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D6 an t6t nghiép Dai hoc

LOI CAM ON

Loi dau tién, em xin bay to 1ong biét on chan thanh t6i thdy c6 Khoa Cong nghé thong tin 1,
Hoc vién Cong nghé Buu chinh Vién thong, nhiing ngudi da tin tam giang day va chia sé
nhing kién thirc, kinh nghiém quy gia trong subt 4 nim qua, gip em mé rong tdm nhin va
chuan bi hanh trang cho tuong lai.

Em xin guri 161 cam on siu sic dén PGS. TS. Pham Vin Cudng, ngudi thdy hudéng dan da
khong quan ngai thoi gian va cong stc dé hd tro em trong sudt qué trinh nghién ctru va hoan
thanh d0 4n. Sy hudng dan tan tim cta Thay da gitp em tich lily thém nhiéu kién thirc va
kinh nghiém quy gia.

Em xin trdn trong cam on thay Tran Tién Cong, ngudi thdy c¢b van hoc tap trong sudt nhiing
nim trén giang duong dai hoc. Thay khong chi 13 nguoi truyén dat kién thirc, ma con 13 nguoi
hudng dan, chi bao em trong timg budc di, tir nhitng bai hoc trong gido trinh cho dén nhiing
bai hoc quy bau trong cudc séng. Su kién nhan, 10ng nhiét huyét va tim huyét ma Thay danh
ting sinh vién, da dé lai trong em nhitng 4n twong sau ddm va 1a ngudn dong vién 16n trong
mdi budc em tién trén con dudng hoc van.

Em khong quén gui 101 cam on dén cac anh chi, ban bé, va cac em tai cac Cau lac bo, nhirng
ngudi dd gép phan tao nén mot modi truong hoc tp ning dong, sang tao, giup em khong
ngimg phat trién. Cubi ciing, em xin giri 16 cam on t&i gia dinh, ban bé - nhitng ngudi ludn
bén canh, hd trg va tao diéu kién tt nhat cho em, gitip em c6 thé hoan thanh d6 an nay.

Ha Noi, ngay 25 thang 12 nam 2023

Tac gia

Lé Van Hiéu
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DANH SACH MUC TU VIET TAT

STT Tir viét tit Tiéng Anh Tiéng Viét/Giai thich
1 Al Artificial Intelligence Tri tué nhan tao
2 ML Machine Learning Hoc may
3 DNN Deep Neural Network Mang noron hoc sau
4 CNN Convolutional Neural network Mang noron tich chap
5 LLM Large language Model M6 hinh ngoén ngit 16n
6 RNN Recurrent Neural Network Mang noron hdi quy
7 VAE Variational Autoencoder Ma hoa tu dong bién thién
8 GAN Generative Adversarial Networks Mang ddi nghich tao sinh
9 CLIP Contrastive language-image pre- bao tao trude ngdn ngir-

training hinh anh twong phan
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D6 an t6t nghiép Dai hoc

MO PAU

Trong thé gidi cong nghé s6 hién dai, sy phat trién cia tri tué nhan tao (AI) d& mé ra nhiing
canh clra mdi trong viéc sang tao va tai hién hinh anh. Mot trong nhiing budc tién dot pha
nhat 1a kha nang sinh hinh anh c6 diéu kién dua trén mé ta vin ban.

Ngay c6 cang nhiéu cong cu nhu Dalle, Midjourney, Stable Diffusion cho phép ching ta
bién nhitng tir ngir thanh hinh anh, mé ra khong gian sang tao khong giéi han. Bang cach sir
dung cac mé hinh hoc sau, nhimg cong cu nay c6 thé phan tich va hiéu cac mo ta vin ban, sau
d6 sinh ra hinh anh phu hop va doc dao. Diéu nay khong chi tao ra nhitng co hdi méi cho cac
nha thiét ké, nghé si, va nha sang tao ndi dung, ma con gitip moi nguodi kham phé va thé hién
y tudng cia minh mot cach sinh dong va chan thuc hon bao gio hét. O pham vi dd 4n sé tap
trung vao tim hiéu cac phuong phap va xay dung mé hinh c6 kha ning sinh hinh anh c6 diéu
kién dua trén mo ta van ban.

Tong quan vé ndi dung ctia d6 an trinh bay trong cac chuong sau, chi tiét nhu sau:

e Chuong 1 — Tong quan: O chuong niy, d6 4n sé& tip trung vé cac tri tué nhan tao
sang tao, gidi thiéu phuong phap biéu dién vin ban va hinh anh, trinh bay cac nghién
ctru lién quan, tir d6 giGi thiu cac mo hinh sinh va nhing ky thuat st dung dé phuc
vu cho bai toan sinh hinh anh.

e Chuong 2 - Sinh hinh anh cé diéu ki¢n theo mé ta viin ban: O chuong nay, d6 an
trinh bay cac cach dé trich chon cac dic trung, biéu dién cac dic trung cta hinh anh
va vin ban vao mot khong gian tiém 4n, sau d6 két hop cac mé hinh sinh dé tao ra
hinh anh mai.

e Chuong 3 — Thue nghiém va danh gia: O chuong nay, d an trinh bay vé lya chon
bo dit liéu thich hop, cac phuong phap va chi s6 danh gia cua két qua thu dugc trong
nhitng thuc nghiém do.

|
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Do an tot nghiép Pai hoc
Chuong 1: Tong quan

Chuong 1

Téng quan

Trong chuong 1, d6 4n trinh bay tri tué¢ nhan tao sang tao, nhitng phuong
phap biéu dién van ban va hinh anh, trinh bay nhiing nghién ctru va phuong
phap sinh hinh dnh theo mé ta van ban, gidi thiéu vé nhimg mo hinh sinh, tir
d6 phan tich va dé& xuat phuong phap sinh hinh anh c6 diéu kién theo mo ta
van ban qua cac phan sau:

e Tdng quan veé sinh hinh 4nh theo mé ta vin ban

e Céac nghién ciru lién quan vé sinh hinh anh

e MO hinh sinh

e Muc tiéu do an
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D6 an t6t nghiép Dai hoc
Chuong 1: Tong quan

1.1  Téng quan vé sinh hinh anh theo mé ta viin ban

1.1.1 Tri tué nhan tao sang tao
Qua trinh phit trién

Tri tué¢ nhan tao sang tao (Generative Al) 1a mot loai h¢ théng Al ¢6 kha nang tao ra
van ban, hinh anh hodc cic phuong tién truyén thong khac dwa trén cac goi y (prompt).
Nhitng mé hinh AI sang tao hau hét 4p dung cac ky thuat hoc may mang no-ron, sau
d6 tao ra dir liéu méi van gitt duge nhitng dic diém then chot cling nhitng dac diém
sang tao duoc thém vao. Al sang tao dugc gidi thiéu vao nhimg 1960s trong hé thong
chatbots. Ban dau, cic hé théng nay chi yéu tap trung vio viéc tao ra van ban dua trén
quy tic c6 dinh va mo hinh ngén ngit don gian. Tuy nhién, v6i su tién bo cua cong
nghé va nghién ctru, Generative Al ngdy nay da trd nén phirc tap va tinh vi hon nhiéu.

V6i su phat trién linh vuc hoc may (machine learning) da str dung cac mé hinh thong
ké, md hinh sang tao dé mé hinh héa va du doan, cudi nhirng nam 2000, su xuét hién
ctia hoc sau (deep learning) da thic day nhiing tién bd va nghién ctru trong xir Iy anh
va video, phan tich vin ban va cac tac vu khac. Nhung phai dén nam 2014, nhiing tién
bd nhu autoencoder bién d6i (VAE) va mang ddi nghich (GAN) d3 tao cic mang than
kinh thyc té dau tién c6 kha ning sang tao, thay vi phan biét d6i v6i cac dit liéu phirc
tap nhu hinh anh. Cac mo hinh da cé thé tao ra cc hinh anh, video mét cach chan thuc
thuyét phuc duoc mot bd phan nguoi sir dung [1]. Hé thdng Al sang tao ¢ thé 1a don
mo-dun/phuong thirc (uni-modal) hodc da mé-dun/phuong thire (multi-modal) ¢ thé
nhan nhiéu loai dau vao nhung vin ban va hinh anh 14 loai thuong hay duoc sir dung
trong cac hé thong.

Vian ban

Vin ban 1a mot loai hinh phuong tién dé ghi nhan, luu gitr va truyén dat cac thong
tin. NO gém tap hop cac cau co6 tinh tron ven vé noi dung, hoan chinh vé hinh thuc, c6
tinh lién két chit ché va hudng t6i mot muc tiéu giao tiép nhit dinh. Hay noi khac di,
van ban 12 mot dang san pham ctia hoat dong giao tiép bang ngdn ngit dugc thé hién ¢
dang viét trén mot chat liéu nao d6. Trong linh vuc xt Iy ngdn ngit ty nhién (NLP),
viéc phén tich va hiéu vin ban dong mét vai tro trung tim. Vin ban thudng dugc phin
cip bao gdm mot sb 16p chi tiét, tir don vi nho nhat dén don vi 16n nhét. Diéu nay cho
phép may tinh khéng chi hiéu nghia den ctia ting tir, ma con hiéu cau trac va y nghia
tong thé cua ca van ban.

|
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D6 an t6t nghiép Dai hoc
Chuong 1: Tong quan

Van ban co thé duoc cau tric nhu sau:

e Characters (Ky tu): Cép dd van ban co ban nhat, thé hién tung chir cai, $0,
dau cau va cac ky hiéu kiéu chir khéc.

o Tokens/Words (Token hoic tir): Cap do tiép theo, trong d6 cac ky tu duoc
nhom thanh ma, thudng twong Ung véi cac tir hodc don vi cé ¥ nghia (nhu s6
hodc chir viét tat).

e Phrases (Cum tir): Cac nhoém tir ciing nhau dién dat mot phan y tudng hoic
khai niém nhung c6 thé khong dung riéng 1é thanh mot cAu hoan chinh.

o Sentences (Cau): Mot tap hop cac tir dién dat mot y nghi hoan chinh va
thudng dugc gidi han boi cach viét hoa va dau cau.

e Paragraphs (Poan vin): Cic nhom cdu cung nhau tao thanh mot y tudéng
hodc chu deé.

e Sections/Subsections (Muc hoac tiéu muc): Cic phan 16n hon cua tai li¢u
chtra nhiéu doan van, thuong dugc gan nhan bang ti€u de.

o Chapters/Documents (Chwong hoic tai liéu): Nhimg phan hoan chinh cua
tai liéu hodc cac phan chia chinh cua no, chung cling c6 thé 1a mot phan cua
cac bd suu tap 1on hon nhu series, tap sach, hoac luu tri.

e Corpora (Bg suu tap van ban): Cic b0 suu tap tai liéu lién quan duogc st
dung cho viéc phan tich trong cac nhiém vu xur Iy van ban quy mo 16n.

Hinh anh

Mot birc hinh, tim anh, hay hinh anh thir ghi lai hay thé hién/tai tao duogc cam nhan
thi gidc, tuong tu voi cam nhan thi giac tir vat thé ¢6 that, do d6 mé ta duge nhiing vat
thé d6. Hinh anh c6 thé c6 hai chiéu, nhu thé hién trén tranh vé& trén mat phang, hoic
ba chiéu, nhu thé hién trén tac pham diéu khic hodc hologram. Hinh anh c6 thé duoc
ghi lai bang thiét bi quang hoc nhu may anh, guong, thu kinh, kinh vién vong, kinh
hién vi do con nguoi tao ra, hoac boi cac co ché tu nhién, nhu mét nguoi hay mat
nudc.

|
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D6 an t6t nghiép Dai hoc .
Chuong 1: Tong quan

Hinh anh c6 thé duoc dung theo nghia rong, thé hién ban do6, do thi, nghé thuat triru
tuong. Vo1 nghia nay, hinh anh co thé duge tao ra m&i hoan toan, thay vi ghi chép lai,
bang cach v&, tac twong, in 4n hay x4y dung bang d6 hoa mdy tinh. Hinh anh tudéng
tuong xuat hién trong suy nghi cta con ngudi, twong tu nhu tri nhé. Hinh anh chuyén
dong co thé 1a phim, video, hoat hinh. Trong thoi dai s6 hoa, cong nghé hinh anh da
phat trién vuot bac. Hinh anh k¥ thuat s6, duoc tao ra va xir 1y thong qua may tinh, da
tr& thanh mot phan khong thé thiéu trong cudc séng hang ngay. Ching khong chi dugc
st dung trong linh vuc nghé thuat, truyén thong, va giai tri, ma con trong y hoc, khoa
hoc, va cong nghé [2].

Nhin chung nhiing dac diém chinh cAu tao nén mot hinh anh nhu sau:

® Mau siac: Mot trong nhitng ddc trung quan trong nhat ctia hinh anh l1a mau sac.
H¢ thong can c6 kha nang phan tich va hiéu mo ta vé mau sic tor van ban,

nan

chang han nhu "do ruc", "xanh 14 cay nhat", hoac "mau xam tro".

e Hinh dang va kich thwée: Cac d6i tuong trong hinh anh c6 thé c¢6 nhiéu hinh
dang va kich thuéc khac nhau. Hé thong phai xac dinh va ap dung nhiing
thong tin nay, tir md ta nhu "hinh tron 16n", "dai va manh", dén "nho bé".

* B0 cuc va vi tri: Vi tri cia cac doi tugng trong khong gian hinh anh ciing quan
trong. M6 ta van ban c6 thé chi ra vi tri nhu "¢ gbéc trén bén trai", "& trung
tam", hoac "phia sau canh trudc".

e Ngit canh va méi trudng: Ngir canh xung quanh va méi trudng trong dé dbi
tugng xuat hién cling can duoc xem xét. Piéu nay ¢ thé bao gdm canh quan
nhu "rimg nhiét d6i", "duong phd dong duc", hodc "phong khach ¢ dién".

¢ Chat liéu va bé mat: Cac dac trung vé chat li¢u va bé mat nhu "bong loang",
"nham", hodc "trong suot" cling can dugc hi€u va tai hién chinh xac trong
hinh anh.

e Anh sing va bong t6i: Cach anh sang va bong tdi duge mé ta trong vin ban
cling quan trong, vi ching anh huéng dén cam nhan tong thé vé hinh anh. Cac
mo ta nhu "anh sang mo 40", "bong téi u t6i", hodc "anh nang chéi chang" can
dugc hicu va ti tao.
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D6 an t6t nghiép Dai hoc .
Chuong 1: Tong quan

¢ Biéu cdm va cam xuc: Trong truong hop hinh anh ¢6 sy hién di¢n cua con
nguoi hodc sinh vat, biéu cam va cam xic dugc mo ta cling rat quan trong,
nhu "vui mung", "budn ba", hoac "tdo mo".

e Chi tiét phu va phong cach: Cubi cung, cac chi tiét phy va phong cach tong
thé cua hinh anh ciing can duogc cha ¥, nhu "phong cach cb dién", "hién dai",
hoac "surreal".

1.1.2  Cac phwong phap biéu dién hinh anh

Biéu dién hinh anh 1a mot khai niém quan trong trong xir 1y anh va khoa hoc may
tinh, lién quan dén cach hinh anh duoc ma hoa va xir Iy bai may tinh. C6 nhiéu cach
khac nhau dé biéu dién hinh anh, mdi cach phu hop v6i muc dich cu thé. Dudi day 1a
mot s& phuong phap biéu dién hinh anh phd bién:

Biéu dién dang Pixel (Raster Graphics)

Biéu dién dang pixel, hay con goi 1a dd hoa raster, 1a mot phuong phap pho bién dé
biéu dién hinh anh trong méy tinh. Pay 13 cach hinh anh dwoc ma hoa dudi dang mot
luéi cac pixel, mdi pixel chtra thong tin vé mau sic va doi khi do sang. Cac dinh dang
hinh anh raster thong dung bao gdm JPEG, PNG, GIF, BMP, va TIFF.

Uu diém cua biéu dién:

e Chi tiét va chét lwgng hinh anh cao: D6 hoa raster c6 thé biéu dién hinh anh
voi chi tiét rat cao va do chinh xac mau sic tot, dic biét quan trong cho hinh
anh phtrc tap nhu anh chup tir thién nhién, con nguoi, hay nghé thuat.

e Chinh sira dé dang: Cac hinh anh raster c6 thé duoc chinh stra dé dang voi
nhiéu cong cu va phan mém chinh stra hinh anh, cho phép stra doi tirg pixel
mot néu can.

e Twong thich rong rii: Hinh anh raster duoc hd trg bai hau hét cac tmg dung
va nén tang web, 1am cho chung d& dang dugc xem va chia sé.
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e Phit hop v6i hinh anh phire tap: Do kha ning biéu dién chi tiét cao, d6 hoa
raster phu hop cho viéc hién thi cac hinh anh c6 do phtc tap cao, nhu anh
chup, hinh anh y khoa, va anh nghé thuat

 Hj tro mau sic da dang: Hinh anh raster c6 thé chira hang triéu mau sic, giup
chung rat phu hop cho viéc biéu dién hinh anh mau sic phong phu va sdng
dong.

Nhuu diém cua bi€u dién:

e Kich thuéc file I6n: Hinh anh raster thudng c6 kich thude file 16n do mdi pixel
chtra thong tin mau sic riéng biét. Kich thudc file 16n co thé giy khé khin
trong vi¢c luu trit va chia sé, dac bi€t qua mang internet.

e Mit chat hrgng khi phéng to: Khi hinh anh raster duoc phéng to, cac pixel try
nén rd rang hon, dan dén hién twong "ring cua" hoic mo. Diéu nay xdy ra boi
vi mdi pixel chi biéu dién mot phan cu thé ciia hinh anh va khong thé thich
g véi su thay ddi kich thude.

* Khong thich hgp cho mei rng dung: Raster khong phai lic nao cling la lua
chon t6t nhat cho moi tng dung. Trong céac truong hop can dén do chinh xéac
cao hodc kha ning thay ddi kich thudc ma khong lam mat chét luong, d6 hoa
vecto ¢o thé 1a lua chon tot hon.

Biéu dién Vecto (Vector Graphics)

Trai nguoc véi raster, biéu dién vecto, hay d6 hoa vecto, 1a mot phuong phap biéu
dién hinh anh dya trén cac duong va hinh dang duoc xac dinh boi cac thuit toan toan
hoc. biéu nay tao nén sy khac biét co ban so véi dd hoa raster, noi ma hinh anh dugc
tao nén tur cac pixel. Cac dinh dang hinh anh vecto phé bién bao gém SVG, EPS, Al,
va PDF.

Uu diém cua biéu dién:

e Khi ning mé rong khong giéi han: D6 hoa vecto c6 thé duge phong to hodc
thu nho ma khong 1am mat chat luong hinh anh. Piéu nay 1a do cac dudong va

|
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hinh dang dugc xac dinh bdi cac phuong trinh toan hoc, khong phu thudc vao
s6 luong pixel.

¢ Kich thwérc file nhé: Hinh anh vecto thuong c6 kich thude file nho hon so véoi
hinh anh raster twong duong vé d phtic tap, 1am cho ching dé dang hon trong
viéc luu trir va chia sé.

e D& dang chinh sira: D6 hoa vecto dé dang duoc chinh sira, v6i kha ning thay
d6i mau sac, kich thude, va hinh dang ma khong anh huéng dén chét lugng
hinh anh.

e Ly twéng cho dd hoa thiét ké: Do hoa vecto rat phi hop cho cac thiét ké logo,
biéu tuong, font chir, va céac yéu td dd hoa khac ma can dd chinh x4c cao va
kha ning thich img vé6i nhiéu kich thude khac nhau.

e Chit lwgng in 4n cao: Khi in 4n, d0 hoa vecto duy tri chét luong cao, vi khong
bi anh hudéng bdi d phan giai ciia may in.

Nhuyu diém biéu dién:

 Khé khin trong viéc biéu dién hinh dnh phirc tap: P hoa vecto khong phu
hop cho viéc biéu dién hinh anh chup tu nhi€n hoac hinh anh c6 d¢ phuc tap
cao. Viéc chuyén d6i hinh anh tu nhién sang dinh dang vecto co thé rat kho
khin va mat thoi gian do sy phirc tap ctia cac hinh dang va mau séc.

e Gi6i han twong thich véi cac ng dung: Khong phai tat ca cac tmg dung déu
hd tro hinh anh vecto, dic biét 1a trong linh vuc truyén théng ki thuat sé va
web. Mot sd ung dung va nén tang co thé chi hd tro hinh anh raster, han ché
kha nang su dung hinh anh vecto.

e Thach thitc trong viéc hién thi trén web: Trong méi truong web, viéc hién thi
va tuong tac véi dd hoa vecto co thé gap mot s6 kho khan do han ché vé hd
tro va toi wu hoa hiéu suét.

Biéu dién mau sac
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Biéu dién mau sic trong xir Iy hinh anh va d6 hoa may tinh 1a mot yéu t6 quan trong,
v&i nhiéu cach biéu dién khac nhau tuy thudc vao muc dich st dung. Hinh anh c6 thé
dugc biéu dién trong cic khong gian mau khac nhau nhu RGB (d6, xanh 14, xanh
duong), HSV (mau sic, do bdo hoa, gia tri do sang), va YCbCr (dugc str dung trong
video va truyén hinh).

RGB (Red, Green, Blue):

 Uu diém: Phan anh cach mat ngudi nhan thirc mau sic, pht hop cho hau hét
cac tng dung hién thi va xtr Iy hinh anh.

« Nhuoc diém: Khong phan anh d6 sang ctia mau sic mot cach truc tiép, co thé
kho xir Iy trong mot s6 tmg dung nhu in 4n chuyén nghiép.

CMYK (Cyan, Magenta, Yellow, Key/Black):

« Ut diém: Phu hop cho in 4n, vi né phan anh cach muc in tron 1an v6i nhau.
e Nhuge diém: Khong phu hop cho man hinh hién thi, han ché trong vi¢c tai
tao mot s6 mau sac ruc ro nhu mau RGB.

HSV (Hue, Saturation, Value):

+ Ul diém: Biéu dién mau sic theo cach ma con ngudi cam nhan (mau sic, do
bado hoa, va do sang), d& dang diéu chinh cac thanh phan mau sic.

« Nhugce diém: Khong pho bién nhu RGB trong xir 1y hinh dnh k¥ thuat s6 va
hién thi.

LAB (Luminance, A, B):

« Uwu diém: Phan biét dugc mau sic mot cach chinh xac va doc lap voi thiét bi,
tt cho viéc phan tich mau sic.

« Nhuge diém: Khong thong dung trong cac ung dung xir 1y hinh anh thong
thudng, phire tap hon trong viée hiéu va xir 1y.

Moi khong gian mau cé nhitng vu va nhuge diém riéng, phu hop véi cac tmg dung
cu thé. Viéc lua chon khong gian mau phu thudc vao nhu cau xur 1y hinh anh, hién thi,
va in 4n ciia dy 4n. RGB thudng dugc sir dung trong cac (mg dung hién thi va xu ly
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hinh anh k¥ thuat s, trong khi CMYK phui hop véi in 4n, va HSV hay LAB thuong
dugc tmg dung trong phan tich mau sic chuyén nghiép va nghién ctru.

Biéu dién dua trén dic trung

Biéu dién dua trén dic trung (feature-based representation) trong xt 1y hinh anh va
hoc may 1a mot phuong phap quan trong, noi hinh anh duoc biéu dién thong qua tap
hop cac dac trung quan trong thay vi sir dung toan bg thong tin hinh anh.

Uu diém cua biéu dién:

« Giam kich thuéc dir liéu: Biéu dién dya trén dic trung gitp giam kich thudc
dir liéu bang cach loai bo thong tin khong can thiét, giit lai chi nhitng thong
tin quan trong.

« Cai thién hiéu suit xir ly: Viéc giam kich thudc dit lidu gitp ting téc do xu Iy
va gidm thoi gian hoc cua cadc mo hinh hoc may va xir 1y hinh anh.

« Tiing kha ning phan loai va nhan dang: Cac dic trung duoc chon can than co
thé cai thién dang ké kha nang phan loai va nhan dang hinh anh cua céc thuat
toan.

« Phu hop véi cac ing dung cu thé: Biéu dién dua trén dic trung rat hiéu qua
cho cac ing dung can nhan dang mau hodc phan tich hinh anh cu thé.

Nhuu diém cua biéu dién:

« Khé khén trong viéc chon va tinh toan dic trung: Viéc xac dinh va tinh toan
dic trung c6 thé phire tap va doi hoi kién thirc chuyén mén.

« Miat mat thong tin: Khi loai bo cac thong tin khong quan trong, c6 kha ning
mat mat théng tin c6 thé quan trong trong mot s6 trudng hop.

« Phu thudc vao lwa chon diic trung: Hiéu suit caa phuong phap nay rat phu
thudc vao viéc lya chon dung céc dac trung phu hop va hi€u qua.
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» Khong phf) quat: Pac trung dugc chon cho mot loai hinh anh hoac tac vu cu
thé co thé khong phu hgp hodc hi€u qua cho loai hinh anh hoac tac vu khac.

1.2.  Cac nghién ciru lién quan vé sinh hinh anh

1.2.1. Tong hop vin ban thanh hinh anh sir Generative Adversarial Networks va
bo nhé dong (DM-GAN).

Nghién cru ndy trinh bay hé théng DM-GAN (Dynamic Memory Generative
Adversarial Network) dé tao ra hinh anh vé6i chét luong anh cao [3). DM-GAN sir dung
mot cau triic bd nhd dong dac biét dé cai thién chat lugng va tinh chinh xéac ciia hinh
anh dugc tao ra tr mo ta van ban. Trong d6 GAN (Generative adversarial network) co
vai tro tao ra hinh anh va Dynamic memory dam bao tinh nhat quan cuia hinh anh sinh
va mo ta vin ban bang cach ghi nhé cac dic diém quan trong cua hinh anh can duogc
sinh ra, dya trén mo ta van ban.

Cau tric ciia GAN va co ché hoat dong

Generative adversarial network (GAN) 1a mot mo hinh hoc may (machine learning)
trong d6 hai mang than kinh “d6i dau” v4i nhau bang cach sir dung cac phuong phap
hoc sdu (deep learning) dé dy doan cua chiing ngay cang tré nén chinh xac hon. GAN
sir dung “khung trd choi” dé hai mang cliing hop tac tim hiéu, trong d6 lgi ich ciia mot
mang bang v6i tén thit cia mang kia” két qua 1a “trd choi" duoc cai thién co tong
bang khong [4].

Real
Samples

=

B e d

Latent
Space

: IsD
" Correct?

Generated
Fake
_ x Samples

Fine Tune Training
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Hinh 1.1: Qud trinh hoat dong trong GAN (Nguon: hitps://www.kdnuggets.com).

Nhu Hinh 1 .1 GAN duogc tao nén tir hai mang la mang tao (generator) va mang
phan biét d6i xtr (discriminator).

e Generator 14 mot mang ludi than kinh tich chiap (convolutional neural
network) la Muc tiéu cta generator 1a tao ra cac két qua dau ra mot cach nhan
tao c6 thé d€ bi nham 1an véi dit lidu thuc.

e Discriminator 14 mot mang ludi than kinh giai ma (deconvolutional neural
network). Muc ti€u cua discriminator 1a xac dinh dau ra ndo ma nd nhan duoc
duoc tao ra mot cach gia tao.

Chi tiét vé cac budc dé dao tao GAN nhu sau:

e Generator s& xuat ra hinh anh sau khi chap nhan sé ngau nhién.

¢ Discriminator s€ nhan dugc hinh anh dugc tao nay cung véi luéng anh tur tap
dit liéu thuec té.

e Discriminator nhap ca hinh anh that va hinh anh gia va dua ra x4c suat gia tri
tr 0 dén 1 trong do 1 biéu thi du doan vé tinh xéac thuc va 0 biéu thi gia mao.

e Tao ra mdt vong phan hoi kép trong d6 discriminator nim trong vong phan
hoéi v6i @6 chan thuc co ban cua hinh anh va generator nam trong vong phan
hdi véi b phén biét.

Van dé khi gap phai khi dao tao 1a hoi tu GAN rat kho xac dinh. Khi generator cai
thién kha trong qua trinh dao tao, thi discriminator s& trd nén té di vi vay s& rat kho dé
n6 c6 thé phan bién gitra gid mao va thuc té. Néu GAN tiép tuc dao tao vuot qua thoi
diém ma discriminator cung cdp phan hdi hoan toan ngau nhién, thi generator s& bét
dau dao tao phan hdi “rac” va chét luong cua bd phan bi¢t do cod thé bi thu gon.

Co ché b nhé ty dong

Bo nhé dong trong DM-GAN 1a mét cdu triic dit liéu dong, dugc thiét ké dé luu trir,
cap nhat va st dung thong tin lién quan trong qua trinh tao sinh hinh anh. N6 hoat
dong nhu mot kho luu trix thong tin tir vin ban dau vao va két qua trung gian trong qua
trinh tao sinh. Cach luu trir thong tin cua by nhé nhu sau:

¢ Khi nhéan van ban dau vao, bo nhd dong tao ra mot bicu dién vecto cia tung
ttr hodc cum tir chira trong van ban. Trong qua trinh tao sinh, by nhd dong cap

|
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nhat lién tuc dua trén thong tin tir mang tao sinh. Mdi khi mang tao sinh tao ra
mot phén cua hinh anh, thong tin lién quan trong bd nhé dong dugc cap nhat
dé phan anh nhitng thay do6i nay.

e Cac vecto nay dugc luu trir trong bd nhé, cho phép mé hinh truy xuat nhanh
chong va hiéu qua khi can thiét.

Nho cép nhét thong tin xuyén sudt qua trinh, bd nhé dong gitp DM-GAN kiém soat
chat ch€ qua trinh tao, dam bao rﬁng hinh anh tao ra phan 4nh chinh x4c ndi dung cta
van ban dau vao. Thong tin dugc luu trit trong bd nhé dong giup mo hinh tap trung
vao céac chi tiét quan trong, tir d6 tao ra hinh anh chinh xac va chi tiét hon.

Kién tric cia DM-GAN
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Hinh 1.2: Kién triic DM-GAN dé tong hop van ban thanh hinh anh [3).

Theo nhu Hinh 1 .2 DM-GAN gém 2 giai doan: giai doan tao van ban ban dau va
giai doan sang loc hinh anh dya trén bd nhd dong.

Giai doan tao hinh anh ban dau [3], trudc tién, md ta van ban dau vao duoc chuyén
d6i thanh mot sé biéu dién bén trong (mot dic diém cau s va mot s dic diém tir W)
béng bd ma hda van ban. Sau d6, mét deep conventional generator du dodn mdt hinh
anh ban dau x0 c6 hinh dang tho va it chi tiét theo ddc diém ciu va vecto nhiéu ngiu
nhién dugc tinh bang coéng thirc sau:

z:Xy,R,=G,(z,s) (1.1)

|
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Trong d6 R, 1a ddc diém hinh anh. Vecto nhiu duoc 14y mau tir phan phdi chun.

Giai doan sang loc hinh anh dua trén bd nhd dong [3], nhiéu noi dung hinh anh chi
tiét hon dugc thém vao cac hinh anh ban diu md dé tao ra hinh anh thuc té duoc biéu
dién bang cong thirc sau:

Xi:Xi:Gi(RiA:W) (1'2)

Trong d6 R;_, 1 ddc diém hinh anh tir giai doan cudi ciing. Giai doan sang loc c6 thé
duogc 1ap di lap lai nhiéu 1an dé ldy duogc thong tin thich hop hon va tao ra hinh anh c6
d6 phan giai cao v6i nhiéu chi tiét min hon.

Két qua thwe nghiém

Nghién ctru duge thuc nghiém trén 2 bo dit liéu CUB va COCO két qua nhu trong
Bang 1 .1.Pé danh gia kha nang sinh hinh anh thi bo chi s6 thuong duoc st dung d6
1a Inception Score (IS) va Frechet Inception Distance (FID). Cac chi sé danh gia dya
trén 2 ti€u chi do la:

e PDa dang ndi dung cia hinh anh sinh ra (Diversity): Mot mo hinh sinh tot
néu tao ra hinh anh véi su da dang cao, khong bi gidi han trong mot sb it
khuon mau. Diéu nay dam bao rang mé hinh c6 kha ning sinh ra nhiéu loai
hinh anh khac nhau.

e Tinh xdc thwe ciia hinh dnh (Realism): Hinh anh dugc sinh ra phai trong
that, tirc 1a chiing nén c6 dac diém giéng v6i hinh anh thuc t¢ ma mo hinh
duoc huin luyén trén. Didu nay danh gia kha ning ciia mé hinh trong viéc tao
ra hinh anh c6 vé ngoai ty nhién va hop ly.

Trong d6 md hinh c6 chi s6 IS cang cao tic 1a mé hinh c¢6 kha sinh anh tét (c6 mot
vai truong hop thi IS khong danh gia dung — chi da dang 16p chir khong da dang trong
timg 16p) nguoc lai FID 13 chi s6 khong 4m va cang thip thi anh sinh ra cang giéng
nhu mo ta van ban dua trén dataset.

Dataset IS FID
CUB 4.75+0.07 16.09
COCO 30.49+0.57 32.64

|
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Bdng 1.1: Két qua thwe nghiém ciia hé thong DM-GAN [3.

1.2.2. Tao hinh anh cé diéu kién theo vin ban phan ciap véi CLIP tiém an
(DALL-E 2)

Nghién ctru [5] DALL-E 2, duoc phat trién bdi OpenAl 1a mot mo hinh tri tué nhan
tao voi dot pha vé kha nang tao ra hinh anh phuc tap va cuc ky chi tiét tur nhitng mo ta
van ban. Nghién ctru nady tap trung vao viéc cai thién kha nang ngir nghia cua van ban
va bién ddi chung thanh hinh anh. Bang viéc phdi két hop véi nhidu sir dung nhiéu k§
thudt hoc sau va mang no ron nhu Tranformers [6], CLIP (Contrastive Language-Image
Pre-Training) [7] va dac bi¢t 1a mo hinh Diffusion [8] hinh dnh dugc sinh ra tir m6 hinh
mang rat nhiéu wu diém so v&i cidc mo hinh tai nhu kha nang hiéu biét ngit nghia sau
sic, tinh linh hoat va sang tao va kha ning tuy chinh.

DALL-E 2 tién bd trong linh vuc Al, minh hoa cho kha nang sang tao va bién d6i
clia may moc, dong thdi mo ra nhidu ciu hoi va thao luan vé twong lai cia cong nghé
nay trong xa hoi.

Ky thuat va phwong phap sir dung

Qua4 trinh trinh hudn luyén ciia DALL-E 2 gdm hai giai doan d6 13 giai doan dau
huan luyén CLIP (14 md hinh hoc cach biéu dién chung giita van ban va hinh anh), giai
doan sau CLIP s& duoc déng bing dé phuc vu cho qua trinh sinh hinh anh cta Prior
(c6 thé sir dung AR va Diffusion) va Decoder (Ia md hinh dic biét dua trén mo hinh
diffusion).

O giai doan CLIP st dung hai mang mi hoa vin ban va hinh anh thanh khong gian
vector. Cadc mang phuc vu cho qua trinh nay sé thuong la ResNet (Residual neural
network) hodc ViT (Vision Transformer) cho hinh anh va CBOW (Continuous bag of
words) hodc Text transformer cho van ban. Sau d6 CLIP duoc huén luyén trén mot tap
dir liéu 16n gém cip hinh anh va vin ban. M6 hinh hoc cach t6i wu héa khoang cach
(trong khong gian dic trung) giita hinh anh va vin ban twong Gmg, dong thoi ting
khoang cach voi cac cip khong twong tmg. Sau nhiéu 1an lap lai qua trinh t6i uu hoa
CLIP tir d6 s& c6 kha ning lién két gita van ban va hinh anh, tim kiém hinh anh nang
cao, phan loai hinh 4nh tu dong, va hd tro trong viéc tao ra hinh anh tir mo ta vin ban.
N6 ciing 1am noi bét tiém ning cua hoc may va tri tué nhan tao trong viéc xur 1y va
hiéu dit liéu phirc tap. M6 hinh sau d6 s& duoc dong bang chuyén tiép cho giai doan
tiép theo.

|
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Giai doan tiép theo, Prior xac dinh cach khong gian dic trung an dugc cau tric
(khong gian an nay chita cac biéu dién cua hinh anh ma mé hinh c6 thé sir dung dé
sinh ra hinh anh méi & dy 1a CLIP), ngoai ra trong qua trinh hun luyén, Prior gitp
huéng din mo hinh vé cach nén biéu dién dir liéu. Piéu nay quan trong dé dam bao
rang md hinh hoc duoc cach sinh ra hinh anh c6 y nghia va chét luong cao tir mé ta
van ban. Tém lai thi Prior s& c6 vai trd két ndi ngir nghia van ban va ngit nghia hinh
anh.

Sau khi qua trinh Prior mo hinh s€ cho ra dau ra 1a mgt hinh 4nh Encoder va Decoder
s& chuyén doi chung thanh hinh anh. Decoder phai tai tao hinh anh vdéi chi tiét va do
phan giai cao, dam bao rang hinh anh sinh ra khong chi chinh x4c ma con c6 chat
luong hinh 4nh t6t. Ngoai ra, Decoder trong DALL-E 2 ciing phai linh hoat va sang
tao dé co thé sinh ra hinh anh trong nhiéu phong cach khac nhau va phan tng voi
nhiéu loai mo ta van ban.

Két qua thyc nghiém

O nghién ctru nay mé hinh thtr nghiém so sanh khi str dung 2 mé hinh trong Prior 13
Autoregresive (AR) va Diffusion. Nghién ctru sé& duogc tién hanh danh gid bang con
ngudi (Human Evaluations) mot cach c6 hé théng so sanh vé tinh chan thuc
(Photorealism), d§ tuong ty ctua cha thich (Caption Similarity) va tinh da dang cua
mau (Diversity) [5].

unCLIP Prior Photorealism Caption Similarity | Diversity
AR 47.1% £ 3.1% 41.1% £ 3.0% 62.6% £ 3.0%
Diffusion 48.9% £ 3.1% 45.3% + 3.0% 70.5% + 2.8%

Bang 1.2: Danh gia cua con nguwoi unCLIP prior [5].

Nhu Bang 1 .2, nhin chung Diffusion hoat dong t6t hon so voi AR. Ngoai ra, nghién
ctru nay thuc hién céc cudc khao sat thi két qua moi ngudi van thich GLIDE (Guided
Language to Image Diffusion for Generation and Editing) [9] hon unCLIP vé mit
quang hoc, nhung khong déng ké. Tham chi véi tinh chit quang hoc tuong tw, unCLIP
van dugc wa chudng hon GLIDE xét vé tinh da dang va noi bat mot trong nhing loi
ich ctia no.

Ngoai ra, nghién ctru con so sanh v6i cic mé hinh khac dwa trén chi s6 FID sir dung
b dir liéu MS-COCO (256 x 256) thi cho thady mé hinh duoc danh gia kha tét [5].
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1.3. Mo hinh sinh

Mo hinh sinh (Generative model) trong hoc may (Machine learning) va thong ké 1a
loai mo6 hinh dugc xay dung dé tu dong hoc céch tao ra dir li€éu maéi co dac diém tuong
tu nhu tap dir liéu ma né duoc huén luyén. Cac mo hinh nay khoéng chi du doan két
qua (nhu mé hinh phan loai hodc hdi quy) ma con c6 kha ning sinh ra cic mau dir liéu
mo&i, c6 thé dung dé hiéu sdu hon vé cdu triic va quy luat tiém an trong dir liéu. Mo ra,
nhiing hudng di maéi trong linh vuc Vision Computer trong tuong lai.

Céc nha nghién ctru di phat hién ra tiém ning cla cdc mo hinh Al sang tao méi vao
nhimg nam 2014, 2015 khi cac autoencoder bién d6i (VAE), mang di nghich tao sinh
(GAN) va cac md hinh khuéch tan (Diffusion) dugc phat trién. May bién ap
(Transformers), mang no-ron di c6 nhitg dot pha co6 thé phan tich trén cac bo dit liéu
16n v6i quy mo 10n dé ty dong tao cdc mo hinh ngdn ngit 16n (LLM), duoc ra mat vao
nam 2017 [1].

M3i m6 hinh déu c6 nhimng diém manh va diém yéu riéng trong ting truong hop bai
toan dat ra. Xét dén bay gid, cac mo hinh Diffusion dang dwoc danh gia hoat dong rat
t6t trong linh vyc tong hop hinh anh va video dién hinh nhu Stable diffusion, Dalle-2
..., Transformer thi lai vugt trdi trong Iinh vuc van ban. GAN phu hop trong viéc tang
cuong cac tap dir liéu nhé bang cac mau tong hop. Viéc lya chon nhimg mé hinh nao
t6t nhat ludn tuy thudc vao trudng hop st dung cu thé, yéu ca ching ta phai nim ra rd
duoc cach cac mo hinh hoat dong ra sao wu nhiru diém cua tirmg md hinh. Mdi mot mo
hinh sinh str dung céac k¥ thuat va cach tiép can khac nhau dé tao ra dit liéu méi nhu
sau:

Variational Autoencoders

Variational Autoencoders (VAEs), dugc phat trién vao nim 2014, 1a mot phuong
phap tién tién sir dung mang no-ron dé ma hoa dir liéu mot cach hiéu qua. VAEs duoc
thiét ké dé cai thién cach biéu dién thong tin. C4u truc cia chiing bao gém hai thanh
phan chinh: mot bo ma hoa gitip giam kich thudce dir liéu va mot bd giai ma tai tao dir
lidu vé trang thai ban dau ctia nd. Cac VAEs rat phu hop cho vi¢e tao ra dir li€u méi tu
dir liéu da dugc ma hoa, cai thién hinh dnh hoc dir liéu bi nhiéu, phat hién bat thuong,
va dién vao cac thong tin con thiéu [10].
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Tuy nhién, VAEs ciing c6 mot s6 han ché, chéng han nhu xu hudng tao ra hinh anh
khong rd nét hodc chit luong kém. Thach thirc khac lién quan dén khong gian an —
mot khong gian co s6 chiéu thép duogc sir dung dé méd phong cAu tric cua dit lidu,
thuong kha phirc tap va kho dé xir Iy. Nhitng han ché nay c6 thé lam giam hiéu qua
ctia VAEs trong cac (mg dung doi hoi hinh anh chét lugng cao hodc sy hiéu biét chi tiét
vé khong gian an. Do d6, cac phién ban tiép theo ctia VAEs c6 thé s& tip trung vao
viéc cai thién chat luong dit li€u sinh ra, tang tde qué trinh huén luyén va khai thac
tiém ning tmg dung trong viéc xur 1y dit liéu tuan tir [10].

Generative Adversarial Networks

Generative Adversarial Networks (GANSs), ra doi vao nam 2014, 12 mot k¥ thuat tién
tién trong linh vuc hoc may, ban dau dugc thiét ké dé sinh ra khudén mat nguoi va )
lidu mot cach thuyét phuc. GAN hoat dong dua trén nguyén 1y ciia hai mang no-ron:
mot mang "sinh" (generator) tao ra ditr li¢u, va mot mang "phéan biét" (discriminator)
c¢6 nhiém vy phan biét dit liéu that va gid. Qua qua trinh huan luyén canh tranh giita
hai mang nay, GANs hoc cach tao ra hinh anh khong thé phan biét dugc véi dir liu
thue [11].

GANs duoc ing dung rong rai trong viéc tao hinh anh, chinh stra anh, tang cuong dé
phan giai, tao dit liéu gia mao cho huan luyén, chuyén d6i phong cach nghé thuat, san
xuét am nhac, va tao noi dung deepfake.

Mot trong nhitng thach thic chinh cia GANs 1a van dé vé sy sup do ché do (mode
collapse), noi mang sinh chi tao ra mot s6 lugng han ché cac mau, 1am giam da dang
cta dit liéu sinh ra. Diéu nay ciing gy khé khin trong qua trinh huan luyén. Thé hé
tiép theo ctia GANs dang tip trung vao viéc cai thién su 6n dinh va hoi tu trong qua
trinh dao tao, mo rong tmg dung sang cac linh vuc méi va phat trién cac phuwong phap
danh gia hiéu qua hon. Ngoai ra, GANs ciing duoc biét dén véi tinh kho téi wu hoa va
thiéu sy kiém soat 1o rang ddi v6i mau duoc sinh ra, dit ra nhitng thach thic trong
vi€c ing dung ching mdt cach hiéu qua.

Diffusion

Mo hinh khuéch tan (Diffusion Model), ban ddu dugc phat trién bdi mot nhom nghién
ctru tai Pai hoc Stanford vao nam 2015, 1a mot phuong phdp moé hinh héa dong luc
hoc entropy va nhiéu trong dit liéu. Phuong phap nay, ndi bat nhd su phat trién cia
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ung dung Stable Diffusion vao nam 2022, da thu hut sy chu y dén ky thuat khuéch tan,
mot k¥ thuat di co tir lau. Cac mo hinh khuéch tan nay giup mo phong qua trinh nhu
cach mudi khuéch tan trong nude va sau d6 dao nguoc qué trinh dé, va ching ciing rat
hi€u qua trong viéc tao ra ndi dung mai tor mot hinh anh ban dau tréng khong [8].

Hién tai, md hinh khuéch tan dang dan dau trong linh vuc tao hinh anh. Chung la nén
tang cho nhiéu dich vu sinh hinh anh ndi tiéng nhu Dall-E 2, Stable Diffusion,
Midjourney va Imagen. Khong chi gidi han ¢ hinh anh, nhitng mé hinh nay con dugc
ap dung trong viéc tao ra giong ndi, video va ndi dung 3D. Hon nira, phuong phéap
khuéch tan ciing thich hop dé xir Iy va dy doan dir liéu thiéu. Trong nhiéu tmng dung
hién dai, mé hinh khuéch tan duoc két hop véi cac mé hinh ngon ngir 16n (LLM) dé
chuyén d6i van ban thanh hinh anh hogc video. Mot vi du dién hinh 13 Stable Diffusion
2, st dung mo6 hinh dao tao trudc ngdén ngir-hinh anh twong phan (CLIP) [am bd ma
héa vin ban va bd sung thém cac mo hinh khac dé ting cuong chiéu sau va chat lugng.

Transformers

Transformers, ra mat vao nim 2017 bai Google Brain, dugc thiét ké ban dau dé tiang
cuong kha nang dich ngon ngit. Cong ngh¢ nay dic biét hi¢u qua trong viéc xu ly dir
liéu mot cach khong tudn ty, cho phép xir Iy song song va mé rong quy md 1én cac mod
hinh 16n ma khong can dit liéu ¢ nhan [6]. Cong nghé Transformer c6 nhiéu tng dung
rong rai, tr tom tat van ban, xay dung chatbots, hé théng dé xuét, dich thuat, co s¢ dit
lidu tri thirc, dén viéc c4 nhan hoa sdu qua mé hinh dua trén s thich. N6 ciing dugc sir
dung trong phan tich cam xuc, nhan dang thuc thé nhu con nguoi, dia diém va sy kién,
nhan dang giong noi (nhu cac mo hinh ciia OpenAl), phat hién ddi tuong trong video
va hinh anh, gén nhan hinh anh, phan loai van ban va tao hoi thoai.

Du c6 kha nang linh hoat va da dang, M6 hinh Transformers, dac biét la cac phién
ban quy mé 1én nhu GPT-3, yéu cau mét lugng 16n tai nguyén tinh toan dé dao tao.
Piéu nay khong chi doi hoi phan cimg manh m& nhu GPU va TPU chuyén dung, ma
con gdy ra chi phi van hanh cao. DPé dat dugc hiéu suat tét nhat, cac mo hinh
Transformers can dugc dao tao trén bd dit liéu 16n. Cac thach thic nay can duoc giai
quyét dé t6i wu hoa hiéu qua va do phd bién cua cong nghé nay.

Flow-based Model

Khai niém vé mo hinh Flow-based bat nguon tur y tudng vé cac bién d61 ddo nguoc
va viéc mo hinh héa phan phoi dir li¢u. Cac nghién ctru dau tién lién quan dén viéc ap
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dung cac bién ddi toan hoc dé chuyén doi dir liéu tir mot phan phdi phirc tap sang mot
phan phéi don gian hon, va nguoc lai, xuat hién tir nhitng nam cudi cia thap ky 1990
va dau thap ky 2000. Cac nghién ciru nay tap trung vao viéc ap dung cac bién doi toan
hoc dé chuyén d6i dir liéu tir phan phdi phirc tap sang phan phdi don gian hon, mé
dudng cho viéc phat trién cidc mo hinh Flow-based hién dai. Diéu nay dong nghia véi
viéc o thé dé dang chuyén tr dit liéu sinh ra tré lai v6i dit liéu ban dau. Béng cach
thuc hién thong qua tinh todn ma tran Jacobian cua cac bién doi [12].

Mo hinh Flow-based cung cap sy linh hoat cao va kha ning sinh dit liéu chat luong
t6t. Tuy nhién, ching c6 thé yéu cau nhiéu tai nguyén tinh toan va bd nhé, dic biét khi
xur 1y voi dit liéu co kich thudc 1on.

1.4. Muc tiéu cta do an

Muc tiéu d6 an 1a xay dung hé thong sinh hinh anh theo vin ban phan cap véi hinh
anh van giir duoc ndi dung chinh cta vin ban cung cap. Ngoai ra, hinh anh duoc tao ra
phai thuc su da dang, khong chi dam bao vé mit ndi dung ma con thuyét phuc vé mat
tham my, hé théng d6 14 sir dung mo hinh sinh két hop véi cac mang no-ron, khong
gian an trén tap dir lidu chat lugng va 16n. Uu diém cua hé théng c6 kha ning dap Gmg
nhitng yéu cdu nhu di dé ra, kha ning mo rong cao va phan nao kiém soat dugc hinh
anh sinh ra theo hudng ctia minh. Tuy nhién, day 13 mot hé thong thyc su phic tap véi
luong tham s co thé 1én dén hang ty, viéc xir 1y trén tap dit liéu kha 16n dé c6 thé
huén luyén duoc mo hinh la mot thach thic 1on vé ca trang thiét bi 1an thoi gian.
Nhitng nim gan day v&i sy phét trién clia cac mo hinh sinh, cong dong phat trién
manh, vi vy c6 tai sir dung cic mo hinh can trong hé théng d3 tin ciy phan nao gitp
giam bot chi phi trong thoi gian huan luyén. D6 4n ky vong s& thanh cong xay dung
dugc mo hinh dap tng nhimg mong mudn da dé ra.

|
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Chuwong 2

Sinh hinh anh c6 diéu kién theo mo ta van ban

O chuong 2, dd 4n sé& trinh bay chi tiét vé cach phéi hop giita mo hinh sinh
va khong gian tiém an cho hé thong sinh hinh anh c6 diéu kién theo mé ta
vin ban qua cac phan sau:

e Tién xt ly dit liéu

e Trich chon dac trung

e Biéu dién hinh anh va vin ban trong khong gian tiém tiém an

e Huén luyén mé hinh sinh cho phép tao hinh anh tir vin ban
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2.1. Tién xir Iy dix liéu

béi voi nhitng bai todn sinh hinh dnh tr mo6 t4 van ban, thi dit li¢u can dé phuc vu
cho d6 4n 1a mot cap gdm hinh anh va mé ta vin ban cho hinh anh d6. Dit liéu nay s&
thuong dugc luu dudi dinh dang nhu sau:

Dir li€éu van ban

Dit li€u van ban trén cong déng c6 thé tir sach, bai bao, bai dang trén mang xa hoi, va
nhiéu ngudn khac nira. Dir liéu nay thuong 1a dir liéu tho, trong chudi van ban con
chtra kha nhiéu doan ndi dung gy nhidu khong mang thong tin gi cling nhu khéng mo
ta y nghia cta hinh anh di kém. Viéc xir Iy dir liéu van ban 1a qua trinh kha ton thoi
gian, qua trinh ndy s& gdm nhung budc co ban nhu sau:

e Loai bo ky tu khong can thiét: X6a bo cac ky tu ddc biét khong phai 13 chit va
s6 nhu d4u ngat dong, tab, nhitng ky hiéu.

e Chuin hoa vé chit hoa/chit thuong: Chuyén doi tat ca chit cai trong chudi vin
ban thanh chir thuong (hodc chit hoa) dam bao nhat quan

e Téach tir va loai bo tur dung (Stop Words): Téach ting tir ra khéi cau va loai bo
cac tir dimg (vi du: "va", "1a", "ctia") khong mang nhiéu y nghia trong phan
tich.

e Loai b nhiéu va sira 16i chinh ta: Xac dinh va sira cac 16i chinh ta, ciing nhu
loai bo cac phan nhiéu trong vin ban

e Tokenization: Chuyén d6i vin ban thanh mot chudi cac token (cé thé 1a tir,
cum tir, hodc ky tw) dé xir Iy d& dang hon.

e Vector hoa: Chuyén d6i vian ban thanh dang vector st dung cac k¥ thuat nhu
Bag of Words, TF-IDF, hoic Word Embeddings dé may tinh c6 thé xur 1y.

Dir liéu hinh dnh

Thu thap dir li¢u hinh anh 1a mot viéc khong con xa la gi, dir li¢u co thé thu thap tur
Internet, cac trang mang xa hoi va nén tang chia s& hinh anh nhu Instagram, Facebook.
Dit liéu thu dugc nhin chung thoi diém hién tai su phat trién ctia cong nghé va trang
thiét bi chat lugng hinh anh kh4 1 tot, tuy nhién van con d6 nhiing hinh anh chua dat
duoc chat luong 6n nhu anh bj mo nhiu, hinh anh bi méo xénh v.v. Chung ta co thé str
dung mot s6 phuong phap dé cai thién chat lugng hinh anh giam nhiéu, ting cuong do
sang va tuong phan, cin bang mau, phuc hdi anh v.v. Ngoai ra, con c6 thé sir dung mot
s6 mo hinh hoc sau dé cai thién chat lugng hinh anh.
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Nhin chung, cong viéc tién xir Iy dir liéu van ban va hinh anh 1a cong viéc kha ton
thoi gian. May man thay trén cong dong da c6 kha nhiéu bo dir lidu da dugc xir 1y nhur
Bang 2 .3, phan ndo da rat ngan dugc qua trinh nay.

Ngudn S6 lwong
MSCOCO 600k image/text
Lainon5B 5B image/text
ccl2m 12M image/text
ImageNet 14M image/text

Bdng 2.3: Tong hop s6 lwong cdc dnh/van bdn tir cdc nguon dir liéu

2.2. Trich chon dic trung

Sau khi c6 duoc dit liéu tho 1a cac cip hinh anh va mé ta vin ban kém theo. Dé may
tinh ¢ thé hiéu va xtr 1y, dir liéu nay s& dugc chuyén doi thanh cic dic trung biéu dién
dudi dang vector. Dir liéu hinh anh s€ dugoc ma hda thong qua cdc mang nhu ResNet,
Vision Transformer. Con dir li€u van ban sé l1a Text Transformer, CBOW.

2.2.1. Image encoder
2.2.1.1. Mang ResNet

Residual Network (ResNet) 1a mdt mé hinh hoc sau duoc st dung cho cac ing dung
thi gidc may tinh. D6 1a Convolutional Neural Network (CNN) dugc thiét ké dé hd tro
hang trim hodc hang nghin 16p tich chap. Cac kién trac CNN trudc ddy khong thé mé
rong quy mé thanh sé lwong 16n cac 16p, dan dén hiéu suat bi han ché. Tuy nhién, khi
thém nhiéu 16p hon, cac nha nghién ctru phai ddi mat véi van dé “do doc bién mat”
[13]. Mang 1uéi than kinh duoc dao tao thong qua quy trinh lan truyen nguoc dua trén
d6 déc giam dan, dich chuyén ham mat mat xubng va tim cac trong sé giam thiéu né.
Néu c6 qua nhiéu 16p, cac phép nhan lap di lap lai cudi cing s& 1am giam do doc cho
dén khi n6 “bién mat” va hiéu suit s& bdo hoa hodc suy giam sau mdi 16p duoc thém
vao.

ResNet cung cap mot giai phap sang tao cho van dé bién mat do ddc, dugc goi la
“skip connections”. ResNet sap xép nhiéu anh xa nhan dang (cac 16p chap khong lam
gi luc dau), bé qua cac 16p d6 va st dung lai cac kich hoat cia 16p trude d6. Viée bo
qua s& ting tdc qua trinh ddo tao ban dau bang cach nén mang thanh it 16p hon. Sau
do, khi mang dugc dao tao lai, tat ca céc 16p s€ dugc mé rong va cac phﬁn con lai cua

|
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mang duoc goi 1a phan du duoc phép kham phéd thém khong gian dic trung cta hinh
anh dau vao nhu Hinh 2 .3.

Imputesl @ =000 | e e —
nd I R vs———
4 Bl Conv3x3, 32 stride=2 I [ConvixI BA |
| Stem ] [ : | 64 |
gl — -
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Stage-1 Block2 | | | - |
|
Stage-1 Block2 : A | | MConvixIB :
v | Conv3x3, 64 | 256 |
Stage-2 Blockl | | : S [
Stage-2 Block2 [ 3 : | |
Stage-2 Block2 : MaxPool3x3, stride=2 | | Acul'zv?tion :
Stage-2 Block?2 N———— i— — I\.. _____ ‘;! _____ /
h 4 (a) (b)
Stage-3 Blockl
Stage-3 Block2 P i e Y === > ----- \
1
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._____J'____..

Hinh 2.3: Kién triic mang ResNet-50 (Nguon: hitps.://www.researchgate.net/).

Residual Block

Residual block 1a mot phan quan trong ctia kién trac ResNet. Trong cac kién tric cii
hon nhu VGG16, cac 16p tich chap duoc xép chdng 1én nhau véi cac 16p chuan hoa
hang loat va kich hoat phi tuyén nhu ReLu & giita ching. Phuong phap nay hoat dong
v6i mot s6 luong nho 16p chap mirc tdi da cho mé hinh VGG 1a khoang 19 16p. Tuy
nhién, nghién ciru tiép theo phét hién ra rang viéc tang sb 16p co thé cai thién dang ké
hiéu suét ciia CNN. Kién triic ResNet gi61 thi¢u khai niém don gian vé viéc thém dau
vao trung gian vao dau ra ciia mot chudi khai tich chap.
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X
\ 4
weight layer
F(x) ! relu 5
weight layer identity

Hinh 2.4: Téng quan vé Residual block dién hinh (Nguén:
https.://www.researchgate.net/)

Hinh 2 .4 trén cho thay mot khéi du (Residual block) dién hinh. Piéu nay co thé
dugc biéu thi bang cach sir dung biéu thirc dau ra bang F(x) + x trong d6 x 1a dau vao
cho residual block va dau ra tir 16p trude va F(x) 1a mot phan cia CNN bao gdm mot
s6 khdi chap.

2.2.1.2. Vision Transformer

Vision Transformer (ViT) Transformer Encoder

MLP
Head

Transformer Encoder

\ |
e - SO HO DO o)

* Extra learnable
[ mear Prolccllon of Flattened Pdtches

[class] embedding

SHE
ﬁﬁ;—».lﬁﬁﬂﬁﬂﬂ

Embedded
Patches

Hinh 2.5: Kién triic co ban vé Vision Transformer (Nguon:
https://www.researchgate.net/)

Vision Transformer (ViT) 1a mot kién tric mo hinh hoc sau dot phé duoc gioi thiéu
boi Google Research vao cudi nam 2020. ViT ap dung kién trac Transformer, trudc d6
chu yéu duoc sir dung trong xir Iy ngdn ngit ty nhién (NLP), cho linh vuc thi gidc may

|
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tinh. Vision Transformers 13 kién trtc sir dung co ché self-attention dé xir 1y hinh anh.
Kién trac Vision Transformer bao gdm mét loat cac khdi may bién ap (Transformer).

M&i khéi may bién 4p bao gdom hai 16p con: mot 16p multi-head self-attention va mot
16p feed-forward nhu Hinh 2 .5.

Nhu Hinh 2 .5 16p self-attention tinh toan trong sd “attention” cho timg pixel trong
hinh anh dua trén mdi quan hé ciia nd voi tat ca cac pixel khac, trong khi 16p feed-
forward ngudn cap dir liéu 4p dung phép bién doi phi tuyén tinh cho dau ra cua 16p
self-attention. Multi-head attention c6 vai trd md rong co ché nay bang cach cho phép
mo hinh tham dy dong thoi vao cac phan khac nhau cia chudi dau vao. Cac thanh
phan trong kién tric ViT cy thé nhu sau:

e Hinh 4nh diu vao: Hinh anh duogc nhdp vao mo hinh va chia thanh nhiéu
phan doan (patches). Mdi patch sau d6 duoc lam phang va anh xa vao khong
gian vecto théng qua mot phép chiéu tuyén tinh (Linear Projection of
Flattened Patches).

¢ Patch Embedding: Cac vecto thu dugc tr bude trén dugc goi la cac patch
embeddings. Chung dugc str dung 1am du vao cho bd ma héa Transformer.

e Positional Embedding: Vi Transformer khong c6 kha ning ty nhién dé nhan
biét thong tin vi tri khong gian, thong tin vi tri (positional embedding) dugc
thém vao cho mdi patch embedding dé bao ton thong tin vi tri khéng gian cia
chung trong hinh anh.

¢ Transformer Encoder: Day la trai tim cta ViT. B ma hoa Transformer bao
g6m mot chudi cac khéi lap lai, mdi khéi bao gom hai thanh phan chinh:
Multi-Head Attention: Cho phép mé hinh cht y dén cac phan khac nhau cua
hinh 4nh ddng thoi, gitip n6 hoc duge mdi quan hé giita cac phan doan.
Feed-Forward Neural Network (MLP): Mot mang no-ron tiép theo xur 1y
thong tin sau co ché attention dé tiép tuc trich xuét cac dic trung.
Mbi khdi ciing c6 cac 16p chuan hoa (Norm) va cong du (residual
connections) gitip cai thién qua trinh hoc va 6n dinh mé hinh.

e MLP Head: Sau by ma hoa Transformer, mdt mang no-ron tiép theo (thuong
12 mot hodc nhiéu 16p két ndi day du) duoc st dung dé phan loai. Pau ra cua
16p nay chinh 1a du doan phén loai cudi ciing cho hinh anh.

|
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e Class Embedding: Trong ViT, mot embedding hoc duoc thém vao dau chudi
cac patch embeddings, dai dién cho toan b hinh anh. Sau qué trinh ma hoa,
dau ra ctia phan nay duogc sir dung cho viéc phan loai.

2.2.2. Text encoder
2.2.2.1. Text Transformer

Text Transformer, thuong chi goi la Transformer trong ngit canh cua xtr Iy ngoén ngir
tu nhién (NLP). M6 hinh Transformer, mét kién tric mang no-ron tién tién, duoc gidi
thiéu bdi Google trong mdt bai bdo nam 2017, d32 mé ra mot huéng madi trong viéc
chuyén doi dit liéu tir dang ndy sang dang khac. Ban dau duoc phat trién dé nang cao
hiéu suit trong viéc dich may tir tiéng Anh sang tiéng Phap, mé hinh nay nhanh chong
chimg minh kha ning vuot trdi ciia minh bang viéc cat giam dang ké thoi gian huan
luyén so véi cac kién trac trudce do [6).

Tuy nhién, khong 1au sau d6, cic nha nghién ciru nhan thiy rang kha ning ctia mo
hinh Transformer vugt xa pham vi ban dau. N6 da duoc ap dung rong rai, tr viéc sinh
van ban va hinh anh cho dén viéc cung cap hudng din cho robot, cho thiy kha ning ap
dung da dang cta nd. Transformer con dong mot vai trdo quan trong trong linh vuc Al
da phuong thirc, noi nd chuyén doi ngdn ngir ty nhién thanh cac hinh anh hodc hudng
dan cho robot, nhé kha nang mo hinh hoéa cic mbi quan hé giita cac loai dit liéu khac
nhau.

Trong linh vuc xtr Iy ngdn ngit ty nhién (NLP), Transformer hién 1 cong cu chuin
muec, vuot troi hon han so voi cac phuong phap cii. Ngoai ra, cac md hinh dya trén
Transformer da dugc chirng minh 1a c6 kha nang hoc hiéu ciu tric phan tir héa hoc, du
doan ciu trac ba chiéu cua protein, va thdm chi phén tich dit liéu y té voi do chinh xac
cao.

Mot trong nhiing yéu to then chot cia Transformer 1a co ché chu y (attention), cho
phép mé hinh xac dinh va tip trung vao cac phan quan trong cia dit liéu dau vao. Co
ché nay gitip 1am sang t6 ngit canh cho ting tir hodc token, du 13 trong van ban, hinh
anh, cAu tric protein, hay tham chi 13 trong cdc mau am thanh, qua d6 cai thién déng
ké kha ning hiéu va xir 1y thong tin phtc tap.

Attention
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Co ché attention trong mé hinh Transformer 12 mot phat minh dot phé trong linh vuc
hoc sau, dac biét 1a trong xir Iy ngdn ngit ty nhién (NLP). Co ché nay gitip mé hinh tap
trung vao nhimg phan quan trong ctia dit liéu ddu vao khi thuc hién du doan hodc sinh
dau ra.

O cip d6 co ban, attention cho phép mé hinh danh gid mic d6 lién quan cta mdi
phan trong dir liéu dau vao so vdi cac phan khac. Trong bdi canh NLP, diéu nay co
nghia 12 mé hinh ¢6 thé tap trung vao céc tir cu thé trong cau khi n6 dang ¢ gang dich
hoac sinh ra mét cau moi. M6 hinh Transformer str dung ba loai attention chinh: self-
attention, encoder-decoder attention, va cross-attention, modi loai phuc vu mot muc
dich khac nhau trong qué trinh hoc [6].

e Self-Attention: Loai attention nay cho phép mdi vi tri trong chudi dau vao
tinh todn mirc do tip trung cua né ddi voi moi vi tri khac trong cling mot
chudi. Diéu nay gitp mé hinh cai thién kha ning hiéu ngit canh va méi quan
hé gitra cac tir trong cau.

e Encoder-Decoder Attention: Trong giai doan giai ma, mo6 hinh can xem xét
cd thong tin tir b0 ma hda (encoder) va tir by gidi ma (decoder) hién tai. Co
ché attention gitip decoder tap trung vao nhitng phan quan trong nhat cua
chudi du vao khi tao ra mdi tir tiép theo.

¢ Cross-Attention: Day 1a mgt dang attention noi ma bd giai ma tap trung vao
dau ra coa bd mi hoéa. No thuong dugc st dung trong cidc md hinh
Transformer m&i hon va gitip cho viéc truyén thong tin giira hai phan cua mo
hinh duogc linh hoat hon.

Co ché attention duoc dinh lwong théng qua viée tinh diém s attention, thuong bang
cach str dung mot ham softmax dé chuan hoa cac diém s6 nay thanh mot phan phdi xac
suat. Nhitng diém s cao hon twong tmg véi mic dd cht ¥ cao hon ma mé hinh danh
cho cac phan cua dit liéu dau vao khi thuc hién mot nhiém vu cu thé.

Kién triuc mo hinh

Kién trac transformer bao gdm bd ma hoa (encoder) va bo giai mé (decoder) hoat
dong cung nhau. Co ché attention cho phép transformer mi hoa y nghia cua tir dya
trén tAm quan trong udc tinh cia cac tir hodc ma thong bao khac. Piéu nay cho phép
cac may bién ap xur Iy song song tit ca cac tir hoic ma thong bao dé ¢ hiéu suat nhanh
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hon, gitip thuc dy sy phat trién ctia cac md hinh hoc sau rat ngay cang 16n hon. Kién
tric transformer duge thé hién nhu Hinh 2 .6:

Output
Probabilities
Linear
%
Add & Norm )
Feed
Forward
e ~\ Add & Norm
_ :
Aele & NBITT Multi-Head
Feed Attention
Forward YD ) Nx
—
N Add & Norm
f—>| Add & Norm | Masked
Multi-Head Multi-Head
Attention Attention
At LN
\_ J \__ _JJ
Positional D & Positional
Encoding Encoding
Input Output
Embedding Embedding
Inputs Outputs

(shifted right)

Hinh 2.6: Kién triic mang Transformer [s].

e Input Embedding: Piu vao ctia mé hinh 1a cic token tir vin ban dugc bién
d6i thanh vecto nhung. Mdi token duoc anh xa sang mot vecto day dic qua
mdt bang nhung.

* Positional Encoding: M6 hinh Transformer khong c6 kha nang tu nhién dé
nhén biét thtr tu tudn tu cta dit liéu dau vao, vi vay positional encodings duogc
thém vao dé cung cap thong tin vi tri cho mdi token. Piéu niy gitip mé hinh
biét dugc vi tri cia cac token trong chudi.

|
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e Multi-Head Attention: Co ché ndy gitip mo hinh tap trung vao nhiing phan
khac nhau ctia dau vao khi dang xir Iy mot phan cy thé. "Multi-head" c6 nghia
1 qua trinh nay dugc thuc hién nhiéu lan véi cac trong s6 khac nhau dé mé
hinh c6 thé hoc cach tap trung vao nhiéu khia canh khéc nhau cta dir liéu.

e Masked Multi-Head Attention: Dac bi¢t trong b0 giai ma, masked attention
dam bao ré’mg dyu doan cho mot vi tri chi c6 thé phu thudc vao cac vi tri trudce
d6, gitip ngan chin viéc "nhin" vao tuong lai trong qua trinh dy doan chudi
tiép theo.

e Add & Norm: Sau mdi sub-layer, nhu Multi-Head Attention hodc Feed
Forward, két qua duoc cong v6i dau vao ban dau cua sub-layer d6 (cong du,
residual connection), sau d6 dugc chuan héa. Didu ndy gitp tranh van dé bién
mAt gradient va gitip md hinh hoc duge nhimg thong tin téng hop tir cac 16p
trudc.

e Feed Forward: Mdi 16p trong encoder va decoder chira mot mang feed
forward dgc 1ap, giup xu ly thong tin tir attention layer.

e Linear: Lop tuyén tinh chuyén dbi tir khong gian vecto nhung sang khong
gian c6 kich thuéc mong mudn cho dau ra.

e Softmax: Lop softmax dugc sir dung dé chuyén doi cac gia tri dau ra cta 16p
tuyén tinh thanh mot phan phdi xac suét, cho biét kha ning ctia mdi tir tiép
theo trong chudi.

2.3. Biéu dién hinh dnh va viin bin trong khong gian tiém an

Khong gian an 1a mot khong gian triru tugng nhiéu chiéu, noi cac dic trung cia dir
lidu duoc biéu dién trong mot dang nén va tinh gon. Diém nbi bat ciia khong gian nay
1a n6 thuong khong tryc tiép quan sat dugc va duoc hoc thong qua cac mé hinh hoc
may. Muc dich chinh cua khéng gian 4n 13 dé phat hién va biéu dién cac dic trung
quan trong va tiém an cua dit lidu, gitp trong viéc giam kich thudc dir liéu va 1am ndi
bat nhitng thong tin c6 gia tri.

Trong khong gian an, dir li¢u thuong duoc biéu dién dudi dang vect, noi moi chiéu
cua vecto bi€u dién mot ddc trung tiém an cua dir li€éu. M6 hinh hoc méy hoc cach anh

|
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xa dir licu tr khong gian dau vao (vi du: hinh anh, van ban) sang khong gian an va
nguoc lai. Qué trinh nay giup tim ra cdc moi quan hé phuc tap va ti€ém an trong dir
lidu.

CLIP (Contrastive Language-Image Pre-Training)

Cac hé thong thi gidc may tinh truyén théng duoc huin luyén v6i mot tap hop cb
dinh cac danh muc ddi tuong duogc xac dinh trudce. Diéu nay han ché tinh linh hoat cua
chung: mdi khi chung ta gdp mot khai niém truc quan mai, chiung ta can dao tao lai mo
hinh bang cac vi du dugc gin nhan vé khai niém nay. CLIP str dung phuong phap hoc
sau dé hoc cach twong quan giira hinh anh va vin ban. N6 dugc hudn luyén véi lugng
16n dir liéu bao gém cdp hinh dnh va vin ban tuong ng, gitip nd phat trién kha ning
lién két sau sdc giita hai loai dir liéu nay. Y tuong chinh ctia CLIP 13 huan luyén b ma
hoa hinh anh va vin ban dé t6i da héa do twong tu cosine ctia N cap hop 1¢ trong mdi
16 (va giam thiéu do tuong tu ciia cac cip khong hop 18).

CLIP da dugc ching minh c6 kha nang hoc hoi cac biéu dién hinh anh ddy manh mé,
bao gdm ca yéu td ngit nghia va phong cach. Cac nghién ciru cho thdy rang viéc tao ra
cac biéu dién hinh anh mot cach minh bach c6 thé nang cao su da dang trong hinh anh
ma van giit duoc do chan thuc va mirc do tuong déng vO1 chu thich. Thém vao do,
khéng gian nhung chung cua CLIP cung cp kha ning chinh sira hinh anh dya trén vin
ban ma khong can qua trinh huan luyén trudc.

Kién triuc mo hinh

m—~ 5y T T

T T T Ty
— I, I,-T, Jf,-'l"2 I, T3 I,-Ty
— I I, IpT, Il I Ty
Image
Encoder - I I, IpT; I37; I3y
—_— I Iy Iyt IyTg IyTy
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Hinh 2.7: Qud trinh hudn luyén twong phdn ciia CLIP [14).

CLIP (Contrastive Language-Image Pre-Training) duoc hop thanh boi 3 thanh phan
chinh nhu Hinh 2 .7. M6t mang no-ron tich chap dugc stir dung dé xu ly va biéu dién
hinh anh, mgt mang no-ron dya trén transformer duoc stir dung dé xir 1y va biéu dién
van ban. Ca hai mang nay duogc huén luyén dé anh xa dit liéu hinh anh va vin ban vao
cung mét khong gian dac trung [15].

Trién khai ciia CLIP

# image_encoder - ResNet or Vision Transformer
text_encoder - CBOW or Text Transformer
# I[n, h, w, ¢] - minibatch of aligned images
[n, 1] - minibatch of aligned texts
_i[d_i, d_e] - learned proj of image to embed
_t[d_t, d_e] - learned proj of text to embed
- learned temperature parameter
# extract feature representations of each modality
I_f = image_encoder(I) #[n, d_i]
I_f = text_encoder(T) #[n, d_t]

.:_|_.‘_ ]
_i), axis=1)
_t), axis=1)

# joint multimodal embedding [n
I_e = 12 _normalize(np.dot(I_f, W
T_e = 12_normalize(np.dot(T_f, W

# scaled pairwise cosine similarities [n
logits = np.dot(I_e, T_e.T) * np.exp(t)

# symmetric loss function

labels

= np.arange(n)
loss_i = cross_entropy_loss(logits, labels, axis=8)
loss_t = cross_entropy_loss(logits, labels, axis=1)
loss = (loss_i + loss_t)/2

Hinh 2.8: Trién khai Contrastive Language-Image Pre-Training [14].

Trong qué trinh khoi tao b ma hoa cho mé hinh hoc sau da ché do, chung ta sir dung
hai loai b0 ma hoa khac nhau: bd ma hoa hinh anh va bd ma hoa van ban. B ma hoa
hinh anh c6 thé 1a mot mang ResNet hoac Vision Transformer, dung dé chuyén hinh
anh thanh cac dic trung hinh anh (I_f). B6 ma héa vin ban, c6 thé 12 mang CBOW
hodc Transformer, chuyén van ban thanh cac dic trung van ban (T_f).

Sau do6, cac dac trung nay dugc tich hop va chuin héa dé tao ra biéu dién da ché do
(L e va T e) thong qua qua trinh chuan héa L2 va nhin véi cac trong s6 di hoc (W _i
cho hinh anh va W_t cho vin ban). Tiép theo, mé hinh tinh toan do twong dong giita
cac biéu dién hinh anh va van ban théng qua d6 tuong dong cosine, dugc diéu chinh
bang tham sb softmax temperature va biéu dién dudi dang logits. Cudi cing, ham mat
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mat ciia mo hinh duoc tinh toan dua trén mét mat cross-entropy cho ca hinh anh va
van ban, sir dung logits va nhin dd dinh nghia. Mat mat tong cong 1a trung binh cta
mat mat tir hai ché d6 nay, déng vai trd quan trong trong viéc huan luyén mo hinh dé
hiéu va két hop thong tin tir ca hinh anh va vin ban.

2.4. Huin luyén mé hinh sinh cho phép tao hinh anh tir vin ban
2.4.1. M6 hinh Diffusion

Nhitng ndm gin su phat trién manh mé cta cac mo hinh sinh v6i kha ning sinh hinh
anh tir doan vin ban, cho du hinh anh 1 khong c6 that hay phi logic. Hinh 2 .9 1a bén
loai m6 hinh ndi bat trong tac vu sinh hinh anh. M6 hinh Diffusion 1a m6 hinh duogc
nghién ctru sau 6 hinh nay d khic phuc nhitng diém yéu, ddng thoi thira hudng nhiing
diém manh ciia mé hinh trude d6 nhu 1a moét mé hinh xac xuit o6 nhiém vu tao ra mot
phan bd cho cac input twong ty nhu moé hinh Flow-based, c6 mdt ting dugc
predetermined nhu GAN, va kha niang xap xi phan phdi dit liéu dugc sinh ra véi phan
phéi dir liéu géc tuong tu nhu VAE. Nho tan dung sttc manh cbt 161 nay day dugc xem
12 m6 hinh t6t nhét trong kha ning sinh hinh anh thoi diém hién tai.

Discriminator Generator

G(2)

z Iw—x

GAN: A_d\{ersarial x' X |—
training

Encoder
g (2[x)

VAE: maximize X
variational lower bound

Flow-based models: x Flow z % Inlnlerse x’
Invertible transform of f(x) Fe12]
distributions
Diffusion models: X0 - X1 || X0 Z
Gradually add Gaussian === |+ -- fr = R EEE tmmmm
noise and then reverse |

Hinh 2.9: Cdc logi mé hinh néi bét trong mé hinh sinh (Nguén: https://pixta.vn/)
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Mo hinh khuéch tan (Diffusion), con duoc goi 1a mé hinh xac suat khuéch tan hodc
mo hinh téng quat dua trén diém s6, 1a mot loai mo6 hinh sinh (Generative model) [16].
Céac mo hinh khuéch tan duoc gidi thidu vao nam 2015 nhu mdt phuong phap dé tim
hiéu mot mé hinh c6 thé 1dy miu tir phan b xac sut rat phirc tap. Ho str dung cac ky
thuat tir nhi¢t dong luc hoc khong can béng, dic biét 1a khuéch tan. Y tuong chung la
pha hiy mot phan phdi dir liéu mét cach tir tir va c6 kiém soat thong qua mot chudi
cach khuéch tan thuan, viéc cua chung ta luc nay la tim cach hoc mdt mé hinh cé thé
dao nguogc qua trinh khuéch tan d6 nhd do co thé phuc hoi lai cdu trac dit liéu ban dau
[17].

Cu thé hon, mé hinh khuéch tan 13 mé hinh bién tiém an 4nh xa toi khong gian tiém
an bang cach sir dung chudi Markov c6 dinh. Chudi ndy dan dan thém nhiéu vao dir
liéu dé thu duogc gia tri sau gan dung q(xl‘XT), O day X;,..., X7 12 cc bién tiém an c6
cung chiéu véi X,. Trong Hinh 2 .10 bén dudi, chung ta thiy chudi Markov nhu vy
dugc bicu thi cho dit liéu hinh anh.

G(Xt|xt—1)
o) — ()=

Hinh 2.10: Qud trinh minh hoa thém nhiéu vao hinh anh (Nguén: https://pixta.vn/)

~-
.

~-

~

S

Cubi cung, hinh anh dugc bién ddi tiém can thanh nhiéu Gaussian thuin tuy. Muc
tiéu cua viéc dao tao mo hinh khuéch tan 13 tim hiéu quy trinh nguoc lai, tirc 13 dao tao
Po(xt,1|xt). Bﬁng cach di chuyén nguoc lai doc theo chudi nay, ching ta co thé tao ra

dir liéu moi.

Mo hinh Diffusion bao gdm 2 qua trinh nhu sau: qua trinh khuéch tan thuan (Foward
diffusion process) va khuéch tan ngugc (Reverse diffusion process).

Qusi trinh khuéch tan thuan

Tuong ty nhu VAE, qua trinh c6 thé dugc xem 1a qué trinh encoder cia mo hinh
diffusion. Ban dau mot hinh anh dugc xem nhu 1 mot diém dir liéu dau vao ky hiéu 1a
X, q, trong d6 q(x) 12 phan phdi cia qué trinh hudn luyén s& dugc thém nhidu tir tir
theo timg budc (step). Khi mdi diém dit liéu duoc thém nhidu nhir vy, khi d6 ta co thé
biéu dién phan phdi ctia anh bi nhidu tai hai thoi diém lién tiép nhau (t -1, t) d6 duoc

coi la qué trinh thuan q ( Xt| Xt_l) dugc tinh nhu cong thirc (2.1) sau.
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qlx|xo|=N[x;V1=B.x,1,B.1] (2.1)

Nhu cong thirc (1) ¢ thé thiy nhifu dugce thém vao tir phan phdi Gauss bang cach

sample ra x, véi ky vong V1-B.x._, va phuong sai B, 1. Trong d6 B ¢ day la siéu tham
sO (hyperparrameter) dugc thay doi theo thoi gian c6 nhiém vu kiém soat lugng nhiéu
dugc thém vao tai mdi step t & d6 B, € [0,1] hay con duoc goi lich trinh phuong sai.
Khi s6 step T du 16n, anh ban dau s& chuyén thanh mot hinh anh hoan toan nhidu. Néu
mo hinh hoat dong t6t khi d6 X, s& chinh 14 gaussian tiéu chuan véi phuong sai 1a 1 va
trung binh 1a 0 ky hiéu N (0, I).

Qus trinh khuéch tan nguoc

Muc tiéu ctia qua trinh nay 1a dao ngugc qua trinh thuén thanh q(x,_,V X, thi tir mot
hinh 4nh bi nhiéu hoan toan vira thu dwgc tir qua trinh trén chung ta c6 thé dua hinh
anh vé trang thai tvong duong véi anh dau vao duoc léy trong phan phéi q, [8][2]. Vi
vy ching ta can huan luyé mo hinh p, c6 kha ning twong tng véi qua trinh khuéch
tan thuan. Puoc biéu dién nhu cong thic (2.2).

p(xt—lvxt):N(Xt—l;I’IG{X,,t]’ZG(XI’t)) (22)

Trong d6 Hgva 2, 14 hai tham s6 ma ta can udc luong xap xi. Nhd vao tinh chat cta
chudi Markov x4c sut ctia mdi sy kién chi phu thudc vao trang thai cua sy kién ngay
trude do6 tir d6 qua trinh bién doi nguogc tir X vé X, dugc biéu dién theo cong thirc
(2.3).

T

Po(x0:T)=P(xT)HPe(xt‘xH) (2.3)

t=1

Nhu vay muc tiéu lac ndy 1a t6i wu hoa ham negative log-likelihood (mdt ham mét
mat), tuy nhién viéc tinh toan ham nay la kha khé khan, chiung ta s€ 4p dung mot k§
thuat 1a Variational lower bound [18] dé c6 thé tinh toan dugc ham mat mat (loss
funtion) tir d6 ta c6 thé tinh toan thong qua viéc noise €,. Cudi cing mé hinh chi can
dua doan noise da duoc thém vao.

simple __
Lt _Et :I;T];Xoyerli

e—¢olx,.t[] (2.4)

Sau khi duy doan dugc noise da dugc thém vao, dé co hinh anh tai cac step ching ta
chi can lay hinh anh nhiéu “trtr di” noise. Vay dé du doan dugc phan noise ching ta
can mdt mo hinh co6 thé xac dinh dugc nglr nghia cua anh dau vao tur do xac dinh dugc
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noise. Ngoai ra, kich thudc dau vao va ddu ra phai giéng nhau. Do d6 mang Unet dugc
danh gia 13 ¢ thé dap ung day du cac yéu dé ra o trén.

Mang Unet

Unet 12 mét kién trac duge phat trién boi Olaf Ronneberger et al. Phan doan hinh anh
y sinh ndm 2015 tai Pai hoc Freiburg, Ptc. Pay 1a mot trong nhiing cach tiép can
duogc sir dung phd bién nhat trong bat ky nhiém vu phan doan ngit nghia nao hién nay.
D6 1a mot mang ludi than kinh tich chap hoan toan duoc thiét ké dé hoc tir it mau dao
tao hon. P6 13 mot cai tién so voi FCN hién ¢6 - “Mang tich chap hoan toan dé phan
doan theo ngir nghia” dugc phat trién bai Jonathan Long va cong su. trong nim 2014)
[17].

ir::.am;lel - = output
lﬁe & . i || segmentation
= map

-

tHiD _Dﬂ"‘] = cOonv 3x3, ReLU
El t

| -unmacemrm—" |

copy and crop

» el L e e § max pool 2x2
¥ 10 4 & 4 up-conv 2x2
Bl S E—"  — A A

Hinh 2.11: Kién triic mang Unet (Nguon: https://www.researchgate.net/)

Nhu Hinh 2 .11 Unet la kién tric mang bd mé hoa-giai ma hinh chit U, bao gém
bon khéi bé ma hoa va bdn khoi bd giai ma dugc két ndi qua mat “cay cau”. Mang bd
mi hoa c6 kich thude khong gian bang mot nira va gip do6i s6 lugng bo loc (kénh dic
trung) tai moi khéi bo ma hoa. Tuong tu, mang b giai ma tang gép doi kich thudce
khong gian va mot nira s6 kénh dic trung. Cac thanh phan chinh cia mang Unet duogc
thé hién nhu sau.

e KEncoder

|
Sinh vién: Lé Vin Hiéu BI9DCCN245 — Khéa D19 — Lép DI9CQCNOS - B 35



D) an tbt nghiép Pai hoc Chuong 2: Sinh hinh anh c6 diéu kién theo mo ta van ban

Mang ma hoa hoat dong nhu mdt bo trich xuét dic trung va hoc cach biéu dién triru
tuong ctia hinh anh dau vao thong qua mot chudi cac khdi bd ma hoa. Mdi khdi bd ma
hoa bao gdm hai tich chap 3x3, trong d6 mdi tich chap duoc theo sau béi mot ham
kich hoat ReLU (Pon vi tuyén tinh chinh luu). Chtic ning kich hoat ReLU dua tinh
phi tuyén tinh vao mang, gitip khai quat hoa dit liéu huan luyén tot hon. Pau ra cua
ReLU hoat dong nhu mét két ndi bé qua cho khdi giai ma twong tmg.

Ngoai ra, viéc tuan theo phép gop t6i da 2x2, trong d6 kich thudc chiéu (chiéu cao va
chidu rong) ciia ban dd dic trung (feature maps) giam di mot nira. Pidu ndy 1am giam
chi phi tinh toan bang cach gidm s6 luong tham s6 c6 thé huan luyén.

¢ SKkip connection

Cac két nbi bo qua nay cung cip thong tin bd sung gitp bo giai ma tao ra cac dic
diém ngir nghia t6t hon. Chiing ciing hoat dong nhu mot két ndi phim tat gitp truyén
gradient gian tiép dén cac 16p trudc d6 ma khong bi suy giam. N6i mot cach don gian,
chung ta c6 thé noéi rang viéc bd qua két ndi giup tao ra ludng gradient tét hon trong
khi lan truyén nguoc, tir 46 gitp mang hoc cach biéu dién tot hon.

* Bridge

Bridge két ndi bo ma hoa va mang bo giai ma va hoan thanh ludng thong tin. N bao
gém hai tich chap 3x3, trong d6 mdi tich chap duoc theo sau boi mot ham kich hoat
ReLU.

¢ Decoder

Mang giai ma dugc st dung dé léy biéu dién triru tuong va tao mat na phan doan ngir
nghia. Khéi giai ma bat ddu bang tich chap chuyén vi 2x2. Tiép theo, né duoc ndi voi
feature maps bo qua két ndi trong tng tir khdi bo ma hoa. Cac két ndi bé qua nay cung
cip cac tinh ning tir cac 16p trudc d6 d6i khi bi mét do do sau ctia mang. Sau d6, hai
tich chap 3x3 dugc st dung, trong do mdi tich chap duoc theo sau bdi ham kich hoat
ReLU. Pau ra cia bo gidi ma cudi cung di qua tich chap 1x1 véi kich hoat sigmoid.
Ham kich hoat sigmoid cung cép mat na phan doan thé hién sy phan loai theo pixel.

2.4.2. GLIDE

Nhu trinh bay ¢ trén thi mo6 hinh diffusion sau khi duoc huén luyén cé thé thuc hién
sinh hinh anh méi twong déng v4i anh c6 trong phan phdi ding dé huin luyén tir mot
anh nhiéu hoan toan bat ky, tuy nhién anh duoc sinh ra hoan toan ngau nhién, ching ta
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khong thé biét duoc cac dic diém cu thé co trong anh, ngoai ra chét luong hinh anh
duogc sinh ra thuong c6 do phan giai thap. Dé c6 thé sir dung mé hinh diffusion cho
viéc sinh anh theo mé ta vin ban thi can cai tién ciing nhu két hop cac k¥ thuat dé c6
thé cho ra hinh anh nhu y.

Classifier-free guidance

K¥ thuat classifier-free guidance [9] trong qué trinh sinh hinh anh, gitp tdng cuong
sy phu hop cta hinh anh sinh ra véi mé ta van ban ma khong can dén bo phan loai
riéng biét. Poi voi huéng dan khong can phan loai, nhan y (vin ban) trong mo hinh
khuéch tan c6 diéu kién 16p &6 x|y| duoc thay thé bing nhan null @ véi xac suat ¢b
dinh trong qué trinh dao tao. Trong qua trinh 1dy mau, dau ra ciia mo hinh duoc ngoai
suy thém theo hudng Ee(xt‘ y)vél Ee(xt‘ Q) dugc biéu dién nhu cong thirc (2.5).

ée(xt|y)=se(xt| ®)+s.k€9(xt‘y)—£9(xt‘ @)6 (2.5)

K§ thuit nay mang hai dic diém ndi bat. Thir nhat, n6 cho phép mét mé hinh sir
dung kién thirc ctia chinh minh trong qua trinh duoc hudng dan, thay vi phai dua vao
kién thirc tir mot mé hinh phan loai khac (thuong nhé hon). Thir hai, k§ thuat nay lam
cho viéc chinh stra thong tin khé du doan, nhu hinh anh tr¢ nén don gian hon khi st
dung bd phan loai (c6 thé 1a vin ban).

GLIDE

GLIDE (Guided Language to Image Diffusion for Generation and Editing) 1a mt mo
hinh hoc may phat trién béi OpenAl, chuyén trong viéc tao ra hinh anh tir cac mo ta
van ban. N6 sir dung ky thuat goi 1a "diffusion model" két hop véi huéng din ngén
ngit dé tao ra hinh anh phirc tap va chi tiét tir mo ta vin ban. Do ap dung k¥ thuat
classifier-free guidance cho phép GLIDE cung cip kha ning kiém soat tinh vi va chinh
stra hinh anh. Piéu nay c6 thé bao gdm viéc diéu chinh céc chi tiét nho, thay doi mau
sdc, hodc thim chi bién d6i cac phﬁn cu thé cta hinh anh theo yéu cau.

Pi¢m dic biét

O phﬁn trudc tai qua trinh khuéch tan ngugc cia mo hinh diffusion ching ta can du
doan nhiéu duoc thém vao tir d6 phuc hdi duge hinh anh vé trang thai trudce do. Vi vay
diém dic biét cia GLIDE so v6i mo hinh diffusion 13 & s& thém thong tin vé vin ban

|
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dé huong dan qué trinh hoc cua mo6 hinh. Boi vi d61 voi mot mo hinh diffusion don
thuan, qua trinh tir nhi€u trang dén anh dugc sinh ra s€ khong co6 bat ki sy chi dan cu
thé nao dé sinh ra mdt anh v&i mot ndi dung mong mudn cu the.

Phéan vin ban nay s& dwoc mi hoa (encode) qua mé hinh Transformer. Sau khi c6
dugc nhung (embedding) tir Transformer, ta s& 14y embedding d6 (c) dé 1am diéu kién
hudng dan cho mé hinh diffusion. Puoc thé hién théng qua Hinh 2 .12,

l’fixr][xr
O, ~0 "0 —~Cp

Xf|xr 1, C

ﬂﬂﬂﬂﬂﬂﬂ%

Transformer ‘

t
EEEEEEENE

“‘An image of the face of a man”

Hinh 2.12: Qud trinh thém hudéng dan van ban vao qud trinh khuéch tin nguoc
(Nguon: https://www.assemblyai.com/)

Pé tich hop embedding c. O qua trinh denosie (khir nhiéu), trong budc hoc €, ding
mang Unet dé thuc hién dit doan nhidu €.
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Hinh 2.13: Thém diéu kién van bdan da dwegc md héa vao mang unet (Nguon:
https://viblo.asia/)

Nhu hinh Hinh 2 .13, gia trinh embeeding ¢ dugc ma hoa tir van ban s€ dugc anh xa
t6i cac 10p trung gian ctia mang Unet théng qua co ché d6 1a cross-attention dugc biéu
dién thong qua cong thiic (2.6). Nhd thém vao qua trinh nay, mé hinh diffusion tir d6
cudi cung ciing d4 sinh ra hinh anh mang n6i dung mong mudn tir mé ta van ban.

Attention|Q, K,V |=softmax

QK
- v) (2.6)

2.4.3. Prior

Mic du GLIDE ¢6 vai tro tao ra hinh anh phan anh ngir nghia duoc ndm bét boi cac
ma hoa hinh anh. Nhung viéc tim ra nhitng biéu dién trong ma hoa nay, can mot bé ma
héa van ban. Prior ¢6 nhiém vu hiéu va dién gidi mo ta van ban. N6 tao ra mot biéu
dién ndi dung (content representation) tir vin ban nhap vao. Prior khong tao ra hinh
anh tryc tiép, nhung no sinh ra mot dang biéu dién triru twong, thuong duoc biéu dién
dudi dang mot vector hodc mdt tap hop cac vector, ma mo ta cac dac diém chinh can
¢6 trong hinh anh cudi cing.

Prior ¢6 thé dugc ciu tric dudi dang mot md hinh ty hdi quy (Autoregressive
Model) hoic mé hinh khuéch tan (Diffusion Model). M6 hinh s& tin dung kha ning
ctia CLIP nhu da gidi thiéu ¢ phan Biéu dién hinh anh va vin ban trong khong gian
tiém an trong viéc hoc cach ma hoa ca van ban va hinh anh. CLIP dugc huén luyén dé
hiéu mdi quan hé giira vin ban va hinh anh, va Prior sir dung ma héa van ban tir CLIP
nhu mot phan cta qua trinh ciia minh.

Trong qua trinh 14y mau, dé cai thién chat luong viéc 1dy mau duoc tién hanh ngiu
nhién bang cach sir dung huéng din khong c6 bd phan loai (classifier-free guidance)
s& loai bo 10% dén 20% thong tin vin ban. Ngoai ra, trong thoi gian 1dy mau 2 image
embedding dugc tao ra vdi Prior s€ dugc so sanh va lya chon ra cai c6 mo ta dung ngtr
nghia van ban hon thong qua CLIP.

i@ :

Text embedding Image embedding
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Hinh 2.14: M6 hinh sinh két hop tir 2 mé hinh diffusion dic biét.

Nhu Hinh 2 .14, Text embdding chinh la van ban dugc ma hda thong qua mo hinh
CLIP duoc sur dung lam dau vao cua Prior, trong giai doan mo hinh s€ loai bo mot
luong thong tin cua vin ban dé kich hoat classifier-free guidance nhu da trinh bay &
trén. Sau qua trinh trén ching ta s€ thu dugc Image embedding. Image embedding nay
s& dugc giai ma (Decode) thong qua GLIDE tir d6 cho ra hinh anh cudi cung.

|
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Chuong 3

Thuc nghiém va danh gia

O chuong 3, dd 4n s& trinh bay vé viée st dung tap dit li€u co san, nhirng
phuong phap va do do dé danh gia bai toan, va cudi cung 1a két qua thuc
nghiém thu dugc qua cac phan sau:

e Thu thap va xu ly dit lidu

¢ Phuong phép va do do danh gia

o Két qua thuc nghi¢m

e Kétluan

|
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3.1. Thu thap va xir ly dir li¢u

Do an trén ¥ twong xay dung mod hinh sinh anh tir van ban. Véi anh sinh ra 1a anh
chat luong va da dang, noi dung hinh anh phai phan anh ding nhu mé ta vin ban.
Ngoai ra, anh sinh ra 13 hinh anh méi dua trén dit liéu cta anh dao tao. Vi thé dé dat
dugc yéu cu nhu trén can xay dyng trén mot mo hinh phirc tap véi bo dit lidu sir dung
trong qué trinh phai du 16n cling nhu chat lugng hinh anh va mé ta di kém voi anh phai
dat chat lugng tot. Dé thu thap mot bo dir liéu trén thyc té 1a kha t6n thoi gian, chi phi.
May min, dé tai sinh anh tir van ban 1a mot chu dé hot mét s ndm gan day. Vi vay tap
dir liéu tir cong dong kha phong phi. Cac co sd dit liéu cong ddng co san hinh anh va
mo ta van ban tuong tmg nhu ImageNet, COCO (Common Objects in Context), Visual
Genome ... Vay nén trén pham vi nghién ciru ctia d6 4n nay, chiing ta s& s dung mot
tap dit liéu c6 sin dé sir dung cho qua trinh huin luyén mo hinh.

ImageNet

ImageNet 1a mot co so dit lidu hinh anh dugce t6 chuc theo hé thdng phan cap
WordNet (hién tai chi co cac danh tir), trong d6 mdi nut cua hé théng phan cip duge
mo ta boi hang tram, hang nghin hinh anh. ImageNet 1a mot trong nhiing tap dir li¢u
16n va rong rai nhit duge st dung trong nghién ctru thi gidc may tinh, dic biét 13 trong
linh vuc nhan dang hinh anh. Tap dir li¢u nay dugc phat trién boi cac nha nghién ctru
tai Pai hoc Stanford va cac cong su tu nhiéu truong dai hoc khac. Dit li¢u dugc cung
cap mién phi cho cac nha nghién ciru véi muc dich sir dung phi thuong mai [19].

Quy md va cau tric cua tap dit liéu nay nhu Hinh 3 .15:
¢ Hinh anh: ImageNet chira hon 14 tri€u hinh anh dugc gén nhan.

e Phén loai: Hinh anh duoc t6 chirc theo hé théng phan loai WordNet, nghia 1a
mdi btrc hinh duoc gin véi mot hodc nhiéu tir ngi (synsets) trong WordNet.

e SH lwgng danh muc: C6 hon 20.000 danh muyc, mdi danh muyc chira nhiéu
hinh anh khac nhau
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Hinh 3.15: Cau triic folder ciia ImageNet (Nguon.: https://livebook.manning.com)

ImageNet ndi tiéng nho vao cude thi ILSVRC, mét thach thirc hang nam bat dau tir
nam 2010 dén 2017, noi cac nhom nghién ctru canh tranh dé phat trién cac thuat toan
nhan dang hinh anh véi d chinh xac cao nhit. Cudc thi nay di dong gop 16n trong
viéc thuc drfly tién bod cua thuat toan hoc sdu, nhat 1a mang no-ron tich chdp (CNN),
dan dén nhirng cai tién dang ké trong hiéu suit nhan dang hinh anh.

Maic du day 1a tap dit liéu duoc déy ra kha chat lugng nhung van s& gip phai nhun
van dé nhu do chinh xac ctia nhin mic du ImageNet duoc ga“'m nhan boi con nguoi,
nhung khong phai tat ca cac nhan déu hoan toan chinh xac do sy phirc tap va da dang
cua thé gi6i1 thuc. Hon thé nita, lo ngai vé viéc liéu tap dir li€u nay c6 dai dién dﬁy du
cho su da dang cta hinh anh trong thé gi61 thuc hay khong, dac bi¢t 1a sau khi cong
nghé va x4 hoi tiép tuc phat trién.

Tuy nhién ImageNet van tiép tuc 13 mot ngudn dit lidu co ban cho nghién ctru va
phat trién trong linh vuc tri tué nhan tao, nhung cong ddng nghién ciu ciing dang
hudng td1 viée tao ra cac tap dir li€u mdi va da dang hon dé phan anh tdt hon thé gioi
xung quanh.

3.2. Phwong phap va cac do do danh gia

|
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Pé danh gia cac bai toan sinh anh, chung ta can danh gia trén nhiéu yéu t6 khac
nhau. Khac véi cac bai toan nhu phan 10p (segmentation) hay 1a phat hién d6i tuong
trong anh (object detection) chung ta c6 thé danh gia bang nhimg phuong phap thudng
dung thi dé danh gia kha nang sinh anh ctia mé hinh can dwa vao 2 yéu t6 chinh sau:

e Chat hrgng anh: Anh sinh ra phai c6 chat lugng cao, ngir nghia trong hinh
anh phai ding vé1 mo ta van ban hay con goi la tinh trung thuc cta hinh anh.

e D{ da dang va phong phi: Anh ¢ mdi lan sinh phai da dang, cin sinh ra
duoc nhiéu anh khac nhau. Néu mo hinh méi chi sinh ra duge mot vai anh hay
thudc cung 1 16p thi mé hinh khong khic nhu nhitng bai toan tim kiém hinh
anh.

Vi vay, dé danh gid mo hinh sinh anh c6 diéu kién dya trén mé ta van ban c6 kha
nhiéu phuong phap khic nhau nhung nhin chung, s& dugc chia thanh hai phuong phap
chinh do la:

e Danh gia con nguwoi: Dung mét thuong dé danh gia, cach danh gia thuong s&
du doan két qua xem ludn. Tuy nhién né khéng khach quan (mdi ngudi cé
mot dinh nghia vé anh t6t dep khac nhau). Ngoai ra trén mot tap dir liéu 16n
diéu d6 1a khong kha thi.

e Dinh gia dua trén chi sé: Viée sir dung cac chi s6 théa man 2 yéu td trén va
déng thoi ap dung duoc cho tap dir liéu lon. Mot s6 chi sd hay dugc sir dung
nhu: Inception Score (IS), Frechet Inception Distance (FID), Image Quality
Measures (SSIM, PSNR va Sharpness Difference) v.v.

Inception Score (IS)

Inception Score (IS) 1a mot phuong phap danh gid dugc st dung rdng rai trong cac
bai toan sinh dnh (image generation), dac biét la trong cac mé hinh sinh anh tu dong
nhu Generative Adversarial Networks (GANSs), Diffusion Models. Giéng nhu tén goi
Inception Score, trong d6 thi inception chinh la mdt mdt Convolutional Neural
Network (CNN) du doan phan phdi xac xuat cua cac 16p (class probabilities) cho mdi
hinh anh, kién trac st dung Inception nhu Hinh 3 .16.
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@ Convolutional Laver (] Mean Pooling Layer
(T Max Pooling Layer ([ Fully Connected Layer
:] Concat - Dropoul Layver :] Softmax Layver

Hinh 3.16: Kién triic ciia mé hinh Inception v3 (Nguon: https://www.researchgate.net/)

Nhu Hinh 3 .16 khi hinh anh chay qua céc layer va cudi cing s& qua 16p sofmax (1a
16p cudi cung) lic nay hinh anh s& dugc phan phdi xac xuat ctia cac 16p, hinh anh néu
rd rang thudc mot 16p nao d6 s& xac suit cho ra tai 16p d6 1a rat cao, con anh khong
thudc 16p nao s& cho ra xac suit gitta cac 16p 1a kha gin nhau (uniform). Tir d6 dua
vao phan phéi xac xuit ma phuong phap niy do ludng duoc 2 yéu té chinh sau:

e Kiém tra dwogc chat lwong anh: Cho anh sinh ra thong qua mang, néu anh
sinh ra sic nét thi mang s€ c6 kha nang phan loai hinh anh d6 vao mdt 16p cu
thé (ttrc 1a x4c suét cua 1 16p cao hon han).

e Kiém tra dwoc d da dang ciia anh sinh ra: Tdng gid trj xac suit theo ting
16p cua tat ca cac anh sinh ra tir mo hinh, néu mé hinh dugc xem anh sinh ra
da dang thi téng X4c sult s& dang uniform, nguoc lai néu dit liéu chi sinh ra dit
liéu & 1 hay 2 16p thi tong x4c suat s& chi cao hon & 1 hay 2 16p.

Pé tinh chi s6 nay, Inception Socre s& duoc tinh toan dya trén su phan ky Kullback-
Leibler (KL divergence) giita phan phdi x4c suat cta timg anh va phan phdi xac suét
trung binh cua toan bo tap dir li€u s€ duoc biéu dién qua cong thirc (3.1).

IS=exp { (3.7)

Trong d6 x 13 anh duoc sinh ra tir mé hinh p(y[x) 1a phan phdi xac suat du doan cho
anh x bdi mang Inception. p(y) s& 1a phan phdi xac sudt trung binh cta cac 16p trén
toan bo tap anh sinh ra va Dy la su phan ky Kullback-Leibler giita hai phan phdi xac
suat. Nhu vay dé anh sinh ra t6t (chat luong tot va da dang) thi chi sé phai cang cao.
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Tuy nhién, han ché cua Inception Score néu mé hinh chi sinh duoc mot anh mdi 16p
thi chi s6 KL(Kullback—Leibler) hay chi s6 IS vin c6 thé cao, c6 nghia anh sinh ra chi
da dang 16p nhung khong da dang anh trong mdi 16p. Con néu mé hinh sinh ra cac anh
trong dataset thi chi s6 KL ciing cao.

Frechet Inception Distance (FID)

FID do Iuong sy khac biét gitra hai tap hop anh, thuong 1a tap hop anh thyc va anh
mo hinh sinh ra thong qua cach tinh toan su khac biét trong phan phdi cac dic trung
cta anh dugc trich xuit boi mot mo hinh mang no-ron sau (thudng 1a Inception v3)
nhu Hinh 3 .16. Va phan phdi st dung s& 1a mét phin phdi Gauss nhiéu chiéu
(dimension multivariate gaussian distribution).

Dé cac anh sinh ra giéng cac anh trong tip dit liéu thi chiing ta mong mudn 2 phan
phdi Gauss nhiéu chiéu nay s& giéng nhau, hay gia trj trung binh (mean) va phuong sai
(variance) cua 2 phan phdi gin nhau va variance gan nhau dugc mé ta nhu cong thirc
(3.2).

FIDZ‘ “+Tri (3.8)

I’lreal - I'lgen

Trong d6 Hrea, Hgen]d gid tri trung binh cta tdp anh huan luyén va tap anh duoc sinh ra,
2 aly 2 gen 12 ma tran hi€p phuong sai tuong ung.

FID 1a mot chi sd quan trong trong viée danh gia chit luong cua anh sinh ra. N6 giap
so sanh muc do giéng nhau giira tdp anh thuc va anh duogc sinh ra, qua d6 danh gia
mirc do "thuc t&" ciia cac anh sinh. Tuy nhién, gidng nhu moi chi sé danh gia, né nén
dugc sir dung ciing véi cac phuong phap danh gia khac dé c6 cai nhin toan dién nhét.

3.3. Kétqua
D6 an do phai huin luyén mot mé hinh phirc tap, can cau hinh thiét bi dam ung dugc
diéu kién dé huan luyén. Vi vay ¢ pham vi d6 4n chi xdy dyng mé hinh & quy mo nho

con nhiéu han ché ¢ két qua thu dugc.

3.3.1. Két qua véi Inception Score
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Biéu do Inception Score trén tap du liéu ImageNet khi huin luyén mo hinh cho ra két
qua dugc thé hién trong Hinh 3 .17.

Inception Score

200 400 600

Hinh 3.17: Biéu dé Inception Score trén tdp dir liéu ImageNet

3.3.2. Két qua véi Frechet Inception Distance

Biéu d6 Frechet Inception Distance trén tip dy liéu ImageNet khi huin luyén mo
hinh cho ra két qua dugc thé hién trong Hinh 3 .18.

FID Score

660 \
640
620
600
580

560
Step

200 400 600

Hinh 3.18: Biéu dé Frechet Inception Distance trén tdp dit liéu ImageNet
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3.3.3. Két qua véi Loss Function

Biéu d6 chi s6 ham mat mat (Loss function) twong tng v6i 3 qué trinh Diffusion
prior, mang Unetl va mang Unet2 khi huin luyén trén tap dir liéu train dugc thé hién
lan luot & Hinh 3 .19, Hinh 3 .20, Hinh 3 .21.

Diffusion Prior Loss

o I

132
1.3
Step
0 100 200 300 400 500 600
Hinh 3.19: Biéu do chi so mat mat cua qua trinh diffusion prior
UNet 1 Loss
1.15
11
1.05
100 200 300 400 500 600

Hinh 3.20: Biéu dé chi sé mdt mat ciia mang Unet]
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UNet 2 Loss
1.004
1.002
1 N
0.998
0.996 Step
100 200 300 400 500 600

Hinh 3.21: Biéu d6 chi s6 mat mdt ciia mang Unet2

3.3.4. Két qua miu thu dwoc

Generated_sample

wooden spoon Egyptian cat water tower

Step emm——— 790

Hinh 3.22: Mau dwoc tao ra so véi anh géc

Nhu Hinh 3 .22, cac mau duoc tao ra chi toan nhiéu do mé hinh chua dap tng du
thoi gian huan luyén mo hinh. Piéu nay phan anh dung cac chi s6 danh gia IS rat thap,
va chi s FID rét cao duoc biéu dién & 1an luot cac Hinh 3 .17, Hinh 3 .18.

Mang S6 lwong parameters
Diffusion Prior 25M
Decoder 200M

Bdng 3.4: S6 lwong trong s iing voi cdc phan mé hinh
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Bang 3 .4 thé hién s6 luong tham s6 ciia hai thanh phan chinh cia mo hinh di dé
xudt. Vi 200 tridu tham sb, Decoder 1a mé hinh rat 16n va phic tap. Cho thdy né co
kha nang xir 1y va tao ra dir liéu phirc tap va chi tiét.

3.4. Kétluan

Véi muc tiéu 1a tim hiéu va phan tich va danh gia nhung phuong phap sinh hinh anh
tr mo ta hinh anh. D6 an da dat duoc mot sd két qua sau:

¢ Gidi thiéu téng quan vé tri tué nhan tao sang tao, nhitng loai dit li¢u, cling nhu
cAu tric cua ching hay dugc dung trong linh vuc nay. Trinh bay mot sb
nghién ctru ndi bat duge sir dung trong bai todn sinh hinh anh tor mé ta van
ban bao gdm: hé théng DM-GAN 1a hé thdng két hop giita b nhé dong va
GAN, hé thong DALL-E.2 13 hé thong dang duoc danh gia cao voi viée s
dung mo6 hinh diffusion. Tur d6, gidi thiéu khai quat nhitng mo hinh sinh la
thanh phan khong thé thiéu trong bai toan sinh hinh anh. Ngoai ra, néu dugc
muc tiéu va phuong phap sé& tiép can trong d6 4n.

e Trinh bay tong quan vé mé hinh sé& tiép can, cac phuong phap dung dé trich
xuat nhimg dic trung. D6i v6i hinh anh st mang ResNet-50 va Vision
Transfomer, v6i vian ban 13 Text Transformer. Str dung mé hinh khuéch tan
(diffusion models) két hop véi mot s6 ki thuat dic biét dé nang cao va kiém
soat chat lugng hinh anh dugc sinh ra.

e Trinh bay cdu trac tap dit liéu st dung xdy dung hé théng. Gidi thiéu tong
quan mot s phuong phép va chi sé dung dé danh gia trong bai toan sinh hinh
anh.

e Két qua thuc nghiém do chi xdy dung trén mé hinh nho, thoi gian dé huan
luyén mo hinh han ché vi vay hinh anh sinh ra kha kém (bi nhiéu) tuy nhién
huéng di mé hinh khé tot. Ngoai ra, chi sé mat mat ciia cac mang kha thip
giao dong 1%.

Huéng phat trién trong twong lai

e Mic du két qua cho ra hinh anh chit lugng kha kém do thoi gian huan luyén
chua du. Vi vay can huin luyén mé hinh véi thoi gian da dai. Ngoai ra, st
dung bd dir liéu tot hon, vi chat lwong hinh anh t6t hon, mé ta vin ban sat
v6i nhitng trudng hop thuc té hon.
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e T4i wu md hinh, dé giam chi phi huan luyén ma van dam bao duogc chat luong
dem lai. Phat trién thém céc tinh nang moi dya trén mo hinh hién tai nhu
chinh stra hinh anh, ca nhan hoa hinh anh.

e Xay dung hé théng hoan chinh da ngén ngit, kha ning tich nhing vao cac hé
thng khac dé tir d6 c6 kha ning thuong mai hoa.

|
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