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CLIP aligns images and text in a shared embedding space

Text Encoder
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CLIP aligns images and text in a shared embedding space

==l Vision Encoder

A yellow tractor moves brown dirt by
a stone wall below a grassy slope ...

Three dogs, two white and one black,

s gl TextE
on a grey cobblestone path by a wall ... ext Encoder

A yellow diamond-shaped road sign with
a black horse and buggy on a pole ...
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CLIP aligns images and text in a shared embedding space
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CLIP aligns images and text in a shared embedding space
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However, image and text embeddings lie apart
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However, image and text embeddings lie apart

==l Vision Encoder
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However, image and text embeddings lie apart

==l Vision Encoder
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a stone wall below a grassy slope ...

Three dogs, two white and one black,
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'Liang et al., NeurlPS 2022
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However, image and text embeddings lie apart

=l Vision Encoder

A yellow tractor moves brown dirt by

a stone wall below a grassy slope ...

Three dogs, two white and one black,
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Hypothesis?: captions hold less information than images

=l Vision Encoder

tractor moves

Three dogs

andll  Text Encoder [
on a cobblestone path

A road sign with
a horse and buggy
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Hypothesis?: captions hold less information than images

am dll Vision Encoder ammdg
A tractor moves dirt
Three dogs on a cobblestone path andll Text Encoder ammg
A road sign with a horse and buggy
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Hypothesis?: captions hold less information than images

2Schrodi et al., ICLR 2025
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Hypothesis?: captions hold less information than images

2Schrodi et al., ICLR 2025
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The text embedding holds part of the image information

A tractor moves /dirt
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The text embedding holds part of the image information

Vision Encoder

Image Embedding

A tractor moves/dirt | —» Text Encoder —
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TEVI uses captions as a signal for what to retain

e dl Vision Encoder

A tractor moves- —_— Text Encoder
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TEVI uses captions as a signal for what to retain

e dl Vision Encoder
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I Conditioned Image Embedding
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TEVI uses captions as a signal for what to retain

am dll Vision Encoder ammdg
A tractor moves dirt ‘
Three dogs on a cobblestone path andll Text Encoder ammg
A road sign with a horse and buggy A
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Conditioned embeddings lie closer to their captions

am dll Vision Encoder ammdg
A tractor moves dirt ‘
Three dogs on a cobblestone path andll Text Encoder ammg
A road sign with a horse and buggy A
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Conditioned embeddings lie closer to their captions

==l Vision Encoder
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TEVI improves cross-modal alignment and retrieval

Text-to-Image Image-to-Text © Original © TEVI
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TEVI improves cross-modal alignment and retrieval
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We first use a controlled setup with known attributes
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We first use a controlled setup with known attributes

Controlled Setup

Synthetic Digits with Known Attributes
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Controlled setup: MAD dataset

Controlled Setup

Synthetic Digits with Known Attributes
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Controlled setup: MAD dataset

® Digit 0-1-2-3-4-5-6-7-8-9

T Tals
NEO

@ Color gray - red - green - blue - cyan - magenta - yellow

@ Thickthinning thickening - thinning - no thickthinning

@ Fracture fracture - no fracture
. O Scaling large - small

MNIST with Morphological Transforms
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Every MAD image is characterized by six attributes

® Digit 0-1-2-3-4-5-6-7-8-9

T Tals
NEO

@ Color gray - red - green - blue - cyan - magenta - yellow

@ Thickthinning thickening - thinning - no thickthinning

@ Fracture fracture - no fracture
. O Scaling large - small

MNIST with Morphological Transforms
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Every MAD image is characterized by six attributes

@ Digit 0-17-2-3-4-5-6-7-8-9
@ Color gray - red - green - blue - cyan - magenta - yellow

@ Thickthinning thickening - thinning - no thickthinning

@ Swelling swelling - no swelling
@ Fracture fracture - no fracture
O Scaling large - small
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Every MAD image is characterized by six attributes

@ Digit S

@ Color green

@ Thickthinning no thickthinning
@ Swelling no swelling

@ Fracture fracture

O Scaling large
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Captions contain the digit and three random attributes

In Caption
@ Digit 5 v
@ Color green v
@ Thickthinning no thickthinning
@ Swelling no swelling v
@ Fracture fracture 4
O Scaling large

( green - 5 - no swelling - fracture J
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TEVI uses captions as a signal for what to retain

Image Conditioned
Embedding Embedding

Text

Embedding
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An SAE decomposes the image embedding into concepts

4 )
Image SAE SAE Reconstructed
Embedding Encoder Latents Decoder Embedding
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Sparse Autoencoder (SAE)3)

3Bricken et al., Transformer Circuits Thread 2023
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With known attributes, the caption can set the mask directly
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Image SAE SAE Reconstructed
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Sparse Autoencoder (SAE)3)

3Bricken et al., Transformer Circuits Thread 2023
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With known attributes, the caption can set the mask directly

Image SAE Masked SAE Reconstructed
Embedding Encoder Latents Mask Latents Decoder Embedding
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Each SAE latent represents one of the 26 attributes

Image SAE SAE Reconstructed
Embedding Encoder Latents Decoder Embedding
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Each SAE latent represents one of the 26 attributes

SAE
Decoder

®0-1-2-3-4-5-6-7-8-9

@ gray - red - green - blue - cyan - magenta - yellow
@ thickening - thinning - no thickthinning

@ swelling - no swelling

© fracture - no fracture

O large - small
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Each SAE latent represents one of the 26 attributes

SAE
Decoder

®@0-1-2-3-4-5-6-7-8-9

@ gray - red - green - blue - cyan - magenta - yellow

@ thickening - thinning - no thickthinning
mmdll Text Encoder
@ swelling - no swelling

@ fracture - no fracture

O large - small
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Each SAE latent represents one of the 26 attributes

SAE
Decoder
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Each SAE latent represents one of the 26 attributes

Image SAE SAE Reconstructed
Embedding Encoder Latents Decoder Embedding
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With the decoder fixed, only the SAE encoder is trained

Image SAE SAE Reconstructed
Embedding Encoder Latents Decoder Embedding
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Each latent encodes the attribute assigned to it
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Each latent encodes the attribute assigned to it

Top Activating Images

221712

Latents
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Each latent encodes the attribute assigned to it

AUC per Attribute Value

Latents
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Each attribute is classified zero-shot from the embedding

AUC per Attribute Value
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Masking latents removes only their attribute

Image SAE Masked SAE Reconstructed
Embedding Encoder Latents Mask Latents Decoder Embedding
0 i O C O e 0
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Masking latents removes only their attribute
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Masking latents removes only their attribute
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Masking latents removes only their attribute

Image SAE Masked SAE Edited
Embedding Encoder Latents Mask Latents Decoder Embedding
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CG-SAEs edit embeddings, but need predefined concepts

SAE
Decoder

I,

v/ The latents disentangle the attributes X The decoder is tixed to known concepts

v/ Masking removes only that attribute X CLIP models have no such fixed set
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TEVI relaxes the assumption, learns what to mask

SAE
Decoder
P
v/ The latents disentangle the attributes X The decoder is tixed to known concepts
v/ Masking removes only that attribute X CLIP models have no such fixed set

TEVI learns what to mask given the caption
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TEVI first trains a conventional SAE on CLIP image embeddings

Image SAE SAE Reconstructed
Embedding Encoder Latents Decoder Embedding
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TEVI first trains a conventional SAE on CLIP image embeddings

Image SAE SAE Reconstructed
Embedding Encoder Latents Decoder Embedding
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TEVI then learns a mask over the SAE latents based on the caption

Image SAE Masked SAE Conditioned
Embedding Encoder Latents Mask Latents Decoder Embedding
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TEVI then learns a mask over the SAE latents based on the caption

Image SAE Masked SAE Conditioned
Embedding Encoder Latents Mask Latents Decoder Embedding
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Attributes in the caption should be kept

Image SAE Masked SAE Conditioned
Embedding Encoder Latents Mask Latents Decoder Embedding
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Attributes not in the caption should drop to chance

Image SAE Masked SAE Conditioned
Embedding Encoder Latents Mask Latents Decoder Embedding
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Attributes not in the caption should drop to chance

Image SAE Masked SAE Conditioned
Embedding Encoder Latents Mask Latents Decoder Embedding
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TEVI keeps attributes in the caption and removes the rest

100
] Original

] TEVI: In Caption
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Without the SAE, the mask has almost no effect
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Without the SAE, the mask has almost no effect

7 No-SAE: Not in Caption
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TEVI reorders retrieval based on the conditioning caption

Query Image Image Embedding Candidate Captions
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After conditioning on red, only color should count

Query Image Image Embedding Candidate Captions
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After conditioning on red, only color should count

Query Image Image Embedding Candidate Captions
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TEVI moves all three gaps in the expected direction

Image to Text Text to Image Image to Image

1 Original
B No-SAE

Rank Gap
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4 Saarland Informati ©® A g -
£47 ) MAX PLANCK INSTITUTE R~ [ of Wuuuu“ DES EXPLICIT A E R

Dl | EMNLP2026

AN . -
Campu (Aol ST TS Y A% AL il
i PIRd  SAARLANDES MODELS S RO e Pt [ BRI R



TEVI moves all three gaps in the expected direction

Image to Text Text to Image Image to Image
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TEVI preserves caption attributes and discards the rest

Image Conditioned
Embedding Embedding

Attributes in the caption are kept, the rest drop to chance

] (] v/ Conditioning reorders retrieval in the expected direction
> e ) v/ Both effects are much weaker without the SAE
e w X MAD captions are short lists of known attributes
green .
 no swelling - fracture - X Real captions are free-form and noisy
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We then extend TEVI to CLIP models on natural images

Natural Images

CLIP Models Trained on CC12M
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CLIP ranks candidate captions by cosine similarity

Natural Images

CLIP Models Trained on CC12M
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CLIP ranks candidate captions by cosine similarity

Query Image Image Embedding
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CLIP ranks candidate captions by cosine similarity

Query Image Image Embedding
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< Il Vision Encoder

Candidate Captions Text Embeddings
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CLIP ranks candidate captions by cosine similarity

Query Image Image Embedding Top 10 by CLIP
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TEVI reranks the top-10 candidates of the base model

Query Image Image Embedding Conditioned Embeddings Top 10 by CLIP
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TEVI reranks the top-10 candidates of the base model

Query Image Image Embedding Conditioned Embeddings Top 10 Reranked by TEVI
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TEVI improves retrieval across models and datasets

Image to Text, R@1 Text to Image, R@1
Model DOCCI W MS COCO  Flickr30k DOCCI IIW MS COCO  Flickr30k
CLIP ViT-B/16 20.38 50.98 32.98 59.66 7.16 16.88 21.38 42.46
+TEVI 24.52 55.49 36.25 64.22 8.30 18.77 23.48 44.79

DOCCI: Onoe et al., ECCV 2024. lIW: Garg et al., EMNLP 2024. MS COCQO: Lin et al., ECCV 2014. Flickr30k: Plummer et al., ICCV 2015.
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TEVI improves retrieval across models and datasets

Image to Text, R@1 Text to Image, R@1
Model DOCCI W MS COCO  Flickr30k DOCCI IIW MS COCO  Flickr30k
CLIP ViT-B/16 20.38 50.98 32.98 59.66 7.16 16.88 21.38 42.46
+TEVI 24.52 55.49 36.25 64.22 8.30 18.77 23.48 44.79
No-SAE 24.29 56.86 36.26 63.06 8.40 18.76 23.59 45.00

DOCCI: Onoe et al., ECCV 2024. lIW: Garg et al., EMNLP 2024. MS COCQO: Lin et al., ECCV 2014. Flickr30k: Plummer et al., ICCV 2015.
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TEVI improves retrieval across models and datasets

Image to Text, R@1

Text to Image, R@1

Model DOCCI W MS COCO  Flickr30k DOCCI W MS COCO  Flickr30k
CLIP ViT-B/16 20.38 50.98 32.98 59.66 7.16 16.88 21.38 42.46
+TEVI 24.52 55.49 36.25 64.22 8.30 18.77 23.48 44.79
No-SAE 24.29 56.86 36.26 63.06 8.40 18.76 23.59 45.00
CLIP ViT-L/14 23.60 53.92 36.52 63.71 8.21 18.05 23.85 46.51
+TEVI 26.84 60.78 38.41 65.92 9.09 19.72 24.98 47.92
SigLIP ViT-B/16 20.68 48.20 33.88 62.23 7.41 16.94 22.06 44.69
+TEVI 25.29 57.84 37.22 64.48 8.32 18.90 22.53 43.96
SharedCLIP ViT-B/16 19.02 51.14 32.62 60.75 7.16 17.10 21.54 43.31
+TEVI 22.64 55.59 34.80 60.87 7.94 17.91 22.15 44.17
AlignCLIP ViT-B/16 20.32 53.92 32.70 57.50 7.39 17.46 21.79 41.91
+TEVI 23.65 58.92 35.53 61.56 8.13 19.75 21.63 42.85

DOCCI: Onoe et al., ECCV 2024. lIW: Garg et al., EMNLP 2024. MS COCQO: Lin et al., ECCV 2014. Flickr30k: Plummer et al., ICCV 2015.
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TEVI makes the information imbalance controllable

Image Embedding

i ——— RVSICC S — ﬁ
- C]
] [
TEVI —> 5 Conditioned Image Embedding
] L
- -8
]
Text Embedding
v/ Keeps caption attributes, drops the rest X Scaling to billion-scale data is a challenge
v/ Learns meaningful, sparse masks X Limited by how well the SAE disentangles
v/ Improves retrieval X Concepts are per image, not per region
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