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ABSTRACT

A Study on Webtoon Generation Using Multimodal Al

Yu, Kyoungho
Advisor : Prof. Kim, Pankoo, Ph.D.
Department of Computer Engineering

Graduate School of Chosun University

In this thesis, I conducted research on generating webtoons using deep
learning-based text-to-image generation technology to assist webtoon creators
in their creative activities. The research methodology involved constructing a
multimodal webtoon dataset by using publicly available datasets such as
MSCOCO. The generated dataset consists of treatments (that is text
descriptions) and their corresponding webtoon - treatment-webtoon dataset.
Furthermore, continuous text data was also collected using ChatGPT. To
generate webtoon, this thesis proposed to utilize a multilingual BERT model for
feature extraction from the treatments, add noise to them, and input the noisy
features into a DCGAN (Deep Convolutional Generative Adversarial Network).
The experimental results showed relatively low performance with an inception
score of 4.9 and FID (Fréchet Inception Distance) of 22.21.

To overcome the limitations of DCGAN, this thesis proposed to train the
CLIP (Contrastive Language-Image Pretraining) model on the treatment-webtoon
dataset by measuring the similarity between text and images and then use the
diffusion model to generate webtoon. CLIP is a model that can learn a

relationship between multimodal data (such as the treatment-webtoon dataset)
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by extracting features from each data modality. The goal is to bring similar
data closer and dissimilar data farther apart in the same feature space, which
is achieved by contrastive learning. In this thesis, the performance of CLIP
trained on the treatment-webtoon dataset was evaluated using quantitative
metrics such as measuring similarity between bilingual treatments and images,

treatment-based search queries for similar images, and zero-shot classification.

For generating webtoons based on the diffusion model, a desired text along
with its CLIP features and the image with the most similar CLIP features were
inputted into a pretrained depth-to-image model. In the experiments, webtoons
were generated using both single text and continuous text inputs. The results
showed that when using continuous text inputs for webtoon generation, the
inception score improved from 4.9, as in the case of DCGAN, to 7.14 and the

generated images were of higher quality.

The technology developed in this thesis can be used by webtoon creators by
inputting their desired text to generate webtoons more efficiently and in a
timely manner. However, one of the main limitations of this work is that
currently it cannot generate webtoons from multiple sentences and images or
maintain consistent artistic style throughout the generated images. Therefore,
further research is needed on diffusion models that can handle multiple
sentences as inputs and generate images with consistent artistic styles when

continuous text inputs are provided.
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# cosine similarity as logits

logits_per_text = matmul(text_embeds, image_embeds.T) * logit_scale

logits_per_image = logits_per_text.T

# symmetric loss function

labels = np.arrange(n)

loss_i = cross_entropy_loss(logits_per_image, labels, axis=0)

loss_t = corss_entropy_loss(logits_per_text, labels, axis=1

loss = (loss_i + loss_t) / 2
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S AFEStY] FHEoInAZ HE A ZITE MSCOCO dlolg Ale Microsoftoll A &
Bk AHE-AAL olmA] Holy Ale=w <, 7t olwA| 123,28779] olw|A|
2 FAEH dom Zp ouAF 57l MW EORE o]FojH Utk FAHOR
AFete tlolH A Forts AFsty] "ol thmo] EYEHE HolE A
< FF37] YshA g9 Al hubellA MSCOCO tlolE A& WYgt gharo]
MSCOCO dlolE A& F7I2 AMESFATH27]. =] MSCOCO dHlolgy A =3
gk oA 571A] 9] Ftaro] AW E o R FAHE Qlo, thxo EIEWE
g oolu A 1071 P 5EA, o] 5EFHoE FAHAT AR
CartoonGAN-S 1§ 99} o] 471A] 3F o2 st o9t

w2} A el el sl 1,232,870719] th=o] EYEHE-E HolH %S
T ¢ dom 471A FFFo e 4,931,480709] EZEHE-IE HolH
Be FEE S Jdh
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Multilingual Text
Sentence

Closeup of bins of food that include broceoll and bread. [cLs] ‘ Eiess) Viactor
A meal is presented in bnghtly colored plastic trays
there are containers filled with different kinds of foods, l E ‘
Colorful dishes holding meat, vegetabies, fruit, and bread Tok 1 1 |
A bunch of trays that have d|fferer‘t food.
, 0 oAt o 12 % 5 . @ ’— Multilingual BERT [ |

UI*H "I S ‘3 HG}

340 B0 9 BB, e | [ & | N \

a9 10. ©=9°] BERTE °]&3% sentence vector &
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dolo] H@ 54e F234 RATY, A5H HiEdA olnx 44 e
A AR

HE FEan
(28] ®4¢ 54 WeE BERT mdelA wlAY & 2Ho|=EE sbel7)t

HolElsh A oln A& WA AAAE

H2RE 7% dolHE A4
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=
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layer2 FA ¥ blocke] & 6712 FAEH 9o blocks &= upsampling
sHAl Eoh

oA et AES AZ FolE= 3 x 64 x 64 =79 oM AS AT BEAE
convolutional layer, batch normalization layer, leaky relu layer2 /3% block,
F /12 749t Blocke A& 45 down sampling sl vlx|ete) B ~E 9]
SR Adeted FAHFgTA A IROIEGgmodE F8ll ARQAA 7HAIA
gt
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Text description t Embedding

|
results

Thisisa bleck and wh te-- /
Hz 279} ;—p = !
G4x64 | |

| l.realimages’

29 11 DCGANS o] 43 B2EdA ojnx 44 male] 72

DCGANE 83 e2EdA ofm=x 449l loss fuctione 2] 29} .
4 2014 GE A4A, DE TEAE £AT xE 4Y WEHol 1 2= AY WE,
p(DE AR BrEo] EANEE EdT Teln WEAE AR HolHe 7}
AUolHE THT 5 AR 4 29 go| = @S RER AHsn AARE
A% dolEgt Wd JH HoEE AASES A 20 Fho] Ze e )

s} §e).
£ 9704 A% DCGAN®| #EAE & 3714 E1ele] HolEE g o}
shabitl, AAl olFA-A HAEE Fom Busi UA omA-AZ =

o=
Egt AA oluA-AA EH2Ex= Azl #dAGEA gt A S UAE
?3ll label smoothing, feature matchingS AF&3l] AdFS AT

minmax V(D) = B ) -y, 0108 Do O+ B, ) llog 1=D(Glze@))] 42
D G +Ez~px<z),gw,,ttuog 1= D(Glzp(D))]
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#1&l Microsoftell Al F71& MSCOCO®} gh=oll A o]& HYste] F7)g Al hube)
gk=o] MSCOCO dHlolg A& AbAE<5E CartoonGANS Abg3ste] 7HE ©]H|A]
2 Wlgsinh Ao MSCOCO dlolE A2 < dHoly 82,783%, B} tlolH
40,50472] olm A7} glom oju| A 57| FolE2H HAHEo| Utk A7 T
=0l MSCOCO HlolH A& F7lste] & 13 o] g ojw|A|g 107]9] A &(3
o] 57, 3o} 57Pez FAsIY . CartoonGANS 47}A 3F o7 ojn|z| =
HPA D = Qo] 19 olmx[& /]9 EZEREES 1Mo E S W 2
1,232,870 tt=o] §1E dlolHE FF3H3T.

o
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1. EZERE-YE dlolH Al9]

oJu]x]

HAE
o=

‘A shower stall with interesting tile is the focal point.'

'A full perspective of a washroom with a sink.'

'A white bathroom sink sitting under a mirror.'

'l picture of a bathroom with a stand up shower
stall and a person's reflection in the mirror.'

‘A small shower behind a small bathroom sink.'

S22 EFUo] Qe AFY BA7F 2ot

At At el AAAY Ay

& "ol skeF &4 AJ3dvE Ao

AP BATF A Qln Ae
o] I=X &A1 Apxluyct!

- = L

Ate 84 a0 HE A A7 ek

'A baby is laying down with a teddy bear.'

'A baby laying in a crib with a stuffed teddy
bear.'

‘A baby wearing gloves, lying next to a tedd
y bear"

‘A baby stares to the left while taking a pictu
re with a teddy bear lays beside it .'

‘A baby lies on blue and green bedding next
to a teddy bear.'

ob17} Ele] wlojet & =9 Qrt!

E o] g2 A o I7F Aol = AU

Collection @ chosun




o] g2EE gy 7)ue] "B olux] A mdo ¢lEste] ¢
£ A7) 98 ool YE Floly Ae DOGANEHo| &ath thtol
g ~E°] 54 W= DCGANo|] Hlo|HE st5d o] AARICE ALAStEH
0] BERTOA FZE3ttH stEAzte]l o8 A€ %
ERQHEE FZst] ghgo] Jdgd woe A" 54
2 Ak g5l AHEE HlolHe 753 th=o] Y& HolE A4 st
o] 2etdol tiaf|A AFstPom ELRS dolHE AL 820,75271] thof
g 2E-E dolH #& g5ttt B dolEl= 405,040 7o) dlolgo]a
oJAE 829 HM&EE FFste] Wyt HolHe HX2E HolHE A& AT
Ao AFEFE olm A9 =7l 3 x 64 x 6401, noisex 1003+, batch
sizew 322 AASAT. 2891 FHEES AR, HEA 25 0.00020]

optimizer+ adam< AF&3}93th.

(
il
{

a9 128 3% 357 Z748] met Bot vlelE e giEE YA 4
2 ol v]

39S W A= A5 Yelle Folth I8 129 (@9 2o g% A

7F 1 dioll= ofd o] olm A& AAste AL &  don, a9 129 (e)9

Zol 1003'2177}le stol APLeE FA e ade Ae = ¢ U
T ]

ueba Aggakel AP Ao E43 HUE HolHE ARgst] ¥R olv|AE

= o 753819 o]l & =FolA 753 UE dolEel AFsiA dsd wd
ozt & AUtk
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¥ 13~15& 753 g
DCGANell g3t R< of A
E

oy
i

WAAE Agete BAE dolEe] HAES

BEE QEolT 19 13% 19 UE 247 82,

o=

oL

Fol= AP EYEHEE e W 8= fEold 1 16 22
ojmle] a3 EYERES d¥sde W 445 dEolith AME dAES
Hts o o] ojmA|ete] FAA S HojAY H2E FHEHIE FAl
sl o= A= Jd= e AT F Ao AAEE E48 BY Agoly §
3% 22 AAe & 2HsA Roe AL = F AAT oA 22 A=
a2 ee Ae 249 239 & ¢ Aok 39 158 BE 22 9ve] 3
o], Yoj2 & H2EE dYse W AHe HES 2 A= 44" 4
TS UEAZSE EYEYES IH dolof omzl Aol AE FASHA

® 2& HZE HojH Als & AFolA AQtste th=o] H2EA o]z
Ad mdo] dgeis w AHEE olv|
Inception Distance) scoreE Ar-g3te] %713k A <=o]t}. Inception score= A§4H
olm| A o] FHI} IS BrIeteE Haolw, FID scorew= AA o|m A&k A4
B olmAe EAFe B FERARES vlnd Hgo|th thare] " aEoA
olmlA A4 ==l inception scores= 4.992¢]w, FID scorew 22.212¢|t}.
MSCOCO dlolE] A& ¥<43% DCGAN == inception scorew= 7.8875¢H, T
o] YE doly AL %3 DCGAN mdeol Hx7l B Uy AL 7183
2 APsdS w om A
score’} RAl U2 Zlo® FETh

A& inception score¢} FID(Frechet

# 2 tho] EaEdA ofmA 44 mu BB

golg Al Inception score FID score

gao] Y& HolE Ao

4.992 22.212
H2E tfo]E
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HXE AA oH A AdE 7R olF A

oj 7kt Hol &3 A7}

A B

EENEERE BER
A= Y T

22 B2 9
g7 9 A= IA , \
HA A

Ag obdel Y= 44 i
CEL

& A7} A710A
HU2~ 2e Al
B

I% 13. =0 8l22EE DCGANY| f¥std<s o A== &
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HXE AA o] A A8 7R olm A

youth surfing on a body
of water outside

This is a black and white
picture of a chester
bench

A smiling person holding
a snowboard standing on
a snow covered hill

A turkey dinner shows
corn, peas, mashed
potatoes and biscuits all
on one plate

A business called Ray’s
Tavern with motorcycles
sitting outside it

a9 14, go} "9l 2EE DCGANe f4¥€side o A== YE
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& At ARl ot
shekel 4 A9 E sk
s

A man surfs and plays in
the foamy ocean

FES W
. 2

x] 5‘%‘ A

el ok o}

A=)

A plate of food with
bread, grape tomatoes,
cheese, cucumbers and

sauce on it

Two beds in a room with
a light and green and
white curtain

2EE DOGANS| 93tsie W 448s 9%

a9 15 22 vl g2EE
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A CLIP < o] &3 HEREE St W

'A small shower behind ...
‘sSoj2L R0 Qe Multilingual BERT —I * T, T, T T, Ts

0.2 03 05 0.1 0.4

I

0.8 0.2 0.1 04 0.6

0.3 01 0.7 0.2 0.5
I3

- 0.6 04 03 0.8 09
Vision Transformer i > > I
Projection 01 0.5 04 07 0.2
Layer Is

a9 16. CLIPY Fx¢} g 2=E-o|u|x] %9 logits FHL

2 dojAds EYERE-YE HolE A HERY g5 T3l A2 &
W Qle] dlolE Aol fAIEE A %Th CLIP Rde H2Ee} o|nx| 9
F=% 4 9= transformer 7]4¥ke] th=+o] BERTS} Vision transfromer
2 ARgstal Z424e) 15t o] mpA|gr AlFo Fdg 512219 <hd
J FF ATl F7HE Fxo|th

o
to

NE]

r2ome o b

i)
iy
ofe
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# normalized features
image_embeds = image_embeds / np.linalg.norm(image_embeds, axis=-1)
text_embeds = text_embeds / np.linalg.norm(text_embeds, axis=-1) . A'B

similarity = cos()) =
# cosine similarity as logits ||A“ ||B”
logits_per_text = matmul(text_embeds, image_embeds.T) * logit_scale
logits_per_image = logits_per_text.T

Y 17. CLIP =R =0 A el AR FAE AAF WY

a9 18& logitsE Foh= W wix =7)7F 59 o logitsE g dloltt
o714 logitse B 2~ES} ojm2] Ato]o] AR frAbEolth 1§ 17904 E &
Uxo] HAEQ} oju|z] Alolo] FAR] FAIES] SAHL H2E9 EX HE}
olmix|e] §4 WEE Aty FAFS T3 7T F Atk AR FAEE
158 174A ] 3hg ZHA =Y 1ol 7k E THE frARRRS Sgith

T T, T;3 T, Ts
0.2 0.3 0.5 0.1 04
! labels = np.arange(len(logits))
0.8 0.2 0.1 04 0.6 acc_i = ((np.argmax(logits, 1) == labels)).mean()
I, acc_t= ((np.argmax(logits, 0) == labels)).mean()
acc=(acc_i+acc t)/2
0.3 0.1 0.7 0.2 0.5
I3
0.6 04 03 0.8 0.9
Iy
0.1 0.5 04 0.7 0.2
I

13 18. CLIP =3 oA AF= A4k W

23} vmste] 24 & ok 1Y 18004 2EEL A AL logitsS A
of % S

EFzolth AY dolES numpyd arrange ¥TTE
- 27 -
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AbgSle] & 4= Utk o2 So] 19 1894 logits:= 50]7] wj ol np.arragne
s AgsS W (0, 1, 2, 3, 419 FES LS F Utk o] FHFY 2 7

ol Al OHA, 1A, 2HA, 3HA, 4Hx A9 2o J&= s 3o
np.argmaxdre 2 qelA 7 F # AddxE FE oy T oA
AARgkel 1dwie 33, 0dwle dolA 714 & @9 Y25 =t acc_iolA
np.argmax(logits, D¢ Azt [2, 0, 2, 3, 317 2& wjdo|t}. o] =& 7}
oA 2HA, 0HA, 3HA, 3HA dd xof = Fol 7 Ave A 3T
ol & widd [0, 1, 2, 3, 419} argmaxe] A= wjd [2, 0, 2, 3, 3]& vln3tA
2o True, tt2H FalseE HH3slA ®oh welr]  ==" AMNAE FYP39 S
ujo] Ax}t= [False, False, True, True, False]l2 UelU™ o =zka Ao
ol fr&

YA G W &L 0dolth o7 A #olEel widol [0, 1, 2, 3, 419
27 18604 e 9l o) logits(91% o] Thehl RE)S St A WAHo
NE A% dolgols] WEe] BB 1o /e AR F4
ylof @t} 18] Wi ol 4 W Qe ol 9l logitse 7k ol 7hg
2 e Yenjol A metd FREE ek o= logitsd AH dolE
she] QA WS et

CLIP lossE 3&}7] 98 <A Al4k3 logitse 3 Wk, & ek Zhzhe] cross
entropyS T3 & HFS 8 CLIP lossE AAsHAl @) wpxjgto g2 Aakd
lossE 9l 2~E, o|u|x] Z} Qliit]o] Yulo]Est] CLIP A F3tolA AME
ALgE HlolH o] EA & 7P~é¥7ﬂ, AE OE HolHe EAL HolAEE 353
A}
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B dlX= A b= &4 shuel oJmA|E CLP 2l 9
b =95 = %‘Hﬂﬂ”% Abgste] PCAE T LWk 234E &1
= Aol AR HolElelH A WA, F WA

drdol & 42 olvAe} onrt & &40
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fl

3 AR SHe A7 BlaL HolH
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“Aadzh de s AAHA Ay

“A full perspective of a washroom with a
sink.”

LEAA L AET

“a couple at sunset” ,

FAEERA e T

“a horse on the highway” ,

", oA mel A, a3 @ zel B

“a cabbage, six friends, and a glass of

water”

FaE Agol e A7

“a house with parked cars”
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# 4. EYEHES} Eolux|o] CLIP 912Y #

44 =449 539 FH

torch.Size([1, 5121

‘A shower stall with interesting tile is the focal point.’ torch.Size([1, 5120
‘SHIEE Bdo] e AR 27t

torch.Size([1, 512D

24tk

EYEYE-YE dolE Mg 5T CLIP H2ES} A& YHsto
9

SRS W 95 9WE BER HEDE & 49 Zoh CLIP 9

= =
2 =24 HolHE d¥dle W E9H= 549 dH=
Zhd]olth 3 4olM & o 9ol shue] HolHE UY
of duld %kl Fei= [1, 512]°]0
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A ke sl AR A 52 %
“A full perspective of a
. . 53 %
washroom with a sink.”
AEAAYg AFET 2 %
“a couple at sunset” -3 %
‘nEERdA gEE wr, 15 %
“a horse on the highway” -18 %
“oFElE, oA W] XA, aga
_ -10 %
gk zkol &7
“a cabbage, six friends, and a 5 o
glass of water” ’
“FAkE AEo] e 7 -4 %
“a house with parked cars” -2 %
E 5= A &4 o|nAE CLIPY ¢gsted 283 duMdas IA
AARE 54

& Aspolth. 4@AH ojmAe] thd LwE Aol FIFHEr}
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¢ %ﬁ@%tfriendS, and a glass of water s Text

_ N - ok ® Image
s, A Fol 21, 12|10 B 2o =

SEO7E A= SHEHO| A Al MY

A full perspective of a washroom with a sink.
aAE 50| U= A
& house with parked cars

T ta| = m
;arﬁﬁrse l(ﬁe %
-2 0 2 4 6

a9 21, &5 HolE 9] CLIP 9w e PCA 23
% 21 3 39 HolE]E CLIPo| dHete] =3 dWd W9 PCAE <+
343k Axlolt}y. PCA™, Principal Component Analysis®] ¢FAtZ A =& 29| o
OlHE ANY=4E T3] AU Fow FYdtE Aol 1Y 2104 F3
A e JEd g 2B oWy WEo]aL oAl I o]m| Ao ME ot
AFAHY & 594 B F Ue B
W7k Al fAs=E Ae o

[e)
— A= pud
of, o] EPlEWES S Hl%E BTl

e HAES YD olH A} 713
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A full perspective of a washroom with a sink.

o Text
AR} Q= BHAI0] A0l Y * Image
3
2
@
1

abquse e Ratked, cars I'
0

r JAQSERKy tetiobway
Odff= of Al 2191 2|4l st 2t
g ﬁabbc;ige 5|x|fr|eﬂds ar|1d sslo water
2 LE0M2| 72

a couple at sunset
-2 0 2 4 6

O™ 22. e olvAE dYstle ul CLIP dulde] PCA 23}

a9 2% % 39 @ol-9o] EYEUES TE oNAE ¢
PCA Astolt}, of olmAd] st Lule =
Sl R olth 1Y 24 B % 01501 e
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A horse drawn carriage is parked along

the curb.

oju]x] AA - Top 1

A o]m |

I

olmlx] AA - Top 2

olm|x] A - Top 4
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A black bear sitting on rock with mossy
patches.

olu|z] A4 - Top 1

olm|A] HA - Top 2

olm|A] HA - Top 4
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olulx] HAM - Top 1

olm|A] HA - Top 2

olu]x] AA - Top 3

ojmz] AA - Top 4
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48 g2E@H 1 E)

¥ °lvA

A= &7

Predicted label: Kitchen
Bedroom’, [ e - - |
B Bathroom: 0.188
Office’,
. , Bedroom: -0.046
Kitchen’, .
- , Office: 0.130
Living room’, .
, , Kitchen: 0.384
Beach’, .
, o, Living room: 0.063
Mountain’,
; N Beach: -0.031
Stadium’, .
, , Mountain: -0.059
Restaurant .
, , Stadium: 0.017
Forest
Restaurant: 0.121
Forest: 0.043
Predicted label: Forest
‘Bathroom’, | | mmmme—
‘Bedroom’, Bathroom: -0.131
"Office’, Bedroom: -0.047
‘Kitchen’, Office: 0.006
‘Living room’, Kitchen: 0.076
‘Beach’, Living room: -0.037
"Mountain’, Beach: 0.006
‘Stadium’, Mountain: -0.015
‘Restaurant’, Stadium: -0.033
"Forest’ Restaurant: -0.062

Forest: 0.198
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‘Beach’,
"City street’,
"Forest’,
‘Kitchen’,
"Mountain’,
"Office’,
‘Restaurant’,
‘Skatepark’,
‘Swimming pool’,
"Train station’

Predicted Ilabel:
Train station
Beach: 0.139

City street: 0.071
Forest: 0.114
Kitchen: 0.134

Mountain: 0.010
Office: 0.221

Restaurant: 0.191
Skatepark: 0.194
Swimming pool: 0.083
Train station: 0.525

‘Beach’,
"City street’,
‘Forest’,
‘Kitchen’,
"Mountain’,
"Office’,
‘Restaurant’,
‘Skatepark’,
‘Swimming pool’,
"Train station’,

Predicted label:
Beach: 0.119
City street: -0.086
Forest: 0.352
Kitchen: 0.142
Mountain: 0.133
Office: 0.086
Restaurant: -0.012
Skatepark: -0.014
Swimming pool: 0.000
Train station: -0.246

Forest
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Wd A3 MRR@le|A] 0.23, MRR@59| 4 0.47,

e QT

E
AR ® MRR@1 MRR@5 MRR@10
MRR@K 0.23 0.47 0.51
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grass

Six teens playing frisbee in a field of

© AHE o9 A-1

(@ AAEE omA-2
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A person in a ski suit is skiing.

© AHE o9 A-1

(@ AEE omA-2

BB N N B OB 3
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A horse drawn carriage is parked
along the curb.

© AHE o9 A-1 (@ BQ" on|A-2
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Electric appliances crammed on a
counter in a kitchen.

(© A9 olv=|-1

Collection @ chosun

_52_




# 17 CLIPS 3H4F 22 o &8 UE A4 2% - 5

(@ CLIP 93 == () 7+ FALRE ol HA)

A woman cutting a large white sheet
cake.

(© B4 ol"=A-1 (@ | olmA-2
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Man riding a motor
bike on a dirt road
on the countryside.

The wind whipped

through the rider’s

hair as he navigated

the twists and turns
of the path.

The sound of the
engine echoed
across the fields,
disturbing the
peaceful silence of
the countryside.

He couldn’t help but
feel a sense of
freedom as he sped
along on his trusty
machine.’
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A young boy
stares up at the
computer monitor.

He seems to be
fascinated by the
image on the

screen.

After a few
moments, he
adjusts his glasses
and begins to type
furiously on the
keyboard.

It's clear that he's
up to something

important.
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Children sitting at
computer stations on
a long table.

They are all focused
on their monitor.

The soft hum of the
computers fills the
air.

The room is filled
with the sound of
clicking keyboards
and occasional
laughter, creating a
lively and bustling
atmosphere.
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