mo thi nguoi dung
c6 thé tiép tuc khoéi phyuc anh dé khir mo tdm anh di giup cho tim anh dat chét
luong tot hon.

Déi twong sir dung: Ung dung bao gdm tit ca moi ngudi c6 nhu cau phat
hién d6 md va khir mo cho tim anh ctia minh. Tur ddy, ung dung gitp cai thién
chét lugng anh dé phuc vu cho céc nhi¢m vu khéc trong da dang cac linh vuc sau
nay.

1.3. Dinh hwdong giai phap

Theo d6, tong quan ludng xay dung chuong trinh s& bao gém cac budc:

- Thu thap, khao sat dir liéu

- Xt ly dit li€u, trich loc cac dac trung co ban

- Thu nghi¢m cac thuat toan, mo6 hinh cho cac tac vu hién anh mo va khoi
phuc anh mo

- Panh gia va lya chon m6 hinh phu hop dé xay dung tmg dung Android

- Xay dung tmg dung Android cho tac vu chup va gui anh Ién server

- Xay dung server biang Django Rest Framework dé xir 1y cac tac vu lién
quan dén xtr 1y anh.

Ngbn ngit xay dung cho server 1a Python, xay dung Ung dung Client bang
ngodn ngit Kotlin va sir dung Retrofit dé giao tiép giita Client va Server

CAu hinh may tinh st dung dé xay dung mo hinh va chwong trinh bao

- Hé diéu hanh: Window 11

- Vixu ly: Intel(R) Core(TM) i15-1035G1 CPU @ 1.00GHz 1.19 GHz
- Card d6 hoa: NVIDIA GeForce MX250

- RAM may: 16GB
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1.4. Ly thuyét lién quan dén xir Iy anh
1.4.1. Téng quan vé xir ly anh

Xt 1y anh hay xtr 1y anh ky thuat s6 1a mot phan nganh trong xtr 1y s6 tin
hi€u voi tin hi€u xtr 1y 1a anh. Pay 1a mot phan nganh khoa hoc maéi dugc phat
trién rat nhiéu nim gan day. X1 Iy anh bao gom nhiéu linh vyc c6 thé ké dén nhu
xur Iy nng cao chét luong anh, nhan dang anh, nén anh va truy van anh. Sy phat
trién cia xur Iy anh dem lai rat nhiéu loi ich cho cudc séng con nguoi. Cac vi du
c6 thé ké ra lién quan dén hé théng xir Iy anh nhu hé théng xir Iy anh vé tinh dé
phan tich khong gian vii try, hé thong tham do dia chat, hé théng phan tich té bao
sinh hoc va gan giii voi thé hé tré 1a cac phan mém hién thi va xi&r 1y anh nhu
Photoshop, SNOW, Inshot.

Xir 1y 4nh c6 thé hiéu co ban 1a ap dung thuat toan 1én hinh anh dau vao
dé cho mot hinh anh dau ra méi da dugc xir ly. Pbi tuong cua xtr Iy anh 1a xir Iy
cac anh tu nhién, anh chup, dir liéu hinh anh co6 nguén géc tr tin hi€u anh dac
trung boi bién d6 va dai tan s6. Cac hé thong xir 1y anh nhin chung s& thu nhan
khung canh hodc anh ¢ dau vao, thuc hién céc phép xu ly dé tao ra mot anh & dau
ra théa man cac yéu cau cam thu hodc trich rat cac dic trung cua anh.

Khung cénh, Miéu ta dnh,

_ Dl twong Tin hiéu Dir liéu Déi twong dnh
Anh quang hoc | Thist bi Mh Kol Xt ly bdc trung anh
——>| cam bién > S6hoa danh >| phéntich ———>

Camera) | Anhlién Anh s§ dnh

tuc

Nén, lwu trit va truyén anh

Hinh 1.3. So do tong qudt hé thong xir Iy anh

So dd khéi tong quat trén bao gdm cac chirc ning co ban sau:
- Khéi thiét bj camera: Thiét bj camera thuc hién chirc ning thu nhan khung
hinh, anh quang hoc dé dua ra tin hiéu anh hodc anh lién tuc (video)
- Khbi sb hoa anh: Dau vao nhan céc tinh hiéu anh, anh lién tuc dé xur ly va
dua ra anh s6, dir liéu anh & dang cac pixel.
- Khéi xtr Iy anh: Pau vao nhan dit liéu anh sb 1a cac pixel dé xt 1y va cho
két qua dau ra mong mudn ddi véi timg bai toan cuy thé.
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- Khéi nén, luu trit va truyén anh: Khéi chtrc ning dam nhiém cong viée luu
trit va nén anh. Khéi c6 thé giri anh duoc nén cho khéi xir Iy anh hodc
nhan két qua truc tiép tir khéi xtr Iy anh dé dua vao luu trix.

Xt 1y anh c6 nhiéu tmg dung trong thyc t& doi sdng c6 thé ké dén nhur:

- Théng tin anh, truyén théng anh

- Xu Iy anh vé tinh, vién thim

- Thién van, nghién ctru khong gian, vii tru

- Nguoi may, ty dong hoa

- May thong minh, thi gidc may nhan tao

- Sinh hoc, y hoc

- Giam sat kiém soat va quan sy

1.4.2.  Khdi niém vé phan tir dnh

Trong biéu dién anh sd, anh 14 mot mang 2 chiéu gdm M hang va N cot
v6i f(x,y) thé hién mirc xam cua anh tai toa do (x,y). Cac toa do diém (x,y) nay
duogc coi 1a cac diém anh hay con dugc coi 1a cic phan tir cia anh. Phan tir anh 1a
don vi co ban nhit cua hinh anh, mang cho minh thong tin vi trf va gia tri ndng
dd cua hinh anh, nhitng thong tin vé mau sic, ti 16 3 mau co ban g@)m do, xanh
lam va xanh 4.

Anh trong thuc té 12 mot anh lién tuc vé khong gian va gia tri 4o sang. Dé
c6 thé xir Iy 4nh bang may tinh can thiét phai s6 hoa anh. Trong qua trinh s6 hoa,
tin hiéu lién tuc bién d6i sang tin hiéu roi rac théng qua qua trinh 1dy mau (roi rac
hoa vé khong gian) va luong héa thanh phan gia tri. Trong qué trinh nay st dung
khai niém Pixel dé biéu dién cac phan tir cta b anh.

Nguoi ta goi chung véi mot khai niém méi mang tén pixel dé dai dién cho
cac phan tir anh. Khi quan sat man hinh trong ché do dd hoa, man hinh khong
lién tuc ma gém nhiéu diém anh nho, mdi diém anh nay sé€ gém mot cdp toa do
X,y Va gid tri mau nhu di néu trén. Céc pixel tao 1én do phan giai cho tAm anh.

Hién nay man hinh may tinh, tivi c6 cic do phan giai khac nhau, phd bién
nhit 13 man hinh HD 1280 x 720 hay Full HD 1920 x 1080.
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1920 Full HD

Hinh 1.4. Hinh anh minh hoa dé phdn giai may tinh
1.4.3.  Khdi niém vé anh mau

Anh mau 1a m6t ma tran cac pixel ma & d6 mdi pixel biéu dién mot diém
mau [2]. Mdi diém mau duoc biéu dién bang bd ba sé (R,G,B) tuong ung 13 ba
kénh mau do (Red), xanh 14 (Green) va xanh lam (blue). Ngoai ra, d¢ hiéu ré hon
vé ba kénh mau (R,G,B) thi ddy 1a ba mau chinh cta anh sang khi tach ra tir ling
kinh. Khi tron ba mau nay theo céac ti 1¢ nhét dinh c6 thé tao ra nhiéu cic mau
khéac nhau.

Hinh 1.5. Hinh anh minh hoa hé mau RGB

Mot vi du vé tim anh mau duoc thé hién nhu hinh duéi day:
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Hinh 1.6. Hinh anh mau RGB /2]

1.4.4. Khdi niém vé anh xam

Khéc véi khai niém anh mau, dnh xdm (gray image) hay con goi la anh
don sic (monochromatic). Vi du néu 1a anh 8 mirc xam thi mdi diém anh s& c6
gia tri nam trong khoang [0-7] , anh 256 mirc xam thi mdi diém anh s& ¢ gia tri
nam trong khoang [0-255]. O day, gi4 tri ciia diém anh bang 0 dai dién cho mirc
xam t6i nhat (den), gia tri diém anh cao nhat dai dién cho diém anh sang (trang).

Ngoai ra, ta cling c6 thé bién d6i mot tAm anh mau sang anh xam qua cong
thirc tinh d6 sang dudi day:

S=Rx0.299+G x0.587+B x0.114

Cong thuc trén véi S 1a do sang cua diém anh ¢ anh xam (gray image), R,
G, B 1a dai di¢n cho murc sang cua ba kénh mau dé (Red), xanh 14 (Green), xanh
lam (Blue) ctia anh mau. Mot vi du khac vé biéu dién anh xam vé6i 256 muc xam:
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154 1136 | O 98

255 | 198 | 154 1

200 | 236 | 234 0

Hinh 1.7. Hinh énh minh hoa ma trdn biéu dién anh xéam

Hay mdt vi du khac vé chuyén d6i &nh mau sang anh xam dudi day:

Hinh 1.8. Vi du vé anh mau chuyén Sang nh xam
Trong dd an ciing sir dung hinh xam dé thyc hién cac cong doan phat hién
ving mo cho birc anh qua phép bién doi Fourier s& dugc trinh bay ¢ phan sau.
1.4.5.  Khdi niém vé anh nhi phin
Dung nhu tén goi, anh nhi phan chi chira nhitng pixel c6 gia tri 0 hodc 1
trong d6 0 chi mau den va 1 chi mau tring. Hinh anh nay con duoc goi 1a Pon
sic.
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1.4.6. Luwoc do xim (Histogram)

Lugc d6 mirc xam cho biét tin suat xudt hién ctia mdi diém anh - pixel
trong mot birc anh mg v6i mirc xam twong tng. Cu thé, luoc d6 xam (histogram)
duoc bidu dién bing mot ham roi rac h(r,|=n,, trong d6 r\ 1a muc xam thu k va n,
1a s6 lugng diém anh c6 mirc xam 1a . Théng thudng histogram duge tiéu chuin
hoa b?mg cach chia h(ry) cho n, v&in :Z n,. Vi dy, mgt anh da mirc xam str dung
8 bit, 6 256 mirc xam tir 0 t6i 255. Luoc do mic xam sé co truc hoanh chay tu 0
t61 255 va truc tung chinh 13 tong s6 diém anh c6 mic xam twong tmg. Biéu dd
nay tuy don gian nhung c6 nhiéu Gmg dung trong cac bai toan gian do tuong
phan, phan ngudng anh va bién tir anh mirc xAm sang anh nhi phan.

/

bt

Histogram of || Histogram of J | Histogram of Histogram of

dark image light image low-contrast image high-contrast image

b | L ! 1 1 1 l 1 1 1 1 1 1

Hinh 1.10. Anh minh hoa luoc do xam véi moi tam anh xém khéc nhau /3]
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1.4.7.  Biéu dién anh

Trong biéu dién anh, thudng ding cac phan tir dic trung cua anh 1a pixel.
C6 thé xem mdt ham hai bién chira thong tin nhu biéu dién mot anh. Cac mo hinh
biéu dién anh cho thdy mot mé ta logic hay dinh luong cac tinh chit cia ham.

Trong biéu dién anh can cha ¥ t61 ddc tinh trung thuc cuia anh hoac cac
tiéu chuan théng minh dé do chat luong cia anh hodc tinh hiéu qua cta cac ky
thuat xur 1y.

Mot s6 md hinh thuong duoc ding dé biéu dién anh nhu: mé hinh toan
hoc, mo hinh théng ké. Trong mod hinh toén hoc, anh hai chiéu biéu dién nhe cac
ham hai bién truc giao goi 1a ham co sd. V6i mo hinh théng ké, mot anh duoc coi
nhu mot phan tir ciia mot tp hop dic trung boi cac dai lugng nhu: ky vong toan
hoc, hiép bién, phuong sai va mémen.

1.4.8. Néng cao chit lwong dnh

Tang cudng anh, khoi phyuc anh (hay ning cao chat lugng anh) 1a mot
budc quan trong tao tién dé cho xu Iy anh. Muc dich la lam ndi bat mot sd dic
tinh cua anh: Thay ddi do twong phan, loc nhiéu, ndi bién, 1am tron bién, khuéch
dai anh.

- Tang cuong anh: Nhim hoan thién trang thai quan sat cua mot anh. Bao
gbm diéu khién muc xam, thay doi do tuong phan, giam nhiéu, 1am tron,
ndi suy.

- Khéi phyc anh: Nham khéi phuc anh gan véi trang thai thuc nhét trudce
khi bién dang, tiy theo nguyén nhan giy ra bién dang.

Pham vi d6 4n sé& tap trung vao viéc khoi phuc mot birc anh bi mo do
chuyén dong hodc rung lac. Pay cling chinh Ia tién dé dé tién xir Iy hinh dnh phuc
vu cho cdc tac vu quan trong khac trong nhiéu linh vuc sau nay.

Hinh 1.11. Cal thién chdt lwong anh bang khir nhiéu
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1.4.9.  Bién déi anh

Trong viéc xir 1y anh sd, bién d6i anh 13 mot trong nhimng thao tac quan
trong gitip thay doi trang thai anh, chuyén d6i anh sang mot hé quy chiéu khac
hay trich loc ra nhitng dic trung quan trong ctia anh. Hién nay, viéc bién ddi anh
dugc thong qua rat nhiéu thuét toan, bd loc nham phuc vu muc dich cho nhiéu
loai bai toan cu thé. Cac bién doi thuong gip trong xtr Iy anh bao gom:

- Bién d6i Fourier (Fourier Transform)

- Bién d6i KL (Karhunen-Loeve Transform)

- Bién d6i Wavelet (Wavelet Transform)

- Céc phép bién ddi dua trén toan tir tuyén tinh
- Phép tich chap (2D Convolution)

1.5. Gioi thiéu vé Deep Learning
1.5.1. Khdi niém co bin vé Deep Learning

Deep Learning - hoc sau co thé dugc xem 13 mot linh vuc con cua
Machine Learning - hoc may, & d6 cac may tinh s€ hoc va cai thién chinh né
thong qua cac thuat toan. Deep Learning duoc xay dung dua trén cac khai niém
phirc tap hon rat nhiéu, chii yéu hoat dong v6i cc mang no-ron nhéan tao dé bat
chudc kha nang tu duy va suy nghi cia bd ndo con nguoi. [4]

Ly thuyét va su phat trién cta hé thdng méy tinh c6
kha nang thue hién cac nhiém vu thwong doi hoi tri
thong minh ctia con nguoi

Artificial Intelligence

. . Cung cép cho may tinh kha
Machine Learning nang hoc hoi ma khéng cin lap
trinh rd rang

Céc thuat toan hoc méy véi cAu
triic logic giéng bd ndo con
nguoi goi 1la mang no — ron

nhan tao

Deep Learning

Hinh 1.12. Anh minh hoa Deep Learning
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1.5.2. Deep Learning hoat dong nhw thé nao

Deep Learning 1a mot phuong phap duge xay dung dua trén nén tang cua
Machine Learning. Cidc mang no-ron nhén tao trong Deep Learning dugc xady
dung dua trén ¥ tudng 1a bo ndo con ngudi véi cac no — ron than kinh lién két
chat ch€ vdi1 nhau.

Céac no — ron trong mot mang hoc siu Deep Learning lién két giira cac
node tur 16p nay sang 16p khac. Trong mot mang no — ron, sO lugng céc 16p cang
nhiéu thi mang s& cang sau. Mdi lién két giita cic node s& twong ung v4i mot
trong sd, trong s6 ndy cang cao thi cang anh huong dén két ndi cua mang no —
ron do.

Pé thuc hién, cac no — ron s& ¢ ham kich hoat tuong Uing va nhi€ém vu
ctia cac ham kich hoat nay s& giup mang luéi lay ra nhitng dic trung cia dir liéu
dé tir 46 md hinh c6 thé tiép thu, hoc hoi duge tr dit liéu d6. Dit lidu duge ngudi
dung dwa vao mang no — ron s& di qua cac layer va tra vé layer cudi cung goi 1a
output layer.

Machine Learning

% | Iimc?l | |Hum:gry’| | Bus | %
Input Decision tree Output
2l % 2 NOT CAR
Input Feature extraction + Classification Output

Hinh 1.13. Anh minh hoa hoat déng giita Machine Learning va Deep Learning

Trong qua trinh huan luyén mé hinh mang no-ron, cac trong sé s& duoc
thay doi va nhiém vy cta moé hinh 13 tim ra bo gia tri cta trong s6 sao cho phan
doan 1a tot nhat.

Céc hé thong Deep Learning yéu cau phan ctng phai rit manh dé c6 thé
xtr Iy dugc luong dir liéu 16n va thyc hién cac phép tinh phtc tap. Nhidu mé hinh
Deep Learning c6 thé mat nhiéu tudn, thAm chi nhiéu thang dé trién khai trén
nhitng phan ctng tién tién nhat hién nay.
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1.5.3. Uu — nhweoc diém ciia Deep Learning

Uu diém: Deep Learning 13 mot bude ngoit to 16n trong linh vyc tri tué

nhan tao, cho phép khac nha khoa hoc dir li¢u xay dung nhiéu mo hinh c6 d6
chinh x4c rét cao trong linh vuc nhan dang anh, xir Iy ngén ngit ty nhién, xir 1y
giong ndi. Mot s6 uu diém vuot troi ciia Deep Learning gom co:

Kién tric mang no-ron linh hoat, c6 thé dé dang thay d6i dé phu hop véi
nhiéu van dé khac nhau.

C6 kha nang giai quyét nhiu bai toan phtic tap voi do chinh xéc rét cao.
Tinh ty dong hoa cao, c6 kha ning tu diéu chinh va tu t6i wu.

C6 kha nang thuc hi¢én tinh todn song song, hi¢u nang tdt, xir Iy duoc
lugng dir li€u lon.

Nhuwoec diém: Bén canh nhimg uwu diém, midt khac, hién nay Deep

Learning van con nhiéu kho khan va han ché, chang han nhu:

Can c6 khéi luong dir liéu rat 16n dé tan dung t6i da kha ning cta Deep
Learning.

Chi phi tinh toan cao vi phai xt Iy nhiéu mé hinh phirc tap.

Chua c6 nén tang 1y thuyét manh mé& dé Iya chon cac cong cu tbi uu cho
Deep Learning.

1.5.4. Ung dung ciia Deep Learning

Kién trac mang no-ron trong Deep Learning dugc tng dung trong cic

cong viéc yéu cau sic manh tinh toan cao, xur 1y nhiéu dir liéu va d6 phuc tap
16n. Duéi day 1a mot sb tmg dung ciia Deep Learning trong cudc séng ngay nay
ma ta hay duoc bét gip nhat:

e Xirly anh: Véi su phat trién vugt bac ciia Deep Learning ngay nay thi cac

k¥ thuat Deep Learning c6 thé hoan toan dugc 4p dung vao dé thyc hién
cac tac vu lién quan dén xir Iy hinh anh. C6 rat nhiéu tmg dung cia Deep
Learning trong linh vyc xir Iy anh rong 16n nay c6 thé ké dén cac bai toan
phat hién canh, phat hién vat thé, danh dau vat thé hay 1a bai toan xir 1y
anh mo cua em cling ung dung ky thuat Deep Learning dé thuc hién. Viéc
xtt Iy anh ap dung Deep Learning dd dan dan tré thanh mot linh vuc rong
16n trong thé giéi khoa hoc mdy tinh dem lai rat nhiéu hiéu qua cho con
ngudi trong lao dong, san xuét, gido duc.

Xe tur lai: Mot trong nhirng cong nghé méi va hap dan nhit hién nay 1a xe
tu dong 1ai, n6 dugc xay dung dua trén cdc mang no-ron cép cao. Noi mot
cach don gian, cdc md hinh Deep Learning s& nhan dién cac ddi twong ¢
moi truong xung quanh xe, tinh toan khodng cach gitra xe va cac phuong
tién khac, xac dinh vi tri lan duong, tin hi€u giao thong,... tor d6 dua ra
dugc cac quyét dinh tdi vu va nhanh chong nhat. Mot trong nhitng hang
xe tién phong trong viéc san xuat xe ty 1ai hién nay 1a Tesla.

Pham Minh Hiéu — BI9DCCN255
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Hinh 1.14. Hinh anh minh hoa xe tw lai

* Phén loai sic thai: Day la linh vyc phan tich cam xuc ciia con nguoi
thong qua viéc xir Iy ngdn ngir tu nhién, phéan tich vin ban va thong ké.
Céc cong ty co thé tng dung Deep Learning dé hiéu va phan doan cam
xuc cua khach hang dya trén nhiing danh gia, binh luén, tweet,... tr do
dua ra nhiing chién luoc kinh doanh va marketing phui hop véi timg nhom
dbi twong. Ngoai ra, phan loai sic thai con xuat hién rat nhiéu trong cai
bai toan xtr 1y anh, phan biét ndi dung thé hién chinh trong nhitng btrc anh
gitip chuwong trinh nhan biét hodc xtr 1y cac tac vu cu thé khac.

Hidden 0.05

Error = output - reality

=0.05-0

=0.05

Hinh 1.15. Hinh anh minh hoa bai toan phan loai

Pham Minh Hiéu — BI9DCCN255 13
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* Tro ly d0: Tro 1y 40 dang duoc tng dung rat nhiéu trong doi sdng hang
ngdy, trong d6 phd bién gdm cé chatbot, gidng vién online, Google
Assistant, Siri, Cortana. Cac trg ly 4o dugc xay dung dua trén Deep
Learning véi cac thuat toan nhan di¢n van ban, xtr ly ngén ngir ty nhién,
nhan dang giong ndi,...

Hinh 1.16. Hinh anh vé tro Iy do Siri ciia Apple

e Mang xi hdi: Mot s6 nén tang mang xa hoi 16n nhu Twitter ciing (g
dung céc thuat toan Deep Learning dé cai thién cac dich vu ciia minh. Cu
thé, nhirng trang nay s& phan tich mot luong 16n dit liéu thong qua mang
no-ron nhan tao dé tim hiéu vé cac tuy chon cua ngudi dung. Ngoai ra,
Instagram ciing str dung Deep Learning dé tranh cic hanh vi bao luc trén
khong gian mang, chin c4c binh luan vi pham, khong phu hop. Facebook
cling khong nam ngoai danh sach cac mang xd hoi ung dung Deep
Learning vao san pham cta minh. Cac thuat toan mang no-ron sau dugc
su dung dé go1y trang, ban be, dich vy, nhan dién khuén mat.

Hinh 1.17. Hinh énh minh hoa cdc nén tang mang xa hoi

Pham Minh Hiéu — BI9DCCN255 14
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¢ Cham séc strc khée: Deep Learning cling c6 dong gop khong nho vao
linh vuc y té, trong d6 phd bién gébm c6 cac mo hinh du doan tinh trang
bénh, chin doan ung thu, phan tich két qua MRI, X-ray.

1.5.5. Dit liéu trong Deep Learning

Bung nd dir liéu 16n trong nhimg nim gan day da giup viéc xay dung céc
mo hinh Deep Learning tré nén dé dang hon. Tuy nhién, ddy van 1a mot linh vuc
v6 cung phirc tap va tén kém. Vi phai xir Iy luong dir liéu v6 cing 16n nén cac
mo hinh Deep Learning thuong rat ning vé mat tai nguyén tinh toan va GPU dé
c6 duogc hiéu nang tdt nhat.

Céc thuat toan Deep Learning ¢ thé tim ra dugc cac mbi quan hé an siu
trong nhitng bo dit liéu. Tuy nhién viéc nay ciing ddng nghia véi luong dit liéu
dau vao (dir liéu da dugc gan nhan) phai du 16n. Viéc gan nhan dit liéu ciing doi
hoi nhiéu ngudn lyc va thoi gian , dic biét 1a trong linh vuc y té phai yéu cau
chuyén mon cao méi c6 kha ndng gan nhan dit liéu chinh xac. Chinh vi vay, cong
doan chuan bi dit liéu cho cdc mo hinh Deep Learning hoc tap 1a cong doan doi
hoi rat nhiéu chi phi va thoi gian. Bén canh d6, cac dit liéu thu thap dugc can
phai xir 1y, chic loc méi ¢6 thé cho vao dé mo hinh hoc. Cong viéc nay doi hoi
rat nhiéu thoi gian, sy kién nhan va nhiéu lac can tdi ca chuyén mon cia nhimg
ngudi hanh nghé trong linh viuec ma mé hinh duoc tng dung.

Pham Minh Hiéu — BI9DCCN255

15



D6 an t6t nghiép dai hoc CHUONG 1. GIOI THIEU
CHUNG

BNEEBSESEEE
EMEENEEEEEN
NSNS
ol |0 [l wfos]uojafob s B
HNASONEAEENE
L2 250 81 5 0 A e )
BEENESEIENNES-
NI NN NG

G |R [ |50 [S0 | [on[ov | §
=[N ololwlolalolvf

<

Hinh 1.19. Hinh anh minh hoa tap dir liéu chir so viet tay MNIST d
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1.6. Mang no — ron
1.6.1. Mang no — ron nhdn tao

Mang no-ron nhan tao (Neural Network - NN) 1a mot mé hinh 13p trinh
mo phong cach thirc hoat dong ctia mang no-ron than kinh. N6 dugc cdu thanh
bdi cac no-ron don 1€ dugc goi 1a cac perceptron.

. —— _ T
o | 1 z%u R0 =W Input layer Output layer

\ y =sgn(z

wo

wi x
wa \»@_)@ short form
—

U),/

@

0\9 9/@
4

5
N

Hinh 1.20. Minh hoa biéu dién Perceptron duoi dang Neural Network /6]
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% Perceptron

Axon
terminals
Myelin sheath /\
—
' —
_) |
Input i Qutput
. Dendrites ! ! w — ‘
Signals —s | Ay Signals
—_—
— . Axon
S Cell nucleus N

Hinh 1.21. Hinh énh minh hoa no-ron than kinh sinh hoc /6]

Mot no-ron sinh hoc ¢6 phan than (cell body) chira nhan (nucleus), cac tin
hiéu d4u vao qua s¢ nhanh (dendrites) va céc tin hiéu dau ra qua soi truc (axon)
két nbi voi cac no-ron khac.

M&i no-ron nhan dit liéu dau vao qua soi nhanh va truyén dir liéu dau ra
qua cac soi truc, dén cac soi nhanh cua cac no-ron khac. Mdi no-ron nhan céc
xung dién tir cic no-ron khac qua soi nhanh. Néu cac xung dién nay du 16n dé
kich hoat no-ron thi tin hi€u nay di qua soi truc dén cac soi nhanh cua cac no-ron
khéc.

Mo hinh cua perceptron cling vay:

Bias

Activation
function

Output
o(+) p——>

. . Summing
junction
o—(0i)
Synaptic
weights

Hinh 1.22. Hinh anh minh hoa kién triic no -ron nhén tao co ban nhat [7)

Mot perception s€ nhan mdt hodc nhiéu dau vao x dugc thé hi¢n bang cac
node va cho ra mt két qua dang nhi phan. Cac dau vao dugc diéu phdi tam anh
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hudng bai cac tham sé trong luong twong mg w ctia nd, con két qua dau ra duoc
quyét dinh dira vao mot ngudng b quyét dinh nao do:
0,if Z w;.x;<threshold

y i
1,if Z w,. x;>threshold

Néu ta dit b = -threshold (ngudng) thi cong thic trén c6 thé viét lai thanh:
0,if > w,.x;+b<0
y= i
l,ifz w,.x,+b>0

Tiép d0, néu ta dat x_0=1 va w_0=b, thi cong thiic trén co6 thé viét lai
thanh:

_10,ifw"x<0
1,if w' x>0

V6i dau ra 1a dang nhi phén, rat kho c6 thé diéu chinh mot luong nhé dau
vao dé dau ra thay d6i chat it, nén dé linh dong mé rong dau ra thanh khoang [0,
1]. Luc nay dau ra duge quyét dinh bdi mot ham o (w” x) c6 gia tri trong khoang
[0, 1] goi 12 ham kich hoat (activation function). Cac ham kich hoat c6 thé ké dén
nhu:

- Sigmoid va tanh

A
0.4 = -5 ‘ 5 10
04F : |
/ I‘
-0p}
|

f

Azl

L
-10 -5

: <54
10 Sl

Hinh 1.23. Minh hoa dé thi ciia ham kich hoat Sigmoid va Tanh [s]

- RelLU

Pham Minh Hiéu — BI9DCCN255 18



D6 an t6t nghiép dai hoc CHUONG 1. GIOI THIEU
CHUNG

=10 -5 5 10

Hinh 1.24. Hinh anh minh hoa do thi ham kich hoat ReLU [9]
% Multi — layer perceptron
Khi két hop cac tang perceptron, c6 mot mang no-ron tong quat gdm 3
layer:
- Input layer: nhiéu node & input tao thanh mét 16p dau vao ciia mang.
- Hidden layer: cac layer trung gian thé hién cho viéc suy luan logic cua
mang.
- Output layer: nhi€u node ¢ dau ra tao thanh mét 16p dau ra.

Input Hidden 1 Hidden 2 Output

Hinh 1.25.Multi — layer Perceptron voi 2 hidden layer

S6 luogng layer trong mot MLP dugc tinh bang s hidden layers cong vai
1. Tac 1a khi dém s6 layers ciia mot MLP, ta khong tinh input layers. S6 luong
layer trong mot MLP thudng dugc ky hiéu 1a L. Pbi voi hinh 24 thi L=3.
Mbi node trong hidden layer va output layer:
- Lién két véi tat ca cac node & layer trudc d6 véi cac hé sd w riéng.
- MBJi node ¢6 1 hé sb bias b riéng.
- Dién ra 2 buc: tinh tong linear va ap dung ham kich hoat

Pham Minh Hiéu — BI9DCCN255 19
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< Units

O nhitng hinh anh minh hoa bén trén c6 xuét hién nhitng node tron trong
cac layer, mdi node hinh tron nay duoc goi 1a mot unit. C4c unit & cc layer nhu
input layer, hidden layer, output layer duoc goi lan luot 1a cac input unit, hidden
unit va output unit. Pau vao cta cac hidden layer dugc ky hiéu béi z, dau ra cua
mdi unit thuong duogc ky hicu 1a a (thé hién la ham kich hoat — activation
function). Piéu ny c6 nghia 12 mdi unit khi nhan dau vao 1a két qua z cia ham
tuyén tinh s& dugc ap dung cac ham kich hoat 1én z va cho ra két qua 1a gia trj a.
Dau ra cta unit thit i trong layer thit [ duoc ky hiéu 1a al.

(I — 1)™ layer ™ layer

o 0 WO g R xd

N R O b g R
4 z,(-l) = wgi)lia(l"l) + bg”

o\ . J
O &9

L= =D O z(0 = wiTg(=1) 4 p®)
“qu-1  Ygu-n
0 all) = f(z(l))
(I-1) (I-1) Z A,
Z a dly
20 a0

Hinh 1.26. Hinh anh minh hoa cdc ky hiéu s dung trong mang no -ron /8]

< Weights va Biases
Giira cac layer v6i nhau s& c6 mot ma trin trong sb, hay noi cach khac néu
ta khong tinh input layer thi mét MLP cé L layer thi s& c6 L ma tran trong so.
Cac ma tran nay duoc ky hiéu 1a w e R* *?,1=1,2,...,L trong d6 w' thé hién
cac két ndi tir layer thir -1 t6i layer thir I. Cu thé hon, phan tir w(,-f) thé hién két
ndi tir node thit i ciia layer thir (I—1) t6i node thir j cta layer thir (I). Cac bias cta
layer thtr (1) duge ky hiéu 1a b” e RY'. Cac trong sé ndy dwoc ky hiéu nhu trén
hinh 25. Muc tiéu ctia cic md hinh Deep Learning 1a di toi wu mot MLP cho tac
vu cu thé ndo d6 va viéc can phai lam d6 1a di tim cac weights va biases nay.
Tap hop cac weights va biases lan luot duoc ky hiéu 1a W va b,
o Feedforward

Pham Minh Hiéu — BI9DCCN255
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Input layer Hidden layer 1 Hidden layer 2 Output layer

Hinh 1.27. Vi du minh hoa vé mang no' — ron.

Qua trinh feedforward sé duoc em dua vao hinh anh trén dé mo ta nhu
sau:

Goi input layer & hinh trén 13 a'”=x (& hinh 1.27 thi a'”=(x,;x,}), thuc
hién tinh 2" 1a du ra cia input layer. Pong thoi dua 2" qua ham kich hoat tai cac
node ¢ hidden layer dé duoc o'’

AT ol i+ ol el + 0
Z(l) — Zél) — a](.U) * W]F;) + agﬂJ * Wz(%) _+_ b;gl)
A Lo w4

= (WD) 5 aq® 4 p®
= g = J(Z(l))
Tuong tu sau d6, ta c6 cac két qua tinh ctia mdi 16p:
o) = (W(z))T gl 45
a@ = g(z(l])
B = (W(B))T s ol g
$ = a® =g(z®)
Qua trinh tinh toan trén c6 thé duoc mo ta tong quat nhu hinh dudi day:
a(®) = ;) == (1) e 7)) == 1D m— 273 m— a®) = §
Hinh 1.28. Mo ta thw ty tinh toan cua qua trinh feedfoward

Co thé théy réng, qua trinh tinh toan dugc thuc hién lan luot tur trai qua
phai va dua ra két qua du doan cudi cung. Qua trinh ndy dugc goi la feedforward,
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dua dau vao dir liéu vao nham du doan thur cac két qua dé co6 hudng di€u chinh
cac tham sO weights va biases sao cho phu hgp nhat.

** Backpropagation

Tir qua trinh feedforward dé dua ra két qua dy doan thi 1am thé nao dé ta
c6 thé diéu chinh cac tham sd weights va biases cho mé hinh tré 1én phu hop véi
bai toan. Dudi day, em s& trinh bay vé qua trinh backpropagation, 14 cach thirc dé
mo hinh tir diéu chinh cac tham sb weights va bias sao cho phu hop.

Tu input X ta cé thé tinh duoc gia tri du doan y', sau d6 tuy theo tirng bai
toan cu thé ma tinh toan loss function (ham méat mat thé hién su chénh léch gitra
két qua thuc va két qua du doan. Tir két qua ctia ham loss function ta s& thuc hién
cac phép tinh toan t6i wu dé diéu chinh cac tham sb weights va bias. Cu thé &
day, ta s& ap dung kién thirc vé Gradient Descent dé t6i wu cho ham mét mat (loss
function) vé gia tri nhé nhat — c6 nghia 14 su chénh 1éch gitta két qua du doan va
két qua thyc té 1a thip nhat.

N

Vi du don gian vé ham loss function nhu sau: J :% x(D. (yi—y,)), trong
i=1

d6 J thé hién cho két qua chénh léch cia ham mét mat (loss function), N 1a sb
diém dir liéu dau vao, y; 1a két qua du doan cua dir liéu ther i va y; 1a két qua thuc
cua dir liéu thu i.
aJ d] a] d] d] dJ
ow®  gp 3] ow®@  9b® aJ ow®  9p>) o]
< 72 ¢ Srol 5

Hinh 1.29. Minh hoa cho qua trinh backpropagation

Nhu vay, mang no-ron nhan tao 1a mét mo hinh dugc tao nén tor mot
luong 16n cac phan tir (no-ron) két ndi voi nhau thong qua cac lién két (trong sd
lién két) lam viéc nhu mot thé théng nhat dé giai quyét mot van dé cu thé nhu
phan loai dir liéu, nhan dang mau, thong qua mot qua trinh hoc tir tAp cic mau
huén luyén. V& ban chit hoc & day chinh 1a qua trinh hiéu chinh trong s6 lién két
gitra cac no-ron.

1.6.2. Kién triic mang no — ron tich chip
s Tich chdp

Tich chép - Convolution dugc sir dung dau tién trong xtr 1y tin hiéu sb
(signal processing). Nho vao nguyén 1y bién doi thong tin, cac nha khoa hoc da
ap dung ki thuat nay vao xir Iy anh va video s6. Pé dé hinh dung, ching ta co thé
xem tich chap nhu mét ctra s6 truot (sliding window) ap dat 1én mot ma tran.
Hinh dudi day minh hoa co ché cua tich chap.
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Hinh 1.30. Minh hoa cho phép tich chdp trong khéong gian 2 chiéu

Ma tran bén trai 1a mot anh xam, moi gia tri cia ma tran twong duong voi
mot diém anh (pixel) c6 gia tri bién thién tir 0 dén 255. Sliding window con cd
tén goi 1a kernel, filter hay feature detector. O day, ta dung mot ma tran filter
kich thudc 3x3 nhan ting thanh phan twong Umg v4i ma tran anh bén trai. Gid tri
dau ra do tich ctia cac thanh phan nay cong lai. Két qua cia tich chip 1a mot ma
tran sinh ra tir viéc truot ma tran filter va thyc hién tich chép cung luc 1€n toan bo
ma tran anh bén trai.

Nguyén tic hoat dong ctia bo loc (filter) no s& truot dan tir trai qua phai tir
trén xudng dudi cho dén khi toan bo cac diém anh duoc duyét qua. Khoang cach
ma bd loc di chuyén tir diém anh ndy sang diém anh khac duoc goi 13 Stride
(budc nhay). Khi Stride = 1 thi cac bd loc s& di chuyén mdi lan dich sang phai 1
pixel. Twong tu néu Stride = 2 thi bd loc s& di chuyén mdi 1an dich sang phai 2
pixel. Viéc Iya chon Stride cang 16n thi chiéu cua két qua tich chap s& cang giam.
Vi du d6i voi hinh 29, néu ta chon Stride = 1 thi két qua dau ra sau khi tich chap
s& 12 mot ma tran c6 kich thude 3 x3 va néu ta lua chon Stride = 2 thi s& dugc két
quéa dau ra 1a ma tran kich thudc 2 x 2,

Trén déy 1a gi6i thiéu cach tinh tich chap, tiép theo do an s& di téi gidi
thiéu cac thanh phan co ban ctia mot mang no — ron tich chap.
s Gioi thiéu mang no — ron tich chdp

Trong céc bai toan xir 1y anh voi Deep Learning 1a viéc mot tim anh dau
vao mang dir liéu qua 16n khién cho cdc md hinh Deep Learning c6 xu hudng
kém hiéu qua. Vi du v6i mot tim anh mau kich thude 32 %32 x3 (cao 32 pixel,
rong 32 pixel va co6 3 kénh mau R-G-B) thi diu vao cua mot mang no — ron
truyén théng véi input layer di c6 3072 trong s6. Con sé 3072 van hoan toan ¢
thé kiém soat dugc va mot may tinh binh thudng van c6 thé xir Iy nhung khi buc
anh trd 1€n 16n hon thi lai 1a chuyén khéc. Cha han nhu mot tim anh mau véi
kich thudc 200 %200 x 3, d3 khién cho mé hinh c¢6 120.000 trong s6 & layer dau
tién, cong thém cac trong sd & cac hidden layer sau s& khién sé luong trong sd
ciia mang tr¢ 1én rat 16n va may tinh khong thé thuc hién cac tinh toan hodc c6
thé nhung tn rat nhidu thoi gian. Chinh diéu nay, da khién viéc xir Iy anh véi
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cac birc anh c6 do phan giai cao tré nén kho khin va tiéu ton rat nhiéu tai nguyén
tinh toan.

Dua trén nhitng kho khédn trong viéc xtr ly anh do, Convolution Neural
Network (mang no-ron tich chép) ra doi dé giai quyét van dé nay. Bat dau tir
tudng trong mot anh thi cac pixel & canh nhau sé& c6 lién két, anh hudng téi nhau
nhiéu hon cac pixel & xa cho nén CNN s& tim cach thu gon cac pixel gin nhau
thanh 1 pixel tiy theo muyc dich cta bai toan. Viéc 1am nay giup giam di dang ké
) luong trong s6 ban dau ctia mot birc anh ma van gilr lai dugc cac dac trung
cua anh.

Mot mang no — ron tich chap bao gém tap hop cac 16p chinh co ban gém:
16p tich chap (Convolution layer), 16p 14y mau (Pooling layer) va 16p két ndi day
du (Fully connected layer).

o} 5, C; 5 ny n;
input feature maps feature mapsfeature mapsfeature maps output
2332 __28x28 __ 4x14  10x10 5x5 __ __
N N AN
N oA AN =0,
.= S T N\ T
\___: f | __ 1 \\ \.-g-
R ~1 PR | »
convolution \ 22 ’ x5 . = e \\ fully \
subsampling convolution 1 2x2 confiected
i b o Wiy
feature extraction classification

Hinh 1.31. Minh hoa tich chdp cho bai toan phan logi

Trong md hinh CNN, cac layer lién két dugc voi nhau thong qua co ché
convolution. Layer tiép theo 1a két qua convolution tir layer truéc d6. Nho vay
ma ta co dugc cac két ndi cuc bo. Nghia 12 mdi no-ron & layer tiép theo sinh ra tir
filter 4p dat 1én mot vung anh cuc bd ciia no-ron layer truéc d6. Mdi layer nhu
vay duoc ap dit cac filter khac nhau, thong thudng c6 vai trim dén vai nghin
filter nhu vay. Mot s6 layer khac nhu pooling/subsampling layer dung dé chit loc
lai cac thong tin hitu ich hon (loai bo cac thong tin nhiéu).

CNN c6 tinh bat bién va tinh két hop cuc bd (Location Invariance and
Compositionality). V&i cing mot dbi tuong, néu déi tuong ndy duoc chiéu theo
cac goc do khac nhau (translation, rotation, scaling) thi d§ chinh xac cua thuat
toan s& bi anh huong dang ké. Pooling layer s& cho tinh bat bién dbi voi phép
dich chuyén (translation), phép quay (rotation) va phép co gidn (scaling). Tinh
két hop cuc bo cho ta cac cip do biéu dién thong tin tir mirc d6 thip dén muc do
cao va truu tugng hon thong qua convolution tir céac filter. Po6 1a 1y do tai sao
CNN cho ra mé hinh véi d6 chinh xac rat cao. Tiép theo, em s& trinh bay chi tiét
cac 16p trong mo6 hinh CNN.

s Lop tich chdp

Pham Minh Hiéu — BI9DCCN255

24



D6 an t6t nghiép dai hoc CHUONG 1. GIOI THIEU
CHUNG

Layer nay chinh 1a noi thé hién tu tuéng ban dau ciia CNN. Thay vi két
nbi toan bd diém anh, layer nay s& st dung mot tap cac bod loc (filters) co kich
thude nho so véi anh (thuong 1a 5x5 hodc 3%3) 4p vao mot vung trong anh va
tién hanh tinh tich chap gifra bg loc va gia tri diém anh trong vung cuc bo do. Bo
loc s& lan luot duoc dich chuyén theo mot gia tri bude truot (stride) chay doc
theo anh va quét toan bg anh.

.-

Hinh 1.32. Minh hoa thuc hién tich chdp voi b loc [10]

Trong hinh 1.32, bg loc dugc st dung 1a mdt ma tran cé kich thudc 3 x 3,
bd loc nay sé& dich chuyén lan lugt tir tréi qua phai, tir trén xudng dudi qua timg
vung anh dén khi quét hét toan bd buc anh.

Kich thudc tAm anh dau ra s& duge xac dinh tuy theo kich thudc cia budce
nhay (stride), cac khoang tring dugc thém (padding) va kich thudc tAm loc filter
theo cong thurc:
_i+2xp—k +

s

0 1

Trong do:
- ilakich thu6c anh dau vao (thudng 13 4nh vudng)
- p lakich thudc khoang tring vién dugc thém vao
-k 1a kich thudc bo loc filter
- s la budc nhay cua bo loc

Khi dua anh vao 16p tich chap, dau ra cua nd ung voi mat loat diém anh.
C6 thé thyuc hién cac hoat dong nhu phat hién canh, lam m¢ va lam sdc nét béng
cac két hop hinh anh dau vao véi cac bd loc khac nhau. Cac trong sb clia cac bo
loc nay duogc khoi tao ng'flu nhién va cap nhat trong qua trinh huin luyén.
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Operation

Identity

Edge detection

Kernel
0 0 0
01 0
0 0 0
1 0 -1
0 0
-1 0 1
0 1 0
1 -4 1
1 0
-1 -1 -1
-1 8§ -1
-1 -1 -1

Image result

™

L

Hinh 1.33. Minh hoa két qua tich chdp voi cac bo loc khac nhau 3]

% Buodc nhay (Stride)

Stride 1a s6 pixel thay d6i trén ma tran dau vao. Khi stride 1 1 thi ta di
chuyén cac filter 1 pixel. Khi stride 1a 2 thi ta di chuyén céc kernel di 2 pixel va
tiép tuc nhu vay. Hinh dudi 1a 16p tich chap hoat dong véi stride 1a 2.

1 2 3 4 5 6

1 12 13 14 15 16 17
21 22 | 23 | 24| 285 | 26 | 27
3 32 | 33 34 | 35 36 | 37
41 42 43 44 | 45 46 | 47
51 52 53 54 55 56 57
61 62 | 63 | 64 | 65 | 66 | 67

*-??

s Duong vién

{ 71 72 1 73 j 74 | 75 \ 76

Hinh 1.34. Hinh dnh minh hoa stride = 2

Convolve with 3x3
filters filled with ones

—>

108 | 126

288 | 306

1
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Qua trinh tich chap (convolution) c6 thé lam giam bét di kich thudc cua
anh ban dau. Diéu nay c6 thé din ti viée tich chap c6 thé bé qua nhing thong tin
quan trong cia mot tim anh 1am cho két qua tinh toan tré nén sai s6t. Hodc doi
khi b loc filter khong pht hop véi hinh anh dau vao va chung ta can giai quyét
cac van dé nay. Chinh vi thé, viéc chén thém cac sd 0 va 4 dudong bién cua hinh
anh s& gitip ta cai thién dugc cac van dé trén. Viéc 1am nay vira gitp ting kich
thudc buc anh dé dam bao dau ra tich chap 1a mot tim anh bang voi tim anh ban
dau, vira c6 thé gitp tAm anh phu hop voi cac bo loc khéc.

0 0 1 1 1 0 0
0 0 0 1 1 1 0
0 0 0 1 1 0 0

Hinh 1.35. Hinh anh minh hoa ma tran anh duoc padding = 1

% Ldp ldy mau (Pooling)

Layer nay str dung mt cira sO trugt quét qua toan bo anh dit liéu, mdi 1an
truot theo mot budce truot (stride) cho trude. Khac voi layer Convolution, layer
Pooling khong tinh tich chdp ma tién hanh 1iy mau (subsampling). Khi cira sb
truot trén anh, chi c6 mét gia tri dugc xem la gia tri dai dién cho thong tin anh tai
vung d6 (gia tri mau) duogc gitr lai. Cac phuong thirc 14y phd bién trong layer
Pooling 1a MaxPooling (1ay gia tri 16n nhat), MinPooling (liy gié tri nho nhit) va
AveragePooling (lay gia tri trung binh).

Xét mot anh c6 kich thude 32x32 va layer Pooling str dung bd loc ¢o6 kich
thudc 2x2 véi bude truot stride 1a 2, phuong phap st dung 1a MaxPooling. B
loc s& 1an luot truot qua anh, voi moi 14n truot chi co gia tri 16n nhét trong 4 gia
tri nam trong vung cua s6 2x2 cua bo loc duge gilr lai va dua vao ma tran dau ra.
Nhu vdy, sau khi qua layer Pooling, anh s& giam kich thudc xubng con 16x16
(kich thudc mdi chiu giam 2 1an).

Pham Minh Hiéu — BI9DCCN255

27



D6 an tot nghiép dai hoc CHUONG 1. GIOI THIEU
CHUNG

Max Pool

>

Filter - (2 x 2)
Stride - (2, 2)

Hinh 1.36. Hinh anh minh hoa Max Pooling

Pooling Layer c6 vai tro giam kich thudce dir li¢u. V61 mot bire anh kich
thudc 16n qua nhiéu Pooling Layer s& duoc thu nho lai tuy nhién van giit duoc
nhimg dic trung can cho viéc nhan dang (thong qua cach 1dy mau). Viéc giam
kich thudc dir liéu s& lam giam luong tham sb, ting hiéu qua tinh todn va gop
phan kiém soat hién tugng quéa khép (overfitting).

C6 nhiéu dang pooling cho cac bai toan cu thé, duéi ddy em xin gidi thiéu
vé hai dang pooling hay dugc sir dung nhat d6 1a max pooling va average
pooling:

Kiéu Max pooling Average pooling
Chirc | Tung phép pooling chon gia tri | Tung phép pooling tinh trung binh
nang | l6n nhat trong khu vuc ma nd | cac gid tri trong khu vgc ma noé
dang dugc 4p dung dang dugc dp dung
Minh :
.
Nhan * Bao toan cac déc trung e Giam kich thudc feature
xét * Duogc st dung nhiéu map
* Duogc st dung trong mang
LeNet

Bang 1-1. So sanh Max Pooling va Average Pooling [10]
% Lop két noi day di

Tang két n6i ddy dii (FC) nhan dau vao la cac dit liéu da duoc lam phang,
ma mdi dau vao d6 duoc két ndi dén tat ca neuron. Trong md hinh mang CNNis,
cac tang két ndi day du thuong duoc tim thiy ¢ cudi mang va duoc dung dé t6i
uu héa muyc ti€u cua mang vi du nhu dé chinh xéc cua 16p.
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Hinh 1.37. Minh hoa lop fully connected [10]
1.7. Chi s6 danh gia mé hinh

Pbi véi bai toan sir dung mé hinh hoc sau (Deep Learning) hay cac thuat
toan hoc may (Machine Learning) n6i chung luén luén phai c6 phuong thirc dé
danh gia su hiéu qua ctia mo hinh. Tir cac két qua danh gid mo hinh d6 ta c6 thé
trich rat ra dugc moé hinh phit hop voi bai toan thuc tai dé ap dung vao cong doan
xay dung hé thong phadn mém. Chinh vi vy, dé c6 mot cai nhin vé thudc do danh
gia cu thé em sé dinh nghia cac thudc do quan trong va dugc tng dung trong qua
trinh danh gid mé hinh ciia dé tai nay.

1.7.1. Ma trdn danh gia Confusion matrix

Confusion matrix khong duoc coi 1a mot chi sé danh gid mo hinh nhung
n6 lai mang dén cai nhin tong quat cho cac nha khoa hoc khi dénh gia hiéu ning
ciia mot mé hinh. Ddi vé6i cac bai toan phan loai, confusion matrix thé hién duge
¢4 bao nhiéu diém dit liéu thuc sy thudc vao mét class va duoc du doan roi vao
mot class. Diéu ndy c6 nghia 1a confusion matrix s& cho ta thay cac két qua téng
quan nhat khi mot mé hinh du doan cac nhén cua dé tai c6 san. Cach biéu dién
cua confusion matrix s€ c6 nguoi xem biét duge sd luong gid tri ma mo hinh du
doan sai hay dung trén mot nhan thuc té.

Vi du hinh 4nh dudi day sé& cho ta thdy cai nhin rd rang nhat vé confusion
matrix nay:
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Confusion matrix, without normalization Normalized confusion matrix

175 as

150 05

125 04

100
o3

True label
True label

0.2

rol

] > T

Predicted label Predicted label

Hinh 1.38. Minh hoa unnormalized confusion matrix va confusion matrix [11]

Pbi voi 2 hinh anh trén, ta déu quy wdc truc hoang 1a nhan ma mé hinh du
doan (predicted label) va truc tung 1a nhan thyuc té cua dir lidu (true label). Sau
day ta s& di phan tich chi tiét vao hai hinh minh hoa trén hinh 37 nhu sau:

e Unnormalized confusion matrix (Hinh bén trai): Dbi v6i mdi 6 déu thé
hién sb lugng dit liéu thuc té dugc mod hinh du doan. Vi du dbi véi nhin

thue té 13 0, ta c6 thé thiy rang mé hinh du doan chinh x4c nhin bang 0

trén 2 dit liéu (6 & vi tri [0][0]), du doan sai nhin bang 1 trén 1 dir liéu (6

& vi tri [0][1]) va du doan sai nhin bang 2 trén 1 dit 1iéu (6 & vi tri [0][2]).

Tuong ty ddi véi cac dit liéu c6 nhin thuc té bang 1 va 2 ciing nhu vay.

Nhu vay unnormalized confusion matrix cho ta thdy s6 lwgng ma mo hinh

du doan dbi vai timg nhan cu thé.

e (Confusion matrix (Hinh bén phai): Khac véi unnormalized confusion
matrix thi confusion matrix lai thé hién xac suat du doan cua ting nhan.

Vi du nhu d6i véi nhan thyc té 1a 0 thi mé hinh da dy doén chinh x4c toi

0.5 (6 & vi tri [0][0]) va du doan sai v6i hai nhin con lai ti 18 14 0.25 (lan

luot cac 6 [0][1] va [0][2]). Nhu vay, d6i v6i confusion matrix ta c6 thé

nhan duoc két qua 1a ti 1¢ ma mo hinh dy doan tirmg nhan. Diéu nay sé
gitip cac nha khoa hoc c6 thé nhan ra rang mé hinh dang c6 thién huéng
du doan nhur thé nao dé tién hanh diéu chinh trong twong lai.

Tom lai, d6i v6i confusion matrix chung ta nhan dwoc cai nhin rd rang
nhit vé két qua du doan ciia mo hinh ddi véi timg nhin. Pidu nay mang lai rat
nhiéu 1oi ich cho cac nha khoa hoc trong viéc diéu chinh mé hinh va quan sat xu
hudng dy doan ctia md hinh trong tuong lai.

1.7.2. Do chinh xdc accuracy

Accuracy 13 do do bai toan phan loai don gian nhit vi n6 chi 13y tong sb
du doédn diang chia cho toan bd cac du doan. Hay noéi cach khac néu dbi chiéu vai
unnormalized confusion matrix dugc gidi thidu & trén thi no 1a ti 1& tong duong
chéo chinh trén téng cac 6 ctia unnormalized confusion matrix.
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Uu diém cua chi s6 danh gia nay 1a cho ta thdy duoc ti 18 chinh xac cta
viéc mé hinh dy doan va vo cung dé dang tinh toan. Tuy nhién, nhugc diém cua
cach danh gia nay chi cho ta biét dugc bao nhiéu phﬁn tram lugng dir liéu duoc
phan loai ding ma khong chi ra dugc cu thé mdi loai duoc phan loai nhu thé nao,
16p nao dugc phan loai dang nhiéu nhit hay dir liéu cta 16p nao thudng bi phin
loai nhdm nhét vao cac 16p khac. Ngoai ra, chi so danh gia nay chi nén ap dung
dbi voi cac bai toan c6 luong dir liéu cac nhin can bang nhau vi néu sb luong cac
nhin c6 mot bén chénh léch qua nhiéu, néu mé hinh chi ludn luén cho két qua vé
nhan cua dir liéu do ciling co thé dem lai két qua cao. Vi du bai toan du doan ché
— méo, néu lugng nhan dir li¢u vé ché trong thuc té chiém dén hon 90% thi chi
cAn md hinh luén ludn dy doan 1a chd cling s€ dem lai accuracy cao ma thuc té
d6 1a mot mo hinh khong hi¢u qua.

1.7.3. Precision

Nhu da néi & trén, s& c6 rat nhiéu truong hop thudc do accuracy khong
phan anh dung hiéu qua ctia mo hinh nhét 1 d6i véi truong hop tap dir liéu c6 s6
lwong nhin chénh 1éch 16n. Vi vay cin c6 chi s6 dé khic phuc yéu diém cua
accuracy. Chinh vi vay, precision 1a mét trong nhiing chi s6 khac phuc dugc diéu
nay va nd duogc thé hién qua cong thire dudi day:

True Positive
True Positive+ False Positive

Precision=

O day, ta thay xuét hién cac thudt nglt méi bao gébm: “True Positive, False
Positive”. Thuc chét hai thuat nglr nay chi don gian 1a dai dién cho viéc du doan
ding v6i nhan tich cuc (True Positive) va du doan sai vdi nhan tich cuc (False
Positive). Nhan tich cuc (positive) ¢ day thuc chit 1a viéc dat tén trong bai toan
phan loai nhi phan, dugc chia lam hai loai nhan tich cuyc (positive) va nhan tiéu
cuc (negative). Chi s precision & day vé ban chat 1a danh gia ti 1¢ nhin dy
positive trong thuc té trén toan bo dit liéu dugc phan loai 14 positive. Diéu nay co
nghia 13 chi sb precision dé danh gia xem rang ti 1 cac nhin dung 1a positive trén
cac nhan duoc du doan 1a positive va néu chi sd ndy cao dong nghia rang do
chinh x4c céc diém tim dugc 13 cao.

1.7.4. Recall

Recall cling 1a mot metric quan trong, n6 do luong ty 1€ du bao chinh xac
cac truong hop positive trén toan bo cdc mau thudc nhom positive. Recall cao
déng nghia véi viéc True Positive Rate cao, tic 1a ty 1€ bo sot cac diém thuc su 1a
positive 1a thip. Cong thirc ctia Recall nhu sau:

True Positive
True Positive + False Negative

Recall=
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Vay thi rd rang & day c6 sy khac nhau gitra hai chi s6 precision va recall.
Néu precision 1a ti 1€ nhan thuc té 1a positive trén toan b cac nhan dugc du doan
1a positive thi recall lai 14 ti 1¢ cac truong hop positive trén toan bo dir lidu thyc té
1a positive. Trong thuc té, d6i voi bai toan chuan doan bénh ung thu, chung ta s€
tap trung vao viéc bét hét cac bénh nhan thuc té bi ung thu cho du co nham véi
ngudi binh thuong vi con hon 1a bo x6t nén viée st dung chi sb recall 13 can thiét
dbi voi trudong hop nay.
1.7.5. F1 score
Tuy thudc viao bai toan ma ban s& mudn wu tién st dung Recall hay
Precision. Nhung ciing c6 rat nhiéu bai toAn ma ca Precision hay Recall déu quan
trong. Mot metric phé bién da két hop ca Recall va Precision lai dugc goi 1a F1-
score. F1-score dugc tinh theo cong thirc sau:

2 x Precision % Recall
Precision+ Recall

F1—score=

Trén day, 1a nhitng chi s6 dé danh gia ddi véi cac bai toan phan loai hinh
anh. Tiép theo em s& trinh bay thém vé cac chi s6 danh gia dbi véi cac bai toan
xir Iy anh dé so sanh hi¢u ning sinh ra 4nh mai véi két qua anh thyc té.

1.7.6. Structural Similarity Index Measurement (SSIM)

Chi s6 SSIM dugc str dung dé do muc d giéng nhau giita hinh anh dau
vao va anh sinh ra. Coéng thirc SSIM dua trén ba thong sb dé so sanh bao gdm: do
choéi (luminance), trong phan (contrast) va cau trac (structure). [12] Mot anh so
v6i anh goc 13 tot néu:

¢ Nhiing diém anh c6 muc do sang tdi khac nhau, va cang co nhiéu muc do
sang toi cang c6 nhiéu chi tiét anh => Anh chit luong tdt

e Mot blic anh khong phai d6 twong phan cang cao thi cang tét ma nén c6 su
hai hoa can dbi giita sang va téi. => Do da dang

Tir d6 ta c6 cong thirc dé xuét:
SSIM|x, y|=[1(x,y)I* x[c[x, y)I’ x[s[x, y]]'

Gia tri SSIM s& xuat hién trong khoang -1 dén 1, dat gia trj bang 1 trong
truong hop hai dir liéu anh giéng hét nhau. Nhu vay, chi sé ndy co gia tri cang
16n thi twong Gmg v6i model cang tdt.

L.7.7. PSNR

PSNR duoc dinh nghia thong qua sai sé toan phuong trung binh (MSE —
Mean squared error). MSE 1a mét khai niém trong thong ké hoc, nghia 1a sai s6
toan phuong trung binh cia mot phép udc lugng la trung binh cua binh phuong
cac sai sb, nghia 1a su khac biét gita cac wdc luong va nhiing gi danh gia. [12] O
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day MSE duogc xéac dinh cho anh hai chiéu ¢6 kich thuéc mxn trong do [ vaK la
anh gbc va anh sau khi tong hop.

1 m—1n—1
MSE = [Ili,jl—Kli,j]]
mxn i=0 j=0
2 2
PSNR=10.log,,———=20.log (%)
"o MSE 1% VMSE

O day MAX 1a gia trj toi da cua pixel trén anh. Khi cac pixels dugc biéu
dién boi 8 bits, thi gia tri cua nod 1a 255. Trudng hop tong quat khi tin hiéu duoc
bicu dién boi B bit trén mot don vi mau MAX 1a 2°*,

Thong thuong néu PSNR>=40 dB thi h¢ théng mat thuong gan nhu khong
phan biét dugc anh gdc va anh sinh ra. PSNR cang cao thi chéat lugng anh sinh
cang tbt, khi 2 anh giéng hét nhau thi MSE=0 va PSNR di dén v6 han, don vi cia
PSNR 1a Decibel.

% Két lugn chuwong

Nhu vay, ndi dung chuwong 1 da gi6i thiéu chi tiét vé hién trang thyc té ctia
dd 4an, cdc muc tiéu va dbi tuong ma dd an mudn giai quyét. Bén canh 4o,
chuong 1 ciing gidi thiéu nhitng dinh huéng giai phap co ban dé xay dung dd an
dé tir d6 di t6i cac 1y thuyét quan trong nhu Deep Learning va phan tich mang no
— ron nhén tao. Nhimg ndi dung 1y thuyét vé mang no — ron nhan tao, Deep
Learning d6 phan nao thé hién cai nhin tong quan vé phuong thirc van hanh va
ung dung cuia cic mang no-ron nhin tao hay cdc mo6 hinh hoc siu. Ngoai ra,
chuong 1 ciling giéi thiéu chi tiét cac chi sé danh gia, giai thich cach tinh toan,
phan tich truong hop st dung dé hiéu biét thém vé nhiing thude do danh gia do
hiéu qua ctia mot mo hinh. Tiép theo 1a chuong 2, d6 4n sé& gidi thiéu so d6 hoat
dong tong quat va ludng van hanh cac chirc ning cua chuong trinh. Bén canh do,
chuong 2 s& trinh bay chi tiét dén cac thanh phan duoc sir dung dé xay dung mé
hinh t&1 nguoi doc.
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CHUONG 2. CAC THANH PHAN HE THONG

Noi dung chuong 2 s& thé hién cai nhin téng quan vé hé théng va
ludng van hanh d6i véi hai chirc niang phat hién anh mo va khoi phuc anh mo
cua chuong trinh. Bén canh d6 chuong 2 sé trinh bay vé céac thanh phﬁn cAu
tao 1én toan bd chuong trinh, cac ly thuyét lién quan dén viéc xay dung mo
hinh cho chuong trinh. Chuong 2 s€ bao gém tudn tu cic thanh phén sau:

- Giodi thiéu tong quan vé so d6 hé thong va ludng van hanh cta cic chic
nang

- Trinh bay cac cong cu xdy dung 1én chuong trinh phin mém

- Trinh bay ly thuyét vé cac thuit toan, mé hinh hoc may va mo hinh hoc
sau s€ dugc thir nghiém trong dd an

2.1. Tong quan vé hé thong
2.1.1.  So do hoat dong hé thong

Upload
Image

Response
URL

S Request
.......... _(

T )) Server

Response

Hinh 2.39. Hinh anh minh hoa so o hoat dong hé théng

Hé thong phan mém “Phat hién va khoi phuc dnh mo™ dugc phat trién
dé cung cap kha ning tai anh tir thiét bi di dong 1én mot server dé xtr 1y, sau
d6 day anh lén dich vu luu trir ddm may Cloudinary. Qua trinh nay gitip quan
1y hiéu suit va quan 1y tai nguyén anh mét cach hiéu qua, dong thoi cung cap
URL tra vé cho client. Hé théng phan mém bao gom hai chirc ning chinh d6
1a phan loai 4nh m¢ hay nét va khir mo tam anh d6 dé tra vé két qua.

% Kién triic hé thong co ban:

- Client (Ung Dung Android): Nguoi dung sir dung tng dung Android dé
chon va tai anh Ién server.

- Server (Django Rest Framework): Nhan va xu ly anh tur client, sau do
tuong tac véi dich vu Cloudinary.
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- Cloudinary: Dich vu luu trit ddm may chiu trach nhi€m luu trit va quan 1y
anh theo cach an toan va linh hoat.

% Luong hoat dong co ban
- Budc 1: Tai Anh Lén Server
v' Ngudi dung chon anh tir thiét bi Android.
v’ Client giri yéu cau tai anh 1én server.
v' Server nhan va luu trir anh vao bd nhd tam thoi.
- Budc 2: Xtr Ly Anh Trén Server
v" Server thuc hién cac xu ly can thiét trén anh, cu thé: phan loai hinh
anh, phan ving m¢ va khoéi phuc anh
v' Anh duoge luu trit tam thoi hodc ¢6 thé luu truc tiép vao Cloudinary
néu can.
- Budc 3: Pay Anh Lén Cloudinary
v Server tuong tac v6i API cta Cloudinary dé day anh 1én dich vu.
v Dich vu Cloudinary nhan va luu trit anh theo céach an toan va co thé
tuy chinh.
- Budc 4: Tra Vé URL Cho Client
v Sau khi anh dugc thanh céng ddy 1én Cloudinary, server tra vé URL
cua anh cho client.
v' Client c6 thé sir dung URL nay dé hién thi hodc chia sé anh.

Hé thong phan mém Android ndy cung cap mot quy trinh manh mé va
linh hoat dé tai anh 1én server, xt 1y chiing va luu trir an toan trén dam may.
Viéc str dung Cloudinary giip quan ly tai nguyén anh mot cach hiéu qua,
dong thoi cung cap trai nghiém ngudi ding tot nhat.

2.1.2. Luodng hoat dpng cdc chivc ning hé thong
% Chirc nang phat hién anh mo

Chtic nang phat hién anh mo cua hé thong c6 nhiém vu nhan dau vao
12 mot hinh anh duoc chup hodc tai 1én tir thiét bi di dong va tra vé két qua du
doan d6 1a mot tim anh mo hay khong. Duéi ddy 1a cac budc thyuc hién chi
tiét chirc nang phat hién anh mo ciia hé thong:

- Budc 1: Anh duoc chup hodc tai 1én tir thiét bi di dong gui vé server.

- Budc 2: Server nhn hinh anh va xt Iy hinh anh bang thuét toan.

- Budc 3: Server danh dau cic ving md bang cac pixel mau tring va cac
ving khong mo bang cac pixel mau den.

- Budc 4: Server day anh sau xtr 1y 1én cloudinary va nhan vé url chira hinh
anh da duoc xu ly.

- Budc 5: Server phan hoi két qua dy doan anh mo va dudng din anh sau
xu ly.
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- Budc 6: Client tiép nhan phan hoi tir server va hién thi két qua cung véi
anh phan vung mo da xu 1y

s Chitc nang khoi phuc anh mo
Chtc nang khoi phuc anh mo cta hé théng c6 nhiém vy nhan dau vao

tiép tuc 14 tim anh vira dugc dy doan & chirc nang trén va tra vé két qua la

mot hinh anh méi da duge khoi phuc. Duéi ddy 1a cac bude thuc hién chi tiét

chtrc nang khoi phuc anh mo cia hé thong:

- Budc 1: Nguoi dung tiép tuc giri hinh anh da xtr Iy 1én server.

- Buéc 2: Server nhan duoc hinh anh mudn khir m& va tién hanh chay mo
hinh khir mo.

- Budc 3: Server khir mo thanh cong va tiép tuc ddy anh da khir mo lén
cloudinary.

- Budc 4: Cloudinary nhan anh va luu trir anh r6i tra vé mot duong dan url
cua anh.

- Budc 5: Server nhan duong din anh d6 va tra vé phia client.

- Budc 6: Ung dung nhan dugc duong din anh va hién thi két qua anh da
duoc khir mo.

2.2. Cac cong cu lap trinh hé thong
2.2.1. Cong cu lap trinh phia Client
s Ngon ngit ldp trinh Kotlin
Kotlin 1a mot ngdn ngit 1ap trinh méi, da nén tang (cross-platform), va
chu yéu dugc phat trién bai JetBrains. Pugc cong bd cong khai vao nim
2011, Kotlin da nhanh chdéng tré thanh mot trong nhiing ngdn nglr 1ap trinh

phé bién trén nén tang Java, dac bi¢t 1a khi n6 dugc chon lam ngdén ngtt chinh
thirc hd tro cho phat trién tmg dung Android.

. Kotlin

Hinh 2.40. Hinh anh minh hoa Kotlin
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Dudi ddy c6 thé ké dén cac diém manh ciia ngén ngit lap trinh Kotlin

c6 thé gitp nod tré thanh mot sy lya chon hap dan cho cac du 4n phan mém
nhu sau:

Twong thich ngwoc véi Java: Kotlin duoc thiét ké dé twong thich nguoc
v6i ma ngudn Java. Didu ndy c6 nghia 1a ban c6 thé tich hop mi ngudn
Kotlin vao dy an Java hién tai ma khong gip van dé twong thich 16n.

An toan va Tinh ning logi div ligu: Kotlin hd trg loai dit liéu nullable,
gitip giam thiéu 18i null pointer exceptions, mot van dé pho bién trong
Java.

Concise va Poc ghi mi dé hiéu: Ma ngudn Kotlin thuong ngan gon hon
s0 v6i Java, gitp giam do phirc tap va 1am cho ma ngudn trd nén dé doc,
dé hiéu hon,

Ho6 tro manh mé cho Extension Functions: Kotlin c¢6 khai niém Vé
extension functlons gitip mé rong chiic ning cia cac 16p ma khong can
thay d6i ma ngudn nguyén.

Lép trinh ham (Functional Programming): Kotlin hd tro 13p trinh ham
v6oi lambda expressions, higher-order functions, va céc tinh nang khac,
gitip viét ma ngan gon va linh hoat.

Cong dong séi dong: Kotlin c6 mot cong déng ngudi dung dang ngay
cang phat trién va tich cuc dong gop vao viéc phat trién ngdn ngit nay.
Phat trién trng dung Android: Kotlin di duoc chon lam ngén ngit chinh
thirc hd tro cho phat trién (mg dung Android, thay thé cho Java. Diéu nay
mang lai nhiéu loi ich cho nhimng nha phat trién Android, bao gém hiéu
suat cal thién va tinh ning ngdn ngir tién tién.

Da nén tang (Multiplatform): Kotlin cung cap kha nang phat trién tng
dung da nén tang, giup chia s¢é md ngudn giita cac nén tang nhu JVM,
Android, JavaScript, va Native.

Trong d& tai d6 an 1an nay, Kotlin dugc str dung két hop voi viée ap

dung cac mo6 hinh thir nghiém va danh gid dé xdy dung mét tng dung
Android co ban nham dua ra cac két qua thuc té.

s Thu vién Gson

Gson la mot thu vién ma nguén mé cua Google, dugc st dung deé

chuyén d6i gitta ddi tuong Java va dinh dang JSON. Gson cung cap cic
phuong thirc don gian va linh hoat dé thuc hién viéc serialize (chuyén dbi
tugng Java thanh JSON) va deserialize (chuyén JSON thanh d6i tuong Java).
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{
"age": 30,
"first_name": "John",
"mail™: "john@gmail.com1
¥
employee ={Employee@5207

f mAge =30
f mFirstName = “John"

f mMail = "john@gmail.com”

Hinh 2.41. Hinh anh minh hoa Gson chuyén doi dir liéu

Pugc thiét ké dé tich hgp mot cach dé dang va hiéu qua vao ung dung

Java, Gson tu dong xt Iy qua trinh anh xa giita cu trac dit liéu trong Java va

cau trac dir liéu JSON twong tng ma khong can phai viét ma chuyén doi tu

dong. Gson hd tro cac tinh ning nhu:

 Deserialize tr dpng: Gson c6 thé ty dong anh xa dir liéu tir JSON vao cac
d6i twong Java mot cach linh hoat va thuan tién.

o Serialize tir dpng: Chuyén d6i tuong Java thanh dinh dang JSON mot
cach dé dang va tu dong.

e Ho tro generics: Gson hd trg dbi vai cac kiéu dir liéu generics, giup xur 1y
cac cdu trac dir liéu phure tap.

® Customization: Cho phép nguodi dung tuy chinh qud trinh serialize va
deserialize thong qua sy m& rong ciia Gson Adapter.

s Thuw vién Retrofit

Retrofit 1a mot thu vién ma ngudén md ciia Square dugc sir dung trong
phat trién ung dung Android va Java dé tao va quan 1y cic yéu cdu mang
(network requests). Thu vién nay giup don gian hoa viéc tuong tac voi cac
API web bang cach chuyén doi cac yéu cau HTTP thanh cac goi ham tryc tiép
trong ma ngudn, lam giam sy phirc tap cua viéc xir Iy ma ngudn khi lam viéc
v6i RESTful APL Duéi day la mot s dic diém va wu diém chinh cia
Retrofit:

* Annotation-based API Definition: Retrofit st dung cac chu thich
(annotations) dé dinh nghia cic yéu cau mang trén cac phuong thirc Java,
giup gidm di luong ma boilerplate va lam tang sy don gian va doc ghi cua
mé ngudn.

e Converter System: Retrofit hd trg nhiéu loai chuyén doi dir liéu
(converter), cho phép ban chuyén d6i dit liéu giita dinh dang JSON, XML
va cac dinh dang khac dé dang.
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OkHttp Integration: Retrofit tich hop chat ché véi thu vién OkHttp dé
quan 1y yéu cau va phan hdi mang. Diéu niy cung cdp kha niang tily chinh,
theo ddi va g 161 tot hon.

Asynchronous and Synchronous Execution: Retrofit hd tro ca thuc hién
dong bo (synchronous) va dong bat dong bd (asynchronous), giup tng
dung c6 thé thuc hién cac yéu cau mang ma khong lam déng bang giao
di¢n ngudi dung.

Dynamic URL Support: Retrofit cho phép ban thuc hién cac yéu ciu
mang dén cac URL duoc xéac dinh dong tai thoi diém chay, gitup linh hoat
khi lam viéc voi cac API ¢6 cac phan cua URL thay doi.

CLIENT

Hinh 2.42. Minh hoa Retrofit

2.2.2. Cong cu ldp trinh phia Server

% Django Rest Framework

Django Rest Framework (DRF) 1a mdt framework manh mé dugc xay

dung trén nén tang Django, duogc thiét ké dic biét dé phat trién cac API web
RESTful trong tmg dung Django. DRF cung cip mét loat cac tinh ning va
cong cu dé giap lap trinh vién d& dang xay dung va quan 1y cac API mot cach
hiéu qua. Dudi day 1a mot sé diém ndi bat vé Django Rest Framework:

Serialization: DRF cung cip mo hinh serialization manh m& dé chuyén
d6i dbi twong Django (nhu models va queryset) thanh dinh dang dir liéu
pho bién nhu JSON. Nguoc lai, n6 ciing hd tro chuyén doi dir liéu tir dinh
dang JSON thanh céc ddi twong Django.

View Classes: DRF cung cip cac 16p view nhu APIView va ViewSet dé
xtt Iy yéu cau HTTP va tuong tac véi dit liéu. Céc 16p nay hd trg nhiéu
phuong thiee HTTP nhu GET, POST, PUT, DELETE.
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® Authentication and Permissions: DRF c6 cac 16p xéc thuc
(authentication) va kiém soat quyén (permissions) dé quan Iy quyén truy
cap vao cac APIL Ban co thé dé dang xac dinh ai dugc phép thuc hién
nhitng hanh dong nhu doc, ghi, cap nhat, x6a dir li¢u.

e Pagination: DRF hd tro phan trang (pagination) tu dong cho cac két qua
tra vé tir cac API, gitip kiém soat lugng dit liéu dugc tra vé trong mdi yéu
cau.

® DRF Router: Router cia DRF giup xac dinh cac URL ty dong dua trén
cac action trong viewset, giém do phtrc tap cua viéc quan 1y URL patterns.

o T hrottlmg pé ngan chan tan cong DDoS, DRF hd tro co ché throttling dé
kiém soat tan suat cua yéu cau tir mot nguon cu thé.

e Da nén ting: DRF khong chi hd trg Django truyén théng ma con co thé
tich hop dé dang véi cac img dung Django RESTful.

D61 voi dé tai nay, em s€ st dung Django Rest Framework dé xay
dung server dam nhiém céc cong vi¢c xur Iy anh va tra anh vé cho client

django
DH (T
|\

framework

Hinh 2.43. Minh hoa Django Rest Framework

s Cloudinary

Cloudinary 1a mét dich vu quan 1y va tdi wu hoa tai nguyén da phuong
tién truc tuyén, chu yéu tap trung vao quan 1y hinh anh va video. Dich vu nay
cung céip cac cong cu manh mé dé tai 1én, luu trit, xtr 1y va phuc vu céc tai
nguyén da phuong tién, gitip cdc nha phat trién va doanh nghiép tdi uu hoa
trai nghiém nguoi dung cua ho. Cac diém ndi bat ciia Cloudinary bao gom:

* Qudin Iy hinh dnh va video: Cloudinary gitip quan 1y va t6i wu hoa hinh
anh va video mot cach hiéu qua. Dich vu ndy cung cap cac API va cong cu
dé chuyén doi, cat ghép, tdi wu hoa kich thude, va tham chi thuc hién cac
hi€u tng trén hinh anh va video.
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e Luwu triv ddm mdy: Cloudinary cung cip mot giai phap luu trit ddm may,
gitp giam ap luc luu trit trén may chu cta ban va ting tinh sin c6 cla tai
nguyén da phuong tién.

e  Phuc vu nhanh va CDNs tich hgp: Cloudinary st dung Content Delivery
Network (CDN) dé phuc vu tai nguyén mot cach nhanh chéng va hiéu
quéa. Diéu nay gitp cai thién thoi gian tai trang va trai nghiém ngudi ding.

e Tay chinh va tich hop dé dang: Cloudinary hd tro nhiéu ngdn ngir 1ap
trinh va framework, cling nhu tich hop voi nhiéu dich vu luu trit khac
nhau nhu Amazon S3, Google Cloud Storage, Dropbox, va nhiéu dich vu
dam may khac.

® Qudadn ly tai nguyén thong minh: Dich vy nay c6 kha nang ty dong quan
Iy va t6i wu hoa tai nguyén da phuong tién dya trén nén tang may hoc,
gitip tiét kiém bang thong va tang hiéu suat.

e Bdio mdt va quyén riéng tw: Cloudinary cung cip céc tinh ning bao mat
nhu quan 1y quyén truy cdp, ching nhan va ma hoa dé dam bao an toan
cho dir li€u va tai nguyén ctia nguoi dung.

(1> Cloudinary

O

Hinh 2.44. Hinh anh minh hoa cloudinary

Cloudinary 1a mot cong cu manh mé€ cho viéc quan 1y tai nguyén da
phuong tién truc tuyén, va né dugc sir dung rong rii trong cac tmg dung web
va di dong dé cai thién hiéu suit va trai nghiém nguoi dung. Trong dé tai, em
cling st dung cloudinary dé luu trit nhimg hinh anh duoc xtr 1y va sinh ra url
dé phia client c6 thé nhan dé hién thi hinh anh dugc xtr Iy.

2.3. Cac mo hinh va thuit toan thir nghiém

2.3.1. M6 hinh hoc mdy (Machine Learning) truyén théng

Mot trong nhitng cong viéc ndi bat cua dé tai d6 an nay 1a viéc tién
hanh thir nghiém cac mé hinh hoc may truyén thong Machine Learning cho
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tac vu phat hién anh mo nhu thuat toan K — Nearest Neighbors, thuat toan
Naive Bayes, thuat toan Decision Tree, thuat toan Random Forest. Cac thuat
toan dugc thir nghiém véi nhiéu kiéu diéu chinh tham sb va duoc thuc hién
trén thu vién scikit-learn cia Python. Sau day 1a ndi dung gidi thi¢u so lugc
vé cac thuét toan duoc thu nghi¢m:

o Thudt toan K- Nearest Neighbors

Thuat toan K-Nearest Neighbors (KNN) la mdt thuat toan hoc may
don gian va phd bién dugc st dung trong ca phéan loai (classification) va hoi
quy (regression). KNN la mot thuat toan dya trén viéc do dac sy tuong déng
gifra cac diém dit liéu va dua vao d6 dé dua ra du doan hoac phan loai. Thuat
toan nay con co tén goi khac 1a hoc ludi vi gan nhu nd khéng phai hoc tap
trén tap dir li¢u nhu cac thuat toan khac ma néd s€ dua vao céc diém dir liéu
gan no.

Nguyén 1y hoat dong cua KNN hoat dong dua trén gia dinh ring cac
diém dir liéu c6 thudc tinh twong tu s& nam gan nhau trong khong gian dic
trung. Khi c6 mot diém dir 1iéu moi can phan loai hoidc du doan, KNN tim K
diém dir liéu gan nhat trong khong gian dic trung va st dung da sd phiéu bau
dé xac dinh nhan hodc gia tri ciia diém do.

Bai vi viée du doan két qua cua KNN duya trén cac diém dit liéu gﬁn
v6i n6é cho nén ta can phai c6 mot cong thire cho thuée do khoang cach giira
cac diém dir liéu. KNN thuong str dung cac phuong phéap do dac khoang cach
nhu Euclidean distance, Manhattan distance, hodc cac phuong phap do dac
khac tiy thudc vao boi canh cila van dé.

Gia tri K 1a s6 lugng hang x6m gan nhat ma thuat toan KNN s& xem
xét khi thyc hién du doan. Lua chon gia tri K doi hoi sy can nhéc, vi gia tri
nay co thé anh hudng dén hiéu suit ciia mé hinh.

Béi vi tinh don gidn cua thuat toan cho nén KNN thuong dugc st dung
hiéu qua trén cac b dir liéu c6 s chiu thap (low-dimensional), vi khi sd
chiéu tang 1én, viéc do dac khoang cach giita cac diém dir liéu trd nén phiic
tap.
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Hinh 2.45. Hinh anh minh hoat thudt toan K - Nearest Neighbors

KNN ¢6 thé chiju duge nhifu va khong can huan luyén trudce, nhung né
cling c6 thé nhay cam véi nhidu va outliers tity thudc vao dit liéu lang giéng.
Thuat toan nay thuong dugc sir dung trong cac rng dung nhu phan loai hinh
anh hay bat ky vin dé nao ma phu thudc vao viéc do dac su twong dong giita
cac diém dit liéu.

Dbi véi cac thir nghiém 1an nay cta d6 an tot nghiép sé 4p dung mo
hinh KNN duya trén thu vién scikit-learn cta Python véi da dang cac tham sb
K khac nhau trng véi lan luot cac gid tri nhu 12,13,14,15,16,17,18.

%* Thudt toan Naive Bayes

Naive Bayes la mdt thuat todn phan loai (classification) dua trén
nguyén tac cta dinh Iy Bayes. Thuat toan nay gia dinh rang cac dic trung dau
vao doc 1ap véi nhau, diéu nay 1a mot gia dinh manh mé nhung gitp giam do
phtc tap ciia mo6 hinh.

Naive Bayes sir dung dinh Iy Bayes dé tinh xac suit cia mot 16p dua
trén cac dic trung dau vao. Cong thirc co ban cua thuat toan ndy nhu sau:
datal class) x P(class)

P(data)

Vi¢c gia dinh cac dac trung dau vao la doc 1ap nhau s€ giam bt do phuc

P(class/data)= il

tap cia mod hinh cho phép viéc tinh xac suat ciia mdi dic trung doc 1ap va co thé
nhan ching lai. M6 hinh duoc huan luyén véi mot tap dit liéu da dugc gan nhin,
trong d6 tinh toan x4c sudt tién nghiém cta cac 16p va xac suat cua mdi dic trung
dua trén 16p. Khi c6 mdt diém dit liéu moi, mo hinh tinh toan xac suat hau
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nghiém cua timg 16p va chon 16p co xac suét cao nhat. Cac tmg dung thyc té cia
m6 hinh c6 thé ké téi nhu
- Phan Logi Vin Bdn: Naive Bayes thuong dugc st dung trong phén loai
van ban, nhu phan loai thu rac va khong thu rac.
- Dw Dodn Sw Kién: Ap dung trong du doan su ki¢n dya trén cac dac trung
nhu thoi tiét, diéu kién kinh té, v.v.
- Hé Théng Phin Logi: Str dung dé phén loai dir liéu trong cac hé thong tu
dong.

Ngodi ra, thuat toan Naive Bayes ciing ton tai cic uu diém va nhuoc
diém nhu sau :

- Uu diém: Pon gian va hi€u qua cho cac bai toan phan loai. Hoat dong tbt
khi s lwong dic trung 16n.

- Nhwoc diém: Gia dinh vé sy doc 1ap c6 thé khong phu hop voi moi dix
lidu. Yéu cau luong dit liéu huan luyén du 16n.

Thuat toan Naive Bayes 1a mdt cong cu quan trong va linh hoat trong
linh vuc phan loai, dac biét 1a khi &p dung cho cac bai toan van ban va du
doéan dua trén x4c suét. Su don gidn va hiéu qua cta n6 lam cho no tr¢ thanh
mot lya chon phd bién trong nhiéu tmg dung thuc té.

A .
. — P(class/data) = P(data/c;zl;;)u;P(class) '

Hinh 2.46. Minh hoa thudt toan Naive Bayes

o Thudt toan Decision Tree

Thuat toan Decision Tree (ciy quyét dinh) 13 mét trong nhitng thut
todn quan trong trong hoc may duoc st dung cho ca bai toan phan loai
(classification) va hoi quy (regression). Decision Tree tao ra mot cdy quyét
dinh dya trén cac quy tic "néu... thi..." dé du doan gia trj d6i twong dau ra.
Thuat toan biéu dién quyét dinh du6i dang ciy co nhiéu nat va la. Moi nut
trong cay dai dién cho mot quyét dinh dya trén mot dic trung ndo dé, va mdi
14 dai dién cho mdt gia tri du doan.

Decision Tree tim cach chia dir liéu dya trén dac trung sao cho thong
tin (entropy) hodc do thuan khiét (impurity) cia mdi phan duoc chia 1a téi da.
C6 nhiéu thuit toan phé bién cho viéc chia nhanh bao g@)m ID3, C4.5, CART.
Dbi v6i bai toan phan loai, Decision Tree sir dung entropy hodc Gini impurity
dé do ludng thong tin va d6 thudn khiét cia mdi phan duoc chia. Ngoai ra ddi
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v6i bai toan hdi quy, thuong st dung phuong sai (variance) dé do ludong do
ddng nhat cua dit liéu.

Play (Y) or Not (N)

outlook?

Hinh 2.47. Hinh anh minh hoa thudt toan Decision Tree

Tuy nhién, mic du don gian va d& hiéu nhung Decision Tree c6 xu
hudng dé bi overfitting, tirc 14 mé hinh qua mirc fit v6i dir liéu huén luyén va
khong tong quat hoa tot cho dir liéu méi. Ngoai ra, dbi voi cac bai toan phan
loai phirc tap thi Decision Tree lai t6 ra khong mdy hiéu qua. Trong thur
nghiém 1an nay cua dd an tét nghiép ciing tién hanh thir nghiém thuét toan
Decision Tree v6i nhiéu mirc d sau khac nhau dé dua ra danh gia tong quan
nhat.

o Thudt toan Random Forest

Nhu da noi bén trén, cac thuat todn Decision Tree thuong c6 xu hudng
overfitting cho nén can mot phuong phap dé han ché diéu nay cua thuét toan.
Ta c6 thé sir dung k¥ thuat giam cay (pruning) dé giup cho mé hinh tranh
overfitting hoac st dung thuat toan Random Forest cling dugc xay dung dya
trén thuat toan Decision Tree.

Thuat toan Random Forest st dung nhiéu ciy quyét dinh (Decision
Trees) dé tao ra mot "rimg" (forest) cdy quyét dinh, va sau d6 két hop cac dy
doan ctia chung dé dua ra du doan cudi cing. Khi xdy dung mdi cdy, Random
Forest khong str dung tit ca cac dic trung ma chi st dung mét s ngau nhién
trong s6 chung. Diéu nay giup mo6 hinh giam hién twong overfitting va lam
cho céc cay con tré nén da dang.

MGdi cay con trong Random Forest dugc xdy dung bang cach sir dung
mot phan cia dit liéu va mot phan ngiu nhién cua dic trung. Qué trinh nay
tao ra cac cay con doc 1ap va da dang. Diéu nay duogc thuc hién béng cach le”iy
mau dir liéu voi thay thé tir tap dit liéu huan luyén, cho mdi cdy mot cach
ngau nhién.
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Khi can dua ra du doan cho mot diém dit liéu méi, Random Forest sit
dung phuong phap voting (ddi v6i bai toan phan loai) hodc averaging (ddi véi
bai toan hdi quy) trén cac du doan cia timg cay dé quyét dinh két qua cudi
cung. Do sy da dang va doc 1ap gitra cac cay con, Random Forest thuong it bi
overfitting hon so véi mét cay quyét dinh don.

Random Forest Classifier

X dataset

IS Sl s s S

N, features N, features N, features N, features
g . N O N N
TREE #1 TREE #2 TREE #3 TREE #4

FINAL CLASS

Hinh 2.48. Hinh anh minh hoa thudt toan Random Forest

Thuat toan Random Forest gitip giam thiéu overfitting so v6i Decision
Tree nho sy da dang tr viéc xay dung cac cdy con. Pay ciing 1a thuat toan
duoc 4p dung rat nhiéu trong cic bai toan khac nhau trong d6 c6 ca phéan loai
hinh anh. Trong thir nghiém ddi v6i thuat toan Random Forest, d an ciing
tién hanh thir nghiém Random Forest v&i s6 lugng cay khac nhau dé quan sat
cac két qua. Vi¢c thuc hién thuat todn nay cling dugc tién hanh trén thu vién
scikit-learn ddi vai s lugng cay n lan luot bé“mg 3,5,7,9,11.
2.3.2. Thudt toan Fourier

Trong phan tich anh va xtr 1y anh, thuat toan Fourier thuong dugc st
dung dé phat hién va danh gia mic d6 mo trong anh. Phuong phap nay lién
quan dén bién doi Fourier, mot cong cu toan hoc manh mé dé phan tich céc
tin hiéu trong khong gian tin sd. Dudi day 1a cach thuat toan Fourier c6 thé
duoc ap dung dé phat hién anh mo:

* Bién déi Fourier 2D: Dau tién, anh dugc chuyén do6i tir khong gian thoi
gian sang khong gian tan sb bang cach st dung bién ddi Fourier 2 chiéu.
Diéu ndy tao ra mot biéu din tan sd ciia anh, trong d6 thong tin vé cac tin
s6 cao va thap duoc hién thi.

o Spectrum Analysis: Bang cach phan tich spectrum tin s cta anh, c6 thé
xac dinh duoc cac thanh phan tan sé chinh. Cac duong vach sang trong
biéu d6 tan sb thudng tuong ing véi cac tan s6 dang chi ¥ trong anh.
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e Thresholding: Mitc d6 mo thudng di kém véi sy mat mat clia cic tan so
cao trong anh. Dya trén phan tich tdn s6, ban c6 thé ap dung mot ngudng
dé danh gia mirc d6 mo. Cac tin s6 cao nam dudi ngudng ndy cé thé duogc
coi 1a bi mét mét.

e Entropy Analyszs Mot phuong phap khac 1a phan tich entropy cua anh
trong mién tan s6. Mirc do mo thuong di kém véi su phan tan va dong déu
ctia cac tan sd. Néu entropy ting, co thé cho thiy sy khong chic chan va
mat mat thong tin, c6 thé 1a ddu hiéu ciia muc do mo.

* Gradient Analysis: Ban ciing c6 thé xem xét gradient ctia anh trong khong
gian tan s6. Sy mo thuong di kém véi sy giam do chéi va cac duong
gradient dich chuyén vé phia zero.

Thuat toan Fourier trong phat hién anh md cung cap mot cach tiép can
toan hoc dé danh gia sy phan tan cta tin s6 va mat mat thong tin trong anh.
Tuy thudc vao tng dung cu thé, cic phuong phap khac nhau c6 thé dugc két
hop dé t6i wu hoa két qua.

2.3.3. Mo hinh hoc sdu MobileNet

Trong pham vi thir nghiém céc thuat todn va m6 hinh hoc sau cho chiric
nang phat hién anh mo, do 4n ciing tap trung thir nghiém véi mo hinh hoc sau
MobileNet. Day 13 mot mo hinh dugc phat trién dé danh riéng cho viée tich
hop vao cac thiét bi han ché vé tai nguyén nhu céc thiét bi di dong, cam bién,

. Pbi v6i mo hinh MobileNet néi chung c6 3 phién ban bao gom
MobileNetV1, MobileNetV2 va MobileNetV3. Trong pham vi d0 4n nay sé
chi gi¢i thiéu vé hai phién ban dau tién d6 1a MobileNetV1 va MobileNetV2
vi ddy 1a phién ban mé hinh duoc d6 an tng dung vao thtr nghiém cho tac vu
phat hién anh mo.

s MobileNetV1

Day 1a 1 kién trac neural network duoc phat trién boi nhém cac nha
nghién ctru ctia Google.Kién tric nay mang lai két qua chinh xac cao trong
khi van git cac tham s va phép toan ¢ mirc thap nhét c6 thé dé c6 kha ning
chay trén céc thiét bi di dong. MobileNets 1a cac mo hinh nhd, do tré thép,
cong suét thip dugc tham sé hoa dé dap tng cac han ché vé tai nguyén cia
nhiéu truong hop sir dung khac nhau.

Khac voi cdc mo hinh xtr ly anh thong thuong, mdt trong nhitng dac
diém quan trong cia MobileNet 13 viéc st dung Depthwise Separable
Convolution thay vi Convolution truyén thong. Piéu nay gitp giam sé lugng
tham sb va tang tc qua trinh tinh toan, lam cho mé hinh pht hop vdi cac thiét
bi c6 tai nguyén han ché. Ngoai ra, mé hinh ciing st dung Global Average
Pooling & 16p cudi cung dé giam kich thuéc cua dau ra va giam nguy co
overfitting.
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MobileNets dugc xdy dung chii yéu tir cac dir liéu co thé phan tach
theo chiéu sau va sau d6 dugc st dung trong cac md hinh Inception dé giam
b6t tinh toan trong vai 16p dau tién. Cau tric MobileNet dugc xdy dung trén
cac tich chap co thé phan tich theo chiéu sdu (depthwise separable
convolution) nhu di dé cdp trong phan trude, ngoai trir 16p dau tién 1a tich
chap day du. Kién triic cu thé MobileNet dugc tac gia ciia bai bao khoa hoc

gi61 thiéu nhu hinh dudi day:

Table 1. MobileNet Body Architecture

Type / Stride Filter Shape Input Size
Conv / s2 FIHINAX 32 224 x 224 x 3
Conv dw / sl Ix3x32dw 132 % 112 332
Conv / sl 1x 1 %323 x84 112 x 112 x 32
Conv dw / s2 J x 3 x 64dw 112 x 112 x 64
Conv / sl B.x 1 %64 % 128 56 x 56 x 64
Conv dw / sl 3 x 3 x 128 dw 26 x 56 x 128
Conv / sl Tx1x128 %128 26 x 56 x 128
Conv dw / s2 Ix3x128dw 56 x 56 x 128
Conv / sl 1x1x 128 x 256 28 x 28 x 128
Conv dw / sl 3 x 3 x 256 dw 28 x 28 x 256
Conv / sl 1 x 1 x2b6 x 256 28 x 28 x 256
Conv dw / s2 3 x 3 x 256 dw 28 x 28 x 256
Conv / sl 1 x1 x 266 x 512 14 x 14 x 256
B Convdw /sl | 3x3x512dw 14 x 14 x 512

Conv /sl 1x1x512x 512 14 x 14 x 512
Conv dw / s2 Ix 3 xbl12dw 14 x 14 x 512
Conv / sl 1x1x512 x 1024 T TxbI2
Conv dw / s2 3 x 3 x 1024 dw TxTx1024
Conv / sl 1x1x1024x1024 | 7x T x 1024
Avg Pool / sl Pool 7 x 7 TxTx1024
FC /sl 1024 x 1000 1x1x1024
Softmax / sl Classifier 1 x 1 x 1000

Hinh 2.49. Hinh anh minh hoa kién triic mé hinh MobileNet [13]

Tat ca cac 16p trén déu dugc theo sau bdi mot batchnorm va mot 16p
phi tuyén ReLU ngoai trir 16p két ndi day du cudi cung khong cé 16p phi
tuyén va dugc dua vao 16p softmax dé phan loai. Tém lai, trong bai bao tac
gia trinh bay rang néu coi tat ca cac 16p tich chap co thé phan tach theo chiéu
sau (Depthwise Separable Convolution) nhu mdt 16p riéng biét thi mo hinh
MobileNetV1 ndy c6 téng cong 28 16p.

< MobileNetV2
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Cai tién hon so v&i md hinh ban dau MobileNetV1 thi MobileNetV2
cai thién hiéu suit ctia cac mo hinh di dong trén nhiéu tac vu cling nhu trén
nhiéu kich thuéc mé hinh khac nhau. N6 1a mét trinh trich xut tinh ning rat
hi¢u qua dé phat hi¢n va phan doan ddi tuong.

Mot trong nhitng dic diém chinh cia MobileNetV2 1a st dung
"inverted residuals" dé cai thién kha ning hoc cua mé hinh. Piéu nay bao
gdm viéc sir dung cac bottleneck layers v6i kich thude nhé dé giam chiéu sau
ctia md hinh, giup ting téc qua trinh dao tao va trién khai. Ké thira lai mo
hinh MobileNetV1, MobileNetV2 ciing tiép tuc sir dung Depthwise Separable
Convolution, nhung thém vao doé la cic Shortcut Connections (Residual
Connections). Piéu nay gitip giam hién tuong Vanishing Gradient va cai thién
qua trinh hoc. Ngoai ra, MobileNetV2 cling lai st dung Global Average
Pooling dé giam kich thudc cia dau ra, giup giam nguy co overfitting va sir
dung Width Multiplier va Resolution Multiplier dé kiém soat kich thudc va
d6 chinh x4c ctia mé hinh. Piéu nay lam cho MobileNetV?2 tré thanh lya chon
linh hoat cho nhiéu tai nguyén tinh toan khac nhau.

CAu trac chi tiét cia mdé hinh MobileNetV2 dugc thé hién nhu hinh
dudi day:
Input | Operator | Output

hxwxk 1x1 conv2d, ReLU6 xR ok )

hxwxtk | 3x3 dwises=s, ReLU6 | & x 2 x (tk)

% X “? X tk linear 1x1 conv2d L: X % X k'

Hinh 2.50. Kién triic téng quat moé hinh MobileNetV?2 [14]

Trong d6, MobileNetV2 chira day da 32 bo loc, tiép theo 1a 19 16p that
co chai (residual bottleneck layers) nhu hinh 2.13 va sir dung ReLU6 lam phi
tuyén tinh.
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Input Operator t c n|s
2242 x 3 conv2d - 3 |12
112% x 32 bottleneck | 1 | 16 | 1 |1
1122 x 16 bottleneck | 6 | 24 |2 |2
562 x 24 bottleneck | 6| 32 | 3|2
DR= %32 bottleneck | 6 | 64 | 4 |2
142 x 64 bottleneck |6 | 96 | 3 |1
142 x 96 bottleneck | 6 | 160 | 3 | 2
72 % 160 bottleneck | 6 | 320 | 1 | 1
72 x 320 conv2d 1x1 | - | 1280 | 1 | 1
7% x 1280 avgpool 7x7 | - - 1| -

1x1x1280 | conv2d 1x1 | - k B

Hinh 2.51. Kién triic timg khéi mé hinh MobileNetV2 [14]

Hinh anh dudi day tac gia bai bao ciing chi ra them mét sb khac biét
giita MobileNatV1 va MobileNatV2. Trong d6, MobileNet gdm st dung 1
loai blocks gdm 2 phan, Deepwise va Pointwise, con MobileNet v2 st dung 2
loai blocks, bao gém: residual block véi stride = 1 va block voi stride = 2
phuc vu downsizing.

Add conv 1x1, Linear
conv 1x1, Relu6 f . T
A ‘ conv 1x1, Linear ‘
T Dwise 3x3,
stride=2, Relu6
. Dwise 3x3, Relu6
Dwise 3x3, \ T
stride=s, Relu6
Conv 1x1, Relu6
Conv 1x1, Relu6

Stride=1 block Stride=2 block

Hinh 2.52. Hinh anh so sanh kién triic MobileNetV1 va MobileNetV2 [14]

C6 3 phan ddi v6i mdi block:
- Layer dau 1a 1x1 convolution véi ReLU6.
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- Layer thir hai, nhu cii, 1a depthwise convolution.
- Layer thu 3 tiép tuc la 1x1 convolution nhung khong cé activation
function. Linear dugc st dung thay vi ReLu nhu binh thuong.

Céc két ndi tit & MobileNetV2 duoc diéu chinh sao cho sé input va
output channels ctia mdi block residual dugc that hep lai. Chinh vi thé né
dugc goi la cac bottleneck layers.

Residual block cua MobileNetV2 nguoc lai so vdi céc kién trac
residual truyén thdng, vi kién trac residual truyén thong cé sé lugng kénh &
input va output cua mot block 16n hon so v6i cac layer trung gian. Chinh vi
vay no con dugc goi la Inverted residual block.

Cac layer trung gian trong mot block s& 1am nhiém vu bién d6i phi
tuyén nén can day hon dé tao ra nhiéu phép bién ddi hon. Két nbi tit giita cac
block dugc thuc hi¢n trén nhiing bottleneck input va output chtr khong thuc
hién trén céc layer trung gian. Do do6 cac layer bottleneck input va output chi
can ghi nhan két qua va khong can thuc hién bién doi phi tuyén.

O gitra cac layer trong mot block inverted residual block chung ta cling
str dung nhing bién doi tich chap tach biét chiéu sdu dé giam thiéu s6 lugng
tham s6 ctia mé hinh. Pay ciing chinh 1a bi quyét gitp ho cic model
MobileNet ¢ kich thudc giam nhe.

(a) Regular (b) Separable
(c) Separable with linear (d) Bottleneck with ex-
bottleneck pansion layer

Expansion Comeal ution block

o |
| i
’ ' e ' H i

Hinh 2.53. So sdnh giita cdc khéi tich chdp trong mé hinh MobileNet [14]
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2.3.4. Mo hinh hoc sdu NAFNet

DPdi véi tac vu khoi phuc anh mo, em thtr nghiém moé hinh NAFNet
[15] duoc cong bd nam 2022 tir cac nha khoa hoc Trung Qudc. Piém ndi bat
nhat cta kién tric mang nay bai tinh don gian cta né trong toan bo kién trac
14n tirng khoi kién tric nhung van dat duoc két qua SOTA. Ngoai ra,theo tac
gia thi ddy 1a cong trinh dau tién cho thiy rang cic ham kich hoat phi tuyén
tinh ¢ thé duoc luge bo va khong can thiét cho cac tac vu khoi phuc anh mo
dat duoc két qua SOTA. Kién trac méi nay dem lai hi¢u qua SOTA nhung lai
c6 do phuic tap giita cac khbi va do phiic tap trong cac khoi vo cung thap
khién cho viéc khéi phuc anh mo tré nén nhanh chong.

Hau hét cac phuwong phéap dua trén hoc sau dat dugc két qua SOTA déu
duoc xem 13 cac bién thé cua mang U-Net. N6 xép cac khéi kién trac thanh
hinh chit U véi kha ning bé qua cac két ndi. Pdi voi cac mo hinh khac thi
chung duoc xdy dung bing kién trac U-Net nhiéu giai doan, nghia 1 giai
doan sau tinh chinh két qua cho giai doan trudec.

t t tput
HxW P, Block ——————— Block mput NERTCIN 0 000 000000 BRSO oupy
1L x1g xn, o

11 L .Tl' 1

g Block ———— Block Block ———— Block
® n? ® X l]? ®Il,
Block
xhy
t

1L 1
H W
? - T Bloc}:]]:!

Hinh 2.54. Kién triic U-Net nhiéu giai doan ciia cdc mang SOTA [15]

Nguoc lai, ddi voi mang NAFNet dugc &p dung thiét ké mang U-Net
mot giai doan, nghia 14 chi c6 mot tap hop cac khdi xép thanh hinh chir U
nhung van dat duoc hiéu qua cao.

______ » Block Block output
xI %11
Block Block
= Iy ® I,
» Block

x Iy

Hinh 2.55. Kién tric mang U-Net mot giai doan NAFNet [15]

Vira 10i 14 cdu tric tong thé cia mang NAFNet dugc gidi thiéu & hinh
2.17 Khong chi don gian ¢ mit cdu tric gitta cac khéi ma mo hinh mang
NAFNet con ¢ gang toi gian kién trac timg khdi don dé cai thién kha ning
tiéu ton tai nguyén ctia md hinh it hon so véi cac mé hinh SOTA trude d6. Cu
thé, timg khoi trong mang NAFNet dugc thiét ké nhu hinh dudi day:
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LayerNorm

Y
1x1, conv

3x3, dconv

|y
SimpleGate

SCA
A4

1x1, conv

g—

LayerNorm

1x1, conv

SimpleGate

i A

1x1, conv

%_/

Hinh 2.56. Kién triic tirmg khoi ciia mang NAFNet [15]

Duéi ddy, em s& di phan tich nhiing dic trung ndi bat nhat cua ting
khéi trong mot block mang NAFNet.
s Layer Norm

Layer Norm 13 16p chudn héa duoc ap dung rong rai trong cac tic vu
thi gidc mdy tinh cap cao. N6 dugc thiét ké dé giam hién tuong mat thong tin
(covariate shift) trong qué trinh dao tao mang no-ron va cai thién kha nang
hoc ctia m6 hinh. Diéu nay giup mé hinh hoc duoc biéu dién tOi wu hon bing
cach dam bao rang cac tang an khong phai luén phai d6i mat véi cac dau vao
c6 phan phdi thay d6i nhiéu qua cac batch. Diéu ndy c6 thé hiru ich dic biét
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khi d6i mit voi dir 1iéu khong 6n dinh hodc khi ddo tao mo hinh sau. O day,
tac gid quan sat thiy rang cdc mo hinh trudc ddy dat két qua SOTA déu co su
xuat hién cua Layer Norm va bang thuc nghiém trong cong bd khoa hoc do
no6 da gitp cai thién tdc d6 hoc 1én gép 10 lan cling nhu dat dugc hi¢u suét
dang ké trén tap dir liéu GoPro. Cho nén, tac gia da them Layer Norm vao dau
mdi khéi vi né co thé 6n dinh hoa qué trinh dao tao mo hinh

o Simple Gate

1 'Y
O
W
HA O\q' W

Cb
C)\ W

\ 4

oV

Hinh 2.57. Minh hoa khoi Simple Gate [15]

Simple Gate 1a két qua trong qua trinh bién doi toan hoc cua tac gia
dua trén Gated Linear Units dugc biéu dién nhu sau:

Gate(X, f,9,0) = f(X) @ a(9(X)),

Trong d6, X dai dién cho cac feature map, fvag lan luot 1a cac bién doi
tuyén tinh, o 1a mot ham kich hoat phi tuyén tinh va © biéu thi cho phép nhéan
theo phan tir. Tir cach bién dbi toan hoc két hop véi cong thire ham kich hoat
GELU [16], tac gia dua ra két qua ctia phép tinh Simple Gate nhu sau:

SimpleGate(X,Y)=X0OY,

Bang cach str dung Simple Gate, tac gia ciing thir nghiém dé chi ra mo
hinh tang hi¢u suét khir nhiéu va khir mo trén tap dir li¢u GoPro.
% SCA
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Hinh 2.58. Minh hoa khéi SCA 15/

Trong cong bd ciia minh, tac gia cling dua ra chimg minh dugc mot
khéi kich hoat méi 1a Simplified Channel Attention (SCA). Tuy khong 1am
cai thién hiéu suat khir mo trén tap dir licu GoPro nhung tinh don gian cua
khdi lai gitip cho mo hinh tré nén don gian hon rat nhiéu.

Tom lai, d6i v6i mang NAFNet tac gia tp trung rat ngan do phic tap tir
cac mo hinh SOTA trudc day nhung van dat duoc hiéu suét tot. Tac gid chi ra
cac thir nghiém cho thdy Simple Gate va Simplified Channel Attention (SCA)
mic du khién cho mé hinh tré nén don gian nhung van dam bao hiéu ning cua
mo hinh trong hoat dong khir mo trén tap dit li¢u thir nghi€ém GoPro.

% Két lugn chwong

Nhu vay xuyén sudt ndi dung chuong 2 da thé hién rd nét nhat vé cach
van hanh cta hé théng phﬁn mém duge xay dung trong pham vi dd an.
Chuong 2 d lam 6 so db téng quat va ludng hoat dong cua hai chic ning
phat hi¢n anh mo va khoéi phuc anh mo. Bén canh do, chuong 2 da trinh bay
chi tiét cac cong nghé duoc ap dung vao trong viéc xdy dung chuong trinh
phén mém. Ngoai ra, ngi dung ly thuyét vé cac thuat toan, md hinh hoc may,
mo hinh hoc sau da thé hién rd nhing cong viée lién quan dén mo hinh ma do
an s& thir nghiém. Nhiing 1y thuyét vé thuat toan, mé hinh hoc may, mé hinh
hoc sdu dugc gidi thiéu ¢ chuwong 2 ciing 13 nén tang dé din dén nhitng thir
nghiém s& dugc trinh bay ¢ chuong 3. Chuong 3, dd 4n s& 1am rd trinh tr thi
nghiém mo hinh dé dua ra cac nhan xét, danh gia cu thé. Ngoai ra, chuong 3
cling sé& trinh bay vé cic phuong thtc thyc hién xdy dung chuong trinh va
chay thir nghiém dé dwa ra két qua minh hoa cubi cing cua chuong trinh .
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CHUONG 3. XAY DUNG CHUONG TRINH

Noi dung chuong 3 s& trinh bay cac budc dé xdy dung mot mo hinh
cho hé théng phﬁn mém. Bén canh do, ndi dung chuong 3 s€ minh hoa, thi
nghiém cac thudt toan, mo hinh dugc trinh bay ¢ ndi dung chuong 2. Cudi
cung, chuwong 3 trinh bay cac budc xdy dung chuwong trinh va minh hoa két
qua chay chuong trinh phan mém. Tuan ty cac thanh phan cia chuong 3 bao
gom:

- Gidi thidu chung vé cac budc xay dung md hinh

- Tién hanh thir nghiém céc thuat toan, mo hinh va dua ra céc két luan, danh
gia

- Tién hanh xay dyng chuong trinh phan mém & ca Server va Client

- Chay thir nghiém chuong trinh va minh hoa cac két qua cua ting chuc
nang

3.1. Giéi thiéu chung

- Trich loc dac Django Rest
Tap d{ liéu hinh
anh trung Framework

L4

I

Thu thap di¥ Tién xtr ly dir Hudn luyén Déng géi md Xay dyng hé
liéu anh liéu anh mo hinh hinh théng

Hinh 3.59. Minh hoa so d6 xdy dung hé thong

Quy trinh thyc hién h¢ théng phan mém dé phat hién va khéi phuc anh
md dugc xay dung trai qua 4 budc chinh bao gdm:
® Bwodc 1: Thu thdp dir liéu anh

Day 13 budc thu thap cac dir liéu lién quan dén anh mo chuyén dong,
anh mo do nhiéu tir cac bd dit lidu c6 sidn va cac trang mang xa hoi. Pay Ia
cong doan quan trong va doi hoi su kién nhin khi phai chic loc cac hinh anh
pht hop vé6i bai toan cta dé tai d6 an.
® Buwdc 2: Xuly anh va trich chon dac trung

Tién xu 1y anh 1a mot cong doan nham dé khai thac tdi da dir liéu anh
bang cach chuyén doi tir dit lidu anh thé thu thap duoc & budc 1 sang cac dic
trung ndi bat phtt hop voi bai toan cua dé tai. Tai bude ndy bao gdm cac qua
trinh nhu téng hop dir li¢u, phan loai dit li€u va trich chon dac trung anh.
® Bwdc 3: Thu nghiém va danh gia cac mo hinh

Sau khi c6 dﬁy du cac dir liéu, cac thudc tinh can thiét thi day sé la
budce khdi tao va thir nghiém huan luyén cac mé hinh hoc may, mé hinh hoc
sau da néu ¢ muc 2.3. T do dua ra cac danh gia khach quan véi cac loai mo
hinh khéc nhau cho bai toan cta dé tai
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e Budc 4: Chon mé hinh phix hop va xdy dung hé thong

Cubi cung, dua vao cac danh gia tir cic mo hinh, thuat toan thir nghiém
huén luyén dé chon ra mét thuét todn, mé hinh phu hop cho tmg dung cta dé
tai. San phdm tng dung chinh 1a két qua cudi cing dtc két lai toan bd qua
trinh nghién ciru va thir nghiém cac mé hinh ctia dé tai dd 4n nay.

3.2. Cac budc thuc hién

3.2.1. Thu thap dir liéu dnh

Tap dir liu anh cho hai tadc vu phat hi¢n anh mo va khoi phuc anh mo
duoc suu tip va tong hop nhu sau:
s Tap dir liéu cho phat hién anh mo

Tap dit liéu thir nghiém bao gém 1050 anh bao gébm 350 b ba anh
cing mdt canh v&i ba phén loai sic nét (sharp), nhoe md (defocused blur) va
anh chuyén dong mo (motion blur) nhu vi du dudi day:

Thu muc T Tén~

[a defocused_blurred j 3  motion_blurred : B sharp

Hinh 3.60. Cac folder dir li¢u twong vrng voi ba loai anh

Defocus blur image Motion blur image Sharp image
Hinh 3.61. Minh hoa ba loai anh doi véi mot khung canh

Dic diém cua bo dit lidu:
- B0 dir liéu bao gém cac hinh anh ¢6 dinh dang: JPG
- B0 dir lidu anh trén dugc chup tir 66 thiét bi khac nhau, chii yéu 1a dién
thoai théng minh nhung ciing c6 mot sé may anh chuyén dung.
- Céc hinh anh duogc suwu tdm, chit loc trén cac bo dir liéu co sdn va tai
nguyén trén cac trang mang xa hoi.
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- Céc hinh anh nay déu duoc phan loai va loc 16 vao timg folder phu hop
v6i nd dé phuc vu cho qua trinh huan luyén mé hinh sau nay.

s Tap dir liéu cho khoi phuc anh mo
Tap dit liéu duoc st dung cho khoi phuc anh mo 1a tap dit liéu co san

GoPro.

- Pay la tap dir liéu bao gdbm 3214 anh mo véi kich thude 1280 x 720.

- Tap dir liéu nay dugc chia lam 2103 anh cho tap dir licu huin luyén (train
set) va 1111 anh cho tap kiém thir (test set).

- Pay 1a bd dir lidu bao gdm cac cip hinh anh md thuc té va hinh anh sic
nét thuc té mat dat tuong g thu duogc bﬁng camera toc do cao.

- Tap dir lidu GoPro nay duoc tic gia dang tai va chia s¢ dé gisi thiéu toi
cong déng tai dia chi https://seungjunnah.github.io/Datasets/gopro

Hinh 3.62. Hinh anh minh hoa tap dir liéu GoPro

3.2.2. Xur ly anh va trich chon dac trung

Duya trén mot quan sat co ban ta c6 thé thay rang, nhitng hinh anh bi
mo thudng c6 xu hudng khong thé nhan dién cac canh cua anh. Mot hinh anh
nét thi cac canh cua anh s& co sy nhan biét rd rang hon mot tam anh mo.
Trong mot tAim anh mo thuc‘mg cd xu hué‘ng gan mau nhau d6i voi cac pixel
lién ké nhau. Cu thé, néu ta nhin mot tAm anh bj md do nhoe hay do chuyen
dong, ta c6 thé thay rang cac s& co cac vung lan can vat thé chira cac pixel gan
mau véi vat thé. Nhu hinh minh hoa 3.5 dudi day, voéi vat thé 1a mot chiée
hop mau xam, khi tim anh bi nhoe di din dén cac pixel xung quanh chiéc hop
cling c6 mau tuong ty mau xam cua chiéc hop, diéu nay ta hoan toan c6 thé
nhin thiy bang mat thuong.
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Hinh 3.63. Minh hoa anh chup vat thé bi mo do rung lic

Chinh vi 1y do trén, dd an sé tién hanh viéc trich chon dic trung cua
anh bang cach thir nghiém cac thuat toan phat hién canh duoc gi6i thiéu dudi
day.

o Toan tir Sobel

Toan tr Sobel 1a mot phuong phap thuong dugce st dung trong xtr 1y
anh dé phat hién canh (edge detection). Pugc dit tén theo tén cta nha toan
hoc va k¥ su ngudi My Irwin Sobel, toan tir ndy nham xac dinh sy thay d6i do
choi gitra cac diém anh xung quanh trong mot hinh anh.

Toan tur Sobel thuong dugc su dung dé xac dinh dao ham cua ham
mirc x4m ctia anh, gitp tim ra cac ving canh va dong thoi 1am ndi bat chiing.
Cu thé, toan tar Sobel duoc thuc hién bé“mg cach st dung hai ma tran
convolution (kernels) dé tinh toan dao ham theo chiéu ngang va chiéu doc.

Cong thirc cta toan tir Sobel theo chiéu ngang (Gx) va chiéu doc (Gy)

la:
e Ddi véi chiéu ngang cong thirc sir dung kernel (Gx) nhan véi anh gbe (I)
nhu sau:
-1 0 +1
G,=|-2 0 42 |=I
-1 0 +1
e Ddi voi chiéu doc, cong thire sir dung kernel (Gy) nhan véi anh gbc (I)
nhu sau:

Pham Minh Hiéu — BI9DCCN255 59



Do 4n tot nghiép dai hoc CHUONG 3. XAY DUNG CHUONG TRINH

-1 -2 -1
Gy=10 0 0[*I
+1 +2 +1

Toan tir Sobel sir dung cac kernel nay dé tinh dao ham riéng theo chiéu
ngang va chi€u doc. Sau do, do 16n cia dao ham c6 thé dugc tinh bang cong
thuec:

G =,/G: +Gj

Hinh anh két qua cua toan tr Sobel thuong 1a mgt hinh &nh mé1i, noi
cac diém canh c6 dd 16n 16n s€ dugc lam ndi bat va cac vung khong co6 canh
s€ ¢ gia tri thap hon.

0
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1400 1400 1400

500 1000 1500 2000 0 500 1000 1500 2000 [ 500 1000 1500 2000

o

200
400
600
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Hinh 3.64. Hinh anh minh hoa ap dung toan tw phat hién bién
o Toan tir Laplace

Toan tir Laplace, con dugc goi 1a toan tr Laplacian, 1a mdt cong cu
quan trong trong xir Iy anh va xtr 1y tin hiéu. Toan tir nay dugc sir dung dé
phat hién cac vung khong gian ciia mQt hinh anh hay tin hi€u ma c6 su thay
d6i nhanh chong vé do choi hodc giam gia tri tai cic diém anh. N6 thuong
duoc st dung dé tim canh, diém cuc trj (cuc dai hoac cuc tiéu), va cac vung
thay ddi nhanh trong anh.

Toan tir Laplace dugc biéu dién bang gradient cua gradient, c6 thé
duoc tinh bang cach iy dao ham riéng cdp hai ciia ham muc xam. Déi véi
ham hai chiéu I(x, y), toan ti Laplace co thé duoc biéu dién nhu sau:
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Mot bién thé phd bién cia toan tir Laplace trong xtr 1y anh 14 st dung
kernel convolution sau:

0O 1 0
Vir=11 -4 1
0O 1 0

Toan tir Laplace thudng tao ra cac gia tri 16n ¢ cac ving c6 su thay ddi
dot ngot trong do choéi, vi du nhu canh cua dbi tuong trong anh. Trong moi
truong xtr 1y tin hiéu, toan tir Laplace ciing duoc str dung dé danh gia do bién
dong cua mot tin hiéu trong thot gian. Chinh vi cong dung tim canh nhanh
chong clia toan tir ndy, em ciing tip trung vao ap dung dé trich xut cac cac
dac trung vé canh cua tAm anh.

Nhu vay, dbi voi hai thuat toan phét hién canh dugc giodi thi¢u trén va
dua trén tinh chat di gidi thiéu vé anh mo nén em da 4p dung dé trich loc ra 3
dic trung tir mot tAm anh bao gdm:

e Phuong sai (variance): tong binh phuong khoang cach timg phan tir ddi
v6i phan tir trung binh. That vy, c6 thé dé dang suy luan rang phuong sai
anh bién nét s€ 16n hon phuong sai dnh bién mo.

e Trung binh (mean): Trung binh cong tat ca phan tir, ddi véi anh nét s& 1on
hon

e Gia trj 16n nhét (max): gia tri 16n nhét ghi nhan duoc & 1 diém bién, néu
dat 255 hodc gan 255 thi kha ning cao 1a anh nét.

Sau khi trich chon duogc cac dac trung co ban trén va dua vao bd dir
liéu thtr nghi€ém da suu tam san, s€ trich rat ra 3 dac trung da néu va luu vao
mot file csv nhu doan ma dudi day:

° general path = '/content/gdrive/MyDrive/BlurryImages"”
data = pd.read_csv(f'{general_path}/data.csv")
# data = data.iloc[@:, 1:]
print(data.shape)
data.head()

(1e5@, 5)

image_name lap_mean lap_var 1lap_max label
0 0_IPHONE-SE_F.JPG -0.002243 188.278620 224 blurry
1 100_NIKON-D3400-35MM_F.JPG -0.000587 484.732559 528  blurry
2 101_NIKON-D3400-35MM_F.JPG -0.000473 243.201813 244 blurry
3 102_NIKON-D3400-35MM_F.JPG -0.007294 348.402718 470  blurry
4 103_HUAWEI-P20_F.jpg -0.013786 178.553902 192 blurry

Hinh 3.65. Minh hoa doan ma trich loc dac trung va luu vao tap dir liéu moi
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Nhu vay, sau khi trich loc dugc 3 dac trung co ban da néu, tién hanh
quan sat xem cac diém dir liéu duogc phan bd trén mot khong gian 3 chiéu nhu
sau:

91

¢
¢

\’bQ 4

Hinh 3.66. Minh hoa sw phén bé ciia cdc diém dit liéu trong khong gian 3 chiéu

Dua vao hinh anh trén, c6 thé thiy rang véi 3 dic trung di néu thi tap
dr li¢u ciling dem lai tinh phan cum kha cao, trong d6 cac diém dir liéu mau
do dai di¢n cho cac déc trung cua tAm anh nét va diém dit liéu mau xanh thi
dai dién cho cac dic trung cua tAim anh mo. Diéu ndy ciing 1 tién dé& dé thu
nghiém cac thuat todn hoc mdy co ban ddi véi tap dit liéu sau xur 1y nay.

3.2.3. Thir nghiém va danh gia cac mo hinh

Thir nghiém va danh gid mo hinh 13 cong doan cudi ciing trong viéc
xay dung mo hinh dé du doan va tra vé két qua cudi ciing cho tac vu phat hién
va khoi phuc anh mo. Tién hanh thir nghiém nhiéu mé hinh s& gitp cho viée
danh gia cac mo hinh trong mot tac vu ctia dé tai tré nén khach quan hon. Sau
day, s¢€ la phé“m nodi dung vé viéc huin luyén va danh gid cac mo hinh, thuét
toan da duogc gidi thi€u & muc 2.3:

s Thur nghiém cdac mo hinh hoc may Machine Learning

O muc 2.3, d0 an di gi6i thidu cac mo hinh hoc may truyén thdng
Machine Learning dé 4p dung cho tac vu phat hién anh mo. Cac thuat toan
dugc thyc hién dya trén bo dit li€u sau khi trich rat 3 ddc trung tir muc 3.2.2.
Sau khi dua tap dir liéu vao cac thuat toan hoc may co ban da néu dugc thuc
hién bdi thu vién Scikit-learn ctia Python va dat dugc cac két qua duogc téng
hop nhu hinh duéi day:
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M6 hinh Accuray M6 hinh Accuracy
Knnk =12 0.9111 Random forest n = 3 0.8825
Knnk =13 0.9048 Random forestn =15 0.8921
Knnk =14 0.9079 Random forestn =7 0.9016
Knnk =15 0.9016 Random forestn =9 0.9079
Knnk =16 0.9048 Random forest n = 11 0.8984
Knnk =17 0.9111 Decision tree maxDepth=1 | 0.9175
Knnk=18 0.9079 Decision tree maxDepth=2 | 0.9175
Naive Bayes 0.8889 Decision tree maxDepth=3 | 0.8984

Bang 3-2. Két quda thwe nghiém cdc mé hinh hoc mdy truyén thong

Tir cac két qua trén co thé thiy ring viée st dung cac thuat toan hoc

may dya trén ba dac trung duoc trich loc cling dem lai két qua du doan chinh
xéac kha cao. P9 chinh xac cao nhat thudc vé thuat toan cay quyét dinh véi
chiéu sau 1a 1 dem lai do chinh xac 18n t6i 91,75%. Céac két qua trén ciing
dem lai co s& dé huéng téi cac thir nghiém véi cac thuat toan khac dé cai
thién do chinh xac cho bai toan phan loai &anh mo nay.

s Thir nghiém thudt toan Fourier

Céc budc thyc hién bién do6i Fourier dé dy doan kha nang mo cua tam anh nhu

Sau:

Ta chuyén doi tim dnh mau RGB sang anh xam gitip tiét kiém bo nhd va
tang toc do xtr 1y thuat toan.

Chon ra toa do tam cua burc anh.

Thuc hién bién ddi Fourier 2D trén anh x4m s& cho ra mot két qua 1a mot
ma tran phirc gdm céac phan tir biéu dién bién do va pha ctia tan so tai mdi
diém trén anh.

Di chuyén tan s6 thap (gin tdm) ctia bién d6i Fourier dén tdm ciia ma tran
két qua. Diéu nay 1am cho tan s6 thap dugc can gitta, va tan sb cao (nam &
bién) dugc di chuyén ra xa tim

Trong bién doi Fourier, cac tan sb cao thuong dai dién cho chi tiét nho va
nhiéu trong anh cho nén ta loai bé mot phan ciia tan sb cao bang cach dit
gia tri cua chung 1a 0.

Thuec hién tiép bién d6i Fourier nghich dao dé chuyén tir khong gian tin s6
trd lai khong gian anh. Két qua 13 mot ma tran phiec.

Lay trung binh cac pixel ciia tim dnh dé xét vdi mot ngudng cho trude xac
dinh d6 mo cta tAm anh

Céc budc thuc hién dé phan vung mo dua trén bién doi Fourier:
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e Budc dau thuc hién bién d6i Fourier trén tim anh nhu giai doan dy doan
dd mo cua tim anh

e Két qua diu ra cta budc trén duoc xtr 1y tiép bang cach loai bo di cac
vung bién khong can thiét cua tAim anh dé tao sy tip trung vao cac diém
mo cua buc anh

o Ap dung cac toan tir Erosion va Dilation dé loai bo cac nhilu, loai bo cac
bién va phat hién, cach biét cac ddi twong.

cO & Blurry Segment.ipynb
File Edit View Insert Runtime Tools Help Lastedited on October 26

+ Code 4+ Text

q ° this image is blurry
E <ipython-input-32-e5cbe3779d98>:5: Deprecatiomarning: In future, it will be an error for
(x} print {"this image {8} blurry”.format{["isn't", "is"]1[blurry]l)}
(O-r]
)
’. .!#

-~
{2 -1
=

Hinh 3.67. Két qua thuc nghiém véi thudt todn Fourier

Nhu vay, dua trén nén tang thuat toan bién ddi Fourier két hop v&i mot
vai ki thuat xtr 1y anh khac khong chi danh gia kha ning mo cua mot tim anh
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ma con c6 thé phan ving mo cho tim anh dya trén mot ngudng nhat dinh.
béi véi thuc nghiém nay céc diém anh duoc bién ddi so sanh vai ngudng
bang 1. Cac diém anh sau khi bién d6i Fourier nam trong khoang 0 va 1 s&
dugc coi 1a nhitng diém anh md va duoc chuyén doi thanh pixel tring. Nguoc
lai, cac diém anh ngoai ngudng 0-1 s& duoc coi 13 diém anh nét va chuyén do6i
thanh pixel den. Tir ddy thuat toan s& phan vung duoc cac chi tiét diém anh
md va nét nhu két qua hinh 3.10. C6 thé thdy r bang mat thuong, cac chi tiét
bén trong chi méo va con chudt 1a cac chi tiét nét va cac chi tiét bén ngoai
dudng nhu da bi mo di do chuyén dong.

s Thir nghiém mo hinh hoc sau MobileNet

Trong pham vi thir nghiém mé hinh, dit liéu bao gdm 700 anh md va
350 anh nét dugc chia 1am tdp hudn luyén (train set) va tap kiém thir (test set).
Trong d6, d6i véi tap dir liéu huan luyén danh cho anh mo bao gdom 500 anh
duoc chon ngau nhién va 200 anh cho tap dit liéu kiém thu.

path = "/content/drive/MyDrive/SRV/detect dataset”
listImage = [] #dutng din nhitng anh mé

for i in os.listdir(path):
if i=="sharp" or i=="blur_dataset_scaled”:

continue

for j in os.listdir(path+"/"+i):

try:

if §.split(".")[1]!="IPG" and j.split(".")[1]!="jpg" and j.split(".")[1]!="jpeg":

listImage.append(path+"/"+i+"/"+])

random.shuffle(listImage) # trdn cdc dudng din anh m& 1lén

train_blur = listImage[©:5608] # 13y 568 anh diu lam train data

test_blur = listImage[508:] # ldy cac anh tir anh 688 dén h&t 1lam test data
rint(len(listImage))

rint(len(train_blur))

rint(len(test_blur))

T T

[T |

oG W
o ® D

Hinh 3.68. Poan md chia dit liéu hudn luyén doi véi tdp dir lieu anh mo

Ngoai ra, ddi véi tap dit lieu anh nét dugc chia thanh 300 anh cho tap
dit liéu hudn luyén va 50 anh cho tap dir li¢u kiém th.
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(’ path = "/content/drive/MyDrive/SRV/detect_dataset”
listImage = [] # dwdng d3n nhitng &nh nét

for i in os.listdir(path):
if i!="sharp":
continue

for j in os.listdir(path+"/"+1):

try:

if j.split(".")[1]!="7PG" and j.split(".")[1]!="jpg" and j.split(".")[1]!="jpeg":

listImage.append(path+"/"+i+"/"+])

random.shuffle(listImage)
train_sharp = listImage[©:3088@]
test_sharp = listImage[38@:]
print(len(train_sharp))
print(len(test_sharp))

B zee

58
Hinh 3.69. Poan md chia dir liéu hudn luyén voi tap dir liéu anh nét

Pau vao md hinh bao gém cac ma tran pixel anh da duoc chuén hoa,
kich thudc anh 900x900 va chia thanh cac batch size = 16.

[ 1 image_batch, label_batch = next{val_generator)
image batch.shape, label batch.shape

((16, 98@, %@@, 3), (16, 2))
Hinh 3.70. Poan ma chia batch size cho qud trinh hudn luyén

Kién trac mo hinh don gian véi 16p dau tién 1a mo hinh MobileNetV2,
tiép d6 1a lan luot cac 16p tich chdp Conv2D, Dropout va
GlobalAveragePooling2D. Cudi cung 1a layer cudi v6i 2 node dau ra cho hai
nhin anh mo va anh nét dé phan loai bang ham kich hoat softmax.
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[ 1 model.summary()

Model: "seguential”

Layer (type) Output Shape Param #
“mobilenetv2_1.00_224 (Func (None, 29, 20, 1280) 2257984
tional)

conv2d (Conv2D) (None, 27, 27, 32) 368672
dropout (Dropout) (None, 27, 27, 32) 8
global_average_pooling2d ( (None, 32) 5

GlobalAveragePooling2D)

dense (Dense) (None, 2) 66

Total params: 2626722 (18.82 MB)
Trainable params: 368738 (1.41 MB)
Non-trainable params: 2257984 (8.61 MB)

Hinh 3.71. Tong quat kién triic mé hinh hudn luyén

MobileNetV2 Conv2D

Input data
(900 x 900 x3)

Global Average Dropout
Pooling2D P

Hinh 3.72. So' d6 hudn luyén

Trong thir nghiém 1an nay, em thuc hién huin luyén mé hinh véi 20
epochs va dat dugc két qua danh gid trén tap dir liu validation 1én to1 do
chinh xac (accuracy) 1a 98%. Két qua nay cho thdy mo hinh ctia em co vé
dang hoat dong kha tdt voi dit liéu duoc suu tam. Qua trinh huin luyén duoc
em thyc hién trén Google Colaboratory va thé hién ¢ hinh bén dudi day:
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validation_steps=len(val_generator))
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Sau khi thyc hién viéc huan luyén thanh cong, em sinh ra do thi cua
cac tham so6 lién quan dén dd chinh xac (accuracy) va d0 mat mat (loss) cua
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val_accuracy: 6.9380

@

val_accuracy: 6.9380

@

val_accuracy: 6.9380

@
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val_accuracy: @.9380

@

val_accuracy: @.9380

@

val_accuracy: 6.9380

@
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@
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Hinh 3.73. Minh hoa qud trinh hudn luyén mé hinh MobileNet

tap train va valid nhu sau:

Accuracy

Training and Validation Accuracy
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Validation Loss
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Hinh 3.74. Biéu d6 minh hoa accuracy va loss trén tdp training va validation
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T hinh anh minh hoa trén c6 thé thiy ring trong qua trinh huan luyén,
mo hinh ¢6 xu huéng hoc hoi tot dan 1én véi cac tham so loss giam dan va do
chinh xac du doan ting dan. Sau 10 epochs dau, mo hinh di dan dan dua ra
duoc cac két qua tich cuc chimg té moé hinh MobileNet hoat dong tot véi tap
d@r liéu anh nay.

s Thur nghiém moé hinh hoc sau NAFNet
Trong thir nghiém ctia minh, em huan luyén moé hinh trén Google
Colaboratory trén tap dit li¢u trich xut tir dir liéu 6 sin GoPro vdi 701 anh.
Céc tham sb khéi tao mé hinh

- optimizer: AdamW — day 13 mot bién thé cua thuat toan t6i vu Adam,
dugc thiét ké dé giai quyét mot s6 van dé cia Adam lién quan dén
regularization va han ché murc ting thém trong sé qua mirc trong qué trinh
dao tao mo hinh.

- learning rate: 0.001

- weight decay: 0.001

- betas: [0.9 , 0.9] — day 1a hai chi s beta 1an luot giup kiém soat mirc d6
cap nhat trung binh dong cua gradient va kiém soat mirc do cap nhat cua
binh phuong gradient.

- loss function: PSNRLoss — ddy 1a ham mét mat duoc sir dung trong qua
trinh dao tao cong tac xur Iy anh dé do luong sy khac biét gitta hinh anh du
doan va hinh anh thyc té.

- reduction: mean — day 13 gia trji mat mat cta ting diém dit liéu duoc tinh
va sau d6 duoc 1ay gia tri trung binh. Didu ndy gitp gidm gia tri mat mat
xubng mot gia tri s duy nhat, tic 13 trung binh ctia mit mat trén toan bd
tap dir licu.

- metric: PSNR va SSIM — day Ia hai chi s6 di duoc gid1 thiéu ¢ ndi dung
1.7.6 va 1.7.7 dé so sanh chat lugng anh thuc té v4i anh duogc sinh ra.

Céc thong s6 huan luyén mang

- Tap dit liéu train bao gdm 701 anh va tap test bao gdm 370 anh
- Epochs bao gém 15 epochs véi sé iter 1a 20000
- Batch size: 4

Méi truong huan luyén

- Google Colaboratory
- GPTT4

Danh gid mo hinh

Tong thoi gian huan luyén: 6 gio

Sau khi huin luyén dua trén mo hinh va dir li€u trén, thu duoc biéu dd
thé hién gia tri ham mat mat va hai chi s6 SSIM va PSNR:
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losses/|_pix = ]1‘_[ e
26
27
28
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10000 X
Run + Smoothed Value Step Relative
[ ] -29.4918 -33.4085 10,000 13.55 day

Hinh 3.75. Biéu @6 minh hoa loss ciia qud trinh hudn luyén mé hinh NAFNet

metrics/m_psnr =
27
26.5
26
1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10000 X
Run Smoothed Value Step Relative
[ ] 27.1151 279667 10,000 2.355 hr

Hinh 3.76. Biéu d6 minh hoa chi s6 PSNR

metrics/m_ssim S
0.88
0.875
0.87
0.865
0.86
1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10000 X
Run + Smoothed Value Step Relative
[ ] 0.8847 0.8998 10,000 2.355hr

Hinh 3.77. Biéu d6 minh hoa chi s6 SSIM
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Dbi voi mo hinh NAFNet nay trong qua trinh huén luyén tong cong chi
von ven 15 epochs nhung c6 thé thiy rang ham loss function dang c6 xu
hudng giam. Ching t6 rang md hinh dang c6 xu hudng hoat dong tbt véi tap
dir liéu GoPro trong qué trinh khéi phuc anh mo. Bén canh d6, cac chi sb
PSNR va SSIM cta mo hinh cling co Xu hu:ong tang dan trong nhiing epochs
dau va dugc ghi nhan & mot chi sb twong ddi tot. Tuy nhién, cac chi s6 nay
van chua phai chi s6 1y tuong cho mot mé hinh SOTA. Mot sé nguyén nhan
dan dén viéc cac chi s6 PSNR va SSIM chua dem lai két qua 1y tudng co thé
ké t6i nhur:

- Tai nguyén bi han ché: Boi vi tai nguyén huin luyén trén Google
Colaboratory bi gi6i han thoi gian va khong gian huin luyén. Thay vi mé
hinh thyc té duoc tac gia huan luyén song song véi 8 gpu thi trong 1an thir
nghiém nay chi huan luyén duoc voi 1 gpu trong thoi gian 6 gio.

- Tdp dit liéu dnh chwa dii lé6n: Tap dit 1iéu GoPro thuc té ¢6 2103 anh cho
viéc huan luyén va véi 1111 anh dé kiém thir. Nhung trong thir nghiém
ctia pham vi d6 4n thi chi thir nghiém vai 701 anh vi giéi han tai nguyén
cua Google Colaboratory.

- 86 epochs huin luyén khéng nhiéu: Trong thyc té, mo hinh dugc tic gia
huén luyén 50 epochs v&i 200000 iter thi thyc nghiém cta d6 4n chi huan
luyén 15 epochs véi 20000 iter (giam di 10 14n so v6i hudn luyén thuc té).

Tuy viéc huin luyén khong dugc dién ra trong diéu kién thuan loi
nhung né cling gitp cho su quan sat danh gia vé d6 hiéu qua va toc do ciia mod
hinh mot cach khach quan rang mé hinh dang c6 xu hudng cai thién véi tap
dtr liéu GoPro.

3.2.4. So sanh giira cac mo hinh

Trong pham vi thyc hién dd 4n da tién hanh thu nghiém 3 mo hinh,
thuat toan dé phuc vu cho tdc vu phat hién anh mo d6 1a mo hinh MobileNet,
thuat toan Fourier va cac thuat toan hoc may truyén thong Machine Learning.
Béang dudi ddy dua ra nhimng so sanh, danh gia wu — nhuoc diém cua céac
phuong phép nay nhim két ludn phuong an st dung dé xdy dung hé thong
chuong trinh sau nay.

Uu diém Nhurge diém Accuracy

Thuat toan | - MO0 hinh don gian, c6 |- Céc md hinh hoc may | 0.9175
hoc may dung luong thap, dé Machine Learning
Machine dang cai dat. con qua don gian,
Learning | - Dat hiéu qua chinh xac khong tong quat hét

cao trong thtr nghiém. dugc dit liéu hudn

- Tbc do tra két qua luyén nén c6 kha
nhanh. ning sé ton tai
overfitting

Thuat toan | - DE dang trién khai, cai |- Thudt toan trién khai
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Fourier dat thuat toan. dua trén viéc danh
- Dung lugng cai dat giad ngudng trung
thap. binh céc pixel sau khi
- Tbc 6 tra két qua bién d6i nén khong
nhanh. phan anh chinh xac

tat ca cac truong hop.
- Khéng co céc chi s6

danh gia dbi voi tap

dit liéu hudn luyén.

Mo hinh - Dé dang cai dat thuat |- Dung luong mo hinh | 0.98
MobileNe toan. 16n hon hai phuong
t - Tbc do tra két qua phap str dung thuat
nhanh. toan Fourier va mo
- Dat do chinh xac cao hinh hoc may
nhat 1én t6i 98%. Machine Learning.

Bang 3-3. So sanh cac phwong phap trong tac vu phat hién anh mo

Tir cac két qua danh gia trén, c6 thé thiy mo hinh hoc sdu MobileNet
cu thé 1a MobileNetV2 dat hiéu qua chinh xac cao nhét cho tac vu phat hién
anh mo. Mic di, mé hinh van ton tai nhugc diém dung lugng md hinh 16n
hon so voi hai phuong phép trén nhung dung luong mo hinh 14 9.9 MB nén
van & mirc cho phép khi cai dit chuong trinh. Chinh vi vay, tac vu phat hién
anh mo s& 4p dung mo hinh hoc sau MobileNet dé du doan cac dau vao anh.
Ngoai ra, dd an ciing sir dung thém thuit toan Fourier dé phac thao lai cac
canh bién, diém anh nét trong qua trinh phat hién dnh mo.

3.3. Thiét ké hé thong
3.3.1. Usecase tong quan hé thong

Hé thong 13 mot tmg dung Android cho phép phat hién va khoi phuc mot tim anh
bi mo.
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Upload Image

i
|
i
1 <<include>>
i
|
i

System

Blur Detect

extension points B e Deblur Image
Capture Image

Deblur Image
User

I
|
| <<Extend>>
|
Capture Image

Hinh 3.78. Usecase tong quan hé thong

Nguoi st dung hé théng c6 thé thuc hién hai chirc nang chinh bao gém phat hi¢n
va khéi phuc hinh anh bj mo. Ngudi dung ¢6 thé chup tim anh va tai tim anh
duoc lya chon lén dé hé théng xu ly va tra vé két qua. TAm anh sau khi duoc tai
1én trude hét sé tra vé két qua dy doan c6 phai 1a mot tim anh mo hay khong va
phac thao 1én cac canh bién cta anh. Sau d6, nguoi dung ¢ thé thuc hién tiép
chtrc nang thir hai 1a khoi phuc tam anh d6. TAm anh s& tiép tuc duoc hé théng XU
1y dé khir mo va tra vé két qua phia tmg dung Android.
3.3.2. Phén ra biéu dé usecase

% Biéu do usecase phat hién anh mo

Upload Image

<<Include>>

Blur Detect

extension points
Capture Image
User .

<<Extencl>_>

-
e
-
-

Capture Image

Hinh 3.79. Usecase phat hién anh mo

% Biéu do usecase khoi phuc anh mo
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X

User

z<|nclude=>
DeblurImage \------ e e

Hinh 3.80. Usecase khoi phuc anh mo

3.3.3. Scenario

s Chirc nang phat hién anh mo

Scenario

Phat hién anh mo

Actor

Nguoi dung

Post-condition

Ngudi dung nhan duge két qua du doan anh mo

Main-events

1. Nguoi ding chup anh tir thiét bi di dong

2. Nguoi dung chon vao biéu twong thu vién anh trén Ung

dung

Nguoi dung lwa chon hinh anh can dy doan

4. Ung dung hién thi 1én tim anh di lya chon trén

ImageView

Nguoi dung chon nut “Predict”

6. Hé thong xur 1y tra vé két qua du doan hinh anh mo hay
nét va két qua phac thao cac canh bién cua tdm anh trén
ImageView

W

N

s Chitc nang khoi phuc anh mo

Scenario

Khoi phuc anh mo

Actor

Nguoi dung

Pre-condition

Hé théng da phat hién tim anh mo hay nét

Post-condition

Nguoi dung nhan dugc danh mai da dugce khoi phuc

Main-events

1. Nguoi dung tiép tuc str dung tAm anh da du doan

2. Nguoi dung bAm nat chon “Predict”

3. Hé thdng xtr 1y va tra vé hinh anh sau khi di khéi phuc dé
hién thi 1én ImageView
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3.34. State Diagram

Start

[ Hién thi giao dién chup anh w

[Click Capture Button]

[Upload Image]

Hién thi hinh anh

vira tai lan Back

Hién thj théng bao
"Capture Image

[Click Predict Button]

Hién thi két qua du dodn anh me va phac hoa
bi&gn clha anh

[Click Predict Button]

|

E-Iién thi k&t qua khéi phuc anh mﬂ]

Hinh 3.81. State Diagram
3.4. Xay dung hé thong

Sau giai doan huén luyén thtr nghi€ém cadc mo hinh hoc may, thuat toan
va md hinh hoc siu dé dua ra cc két qua minh hoa trén thi tiép theo 1a giai
doan tién hanh xay dung hé théng phan mém cho tng dung Android phat hién
va khoi phuc anh mo.

3.4.1. Xdy dung wng dung

< Cau tric thu muc

Pham Minh Hiéu — BI9DCCN255 75



Do 4n tot nghiép dai hoc CHUONG 3. XAY DUNG CHUONG TRINH

Android w W =T " -
e app
> manifests
W java
A com.example.blurdetect
W api
¢ ApiConfig

I ApiService
v model
¢ ImageRequest
¢ ImageRespon
v utils
& Utils
- MainActivity
¢ PredictActivity
> com.example.blurdetect (androidTest
? com.example.blurdetect (test
> res
res (generated
mil
~ @ Gradle Scripts
build.gradle.kts (Project: BlurDetect

build.gradle.kts (Module :app

proguard-rules.pro (ProG

gradle.properties (Project P
gradle-wrapper.properties (Grad

(]

local.properties (SDK Location

Project Settings

settings.gradle kts
Hinh 3.82. Minh hoa céu triic thuw muc phia Client
api folder: bao gdm 1 Object dé ciu hinh cai dit API va 1 Interface dé viét cac
API Request 1én server, trong do:

- object ApiConfig: c6 nhiém vu cu hinh dia chi co ban dé client giao tiép
véi server va thoi gian xu 1y két noi
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package com.example.blurdetect.api

import okhttp3.0OkHttpClient
import retrofit2.Retrofit
import retrofit2.converter.gson.GsonConverterFactory

import java.util.concurrent.TimeUnit

object ApiConfig {
= private const val BASE_URL = "http://192.148.0.105:8000";

val okHttpClient = OkHttpClient.Builder()
.connectTimeout( timeout 30, TimeUnit.SECONDS) // Thoi gian timeout két ndi
.readTimeout( timeout 30, TimeUnit.SECONDS)
writeTimeout( timeout 30, TimeUnit.SECONDS)
Lbuild()

private val builder = Retrofit.Builder() RetrofitBuilder
.baseUr1(BASE_URL) RetrofitBuilder
.client(okHttpClient)
.addConverterFactory(GsonConverterFactory.create())

val retrofit = builder.build()

val apiService: ApiService = retrofit.create(ApiService::class. java

Hinh 3.83. Object ApiConfig phia Client

- interface ApiService: viét cac ham request 1én server bao gom hai chuc
nang chinh 1a phan loai 4nh va khir mo anh. Pau vao cta cdc ham nay la
anh cua thiét bi dé gt 1én server xu ly:

package com.example.blurdetect.api

import com.example.blurdetect.model.ImageRequest
import com.example.blurdetect.model.ImageRespon
import okhttp3.MultipartBody

import retrofit2.Call

import retrofit2.http.Body

import retrofit2.http.Multipart

import retrofit2.http.POST

import retrofit2.http.Part

interface ApiService {
@Multipart
@POST("predict/™)
fun uploadImage(@Part image: MultipartBody.Part):Call<ImageRespon=

@Multipart

@POST("deblur/")
fun deblurImage(@Part image: MultipartBody.Part):Call<ImageRespon>

Hinh 3.84. interface ApiService phia Client
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model folder: bao gdm 2 class dai dién cho model nhan va giri dit liéu anh

utils folder: co 1 object Utils co chirc ning nhan duong dan anh dé hién thi 1én
ImageView

main: Hai class chinh cho hai chitc nang phan loai anh va khéi phuc anh bao
gom céc thao tac chup anh, tai anh bén phia client.

3.4.2. Xdy dung server
% Céu triic thu muc

v [ server

~ [=3 deblur

~ [ deblur

& _init__py
@ asgi.py
& settings.py
. urls.py
& wsgi.py
] myapp
(57 BlurDetection
[ images
(2] migrations
> [0 NAFNet
_init__py
admin.py
apps.py
models.py
serializers.py
tests.py
urls.py
utils.py
views.py
& _init_.py
£ db.sqlite3
# manage.py

v v o)
J

'

2 "I "I "I "l "I "R " "

Hinh 3.85. Cdu triic thi muc phia Server

BlurDetection Folder: day 1a folder ap dung thuat toan Fourier dugc néu trén dé
nhan di€n mgt tam anh va phéc hoa lai ving mo.

Images folder: sau khi client giri anh 1€n, phia server s€ nhan anh va luu trir
trong folder nay dé xtr Iy hinh anh. Cac hinh anh sau khi dugc xir 1y s& duoc day
1én Cloudinary

NAFNet folder: day 1a folder thyc hién trién khai model NAFNet dé khoi phuc
anh mo.

url.py: goi dén urls.py chita cac duong dan trén server dé client c6 thé giao tiép
cho server xur ly dr li€u
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utils.py: ddy 1a tp xtr 1y hinh anh nhan vao cua server, c6 nhiém vu chuyén dbi
cac hinh anh nhan dugc thanh céc tensor phuc vu cho hai nhi¢m vu phan loai va
khoi phuc anh mo

views.py: day la tdp hoat dong chinh cua server c6 nhi¢ém vu xtr 1y dit liéu hinh
anh dé day lén cloudinary roi trd vé phia client.
3.4.3. Két qua chwong trinh
& Chirc nang phat hién dnh mo
- Budc 1: Nguoi dung co thé chup anh hodc tai anh 1én dé chuong trinh
phan loai tim anh d6 1a nét hay mo.

16:15%¢ ® 5 atll il = @04

Camera

Hinh 3.86. Minh hoa man hinh ung dung chup anh
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- Budc 2: Nguoi dung vao b suu tap trén dién thoai dé lwa chon tam anh
can du doan.

1624 @ @5 - atll ol & @4

X Chon 1 anh

Anh  Album

4Thg 11

4

1Thg 11 | Viét Nam, Ha Noi

31 Thg 10 | Chrome, MB Bank

Hinh 3.87. Minh hoa man hinh ung dung cho viéc tdi anh lén

- Budc 3: Nguoi dung bam nat “Predict” dé chuong trinh tién hanh du doan
hinh anh
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16242 ®© 5 - atll all = @) #

Predict Image

Hinh 3.88. Minh hoa man hinh sau khi chon danh tdi lén

- Budc 4: Chuong trinh hién thi két qua du doan va hinh anh phan ving mo
sau xu ly
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Hinh 3.89. Minh hoa man hinh ung dung dy dodn va phan ving anh mo

% Chirc nang khoi phuc anh mo

- Buéc 1: Nguoi dung tiép tuc str dung hinh anh vira duoc tra vé& & budc
phan loai hinh anh va bAm vao nut “Predict” tiép dé khtr mo anh.

- Budc 2: Chuong trinh xtr 1y sau vai gidy va tra vé két qua hinh anh duoc
khoi phuc do bi mo.
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Blur Image

Hinh 3.90. Minh hoa man hinh vrng dung sau khi khéi phuc anh mo
Nhu vay, sau khi khir m¢ thanh cong chuong trinh sé tra cho

chung ta mot tim anh méi nét hon anh cii ban dau. Dudi day 1a so sanh
gifta hai hinh anh ban dau va sau khi dugc khir mo¢ thanh cong
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khoéi phuc

Hinh 3.91. So sanh hinh anh trudc va sau khi khoi phuc

o Két lugn chwong

Chuong 3 “Xay dyung chuong trinh” ciing 1a chuong cudi cing cua dd
an. Noi dung chuong da 1am 13 cac budc xdy dung mot mé hinh va tién hanh
thir nghiém ciing nhu dua ra cac danh gia, két luan truc quan. Cudi cung,
chuong 3 két thuc véi ndi dung xay dung chuong trinh va dua ra cac hinh anh
minh hoa sy hoat dong cua hé théng phén mém nay.
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KET LUAN VA HUONG PHAT TRIEN

 Két lugn dé dn
Xuyén sudt qua trinh hoc hoi, nghién ctru va xay dung dé tai d6 an “Ap
dung mé hinh hoc siu trién khai img dung Android phat hién va khéi phuc
dnh mo” cliia minh em di thu nhan duoc rat nhiéu kién thirc va trai nghiém maoi
giip ban than minh cai thi€n, nang cao thém su hiéu biét vé mot linh vuc méi
lién quan dén xir 1y anh. Tir nhiing trai nghiém thyc té ndy tao cho em nhiéu co
hoi hoc héi méi nhu vide tim hiéu vé xtr 1y dnh, cac khai niém va cac thao téc xu
1y anh. Bén canh tim hiéu céc kién thirc co ban vé xir Iy anh em ciing c6 co hoi
nghién ctru thém vé mang no — ron tich chap CNN, cac khdi phi tuyén tinh nhu
ReLU, GeLU [16], cac ham kich hoc nhu Softmax hay cac chi sé danh gia hiéu
ning ciia mot mo hinh cho bai toan phén loai va chi sé danh gia khac nhu SSIM
va PSNR. Ngoai vi¢c tim hiéu ra, em cling c6 co hdi thir suc lap trinh véi céac
thuat toan hoc may co ban trén thu vién scikit-learn nhu thuat todn K-Nearest
Neighbors, thudt todn Decision Tree, thuat todn Naive Bayes va thuat toan
Random Forest. Khong chi dung lai ¢ cac thuat toan co ban, em ciling c6 co hoi
tim hiéu thém nhiéu mo hinh Deep Learning khac cho bai toan phat hién va khoi
phuc &nh md& nhu mé hinh MobileNet, mé hinh NAFNet cung céc bai bao khoa
hoc lién quan dén hai mé hinh nay. Ban than em ciing c6 thém nhiéu kha ning
tim kiém, suu tdm cac k¥ thuat xtr Iy anh va trau doi thém kha ning lap trinh
cling nhu céac kién thic vé xay dung phan mém. Tir 46 em tién hanh thir nghiém
cac mo hinh trén cac thuat todn hoc may, mo hinh hoc sau dé dua ra danh gia.
Cudi cing em tip trung phét trién mot Gmg dung co ban dé phat hién va khoi
phuc anh bi md do chuyén dong hoic rung lic. Tir tng dung ndy, trong thyc té co
thé tmg dung cho rat nhiéu linh vuc can dén xir Iy anh mo nhu y té, an toan giao
thong, ngan hang,...Bén canh cac két qua dat dugc cling ton tai nhimg diém cin
cai thién nhu téc do khir mo hinh anh trén ung dung. D61 khi irng dung nhan dién
sai két qua mac du ti 1¢ chinh xac cia mé hinh kha cao. Ngoai ra, ung dung chi
tap trung vao anh md toan phan bi rung lic nén van xay ra sai xot doi v6i cac loai
anh mo khac nhu anh chup tiéu diém.
% Huwdng phit trién trong twong lai
Qua nhiing thanh qua va han ché cua qué trinh thuc hién xay dung hé
thdng, cho thay viéc nghién ciru nhitng cong nghé ap dung cho dé tai doi hoi mot
qué trinh thyc hién lau dai va nhiéu cong stc. Trong pham vi dd an v&i mot thoi
gian thuc hién khoang gin 3 thang, em nhan ra hé thong con cin phai cai thién
nhiéu diém dé phat trién nhu:
- Nang cao ti 1¢ nhan dién chinh x4c vo1 céac loai anh mo khac.
- Thyc hién phan vung mo dbi véi cac tAm anh bi mo mot phén.
- Cai thién toc do khoi phuc anh m¢ cia ung dung.
- Nang cao chat lugng bo dir liéu va mé hinh dé tdi da hoa hiéu ning hudng
té1 mot thuat toan hoat dong theo thoi gian thuc.
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