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Semantic Editing Increment Benefits Zero-Shot Composed Image
Retrieval

Anonymous Author(s)

ABSTRACT

Zero-Shot Composed Image Retrieval (ZS-CIR) has attracted more
attention in recent years, focusing on retrieving a specific image
based on a query composed of a reference image and a relative text
without training samples. Specifically, the relative text describes
the differences between the two images. Prevailing ZS-CIR meth-
ods employ image-to-text (I2T) models to convert the query image
into a single caption, which is further merged with the relative
text by text-fusion approaches to form a composed text for re-
trieval. However, these methods neglect the fact that ZS-CIR entails
considering not only the final similarity between the composed
text and retrieved images but also the semantic increment during
the compositional editing process. To address this limitation, this
paper proposes a training-free method called Semantic Editing In-
crement for ZS-CIR (SEIZE) to retrieve the target image based on
the query image and text without training. Firstly, we employ a
pre-trained captioning model to generate diverse captions for the
reference image and prompt Large Language Models (LLMs) to
perform breadth compositional reasoning based on these captions
and relative text, thereby covering the potential semantics of the
target image. Then, we design a semantic editing search to incorpo-
rate the semantic editing increment contributed by the relative text
into the retrieval process. Concretely, we comprehensively consider
relative semantic increment and absolute similarity as the final
retrieval score, which is subsequently utilized to retrieve the target
image in the CLIP feature space. Extensive experiments on three
public datasets demonstrate that our proposed SEIZE achieves the
new state-of-the-art performance. The code is publicly available at
https://anonymous.4open.science/r/SEIZE-11BC.
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Figure 1: Comparison of SEIZE with existing methods on ZS-
CIR. SEIZE emphasizes that: (1) The target image is not necessarily
the most similar to the composed text in CLIP space and (2) Both
semantic editing increment and final similarity matter equally.

1 INTRODUCTION

Composed Image Retrieval (CIR) [6, 49, 51] expands upon tradi-
tional image retrieval tasks by incorporating natural language de-
scriptions into the image retrieval process. It enables users to search
for images based on visual attributes and specify particular alter-
ations to the query image using textual descriptions. The task in-
volves a complex blend of visual content and text modifications to
retrieve a novel image that accurately reflects the query’s specifics.
Previous studies necessitate carefully curated triplets of a refer-
ence image, relative text, and a target image, used as training data
for a specialized CIR model. However, annotating these triplets
is both labor-intensive and challenging. To address this, the re-
cent Zero-Shot Composed Image Retrieval (ZS-CIR) task [4, 41, 43]
emphasizes the generalization of CIR models, without requiring
annotated triplets, while still focusing on retrieval accuracy.

To carry out ZS-CIR, most works leverage the cross-modal align-
ment capabilities of large-scale pre-trained Vision-Language Mod-
els (VLMs) (e.g., CLIP [40]) to extract aligned features from im-
ages and text for matching. Several textual inversion methods
[4, 15, 20, 41] have focused on mapping images into pseudo text to-
kens using image-caption pairs. Then, a static template merges the
tokens and the relative text to form target captions. Nonetheless, the
reliance of these methods on training images could limit their real-
world adaptability and performance. Moreover, the pseudo tokens
are often laden with an abundance of visual features, leading to an
excessively detailed caption, filled with content, texture, and style
specific to the reference image. As illustrated in Figure 1, the target
image does not necessarily align strictly with the reference image,
and this overemphasis on visual consistency negatively affects re-
trieval performance. Unlike textual inversion techniques, recent
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research has ventured into using Large Language Models (LLMs)
for combination. Karthik et al. [27] introduce a simple method in-
volving using a pre-trained image captioning model to caption the
reference image. This caption is then recomposed based on the
relative text by an LLM to enhance the subsequent retrieval process.
In conclusion, the existing methods can be divided into three steps:
First, I2T models convert the reference image into a single content
text. Second, text-fusion approaches combine the content text with
the relative text. Third, the composed caption is projected into the
CLIP feature space for target image retrieval.

Previous methods presume that the target image is the one most
similar to the composed text in CLIP space, relying heavily on the
robustness of I2T models and text-fusion approaches. However,
this assumption might be flawed in practical applications due to
the inherent limitations of these techniques. Given that: (1) The
information provided by the reference image often contains noise,
which could misguide the retrieval process by introducing irrele-
vant details, and (2) The relative text carries high-quality, dense
information, all of which is relevant and beneficial to the retrieval
process. Prior methods often neglect a critical aspect: Despite the
target image not being highly similar to the reference image or
its text conversion, compositional editing of the reference image
and the relative text significantly improves their similarity or rank-
ing. As exemplified in Figure 1, the ground truth in green does not
achieve the highest similarity when compared with the combined
text of the reference image and the relative text. This is due to the
absence of the concept of ‘dock’ within the ground truth. However,
the similarity increment before and after the combination with the
relative text is the highest. Inspired by the above observation, we
aim to address Challenge 1: How to represent and incorporate the
semantic editing increment contributed by the relative text into the
retrieval process?

Furthermore, most existing methods overlook that ZS-CIR is
essentially a fuzzy matching [9, 12, 39] task, where the semantics of
the target image are not strictly determined by the reference image
and relative text. This ambiguity stems from the diverse nature of
the multi-modal query in ZS-CIR. The relative text aims to modify
the semantics of the reference image, but the query does not explic-
itly specify which visual objects/attributes to modify, retain, or omit.
Therefore, as shown in Figure 1, this semantic ambiguity can result
in a wide range of possible semantics of the retrieval target. For
example, the relative text does not clarify whether the person in the
target image should be on the dock or whether he should be talking
on the phone. However, LLM may describe a person on the dock
who is not talking on the phone in the target image, which intro-
duces semantic bias. Hence, generating just one edited caption may
fail to adequately capture the diversity of potential composed re-
sults, leading to suboptimal retrieval performance for ZS-CIR. From
the preceding discussion, we have to tackle Challenge 2: How to
effectively generate a variety of edited captions that encompass
diverse potential semantics of the composed results?

To deal with the above challenges, we propose a novel Semantic
Editing Increment for ZEro-shot composed image retrieval (SEIZE)
method, retrieving a composed image based on a reference image
and a relative text without training. For Challenge 1, we propose
a semantic editing search to comprehensively consider both the
increment of semantic editing and the final similarity. Our approach

Anon.

draws inspiration from formative assessment [7, 8, 14] extensively
studied in education, which refers to an assessment process, empha-
sizing not only the end result but also the improvement facilitated by
the teaching process. Therefore, we separately calculate the cosine
similarity between the composed text and the content text with the
retrieval images. We compute the semantic editing increment as the
difference in similarity or ranking, add it to the absolute similarity
for the final adjusted score, and then retrieve the composed image
based on this score in the CLIP feature space. For Challenge 2,
we propose a breadth compositional reasoning to generate diverse
edited captions, covering possible semantics of the composed re-
sults for fuzzy retrieval. To conduct it, we generate diverse captions
for the reference image focusing on different semantic perspectives.
Then, we prompt an LLM to infer breadth edited captions based on
the relative text, describing possible composed images of diverse
semantics. Extensive experiments on three benchmark datasets
for ZS-CIR indicate significant performance improvements in our
proposed SEIZE compared with the state-of-the-art methods.
In summary, our contributions can be summarized as follows:

e We propose a novel Semantic Editing Increment for ZEro-shot
composed image retrieval (SEIZE) method, which can utilize
off-the-shelf tools to accurately retrieve a specific image based
on a reference image and a relative text without training.

e We propose a plug-and-play semantic editing search to incorpo-
rate the semantic editing increment contributed by the relative
text into the retrieval process, which is simple yet effective,
seamlessly enhancing various methods for ZS-CIR.

e We propose an LLM-based breadth compositional reasoning
to generate diverse edited captions from different semantic
perspectives of the reference image. The diverse captions edited
by LLMs can effectively cover the possible semantics of the
composed results, overcoming the fuzzy nature of ZS-CIR.

o Extensive experiments conducted on three benchmark datasets
demonstrate significant performance improvements of the pro-
posed SEIZE compared with both the state-of-the-art training-
dependent and training-free methods for ZS-CIR.

2 RELATED WORK

2.1 Composed Image Retrieval

Composed Image Retrieval (CIR) task [11, 18, 29, 47], focusing on
retrieving a target image based on a query of a reference image
and a relative text, has gained significant attention in recent years.
CIR combines compositional learning [25, 28] with image retrieval,
forming a distinctive and demanding task, which has been widely
applied in conditional search [6] and fashion styling [50]. For in-
stance, Text-Image Residual Gating [47], leverages ResNet [22] for
image feature extraction and LSTM [23] for text feature extraction.
Then, a residual module combines these multi-modal query features
to produce the composed feature. An extension [11] introduces an
attention module to blend hierarchical reference features with rela-
tive text features. However, those CIR methods rely on annotated
data, which is complicated and requires extensive labor.
Therefore, Zero-Shot CIR (ZS-CIR) [4, 41, 43] has recently gar-
nered significant interest, aiming to design generalized CIR models
without annotated data. Existing ZS-CIR methods commonly trans-
form the image modality into a text modality using methods like
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II. Semantic Editing Search
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Figure 2: Architecture of the proposed SEIZE method: (1) Breadth compositional reasoning is designed to generate diverse edited
captions from different semantic perspectives of the reference image in response to the fuzzy nature of ZS-CIR; (2) Semantic editing search is
designed to incorporate the semantic editing increment contributed by the relative text into the retrieval process for the final retrieval.

a captioning model or textual inversion. Some existing methods
[4, 41] use image-caption pairs to train textual inversions mapping
images to text tokens. A static template merges tokens and relative
text to obtain target captions, performing CIR without explicit su-
pervision based on CLIP [40]. Recently, Karthik et al. [27] propose
a training-free method that captions the reference image using a
pre-trained VLM and employs an LLM to recompose the caption
based on the relative text for retrieval. However, they solely con-
sider the final similarity between the composed text and retrieved
images for matching, overlooking the fact that the target image
is not necessarily the most similar to the composed text in CLIP
space. To overcome this problem, we propose a plug-and-play se-
mantic editing search to incorporate the semantic editing increment
contributed by the relative text into the retrieval process.

2.2 Vision-Language Models for CIR

The popularity of the pre-trained BERT [17] model has sparked
interest in developing pre-trained Vision-Language Models (VLMs),
including [13, 32, 33, 37, 42], aiming to create Transformer-based
[45] models trained on large-scale image-text triplets to produce
vision-and-language representations. For CIR, to map images and
text into a shared embedding space, many methods harness large
pre-trained multi-modal models, such as CLIP [40], as the backbone
for feature extraction. These models [5, 21, 27] have recently gained
popularity due to their exceptional ability to handle multi-modal
data. For example, Baldrati et al. [5] utilize CLIP to extract both im-
age and text features and then employ a combiner module to merge
the multi-modal query features, achieving excellent retrieval per-
formance. Recently, Han et al. [21] further advance this approach
by designing a unified visual-language model capable of manag-
ing multiple multi-modal learning tasks, including CIR. They use
various cross-attention adaptors and achieve leading performance
in CIR by leveraging the large model and multi-task learning. Re-
cent progress has been made with models such as BLIP [31] and
OFA [48], which move beyond shared space projection to address

various vision-language tasks, such as captioning [46] and visual
question answering [3]. While these models have relied on these
models indirectly for CIR via specialized modules [6, 16, 47] and
fine-tuning [19], our research shows that when vision-language
models are combined with an LLM, they can effectively perform
CIR without requiring additional training.

3 PROBLEM STATEMENT

Zero-Shot Composed Image Retrieval (ZS-CIR). Composed
Image Retrieval (CIR) can be defined as a multi-modal retrieval
problem. Given a reference image I” and relative text T, the ob-
jective is to retrieve the target image I’ from an image database
B that aligns with the relative text while preserving the under-
lying semantic content of the image that has not been explicitly
mentioned. Zero-shot CIR further entails the absence of training
samples, which should be conducted with off-the-shelf tools.

4 METHOD

As stated in the problem statement, the input of CIR is a multi-modal
query g = {I", T}, where I" and T denote the reference image and
the relative text, respectively. We leverage a combination of visual
and textual information for retrieval. The reference image serves
as the visual feature, while the relative text provides additional
context or constraints for the retrieval process. Our objective is to
find the target image that not only matches the relative text but
also captures the essence of the reference image. To this end, we
propose a method called Semantic Editing Increment for ZS-CIR
(SEIZE), which consists of breadth compositional reasoning and
semantic editing search, as depicted in Figure 2.

4.1 Breadth Compositional Reasoning

To capture comprehensive coverage of potential semantics in the
composed results, we introduce a method based on LLMs, which
facilitates broad-scope compositional reasoning to generate diverse
edited captions as shown in Figure 3. The method comprises a
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multi-caption generator for crafting multiple reference captions
and a multi-prompt editing reasoner for reasoning and editing.

4.1.1  Multi-caption Generator. Unlike earlier methods [4, 20, 41]
that directly extract visual features from reference images, our ap-
proach for CIR uses a language-for-vision strategy. Rather than re-
lying on visual features, we harness a pre-trained captioning model
¢ (), such as OFA [48], Flamingo [2] or BLIP-2 [30], to generate
natural language descriptions of the reference image. The method
for generating multiple captions can be described as follows:

TE€={1F10<i <N} =¢(I"), 1)

where Tic represents the i-th caption generated for the reference
image, and N is the total count of captions produced. To ensure the
generation of diverse captions and prevent repetition, we employ
nucleus sampling [24] during the captioning process, improving
the diversity of the generated captions.

4.1.2  LLM-based Editing Reasoner. Relying solely on either relative
text or reference captions alone fails to provide complete context
and modification details. While predefined templates like “a photo
of {REF} that {REL}”, can fixedly combine them, they lack the adapt-
ability to accommodate diverse forms of relative text and determine
the most suitable caption format for a specific query. To tackle this,
we leverage the reasoning capabilities of existing LLMs. Instead of
merging the reference caption and relative text by a static template,
we derive cohesive, unified, and breadth captions edited by LLMs.

Formally, given the diverse captions 7€ of the reference image
and relative text T, we design a simple prompt template f(-,-)
inspired by [35], combining the reference captions and relative text
to create the full prompts # for LLM:

P ={pi=f(IF.T)|0<i<N}, @)

where p; represents the prompt that combines the reference image
caption and relative text. The image caption serves as a content
prompt prepended with "Image Content:", and the relative text
serves as a modification instruction prepended with "Instruction:",
as shown in Figure 2. We fill these two parts into the template to
get the full prompt. Then, we input the prompts into the LLM for
reasoning and obtain the generated edited captions 7:

7E = {TF = LLM(py)| 0 < i < N}. 3)

We include only one example in each LLM query for composi-
tional reasoning to generate a variety of breadth-edited captions
efficiently and cost-effectively. Refer to the Supplementary for a
detailed description of prompt template f(-, -).

4.2 Semantic Editing Search

To effectively incorporate the semantic increment contributed by
the relative text into the retrieval process, we propose a seman-
tic editing search to comprehensively consider relative semantic
increment and absolute similarity as the final retrieval score.

4.2.1 Feature Extractor. To retrieve the target image from the im-
age database using edited captions, we need to extract features from
both modalities and align them in a common feature space. For
this purpose, we use the image and text encoders from large-scale
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Figure 3: Illustration of the breadth compositional reasoning.

VLMs (e.g. CLIP) to process the image database and edited captions,
respectively.

Visual Feature Extractor: Given the image-search database
B, for each image I; € RFF*W*3 in the database, we use the CLIP
image encoder 7(-) to extract the image feature and normalize it
to obtain fiI € R?, where d is the dimension of the joint feature
space. Formally, we extract the visual features 7! € RM *d of the
entire image database as follows:

= (fl = Y (i)
¥ (Tl
where M = |B| is the number of candidate images in the database.
Textual Feature Extractor: Given the edited captions 7F and
CLIP text encoder ¢r(-), we extract the textual features FE ¢ RNxd
of edited captions as follows:

_ yr(TF)
Y7 (T2

Then, we aggregate the textual features of edited captions into a
unified feature as fF = Agg(FF). Similarly, we extract the textual
features 7€ of diverse captions 7°C, and the corresponding unified
feature fC for subsequent calculations.

[0<i<M) )

FE = (fE |0<i<N}. (5

4.2.2  Semantic Editing Increment. To quantify the significance of
semantic improvement in the similarity between text and images
after the compositional editing of the reference image and the
relative text, we employ a measure of semantic increment before
and after editing as the scoring metric for images in the database.
In Figure 4, the relative text guides the reference image toward
the target image to form an edited reference caption. However, the
image most similar to the edited caption is not the target image, but
the hard negative image. In this case, where traditional retrieval
methods fail, the semantic editing increment is denoted by a purple
bidirectional arrow. Leveraging the principle that in a triangle,
the difference between any two sides is less than the length of
the third, it becomes evident that the reference image yields the
maximum semantic editing increment to the target image among all
retrieval images. Note that for the sake of a more intuitive example,
we employ distance metrics. However, the same concept can be
seamlessly applied to similarity metrics as well.

Formally, given the aggregated feature fC of reference captions
and the feature fF of their corresponding edited captions, we in-
dependently calculate their similarity to the visual features 7 as
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CLIP Feature Space

O Reference Image A Edited Reference Caption

|:| Target Image

Semantic Editing > = < >
Increment

|:| Hard Negative Image

Figure 4: Illustration of semantic editing increment. Relative
text guides the reference image toward the target image to form an
edited reference caption. Hard negative image where d3>d4 harms
retrieval, while semantic editing increment improves it as dj >ds.

follows:
SC = fC(FIT,
SE — fE (7:[ )T’
where SC, SE ¢ RM represent the cosine similarities between the
reference and edited captions, respectively, and all M retrieval im-
ages. Here, S; € [—1, 1] since all visual and text features are precon-

ditioned by Ly normalization in the CLIP space. Then, we calculate
their difference AS = SE — SC as the semantic editing increment.

(6)

Finally, we calculate the adjusted similarity $4 as follows:
§4 = SE + a[AS]s0 + BIAS] <o, )

where a represents the weight factor for the positive semantic
editing increment, and f represents the weight factor for the nega-
tive semantic editing increment. Indeed, we can also use ranking
changes as the semantic editing increment to calculate the adjusted
similarity, with comparison results as shown in Section 5.4.

4.2.3  Similarity Search. Based on the adjusted similarity between
the image features in the database and the feature of edited captions,
we make the following calculation and search:
k = arg max Sf, 8)
i
where k is the index of the target image in the database and we get
the final target retrieved image I’ = B(k).

5 EXPERIMENTS

We conduct extensive experiments to investigate the effectiveness
of our proposed method for composed image retrieval.

5.1 Experimental Setup

5.1.1 Datasets. We compare SEIZE with state-of-the-art baselines
on three public datasets: CIRCO [4], CIRR [36], and FashionIQ [50],
which have been widely used for CIR. CIRR is the first natural
image dataset designed specifically for CIR. There are 36,554 queries,
each containing a single target image. CIRCO is based on real-
world images from the COCO 2017 unlabeled set [34] and provides
multiple ground truths. It provides 123,403 images for retrieval
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and 4.53 ground truths per query on average, which offers a more
robust evaluation for CIR models. FashionIQ focuses on the fashion
domain and is divided into three subcategories: Dress, Shirt, and
Toptee. It comprises 30,135 triplets for query and 77,683 images for
retrieval. In particular, we employ the test sets of CIRR and CIRCO
and three categories of FashionlIQ validation split for ZS-CIR.

5.1.2  Evaluation Metrics. On CIRCO, given that each query has
multiple target images, we utilize mean Average Precision (mAP),
a more fine-grained metric to consider the rank of retrieval re-
sults. Specifically, we apply mAP@k for our evaluation, where
k € {5, 10, 25,50} represents the number of top-ranked retrieval re-
sults under consideration. On CIRR, we use Recall@k (k € {1,5,10})
as the main metric, which denotes the percentage of target images
included in the top-k list. Besides, we also evaluate with the subset
setting, where there are only 6 most similar images (one ground
truth) within the subset of the query in the database, denoted as
Recallgypsetk (k € {1,2,3}). On FashionlQ, we also employ Re-
call@k (k € {10,50}) as the main metric. We separately compute
the Recalls for three categories (Dress, Shirt, and Toptee) from the
FashionIQ validation split, and then calculate the average of them.

5.1.3 Implementation Details. For the captioning model, we use
the pre-trained BLIP-2 [30] with a large language model OPT-6.7b.
We employ nucleus sampling [24] during the caption generation
process to generate diverse captions, and we set the number N of
captions to 15. For VLM, we use the ViT-B/32 and ViT-L/14 CLIP
[40] from OpenAl, as well as the ViT-H/14 and ViT-G/14 CLIP from
OpenCLIP[26]. For LLM, we use gpt-3.5-turbo [10] by default, but
we also conduct extensive experiments with Llama2-70B [44] and
GPT-4 [1]. The weight factors « and f in the SES module are set to
0.13 and 2.1. The feature space dimensions are as follows: 512 for
B/32, 768 for L/14, and 1024 for H/14 and G/14. The whole model is
implemented by Pytorch [38] with one NVIDIA A100 GPU.

5.2 Baselines

We select the following state-of-the-art baselines for ZS-CIR to
conduct a comprehensive comparison. Image-only: Only the fea-
tures of reference images, which are extracted by the CLIP image
encoder, are used to compute similarity for retrieval; Text-only:
Only the relative text features, extracted by the CLIP text encoder,
are utilized as retrieval features to calculate similarity; Captioning:
We employ BLIP-2 to generate captions of reference images for
retrieval; PALAVRA [15]: A two-stage approach based textual inver-
sion with a mapping function and a subsequent optimization of the
pseudo-word token; Pic2Word [41]: A training-dependent method
employs a textual inversion network optimized by contrastive loss
to capture the pseudo-word token for retrieval; SEARLE [4]: A
training-dependent method where pseudo-word tokens of images
are generated with a textual inversion and then distill their knowl-
edge to a textual inversion network; SEARLE-OTI [4]: A variant
of SEARLE without the distillation network; LinCIR [20]: A self-
supervision method is used for training, which projects text embed-
dings into the token space for retrieval; CIReVL [27]: A training-free
method using a generative VLM and asking an LLM to recompose
the caption based on the textual modification for retrieval.
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Table 1: Results of comparison among different models on CIRCO and CIRR test sets. Best and second-best scores are highlighted

in bold and underlined, respectively.

Anon.

\ CIRCO CIRR
Backbone Method Training-free mAP@k Recall@k Rs@k

k=5 k=10 k=25 k=50 | k=1 k=5 k=10 | k=1 k=2 k=3

PALAVRA(ECCY22) X 461 532 633 680 | 1662 4349 5851 | 41.61 6530 8094

. SEARLE(CCV'23) X 935 994 1113 1184 | 2400 5342 66.82 | 5489 76.60  88.19
VITB/32  SEARLE-OTIncevzs) X 714 783 899 960 | 2427 5325 6610 | 5410 7581  87.33
CIReVL(CLR 24) v 1494 1542 1700 17.82 | 2394 5251 6600 | 60.17 8005  90.19

SEIZE(Ours) v 1904 19.64 2155 2249 | 27.47 5742 70.17 | 6559 84.48 92.77

Image-only v 128 170 235 269 | 364 1275 2332 | 1158 3141 4526

Text-only v 263 285 330 358 | 2051 4321 5508 | 60.39 80.02  90.05

Captioning v 165 196 242 271 | 405 1588 2569 | 2087 4060  60.89

ViT-L/14  Pic2Wordicver23) X 872 951 1064 1129 | 2390 5170 6530 | 5376 7446  87.08
SEARLE(CCV'23) X 11.68 1273 1433 1512 | 2424 5248 6629 | 5376 7501 88.19
SEARLE-OTIgccv2s) X 1018 1103 1272 13.67 | 2487 5231 6629 | 53.80 7431 86.94
LinCIR(CVPR’24) X 1250 1358 1500 1585 | 2504 5325 6668 | 57.11 77.37 88.89

CIReVL(CLR 24) v 1857 19.01 20.89 2180 | 2455 5231 6492 | 5954 79.88  89.69

SEIZE(Ours) 4 2498 2582 2824 29.35 | 28.65 57.16 69.23 | 66.22 84.05 92.34
Pic2Word(cver'23) X 554 559 668 712 | 3041 5812 69.23 | 68.92 8545 93.04

_ SEARLE(CCV'23) X 1320 1385 1532 1604 | 3480 6407 7511 | 6872 8470 93.23
VIT-GI14 i CIReverezg) X 1971 2101 2313 2418 | 3525 6472 76.05 | 6335 8222 91.98
CIReVL(CLR 24) v 2677 2759 2996 3103 | 3465 6429 7506 | 67.95 8487 9321

SEIZE(Ours) v 3246 3377 3646 37.55 | 38.87 69.42 79.42 | 74.15 8923 9571

Among them, Image-only, Text-only, and Captioning are simple
technologies directly applied to one modality; PALAVRA, Pic2Word,
SEARLE, SEARLE-OTI, and LinCIR are training-dependent methods
based on textual inversion; CIReVL is the state-of-the-art training-
free method. For a fair comparison, the results of the published
baselines are derived from their original papers.

5.3 Results and Analysis

CIRCO: The left section of Table 1 displays CIRCO test results.
Based on them, we have the following observations: (1) Among
the simpler baselines, Image-only and Captioning perform worse
than Text-only, indicating the importance of relative text for CIR.
Besides, Captioning outperforms Image-only, suggesting that tex-
tual features from image captions are more suitable for CIR than
direct visual features. (2) Among I12T-based methods, the methods
based on pre-trained captioning models, CIReVL and SEIZE, per-
form better than the methods based on pseudo-word, PALAVRA,
Pic2Word, SEARLE, and LinCIR. This demonstrates that the cap-
tions generated by the captioning model possess semantics that
are more suitable for CLIP text encoding compared to textual in-
version. (3) SEIZE consistently outperforms all baselines across all
metrics and CLIP backbones. For instance, using ViT-L/14, SEIZE
outperforms the second-best CIReVL by 34.52% in mAP@5, 35.82%
in mAP@10, 35.18% in mAP@25, and 34.63% in mAP@50, proving
the effectiveness of SEIZE for CIR.

CIRR: The right section of Table 1 presents CIRR test results.
From these results, key observations include: (1) Text-only performs
significantly better than Image-only and Captioning, indicating a
minimal correlation between reference and target images due to
the noisy dataset and the lesser information provided by reference

images. (2) Despite the noise, SEIZE consistently outperforms all
baselines across all CLIP backbones. This highlights the robustness
and adaptability of SEIZE even in noisy data and diverse scenarios.
(3) Using ViT-L/14 CLIP, SEIZE surpasses the second-best method
by 14.42% in Recall@1, 7.34% in Recall@5, and 3.82% in Recall@10,
emphasizing the effectiveness of SEIZE.

FashionIQ: Table 2 shows the results from the FashionIQ valida-
tion set. Key observations include: (1) Text-only methods perform
better than Image-only methods, but not significantly better than
the Captioning method. This suggests that while reference images
lack key information, converting them into captions is empirically a
better strategy, possibly due to the subtle differences in style, color,
or pattern in fashion images that are hard to capture through visual
features directly. (2) SEIZE outperforms all baselines in all metrics
with ViT-B/32 and L/14 CLIP. When using L/14, SEIZE relatively out-
performs the second-best CIReVL by 16.22% in average Recall@10
and 11.61% in average Recall@50. However, LinCIR achieves the
best average R@10 on ViT-G/14, likely due to superior supervised
optimization of training-based methods on larger VLMs. Despite
this, SEIZE remains the top-performing training-free method.

5.4 Ablation Study

In this section, we conduct ablation studies to evaluate the individ-
ual contributions of components in our method. To avoid confusion,
we assess the three main components separately by comparing
SEIZE variants. The following three categories of SEIZE variants
are designed for comparative analysis:

e Breadth Compositional Reasoning (BCR) module: (1) A
variant of SEIZE without LLMs and only using a simple template
"a photo of {caption} that {relative text}", (2) a variant without

639
640
641
642
643
644
645
646
647
648
649
650

652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695

696



697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722

724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751

753
754

Semantic Editing Increment Benefits Zero-Shot Composed Image Retrieval

ACM MM, 2024, Melbourne, Australia

Table 2: Results of comparison among different models on FashionIQ validation set.Best and second-best scores are highlighted in
bold and underlined, respectively.

Backbone Method Training-free Shirt Dress Toptee Average
R@10 R@50 R@10 R@50 R@10 R@50 R@10 R@50

Image-only v 692 1423 446 1219 632 1377 590  13.37
Text-only v 1987 3499 1542 3505 2081 4049 1870  36.84
Captioning v 1747 3096 902 2365 1545 3126 1398  28.62

ViT-B/32  pALAVRA®Eccv22) X 2149  37.05 1725 3594 2055 3876 1976  37.25
SEARLE(CCV'23) X 2444 4161 1854 3951 2570 4646 2289  42.53
SEARLE-OTI(CCV'23) X 2537 4132 17.85 3991 2412 4579 2244 4234
CIReVLCLR 20 v 2836 4784 2529 4636 3121 5385 2829 4935
SEIZE(Ours) 4 2938 47.97 2537 46.84 32.07 5478 2894 49.86
Pic2Word(Cvpr'23) X 2620 4360 2000 4020  27.90 4740 2470  43.70
SEARLE(cCV'23) X 26.89 4558 2048 4313 2932  49.97 2556  46.23

ViT-L/14  SEARLE-OTIaccv'zs) X 3037 4749 2157 4447 3090 5176  27.61  47.90
LinCIR(CVPR'24) X 2010 4681 2092 4244 2881 5018 2628  46.49
CIReVL(CLR'24) v 2949 4740 2479 4476 3136  53.65 2855 4857
SEIZE(Ours) v 33.04 5322 3093 5076 3557 58.64 33.18 54.21
Pic2Word(cvpr'23) X 3317 5039 2543 4765 3524  57.62 3128  51.89

_ SEARLE(cCv'23) X 3646 5535 2816 5032  39.83 6145 3481 5571
VITGI4 1 CIRevereas) X 4676 6511 3808  60.88 5048 7109 4511 6569
CIReVL(CLR'24) 4 3371 5142 2707 4953 3580 5614 3219  52.36
SEIZE(Ours) v 4360 6542 39.61 61.02 4594 7112 4305  65.85

Table 3: Ablation study on CIRCO test set with ViT-L/14 CLIP.
- denotes the default setting of SEIZE.

Abl. CIRCO (mAP@k)

BCR Agg. SES | k k=10 k=25 k=50

w/o LLM - 1437 1548 17.21 18.19
w/o Cap.&LLM ~ w/o 2.63 2.85 3.30 3.58
w/o Mul. w/o 19.67  20.56 2243  23.44
Max. 19.21  19.73 2171 22.69

Opt. 2046  21.38  23.07 24.19

w/o 2193 2242 2486 2588

B B Rank | 2349 2413 2652  27.59
SEIZE | 24.98 2582 28.24 2935

Table 4: Impact of SES module on various ZS-CIR methods.

Method SES CIRCO (mAP@k)
k=5 k=10 k=25 Avg. 1

PiczWord X 872 951 1064 9.62
v/ 1055 1138 1261 1151 19.64%

SEARLE X 1163 1270 1430 12.88
v 1499 1567 17.22 1596 23.91%

LinCIR X 1271 1361 1498 1377
v/ 1553 1659 18.05 1672 21.42%

CIROVL X 1802 1881 2079 19.21
v/ 1986 2093 2292 21.24 10.57%

SEIZE(Ours) X 2193 2242 2486 23.07
v/ 2498 2582 2824 2635 15.72%

LLMs or captioning models and only using the relative text for
retrieval, and (3) a variant without multiple diverse captions and
only using a single caption.

Aggregate function: A variant of SEIZE with the maximum
feature (the maximum similarity feature for each image), and a
variant with the optimal feature (the feature of a single edited
caption with the best retrieval result) instead of the average
feature of edited captions.

Semantic Editing Search (SES) module: A variant of SEIZE
without the SES module, and a variant with ranking increment
(integer, multiplied by a weight factor of 0.3) instead of similarity.

The ablation study results are shown in Table 3.

Effects of the BCR module: The results of the BCR column
show that: (1) SEIZE outperforms the variant without LLMs (w/o
LLM) on the CIRCO test set, highlighting the effectiveness of
the LLM-based editing reasoner for combining reasoning and
editing captions based on relative text. The ability of LLMs to
generate natural language leads to engaging and coherent text.
It also eliminates semantic irrelevance within diverse captions
and improves retrieval accuracy, greatly benefiting SEIZE. (2)
The variant w/o LLM performs better than w/o Cap.&LLM with
the fixed relative text, underlining the importance of the caption
generator in providing essential reference image details and con-
text. (3) SEIZE outperforms the variant w/o Mul., highlighting
the importance of multiple captions. For more details on how the
number of captions affects the results, refer to Section 5.5.
Effects of the aggregate function: The results of the Agg.
column indicate that: The proposed SEIZE outperforms the Max.
and Opt. variants, underscoring the effectiveness of the average
function in providing a more complementary and comprehensive
retrieval perspective using diverse semantic information.

760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808
809
810
811

812



813
814
815
816

817

820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847
848
849
850
851
852
853
854
855
856
857
858
859
860
861
862
863
864
865
866
867
868
869

870

ACM MM, 2024, Melbourne, Australia

Table 5: Impact of different VLMs and LLMs.

VIM LM | CIRCO (mAP@Kk)
| k=5 k=10 k=25 k=50
- 1435 1564 17.24 18.03
) LLama2-70B | 22.28 2341 25.84 26.96
VITL/4  GprssTurbo | 2498 2582 2824 2935
GPT-4 25.12 2612 28.67 29.72
ViT-B/32 19.04 19.64 2155 22.49
ViT-L/14 2498 2582 2824 2935
vith/a  OPT3STubo | oo 3340 3623 3731
ViT-G/14 3246 3377 3646 37.55
Negative weight factor B

28 o 09 13 17 21 25

22 — mAP@S
— mAP@10
— mAP@2S
20 — mAP@50

2 5 8 11 14 17 20

Number N of multiple captions 005 009 013 017 021 025

Positive weight factor a
Figure 5: Sensitivity of different hyperparameters on CIRCO.

e Effects of the SES module: The results of the SES column
show that: SEIZE outperforms the variants with ranking scores
and without SES, highlighting the effectiveness of the semantic
editing increment for additional consideration of improvements
by compositional reasoning. For more details on the impact of
SES on various ZS-CIR methods, refer to Section 5.6.

5.5 Hyperparameter Analysis

To analyze the sensitivity of the hyperparameter in SEIZE, we
conduct experiments with controlled variables on the CIRCO test
set. We use pre-trained BLIP-2 for captioning, ViT-L/14 CLIP for
image and text feature extraction, and gpt-3.5-turbo for reasoning.

Number N in the Multi-caption Generator: To examine the
impact of the number N of samples for the captioning model, we
vary the value of N from 1 to 20 and report the results on the
CIRCO test set in Figure 5. The results across the four metrics
show a pattern: an initial sharp increase followed by relative sta-
bility as N increases. The model achieves a good balance between
computational cost and effect when N is between 13 and 16.

Weight factors « and § in SES module: We vary « from 0.05 to
0.25 and f from 0.5 to 2.5 to analyze the influence of weight factors.
As a increases, results first rise and then fall, while as f increases,
results initially rise and then stabilize. From Figure 5, we can observe
that the model achieves the best performance with @ = 0.13 and
B = 2.1. The negative semantic editing increment is more critical
due to its larger weight factor, which maintains fine results as it
increases. However, SES is sensitive to the positive semantic editing
increment, and increasing its weight leads to poor performance.
This aligns with intuition: images matching the semantics of relative
text may not necessarily be the target image, but those that deviate
from it are, with high probability, not the target image.

Anon.

5.6 Impact of SES module on ZS-CIR Methods

Considering that current ZS-CIR methods utilize 12T models to
transform the query image into a caption, which is then combined
with the relative text via text-fusion approaches to generate a final
text for retrieval, it is plausible to integrate the Semantic Editing
Search (SES) module into various ZS-CIR methods that rely on the
language-for-vision strategy. The experimental results and improve-
ments before and after using the SES module on ZS-CIR methods
with ViT-L/14 CLIP are shown in Table 4. It can be observed that
the SES module has improved all methods, especially the textual
inversion methods, with an average improvement of 21.66%. This
proves that our SES module is plug-and-play, simple yet effective,
allowing for seamless integration with various methods for ZS-CIR.

5.7 Impact of VLMs and LLMs

Since our proposed SEIZE relies heavily on VLMs for retrieval
and LLMs for reasoning, we study several VLMs and LLMs to un-
derstand their impact on performance. VLM: Table 5 shows that
CLIP encoders with larger parameters perform significantly better,
suggesting that they can capture more detailed features, leading
to performance improvement. When the LLM is set to GPT-3.5-
Turbo, larger parameter CLIP models, specifically ViT-H/14 and
G/14, show considerable improvements over the smaller parameter
model, B/32, with performance increases of 70.52% and 71.95% re-
spectively. LLM: We conduct experiments on CIRCO using various
configurations listed in Table 5: no LLM (with fixed templates), an
open-source LLM (LLama2-70B), and closed-source LLMs (GPT-3.5-
Turbo and GPT-4). The results show that the LLM-based method
significantly outperforms the no LLM approach, highlighting the
power of dynamic textual reasoning in generating target captions.
Furthermore, GPT-based methods perform better than the open-
source LLM. Specifically, GPT variants, GPT-3.5-Turbo and GPT-4,
achieve 12.12% and 12.75% relative improvements in mAP@5 com-
pared to LLama2-70B, respectively. The plug-and-play design of
SEIZE enables the seamless integration of various retrieval and rea-
soning models, providing flexibility to scale our pipeline as needed
and consider the trade-offs between cost and effectiveness, which
is crucial when choosing the best LLM and VLM for applications.
Thus, we can customize SEIZE to fit any specific retrieval scenario.

6 CONCLUSIONS

In this paper, we propose a training-free method called Semantic
Editing Increment for ZEro-shot composed image retrieval (SEIZE),
which can utilize off-the-shelf tools to accurately retrieve a specific
image based on a reference image and a relative text without train-
ing. Our method can consider not only the final similarity between
the composed text and retrieved images but also the semantic in-
crement during the compositional editing process. To cover the
possible semantics of the composed results, we propose a breadth
compositional reasoning to generate diverse edited captions from
different semantic perspectives of the reference image. Extensive
experiments on three public datasets demonstrate that the proposed
SEIZE significantly outperforms the state-of-the-art methods for
ZS-CIR. In the future, we will explore semantic editing increment
based on LLMs and VLMs in more multi-modal reasoning tasks,
such as visual reasoning and conditional generation.
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