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Abstract

CLIP is one of the most important foundational multimodal models today. It
aligns image and text modalities into a shared feature space by leveraging a simple
contrastive learning loss on massive image-text pairs. As a retriever, CLIP supports
tasks such as zero-shot classification, detection, segmentation, and image-text
retrieval. Furthermore, as a cross-modal feature extractor, it enables tasks like
image understanding, video understanding, and text-to-image generation. However,
as expectations around model generalization and the complexity of tasks increase,
the original learning paradigm of CLIP shows limitations in feature extraction
capabilities. Specifically, the bag-of-words nature of CLIP’s text encoder is often
criticized for its inability to extract fine-grained or complex features. We believe
these limitations stem from two core issues: the simplicity of the training captions
and the fact that CLIP’s self-supervised task does not require logical reasoning
to succeed. Additionally, the small-scale text encoder used in CLIP cannot fully
understand high-quality caption data. In this work, we propose a post-finetuning
approach for CLIP by introducing large language models (LLMs) into the training
process to leverage more sophisticated textual data. Our experiments demonstrate
that even with minimal additional training, LLMs can be aligned with the pretrained
CLIP visual encoder, providing higher-dimensional and effective supervision to
overcome CLIP’s original limitations.

1 Introduction

Contrastive Language-Image Pretraining (CLIP) [9] is one of the most critical foundational models in
the multimodal domain today. It aligns image and text modalities into a common feature space through
a simple contrastive learning loss on large-scale image-text pair datasets. As a powerful retriever,
CLIP supports tasks like zero-shot classification, detection, segmentation, and image-text retrieval.
Furthermore, as a cross-modal feature extractor, it enables applications in image understanding, video
understanding, and text-image generation.

In the era of generative Al, models like LLaVA have started to utilize CLIP as a visual feature
extractor, passing visual features to text-based models. Models such as Stable Diffusion and DALL-E
2 use the CLIP text encoder to extract textual features for visual models. However, as expectations
around model generalization and task complexity increase, the original CLIP learning paradigm
begins to show limitations in its feature extraction capabilities, unable to fully meet the growing
demands of complex tasks. In the following, we will highlight some of these limitations.

The limitations of CLIP today are mainly rooted in three aspects: Simple, Small, and Short. The
training data used by models like CLIP, ALIGN, and EVA, such as the LAION dataset, consists
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Figure 1: LLM2CLIP Overview. After applying caption contrastive fine-tuning to the LLM, the
increased textual discriminability enables more effective CLIP training. We leverage the open-world
knowledge and general capabilities of the LLM to better process dense captions, addressing the
previous limitations of the pretrained CLIP visual encoder and providing richer, higher-dimensional
textual supervision. Experimental results demonstrate that LLM2CLIP can make any SOTA CLIP
model even more SOTA ever.

primarily of web-scraped simple image captions that often lack fine-grained details and knowledge-
level information about the images. Additionally, the CLIP text encoder is relatively small, typically
only one-tenth the size of its visual counterpart. It is trained from scratch alongside the visual encoder
on image-caption datasets, limiting its expressiveness. Moreover, the pretraining corpus for CLIP’s
text encoder is notably short. Any text exceeding 77 tokens is truncated, which forces CLIP to align
features in a simplistic text space, hindering its ability to extract complex features. Furthermore, as a
retriever, CLIP loses its ability to perform retrieval tasks on long or intricate text.

To address these limitations, we propose LLM2CLIP, a method that enhances pretrained CLIP by
post-finetuning on higher-quality textual data. After training on datasets like LAION, CLIP’s visual
encoder already demonstrates strong alignment between image and text features. Therefore, we
replace CLIP’s original text encoder with a large language model (LLM), such as LLaMA-3 or Phi-
3.5. This approach directly addresses the aforementioned limitations by using more complicated and
fine-grained textual data for post-training, mitigating the shortcomings introduced by simple training
data. Additionally, LLMs offer long context windows, eliminating the truncation issue and enabling
CLIP to extract features from extended texts, thus supporting long-text retrieval tasks. Finally, by
replacing CLIP’s text encoder with an LLM, we exploit the large knowledge base of LLMs, allowing
the system to handle more complex text-image data and process sophisticated cross-modal features.

While this approach seems straightforward, directly integrating LLaMA-3 or other LLMs into CLIP
for contrastive learning is challenging. This challenge stems from the fact that LLMs, trained with an
autoregressive objective, do not necessarily yield linearly separable features. Simply replacing CLIP’s
text encoder with an LLM leads to a significant performance drop across nearly all CLIP benchmarks,
rendering the direct approach ineffective. To tackle this, we draw inspiration from LLM2Vec, and
perform fine-tuning on LLMs using image-caption data. After training, we observe that the LLM
exhibits strong linear alignment with image captions, generating more separable language features
that better complement CLIP’s visual encoder for organizing the cross-modal feature space.

Even when replacing CLIP’s text encoder with an LLM and performing lightweight alignment
training on the original CLIP training data, we can fully substitute the text encoder and further
boost the LLM’s capabilities. Like the Platonic hypothesis, replacing the language model is not
as challenging as it may seem—LLMs can easily integrate into the cross-modal space established
by CLIP. Moreover, the capabilities brought by the LLM directly benefit CLIP, as we observe a
significant performance improvement even when training on the original pretrained data distribution.
When training on more sophisticated, high-quality text, the LLM significantly enhances performance.



2 Methods
2.1 Background

CLIP leverages contrastive learning on 400 million image-text pairs to learn a cross-modal represen-
tation space. The data sources for CLIP primarily come from web-scraped datasets such as LAION
and COYO, which are relatively noisy, with short and coarse-grained text descriptions. Recent efforts,
such as ShareGPT-4V [4], DreamLIP [1], LongCLIP [14]], and Recap-DataComp-1B [7], aim to
reconstruct these datasets using state-of-the-art vision-language large models (VLLMs) to provide
longer and more fine-grained captions. However, these approaches often suffer from inefficiencies
due to the limitations of CLIP’s original architecture, particularly its simplistic text encoder, which
struggles to process the richer information contained in these refined captions.

2.2 LLM2CLIP

LLM2CLIP aims to enhance pretrained CLIP by leveraging the capabilities of state-of-the-art large
language models (LLMs), such as LLaMA-3 [5]], enabling the model to process longer and more
complex captions, thereby improving CLIP’s performance and addressing its limitations. After the
initial CLIP pretraining, its visual encoder has already gained some alignment with the text space. Our
approach involves replacing the original CLIP text encoder with an LLM, followed by lightweight
finetuning, allowing the feature space of CLIP to benefit from the semantic understanding capabilities
of the LLM. Furthermore, we train CLIP using longer and more fine-grained captions to address the
short and simplistic captions used during CLIP’s pretraining phase. Specifically, we use the EOS
token from LLaMA-3 as the representation for a sentence.

During the training phase, we freeze the gradients of the LLM to maintain its preexisting capabilities,
preventing the finetuning process from altering the LLM’s inherent abilities. This also significantly
reduces the computational cost of finetuning, as CLIP training requires substantial memory to
maintain a large batch size. Inspired by approaches such as FuseMix [[11]], LiT [13]], and APE [10],
we introduce several linear layers as adapters after the LLM to improve alignment, followed by a
projector layer to match the dimensionality of the visual encoder from CLIP.

Interestingly, our initial experiments showed that directly replacing the text encoder with LLaMA-3
and applying the described finetuning strategy resulted in catastrophic performance drops across
almost all tasks. Not only did the model fail to benefit from the LLM or the more complex training
captions, but the original feature space of CLIP was also disrupted. We hypothesize that this issue
arises not solely from the difficulty in reconstructing the feature space after replacing the text encoder,
but from the generative nature of the LLM. Although LLMs have strong generative abilities, their
autoregressive learning objective does not require them to produce text embeddings with sufficient
linear separability in feature space.

The LLM2Vec [2] work also highlights this issue, demonstrating that with minimal finetuning using
LoRA [6] on a small corpus, LLaMA can significantly improve its capability as a text embedding
model using its EOS token. We believe that a similar approach applies to image captions. Therefore,
we enhanced LLaMA-3’s text separability using LLM2Vec’s contrastive learning approach, which led
to substantial improvements in LLM2CLIP’s performance compared to the naive use of LLaMA-3,
while also significantly surpassing all previous CLIP benchmarks.

3 EXPERIMENTS

Training Dataset. We collected the CC3M and CC12M [3] datasets from the DreamLip [1], which
feature captions rewritten using ShareGPT4v [4]. These datasets include both short and long captions.
Additionally, we gathered 15 million samples from the Recap-Datacomp-1B [7] dataset, which also
contains a mix of short and long captions.

Evalation Dataset. For the short text retrieval task, We utilized the COCO [8]] and Flickr30k [[12]]
datasets, employing a 5k test set for COCO and a 1k test set for Flickr30k. For the long text retrieval
task, We followed the DreamLip framework, incorporating a 1k subset from ShareGPT4v [4] and the
Urbanlk [1]] dataset. Additionally, we included the DOCCI dataset, which contains high-resolution
images accompanied by human-annotated, detailed descriptive captions.

Training Setting. We utilized the CC3M, CC12M, and a 15M subset of recap-datacomp-1B as our
training datasets, which include triplets of long captions, short captions, and images. We finetuned



for 4 epochs with a batch size of 4096 and an image size of 224 on both the OpenAI-CLIP ViT-B and
ViT-L models. Additionally, we also finetuned the EVA-CLIP ViT-L-336 model with 336 image size.

LLM2CLIP makes SOTA even more SOTA. As shown in Tables [T] and 2] our LLM2CLIP
achieves significant performance improvements across all benchmarks, enhancing the already SOTA
CLIP model. This includes short-text retrieval tasks on COCO and Flickr, as well as long-text
retrieval tasks on ShareGPT4V, Urban-1k, and DOCCI. We also outperform other methods that
attempt to improve CLIP, such as BLIP, JinaCLIP, and LongCLIP, demonstrating the importance and
effectiveness of replacing the text encoder with an LLM.

Ablation analysis In Table [3] we analyze the impact of using an LLM and incorporating high-
quality long-text data. First, using an LLM leads to significant performance gains even when trained
on the original short captions, proving the inherent value of the LLM. Second, longer textual data
allows the LLM to fully leverage its capabilities, further improving performance. Finally, the training
with LLM2Vec is crucial; without it, the model’s performance might even degrade due to the inability
to properly separate textual features.

Table 1: The R@1 of long-caption text-image retrieval on 1k ShareGPT4V validation set and Urbanlk
dataset. Best result is in bold.

ShareGPT4V | Urban-1k DOCCI

Method 2T T2 | 2T T2I | 2T T2I

CLIP 845 798 675 5301607 571

ALIGN 759 806 | 622 591 | 597 621

B/t “BLIP 658 743 | 455 485|505 535
Jina-CLIP 877 88.0 | 787 80.0

Long-CLIP 948 935 79.1 79.1 | 63.1 714
LLM2CLIP 975 978 89.7 912 | 81.6 84.1
L/14 CLIP 842 83.6 | 683 556 | 63.1 658
Long-CLIP 972 973 82.5 86.1 | 66.5 78.6
LLM2CLIP 974 980 |93.0 921 | 85.0 88.0
eva-LLM2CLIP | 98.7 983 | 93.6 95.1 | 88.1 90.9

Table 2: Results of short-caption text-image retrieval on the test splits of COCO and Flickr30K
dataset. Best result is in bold.

COCO Flickr30k
Method 12T \ T2I 12T \ T2I
R@1 R@5 R@1 R@5 | R@l R@5 R@l R@5
CLIP 524 768 331 584 | 823 967 622 8.7
ALIGN 520 764 432 678 | 80.6 96.0 741 924
B/16 ) BLIP 61.7 8.5 485 750 | 779 952 712 915
Jina-CLIP 556 79.1 411 664 | 80.6 96.6 674 89.0

Long-CLIP 569 804 409 664 | 8.8 985 706 90.6
LLM2CLIP 626 837 478 733 | 8.6 985 780 939
CLIP 563 793 365 61.1 | 8.2 974 650 872
L/14 Long-CLIP 628 8.1 463 70.8 | 90.0 989 762 935
LLM2CLIP 66.0 863 522 765 | 921 99.0 799 952
eva-LLM2CLIP | 68.9 882 552 788 | 933 993 838 96.5




Table 3: Comparison of model performance using different lengths of text as training data, and the
effect of LLM2Vec on text feature adjustment. The training data for the model consists of CC3M and
CCI12M. Best result is in bold.

ShareGPT4V | Urban-1k Flickr30k

Data 2T | T21 | 12T | T21 | I2T | T2I
EVA-VIT-L/14-336 91.6 | 766 | 894 | 70.0 | 89.2 | 779
0% s}vlf,r(f {S%\l,ggg S 190 | 923 | 59.8 | 63.0 | 87.7 | 767
0% short + X0% \ongcaps | gg7 | 988 | 927 | 945 | 928 | 836
“38,‘7{5;‘4’;‘5:5 s 920 | 929 | 854|880 | 924 | 839
lg%ﬁoMni\c,;‘fS 983 | 988 |922| 947|895 | 756
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