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Problem: A monolingual AI world

Text-to-Image generation is English-centric.

 State-of-the-art models serve ~5% of the world’s native speakers.
« This creates a significant barrier to global access and perpetuates digital inequity.
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Field moves fast

Almost all models English-only
Some rely on multilingual LLM
No native multilinguality

Limited openness



NeoBabel: Natively multilingual, efficient & open

English-only image generation
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GenEval Score

NeoBabel: Natively multilingual, efficient & open

English-only image generation Multilingual image generation
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NeoBabel contributions

First natively multilingual text to image generation framework.

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

Comprehensive multilingual benchmark and mettrics.

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

We expand existing datasets by model-generated recaptioning and translation

Original English-Only Dataset

Dataset Image Source Caption Source Size
ImageNet 1K Web Class labels 1M
CCi2M Web Alt-text (noisy) 12M
SA-1B Photography LLaVA 10M
LAION-Aesthetic ~Web Alt-text (noisy) 12M
JourneyDB Synthetic GPT-3.5 4M

BLIP3-o0 Instruct Web + Synthetic GPT-40 / human 60K
39M




ImageNet translation example

Translation by Gemini Experimental models.

English caption: streetcar

ImageNet 1k

French caption: tramway
Chinese caption: H#182% Hindi caption: ¥chR

Dutch caption: tram

Persian caption: 3,, ;Slg

ImageNet 1k

ImageNet 1k

English caption: American chameleon
Chinese caption: EMNTE L

Dutch caption: Amerikaanse kameleon
French caption: caméléon américain

Hindi caption: AP IRAE

Persian caption: 5, 0l cowyolisl

English caption: Bernese mountain dog
Chinese caption: [HE X

Dutch caption: Berner Sennenhond
French caption: bouvier bernois

Hindi caption: S-Sl ATSeH 31T
Persian caption: U, sulowdgS Sow



CC12M recaptioning example

Recaptioning by InternVL (Zhe Chen et al. CVPR 2024)

N

S—

Conceptual Caption 12M

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. CVPR 2024)

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, Camilla D'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
dress that has intricate gold embroidery along one sleeve ...

Chmese caption: RAZ—MBEADHENNERSE HEMRIEEETH, — M RAEOZA SLEZNRITET
FEMBENERE L& F— %EL’E’E%E@%%%U...

Dutch caption: De foto is een prachtig gedetailleerd en levendig gekleurd schilderij met twee hoofdpersonen, een
vrouw met lang vloeiend 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 coté gauche de sa téte, portant une élégante robe a
épaule qui a des broderie en or compliquée le long d'une manche. Elle se tient a c6té d'un majestueux tigre
regardant directement le spectateur ..

Hindi capti u‘sﬁa 3R Sad T o @ R 2 favg €, U Afgar 3 916 81y & RR
%@%ﬁ mwmw T T 2 3 (e o ST o € e
| ...

Persian caption: Ll Slage L Uj Sy g o Jolis | (slol 059w 95 aS vl S5,55, 9 8495 9 Ly ebolts S yu9.0
Gl 00z Wb soiles Shls Guiwl S LS )y aS b Gwld SO Uaigy (Giupew wax caoew 5> JS 5l u g
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BLIP3-0 translation example

Translation by NLLB and Gemini Experimental models.

BLIP3-0 Instruct

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: —KiBIILH 70 ERZER R, BEEE—MNNEBAESELITER
mEXL, ATHEE, SEFEA.

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
échasses marchant sur la plage avec de riches détails et un éclairage doux.

Hindi caption: Ueh 3{cll 70 & b 1 URAhI Bl TRAR T BHSR MEHT Bl THE dC W
ey R Idd gU, I [AaR0T 3R TRE YD & 1|

Persian caption: <uuw,l> Sy, SHS u0d D0 S IVe add JU)guw o yusSe S
A e pA9 pule y9i 9 e Wl U J>lw ) as. 13



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

NeoBabel multilingual dataset

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
CCi2M 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 Vv v 24M
BLIP3-o0 Instruct Web + Synthetic GPT-40 / human 60K - v 360K

39M 124M
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Training



NeoBabel multimodal architecture

Discrete Diffusion Loss
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Text Tokens: Generated via Gemma 2 tokenizer.

Image Tokens: Obtained from MAGVIT-v2, following Show-o
Architecture: Gemma 2 LLM decoder-only transformer

Training: Discrete diffusion predicts masked visual tokens.

Inference: Starts from fully masked image; tokens are iteratively unmasked.



Training stages

4 Progressive Pretraining N
Stage 1 — Pixel Dependency Learning
6M datasets: m-ImageNet 1K
Stage 2 — Scaling Alignment with Large-Scale Multilingual Data
94M datasets: m-SA-1B, m-CC12M, m-LAION-Aesthetic
Stage 3 — Refined Multilingual Pretraining

k 96M datasets: m-LAION-Aesthetic and m-JourneyDB /

¥

4 N

Progressive Instruction Tuning
Stage 1 — Initial Multilingual Instruction Alignment
96M datasets: m-LAION-Aesthetic, m-JourneyDB, m-BLIP3o-Instruct
Stage 2 — Instruction Refinement

N 96M datasets: m-LAION-Aesthetic, m-JourneyDB, m-BLIP3o-Instruct

/

256 x 256 resolution

512 x 512 resolution
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Evaluation



Existing benchmarks are English-only

We introduce a comprehensive multilingual evaluation suite including:

- Multilingual extensions of GenEval & DPG to 6 languages.

 Two new metrics for evaluation:
« Cross-Lingual Consistency: Do translated prompts generate similar images?
» Code-Switching Similarity: Can the model understand mixed-language prompts?
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Dhruba Ghosh et al. NeurIPS 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@]  |mfiii-|  [purple @] [backpack & ] - [purple &1 [backpack @]

and a [white @ 1 [umbrella @1 and a [white @ 1 [umbrella @ ] and a [white € ] [umbrella & ]

g~ e | RN
a photo of a purple Text-to- [ e S
backpack and a white Image ﬁ
umbrella Model ) pupi

/

Text-to-image Object detection Color classification

For each short prompt (~100 per task), paired with objects and color:
« Modern object detectors verify object presence, count, and position.
 Discriminative models assess fine-grained properties such as color.
 Final-score = verify whether image contains all items, average per task



From GenEval to m-GenEval

Six object-focused tasks to evaluate compositional image properties

English prompt: a photo of a purple backpack and a white umbrella
Chinese prompt: — K XE5 BN B EMREZHR A
Dutch prompt: Een foto van een paarse rugzak en een witte paraplu

French prompt: Une photo d'un sac a dos violet et d'un parapluie
blanc

Hindi prompt: T& ST 977 3R T Ihe BTd B dR

Persian prompt: Lo w > S 9 gusin csuinagS S 5l sawSe

\ 4

a photo of a
[purple @1 [backpack @]
and a [white @ 1 [umbrella @1

—»

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

NeoBabel

Text-to-image

a photo of a
[purple @] [backpack 3]

and a [white @ 1 [umbrella @ ]

Object detection

« Modern object detectors verify object presence, count, and position.
 Discriminative models assess fine-grained properties such as color.
« Final-score = verify whether image contains all items, average per task and language

a photo of a
[purple % ] [backpack €]
and a [white € ] [umbrella & ]

purple

Color classification
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m-GenEval Comparison

French Hindi Persian
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NeoBabel 2B { 077 0.98 0.84
Overall Single Two Counting Colors Position Color Overall Single Two Counting Colors Position Color Overall Single Two Counting Colors Position Color
Object Object Attribute Object Object Attribute Object Object Attribute
Score

0.0 0.2 0.4 0.6 0.8 1.0

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

NeoBabel maintains strong and consistent results across all tested languages.
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Qualitative results for Dutch

One object two objects counting colors position color attribute

Een foto van Een foto van Een foto van Een foto van een Een foto van een
een eettafel en een paarse rugzak rechts van paars wijnglas en

vier honden :
een beer wortel _een sandwich  een zwarte appel

Een foto van
een bankje

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?

\ 4

A majestic parrot with

4O- Yes (==1)
vibrant green, red, and T|renxat1$2 VQA J No (==0)
blue feathers glides Model |G Model Yes (==1)
effortlessly across the T PLUG Targe PR—
bright blue sky. ...

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 to m-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. ... Does the parrot have a wingspan?

Chinese prompt: — R HEHEEE, KEHENES, ABNE
HIFE, ERENRKZDPEWED, ..

Dutch prompt: Een majestueuze papegaai met levendige groene,
rode en blauwe veren glijdt moeiteloos door de helderblauwe lucht. Yes (==1)
F h t: U t majest | rt g VoA > No(==0)
rench prompt: Un perroquet majestueux aux plumes vertes,
rouges et bleues vibrantes plane sans effort dans le ciel bleu vif. ... NeoBabel _ 2x2 Model Yes (==1)
- . . images
di_prompt: T& R qdT, 59 09 AT 3R
%I% '%? %m%% &m%ﬁ Jedl %@ mPLUG-large Answers
Persian prompt: ,; csul 9 30,9 (ow S,y L 0Ll (sdoghb S5
3,95 (0w gy sl U 2D o> U9 (w9 9 L. L.

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
BLIP3-0 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, NeoBabel achieves competitive results in English
and consistently outperforms alternatives across five non-English languages.
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Chinese

scale drives generalization.

Dutch

French

Hindi
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Persian

Multilingual image data quality and resolution enable fine-grained improvements,




Application



ultilingual Inpainting

‘ ‘ : Input Mask

Input Prompt in English: An orange and a bird made of wheat bread.

Input Mask

Input Prompt in Chinese: EEEFAARAYERF.

\ ]

Input Image Input Mask Output Image

Input Prompt in Dutch: Een glas witte wijn op een spiegelend oppervlak.

-
3 e
%i'

1 L 3

Input Image QOutput Image

Input Prompt in French: Cette ceuvre d'art surréaliste et extrémement
détaillée représente le profil d'un homme a la barbe fournie et aux traits
ornés d'éléments organiques complexes. Sa peau semble ornée de textures
variées, rappelant des feuilles, des vignes et des motifs délicats, qui se
marient harmonieusement avec des motifs naturels tels que des fleurs et des
papillons. L'ceil est éthére, avec des iris d'un bleu vif cernés de reflets dorés
sur de longs cils. La composition utilise des couleurs vibrantes comme I'or, le
bleu, le vert, le violet et des tons terreux, créant une profondeur a travers
les différentes couches du tableau.

Input Image

-
. z BT By
n - &
- -

Input Image, Output Image

Input Prompt in Persian: «ould b 5 @ 03wz Slag,b b guje dioyw S
loas wuS i (Jlew ol U aS (sugij juww Sk, L baocs



Code-Switching

Multilingual Input Prompt: A close-up photograph of a Corgi dog. De hond draagt
een zwarte hoed en een ronde, donkere zonnebril. Le Corgi a une expression
joyeuse, avec la bouche ouverte et la langue tirée, donnant une impression de
bonheur ou d'excitation.

English Translation: A close-up photograph of a Corgi dog. The dog is wearing a
black hat and round, dark sunglasses. The Corgi has a joyful expression, with its
mouth open and tongue sticking out, giving an impression of happiness or
excitement.

Multilingual Input Prompt: Teb 3T feleai] T dlsl-310 BIel. gulisl e 40 <
5ls adia 4 (o250, ERVERTUMMEE, B EFEMYMRBENOGR, RBEIANE
cEEps B BV E At AZRL L,

English Translation: A close-up photo of a smug cat. The cat is wearing square
sunglasses. Its whiskers bristled slightly and it had a subtle, sly smile on its face,
suggesting that it considered itself superior to everyone else in the room.

English translations below each prompt for audience convenience, not used as input.
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Open & Inclusive



https://neo-babel.github.io

NeoBabel: A Multilingual Open
Tower for Visual Generation

Mohammad Mahdi Derakhshani?, Dheeraj Varghesez, Marzieh Fadaee'’, Cees G. M. Snoek?"

Cohere Labs, 2University of Amsterdam

tho: . . .
Principal senior advisors

S Pretraining Data S Instruction Data S Evaluation Data

More details will be released soon! () %
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Conclusion

Multilingualism is a catalyst, not a trade-off

NeoBabel is performant while being smaller and more inclusive.

NeoBabel provides: a curated dataset, a novel architecture, a progressive
training strategy, and a rigorous evaluation framework.

We are releasing a fully open toolkit to democratize research: checkpoints,
multilingual datasets, training scripts, multilingual evaluation suite.
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