O|X|= AP 8111 (Language),
H 11 (Vision), AIAMGl=
| arge-scale Multimodal2| A|CHIL|C}

HEH
NAVER Search

NAVER DEVIEW 2023
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1. Why Large-scale Multimodal?
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1.1 Multimodal oooa

Multimodality

Text: "R} I 2 ABH"

HEEQH—']‘" )

Voice:

Applications

* Multimodal Search
« Zero-shot Classification

* Multimodal Generation



Language Models

» Encoder: BERT(110M size, 3.3B words), RoBERTa, ELECTRA, ---
 Encoder-Decoder: BART, T5, UL2 (20B), -
 Decoder: GPT3 (175B size, 300B tokens), PaLM (540B size, 780B tokens)

Org

Access

Size

Pre-trained

Base model

Pre-training

corpora size (F

okens)

LaMDA

Google
L-

Closed

1378

Unknown

BlenderBot 3

Meta

) pen

17

Sparrow

DeepMind

Closed

0B

Chinchilla

ChatGPT/
InstructGPT

OpenAl

Limited

Unknown

Assgistant

Anthropic

Closed

228

Unknown

NAVER
DEVIEW
2023

https://huggingface.co/blog/dialog-agents
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1.2 Large-scale Foundation Models 2625

Vision-Language Models
« Encoder: CLIP (150M size, 400M image-text pair), ALIGN (1.8B i-t pair), Florence (900M i-t pair), -

* |mage-to-text Decoder: SIimVLM, Flamingo, -

« Encoder+Decoder: BLIP, BEiT-3, CoCa (2.1B size, 4.8B i-t pair), PaLl (17B size, 10B i-t pair)

https://laion.ai/blog/large-openclip
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1.2 Large-scale Foundation Models 2625

Text-to-Image Generation
« DALL-E (1.2B size, 250M image-text pair), DALL-E2(3.5B size), Parti(20B size), -

A green sign that says "Very Deep Learning” and is at the edge of the Grand Canyon. Puffy white clouds are in the sky.

3B

“.‘. m - .....V.E‘.R..Y....
VERY LEEEP J | o DEEP LEARNING

ELEARNINS

RAN ENAYON Y

€

https://parti.research.google
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1.3 English Image-Text Dataset 2023

SIk|0] U= Large-scale multimodal dataset

1. LAION—400M/5B!Y : Common Crawl €!H|0|E{0]| M image?} alt-textE +F

LAION-2B-en: 2.32B

LAION-2B-multi: 2.26B, Ct=20{
LAION-High-Resolution: 170M, 112}& 0]0O]X] (>=1024)
LAION-Aesthetic: 120M, O|= 0|0|X|

[1] https://laion.ai/blog/laion-5b/
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1.3 English Image-Text Dataset 2023

SIk|0] U= Large-scale multimodal dataset

2. Public Multimodal Dataset—70M!2!

Conceptual Captions (CC3M, CC12M)
WIT (Wikipedia-based Image Text)
Localized Narratives

RedCaps

COCO

SBU Captions

Visual Genome

subset of YFCC100M

3. COYO—700Mi3!

[2] https://huggingface.co/datasets/facebook/pmd
[3] https://github.com/kakaobrain/coyo-dataset



2. Billion-scale
Image-Text Korean H|O|E 115
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2.1 Image-Text Dataset 2023

Cjo|E| AA SR
- L|0|H LHEOIA 22 image-text C|O|E{ (>1.5B)

+ ALE0| 5| 8&l 2|7 HO|E MM = F= (>6M)
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2.2 Image-Text Dataset Filtering DEVIEW

o|Ojx] HE{F
1. O[] x| HIEFE & 7] ut

- Image size, image size ratio, white pixel ratio

min(w, h) >= 200
max(w, h) / min(w, h) <=3

num_white_pixels / num_pixels < 0.9

2. OCR

- Detection box ?liz=, ZA| O] O] X|0f|M box HA 2| H|=Z
3. Watermark

- https://github.com/LAION-AI/LAION-5B-WatermarkDetection

"ocr_num_box": 42 "watermark_score": 0.9
"ocr_ratio_box": 18%
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2.2 Image-Text Dataset Filtering DEVIEW

O] = :lI . |
-T-JEI L EAM A= 218 EHE™ 3 Tk
.28 /H|50 /82 /o1edE ZghEl FH|o|A
-7‘9—2‘1'?431% o, (i o FOIHS T3t tHo EfH| 25 Ho
- X|Y9 =4 email &2, URL 4
2. 2o|0[St Ch bhe o)
3. (EF=)XI2 & / SOl / E+FXI H[=0]| 50% 0]¢l AH[o|A
4. %t=, Qo 2|9 AHo{7} Zgh=l FH|o|A

5.2, 3}, G5, AZL 27X}, X7, AR 59| count X|2h ehg0| LLO| =T} &l = THO{S

i



2.2 Image-Text Dataset Filtering 2623

NAVER
DEVIEW

Image-text similarity score (KELIP!!! &8) HE{Z

« 3M O|O|E| AIO|=O0||A zeroshot A

= H|w = £|Ho| HEZE kelip score &S

. Text2 BM NEHCH= 2|E 20| AFREI=H| O M=

KELIP score0]| [[}= G|O|E{ X

0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55

[1] https://github.com/navervision/KELIP

KELIP scorelil [[}= Imagenet-kr zeroshot ‘g5

£210|0|X|-query - =0|0|X|-query - =Z0|0]|X|-title

031 032 033 034 035 036 037 038 0.39
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2.3 Image-Query Xl mo| 2ol DEViEW

H|0[H =A10l CHet O0JX] S&

(OIIIIIII =5 H2|) ;HIOIH A EIAE B 3]

OIIZIIII7| e 7189F HE™

Image_hash/2A/22! FEZ join {

“Image_hash": " 0001809359 ",

“image_url": "--"

"image_size": [512, 317],

"title": "AF2|Q! OFLSLIE MIZH2 O{CIA? DRISHRIZ T ZT S0lsHMIQ!",
0001809358.jpg "query": ["0FL QLIZ HIZ", "0k QLIE"],
0001809358.json "title_kelip_score": 0.40019,

0001809359,jog _l_' "query_count": [5, 2],

0001809359.json "query_kelip_score": [0.40338, 0.42050],
0001809360.jpg "image_white_pixel_ratio": 0.02587890625,
0001809360.json "watermark_score": 0.22796085476875305,
"ocr_num_box": 1,

"ocr_ratio_box": 1.1510213216145835,

GPU 7|2t O|0|X[-EAE EE T
(Watermark, OCR, Image-text score)

¥

train-000.tar

train-001.tar
https://github.com/webdataset/webdataset }



3. Multimodal (Vision-Language)
Foundation Modeling
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3.1 OjM AFE = HAR Model VAW

StanfordCars

Country211

~ Food101

(1) Contrastive pre-training ' :..»;n.f. r,.-'n-v;.--s; | ) aaN A Score Klnetlcgé_([)_(z)
el P A SUN397

ImageNet 7 k|| N T oy i - ~ 0% UCF101

= i\ - 3 * HatefulMemes

Pepper the . Text v o YR -’ CIFARlO

aussie pup — Encoder W N i o' ! : 24 - ClFARlOO
ImageNetV2 .o . by . STL10

FER2013

r , | Caltech101
ImageNet-R . : S 3 . 1.4 ImageNet
5 i , OxfordPets
| ; s BN PascalVOC2007

octNet | L ¢~ | : . 3. 2|8 Birdsnap

ObjectNet ek ey ‘ N MNIST
1. T ‘_ 4 ~ 11.3 FGVCAircraft
Encoder : o R e e ImageNet ‘ s -11.9 RESISC45
Sketch , < : » ' «12.3 Flowers102
: DTD

- — 18.2 CLEVRCounts
ImageNeal-A "’ @‘ : RE— . ; ’ GTSRB
AT .n—?: 3 e _,_.,’ E 195 PatchCamelyon

KITTI Distance
EuroSAT

-40 -30 -20 -10 O 10 20 30 40

Learning transferable visual models from natural language supervision. PMLR, 2021
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Domain-specific Image-Text Retrieval Model

. Attribute tags
(Black, High top, ...)
Shoef/,\\
I |
\\‘:--:_/
Sneakers [ 'H:-\\' Loafer [ }’\'
| B | L
P e .
,-—f\'j""'—’ /—ff.\ \/\{ e
Produvctname ( Y ( Y ( )
\ > / "\ - / "\_____/
fszfif ‘E\‘Km\
TN 3
LW . Title/Query
Color Lockdown Materlal (NIKE Air Jordan 1 RETRO HIGH OG)

Langquage
Foundatlion model
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3.1 I A= =M HA Model DEVIEW

Dataset: 24 o4 O|O|E{ = Image 2} T{M £ Text pair, & 66M
Image+Text(PHE| 1 2]|) <—> Text (&) a5

=M 7|2 £d 22 templatel]] 20 2%t oM &5
Ex) "0l SE9| [EAEIY]2 [2IRE E] |ILICH
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= HAM Model

3.1 08

ME &4 55 oA

O|0| K| + 'X|0Ot

I

pfl

O|OfX| +'4&

O|0| X[ Only

o
K-
K|
4t
i
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3.2 Prompt-CoCa Model 2625

J% o[ o 839l DU THEO|HX}
« Contrastive Captioners are Image-Text Foundation Models (CoCa)

» Image/Text Encoderg &-806}= EfA3 FTt OtL|2} Image-to-text WEE s

CoCa: Contrastive Captioners are Image-Text Foundation Models, 2022
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3.2 Prompt-CoCa Model 2625

Dual-Encoder Contrastive Loss

7I-E-IQ-I Coca mOdEI foo_ 1'_ o e::-xl'}[f':.!fj,f_h,.-""f-'T_}

N T,

N exply;, ri/o)
: — + ) log #I
2j=1CXP\T; Y;/0) ; E i1 exply; zj/o)

image-to-texi lexi-to-image

two dogsrunning in a field [/s]

I T A I Encoder-Decoder Captioning Loss

Multimodal

T
Lcap = — Y log Py(ys|y<i, z).
Text Decoder —

t=1

-—
attentional pooling cls-token .*_l—;.f— Loss

Image Unimodal

Encoder Text Decoder
| r1T1T 1T 117 11 "
O00000000000 [s] two dogs runningin a field [CLS] EEE *l-olz
CoCa-Base CoCa-Large

“two dogs running in a field” pairs

# Params Image 36M

Encoder 303M

# Params Text

Decoder 297M 484M

# Params Total 383M 787M
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3.2 Prompt-CoCa Model 2023

S| Text AE}UO| LS CECH)

= O AFEEOq O] & Ol

D H= AEF S=38 A 58 AEIR

"title™: "AF|Q1 OFFLOLIE RIZH O{C|A{? TTIBIK|Z T XIT S0IstAQ1"  “product_name": "2021 0|Hd M2 915 EC3|A A=A,
"category”: "TA19| 2|0 Mo 2 mtE| 2"

%l E’l éEl-oEI "fashion_attribute": {

II_$_ ilel: :II*l%II’ II%E'O_"AE_"E"]’
Il%j xol.ll: Ilu E|"’
II_ALul_jlxol.ll: II?_I_*_DHII’

II%_-I%II: II_?_-"EO_IEE:"AII’

O " n. n A n
llAa_lEAEl_oEpl "Aal'?_lu}

Ilqueryll: IIO :?_ %L % x_"x_ll_u

llquery": IIO: -I?I-L %ll

"caption”: "2021 ME AI=|X FA| 22t18E | ZAE]"

||Capt|0n|| ||-?11|E| Dl-EIé x_l|. I:I%X_"'
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3.2 Prompt-CoCa Model 2023

Prompt-CoCa : G|O|E| 2AHE Prompt EE28 1 &0l S5
e« 2M A= D HM AEIY: “[PROMPT]" + caption/title
2| AEMY: “[QUERY]" + query

o AED AEIU: “[SHOPPING]" + product_name
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3.2 Prompt-CoCa Model 2625

Prompt-CoCa M®J}: Imagenet-kr zeroshot

) 3456 7 8 910111213141516171819202122232425262728293031323334

e LTy prompt shopping




3.2 Prompt-CoCa Model

Image-to-text 44 Of|A|

NAVER
DEVIEW
2023

0|0|X|-to- 2| Finetuning

MSCOCO en/kr Finetuning

N

En-CoCa: a person riding a skate board at askate park  En-CoCa: a red and yellow train on the tracks at a station .
Ko-CoCa: 23|0|E HEE Ef= AIEHO0| 2I|& F2|11 . Ko-CoCa: 2+ Ainf L2t AHo| J|X[7} 2|k} 0] S0{<L},

\

\

™ -_;:?,. = ,
En-CoCa: there is a cruise ship in the background . En-CoCa: a kitChen with a étove , refrigerator , sink and cabinets .
Ko-CoCa: ¢t F2|Q| Af=S0| 24HS =11 5H{EH0]| Bt0f QLY. Ko-CoCa: L}= F{H|5lz} Ltz o} Q)= H o

Ko-CoCa: AFEE 2}EE2

Ko-CoCa: ZEZ 0F77H%t
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3.3 Modality-agnostic Model 2023

Goal

. StLte| I 0|0|X|Qt HIAE BS0 CHa 5
-+ SE XE| 2PF0|M O|0|X|2f HAES M2 5
- Image, text encoder?f weight share

Prototypes

Unifying Vision-Language Representation Space with Single-tower Transformer, AAAI 2023
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3.3 Modality-agnostic Model 2023

« Moco v3 2| Contrastive Self-supervised Learning framework £ A&

Contrastive

Encoder Projector  sarifig

Naive Approach: Modality GapS =+=51A| Z5t1 Sk Alnf
mage®t Texte= (59| kg 28H0) HEHo| gH0| I

ol [
o
N
I
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3.3 Modality-agnostic Model 2623

- CTR(image, text)?| modality gap IE0| 0{2{L| CTR(image+text, image+text) £ &5

student teacher student teacher

- Vision £0t0jlA ‘22| AE|H Mixupg &8 > “Cross-Modal Mixup (XMC)’

Lxnmc = ctr(

* Cross-modal Mixupl £ & modality 7t2| X}0| & &o{FH BEA2 AA R ot I35
* VisionO|A12] mixupO| =2 decision boundary& smoothingo}?| #l¢t =X 0|R}CHH,
XMCE O0|2A Q| &= J&S ofLt2l common ground = projection
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3.3 Modality-agnostic Model 2623

Contextual Invariance
MHE X2| 2}H0j|A| O|0| X[} HIAEE ME FUSHHIAOR &t

» F(image|text) = F(imagelimage) 7} EICIM modality-agnostic reasoning0i| 717t9{ & 4

OIQ
M3 -

« O] Iy F(X]Y)E= Y& context (key, value)Z M= [ X (query)2| Z£|& representation ([cls]

F(UI\T)+ F(T\I) FUII)+ F(T|T)

),

J'if_'_;.*jf_'_: = 1T (

s s’
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3.3 Modality-agnostic Model 2023

Contextual Mixup Contrast

» CICQ| objectiveE HE0}E| HLC} Thot LHotEl HEHS| CMC E £IF A|2t

, FU)+F(T\T),
E;;'Mr.;f = Et?‘(F{_LT[I, i-.r!h_}j - ( | ] 5 ( \ ]}

el

MMM
N B

-+

Imagenet MS-COCO

Method Top-1 Ace. TR@5 RG]

MIM ITC MLM ‘
CLIP 17.1 34.8 10.9
SLIP 23.0 45.1 15.6

T T

' 1.6 2.0 0.7
[TC (two heads) 17.5 26.8 10.7
I'TC + XMC 22.1 48.1 15.2
I'TC + XMC + CIC 22.9 " 48.1 16.3
ITC + CMC {OneR) 23.T 48.2 16.9

Transformer
(Online / Momentum)

T

A group of ducks
walking down
the stairs




3.3 Modality-agnostic Model

s “J*IUI%

Zero-shot Object Locahzatlon

“bottle”

Text-guided Visual Reasoning

. in Multi- class Setting

... in Unfamiliar Domains

“dining table”

“bird”

Multi-modal Retrieval

“long neck”

.. by Obj ect Defimtlon

“A hrg African mammal with a very lo ng neck and forelegs,
having a coat patterned with brown patches

“A connection point by which firefighters can tap into a
water supply”

NAVER
DEVIEW
2023

Text Embedding2} Image Patch= AFO|2| similarity & A|Ziglol= 21 2te 2

Object localization ==2| Hust E7H0| 7}=

b

CLIPO|L} ALBEFQ| ZH< image, textE 22 3
[o{ A

o
operation2 2756}11, Grad-CAM2 0|83

embed otX| 2fS 8 = similarity

213}



4. Korean Text-to-Image Generation
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4.1 Stable diffusion 2008

» Auto encoderZ &259| pixel space?} Ofl latent space0j|A] diffusion
processE I3l

e TextE E820l= P2, text encoderE &9l LI2 embedding= denoising
1P’J0|M attention= AL [ FO{E 2 =M guidanceE X &

Latent Space Conditioning

Diffusion Process —» Semantic
Map

Denoising U-Net €g 27 Text

Repres
entations

Q £ Q , Images

W
denoising step crossattention  switch  skip connection concat

High-Resolution Image Synthesis with Latent Diffusion Models, CVPR 2022
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4.2 Text encoder training 2028

7|& stable diffusion modelQ] otA|H

* Text encoder® A1 Q= CLIP REI0| QO] O|0O|E & et =]

» Ot= promptE ALE5H H/d5IH HSot1 7| 1|ot O|0]X] 44-d
Prompt: "B0X| AFZL "
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4.2 Text encoder training 2023

Staal
- Knowledge distillation2 &
T

embeddingt &82% 4~ 9!

7|& English latent spacel]| Korean

-

ot 2 English, Korean 25 &2 latent spacedO|A| B9 It

English Text encoder .
/ — ENG-ENG embedding

Text pair

\ ENG-KOR
OR Multilingual(korR+ENG)Text encoder embedding KOR-KOR
embedding
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4.2 Text encoder training 2628

TSNE A|2IS}
 Original model(CLIP L/14) vs Multilingual Text encoder?f text

embedding H| 1!

BEFORE

CH2 H0j Af0|2Q| gapO| kS| =X) S Y%t G|0[E{0]| sl English embeddingzt
Korean embedding0| Z2 latent space0i| 2|%]
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4.3 Text2lmage Inference 2628

Multilingual text encoder0|A| embedding® FZ73t F| denoising 2P 0| A
cross-attention
- UHIMO 2 50 step M Bt 17T 2-3X9| inference time 428 (A100

e User Prompt >

‘T 7+ 2OkK| £ Hhch

Token length x hidden size
Text embedding

Latent Seed—p

Gaussian noise ~N(0,1)

Scheduler 512x512

Generated Image
Repeat N

Scheduler steps
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4.3 Text2lmage Inference 2628

ol 2 X| = HICEA S, 4K

Original stable diffusion I Multilingual stable diffusion

T ih
=X =
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4.3 Text2lmage Inference 2628

A1007|& ‘48 £k (step 30)E EE
 Prompt: ‘0| ALZI'
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A1007|& 48 s(step )2 S
o Prompt: ‘Of2iA EA

5 steps 10 steps 15 steps 20 steps 25 steps 30 steps 40 steps
0.356 sec 0631 sec 0.879 sec 1.842 sec 1.414 sec 1.666 sec 2.203 sec

/

S steps 10 steps 15 steps 20 steps 25 steps 30 steps 40 steps 50 steps |
0.408 sec 0.681 sec 0937 sec 1.197 sec 1.456 sec 1.72 sec 2.246 sec 2.774 sec

. ’] l
| Ll

10 steps 15 steps 20 steps 25 steps 30 steps
0.622 sec 0.885 sec 1.149 sec 1.413 sec 1.681 sec

A




5. Multimodal Document Search (MDS)
MH|A M8
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5.1 Multimodal Document Search (MDS) 2633 "

jojt2| HE|RE FA AM AMH|A OfjA|

| |

H0|H2| AMZ2 FA] 2 O|0|X|2 32 2| R&3C

- FEEA 327 2|H0|A

0jojx|2 32 2|F&ZC]

- 0|0|X| vectorization0]| VLM 2t
- HE|2E oo Chgh 24 A 3 Z — Text Neural S vz

Matching & Image Neural Matching
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5.1 Multimodal Document Search (MDS)

B\
|l|=
= TH
|A
RO
gu  HO =
<l <0 <O
N XX
4 _F ©
o] ol Tl oF
L
el 20 g X
ag Wl A
n_.__uE_=|_u
H.A_m_._._O_
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| ANLE Ul 7I=

@ =sstaw B ADIE MY 74 :




Image score ™I} 2|=

5 : 2|9t AIBHAI0| UOD (TR, QT BB US) AL EHY £22 F
4 2|9 PEA0| UOLE (FA, 0| HTHA U2) B TR W2 FX| 943

3 : 32|} 912t 0] okt (x| H =003t QL)

L. L- O

2 (ME%2) : Hel2t ofo ¢Eko] 8= o|of x|

Hel: sz LE

NAVER
DEVIEW
2023
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5.2 A0LE AY|E 2623

M5 Wx|op

» image-text similarity score ¥ 0|5}= ZE{ 2

Naver_VLM_base Naver_VLM_large

Coverage 60 49 (81.7%) 44 (73.3%)

47 45 42

Image_score >3 13 (21.7%)
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5.3 BE|RTF 7|

[
B
P
e
HH
oY

I AHE 24 oY

Image

Image Retrieval

Feature -
Naver_VLM1 L-
2i= | ojo|x| ojojx

Fashion Object Crop OJ0}X]

. i
Detector Naver_VLM?2 l-
Naver_VLM3 L-

Image-Text
Reranking

-

LIO|?| XNBAH3 2L ZERZ
EMB A2t

LIO|Z| XNBAHIA 22 2|EZ
EMB APt

L{0o|3| 3 8}o| H 2l g2t
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M oAl

U

Ol

21
(o

7| EN

AM-E HIEIHO|H = &

Al

1]d

Hol|0[2k AHIO| TN E AL A
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CH | C| ||:| H* AFIE HAH DEVIEW
5.3 BE[ZF 7|P I &5 B4 2023
— S OlS 0 H =
olF A= Flet My X IT ERI
. THA} AR = ["H|O]H|AY 2, "HIEHY S "EIHA 27 "H|O|X|A] 2, "2SA £ A 2 LMY 2 "SI £ .. ]
o EHé)l.I[HIE_.I ["EIII:”—l O|E" "J%DI_' O|E" ||E|=D|_ OlE" |||=|E:|?|_ OlE" ||-6I_|=D|_ OlE" ||%?|_ |Ell "x."q I:Il_l OlE" ]
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Data

s

= 0[0]X] ‘88 7

=l

ol data imbalance

ionC &£ ol{&

augmentat

Sagg -“.ﬂ.ﬂlvtt.

eogy

»

/aan//n“ V}.,/\Vyﬂ/, Z \%

2.
L2200 (XY i
S

iy
7 A &

&
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5.4 Future Works 13

DEI=2 H 3A|, IO|E= O B0]
+ O CtASEEHA TN HE (Visual QA/LHZL, ...)
- MDS CHA ZHE | 22] & =X 2HE
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5.4 Future Works 13

Fashion image to image translation

Input image User Prompt

N sneakers”

Multilingual
Text encoder

Token length x hidden size
Text embedding Edited Images

Edge, Text 64%64 o

conditioned
Latent U-Net

VAE
Decoder

Latent Seed__, 64x64
Gaussian noise ~N(0,1)

Scheduler

Adding Conditional Control to Text-to-Image Diffusion Models, 2023



5.4 Future Works DEVIEW

2023

Input Image BEe - 8 = ‘
i ° | = 1 |+ 22|Ltal/sR/2 /5 . =
=S — = = B

a
'ﬂ

Top2: Ot2|LHi[0|, A7tE=



Thank You

donghyeon.jeon@navercorp.com



