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Human vision consumes 50% brain power

Van Essen, Science 1992



Human invention of written language

3500 BCE

2000 BCE

1000 BCE

Hieroglyphs

i

Linear A

Linear B

Hieroglyphs

SYRIA
PALESTINE

Proto-Canaanite
alphabet

Phoenician
alphabet

MESOPOTAMIA

£ &N

ASIA
MINOR

Hittite cuneiform
Hurrian cuneiform

Ugaritic
alphabet

ELAM

Elamite
cuneiform

Proto-Elamite
Pictographs

Linear
Elamite

Source:wikipedia
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OpenAl 11/2022

Human invention of ChatGPT

eoe M+ < i openai.com * & © M +

@ OpenAl Research~ APIv ChatGPTv~ Safety Company v Search Login~ | Try ChatGPT ~

Blog

Introducing
ChatGPT

We've trained a model called ChatGPT which
interacts in a conversational way. The dialogue
format makes it possible for ChatGPT to answer
followup questions, admit its mistakes, challenge
incorrect premises, and reject inappropriate
requests.

{ Try ChatGPT 2 } Read about ChatGPT Plus




CLIP, 7/2021

Vision and language even more powerful

1. Collect millions of images and their description from the Internet
2. Learn associations between encoded image and text
3. Amazing predictive abilities

(1) Contrastive pre-training (2) Create dataset classifier from label text
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Flamingo, 11/2022

Taskspecialization emerges at scale
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This talk

A plead to leverage synergy between vision, language and reasoning
to better understand the (visual) world

. Seeing and Speaking

1. Seeing and Reasoning
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NeoBabel A Multilingual Open
Foundation Model for Visual Generation

Mohammad Mahdi Derakhshani, Dheeraj Varghese,Marzieh Fadaee and Cees G. M. Snoek
~< Cohere Labs UNIVERSITY OF AMSTERDAM




Textto-image generation Is amazing

A golden retriever lying peacefully A young woman with freckles A single drop of water clinging An.ancient stone bridge
on awooden porch, with autumn wearing a straw hat, standing to a green leaf, with sunlight archm_g over a crystal-clear
leaves scattered around. in a golden wheat field. creating a faint rainbow pris mountain stream, surrounded

by lush greenery.
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Problem: A monolingual Al world

Text-to-Image generation is English-centric.

A State-of-the-art models serve ~5% of t he wor |l ddés native speak
A This creates a significant barrier to global access  and perpetuates digital inequity

13

Official language, not native majority
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Text-to-Image Generation state-of-the-art

English-only image generation

Efficient High-Performance Zone
(Multilingual Capable)
BLIP3-0 8B
*
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Number of Parameters (Billions)

Field moves fast

Almost all models Englishronly
Some rely on multilingual LLM
No native multilinguality

Limited openness
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GenEval Score
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NeoBabel Natively multilingual, efficient & open

English-only image generation

Efficient High-Performance Zone
(Multilingual Capable)
BLIP3-0 8B
* *
NeoBabel & BLIP3-0 4B _
Janus Pro 7B
[ ]
Show-0 1.3B mEMU3 8B
. [
o ©5D3 TokenFlow-XL 14B
Janus 1.3B
mSDXL
SDv2.1 ODALL-E 2
]
m PixArt-a = LWM
mSDvl.5
Model Openness
LDM Chameleon 7B & Fully Open (Weights, Code, Data)
m Open Weights & Code
mLlamaGen Open Weights
O Proprietary
0 2 4 6 8 10 12 14

Number of Parameters (Billions)

NeoBabelis SOTAfor English
Model size 24x smaller
Fully open

Native support for six languages
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GenEval Score

NeoBabel Natively multilingual, efficient & open

English-only image generation Multilingual image generation
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NeoBabelontributions

First natively multilingual text to image generation system.

ALarge-scale multilingual image data set
A Unified multimodal architecture with staged training

Comprehensive multilingual benchmark and metrics.

Open toolkit for inclusive research.
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Challenge: High-quality multilingual data is scarce

We expand existing datasets by modelgenerated recaptioning and translation

Original English-Only Dataset

Dataset Image Source Caption Source Size
ImageNet 1K Web Class labels 1M
CC12M Web Alt-text (noisy) 12M
SA-1B Photography LLaVA 10M
LAION-Aesthetic Web Alt-text (noisy) 12M
JourneyDB Synthetic GPT-3.5 4M

BLIP3-0 Instruct Web + Synthetic GPT-40 / human 60K
39M
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ImageNet translation example

Translation by Gemini Experimental models.

ImageNet 1k ImageNet 1k ImageNet 1k

English caption : streetcar French caption : tramway English caption : American chameleon English caption : Bernese mountain dog
Chinese caption : Hindi caption: Hlfzg E %) @ Chinese caption : Chinese caption :
Dutch caption : tram Persian caption: ¢ LLO3 e  Dutth caption : Amerikaanse kameleon Dutch caption : Berner Sennenhond

French caption : bouvier bernois
Hindi caption: ONa@y } HBEIAN

French caption : caméléon américain
Hindi caption: y O| OWaA4ix A

Persian caption: 0] e XF Il KH 1 P
Persian caption: ¢ Fv [ OB86 UBO_ UF3TB P A973 P 21



CClL2M recaptioning example

Recaptioning by InternVL (Zhe Chen et al. CVPR2024)

S——

Conceptual Caption12M

Original caption : The Scotch House Vintage Black Velvet Scottish Kilt Style
Jacket 3.

Recaptioned : This image displays a black velvet jacket with silver buttons on
a white mannequin. The jacket is tailored, with a fitted waist and peaked
lapels. The mannequin is wearing a black velvet bowtie. The jacket has three
silver buttons on the front, and four silver buttons on each sleeve. The

background is a white brick wall. The style of the image is a fashion
photograph.
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JourneyDB recaptioning and translation

Recaptioning by InternVL (Zhe Chen et al. CVPR2024)

JourneyDB

Original caption : a beautiful princess with long hair walking with her tiger
in a garden, dream, enchantment, wonder, stardust, HD, 8k, Paul Guy
Gantner, Mandy Jungens, CamillaD'Errico, --ar 3:2 --q 2 --v 4

Recaptioned : the image is a beautifully detailed and vividly colored painting
featuring two main subjects, a woman with long flowing hair adorned with
flowers on the left side of her head, wearing an elegant off-the-shoulder dress
that has intricate gold embroidery along one sleeve. She stands beside a
majestic tiger looking directly at the viewer. The background consists of lush
green foliage interspersed with pink blossoms to the left and orange poppies
scattered across the ground towards the right. The setting appears to be
outdoors near ancient stone ruins, which are partially visible behind them. The
lighting suggests it might be late afternoon as there's a warm glow
illuminating both figures from above, creating soft shadows around their
forms. Overall, the scene conveys a sense of harmony between nature and

wildlife through its rich colors and serene atmosphere. -



JourneyDB recaptioning and translation

Translation by NLLB model by Meta Al, UC Berkeley, Johns Hopkins University.

JourneyDB

English caption : The image is a beautifully detailed and vividly colored painting featuring two main subjects, a
woman with long flowing hair adorned with flowers on the left side of her head, wearing an elegant off-the-shoulder
dressthat has intricate gold embroidery along one sleeve...

Chinese caption : ; , )

l ’

Dutch caption : De foto is een prachtig gedetailleerd en levendig gekleurd schilderij met twee hoofdpersonen, een
vrouw met lang viloeiend haar, versierd met bloemen aan de linkerkant van haar hoofd, met een elegante off-the-
shoulder jurk met ingewikkelde gouden borduurwerk langs een mouw ...

French caption : L'image est une peinture magnifiquement détaillée et vivante avec deux sujets principaux, une
femme aux cheveux longs et fluides ornés de fleurs sur le c6té gauche de sa téte, portant une élégante robe a
épaule qui a des broderie en or compliguée le long d'une manche. Elle se tient a c6té d'un majestueux tigre
regardant directement le spectateur ...

Hindi caption: x Bk A8 ¥, @ 60H o © BA d Ual AKdAB B A PTOJOE x 8 U YRxqa %0 6WRy O K|y @ jufd
e P@E@WI PP A} AcUu®di O ¥by . lo ¥PEANGX O-1- %y @il UOBRNERBRAPOYz H#HI gAMby 1
Ao Emi Blpai JRIB..

Persian caption: C3 IRk s BC [((pHlcBOBFFp AWM Hviditd BF xp pMXy dMF Ja ICF WO H Rt
UBFMCyBIAc | F Wi peFyps Hep F@ B tCr OFF g Cy | 60TF v Ur Hp P CHM
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BLIP3-0 translation example

Translation by NLLB and Gemini Experimental models.

English caption: A surreal 70s magazine photo of a hamburger man on stilts walking on
the beach with rich detail and soft lighting.

Chinese caption: 70

Dutch caption: Een surrealistische jaren 70 tijdschriftfoto van een hamburgerman op
stelten die op het strand loopt met rijke details en zachte verlichting.

French caption: Une photo surréaliste des années 70 d'un homme hamburger sur des
échassesmarchant sur la plage avec de riches détails et un éclairage doux.

Hindi caption: = %y b UGNEL U3#WPOREI HUdBRE OGA X WPOs i EOT
RHE O U iRgiype OU@BN B P 3%y 3dpy T ]

Persian caption: dF TCCT F3 becfFh pp t, WHOPPpEPpSCopMP 0
PXxC e¢B apld atTbeiB pMX M ¢XxO

BLIP3-0 Instruct

25



NeoBabelmultilingual dataset

We increase the total size from 39M to 124M imagei caption/label pairs

Original English-Only Dataset NEOBABEL Multilingual Expansion
Dataset Image Source Caption Source Size Recaptioning Translation New Size
ImageNet 1K Web Class labels 1M — v 6M
CC12M Web Alt-text (noisy) 12M v — 12M
SA-1B Photography LLaVA 10M v - 10M
LAION-Aesthetic Web Alt-text (noisy) 12M v v 72M
JourneyDB Synthetic GPT-3.5 4M v v 24M
BLIP3-o0 Instruct Web + Synthetic GPT-40 / human 60K = v 360K

39M 124M

26



Training



NeoBabelmultimodal architecture

Discrete Diffusion Loss

COEEE
CIEOEE
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) O
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NeoBabel LODOOCOE
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Image Tokens

Text Tokens:

t = {ti,t2,..., tn} i={i1, ..., im} Text to Image Attention Pattern
Text Tokens Image Tokens

Generated via Gemmaz2 tokenizer.

Image Tokens: Obtained from MAGVIT-v2, following Show-o

Architecture:

Gemma?2 LLM decoderonly transformer

Training: Discrete diffusion predicts masked visual tokens.

Inference:

Starts from fully masked image; tokens are iteratively unmasked.
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Training stages

4 Progressive Pretraining )

Stagel 1 Pixel Dependency Learning
6M datasets: mimageNet1K

Stage2 1 Scaling Alignment with LargeScale Multilingual Data
94M datasets: mSA1B, mCC12M, m-LAION-Aesthetic

Stage3 1 Refined Multilingual Pretraining

K 96M datasets: mLAION-Aesthetic and m-JourneyDB /

. 2

4 . . .
Progressive Instruction Tuning

Stagel T Initial Multilingual Instruction Alignment
96M datasets: mLAIONAesthetic, m-JourneyDB, maBLIP30o-Instruct
Stage2 T Instruction Refinement

\_

96M datasets: mLAIONAesthetic, m-JourneyDB, maBLIP30o-Instruct

~

/

256 x 256 resolution

512 x512resolution
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Evaluation



Existing benchmarks are Englishonly

We introduce a comprehensive multilingual evaluation suite including:

A Multilingual extensions  of GenEval& DPG to 6 languages.

A Two new metrics  for evaluation:
A CrossLingual Consistency: Do translated prompts generate similar images?
A Code-Switching Similarity: Can the model understand mixed-language prompts?

31



Dhruba Ghosh et al. NeurlPS 2023

From GenEval

Six object-focused tasks to evaluate compositional image properties

a photo of a a photo of a a photo of a

[purple @] [backpack @] > [purple@] [backpack & ] |  [purple @] [backpack @]
and a [white @ 1 [umbrella @] and a [white @ 1 [umbrella (3 ] and a [white €3 1 [umbrella (3]

a photo of a purple
backpack and a white
umbrella

Textto-Image

\Y[eo[<]

Text-to-image Object detection Color classification

For each short prompt (~ 100 per task), paired with objects and color:
A Modern object detectors verify object presence, count, and position.
A Discriminative models assessfine-grained properties such as color.

A Finalscore = verify whether image contains all items, average per task.
32



From GenEvalto m-GenEval

Six object-focused tasks to evaluate compositional image properties

English prompt:
Chinese prompt:
Dutch prompt:

French prompt:
blanc

Hindi prompt:

Persian prompt:

a photo of a purple backpack and a white umbrella

Een foto van een paarse rugzak en een witte paraplu

Une photo d@n sac a dos violet et d@n parapluie

o Y01 ANz@Da ¥ Ol Aly bulf #UJ @
CyYh OJgu r [ ™M SY372 ea9gl

a photo of a

[purple @] [backpack @]

and a [white @ 1 [umbrella @]

For each short prompt (~ 100 per task), paired with objects and color:

\ 4

NeoBabel

M HOHt

rr CF

elv K

Text-to-image

a photo of a

[purple @] [backpack ]

and a [white @ 1 [umbrella (3 ]

a photo of a

[purple (% ] [backpack (2]
and a [white €3 1 [umbrella (3]

Object detection

A Modern object detectors verify object presence, count, and position.
A Discriminative models assessfine-grained properties such as color.
A Finalscore = verify whether image contains all items, average per task and language.

Color classification

33




m-GenEvalcomparison

French Persian
Show-o 1.3B 0.00 | 0.01
BLIP3-0 4B
Janus Pro 7B 24 0.14 0.08 | 0.41 | 0.06 | 0.10
BLIP3-0 8B
NeoBabel 2B
Overall Single Two Counting Colors Position Color Owverall Single Two Counting Colors Position Color Overall Single Two Counting Colors Position Color
Object Object Attribute Object Object Attribute Object Object Attribute
o
0.0 0.2 0.4 0.6 0.8 1.0

Janus Pro and BLIP3-o rely on multilingual LLMsbut are trained on English-only data, leading to
a sharp performance drop in non-English languages.

NeoBabelmaintains strong and consistent results acrossall tested languages.
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Qualitative results for Dutch

two objects counting colors position color attribute

One object

Eenfoto van Eenfoto van een Eenfoto van een
een paarse rugzak rechts van paars wijnglas en
_een sandwich

Een foto van
een eettafel en
een beer

Een foto van
vier honden

Een foto van
een bankje

wortel een zwarte appel

BLIP3-0

NeoBabel




Xiwei Hu et al. arXiv 3/2024

From DPG

English questions

Is there a parrot?
Is there a sky?

Does the parrot have a wingspan?

A 4

A majestic parrot with

Yes (==1)

vibrant green, red, and Textto-Image VQA | No(=0)

blue feathers glides Model e Model Yes (==1)
images

effortlessly across the mPLUG-large AnSwers

bright blue sky. é

For each dense prompt (out of 1K), 4 images are generated in a grid, paired with natural -language questions.
A VQA model answers each question; logical constraints filter valid responses.

Final score = average of valid question scores across all selected images.
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From DPG tom-DPG

Multilingual Prompts

English questions

Is there a parrot?

Is there a sky?

English prompt: A majestic parrot with vibrant green, red, and

blue feathers glides effortlessly across the bright blue sky. é Does the parrot have a wingspan?

Chinese prompt: .

Dutch prompt:  Eenmajestueuze papegaai met levendige groene, y

(réode en blauwe veren glijdt moeiteloos door de helderblauwe lucht. @ VOA Yes (==1)
French prompt:  Un perroquet majestueux aux plumes vertes, g g M % | » No(=0)
rouges et bleues vibrantes plane sans effort dans le ciel bleu vif. & NeoBabel 2x2 ode Yes (==1)

e N . U images
Hind t: ¥y NI Ap . Ou@dl); 9N d U
@Iﬂi/:{‘g%ng %ul%llglﬂitm @Jk/glj(lR}; xa%%;gé] $OPNg U mPLUG-large Answers

Persian prompt: O ¢36 m 29BOU B O0F KO F2 MHY I F?3 ¢AH
bboH3> e€B OhH el mMp €36 A4AF pp UYrcC gmC? EHT ™M 4

-

93 A "1
r hé e 3

t

For each dense prompt (out of 1K), 4 images are generated in a grid, paired with natural -language questions.
A VQA model answers each question; logical constraints filter valid responses.

Final score = average of valid question scores across all selected images,per language.
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m-DPG comparison

Model Params. English Chinese Dutch French Hindi Persian Overall
Show-o 1.3B 0.67 0.10 0.22 0.32 0.04 0.04 0.23
EMU3 8B 0.80 - - - - - -
TokenFlow-XL 14B 0.73 - - - — - -
Janus 1.3B 0.79 0.56 0.42 0.53 0.17 0.13 0.43
Janus Pro 7B 0.84 0.50 0.61 0.68 0.12 0.12 0.47
BLIP3-o 4B 0.79 0.60 0.58 0.59 0.47 0.49 0.58
BLIP3-o 8B 0.80 0.56 0.59 0.61 0.50 0.53 0.59
NEOBABEL 2B 0.75 0.70 0.69 0.70 0.63 0.65 0.68

Despite small parameter count, NeoBabelachieves competitive results in English
and consistently outperforms alternatives across five non-English languages.
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Effect of training stages

m-GenEval m-DPG

0.200.20

English

Multilingual image data quality and resolution enable fine -grained improvements,
scale drives generalization.
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