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Abstract

Vision-Language Retrieval (VLR) aims to retrieve relevant
visual or textual information from multimodal data using lan-
guage or image queries. However, traditional VLR methods
often rely on data-driven shallow semantic alignment and fail
to understand the deeper structural and fine-grained entity fea-
tures of queries, resulting in poor performance on multi-entity
layouts and challenging entities. In this paper, we propose
the Layout-Aware and Sketch-Enhanced (LASE) VLR frame-
work, which refines query representations by incorporating
multimodal layout and sketch knowledge. Specifically, layout
knowledge encodes the spatial arrangement of entities, while
sketch knowledge refines entity perception by capturing essen-
tial structural details. To extract these knowledge representa-
tions, we leverage Large Language Models’ (LLMs) powerful
semantic understanding for layout generation, and Diffusion
Models’ (DMs) fine-grained cross-modal generative capabil-
ities for sketch generation. However, integrating knowledge
into queries may introduce biases and query-specific prefer-
ences due to varying visual content and knowledge demands.
To address this, we propose the Gated Dual-Stream Knowl-
edge Module (GDKM), which consists of a multi-instance
fusion network with a sample-aware gating network. The fu-
sion network aggregates diverse knowledge using multi-head
attention to reduce bias, while the gating network adjusts
knowledge weights based on query characteristics. Extensive
experiments demonstrate that the LASE significantly enhances
VLR performance across multiple benchmarks, with superior
generalization and transferability.

Introduction

Visual-language retrieval (VLR), which utilizes textual or
visual data to retrieve corresponding cross-modal visual or
textual information, has become a key focus in multimodal
research (Zhao et al. 2023; Wang et al. 2024b; Meng et al.
2025; Zhang et al. 2025b; Meng et al. 2026). However, tradi-
tional VLR methods (Radford et al. 2021; Li et al. 2022; Yu
et al. 2022) primarily rely on data-driven models for shallow
semantic alignment, often overlooking the deep, structured
knowledge inherent in text queries. This limitation leads to
an insufficient understanding of scene and entity knowledge.

*Jinpeng Wang and Dan Zhao are corresponding authors.
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Specifically, VLR involving multi-entity queries faces two
primary challenges: (1) Multi-Entity Layout. Ambiguous
spatial descriptions and limited spatial reasoning hinder the
retriever’s ability to handle complex layouts. As shown in
Figure 1 (a.1), incorrectly retrieved results exhibit signifi-
cantly lower Spatial Alignment Scores (which quantifies the
matching between the query and layout of its corresponding
image), indicating a failure to capture spatial structures. For
example, in Figure 1 (a.2), the retriever fails to capture the
intended spatial relation “about” between “sign” and “bicy-
cle”, missing the intended layout. (2) Cross-Modal Entity
Alignment. The retriever struggles to align textual entities
with corresponding visual entities. As shown in Figure 1
(b.1), a noticeable decline in Entity Alignment Score (which
quantifies the matching between textual entities and corre-
sponding visual elements) can be observed between correct
and incorrect queries. This highlights the retriever’s failure
to align textual entities with visual features as a key cause
of mismatching. For instance, in Figure 1 (b.2), the retriever
confuses “bicycle” with “motorcycle”, leading to mistakes.

In this paper, we propose a novel Layout-Aware and
Sketch-Enhanced (LASE) framework for query refinement,
which aims to address the above challenges. Specifically,
LASE utilizes the semantic understanding capabilities of
Large Language Models (LLMs) (Grattafiori et al. 2024; Lu
et al. 2025) and the fine-grained cross-modal generative ca-
pabilities of Diffusion Models (DMs) (Betker et al. 2023)
to generate layout (Lian et al. 2023) and sketch (Koley et al.
2024) knowledge relevant to the query, respectively. The term
layout refers to the spatial arrangement of entities within a
query, providing essential spatial cues for modeling inter-
entity relationships. As demonstrated in Figure 1 (a.1), in-
corporating layout significantly enhances Spatial Matching
Score, even when the inferred layout deviates from the actual
layout of the ground truth image. The term sketch, referring
to the preliminary visual representations of entities, offers de-
tailed and refined visual features that enhance the retriever’s
ability to recognize and distinguish similar entities. As shown
in Figure 1 (b.1), sketches have proven highly effective in
enhancing Entity Alignment Score, demonstrating sketches
serve as an ideal medium for conveying entity details.

While integrating layout and sketch provides valuable
alignment cues, it also introduces two key challenges: Knowl-
edge Bias — Due to the diversity of visual content, queries
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Figure 1: VLR Challenge Examples: Tables (a.1) and (b.1) show a notable drop in Spatial Alignment Score and Entity Alignment
Score for incorrectly retrieved queries. (a.2) and (b.2) present examples of incorrect retrievals, where green-bordered images
indicate ground truth images, while red-bordered images represent mismatches.

correspond to multiple reasonable layouts and sketch styles.
Relying solely on a single knowledge instance can lead to
overfitting and thus bring a knowledge bias. Query-specific
Knowledge Preferences — Different queries require dif-
ferent types of knowledge: layout is crucial for multi-entity
queries in Figure 1 (a), while sketch is more effective for
queries involving fine-grained entities in Figure 1 (b).

To mitigate these challenges, we propose the Gated Dual-
Stream Knowledge Module (GDKM), which comprises
a multi-instance fusion network and a sample-aware gating
network. The fusion network leverages multi-head attention
to integrate diverse layout and sketch instances generated by
LLMs and DMs, reducing knowledge bias. The gating net-
work adaptively weights different knowledge sources based
on query characteristics, adapting to query-specific knowl-
edge preferences. Furthermore, to deploy in real-world ap-
plications, we design the LASE-lite, a lightweight variant
that significantly lowers inference cost while preserving the
performance benefits.

The contributions of this work are as follows:

* We propose a Layout-Aware and Sketch-Enhanced
(LASE) framework, which utilizes LLMs and DMs to
generate layouts and sketches. Layout provides essential
spatial knowledge, and the sketch enriches visual details.
Incorporating both multi-modal knowledge to refine query
effectively improves the retriever’s ability to handle multi-
entity layout and cross-modal entity alignment.

* To address knowledge bias and query-specific knowledge
preferences, we design the Gated Dual-Stream Knowl-
edge Module (GDKM). It combines a multi-instance fu-
sion network to capture diverse knowledge and reduce
bias, along with a sample-aware gating network that dy-
namically adjusts weights based on query characteristics.

» Extensive experiments on various VLR benchmarks
demonstrate that LASE significantly improves retrieval
accuracy, especially in complex layouts queries.

Related Work
Vision-Language Retrieval

The primary goal of VLR is to align visual and textual
modalities. Current VLR models fall into three categories:

single-stream, double-stream, and dual-encoder architectures.
Single-stream models (Chen et al. 2020; Li et al. 2020; Kim,
Son, and Kim 2021) integrate visual and textual inputs into
one sequence, using self-attention to enable fine-grained
multi-modal interactions to facilitate alignment. Double-
stream models (Li et al. 2021, 2022; Yang et al. 2022; Zhang
et al. 2024, 2026) separate intra-modal processing from cross-
modal fusion, employing co-attention mechanisms to allow
interaction between modalities. Dual-encoder models (Li
etal. 2021, 2022; Wang et al. 2022b, 2024a; Tang et al. 2025,
2026) enhance inference efficiency by projecting visual and
textual data into a shared semantic space for similarity as-
sessment, making them suitable for large-scale applications.

Knowledge-Enhanced VLR Methods

Traditional VLR methods largely rely on data-driven ap-
proaches, often neglecting deeper query-specific knowledge.
Knowledge-enhanced VLR approaches aim to improve cross-
modal understanding through knowledge augmentation, in-
volving internal knowledge extraction or external knowledge
integration. Internal extraction methods derive knowledge di-
rectly from data. OA-Trans (Wang et al. 2022c) and Structure-
CLIP (Huang et al. 2024) use object features for cross-modal
learning, while Coder (Wang et al. 2022a) and ViSTA (Cheng
et al. 2022) incorporate commonsense and scene text to en-
hance image-text alignment. External integration methods
enrich VLR by incorporating external knowledge sources.
Knowledge-CLIP (Pan et al. 2022), EI-CLIP (Ma et al. 2022)
and ACP (Fang et al. 2022) leverage multimodal knowledge
graphs for concept-level semantics, Other works (Menon
and Vondrick 2022; Pratt et al. 2023; Maniparambil et al.
2023; Yang et al. 2023a) use LLMs to generate fine-grained
category descriptions or integrate object concepts from Word-
Net (Yao et al. 2022). Retrieval-enhanced approaches (Xie
et al. 2023) retrieve relevant images as cross-modal cues.
However, the existing knowledge-enhanced VLR Methods
primarily rely on text descriptions or image-based enhance-
ments, but struggle with spatial layout and fine-grained de-
tails. These limitations result in poor performance in tasks
involving multi-entity layout alignment and challenging en-
tity alignment. Notably, while some works (Koley et al. 2024)
have explored sketch-based VLR, they typically rely on pre-
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Figure 2: Overview of LASE framework. First, LLMs and DMs are used to infer layout from the query and generate corresponding
sketch-based knowledge. Then, GDKM adaptively integrates multi-instance layout and sketch information, producing enriched
text embeddings. Finally, the similarity between the enhanced text embeddings and image embeddings is calculated to obtain

retrieval results.

constructed sketch libraries and focus primarily on single-
entity images in domains like e-commerce. However, many
real-world VLR scenarios involve complex multi-entity im-
ages without predefined sketch resources. In this paper, we
design LASE that incorporates layout generated by LLMs
and sketch generated by DMs, providing the models with
precise spatial structure and detailed visual cues.

Methods

In this section, we present the details of our proposed LASE
framework. Our goal is to enhance VLR models with spa-
tial layout awareness and fine-grained visual details. In our
work, we select the simple yet effective dual-encoder model
CLIP as the foundational model. Figure 2 shows the overview
of the LASE. First, given input queries, we leverage the se-
mantic understanding of LLMS to infer layout information,
and the cross-modal generation capability of DMs to gener-
ate corresponding sketch cues, respectively. Then the Gated
Dual-Stream Knowledge Module (GDKM) is designed to
adaptively fuse the multi-instance layout and sketch infor-
mation to generate enriched text embeddings. Finally, we
compute the similarity between the enhanced text embed-
dings and the image embeddings to obtain the retrieval result.

Knowledge Generation

Layout Generation To accurately represent layout infor-
mation, we divide it into three components: entity names,
bounding box coordinates, and a background description.
The bounding box coordinates are represented in the format
(z,y, width, height), where (x,y) represent the center of the
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bounding box, and width and height specify the bounding
box’s dimensions. The layout information of a query is ex-
pressed as a set: [ = {(e1,b1),...,(er,bE), Z}, where E is
the number of entities, e; represents the entity name of the
i-th entity, b; denotes the bounding box coordinate for that
entity, and Z is the background description.

LLMs excel in semantic processing and understanding
complex textual descriptions, making them ideal for gen-
erating coherent and contextually rich layouts. To generate
high-quality layout information, we design a prompt template
with task instructions and supporting details. Additionally,
we provide the LLMs with carefully selected examples based
on the task description to ensure the generated layouts adhere
to the expected format and structure. The generated layout
information can capture each entity’s size, quantity, and spa-
tial position, enriching the query with spatial layout details.
To reduce potential bias from a single layout, we generate
multiple layout variations for each query to provide better
diversity and robustness.

Sketch Generation Text descriptions often become lengthy
and complex when attempting to convey fine-grained visual
details. Images often contain irrelevant background infor-
mation or distracting features that hinder the transmission
of precise details. Sketches provide a concise and efficient
medium for fine-grained visual representation. Diffusion
models (DMs) (Betker et al. 2023; Li et al. 2025) shows
impressive capability to generate high-fidelity, detailed im-
ages based on textual input. We leverage DMs to transform
the abstract concepts into precise and detailed sketches.
Unlike image classification, VLR often involves multiple
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Figure 3: Overview of GDKM. GDKM includes multi-
instance fusion network and sample-aware gated network.

entities and their complex spatial relationships. Consequently,
directly generating sketches in VLR often results in incom-
plete or disordered layout information in the sketches. In
LASE, we propose a layout-guided strategy for sketch gener-
ation. This strategy utilizes a chain-of-thought process, incor-
porating previously generated layout as prior knowledge for
sketch generation, ensuring that the entity arrangements in
the sketch better align with the query. In this paper, we use in-
struction prompts to leverage GPT-4V (Yang et al. 2023b) for
invoking DALL-E 3 (Betker et al. 2023) to generate sketches.
We design a prompt template that includes a task description
and layout information. In addition, we provide high-quality
sketch samples that illustrate the desired minimalist style,
aiding the model in understanding the expected output. This
strategy allows us to generate high-quality, layout-consistent
sketches. To accommodate the diverse appearances of entities
in images, we generate multiple sketch instances (Zha et al.
2024b, 2025, 2024a), minimizing bias from a single sketch.
In our implementation, we generate a corresponding sketch
for each layout in section to obtain multiple sketches.

Knowledge Fusion

Gated Dual-Stream Knowledge Module Following the
aforementioned process, we have obtained K layouts
{Lk}szl for each query, and produced the corresponding
sketch for each layout, thus obtaining K sketches { Sy }< .
These layouts and sketches are then input into the Gated Dual-
Stream Knowledge Module (GDKM) to generate an enriched
query representation. As shown in Figure 3, GDKM initially
encodes the layouts and sketches separately using a layout
encoder and a sketch encoder, respectively. Subsequently, it
effectively integrates multiple layouts and sketches through a
multi-instance fusion network. Ultimately, the sample-aware
gated network adaptively assigns weights to both layout and
sketch knowledge based on query characteristics.

Specifically, the GDKM first extracts the embedding of the
layout Ly, denoted as HF, using

Hi = ¢(Ly), (1)
and the embedding of the sketch Sy, denoted as H ,f , using
Hi = (Sk), 2)
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where ¢ and v are pretrained unimodal encoders designed
specifically for layouts and sketches.

Multi-instance Fusion Network: Inspired by the multi-head
attention mechanism’s ability to capture diverse instance
features across different spaces (Xie et al. 2023), we apply
multi-head cross-attention mechanism (Vaswani et al. 2017)
to integrate multiple layout and sketch instances of the query,
respectively. For the layout instances, we use the query vector
HT as query, and use { HE} | as both keys and values to
obtain layout-enhanced embedding:

HY = MultiheadAttn(HT, {HIVE  {HEYE ). (3)

Similarly, for the sketch knowledge, we use the query
vector H™' as query and use { Hy }£_| as both keys and values
to derive the sketch-enhanced embedding:

H® = MultiheadAttn(HT, { HYE | {HZVE ). (@)

The multi-instance cross-modal attention mechanism re-
duces biases that might arise from single-instance reliance,
increases the diversity of captured knowledge, and enhances
robustness to varied layouts and sketch styles.
Sample-aware Gated Network: Given the diversity of
queries, different queries may benefit from sketch and layout
knowledge to varying degrees. To address this, we design a
Sample-aware Gated Network that adaptively assigns weights
to each knowledge type according to the query.

We concatenate the layout-enhanced embedding H*,
the sketch-enhanced embedding H*, and the query em-
bedding HT to passed through a multi-layer perception
(MLP) (Popescu et al. 2009) to learn the optimal weight
distribution. This process is formalized as follows:

B = o(MLP(concat(HT , HL, H®))), (&)

where [ represents the weight assigned to the layout knowl-
edge, and o is the sigmoid activation function to ensure /3 lies
between 0 and 1. The weight assigned to the sketch knowl-
edge is set as 1 — /3. The final enhanced query representation
HI, .4l calculated as the weighted sum of the query,
layout, and sketch representations:

(6)

The Sample-aware Gated Network can adaptively allocate
attention based on the properties of query, identifying the
optimal contribution from layout and sketch to maximize
information gain.

B-H"+(1=p)-H®+H"

enhanced —

Progressive Contrastive Loss In the LASE framework,
we introduce a Progressive Contrastive Loss (PCL) aimed
at guiding the alignment process by gradually incorporating
extra knowledge to improve the model’s adaptability to mul-
timodal features. Specifically, PCL initially focuses on basic
query and image alignment L1, gradually to single-stream
knowledge (layout or sketch) integration through Lo, and
ultimately achieves more complex dual-stream knowledge
(layout and sketch) fusion by L3. Through this incremental
approach, the model transitions from basic feature alignment
to more complex multimodal integration. Notably, our de-
sign is flexible, allowing both the enhancement features of



Flickr30K (1K) MSCOCO(5K) Flickr30K-CFQ Llava23K
Retrievers Methods 12T T21 12T T21 12T T21 12T T21

R@] R@5 | R@l R@5 | R@l R@5 | R@l R@5 | R@l R@5 | R@l R@5 | R@l R@5 | R@l R@5

NA 80.1 978 | 741 926 |653 859 [481 750 | 733 868 |[512 751 | 663 881 [61.7 851

+DetCLIP 89.2 978 | 746 928 | 655 859 | 483 751 739 874 |522 756 | 666 884 | 62.1 852

+DesCLIP | 895 979 | 748 928 | 657 859 |484 752 738 876 | 523 758 | 669 885 | 623 853

CLIP +CLIP-GPT | 89.7 987 | 752 931 | 662 862 |488 753 740 873 | 524 756 | 668 884 | 621 853
LaBo 89.6 985 | 753 932 | 664 863 | 488 754 741 874 | 522 755 | 670 88.6 |622 854

+RACLIP 894 98.0 | 745 928 | 654 86.1 |48.6 753 738 873 | 519 754 | 671 885 | 622 854

+LASE 909 993 758 937 | 668 869 | 496 762 | 76.6 887 545 77.0 | 688 89.1 | 63.5 86.0

NA 855 965 [ 720 912 |[639 856 [456 721 686 843 |478 729 | 645 89.0 | 611 857

+DetCLIP 856 965 | 722 912 | 638 855 |458 721 69.5 848 | 485 735 | 646 892 |613 857

+DesCLIP | 858 96.7 | 725 914 | 639 857 |46.1 723 69.7 848 | 487 734 | 648 894 |615 858

CoCa +CLIP-GPT | 862 97.0 | 722 91.6 | 643 857 | 460 722 69.7 847 |48.6 737 | 647 893 |6l5 856
+LaBo 863 97.1 722 917 | 643 856 | 462 724 69.8 846 |48.6 736 | 646 893 | 616 856

+RACLIP 858 966 | 721 912 | 641 856 |457 721 694 846 | 483 737 | 649 894 |614 860

+LASE 868 973 727 916 | 650 859 |46.6 727 | 712 857 495 745 | 66.1 902 | 62.5 87.0

NA 90.8 987 | 789 947 |69.1 892 |526 785 78.1 923 | 579 804 | 759 935 | 737 919

+DetCLIP | 909 98.6 | 79.1 946 | 693 892 | 527 785 784 923 | 581 80.6 | 761 934 | 738 919

+DesCLIP | 909 987 | 79.2 947 | 694 892 |528 786 | 783 923 | 583 806 | 763 936 |738 919
EVA-02-CLIP +CLIP-GPT | 91.1 987 | 793 947 | 694 893 |526 786 | 783 924 |580 805 | 758 935 | 737 920
+LaBo 91.2 988 | 792 947 | 695 893 |525 785 784 925 | 581 805 | 758 937 | 738 921

+RACLIP 90.7 986 | 79.0 946 | 69.1 89.0 |526 785 782 922 | 58.1 804 | 760 936 | 73.7 918

+LASE 915 989 797 95.0 | 699 898 | 534 79.1 792 928 587 810 | 767 944 | 746 927

NA 97.0 100.0 | 88.7 981 | 832 959 | 66.1 86.6 852 963 | 667 874 |85 972 |87 96.1

+DetCLIP | 972 999 | 888 983 | 833 96.0 | 663 868 853 963 | 671 876 |837 972 |89 96.1

+DesCLIP | 97.3 100.0 | 88.9 984 | 835 96.2 | 66.1 86.5 854 962 | 669 876 | 839 974 |859 962

BLIP2 +CLIP-GPT | 97.1 100.0 | 89.0 984 | 834 96.1 | 662 86.8 855 964 | 668 875 | 838 974 |86.0 963
+LaBo 973 999 | 8.9 979 |85 96.1 | 662 86.7 854 963 | 66.8 877 | 839 975 |86.1 962

+RACLIP 973 100.0 | 89.1 983 | 834 96.0 | 66.4 86.9 852 962 | 669 876 | 838 975 | 8.0 96.2

+LASE 977 999 89.6 984 | 837 96.1 | 668 870 | 8.3 967 673 88.0 | 846 97.6 | 864 96.4

NA 98.1 100.0 | 89.2 987 |855 963 | 802 928 875 968 | 705 89.7 |88.6 983 [902 99.1

+DetCLIP | 98.0 100.0 | 89.4 988 | 857 963 |803 930 | 87.6 96.8 | 704 89.7 | 8.8 984 | 903 99.0

+DesCLIP | 98.1 100.0 | 89.3 989 | 856 964 | 804 930 | 87.7 968 | 706 89.8 |88 983 | 905 992

VLM2Vec +CLIP-GPT | 98.1 100.0 | 89.2 987 | 855 963 | 802 928 878 97.0 | 70.7 899 | 8.0 98.6 |90.4 992
+LaBo 982 100.0 | 894 989 | 858 964 | 803 930 | 8.1 972 |70.8 90.0 |89.1 98.7 | 904 99.0

+RACLIP 98.4 1000 | 894 988 | 858 96.5 | 804 93.1 88.0 97.1 | 709 90.0 | 8.1 985 | 905 99.1

+LASE 986 1000 89.8 99.0 | 863 96.7 | 80.6 932 | 885 971 715 902 | 893 986 | 909 994

Table 1: Fine-tuning results for image-text retrieval on test set of VLR benchmarks. The visual encoders for CLIP, CoCa,
EvA-02-CLIP and BLIP2 are ViT-B/32, ViT-B/32, ViT-B/16, and ViT-L respectively. VLM2Vec uses LLaVA-1.6 as backbone.

“NA” denotes setting without any query optimization.

layout and sketches to be optional, which enables diverse
configurations in contrastive learning.

We assign the execution ratios Py, P», Ps of Ly, Lo, Ls
asap - (1— %), azand 1 —aq - (1 — %) — as, respectively,
where o and a are tunable parameters, T’ refers to the
number of training epochs, and ¢ denotes the current epoch.
The PCL is defined as follows:

Ll, P1 = 1 (1 — %)
LpcL = Lo, Pa=a2 7
L3, szl—al-(l—%)—ag

Experiments
Experiment Setting

Datasets Our method is evaluated on various VLR
benchmark datasets. We conduct main experiments on
Flickr30K (Plummer et al. 2015), MSCOCO (Lin et al.
2014), Flickr30k-CFQ (Liu et al. 2024b), and Llava23K (Liu
et al. 2024a). Experiments are conducted on news domain
N24News (Wang et al. 2021) and fashion domain Fash-
1on200K (Han et al. 2017) to validate the generalizability.
Zero-shot experiments are conducted on WikiDO (Kalyan
et al. 2024), Urban1K (Zhang et al. 2025a) and sDCI7K (Ur-
banek et al. 2024) to validate the transferability.

Baseline We validate LASE on advanced dual-encoder re-
trieval models, including: 1) CLIP (Radford et al. 2021),
a powerful dual-encoder model pre-trained via contrastive

learning; 2) CoCa (Yu et al. 2022), a framework integrat-
ing multiple pre-training paradigms, which uses an image
encoder paired with a unimodal text decoder for retrieval;
and 3) EVA-02-CLIP (Sun et al. 2023), which leverages
novel representation learning techniques to further improve
CLIP’s retrieval performance. 4) BLIP-2 (Li et al. 2023)
introduces a framework that connects a frozen image en-
coder and a pretrained language model through Q-Former. 5)
VLM2Vec (Jiang et al. 2025) leverages contrastive learning
to convert existing MLLMs into embedding-based retrievers.
Additionally, we compare LASE with advanced query opti-
mization methods: 1) DetCLIP(Yao et al. 2022) generates
object concepts via WordNet; 2) DesCLIP (Menon and Von-
drick 2022) uses LLMs to generate descriptions and inputs
them into CLIP in parallel; 3) CLIP-GPT (Maniparambil
et al. 2023) creates visual descriptions with LLMs and de-
noising with a self-attention adapter; 4) LaBo (Yang et al.
2023a) selects descriptions with designed functions and a
learnable weighting matrix; and 5) RACLIP (Xie et al. 2023),
a retrieval augmentation technique that enhances queries by
integrating relevant images.

Implemented Details LASE is fine-tuned on pre-trained
CLIP without pretraining, making the process lightweight.
We use Llama3-7B (Grattafiori et al. 2024) and DALL-E
3 (Betker et al. 2023) to generate layout and sketch. Each
query is enriched with 4 layout and sketch instances (K = 4).
For GDKM module, we use 6 layers of cross-attention blocks.
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N24News Fashion200k

Methods 12T T2I 12T T2I

R@]l R@5 | R@] R@5 | R@l R@5 | R@l R@5
CLIP 522 728 | 511 728 |95 30.7 ] 100 304
+DetCLIP 533 734 | 517 735 | 100 31.1 | 104 30.7
+DesCLIP 535 735 | 516 736 | 101 312 | 105 306
+CLIP-GPT | 53.5 733 | 51.8 734 |99 31.0 | 104 308
+LaBo 53.6 735 | 519 734 | 100 31.1 | 105 307
+RACLIP 536 736 | 520 735 |98 309 | 10.6 305
+LASE 545 740 | 528 741 | 107 317 | 11.3 313

Table 2: Fine-tuning results on news domain N24News and
fashion domain Fashion200K. The retriever is CLIP.

Methods WikiDO ID WikiDO OOD
I2TR@1 T2IR@1 | 2RTR@1 T2IR@1

CLIP 82.8 81.5 73.4 729
+DetCLIP 83.0 81.6 73.5 73.1
+DesCLIP 83.1 81.7 73.5 73.0
+CLIP-GPT 82.9 81.6 73.6 73.0
+LaBo 83.0 81.6 73.7 73.1
+RACLIP 83.1 81.7 73.7 73.3
+LASE 83.6 82.3 74.1 73.7

Table 3: Comparison of out-of-domain (OOD) performance.
Retriever is CLIP (ViT-B/32). The OOD contains images and
queries not seen during fine-tuning on the in-domain (ID).

Main Results

Table 1 presents the fine-tuning results on the Flickr30K,
MSCOCO, Flickr30K-CFQ and Llava23K. We compare
LASE with several existing query optimization approaches.

Excellent performance on Various Retrieval Tasks. As
shown in Table 1, we evaluate various query optimization
methods. The results show that LASE significantly outper-
forms existing methods across various retrieval tasks, con-
sistently improving retriever performance. Notably, under
the CLIP framework, LASE achieves R@1 gains of 3.3%,
3.3%, 2.5%, and 1.8% on 12T and T2I for Flickr30k-CFQ and
Llava23K. On one hand, compared to entity enhancement
methods such as DesCLIP, CLIP-GPT, LaBo and DetCLIP,
LASE more effectively captures the essential visual details
and spatial cues for text-image alignment. On the other hand,
compared to image enhancement RACLIP which relies on
global semantics, LASE focuses on spatial relationships and
the detailed features of key entities, minimizing unnecessary
semantic interference and thereby improving performance.

Significant Improvements Across various Retrievers. Ta-
ble 1 demonstrates that LASE consistently enhances per-
formance across various retrievers, including CoCa, EVA-
02-CLIP, BLIP2, as well as the MLLM-based retriever
VLM2Vec, highlighting the effectiveness and general applica-
bility of layout and sketch information as auxiliary features.

Generalizability and Transferability

Excellent Generalizability on various Domain. To verify
the versatility of LASE across different domains, we select
N24News on news domain and Fashion200K on fashion do-
main for evaluation. As shown in Table 2, compared to other
query optimization methods, our method significantly im-
proves the R@1 for I2T and T2I retrievals on the N24News
and Fashion200K datasets, with an increase of 2.3% and
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Method Component 12T T2I
Layout Sketch Gated Network PCL | R@l R@5 | R@l R@5
X X - - 733 868 | 512 751
4 X - - 750 878 | 528 76.0
X v - - 747 877 | 526 758
LASE v v X X 7577 88.1 | 535 765
v v v X 763 885 | 542 769
v v v v | 766 887 |545 710

Table 4: Ablation Studies: Vision Encoder (ViT-B/32), Fine-
tuning on Flickr30K-CFQ. v indicates the feature is enabled,
X indicates it is disabled, and — denotes configurations not
applicable.
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Figure 4: Impacts of the number of instances for layout and
sketch. The Fine-tuning dataset is Flickr30K-CFQ.

1.7% on N24News, and 1.2% and 1.3% on Fashion200K. In
the news domain, the incorporation of layout information is
crucial for understanding news content that contains complex
visual structures. In the fashion domain, the sketch infor-
mation effectively captures fashion elements that emphasize
visual details. These results not only highlight the flexibil-
ity and adaptability of our method but also demonstrate its
applicability to a wide range of retrieval tasks.

Exceptional Transferability on Unseen Retrieval Tasks.
We train LASE on WikiDO In-Domain (ID) set and conduct
zero-shot retrieval on the previously unseen WikiDO Out-of-
Domain (OOD) set to evaluate its transferability. As shown
in Table 3, LASE exhibits impressive performance on unseen
retrieval tasks. This improvement indicates that LASE can
adapt to unseen retrieval tasks without the need for additional
task-specific training. It highlights the strong transferability
of the knowledge enhancement in LASE.

Ablation Studies

Integration of Different Knowledge: Table 4 compares the
effectiveness of different combinations of layout and sketch
knowledge fusion: using both, only layout, only sketch, and
neither. The results indicate that when only layout is used,
the R@1 scores for 12T and T2I increased by 1.7% and
1.6%, respectively. When only sketches are used, the R@1
for I2T and T2I increased by 1.4% and 1.4%, respectively.
Furthermore, when both sketch and layout information are
integrated, the performance improvement is even more signifi-
cant, with R@1 for I2T and T2I increasing by 2.4% and 2.3%,
demonstrating that these modalities complement each other
in fine-grained detail and global spatial awareness, thereby
enhancing model alignment in complex visual scenarios.

Sample-aware Gated Network: As shown in Table 4, incor-
porating the samlpe-aware gated network, the R@1 scores
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Figure 5: Case study Demonstrating LASE’s Superiority: Green borders indicate Ground Truth, Red borders show mismatches.

for I2T and T2I increased by 0.6% and 0.7%, respectively.
The gated network adaptively allocates weights to layout
and sketch information based on the properties of queries,
thereby selecting the most relevant information for the query.
Table 5 (e) presents qualitative results of the weight allocation
in the gated network. As can be seen, for queries involving
multiple entities and complex layouts, the network tends to
assign greater weights to layout information. This sample-
aware weighting mechanism ensures the flexible and adaptive
fusion of knowledge, thereby enhancing retrieval accuracy.
Progressive Contrastive Loss: The progressive learning ap-
proach allows the model to gradually refine its understand-
ing of multi-modal information. From Table 4, under the
guidance of PCL, the R@1 performance for 12T and T2I
respectively improved by 0.3% and 0.3%. The experimen-
tal results confirm the effectiveness of PCL in multi-modal
retrieval tasks, enabling the model to learn complex cross-
modal alignments more efficiently and stably.

The Number of Instances: Figure 4 shows the impacts of
the number of instances. The results indicate a noticeable
increase in performance improvement with a growing num-
ber of instances. This is attributed to reduced biases from
single-instance reliance and the addition of diverse auxiliary
information, which enhances the method’s robustness. Per-
formance gains plateau when the instance count K exceeds
4. Moreover, the impact of multiple layout instances is more
significant than that of sketch. As shown in Figure 5 (d), lay-
outs are more prone to knowledge bias, which subsequently
impacts VLR performance.

Qualitative Study

Furthermore, we present additional cases to illustrate how
layout and sketch information enhance VLR performance.
Multi-Entity Spatial Awareness. As shown in Figure 5 (a)
and (b), layout information helps the model better interpret
spatial relationships in multi-entity queries. It captures entity
arrangement and relative size (e.g., larger vs. smaller dogs),
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reducing confusion with images lacking similar compositions
and improving retrieval accuracy. Fine-Grained Entity Dif-
ferentiation. Sketches enhance recognition of subtle visual
features, aiding in distinguishing similar entities. In Figure 5
(c), the sketch emphasizes key traits (e.g., a man on horse-
back), enabling CLIP to better differentiate among similar
entities. Figures 5 (d) and (e) demonstrate the benefits of
multi-instance fusion and the gating mechanism.

Inference Efficiency Limitation

One limitation of LASE its computational efficiency, par-
ticularly during inference. While training efficiency can be
improved through offline preprocessing of layout and sketch,
real-time generation still introduces significant latency in in-
ference. To address this, we develop LASE-lite, a lightweight
variant that substantially reduces inference overhead while
retaining most of the performance benefits. The design of
LASE-lite follows two key principles: (1) replacing the layout
generator with a lightweight language model to reduce the
cost of spatial reasoning, and (2) replacing sketch generation
with a retrieval-augmentation mechanism.

Conclusion

This paper presents LASE, a layout-aware and sketch-
enhanced framework for visual-language retrieval (VLR),
designed to tackle challenges in multi-entity spatial reason-
ing and fine-grained entity alignment. By leveraging large
language models (LLMs) and diffusion models (DMs), LASE
generates query-specific layout and sketch representations,
enriching cross-modal alignment with structured spatial and
visual cues. To mitigate knowledge fusion bias and adapt to
query-specific needs, we introduce the Gated Dual-Stream
Knowledge Module (GDKM), which adaptively fuses diverse
knowledge sources based on query characteristics. Extensive
experiments across multiple VLR benchmarks demonstrate
that LASE consistently outperforms existing methods, partic-
ularly under complex scene and entity configurations.
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