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ABSTRACT

Composed Video Retrieval (CoVR) aims to retrieve a video based on a query
video and a modifying text. Current CoVR methods fail to fully exploit modern
Vision-Language Models (VLMs), either using outdated architectures or requiring
computationally expensive fine-tuning and slow caption generation. We introduce
PREGEN (PRE GENeration extraction), an efficient and powerful CoVR frame-
work that overcomes these limitations. Our approach uniquely pairs a frozen,
pre-trained VLM with a lightweight encoding model, eliminating the need for any
VLM fine-tuning. We feed the query video and modifying text into the VLM
and extract the hidden state of the final token from each layer. A simple encoder
is then trained on these pooled representations, creating a semantically rich and
compact embedding for retrieval. PREGEN significantly advances the state of the
art, surpassing all prior methods on standard CoVR benchmarks with substantial
gains in Recall@1 of +27.23 and +69.59. Our method demonstrates robustness
across different VLM backbones and exhibits strong zero-shot generalization to
more complex textual modifications, highlighting its effectiveness and semantic

capabilities.
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Figure 1: Comparison of other CoVR approaches, which finetune the VLM and use only the last
layer embedding, and PREGEN, which freezes the VLM and aggregates embeddings from all layers.

1 INTRODUCTION

Video understanding has been a fundamental challenge in computer vision, with early work focus-
ing on action recognition (Wang et al.,[2011;|Wang & Schmid, 2013)), video classification (Karpathy
et al., |2014; [Yue-Hei Ng et al, 2015)), and object detection (Girshick et al.l |2014; Redmon et al.,
2016). As video content continues to grow across digital platforms, the need for effective video
retrieval has become increasingly important. However, traditional keyword-based and visual sim-
ilarity approaches face challenges in effectively capturing complex user intents. Composed Video
Retrieval (CoVR) (Ventura et al., [2024a) addresses this challenge by defining the task of retrieving
a target video given both a reference video and a modifying text query, where a query expresses a
specific modification to a reference video, such as “find a video similar to this cooking demo, but
with a different cuisine.”
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CoVR builds upon Composed Image Retrieval (CIR), which established the foundational approach
of using both visual and textual inputs for retrieval tasks. Early work like TIRG (Vo et al., [2018])
developed image-text fusion architectures for CIR. Fashion-IQ (Wu et al., 2020) introduced the
first CIR dataset with human-written relative captions, and demonstrated that combining reference
images with natural language modifications enables more effective image retrieval. Subsequent
work expanded CIR to general domains with datasets like CIRR (Liu et al., 2021). Recent zero-shot
approaches like Pic2Word (Saito et al [2023) and LinCIR (Gu et al.| 2024) have leveraged vision-
language models such as CLIP (Radford et al., |2021) for composed retrieval without task-specific
training.

However, the transition from images to videos introduces substantial complexity that existing CIR
methods fail to address (Nguyen et al., 2024). Unlike static images, videos contain temporal se-
quences with dynamic scene changes, object interactions, and narrative progressions that demand
processing significantly richer semantic content (Simonyan & Zisserman, 2014;|Goyal et al.,[2017).
These challenges require novel architectures that can efficiently capture both the temporal dynamics
of video content and the nuanced modifications expressed in natural language (Nguyen et al., 2024
Xu et al., 2021)).

Modern Vision-Language Models (VLMs) like LLaVA (Liu et al.} 2023) and Qwen-VL (Bai et al.,
2023)) have demonstrated remarkable capabilities in understanding complex visual scenes and their
relationships to natural language descriptions. VLMs are trained on vast amounts of image-text and
video-text pairs, and possess rich world knowledge about objects, scenes, actions, and their interac-
tions. These strengths make VLMs a natural foundation for CoVR, which requires understanding
how textual modifications relate to video content.

While significant progress has been made in curating large-scale datasets for CoVR, including
WebVid-CoVR (Ventura et al., [2024a), FineCVR (Yue et al.l 2025), and Dense WebVid-CoVR
(Thawakar et al., [2025)), the field faces a significant methodological gap. Current approaches fail to
fully exploit the rich world knowledge encoded in modern VLMSs. Existing methods either use out-
dated models based on CLIP-style (Radford et al., 2021)) joint-encoders (Yue et al., 2025} [Hummel
et al., 2024), require extensive fine-tuning of large models (Kong et al., |2025), or rely on compu-
tationally expensive caption generation processes that create bottlenecks for practical deployment
(Thawakar et al.| 2024, [Hummel et al.| 2024). This autoregressive caption generation approach
becomes particularly costly when scaling to large video databases with millions of videos.

To address these limitations, we introduce PREGEN (PRE GENeration extraction), a novel frame-
work that efficiently leverages frozen VLMs for CoVR without requiring fine-tuning or caption
generation. Our key insight is that hidden states from the final token across all VLM layers con-
tain complementary semantic information that, when properly aggregated, creates powerful embed-
dings for video retrieval. We extract these multi-layer representations and process them through a
lightweight Transformer encoder to produce compact yet semantically rich embeddings. Figure
illustrates our approach compared to other VLM-based methods.

Our contribution.

* We observe that existing VLM-based embedding methods rely on single-layer representa-
tions. This approach results in embeddings that fail to capture the full knowledge encoded
across the VLM.

* Motivated by this observation, we propose PREGEN, an efficient embedding framework
that extracts hidden states from the final token across all VLM layers and aggregates them
using a lightweight Transformer encoder. This approach makes better use of VLM knowl-
edge while avoiding expensive fine-tuning or caption generation.

* We introduce a training strategy that precomputes hard negative batches by grouping
queries whose reference videos come from the same source. This approach preserves the
benefits of hard negatives while eliminating the costly process of online similarity search.

* We achieve significant state-of-the-art improvements with substantial performance gains.
We conduct an extensive ablation study to empirically validate the sources of our strong
results, demonstrating the effectiveness of our multi-layer pooling approach.
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2 RELATED WORK

Composed Image Retrieval (CIR). Composed Image Retrieval (CIR) has emerged as a funda-
mental task in multimodal information retrieval. In CIR, the goal is to search for target images using
a composition of a reference image and a text modifier that describes desired changes{Wu et al.
(2020) and ComposeAE (Anwaar et al., 2021) explored image-text fusion architectures and estab-
lished early methods for learning joint image-text embeddings for CIR. More recent methods, such
as InstructCIR (Zhong et al 2024) and MagicLens (Zhang et al.| 2024a)), have utilized VLMs to
handle more complex and nuanced compositional modifications and achieve zero-shot performance
without task-specific training.

Composed Video Retrieval (CoVR). The task of CoVR was introduced by |Ventura et al.|(2024a),
who released the first CoVR dataset, WebVid-CoVR, and established initial baselines using naive
frame sampling paired with CLIP-based encoders. Notably, this simple approach struggles at cap-
turing important temporal information, due to the static nature of CLIP-like architectures. Yue et al.
(2025) used temporal pooling mechanisms and demonstrated improvements in temporal understand-
ing. Notably, they also intoduced FineCVR, a more complex CoVR dataset where modifications
require a deeper understanding of video dynamics. This improves on WebVid-CoVR, where queries
can often be resolved using a single frame. Hummel et al.| (2024) proposed a caption-based method
that generates intermediate text descriptions before matching. However, this approach creates com-
putational bottlenecks of slow autoregressive text generation. UNITE (Kong et al.,|2025)) fine-tuned
VLMs for multimodal retrieval tasks, using LoRA (Hu et al.| [2022) to achieve competitive results
without full retraining. Still, most current approaches either rely on outdated CLIP architectures or
require expensive computational resources, leaving significant room for more efficient methods that
fully leverage modern VLM capabilities.

Vision Language Models (VLMs). VLMs have revolutionized multimodal understanding by
learning unified representations across visual and textual modalities. Early approaches like CLIP
(Radford et al.,2021)) and BLIP (L1 et al., |2022)) introduced dual-encoder and encoder-decoder archi-
tectures for cross-modal alignment and understanding. Modern VLM work has increasingly moved
toward generative architectures that demonstrate superior reasoning capabilities. Modern generative
VLMs such as the LLaVA series (Liu et al., 2023} Zhang et al.,|2025)) and Qwen-VL series (Bai et al.,
2023 [Wang et al., 2024) have shown strong performance in complex multimodal tasks. By lever-
aging LLM backbones and sophisticated vision-language alignment techniques, VLMs are capable
of using the vast real-world knowledge of LLMs to perform complex visual reasoning, generate
detailed descriptions, and understand intricate visual-textual relationships.

In the context of CoVR and CIR, these generative models offer advantages in understanding nu-
anced compositional queries. Their autoregressive nature allows for more flexible reasoning about
visual-textual relationships, making them particularly well-suited for tasks that require composi-
tional understanding. Methods like (Thawakar et al., [2024)) and TFR-CVR (Hummel et al., [2024)
use VLMs to generate captions for the query and target video, thus crossing the modality gap of
vision and text. Other methods like InstructCIR (Zhong et al.l[2024) and UNITE (Kong et al.| [2025))
directly use the hidden representations of the VLM as embeddings for retrieval.

Universal multimodal retrievers and LMM-based retrieval. Recent work has explored univer-
sal retrievers that can handle text, images, and mixed inputs within a single embedding space. These
methods convert multimodal LLMs into bi-encoders that generate unified embeddings for multiple
data modalities. E5-V (Jiang et al.| 2024)) extends the original ES (Wang et al., [2022) framework to
multimodal settings by aligning different input modalities in a shared embedding space. The method
converts visual inputs into structured text descriptions and trains on instruction-formatted data pairs
to learn cross-modal alignments. MM-Embed (Lin et al.,|2025) builds on the NV-Embed (Lee et al.,
2025) architecture, using modality-aware hard negative mining, and fine-tuning to improve perfor-
mance on text retrieval benchmarks. GME (Zhang et al., 2024b) trains a multimodal embedder on
both real and synthetically generated image-text pairs, studying how model size and training data
volume affect retrieval accuracy across different tasks.
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Figure 2: PREGEN extracts the hidden state of the last token at every VLM layer. These vectors are
position encoded and fed into a Transformer Encoder with a [CLS] token. The [CLS] token output
is then projected through an MLP to produce the final embedding.

3 METHOD

3.1 PROBLEM

Composed Video Retrieval (CoVR) is the task of retrieving a target video from a large database given
a query consisting of a reference video and a modifying text description. Unlike standard video
retrieval, which matches queries to targets based on visual similarity, CoVR requires understanding
how the query video should be modified based on the text. Formally, let V, be a database of query
videos, and V; a database of target videos. Given a query composed of a reference video v, € V,
and modifying text ¢,, that describes desired changes to the reference video, the goal is to retrieve
the target video v; € V; that best satisfies the modification specified by ¢,,, when applied to v,.

The training data consists of triplets (vy,t,,,v;) Where v, is the query video from V,, ¢, is the
natural language modification text, and v, is the corresponding target video from )V, that matches
the described changes. The modifying text ¢,, typically describes transformations such as changes
in objects (“replace the guitar with a piano”), scenes (“move from outdoors to indoors”), actions
(“walking instead of running”), or other semantic modifications that preserve the core context of the
reference video. During inference, given a new query (vg, t,, ), the model ranks all videos in V; by
their similarity to the composed query.

3.2 MODEL ARCHITECTURE

Current CoVR methods that leverage VLMs typically extract embeddings from only the final layer,
missing the hierarchical knowledge encoded across different layers of the model. Recent works
show that different layers in a VLM capture distinct semantic information. Early layers capture low-
level visual and textual features, middle layers learn compositional relationships between visual
and textual signals, and encode global information, and later layers integrate information for high-
level reasoning and next token prediction, thus depending far less on raw visual tokens (Tao et al.,
2024; Liu et al., 2024} (Chen et al, [2024). To fully utilize this multi-layer knowledge, we propose
PREGEN, which extracts and aggregates representations from all VLM layers. The full architecture
is illustrated in figure 2]

Given a query video v, and modifying text ¢,,, we first process them through a frozen VLM to
obtain joint video-text representations. Let fi 1 5; denote the VLM with L layers. We feed the
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concatenated input [vg; ¢,,,] through the VLM and extract the hidden state of the final token from
each layer / € {1,2,..., L}, yielding h; € R? where d is the hidden dimension of the VLM.

The multi-layer features

H = [hy,hs,... h;]
are first concatenated to a learnable h.;s token. We then apply sinusoidal positional encodings
based on layer order, where earlier layers receive lower positional indices and later layers receive
higher indices. Specifically, we compute h; = h; + PE (1) for each layer representation, and
hes = hos + PE (0) for the cls token, forming the input sequence

ﬁ = [ﬁclsaﬁlv--~7HL]~

This encoding scheme enables the Transformer encoder to better distinguish between representations
from different VLM layers and understand their sequential ordering.

The Transformer encoder takes as input the sequence H and produces the attended representations
Z = fyvim(H) = [zas, 21,7+, 2L

We extract the output of the encoder for the h.is token, which serves as an aggregated representation
of all layer information. Finally, we project z.;s through an MLP to obtain the final embedding:

e=MLP(zus),
where e € RP is the D-dimensional embedding used for retrieval.

Target video embeddings are generated using the same process, with the target video v, as the sole
input to the VLM. During retrieval, we compute cosine similarity between the query embedding e,
and each target video embedding e; in the database to rank candidates.

3.3 TRAINING

We train PREGEN using contrastive learning. The goal is to learn an embedding space where se-
mantically similar query-target pairs have high similarity while dissimilar pairs have low similarity.
We also introduce a novel hard negative mining approach that leverages the inherent structure of
CoVR datasets, allowing for efficient hard negative mining without the usual burden of additional
computational overhead.

Contrastive learning. ~Given a batch of of triplets B = {(vi, t{,,v})}2., the goal is to maximize

the similarity of each query embedding €! to its corresponding target embedding e, while minimiz-
ing the similarity between the query embedding and all other target embeddings in the batch. Pairs

of the form (e, e}) are called positive pairs, while pairs of the form (e}, el) such that i # j are

called negative pairs.

We use the symmetric InfoNCE loss (Oord et al., [2018)):

B
1 g g
L = — E —log BeXp(S”/T) — log —Bexp(s”/T) .
2B i=1 Zj:l exp(si;/T) Zj:l exp(s;i/T)

where s;; denotes the cosine similarity of ef] and e'z, and 7 is a temperature hyperparameter. In-
foNCE is widely used for retrieval tasks, as it aims to maximize the similarity between positive pairs
while simultaneously minimizing the similarity between all negative pairs in the batch.

Hard negative mining using source-based batching. Hard negative mining is a training tech-
nique that selects challenging negative examples for training. Specifically, instead of using random
negative samples, hard negative mining identifies negatives that are difficult for the current model to
distinguish from positive examples; typically, those with high similarity to the positive samples. By
training on these difficult cases, the model learns a more discriminative embedding space, ultimately
resulting in more robust representations that achieve better performance on retrieval tasks. However,
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hard negative mining typically requires expensive online computation to identify challenging exam-
ples during training. We propose a preprocessing approach that achieves similar benefits without
any additional computational overhead. During data preprocessing, we prioritize grouping training
triplets that share the same query video v, when constructing batches. This ensures that batches
contain multiple triplets with the same source video but different modifications whenever possible.
Since target videos from the same source share visual similarity, they naturally serve as challenging
negatives that improve the model’s discriminative capability without requiring explicit hard negative
search. For an empirical validation of the benefits of this approach, see Section 4.2}

4 EXPERIMENTS

In this section, we conduct experiments aiming to answer these core questions:

* Q1 Does aggregating representations from all layers improve retrieval performance com-
pared to using a single layer?

* Q2 Does source-based hard negative mining improve model capabilities?
* Q3 Is the method agnostic to different backbones?

* Q4 Does the method generalize to more complex and detailed textual modifications without
additional training?

* QS Do the different components of PREGEN contribute to its performance?

All experiments are conducted on 4 NVIDIA RTX PRO 6000 Blackwell Workstation Edition, using
an AdamW optimizer. Full hyperparameter details, and dataset statistics are provided in Sections [A]
and [B| All results for PREGEN are reported using a Qwen2.5-VL 7B backbone (Bai et al., 2025)
unless stated otherwise.

Our codebase is publicly available at: https://anonymous.4open.science/r/PREGEN_
CoVR.

4.1 THE EFFECT OF USING ALL LAYERS

Setup. To evaluate the impact of using all layers (Q1), we compare PREGEN, as described in
Section to PREGEN when trained using only the last layer of the VLM. In this case, since
there is no longer a sequence of hidden states, we discard the Transformer encoder, and directly
process the hidden state through an MLP. We perform evaluation on two available CoVR datasets:
WebVid-CoVR (Ventura et al. [2024a)), and FineCVR (Yue et al., [2025), reporting Recall@k for
k € {1,5,10,50}. For WebVid-CoVR we report the baselines CoVR (Ventura et al., 2024b)), CoVR-
2 |Ventura et al.|(2024a), ECDE (Thawakar et al., 2024), Thawakar et al.| (2025}, and UNITE (Kong
et al., 2025), taken from (Kong et al., [2025). For FineCVR we report the baselines CoVR (Ventura
et al., [2024b), TFR-CVR (Hummel et al.l 2024), FreestyleRet (L1 et al., [2024)), and FDCA (Yue
et al.| [2025)), taken from (Yue et al., 2025)).

Results. Tables [T] and 2] establish PREGEN as state-of-the-art on WebVid-CoVR and FineCVR,
surpassing all other CoVR methods by huge margins. Notably, PREGEN outperforms the previous
state-of-the-art, UNITE (Kong et al., [2025), a method which also uses the hidden states of VLMs
to generate embeddings. Conversely, when using a single layer of the VLM, PREGEN performs
poorly, achieving the weakest results across all metrics for both datasets. This large disparity in
performance is a direct result of utilizing the full scope of information encoded across the layers of
the VLM, further validating the strength of our approach.

4.2 THE EFFECT OF SOURCE-BASED HARD NEGATIVE MINING

Setup. To evaluate the impact of our source-based hard negative mining strategy (Q2), we com-
pare PREGEN trained with and without hard negative mining. We evaluate both configurations on
WebVid-CoVR (Ventura et al., |2024a) and FineCVR (Yue et al., 2025), reporting Recall@k for
k€ {1,5,10}.


https://anonymous.4open.science/r/PREGEN_CoVR
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Table 1: Results on WebVid-CoVR test set. The best results are highlighted.

Method R@1 R@5 R@10 R@50
CoVR 53.1 79.9 86.9 97.7
CoVR-2 59.8 83.8 91.3 98.2
ECDE 60.1 84.3 91.3 98.7
UNITEinstruct 7B 72.5 90.8 95.3 99.5
PREGEN (1 layer) 14.20 30.71 40.18 67.45
PREGEN 99.73 99.92 99.96 100.00

Table 2: Results on FineCVR test set. The best results are highlighted.

Method R@1 R@5 R@10 R@50
TFR-CVR 15.21 40.12 52.78 81.75
CoVR 17.05 41.57 56.60 85.56
FreestyleRet 20.39 52.98 68.37 93.03
FDCA-CLIP 25.84 55.84 70.23 94.33
FDCA-BLIP 26.79 63.21 78.65 97.25
PREGEN (1 layer) 6.90 12.21 17.42 39.95
PREGEN 96.38 99.95 99.98 99.99

Results. Table [3| demonstrates the gains added by using our source-based hard negative mining
strategy. On WebVid-CoVR, hard negative mining consistently improves performance across all
metrics, with gains of 0.98%, 1.17%, and 1.21% for Recall@{1,5,10} respectively. The improve-
ments are substantially more pronounced on FineCVR, where the method provides performance
boosts of 16.05%, 2.98%, and 1.22% across the same metrics. This could suggest that our hard
negative mining approach may prove even more effective on more challenging datasets where per-
formance has not reached saturation levels. We emphasize that this training strategy incurs no addi-
tional computational costs, and can potentially be used across many more domains and tasks.

Table 3: Results of PREGEN with and without source-based hard negative mining. Best results are
in bold.

\ WebVid-CoVR \ FineCVR
Method ' R@1 R@5 R@10 | R@1 R@5 R@10

PREGEN (No hard negative mining) ‘ 98.75 98.75 98.75 ‘ 80.33 96.97 98.76
PREGEN 9973 9992 9996 | 9638  99.95  99.98

4.3 THE EFFECT OF DIFFERENT BACKBONES

Setup. To evaluate whether our method is agnostic to different VLM backbones (Q3), we compare
PREGEN using four different Qwen-VL variants: Qwen2-VL 2B, Qwen2-VL 7B, Qwen2.5-VL 3B,
and Qwen2.5-VL 7B (Wang et al., [2024; Bai et al., [2025). All models follow the same architecture
described in Section [3.2] with only the underlying VLM backbone being changed. We evaluate
all variants on WebVid-CoVR (Ventura et al., 2024a), reporting Recall@k for k € {1,5,10,50}.
We report baseline results for UNITE (Kong et al., 2025) using Qwen2-VL 2B and Qwen2-VL 7B
backbones, taken from (Kong et al., 2025).

Results. Table ] demonstrates that PREGEN achieves consistently strong performance across all
tested VLM backbones, with minimal variation in results despite the differences in model size and
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Table 4: Results on WebVid-CoVR using different VLM backbones. The Backbone column specifies
the underlying VLM used for each method. Best results are in bold.
Method Backbone R@1 R@5 R@10 R@50

UNITEpsruee = Qwen2-VL 2B 69.1 88.4 93.2 99.1
UNITEpstruet . Qwen2-VL 7B 72.5 90.8 95.3 99.5

PREGEN Qwen2-VL 2B 95.89  98.28 98.59 99.53
PREGEN Qwen2-VL 7B 98.51  98.71 98.71 98.75
PREGEN Qwen2.5-VL3B  97.81 99.61 99.8 99.96

PREGEN Qwen2.5-VL7B  99.73 99.92  99.96 100.00

Table 5: Results on Dense WebVid-CoVR test set. Train Data column indicates the dataset used for
training. Best results are in bold.

Method Train Data R@1 R@5 R@10 R@50
Thawakar et al.|(2025]) WebVid-CoVR 48.08 73.36 81.06 93.78
Thawakar et al.[(2025) Dense WebVid-CoVR  71.26 89.12 94.56 98.88
PREGEN (Ours) WebVid-CoVR 98.71 98.75 98.79 98.79

architecture. All PREGEN variants substantially outperform existing state-of-the-art methods, with
performance differences between backbones remaining within 4% across all metrics. Notably, com-
paring performance between the 2B and 7B variants of Qwen2-VL, our method shows an average
relative decrease of only 1.1% across Recall@k for k& € {1,5, 10}, while UNITE shows a 3.2% av-
erage relative decrease. This consistency across diverse backbone sizes and versions further demon-
strates the robustness of our approach, regardless of the underlying VLM architecture.

4.4 GENERALIZATION TO COMPLEX INSTRUCTIONS

Setup. |Thawakar et al.|(2025)) published the Dense WebVid-CoVR dataset, a modified version of
the WebVid-CoVR dataset, where textual modifications are more fine grained. Unlike the original
dataset’s simple textual modifications (e.g., ’change color to red”’), Dense WebVid-CoVR contains
detailed compositional descriptions that specify precise spatial relationships, temporal dynamics,
and multi-object interactions within video scenes. To test generalization to complex instructions
(Q4), we train PREGEN exclusively on the standard WebVid-CoVR. We then evaluate on the Dense
WebVid-CoVR test set to assess its ability to handle significantly more detailed modifications. We
use the baselines of [Thawakar et al.| (2025)), reporting Recall@k for k € {1, 5, 10, 50}.

Results. Table [5|reveals that PREGEN demonstrates exceptional generalization to more complex
textual instructions, experiencing less than 2% performance decrease across all metrics when mov-
ing from standard to dense modifications. In contrast, Thawakar et al.[ (2025) suffer a substantial
performance decrease, with drops as high as 23% compared to their results on the original WebVid-
CoVR dataset. This demonstrates the utility of our approach in handling diverse and complex in-
structions, without requiring retraining. We attribute this robustness to our use of a large VLM
backbone, which provides significantly greater flexibility in understanding nuanced textual descrip-
tions compared to the simpler BLIP backbone used by Thawakar et al.|(2025).

4.5 EFFECT OF DIFFERENT COMPONENTS

Setup. To evaluate how much each component contributes to the strong performance of the method
(Q5), we conduct an ablation study, testing variants of PREGEN with: (1) single-layer extraction
instead of multi-layer, (2) averaging encoder outputs instead of using the [CLS] token, (3) removal
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Table 6: Ablation study results on WebVid CoVR. The best results are highlighted.

Method R@1 R@5 R@10 R@50

PREGEN (1 layer) 14.20 30.71 40.18 67.45
PREGEN (avg over encoder outputs) 98.71 98.75 98.79 98.79
PREGEN (No hard negative mining) 98.75 98.75 98.75 98.75
PREGEN (No positional encodings ) 98.75 98.75 98.79 98.79
PREGEN 99.73 99.92 99.96 100.00

of hard negative mining, and (4) removal of positional encodings. All experiments are conducted on
the WebVid-CoVR test set.

Results. Table [6] demonstrates the importance of each component in PREGEN. As shown in our
main results, using only a single layer leads to severe performance degradation. Averaging encoder
outputs instead of using the [CLS] token, training without hard negative mining, and removing po-
sitional encoding, all lead to a small but consistent decrease in performance, validating our different
design choices.

5 DISCUSSION

While PREGEN achieves nearly perfect performance on current CoVR benchmarks, these results
should not be interpreted as indicating that composed video retrieval is a solved problem. Rather,
we believe these results indicate that current available benchmarks for CoVR do not mirror the chal-
lenges posed by real-world video understanding tasks. For example, the WebVid-CoVR dataset
often contains modifications that can be resolved using a single frame, rather than requiring under-
standing of temporal dynamics or complex semantic relationships|{Thawakar et al.[(2024). FineCVR
attempts to address this limitation by including more complex modifications. Indeed, performance
on this dataset was substantially lower compared to WebVid-CoVR (96.38% vs 99.73% Recall@1).
This difference highlights that future benchmarks should prioritize modifications that require more
advanced compositional reasoning, temporal causality, and complex spatial-temporal relationships.

Our work reveals that current embedding and retrieval methods underutilize modern VLMs. Most
approaches use outdated architectures or extract features from single layers, thereby neglecting
meaningful semantic information. We believe future research should explore how to better utilize the
different layers of VLM and LLM backbones, investigate semantic information distribution across
model layers, and develop more efficient aggregation strategies. These findings can and should be
adopted across other multimodal tasks where foundation models are underutilized. Similar multi-
layer extraction strategies could improve capabilities in tasks such as image-text retrieval, visual
question answering, and cross-modal understanding.

6 CONCLUSION

We introduced PREGEN, a novel framework for Composed Video Retrieval that efficiently lever-
ages frozen vision-language models by extracting and aggregating hidden states from all layers of
the VLM. In contrast to previous methods that used VLMs, our approach eliminates the need for
expensive fine-tuning or caption generation while achieving substantial performance improvements.
Namely, PREGEN surpasses all prior methods on the standard CoVR benchmarks WebVid-CoVR
and FineCVR, with gains of +27.23 and +69.59 in Recall@1, respectively.

We introduce a training strategy we term source-based hard negative mining, which utilizes the
structure of CoVR datasets and improves training efficiency without additional computational over-
head. PREGEN exhibits strong performance across different VLM backbones and generalization to
complex textual modifications, highlighting the robustness of our multi-layer feature aggregation.
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REPRODUCIBILITY STATEMENT.

We have taken care to ensure the reproducibility of our results. Complete details of datasets, model
architectures, training settings, and hyperparameters are provided in the main text and Appendix.
All datasets used are publicly available benchmarks. All pretrained VLMs are taken from Hugging-
Face repositories. We provide a public codebase with a complete implementation of all methods
presented.

ETHICS STATEMENTS.

This work does not involve human subjects, personal or sensitive data, or applications in high-
risk domains. All datasets used in our experiments are publicly available benchmarks, and were
used in compliance with their respective licenses. The large-language models used in our study are
publicly released open-source models obtained through HuggingFace. Our work provides a general
framework for Composed Video Retrieval, and does not target any harmful applications.

Usage of Large Language Models in This Work. LLMs were used in this work for coding as-
sistance, grammar refinement, and LaTeX formatting. Their use allowed the authors to invest more
time into meaningful research contributions.

REFERENCES

Muhammad Umer Anwaar, Egor Labintcev, and Martin Kleinsteuber. Compositional learning of
image-text query for image retrieval. In WACV, 2021.

Jinze Bai, Shuai Bai, Shusheng Yang, Shijie Wang, Sinan Tan, Peng Wang, Junyang Lin, Chang
Zhou, and Jingren Zhou. Qwen-vl: A versatile vision-language model for understanding, local-
ization, text reading, and beyond. arXiv, 2023.

Shuai Bai, Keqin Chen, Xuejing Liu, Jialin Wang, Wenbin Ge, Sibo Song, Kai Dang, Peng Wang,
Shijie Wang, Jun Tang, Humen Zhong, Yuanzhi Zhu, Mingkun Yang, Zhaohai Li, Jiangiang Wan,
Pengfei Wang, Wei Ding, Zheren Fu, Yiheng Xu, Jiabo Ye, Xi Zhang, Tianbao Xie, Zesen Cheng,
Hang Zhang, Zhibo Yang, Haiyang Xu, and Junyang Lin. Qwen2.5-vl technical report. arXiv,
2025.

Liang Chen, Haozhe Zhao, Tianyu Liu, Shuai Bai, Junyang Lin, Chang Zhou, and Baobao Chang.
An image is worth 1/2 tokens after layer 2: Plug-and-play inference acceleration for large vision-
language models. In ECCV, 2024.

Ross Girshick, Jeff Donahue, Trevor Darrell, and Jitendra Malik. Rich feature hierarchies for accu-
rate object detection and semantic segmentation. In CVPR, 2014.

Raghav Goyal, Samira Ebrahimi Kahou, Vincent Michalski, Joanna Materzynska, Susanne West-
phal, Heuna Kim, Valentin Haenel, Ingo Fruend, Peter Yianilos, Moritz Mueller-Freitag, et al.
The ”something something” video database for learning and evaluating visual common sense. In
ICCV, 2017.

Geonmo Gu, Sanghyuk Chun, Wonjae Kim, Yoohoon Kang, and Sangdoo Yun. Language-only
efficient training of zero-shot composed image retrieval. In CVPR, 2024.

Edward J Hu, yelong shen, Phillip Wallis, Zeyuan Allen-Zhu, Yuanzhi Li, Shean Wang, Lu Wang,
and Weizhu Chen. LoRA: Low-rank adaptation of large language models. In /CLR, 2022.

Thomas Hummel, Shyamgopal Karthik, Mariana-Iuliana Georgescu, and Zeynep Akata. Egocvr:
An egocentric benchmark for fine-grained composed video retrieval. In ECCV, 2024.

Ting Jiang, Minghui Song, Zihan Zhang, Haizhen Huang, Weiwei Deng, Feng Sun, Qi Zhang,

Deqing Wang, and Fuzhen Zhuang. E5-v: Universal embeddings with multimodal large language
models. arXiv, 2024.

10



Under review as a conference paper at ICLR 2026

Andrej Karpathy, George Toderici, Sanketh Shetty, Thomas Leung, Rahul Sukthankar, and Li Fei-
Fei. Large-scale video classification with convolutional neural networks. In CVPR, 2014.

Fanheng Kong, Jingyuan Zhang, Yahui Liu, Hongzhi Zhang, Shi Feng, Xiaocui Yang, Daling Wang,
Yu Tian, Victoria W., Fuzheng Zhang, and Guorui Zhou. Modality curation: Building universal
embeddings for advanced multimodal information retrieval. arXiv, 2025.

Chankyu Lee, Rajarshi Roy, Mengyao Xu, Jonathan Raiman, Mohammad Shoeybi, Bryan Catan-
zaro, and Wei Ping. NV-embed: Improved techniques for training LLMs as generalist embedding
models. In ICLR, 2025.

Hao Li, Yanhao Jia, Peng Jin, Zesen Cheng, Kehan Li, Jialu Sui, Chang Liu, and Li Yuan.
Freestyleret: retrieving images from style-diversified queries. In ECCV, 2024.

Junnan Li, Dongxu Li, Caiming Xiong, and Steven C. H. Hoi. Blip: Bootstrapping language-image
pre-training for unified vision-language understanding and generation. In ICML, 2022.

Sheng-Chieh Lin, Chankyu Lee, Mohammad Shoeybi, Jimmy Lin, Bryan Catanzaro, and Wei Ping.
Mm-embed: Universal multimodal retrieval with multimodal 1lms. In /CLR, 2025.

Haotian Liu, Chunyuan Li, Qingyang Wu, and Yong Jae Lee. Visual instruction tuning. In NeurIPS,
2023.

Zheyuan Liu, Cristian Rodriguez-Opazo, Damien Teney, and Stephen Gould. Image retrieval on
real-life images with pre-trained vision-and-language models. In ICCV, 2021.

Zhu Liu, Cunliang Kong, Ying Liu, and Maosong Sun. Fantastic semantics and where to find them:
Investigating which layers of generative llms reflect lexical semantics. In ACL, 2024.

Thong Nguyen, Yi Bin, Junbin Xiao, Leigang Qu, Yicong Li, Jay Zhangjie Wu, Cong-Duy Nguyen,
See-Kiong Ng, and Anh Tuan Luu. Video-language understanding: A survey from model archi-
tecture, model training, and data perspectives. In ACL, 2024.

Aaron van den Oord, Yazhe Li, and Oriol Vinyals. Representation learning with contrastive predic-
tive coding. arXiv, 2018.

Alec Radford, Jong Wook Kim, Chris Hallacy, Aditya Ramesh, Gabriel Goh, Sandhini Agar-
wal, Girish Sastry, Amanda Askell, Pamela Mishkin, Jack Clark, Gretchen Krueger, and Ilya
Sutskever. Learning transferable visual models from natural language supervision. In ICML,
2021.

Joseph Redmon, Santosh Divvala, Ross Girshick, and Ali Farhadi. You only look once: Unified,
real-time object detection. In CVPR, 2016.

Kuniaki Saito, Kihyuk Sohn, Xiang Zhang, Chun-Liang Li, Chen-Yu Lee, Kate Saenko, and Tomas
Pfister. Pic2word: Mapping pictures to words for zero-shot composed image retrieval. In CVPR,
2023.

Karen Simonyan and Andrew Zisserman. Two-stream convolutional networks for action recognition
in videos. In NeurIPS, 2014.

Mingxu Tao, Quzhe Huang, Kun Xu, Liwei Chen, Yansong Feng, and Dongyan Zhao. Probing mul-
timodal large language models for global and local semantic representations. In LREC-COLING,
2024.

Omkar Thawakar, Muzammal Naseer, Rao Muhammad Anwer, Salman Khan, Michael Felsberg,
Mubarak Shah, and Fahad Shahbaz Khan. Composed video retrieval via enriched context and
discriminative embeddings. In CVPR, 2024.

Omkar Thawakar, Dmitry Demidov, Ritesh Thawkar, Rao Muhammad Anwer, Mubarak Shah, Fa-
had Shahbaz Khan, and Salman Khan. Beyond simple edits: Composed video retrieval with dense
modifications. In ICCV, 2025.

11



Under review as a conference paper at ICLR 2026

Lucas Ventura, Antoine Yang, Cordelia Schmid, and Giil Varol. Covr-2: Automatic data construc-
tion for composed video retrieval. In IEEE Transactions on Pattern Analysis and Machine Intel-
ligence, 2024a.

Lucas Ventura, Antoine Yang, Cordelia Schmid, and Giil Varol. Covr: Learning composed video
retrieval from web video captions. In AAAI 2024b.

Nam Vo, Lu Jiang, Chen Sun, Kevin Murphy, Li-Jia Li, Li Fei-Fei, and James Hays. Composing
text and image for image retrieval - an empirical odyssey. In CVPR, 2018.

Heng Wang and Cordelia Schmid. Action recognition with improved trajectories. In ICCV, 2013.

Heng Wang, Alexander Kliser, Cordelia Schmid, and Cheng-Lin Liu. Action recognition by dense
trajectories. In CVPR, 2011.

Liang Wang, Nan Yang, Xiaolong Huang, Binxing Jiao, Linjun Yang, Daxin Jiang, Rangan Ma-
jumder, and Furu Wei. Text embeddings by weakly-supervised contrastive pre-training. ArXiv,
2022.

Peng Wang, Shuai Bai, Sinan Tan, Shijie Wang, Zhihao Fan, Jinze Bai, Keqin Chen, Xuejing Liu,
Jialin Wang, Wenbin Ge, Yang Fan, Kai Dang, Mengfei Du, Xuancheng Ren, Rui Men, Dayiheng
Liu, Chang Zhou, Jingren Zhou, and Junyang Lin. Qwen2-vl: Enhancing vision-language model’s
perception of the world at any resolution. arXiv, 2024.

Hui Wu, Yupeng Gao, Xiaoxiao Guo, Ziad Al-Halah, Steven Rennie, Kristen Grauman, and Rogerio
Feris. Fashion iq: A new dataset towards retrieving images by natural language feedback. In
CVPR, 2020.

Hu Xu, Gargi Ghosh, Po-Yao Huang, Dmytro Okhonko, Armen Aghajanyan, Florian Metze, Luke
Zettlemoyer, and Christoph Feichtenhofer. Videoclip: Contrastive pre-training for zero-shot
video-text understanding. In EMNLP, 2021.

WU Yue, Zhaobo Qi, Yiling Wu, Junshu Sun, Yaowei Wang, and Shuhui Wang. Learning fine-
grained representations through textual token disentanglement in composed video retrieval. In
ICLR, 2025.

Joe Yue-Hei Ng, Matthew Hausknecht, Sudheendra Vijayanarasimhan, Oriol Vinyals, Rajat Monga,
and George Toderici. Beyond short snippets: Deep networks for video classification. In CVPR,
2015.

Kai Zhang, Yi Luan, Hexiang Hu, Kenton Lee, Siyuan Qiao, Wenhu Chen, Yu Su, and Ming-Wei
Chang. Magiclens: Self-supervised image retrieval with open-ended instructions. In ICML,
2024a.

Shaolei Zhang, Qingkai Fang, Zhe Yang, and Yang Feng. Llava-mini: Efficient image and video
large multimodal models with one vision token. In ICLR, 2025.

Xin Zhang, Yanzhao Zhang, Wen Xie, Mingxin Li, Ziqi Dai, Dingkun Long, Pengjun Xie, Meishan
Zhang, Wenjie Li, and Min Zhang. Bridging modalities: Improving universal multimodal retrieval
by multimodal large language models. In CVPR, 2024b.

Wenliang Zhong, Weizhi An, Feng Jiang, Hehuan Ma, Yuzhi Guo, and Junzhou Huang. Composi-
tional image retrieval via instruction-aware contrastive learning. arXiv, 2024.

12



Under review as a conference paper at ICLR 2026

A HYPERPARAMETERS

Table 7: Training and model hyperparameters used for each dataset.

WebVid-CoVR FineCVR

Learning rate 0.00005 0.00005
Weight decay 0.05 0.05
Batch size 1024 1024
Epochs 1 1
Gradient clipping norm 1.0 1.0
Dropout 0.1 0.1
Number of frames (uniformly sampled) 8 8
Encoder heads 8 8
Transformer encoder number of layers 1 1
MLP number of layers 2 2
MLP hidden dimension 14,336 14,336
InfoNCE temperature 7 0.05 0.05
Precision bfloat16 bfloat16

B DATASET STATISTICS

Table 8: Dataset statistics.

WebVid-CoVR FineCVR
Train triplets 1,648,789 1,000,028

Test triplets 2,556 10,043
Videos 133,219 136,547
Unique words 21,098 20,961
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