arXiv:2308.02862v1 [cs.CV] 5 Aug 2023

IMPROVING GENERALIZATION OF IMAGE CAPTIONING WITH UNSUPERVISED PROMPT

LEARNING

Hongchen Wei and Zhenzhong Chen”

School of Remote Sensing and Information Engineering, Wuhan University

ABSTRACT

Pretrained visual-language models have demonstrated impressive zero-shot abilities in image captioning, when
accompanied by hand-crafted prompts. Meanwhile, hand-crafted prompts utilize human prior knowledge to
guide the model. However, due to the diversity between different domains, such hand-crafted prompt that
provide invariant prior knowledge may result in mode collapse for some domains. Some researches attempted to
incorporate expert knowledge and instruction datasets, but the results were costly and led to hallucinations. In
this paper, we propose an unsupervised prompt learning method to improve Generalization of Image Captioning
(GenelC), which learns a domain-specific prompt vector for the target domain without requiring annotated data.
GenelC aligns visual and language modalities with a pre-trained Contrastive Language-Image Pre-Training
(CLIP) model, thus optimizing the domain-specific prompt vector from two aspects: attribute and semantic
consistency. Specifically, GenelC first generates attribute-transferred images with differing attributes, while
retaining semantic similarity with original images. Then, GenelC uses CLIP to measure the similarity between
the images and the generated sentences. By exploring the variable and invariant features in the original images
and attribute-transferred images, attribute consistency constrains the attribute change direction of both images
and sentences to learn domain-specific knowledge. The semantic consistency directly measures the similarity
between the generated sentences and images to ensure the accuracy and comprehensiveness of the generated
sentences. Consequently, GenelC only optimizes the prompt vectors, which effectively retains the knowledge in
the large model and introduces domain-specific knowledge. Experiments show that GenelC exhibits superior

generalization performance compared to state-of-the-art methods on multiple target domain datasets.

1 INTRODUCTION

Recent advances in pretrained Visual-Language Models
(VLMs) [1, 2, 3, 4, 5] have undergone significant advancements
and have achieved remarkable performance on different down-
stream tasks, such as image captioning [6, 7, 8], which aims to
automatically generate captions for images. Meanwhile, some
of these models [4, 5, 9, 10] have demonstrated impressive zero-
shot capability in image captioning, requiring only hand-crafted
prompts. This is highly beneficial, as it eliminate the model’s
dependence on downstream target domain image-text pair data,
thereby, providing a viable research solution for domain general-
ization image captioning, which is training on a source domain
and generalizing to any domain.

However, recent research [11, 12, 13, 14, 15, 16] indicates that
hand-crafted prompts might be suboptimal. On the one hand,
the model is sensitive to prompt, and slight variations in wording
could make a large difference in performance. Meanwhile, effec-
tive prompt crafting requires a comprehension of the previous
knowledge associated with downstream tasks and the underly-
ing mechanism of the model. On the other hand, when dealing
with data from different domains, such prompt guide the model
with the same prior knowledge, making it unable to adaptively
distinguish the differences between different domains and thus
overlooking the domain-specific knowledge of the target do-
main. This may lead to mode collapse. As shown in Figure
1, traditional methods utilized hand-crafted prompt. However,
hand-crafted prompts failed to take into account the distinct
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domain-specific knowledge present within each target domain
dataset, such as bird wing and beak features or flower colors,
which consequently make generated descriptions that lack diver-
sity and specialized knowledge. This hinders the development
of domain generalization for image captioning.

One of the tasks associated with domain generalization for im-
age captioning is cross-domain image captioning [19, 20, 21],
which is trained on a source domain and a small amount of target
domain data, and generalized to target domain. In details, [19]
explored a discriminator network in adversarial learning to eval-
uate the similarity between generated captions and target domain
captions. [20] was first pre-train model, and then fine-tuned
with a small amount of target domain dataset. [21] directly
integrated target domain information into the model. However,
it is important to note that these methods only generalize to one
specific target domain, which makes them less applicable than
domain generalization for image captioning. Moreover, exist-
ing cross-domain methods often require introducing additional
target domain image-caption priors to align the caption styles
between the source and target domains. For some scenarios
where data collection is challenging, such as art and medicine,
the viability of these methods may be negative.

Inspired by prompt learning research in Natural Language Pro-
cessing (NLP) [22, 23, 24], some studies [11, 13, 14, 12, 16]
attempted to automate prompt engineering in pretrained visual-
language models. Specifically, they modeled the context of
prompt with learnable vectors. For example, [11] used only
minimal amount of target domain data to learn a specific set
of context tokens for each domain. [13] designed learnable
prompts for both image and text modalities. While the methods
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Figure 1: Example of mode collapse. Previous methods, such as
BLIP2, use hand-crafted prompt (e.g., “A photo of”) to generate
sentences for image from different target domains, such as CUB-
200 (bird data) [17] and Oxford-102 (flower data) [18]. The
generated sentences exhibit similar modes, and lacking descrip-
tions of domain-specific knowledge such as bird body features
and flower color attributes, resulting in limited diversity and low
quality. In contrast, our approach learns domain-specific prompt
vectors for different target domains by exploring both variable
and invariant features present in the target domain. This guides
the model to generate sentences that incorporate domain-specific
knowledge.

mentioned above have yielded favorable results, they still require
a small amount of target domain data optimization the prompt
vector. In addition, they have primarily centered around classi-
fication tasks, without taking into account the complexity and
dependence on context involved in sequence generation tasks.
To address this issue, other studies have attempted to incorporate
instruction tuning [25, 26] in generative visual-language models.
These methods fine-tune the model to enhance the recognition
of hand-crafted prompts. [10] collected a high-quality and well-
aligned dataset of conversations. [9] converted public datasets
into an instruction-caption format for fine-tuning the model.
However, it resulted in hallucination [27] and the resource con-
sumption, a more meaningful direction would be to combine
unsupervised learning for achieving domain generalization for
image captioning.

Motivated by this, this paper presents an unsupervised prompt
learning method to improve Generalization of Image Captioning
(GenelC), which learns a domain-specific prompt vector for the
target domain without requiring annotated data. Unlike single-
modal tasks, the challenge of cross-modal unsupervised learning
lies in the heterogeneity between different modalities. To address
this issue, GenelC utilizes a pre-trained CLIP model [2] to
project both visual and language content into a shared semantic
space. Domain-specific prompt vectors are then optimized from
two perspectives: attribute and semantic consistency. The former
learns domain-specific knowledge, while the latter aligns visual
and language content. Specifically, for attribute consistency,
GenelC first generates attribute-transferred images, which are
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domain images in the autoencoder. These images have similar
semantics as the original, but with different attributes, like a
bird with black wings and a bird with blue wings. By exploring
the variable and invariant features in the original images and
attribute-transferred images, attribute consistency constrains the
attribute change direction of both images and sentences in the
CLIP space to learn domain-specific knowledge. For semantic
consistency, GenelC directly minimizes the distance between
input images and generated sentences in the CLIP space to
ensure semantic consistency and produce accurate sentences.
Furthermore, to retain the knowledge in the pre-trained model,
GenelC freezes the majority of the parameters in the model and
optimizes only the prompt vectors. Compared with methods
such as [9, 10], our approach requires fewer training resources.

In summary, the contributions of this paper can be summarized
as follows:

1. We explored an unsupervised prompt learning method
to improve generalization of image captioning, which
learns a domain-specific prompt vector for target do-
main without requiring annotated data. The prompt
vector is employed to guide the model to generate cap-
tions that incorporate domain-specific knowledge, thus
alleviates mode collapse.

2. We designed novel attribute and semantic consistency
to optimize the prompt vector. The former explore the
variable and invariant features in the target domain,
to constrains the attribute change direction of both im-
ages and sentences to learn domain-specific knowledge.
The latter directly enforces the semantic coherence be-
tween input images and generated sentences, thereby
enhancing the accuracy of generated sentences.

3. Based on prompt learning, our method utilizes
domain-specific prompt vectors instead of hand-crafted
prompts, achieving superior generalization perfor-
mance. Additionally, our method is more parameter-
efficient than traditional methods because it optimized
a small number of parameters.

The remainder of this paper is organized as follows. In Section 2,
we provide an overview of related work. In Section 3, each
module and loss item in GenelC is introduced in details. In
Section 4, we present the experimental setup of GenelC, and the
experimental results are analyzed. Finally, Section 5 provides a
brief summary of the paper.

2 RELATED WORK

2.1 Domain Generalization for Image Captioning

Domain generalization for image captioning [28] aims to gen-
erate descriptions for target domain images in scenarios where
target domain annotations are not available. The major challenge
is seizing specific features in data of target domains. A related
task is cross-domain image captioning, which introduces the
target domain into the training process to alleviate domain shift.
For instance, [19] utilizes adversarial networks to discriminate
whether the generated captions correspond to the target domain.
[20] designed a multi-task learning strategy to optimize both
image captioning and image synthesis. [29] proposed a cross-
domain image captioning method based on a retrieval model



to promote domain adaptation of the model. [21] proposed a
style-based cross-domain image captioning method that inte-
grates style information into the model. Compared with domain
generalization for image captioning, the task have the following
drawbacks. First, to align the source domain and target domain,
additional target domain caption priors or even a small quantity
of target domain image-text pairs must be introduced. However,
these methods are not applicable in some scenarios, such as art
and medicine, where gathering data is challenging. Secondly,
the model inference process is only capable of generalizing to
a single target domain, meaning that when a new target do-
main arises, the model must be retrained, which can be very
resource-intensive.

With the emergence of large-scale pre-training models, re-
searchers have proposed zero-shot image captioning. [30]
merged the CLIP and language model to complete zero-shot
image captioning in any domain without the need for training
the model. [31] aligned visual content through induction of
CLIP-induced score affecting the language model creation. [32]
proposed anchor enhancement to guide the generation model
to focus on fine-grained information in the representation of
CLIP. Despite the progress made, the performance of image
captioning in specific domains is still low and lacks descriptions
of domain-specific knowledges. One of the important reasons
for this issue is the large semantic gap between the CLIP model
and language model.

To address this issue, several studies [4, 33, 34, 5] have intro-
duced a joint training method of visual and language models
utilizing large-scale image-text paired datasets. These mod-
els have demonstrated impressive zero-shot abilities in image
captioning, when accompanied by hand-crafted prompts. For
example, [4] proposed a new cross-attention layer and inserted
it into pre-trained large language model to train the model on
billions of image-text pairs. [33] designed a large multimodal
language model that can process any interleaved text and im-
ages. [34] proposed a zero-init attention mechanism with zero-
gating, which can adaptively inject new instructional clues into
the language model. [5] used a lightweight query transformer
to bridge the visual and language models. However, recent re-
search [11, 12, 13, 14, 15, 16] presents that hand-crafted prompts
may suboptimal. On the one hand, the words highly influence
hand-crafted prompts, and slight variations in wording may have
a significant effect on results. On the other hand, hand-crafted
prompt, such as “A photo of”, result in strict constraints for
different target domain datasets, make models to generate ho-
mogeneous and low-quality captions (i.e., “mode collapse”™).
To improve the model’s prompt robustness, [10, 9] developed
instruction datasets for fine-tuning the model. However, this
approach inevitably entails substantial resource consumption.
Additionally, research [27] has revealed that instruction datasets
may induce hallucinations.

2.2 Prompt Learning for Vision-Language Models

In recent years, Large Language Models (LLM) [35, 36, 37, 25]
have exhibited remarkable capabilities in generating language.
Efficiently fine-tuning the LLM model has become a hot research
topic in order to better generalize to downstream tasks. Among
them, prompt learning only trains additional prompt vectors
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guide the model to better adapt to downstream tasks.

Inspired by prompt learning in Natural Language Processing
(NLP) [38, 39, 40], some studies [11, 13, 14, 41, 42] have at-
tempted to introduce prompt learning into multimodal visual lan-
guage models to replace hand-crafted prompts and improve clas-
sification performance on target domain data. Specifically, [11]
proposed a context-aware optimization method that uses learn-
able vectors to model contextual words in prompts. [13] de-
signed a multimodal prompt learning method, with visual and
text encoders learning prompt vectors separately. [14] used
a single-sample dynamic learning adaptive prompt in the test-
ing process. [41] proposed an unsupervised prompt learning
method to improve the transfer performance of the CLIP model.
[42] combines the advantages of textual and visual prompts and
proposes a unified prompt tuning method. The above methods
have achieved good performance in domain generalization for
classification tasks. However, compared with classification tasks,
image captioning [43, 44, 45] needs to consider the complexity
of text sequences and contextual dependencies, and is therefore
more challenging.

3 METHODOLOGY

In this section, we propose an unsupervised prompt learning
to improve generalization of image captioning, which learns a
domain-specific prompt vector for the target domain without
requiring annotated data. Compared with traditional methods,
our method has several advantages. First, we can generalize the
model to any target domain without the need for annotated data.
Second, we only optimize the prompt vectors, which can achieve
superior generalization performance at a lower computational
cost.

Next, we will provide a detailed introduction to this method.
Firstly, we introduce the data composition of the domain gen-
eralization for image captioning and the backbone model. Af-
terwards, we elaborate on the proposed framework in details,
including attribute consistency and semantic consistency.

3.1 Overview of GenelC

In domain generalization for image captioning, only the target
domain image set X = {x,-}?i | is used, without any labeled data,
where x; represents the i-th image. Without any loss of gener-
ality, GenelC can take any state-of-the-art pre-trained visual-
language models. Considering the effectiveness, in this paper,
GenelC takes BLIP2 [5] as backbone. BLIP2 is a powerful
visual-language model that is at the forefront of the field of
zero-shot learning. It has demonstrated remarkable proficiency
in overcoming challenges related to limited data availability
through its prompt-based ability to adapt rapidly to new tasks or
concepts. Next, we provide a concise overview of the training
and inference processes employed by BLIP2.

BLIP2 employs the pre-trained visual encoder and Large Lan-
guage Model (LLM), and trains a lightweight query transformer
to connect different modalities, which demonstrates remarkable
generality and efficiency. The visual encoder is based on the
CLIP model, which is trained on billions of image-text pairs
using contrastive loss and is highly effective in aligning vision
and language. In addition, the language model employs the
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Figure 2: The illustration of GenelC. In the first stage, the pre-trained CLIP model is used to cluster images in the target domain.
Then, two similar images are input into the pre-trained VQ-GAN model to extract feature maps, and their partial feature maps are
exchanged to achieve meaningful attribute transfer. Finally, attribute-transferred images are reconstructed. In the second stage, the
original image and the attribute-transferred image are input as an image pair into a pre-trained visual language model (e.g., BLIP2)
with frozen parameters to generate corresponding sentences. The images and sentences are projected into the same space using
CLIP, and the prompt vector is optimized through attribute consistency (L,) and semantic consistency (L;).

unsupervised-trained OPT [36] model family and the instruction-
trained FlanT5 [26] model family. This paper adopts pre-trained
OPT2.7B as the language model. Specifically, BLIP2 includes
two-stage training. In the first stage, BLIP2 combines the query
transformer (QFormer) with the frozen visual encoder to learn
representation through the proxy task, to retain critical visual in-
formation. In the second stage, the query transformer is attached
to the frozen LLM to generate text, and its output is linearly
projected to the embedding space of the LLM through a fully-
connected layer. These visual cues guide the generation process
and enable learning of visual-language alignment through gener-
ation loss. During the inference process, with image captioning
as an example, the test image (i.e., x;) is initially inputted into
the visual encoder and query transformer to produce the visual
embedding, v;. To ensure that the generated captions accurately
match the user’s intention, BLIP2 utilizes hand-crafted prompts
to guide the model. More specifically, the hand-crafted prompt
is projected into the embedding space of LLM. Together with
v;, they are then inputted into LLM for generating the captions.
The formula is expressed as follows:

v; = encoder(x;)
b;

concat(W, # v;, W, = p) (1)

s; = decoder(¥;)

where the encoder comprises a pre-trained visual decoder and a
query transformer, with W, symbolizing a fully connected layer

to facilitate mapping visual information to the LLM space. p 4

denotes hand-crafted prompt (e.g., “A photo of””) and W, maps
p to the LLM space. The concatenated vector is denoted as v,
which is then fed into the LLM decoder to generate the sentence
S;.

However, recent research [11, 12, 13, 14, 15, 16] indicates that
models are very sensitive to hand-crafted prompts. Wording
can noticeably affect the performance. In addition, using hand-
crafted prompts to generate captions makes limited diversity
and low quality. The reason is that hand-crafted prompts cannot
adaptively guide the model to focus on domain-specific knowl-
edge when dealing with data from different domains, due to their
invariant prior knowledge. Taking inspiration from prompt learn-
ing [11, 12, 13, 14], a possible solution would be to learn prompt
vectors instead of to design hand-crafted prompt. As a result, we
propose an unsupervised prompt learning method (GenelC), to
enhance the generalization ability of image captioning models.

Figure 2 is the pipeline of GenelC, which includes two stages. In
the first stage, GenelC achieves domain-specific attribute trans-
fer, generating images that are semantically similar to the origi-
nal images in the domain, but with different attributes. Specifi-
cally, GenelC uses a pre-trained Vector Quantised Generative
Adversarial Network (VQ-GAN) [46] to project images into la-
tent space, and achieves attribute transfer between target domain
images by swapping partial feature maps between the same
mini-batch samples. To ensure meaningful attribute transfer,
GenelC first clusters the test images of the target domain us-
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Figure 3: The pipeline of attribute transfer of intra-domain im-
ages. We begin by utilizing CLIP model to cluster images in
the target domain. This is to avoid introducing additional back-
ground noise. Then, we input two semantically similar images in
an encoder, resulting in two feature map sets. Next, we replace
the feature map that contains the main objectives knowledge
(i.e., the red box, which is retrieved from the feature map distri-
bution and corresponds to a red circle), to achieve meaningful
attribute modification. Finally, we input the modified feature
map into the decoder, to generate an image that incorporates the
modified features.

ing CLIP, with similar samples taken as a mini-batch. Then,
it explores the semantics of each feature map and replaces the
feature map of the main objectives (e.g., bird, instead of back-
ground). Finally, the attribute-transferred image is decoded. In
the second stage, a pair of images consisting of original images
and attribute-transferred images are inputted into a parameter-
frozen visual-language model. To better generalize the model
to the target domain, a learnable prompt vector is used instead
of hand-crafted prompt to guide the model to better focus on
the knowledge of the target domain. GenelC uses CLIP to
project the input image and the generated sentence into the same
semantic space, optimizing the prompt vector with attribute con-
sistency (L,) and semantic consistency (L;). The former aims to
explore domain-specific attributes, while the latter focuses on
the all elements in the image. Next, we will provide a detailed
introduction of the two stages.

3.2 Attribute Transfer of Intra-Domain Images

While hand-crafted prompts (e.g., “A photo of") exhibit well
performance on source domain [5, 4, 33], they fail to adapt
efficiently to target domains with significant domain shift from
the source domain [11, 13, 14]. Hand-crafted prompts lack the
ability to distinguish between the source and target domains.
Thus, they often overlook fine-grained attributes in the target
domain and produce rough captions to describe the images.

To capture domain-specific attributes more accurately, it is in-
tuitive to learn attribute differences among target domain im-
ages. In this paper, we propose an unsupervised image attribute
transfer method that employs feature map swapping to produce
images with semantic similarities but different attributes for the
target domain images. By examining the attribute modifications
between the original images and the attribute-transferred im-
ages, the model can learn domain-specific attributes. In order
to obtain meaningful attribute transfer, we explore the feature
maps in the latent space. Previous studies [47, 48] suggest that

information represented by diverse feature maps in convolu- 5

tional neural networks is distinct, for example, color, texture,
and edges. Therefore, we concentrate on the feature maps of the
main objectives (e.g., birds in CUB-200 dataset) in the target
domain images, and obtain meaningful attribute transfer by mod-
ifying the feature maps. To ensure the quality of reconstructed
images, we use the pre-trained VQ-GAN [46] as the backbone.

As shown in Figure 3, we begin by clustering the target domain
images using the CLIP model. This is to avoid introducing
additional background noise. Then, we input two similar images
into the encoder as a batch to obtain the feature map sets f;
and f;. We exchange attributes of semantically similar images
only, which helps avoid producing meaningless noise attributes
resulting from large semantic differences.

{fi, fj} =encoder (X,’, xj) , {fl’fj} c Rl*w*c (2)

where x; and x; represents similar images from the target do-
main, f; and f; represents a set of feature maps, and /, w and ¢
represents the length, width and channels of the feature maps.

Based on [47, 48], we extract the feature map of the main ob-
jectives, replacing it with the feature map of a similar image
to accomplish meaningful attribute modification. Figure 3 il-
lustrates the feature map transfer operation, which showcases
this process. By tsne [49] visualizing the distribution of feature
maps in the target image, we observed that the main objectives
feature maps are concentrated in the upper right corner of the
distribution (i.e., the red circle). The visualization of the feature
maps verifies this conclusion, as the feature maps represented by
the red circle show more attention to the main objectives com-
pared to other regions in the distribution. Through modifying
these feature maps, we can attain attribute modifications of the
main objectives in the image. Therefore, we use feature maps
from similar images in the same positions to substitute these
feature maps and achieve attribute modifications. The feature
map exchange process is as follows:

{fir,f;} =retrieval (ffvfi),{_ﬂr,f;} € REwer
f{ = transfer ( fin 1 f]r) fl € RIwe

where the retrieval operation involves retrieval for feature maps
that contain information about the main objectives, specifically
in the top-right corner of their distribution. ¢, € ¢ denotes the
number of feature maps that contain information about the main
objectives. The transfer operation involves replacing the original
set of feature maps, f;, with f;, using the feature maps f 7 from

similar images at the same position.

€)

Finally, we input the new feature map set into the decoder.

x; =decoder (f) 4)

where f; represents the set of feature maps used for attribute
transfer, while x] represents the generated attribute-transferred
image.

3.3 Unsupervised Prompt Learning

To enhance generalization to downstream tasks, downstream
data is typically used to fine-tune pre-trained models and align
the source domain distribution with the target domain distribu-
tion. Two issues arise in this method. The first issue pertains to
constructing a supervised downstream dataset. The construction



of paired data comprising images and text necessitates signif-
icant resources. The second concern is fine-tuning large-scale
models. Previous research suggests [40, 50] that fine-tuning
large-model parameters on small-scale downstream data can
result in catastrophic forgetting.

Therefore, we propose an unsupervised prompt learning method
to improve generalization of image captioning. It freezes all the
parameters of a pretrained model and only utilizes unlabeled
target domain images to optimize prompt vectors. As shown in
the second stage of Figure 2, where two loss functions are em-
ployed to optimize the prompt vector: attribute consistency L,
and semantic consistency L. The former learns domain-specific
attribute knowledge, while the latter ensures the accuracy and
comprehensive of generated sentences. Subsequently, we will
provide a detailed explanation of prompt learning and two kinds
of unsuperivsed loss: attribute consistency L, and semantic
consistency L.

3.3.1 Prompt Learning

Traditional large visual-language models typically depend on
hand-crafted prompts to differentiate downstream tasks. For
example, BLIP2 utilizes the phrase “A photo of" as hand-crafted
prompt in image captioning, showcasing exemplary zero-shot
performance on the MSCOCO [51] and Flickr30k [52] datasets.
However, hand-crafted prompts underperform in target domain
datasets that exhibit significant differences from source domain,
as they are incapable of adaptively focusing on fine-grained
attributes within the target domain.

Inspired by [11, 12, 13], we construct learnable prompt vec-
tors that adaptively learn domain-specific knowledge. The pre-
trained BLIP2 serves as our backbone model. While training, we
freeze all model parameters and only optimize learnable prompt
vectors. More specifically, p,, a prompt vector randomly ini-
tialized, is concatenated with visual embedding v; and inputted
together into the language decoder to generate corresponding
captions, §;. The formula is expressed as:

v; = encoder(x;)

v; = concat(W, = v;, p,) o)

s; = decoder(¥;)

To learn domain-specific knowledge, we introduce two kinds
of unsuperivsed loss to optimize the prompt vector: attribute
consistency and semantic consistency.

3.3.2 Attribute Consistency

Examining the disparities between target domain images, par-
ticularly those that exhibit semantic similarities but vary in at-
tributes, is an intuitive approach for acquiring domain-specific
knowledge. For instance, within the CUB-200 dataset, birds
manifest distinct colors, necessitating a focus on the alterations
in their attributes rather than those in the background. When an
image’s attributes undergo modification, the generated sentences
should align with these alterations. Utilizing this concept, we de-
vised an unsupervised attribute consistency loss. Specifically, we
employ the original image (i.e., x;) and the attribute-transferred
image (i.e., x}) from the target domain, as input image pairs for
the model. To precisely calculate attribute changes and ensure

the consistency of heterogeneous modes, we extract the features 6

of input image pairs and generated sentences with pre-trained
CLIP model. By projecting images and captions into the same
semantic space with CLIP, we are able to directly compare the
two heterogeneous modalities. Attribute transfer consistency is
defined with the following equation:
AV; =Norm (¥;) — Norm (¥})
AS; =Norm (5;) — Norm (57)

where v;, v, = CLIPy (xi, x:) represent the original image and
attribute transfer image features extracted using CLIP, and
5,8, = CLIPy (s,, ) represent the corresponding caption fea-
tures. AV; and AS; represent the attribute changes between
images and captions, respectively. Norm (-) represents L, nor-
malization. We use the L, constraint to ensure consistency
between the attribute changes of images and sentences, and by
explore variable and invariant features to learn domain-specific

knowledge.
=E Z (

where 7 is the batch size.

(6)

AV; - AS;
Buas)

IAVi[|AS;|

3.3.3 Semantic Consistency

Recent research [53] demonstrates that matching scores the
image and text based on CLIP can increase the diversity and
accuracy of captions generated. This enhancement is achieved
through direct measurement of the correlation between the input
image and the generated sentences. Thus, we propose a semantic
consistency loss. By leveraging knowledge in an open world,
we aim to enhance the quality and comprehensive of generated
captions. The formula for the semantic consistency loss term is
expressed as follows:

C Vi -5
Li=E ) [1-
=230

®)

3.3.4 Total Loss

In summary, we define the total loss by combining the Eq. 7 and
Eq. 8:
L=L,+pL; )

where 3 is a hyperparameter designed for the trade-off of the
two loss terms. While calculating the loss function L, it is im-
portant to note that some operations involved in the process are
non-differentiable, such as sampling the probability distribution
to retrieve words. Thus, to ensure the update of the gradient,
following [54, 53], we optimize the model with REINFORCE
algorithm [55] with a self-critical baseline.

L =-E[r(AV;,AS)) + Br (#;,5)] (10)

where r(a;,b;) = EY (Ia ”b’|> is the score of attribute and
semantic consistency. The gradient of L can be approximated as
follows:

VoL ~
(r(AVi. AS}) = r(AV;, ASY)) Vg log Py (s? | x;)
+ (r(fl,-,ii) - r(vl, .))VglOng (s | x; )
where s7 is a sampled caption, r (a,-, bf) and r (ai, b‘f ) define the

samplely decoded score and the greedily decoded score obtained
from the current model, respectively.

Y



4  EXPERIMENTS

4.1 Datasets

In this paper, we compare two types of models aimed at im-
proving the generalization ability on image captioning tasks:
multimodal large language models (MLLMs) [30, 4, 5, 10, 9]
and cross-domain image captioning models [19, 20, 56, 57,
29]. MLLM is trained on web-scale datasets, including
MSCOCO [51], Visual Genome [58], CC3M [59], CC12M [60],
SBU [61], and LAION400M dataset [62], and has achieved
remarkable zero-shot ability on different downstream tasks.
Cross-domain method utilizes the MSCOCO dataset [51] as
the source domain and combines a limited quantity of data
from a single target domain for joint training, thereby ampli-
fying the model’s performance within the target domain. This
includes Dual learning [56], Multi-task [20], Instance [57], Re-
trieval [29], SCIC [21] and LSML [28]. Among them, LSML
explore domain generalization for image captioning, and our
method follows a similar setup.

In order to conduct a quantitative comparison between GenelC
and the comparison methods, we selected CUB-200 [17] and
Oxford-102 [18] as the target domains due to their substantial
domain shifts when compared to the source domain data. More
specifically:

CUB-200 It consists of 11,788 bird images from 200 different
categories, each with 10 caption annotations. We followed
the data splitting method described in [21] and selected 5,788
images as the test set.

Oxford-102 It comprises 8,189 flower images distributed
across 102 categories, and each image contains 10 captions.
Our preferred data splitting method, outlined in [21], guided our
selection of 1,000 images for the test set.

In addition, we also used more images with large domain shift
to qualitatively demonstrate the effectiveness of our method,
including Food101 [63], StanfordCars [64], which are not anno-
tations. We randomly selected 1,000 images as the target domain
test set. These dataset cover different scenarios including an-
imals, plants, machines, and food, forming a comprehensive
evaluation benchmark.

4.2 Training Details

GenelC is a universal framework. To demonstrate the superior-
ity of this framework, we selected the current state-of-the-art
zero-shot image captioning method as the backbone, namely
BLIP2 [5], and utilizing OPT2.7B as the decoder. Meanwhile,
the number of learnable prompt vectors in GenelC is set to
M = 8, and the training image count amounts to N = 1,000.
The learnable prompt vectors of GenelC are randomly initialized
by drawing from a Gaussian distribution with zero-mean and
standard deviation equal of 0.02. In Formula 9, the hyperparam-
eter S is set to 0.5. The model is built upon the open-source code
of BLIP2. ! During the training process, we use AdamW [65]
as the optimizer and set the epoch and batchsize to 30 and 10,
with an initialized learning rate of 5 X 104, which is decayed
by the cosine annealing rule.

'https://github.com/salesforce/LAVIS/tree/main/
projects/blip2.

4.3 Baseline Methods and Evaluation Metrics

In this paper, we compare GenelC with two baseline meth-
ods: Multimodal Large Language Models (MLLMSs) and cross-
domain image captioning models. MLLMs achieve zero-shot
generation by utilizing hand-crafted prompt. Among them, Ze-
roCap [30] directly bridges the visual encoder and the language
decoder without requiring additional training. Flamingo_9B [4],
BLIP2_6.7B and BLIP2_2.7B [5] employ joint training of the vi-
sual encoder and the language decoder. MiniGPT4_7B [10] and
InstructBLIP_7B [9] perform additional fine-tuning of the mod-
els based on BLIP2 by utilizing meticulously crafted instruction
datasets. Adhering to the original settings of the baseline meth-
ods, for ZeroCap, Flamingo, BLIP2_6.7B, and BLIP2_2.7B,
we employ “A photo of” as the hand-crafted prompt. For
MiniGPT4_7B and InstructBLIP_7B, we used “Describe this
image in detail." as the hand-crafted prompt. Further relevant
details will be discussed in Appendix A. Cross-domain methods
entail joint training on the source domain data (i.e., MSCOCO)
along with a limited amount of target domain data, enabling
cross-domain image captioning. Due to the unavailability of
source code for certain baseline methods, we solely present the
result provided in the original papers of those methods.

This paper examines the quality of generated sentences through
three dimensions: supervised metrics, diversity metrics, and un-
supervised metrics. Supervised metrics encompass conventional
evaluation metrics for image captioning, such as BLEU [66],
METEOR [67], ROUGE-L [68], and CIDEr [69]. These metrics
assess the degree of alignment between generated sentences and
ground truth, utilizing n-gram methods. Due to the inclusion of
fine-grained target domain object descriptions in human annota-
tions, such as the color of birds, it becomes essential to employ
supervised metrics directly for evaluating the accuracy of the
generated sentences. Diversity metrics quantify the diversity
exhibited by generated sentences. Following [30], in this pa-
per, Vocab, %Novel, and Length are employed as indicators to
assess the model’s capacity for diversity. Specifically, Vocab
corresponds to the vocabulary size, %Novel denotes none of
the generated sentences appear in the training set, and Length
represents the average sentence length. Furthermore, we define
%Unique as the proportion of generated sentences without any
repetition. Unsupervised metrics directly capture the similarity
between input images and generated sentences. A typical metric,
CLIP-S [53], quantifies the cosine similarity between features
of images and sentence extracted from pretrained CLIP model.

4.4 Quantitative Analysis

Comparison with MLLMs Table 1 reports the results of
GenelC and MLLMs on the CUB-200 and Oxford-102 datasets.
GenelC’s default settings are M = 8 and N = 1000, where
M indicates the number of learnable prompt vectors, and N
represents the number of target domain images. The results
show that 1) ZeroCap underperforms other methods on most
metrics, indicating that merely bridge single modal visual and
language models is insufficient for effectively aligning visual
and language modalities, and it lags behind multimodal meth-
ods trained on image-text pairs. 2) GenelC exhibits superiority
over Flamingo_9B and BLIP2_6.7B in supervised metrics, de-
spite the latter having larger model sizes. Specifically, when
compared to BLIP2_6.7B, GenelC achieves improvements of


https://github.com/salesforce/LAVIS/tree/main/projects/blip2
https://github.com/salesforce/LAVIS/tree/main/projects/blip2

Table 1: Comparison with Multimodal Large Language Models (MLLMs) on CUB-200 and Oxford-102 datasets.

Supervised Metrics Diversity Metrics Unsupervised Metric

Method B@]1 B@2 B@3 B@4 METEOR ROUGE-L CIDEr Vocab %Novel Length %Unique CLIP-S
CUB-200
ZeroCap 95 1.8 04 0.1 39 11.5 1.9 50,257 100% 8.8  96.6% 76.4
Flamingo_9B 209 86 29 1.6 9.0 21.6 7.3 32,000 100% 10.8 73.7% 79.4
BLIP2_2.7B 185 68 28 1.2 8.5 20.8 6.8 50,272 100% 112 74.4% 78.9
BLIP2_6.7B 229 9.0 39 17 9.8 22.4 8.1 50,272 100% 11.2 73.9% 81.1
MiniGPT4_7B 92 3.0 19 00 9.8 17.0 0.0 32,000 100% 92.3 99.8% 56.6
InstructBLIP_7B 84 29 12 0.0 9.3 16.5 0.0 32,000 100% 953 99.6% 56.8
GenelC 243 114 58 3.1 11.0 24.3 20.1 50,272 100% 18.6 81.2% 79.7
Oxford-102
ZeroCap 135 28 04 0.0 53 11.0 3.2 50,257 100% 93  96.1% 59.8
Flamingo_9B 232 74 27 10 10.9 18.2 13.3 32,000 100% 10.9 52.3% 78.5
BLIP2_2.7B 225 70 26 1.0 10.2 17.9 12.9 50,272 100% 11.2 68.2% 78.4
BLIP2_6.7B 234 7.1 27 1.1 10.8 18.7 14.8 50,272 100% 114 51.2% 79.1
MiniGPT4_7B 73 2.8 1.1 0.0 11.6 12.4 0.0 32,000 100% 94.7 97.6% 53.4
InstructBLIP_7B 85 25 0.8 0.0 11.2 12.3 0.0 32,000 100% 97.5 97.5% 55.4
GenelC 242 76 3.0 13 11.1 19.0 15.6 50,272 100% 13.7 76.3% 79.6
Table 2: Comparison with Cross-domain methods on CUB-200 and Oxford-102 datasets. “-” represents the results have not been
given in the raw paper.

Supervised Metrics Diversity Metrics Unsupervised Metric
Method B@l B@2 B@3 B@4 METEOR ROUGE-L CIDEr Vocab %Novel Length %Unique CLIP-S
CUB-200
Dual learning - - - - - - - - - - - -
Multi-task 92.3 83.2 70.6 57.5 374 72.0 773 812 735% 9.5 58.5% 78.2
Instance 90.9 81.2 532 329 279 58.9 25.9 - - - - -
Retrieval 95.3 839 72.0 61.6 36.6 69.3 76.7 - - - - -
SCIC 93.8 81.6 714 61.1  36.9 70.7 78.2 - - - - -
LSML 204 80 32 13 10.2 20.9 9.6 - - - - -
GenelC 243 114 58 3.1 11.0 24.3 20.1 50,272 100% 18.6 81.2% 79.7
Oxford-102
Dual learning 91.2 84.4 77.1 71.6  43.0 82.4 79.7 - - - - -
Multi-task 91.0 83.8 784 72.1 453 82.9 89.2 1,509 70.2% 102  67.7% 77.4
Instance 85.9 77.2 679 61.1 36.5 72.9 29.2 - - - - -
Retrieval 96.6 91.8 86.0 80.2 422 77.8 87.3 - - - - -
SCIC 927 854 789 74.1 46.6 84.9 90.8 - - - - -
LSML 194 59 22 09 9.7 18.0 14.4 - - - - -
GenelC 242 76 3.0 13 11.1 19.0 15.6 50,272 100% 13.7 76.3% 79.6

12.0 and 0.8 on the CIDEr metrics, respectively, for the CUB-
200 and Oxford-102 dataset. This phenomenon suggests that
hand-crafted prompt (i.e.,“A photo of”’) cannot guide the model
adaptively to focus on domain-specific attributes in the target
domain. Hand-crafted prompt direction fail to enable generaliza-
tion of the model to target domains with significant domain shifts
from the source domain. 3) Regarding diversity metrics, GenelC
generates longer sentences and higher % Unique compared to
Flamingo_9B, BLIP2_6.7B and BLIP2_2.7B. This phenomenon
indicates that the sentences generated by GenelC contain more
informative content. 4) As for unsupervised metrics, on the
CUB-200 dataset, GenelC slightly outperforms Flamingo_9B
and BLIP2_2.7B, but falls behind BLIP2_6.7B. This discrep-

ancy that compared to supervised metrics can be attributed to
the human annotations in the CUB-200 dataset, which primarily
focus on describing birds while neglecting the surrounding envi-
ronment. Consequently, supervised metrics prioritize measuring
the accuracy of the main objects in the target domain images.
In contrast, CLIP-S provides a comprehensive evaluation of all
the content in the images. GenelC ensures the comprehensive
generation of sentences while giving emphasis to the description
of the main objects in the target domain images. Conversely, on
the Oxford-102 dataset, GenelC achieves the best performance
across all metrics. This advantage stems from the fact that the
images in the Oxford-102 dataset are usually close-ups of flow-
ers. 5) MiniGPT4_7B and InstructBLIP_7B construct additional



Table 3: Comparison with Multimodal Large Language Models (MLLMs) on Food101 and StanfordCars datasets.

StanfordCars dataset

ZeroCap Flamingo_9B

BLIP2_2.7B BLIP2_6.7B MiniGPT4_7B

InstructBLIP_7B  GenelC

CLIP-S 73.9 78.5 77.9 79.4 50.8 51.0 79.1
FoodlO0l dataset
ZeroCap Flamingo_9B BLIP2_2.7B BLIP2_6.7B MiniGPT4_7B InstructBLIP_7B  GenelC
CLIP-S 71.9 80.3 79.8 80.6 52.7 53.3 81.1
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Figure 4: Investigations on the number of prompt vectors and training images. N denotes number of training images. The black

dots represent the results of the baseline method BLIP2_2.7B.

instruction datasets for fine-tuning the models, leading to the
generation of sentences that different style from the ground-truth
human annotations and are longer in length. Consequently, they
demonstrate inferior performance on most evaluation metrics.
To ensure a fair comparison, we provide the generated examples
of MiniGPT4_7B and InstructBLIP_7B in Appendix D, accom-
panied by further discussions. However, it is noteworthy that,
unlike MiniGPT4_7B and InstructBLIP_7B, GenelC does not
require any annotated data. Additionally, during the training
process, GenelC freezes most of the model parameters and only
optimizes the prompt vectors, significantly reducing training
costs.

Comparison with Cross-domain Methods Table 2 presents
the results of GenelC and cross-domain methods on the CUB-
200 and Oxford-102 datasets. The results indicate that GenelC
performs worse than the comparison methods that utilize target
domain data in terms of supervised metrics. This result can be
attributed to distinct language styles. Evaluating the matching
degree between generated sentences and ground truth within a
specific word range is necessary for supervised metrics. There-
fore, in the presence of substantial differences in language styles,
even if the generated sentences accurately convey the intended
meaning, they may receive lower scores. The comparison meth-
ods that utilize target domain data have a clear advantage in
aligning language styles as they incorporate training data that
closely resembles the ground truth annotations. It is noteworthy



Table 4: The performance of different loss terms on CUB-200 and Oxford-102 datasets.

L, L;|B@l B@4 METEOR ROUGE-L CIDEr CLIP-S
e 252 27 10.3 23.1 17.9 73.5
= v | 21.6 1.8 9.8 21.6 8.1 84.1
© v v | 243 31 11.0 24.3 20.1 79.7
s Vv 23.7 1.0 10.3 18.3 14.7 79.0
GE v | 225 0.9 10.2 17.9 13.8 79.3
e Vv Vv | 242 1.3 11.1 19.0 15.6 79.6

Table 5: The performance of different attribute-transferred image construction methods on CUB-200 and Oxford-102 datasets.

B@l B@4 METEOR ROUGE-L CIDEr CLIP-S

Random 216 24 9.9 20.3 8.6 80.0
g Augmentation  20.0 1.8 9.2 19.1 7.5 76.1
@) Cluster 223 2.6 10.7 21.3 11.3 80.6

GenelC 243 3.1 11.0 24.3 20.1 79.7
= Random 214 0.7 9.3 17.5 12.8 76.7
5 Augmentation 202 0.7 9.2 17.1 12.3 76.0
% Cluster 22.5 1.1 9.9 18.4 14.2 78.9
© GenelC 242 13 11.1 19.0 15.6 79.6

that GenelC exhibits significant advantages in terms of diversity BLIP2_2.7B.

metrics and unsupervised metrics. This phenomenon indicates
that the sentences generated by GenelC exhibit greater diversity
and comprehensiveness. In contrast, when there is no target
domain data available, GenelC outperforms LSML in terms of
supervised metrics. This resulting demonstrates that GenelC
exhibits superior generalization capability.

The Results on Food101 and StanfordCars Datasets Ta-
ble 3 only reports the unsupervised metrics results of GenelC
and MLLMs on the StanfordCars and Food101 datasets, as these
datasets lack ground-truth annotations. Cross-domain meth-
ods cannot directly generalize to target domain data without
human annotations, as they are required during the training pro-
cess. This limitation hampers the applicability of cross-domain
methods. In contrast, GenelC demonstrates the ability to gen-
eralize to any target domain with only a small number of im-
ages. Moreover, the results in Table 3 demonstrate that GenelC
achieves similar result to that in Table 1 on the StanfordCars
and Food101 datasets. On the StanfordCars dataset, GenelC
slightly underperforms BLIP2_6.7B. However, on the Food101
dataset, GenelC achieves the best results. This is because the
StanfordCars dataset contains more background information,
while the Food101 dataset typically focuses on close-up shots
of food.

4.5 Influence of Prompt Vectors Length and Number of
Training Images

To examine the influence of prompt vectors length and the num-
ber of target domain images on the model, we conducted ex-
periments with various parameters using the CUB-200 dataset.
Specifically, we concurrently varied the number of prompt vec-
tors M = {1,2,4,8,12} and the number of training images
N = {100,500, 1000}. The results are depicted in Figure 4,
where the black dots represent the results of the baseline method

In terms of supervised metrics, GenelC demonstrates a trend of
performance that initially increases and then decreases. Taking
the CIDEr metric as an example, when the M = 1, GenelC
trained on different quantities of target domain image sets yield
similar scores. This phenomenon arises from the inability of
shorter prompt vectors to capture complex semantics. Conse-
quently, when the M = 2, the model demonstrates a similar
trend. Substantial variations in model performance are observed
across diverse training data configurations as the number of
prompt vectors continues to increase, specifically at M = 4. As
the quantity of training data increases, performance improves
accordingly. Nevertheless, when confronted with longer vector
lengths and limited training data, the model’s performance may
deteriorate further, falling below the level achieved by models
utilizing shorter vectors. This phenomenon implies that longer
prompt vectors necessitate a larger amount of training data to
converge. It is noteworthy that with M = 1, an increase in
training data actually results in decreased performance. We
believe this phenomenon to the limited capability of shorter
vectors in capturing the diverse attributes of the target domain
dataset. When M = 12, the model exhibits the poorest perfor-
mance across all configurations. This can be attributed to two
factors. Firstly, the excessively long prompt vectors introduce
variable-length sequences that pose challenges to the autoregres-
sive model, deviating from its pre-training process. Secondly,
the prompt vectors suffers from overfitting to the data.

On the unsupervised metric CLIP-S, we observed a decrease
in model performance when N = 1,000, in contrast to the re-
sults obtained from the supervised metrics. This discrepancy
can be attributed to the nature of CLIP-S, which evaluates the
similarity between generated sentences and all elements present
in the input images. In contrast, the supervised metrics primarily
evaluate the correlation between generated sentences and main
objects in the images, such as birds and flowers, disregarding the

10



Table 6: The retrieval and generated words for each of the 8 prompt vectors learned by GenelC, and the retrieval distance shown in
parentheses. N/A means non-Latin characters.

CUB-200 Oxford-102 StanfordCars Food101
#| Retrieval Generate | Retrieval Generate | Retrieval Generate | Retrieval Generate
1 N/A (1.3865) a|Honestly (1.4644) a| Honestly (1.4595) a N/A (1.4939) a
2 N/A (1.4178) a|Honestly (1.4610) a N/A (1.4609) a N/A (1.4715) a
3 N/A (1.4195) bird N/A (1.4729) a N/A (1.4474) a|Honestly (1.4701) a
4 Yeah (1.4302) a N/A (1.4172)  flower | Honestly (1.4198) car N/A (1.4694) dish
5 | Honestly (1.4128) a Yeah (1.4910) a| Despite (1.4326) a N/A (1.4576) of
6 N/A (1.3905) a| Despite (1.4985) the N/A (1.4140) a| Despite (1.4478) sC
7 N/A (1.3928) A N/A (1.5002) a N/A (1.4113) a Yeah (1.4336) of
8 N/A (1.3747) the N/A (1.4546) is Yeah (1.4112) a N/A (1.5096) of

GenelC: a small red and black bird with
white markings on its head and neck. It is
perched on a branch of a tree.
BLIP2_2.7B: a red bird sitting on a tree
branch.

BLIP2_6.7B: a red bird perched on a
branch of a tree.

GT: this is a small red bird with black
wings and a yellow beak.

GenelC: a small black bird with red eyes
perched on a dead tree branch.
BLIP2_2.7B: a black bird perched on a
branch of a tree.

BLIP2_6.7B: a black bird perched on a
branch with red eyes.

GT: the bird has a red eyering as well as a
black tarsus.

GenelC: a car on the beach with a bike
rack on top of it. The car is black and has a
red stripe on the side of it.

BLIP2_2.7B: a car parked on the beach
with a bike rack on top.

BLIP2_6.7B: a car parked on a dirt road
with a ski rack on top

GenelC: a silver minivan parked in a
parking space with a black suv and a black
truck in the background. The minivan has
a roof rack.

BLIP2_2.7B: a silver minivan parked in a
parking space.

BLIP2_6.7B: a van parked in a parking
space with a parking meter.

GenelC: a white flower with a yellow
center in a green plant.

BLIP2_2.7B: a white flower is growing in
a green plant.

BLIP2_6.7B: a close up of a white flower
in a garden bed.

GT: this flower has five white pointed
petals with a center stamen of light yellow.

GenelC: this orange and black spotted
flower with long stamen.

BLIP2_2.7B: a yellow flower with green
leaves near a body of water.

BLIP2_6.7B: a close up of a flower with
red petals and green leaves.

GT: this a on orange flower with purple
spot, white and red stamen and a red style.

GenelC: beef with a mustard sauce on a
white plate with a wine glass on the table.
BLIP2_2.7B: a plate of food with a sauce
and a glass of wine.

BLIP2_6.7B: a plate of food on a table
with a glass of wine.

GenelC: bread with olive and tomato
relish on a plate with a cup of coffee and a
napkin.

BLIP2_2.7B: a plate of food with bread
and vegetables.

BLIP2_6.7B: a plate of food on a table
with a cup of coffee.

Figure 5: Examples of captions generated by GenelC and baseline models as well as the corresponding ground truth (GT is one of
the 10 given annotated captions).

image background. This is determined by the ground-truth anno- 4.6 Ablation Study
tation. Consequently, as the model undergoes extensive training,
the performance of CLIP-S inevitably diminishes, necessitating 10 validate the effectiveness of f{aCh intrgduced mOd‘ﬂe in this
a trade-off between comprehensiveness and specificity. Nonethe- Paper, we conducted comprehensive ablation experiments on the
less, it is noteworthy that GenelC consistently surpasses the
performance of the baseline methods.
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CUB-200 and Oxford-102 datasets.

Semantic and Attribute Consistency Table 4 presents the ab-
lation results of different loss terms. The findings reveal that L,
demonstrates superior performance on supervised metrics, while
L, outperforms in unsupervised metrics. This disparity can be



attributed to the bias present in the ground-truth annotations,
which primarily emphasizes describing target domain objects in
the images (e.g., birds and flowers), while disregarding the back-
ground. Conversely, the unsupervised metric CLIP-S equally
considers all contents within the images. By integrating both
loss terms, GenelC ensures that the generated sentences main-
tain a focus on target domain objects while also considering
other elements in the images.

Attribute Transfer of Intra-Domain Images Table 5 illus-
trates the impact of different attribute-transferred image con-
struction methods on the model’s performance. In this context,
“Random” signifies the random selection of an image as the
attribute-transferred image to calculate L,. “Augmentation” in-
volves the generation of attribute-transferred images through
data augmentation, with this paper employing the “cutmix” aug-
mentation method [70]. “Cluster” indicates the utilization of
CLIP retrieval to select the most similar image from the training
set as the attribute-transferred image. The findings reveal that
method “Augmentation” yields the poorest results across all
evaluation metrics. This can be attributed to the fact that the
augmented images do not conform to reality, depicting situations
such as birds without heads or forests appearing in the sea, con-
sequently leading to negative implications on the optimization
of L. However, GenelC demonstrates a notable enhancement
in supervised metrics, implying that images generated through
attribute transfer can effectively guide the model’s focus towards
domain-specific knowledge.

4.7 Interpretability of Learned Prompt Vectors

We adopt two methods, retrieval, and generation, to interpret
the learned prompts. Following [11], as the prompt vectors are
learned in a continuous space, an possible approach is to retrieve
the word in the vocabulary closest to the prompt vector based
on Euclidean distance. Simultaneously, considering the back-
bone as a generative model, we directly input the prompt vector
into the model to generate the corresponding word (selecting
the word with the highest probability as the final output). The
retrieval and generation result on four datasets are presented
in Table 6. It is observed that, across different datasets, the
retrieval results are often similar, frequently containing words
such as “Yeah”, “Honestly”, and “Despite”, where “Despite”
is somewhat relevant to image captioning. However, when all
the words are concatenated, the prompts lose coherence. This
finding aligns with the conclusion from [11]. It is important
to note that drawing definite conclusions solely based on the
retrieved results may be inaccurate, as explaining the learned
prompts using the nearest words can be misleading—the seman-
tic meaning of vectors may not necessarily correlate with the
closest words. As for the generation method, we discover that
the prompt vectors manifest distinct domain-specific knowledge.
For instance, words such as “bird”, “flower”, “car”, and “dish”
accurately reflect the main objects in the target domain. This
underscores the prompt vectors’ effective learning of domain-
specific knowledge.

4.8 Visualization and Analysis

Figure 5 presents examples generated by GenelC and the base-

line method BLIP2 across four datasets. It is noteworthy that |

cross-domain methods necessitate training the model with an-
notated data from the target domain and are not applicable to
scenarios lacking annotations. Furthermore, both MiniGPT4_7B
and InstructBLIP_7B utilize additional supervised data for fine-
tuning the models. A comprehensive analysis of these two
methods will be provided in the Appendix D. In these examples,
we observe that the baseline method follows a consistent mode,
characterized by “a + object + background.” This mode arises
due to the use of hand-crafted prompts, which lead to a collapse
of diversity in generated sentences and a lack of domain-specific
knowledge. In contrast, our approach addresses this issue by
adopting specific prompt vectors for each target domain, thereby
guiding the model to focus on domain-specific knowledge and
generate more informative descriptions.

5 CoNcLUDING REMARKS

With the development of Large Language Models (LLMs), an
increasing number of researchers are turning their attention to
enabling LLM to process visual inputs, giving rise to a series of
Multi-Modal Large Language Models (MLLMs). By utilizing
hand-crafted prompts, these models have achieved remarkable
zero-shot performance across different downstream tasks, in-
cluding image captioning. However, when confronted with
significant domain shifts, the utilization of hand-crafted prompts
results in sentences with similar modes, a phenomenon known
as mode collapse. Consequently, this limitation hampers di-
versity and the incorporation of domain-specific knowledge in
the generated sentences. To address this issue, some studies
have introduced extensive instruction datasets for the purpose of
fine-tuning the models. Nevertheless, it is essential to acknowl-
edge that the construction of instruction datasets comes with
considerable costs. Meanwhile, it may result hallucination.

This paper introduces an unsupervised prompt learning method
aimed at enhancing the model’s generalization capability in im-
age captioning without annotations. The results demonstrate that,
in comparison to hand-crafted prompts, this method optimizes
the prompt vectors by acquiring domain-specific knowledge, ef-
fectively mitigating mode collapse, and enhancing the diversity
and informativeness of the generated sentences.

While this method exhibits significant improvements in the per-
formance, it does require a certain amount of target domain
images to learn domain-specific knowledge. As a result, it is
better suited for deployment in large-scale image captioning
scenarios. Nonetheless, the efficiency of GenelC’s parameters
allows for straightforward future extensions. For example, there
is room for exploring further improvements in data utilization,
and without retraining all parameters. In conclusion, we hope
that the empirical findings presented in this paper will make
a valuable contribution to the advancement of general domain
image captioning.

APPENDIX

A DETAILS OF MULTI-MODAL LLARGE LLANGUAGE
MOoDELS

In this paper, GenelC employs BLIP2_2.7B as the back-

2bone, with OPT2.7B [36] serving as the language decoder.



Table 7: Comparison with more prompts on CUB-200 and Oxford-102 datasets using the same backbone.

Prompt B@l B@4 METEOR ROUGE-L CIDEr CLIP-S
- “A photo of” 18.5 1.2 8.5 20.8 6.8 78.9
S “A bird photo depict” 11.9 05 6.7 18.6 34 80.6
g2 “Describe this image in detail”  13.0 0.5 7.1 18.1 3.8 719
8 Randomly prompt vectors 7.9 0.4 5.5 15.1 2.8 79.4
GenelC 243 3.1 11.0 24.3 20.1 79.7
a “A photo of” 22.5 1.0 10.2 17.9 12.9 78.4
\n “A flower photo depict” 13.9 0.7 9.6 18.2 12.6 78.3
T “Describe this image in detail” 142 0.7 9.1 17.6 12.8 78.4
%E Randomly prompt vectors 12.5 0.4 7.9 16.3 8.8 77.9
=) GenelC 24.2 1.3 11.1 19.0 15.6 79.6
Table 8: Compare universal and specific prompt vectors using the same backbone.
Dataset B@l B@4 METEOR ROUGE-L CIDEr CLIP-S
Hand-crafted prompt
CUB-200 18.5 1.2 8.5 20.8 6.8 78.9
Oxford-102 22.5 1.0 10.2 17.9 12.9 78.4
Food101 - - - - - 77.9
StanfordCars - - - - - 79.8
CUB-200 prompt vectors
CUB-200 243 3.1 11.0 243 20.1 79.7
Oxford-102 147 04 54 11.3 4.2 79.2
Food101 - - - - - 79.0
StanfordCars - - - - - 78.6
Domain-specific prompt vectors
CUB-200 243 3.1 11.0 243 20.1 79.7
Oxford-102 242 1.3 11.1 19.0 15.6 79.6
Food101 - - - - - 79.1
StanfordCars - - - - - 81.1

ZeroCap adopts GPT-2 [71] as its language decoder, while
Flamingo_9B utilizes LLaMa-7B [37] for the same purpose.
Moreover, BLIP2_2.7B and BLIP2_6.7B both rely on OPT2.7B
and OPT6.7B as their respective language decoders. As for
MiniGPT4_7B and InstructBLIP_7B, they use Vicuna7b [72]
as their language decoder.

B ComprarisoNs wiTH OTHER HAND-CRAFTED PROMPTS

Table 7 provides a summary of the results obtained by the base-
line model BLIP2_2.7B using different hand-crafted prompts.
The findings reveal the model’s sensitivity to hand-crafted
prompts. For example, when evaluating the CIDEr metric on the
CUB-200 dataset, “A bird photo depict” exhibited a decrease
of 3.4 in comparison to “A photo of””. However, for the CLIP-S
metric, it showed an increase of 1.7. The difference arises be-
cause “A bird photo depict” incorporates prior knowledge about
the dataset, facilitating a more comprehensive description, but
it may generate sentences with styles different from the ground
truth. In the Oxford-102 dataset, this phenomenon doesn’t hap-
pen because it usually has close-up shots of flowers with less
background information. Randomly prompt vectors exhibit the
poorest performance across most metrics, as expected, owing to
their lack of prior knowledge. In contrast, GenelC demonstrates

superior performance on most metrics, particularly on super-
vised metrics. This indicates that through the exploration of
variable and invariant features in target domain images, learned
prompt vectors can effectively acquire domain-specific knowl-
edge and guide the model towards improved generalization in
the target domain. Although GenelC slightly lags behind “A
bird photo depict” on the CLIP-S metric of the CUB-200 dataset,
it still outperforms other hand-crafted prompts on the CLIP-S
metric. This indicates that the semantic consistency constraint
ensures the model’s acquisition of domain-specific knowledge
without disregarding the background information in the images.

C DomaiN-speciFic PRoMPT VECTORS vSs UNIFIED
PromMPT VECTORS

Table 8 demonstrates the efficacy of domain-specific prompt vec-
tors. When applying the prompt vectors trained on the CUB-200
target domain to other target domains, the results underperform
compared to utilizing prompt vectors specifically trained on
the respective target domains. This phenomenon indicates that
knowledge from different target domains is not universally trans-
ferable.
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GenelC: a small bird with a yellow beak
and brown body. It is perched on a branch of
a plant. The plant is a small shrub.

Multi-task: a brown bird with a yellow beak.

MiniGPT4_7B: The image shows a small
bird perched on a branch with its head tilted
to the side. The bird has a brown body with a
white underside and a small beak. Its eyes
are closed and its feathers appear to be
ruffled. The bird is surrounded by green
leaves and vines, and there are some red
berries in the background. The image is
taken from a low angle, giving the bird a
sense of depth and perspective.

InstructBLIP_7B: The image features a
small, brown bird perched on a branch of a
plant or tree. The bird is standing upright,
with its body positioned towards the right
side of the scene. There are multiple leaves
visible in the background, creating a natural
setting for the bird to rest and observe its
surroundings.

GT: a small brown bird with a yellow beak
and with markings.

GenelC: a flower that is blooming in the
garden. The flower is purple and has green
leaves on it.

Multi-task: this flower has pink petals.

MiniGPT4_7B: This image shows a pink
flower with white petals and a green stem.
The flower is in full bloom and appears to be
in the process of opening. The petals are
slightly curled and the center of the flower is
still closed. The stem is long and thin, with
leaves at the top. The leaves are a dark green
color and appear to be healthy. The
background is a light green color and
appears to be a grassy area. There is a small
amount of dew on the petals and stem. The
overall appearance of the image is peaceful
and serene.

InstructBLIP_7B: The image features a
pink sweet pea flower in full bloom, with the
petals spread wide open, revealing its
delicate beauty and vibrant pink color. The
sweet pea is a popular garden flower known
for its charming appearance and delightful
fragrance, making it a favorite among
gardeners and nature enthusiasts alike. In
this image, a single pink sweet pea blossom
stands out against the backdrop of green
foliage, showcasing its captivating beauty.

GT: the flower shown has purple and white
petals with green sepal

Origin image  Attribute-transferred image

GenelC: a white van parked in a parking lot
with a few other vehicles in the background.

MiniGPT4_7B: The image shows a white
2020 Dodge Grand Caravan parked in a
parking lot. The van has a large rear window
and a black roof rack with a white vanity
plate. The van is parked next to a row of
other vehicles, including a red pickup truck
and a blue sedan. The parking lot is
surrounded by trees and there is a blue sky
in the background.

InstructBLIP_7B: The image features a
white Dodge Grand Caravan parked in a
parking lot surrounded by other vehicles.
The Dodge Grand Caravan is the main focus
of the scene, with its prominent presence in
the center of the parking lot. Several other
cars can be seen in the vicinity, adding to the
overall atmosphere of the parking lot. In
addition to the white Dodge Grand Caravan,
there are several other white vehicles
scattered throughout the parking lot. These
include a white pickup truck, a white sedan,
and a white SUV. Overall, the scene
showcases a busy parking lot filled with
various types of vehicles, with the white
Dodge Grand Caravan standing out as the
main attraction.

GenelC: red velvet cake with white icing
on a white plate.

MiniGPT4_7B: The image shows a slice of
red velvet cake on a white plate. The cake
has a thick layer of cream cheese frosting on
top of it, and the edges of the cake are
slightly crumpled. There is a small amount
of crumbs on the plate around the edge of
the cake. In the background, there is a glass
of red wine with a straw in it. The glass is
sitting on a wooden table with a white
background.

InstructBLIP_7B: The image features a
delicious slice of red velvet cake placed on a
white plate. The cake has a generous amount
of cream cheese frosting, making it visually
appealing and mouth-watering. The plate is
positioned on a wooden table, adding to the
overall presentation of the dessert. In the
background, there is a bottle placed on the
table, likely accompanying the red velvet
cake.

Figure 6: More examples of captions generated by GenelC and comparison methods as well as the corresponding ground truth
(GT is one of the 10 given annotated captions). Red represents hallucination.

Figure 7: Examples of images generated by attribute transfer of intra-domain images.
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D VisuaLizaTION OF COMPARISON METHODS AND
ATTRIBUTE-TRANSFERRED IMAGES

Figure 6 showcases examples generated by GenelC and the com-
parison methods (i.e., Multi-task, MiniGPT4_7B, and Instruct-
BLIP_7B). Compared to cross-domain methods (i.e., Multi-
task), the sentences generated by GenelC exhibit more in-
formative content and demonstrate the ability to generalize
to any target domain, even in the absence of annotated data.
MiniGPT4_7B, InstructBLIP_7B, and GenelC employ similar
backbone networks, i.e., pre-trained visual encoders + QFormer
+ pre-trained large language models. However, MiniGPT4_7B
and InstructBLIP_7B enhance the model’s generation capabil-
ity and its robust to hand-crafted prompts through fine-tuning
the model with an instruction dataset , which consist of im-
ages and instructions. As observed from the Figure 6, across
all datasets, the fine-grained information of sentences gener-
ated by MiniGPT4_7B and InstructBLIP_7B is superior to
that of cross-domain methods. However, compared to GenelC,
MiniGPT4_7B and InstructBLIP_7B exhibit hallucinations, gen-
erating sentences that include content not present in the images.
Meanwhile, it is essential to note that constructing instruction
datasets comes with a substantial cost. In contrast, GenelC
achieves an enhanced generalization performance for image cap-
tioning on target domain data almost at no cost. Additionally,
during the training process, GenelC freezes most of the model
parameters and only optimizes the prompt vectors, reducing
training costs.

Figure 7 displays more examples of attribute-transferred im-
ages. It becomes evident that the main object in the attribute-
transferred images undergoes significant attribute change in
comparison to the original images, such as the color of birds and
flowers. GenelC investigates both variable and invariant features
within the target domain by analyzing the changes between the
original images and attribute-transferred images. By employing
attribute consistency, it fine-tunes the prompt vectors to acquire
domain-specific knowledge.

REFERENCES

[1] Chao Jia, Yinfei Yang, Ye Xia, Yi-Ting Chen, Zarana
Parekh, Hieu Pham, Quoc V. Le, Yun-Hsuan Sung, Zhen
Li, and Tom Duerig. Scaling up visual and vision-language
representation learning with noisy text supervision. In
ICML, volume 139, pages 4904-4916, Virtual, 2021.

Alec Radford, Jong Wook Kim, Chris Hallacy, Aditya
Ramesh, Gabriel Goh, Sandhini Agarwal, Girish Sastry,
Amanda Askell, Pamela Mishkin, Jack Clark, Gretchen
Krueger, and Ilya Sutskever. Learning transferable visual
models from natural language supervision. In ICML, vol-
ume 139, pages 8748-8763, Virtual, 2021.

Junnan Li, Dongxu Li, Caiming Xiong, and Steven Hoi.
BLIP: bootstrapping language-image pre-training for uni-
fied vision-language understanding and generation. In
ICML, volume 162, pages 12888—12900, Baltimore, Mary-
land, USA, 2022.

Jean-Baptiste Alayrac, Jeff Donahue, Pauline Luc, Antoine
Miech, Iain Barr, Yana Hasson, Karel Lenc, Arthur Men-
sch, Katherine Millican, Malcolm Reynolds, Roman Ring,

(2]

(3]

(4]

15

(5]

(6]

(7]

(8]

[9]

(10]

(1]

[12]

[13]

[14]

(15]

[16]

Eliza Rutherford, Serkan Cabi, Tengda Han, Zhitao Gong,
Sina Samangooei, Marianne Monteiro, Jacob L. Menick,
Sebastian Borgeaud, Andy Brock, Aida Nematzadeh, Sa-
hand Sharifzadeh, Mikolaj Binkowski, Ricardo Barreira,
Oriol Vinyals, Andrew Zisserman, and Karén Simonyan.
Flamingo: a visual language model for few-shot learn-
ing. In NeurIPS, volume 35, pages 2371623736, Virtual,
2022.

Junnan Li, Dongxu Li, Silvio Savarese, and Steven Hoi.
BLIP-2: bootstrapping language-image pre-training with
frozen image encoders and large language models. In
ICML, Virtual, 2023.

Oriol Vinyals, Alexander Toshev, Samy Bengio, and Du-
mitru Erhan. Show and tell: A neural image caption gen-
erator. In CVPR, pages 31563164, Massachusetts, US,
2015.

Xu Yang, Hanwang Zhang, Chongyang Gao, and Jianfei
Cai. Learning to collocate visual-linguistic neural modules
for image captioning. Int. J. Comput. Vis., 131(1):82-100,
2023.

Xinxiao Wu, Wentian Zhao, and Jiebo Luo. Learning
cooperative neural modules for stylized image captioning.
Int. J. Comput. Vis., 130(9):2305-2320, 2022.

Wenliang Dai, Junnan Li, Dongxu Li, Anthony Meng Huat
Tiong, Junqgi Zhao, Weisheng Wang, Boyang Li, Pascale
Fung, and Steven Hoi. InstructBLIP: Towards general-
purpose vision-language models with instruction tuning.
arXiv preprint arXiv:2305.06500, abs/2305.06500, 2023.

Deyao Zhu, Jun Chen, Xiaoqgian Shen, Xiang Li, and Mo-
hamed Elhoseiny. MiniGPT-4: Enhancing vision-language
understanding with advanced large language models. arXiv
preprint arXiv:2304.10592, 2023.

Kaiyang Zhou, Jingkang Yang, Chen Change Loy, and
Ziwei Liu. Learning to prompt for vision-language models.
Int. J. Comput. Vis., 130(9):2337-2348, 2022.

Kaiyang Zhou, Jingkang Yang, Chen Change Loy, and Zi-
wei Liu. Conditional prompt learning for vision-language
models. In CVPR, pages 16795-16804, New Orleans, LA,
USA, 2022.

Muhammad Uzair Khattak, Hanoona Abdul Rasheed,
Muhammad Maaz, Salman Khan, and Fahad Shahbaz
Khan. Maple: Multi-modal prompt learning. arXiv
preprint arXiv:2210.03117, 2022.

Manli Shu, Weili Nie, De-An Huang, Zhiding Yu, Tom
Goldstein, Anima Anandkumar, and Chaowei Xiao. Test-
time prompt tuning for zero-shot generalization in vision-
language models. In NeurIPS, volume 35, pages 14274—
14289, Virtual, 2022.

Woojeong Jin, Yu Cheng, Yelong Shen, Weizhu Chen, and
Xiang Ren. A good prompt is worth millions of parameters:
Low-resource prompt-based learning for vision-language
models. In ACL, volume 1, pages 2763-2775, Dublin,
Ireland, 2022.

Jiayi Guo, Chaofei Wang, You Wu, Eric Zhang, Kai Wang,
Xingqgian Xu, Shiji Song, Humphrey Shi, and Gao Huang.
Zero-shot generative model adaptation via image-specific
prompt learning. In CVPR, pages 11494-11503, Vancou-
ver, Canada, 2023.



[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

Scott E. Reed, Zeynep Akata, Honglak Lee, and Bernt
Schiele. Learning deep representations of fine-grained
visual descriptions. In CVPR, pages 49-58, NV, USA,
2016.

Maria-Elena Nilsback and Andrew Zisserman. Automated
flower classification over a large number of classes. In
ICVGIP, pages 722-729, Bhubaneswar, India, 2008.

Tseng-Hung Chen, Yuan-Hong Liao, Ching-Yao Chuang,
Wan Ting Hsu, Jianlong Fu, and Min Sun. Show, adapt and
tell: Adversarial training of cross-domain image captioner.
In ICCV, pages 521-530, Venice, Italy, 2017.

Min Yang, Wei Zhao, Wei Xu, Yabing Feng, Zhou Zhao,
Xiaojun Chen, and Kai Lei. Multitask learning for cross-
domain image captioning. IEEE Trans. Multim., 21(4):
1047-1061, 2019.

Jin Yuan, Shuai Zhu, Shuyin Huang, Hanwang Zhang, Yao-
giang Xiao, Zhiyong Li, and Meng Wang. Discriminative
style learning for cross-domain image captioning. /EEE
Trans. Image Process., 31:1723-1736, 2022.

Taylor Shin, Yasaman Razeghi, Robert L. Logan IV, Eric
Wallace, and Sameer Singh. Autoprompt: Eliciting knowl-
edge from language models with automatically generated
prompts. In EMNLP, pages 4222-4235, Virtual, 2020.

Chunting Zhou, Junxian He, Xuezhe Ma, Taylor Berg-
Kirkpatrick, and Graham Neubig. Prompt consistency for
zero-shot task generalization. In EMNLP, pages 2613—
2626, Abu Dhabi, United Arab Emirates, 2022.

Armand Joulin, Laurens van der Maaten, Allan Jabri, and
Nicolas Vasilache. Learning visual features from large
weakly supervised data. In ECCV, volume 9911, pages
67-84, Amsterdam, The Netherlands, 2016.

Jason Wei, Maarten Bosma, Vincent Y. Zhao, Kelvin Guu,
Adams Wei Yu, Brian Lester, Nan Du, Andrew M. Dai,
and Quoc V. Le. Finetuned language models are zero-shot
learners. In ICLR, Virtual, 2022.

Hyung Won Chung, Le Hou, Shayne Longpre, Barret
Zoph, Yi Tay, William Fedus, Eric Li, Xuezhi Wang,
Mostafa Dehghani, Siddhartha Brahma, Albert Webson,
Shixiang Shane Gu, Zhuyun Dai, Mirac Suzgun, Xinyun
Chen, Aakanksha Chowdhery, Sharan Narang, Gaurav
Mishra, Adams Yu, Vincent Y. Zhao, Yanping Huang, An-
drew M. Dai, Hongkun Yu, Slav Petrov, Ed H. Chi, Jeff
Dean, Jacob Devlin, Adam Roberts, Denny Zhou, Quoc V.
Le, and Jason Wei. Scaling instruction-finetuned language
models. arXiv preprint arXiv:2210.11416, 2022.

Yifan Li, Yifan Du, Kun Zhou, Jinpeng Wang, Wayne Xin
Zhao, and Ji-Rong Wen. Evaluating object hallucina-
tion in large vision-language models. arXiv preprint
arXiv:2305.10355, 2023.

Yuchen Ren, Zhendong Mao, Shancheng Fang, Yan Lu,
Tong He, Hao Du, Yongdong Zhang, and Wanli Ouyang.
Crossing the gap: Domain generalization for image cap-
tioning. In CVPR, pages 2871-2880, Vancouver, Canada,
2023.

Wentian Zhao, Xinxiao Wu, and Jiebo Luo. Cross-domain
image captioning via cross-modal retrieval and model adap-

tation. IEEE Trans. Image Process., 30:1180-1192, 2021.1 6

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

Yoad Tewel, Yoav Shalev, Idan Schwartz, and Lior Wolf.
Zerocap: Zero-shot image-to-text generation for visual-
semantic arithmetic. In CVPR, pages 17897-17907, New
Orleans, LA, USA, 2022.

Zequn Zeng, Hao Zhang, Zhengjue Wang, Ruiying Lu,
Dongsheng Wang, and Bo Chen. Conzic: Controllable
zero-shot image captioning by sampling-based polishing.
In CVPR, pages 2346523476, New Orleans, LA, USA,
2023.

Junyang Wang, Yi Zhang, Ming Yan, Ji Zhang, and
Jitao Sang. Zero-shot image captioning by anchor-
augmented vision-language space alignment. arXiv
preprint arXiv:2211.07275, 2022.

Shaohan Huang, Li Dong, Wenhui Wang, Yaru Hao,
Saksham Singhal, Shuming Ma, Tengchao Lv, Lei Cui,
Owais Khan Mohammed, Barun Patra, Qiang Liu, Kriti
Aggarwal, Zewen Chi, Johan Bjorck, Vishrav Chaudhary,
Subhojit Som, Xia Song, and Furu Wei. Language is not
all you need: Aligning perception with language models.
arXiv preprint arXiv:2302.14045, 2023.

Renrui Zhang, Jiaming Han, Aojun Zhou, Xiangfei Hu,
Shilin Yan, Pan Lu, Hongsheng Li, Peng Gao, and Yu Qiao.
Llama-adapter: Efficient fine-tuning of language models
with zero-init attention. arXiv preprint arXiv:2303.16199,
2023.

Tom B. Brown, Benjamin Mann, Nick Ryder, Melanie
Subbiah, Jared Kaplan, Prafulla Dhariwal, Arvind Nee-
lakantan, Pranav Shyam, Girish Sastry, Amanda Askell,
Sandhini Agarwal, Ariel Herbert-Voss, Gretchen Krueger,
Tom Henighan, Rewon Child, Aditya Ramesh, Daniel M.
Ziegler, Jeffrey Wu, Clemens Winter, Christopher Hesse,
Mark Chen, Eric Sigler, Mateusz Litwin, Scott Gray, Ben-
jamin Chess, Jack Clark, Christopher Berner, Sam McCan-
dlish, Alec Radford, Ilya Sutskever, and Dario Amodei.
Language models are few-shot learners. In NeurIPS, vol-
ume 33, pages 1877-1901, Virtual, 2020.

Susan Zhang, Stephen Roller, Naman Goyal, Mikel
Artetxe, Moya Chen, Shuohui Chen, Christopher De-
wan, Mona T. Diab, Xian Li, Xi Victoria Lin, Todor
Mihaylov, Myle Ott, Sam Shleifer, Kurt Shuster, Daniel
Simig, Punit Singh Koura, Anjali Sridhar, Tianlu Wang,
and Luke Zettlemoyer. OPT: open pre-trained transformer
language models. arXiv preprint arXiv:2205.01068, 2022.

Hugo Touvron, Thibaut Lavril, Gautier Izacard, Xavier
Martinet, Marie-Anne Lachaux, Timothée Lacroix, Bap-
tiste Roziere, Naman Goyal, Eric Hambro, Faisal Azhar,
Aurélien Rodriguez, Armand Joulin, Edouard Grave, and
Guillaume Lample. Llama: Open and efficient foundation
language models. arXiv preprint arXiv:2302.13971, 2023.

Neil Houlsby, Andrei Giurgiu, Stanislaw Jastrzebski,
Bruna Morrone, Quentin de Laroussilhe, Andrea Ges-
mundo, Mona Attariyan, and Sylvain Gelly. Parameter-
efficient transfer learning for NLP. In ICML, volume 97,
pages 2790-2799, Long Beach, CA, USA, 2019.

Colin Raffel, Noam Shazeer, Adam Roberts, Katherine
Lee, Sharan Narang, Michael Matena, Yanqi Zhou, Wei Li,
and Peter J. Liu. Exploring the limits of transfer learning



[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

with a unified text-to-text transformer. J. Mach. Learn.
Res., 21:140:1-140:67, 2020.

Xiang Lisa Li and Percy Liang. Prefix-tuning: Optimizing
continuous prompts for generation. In ACL, pages 4582—
4597, Virtual, 2021.

Tony Huang, Jack Chu, and Fangyun Wei. Unsuper-
vised prompt learning for vision-language models. arXiv
preprint arXiv:2204.03649, 2022.

Yuhang Zang, Wei Li, Kaiyang Zhou, Chen Huang, and
Chen Change Loy. Unified vision and language prompt
learning. arXiv preprint arXiv:2210.07225, 2022.

Nannan Li, Zhenzhong Chen, and Shan Liu. Meta learning
for image captioning. In AAAI, pages 8626—8633, Hon-
olulu, HI, USA, 2019.

Nannan Li and Zhenzhong Chen. Image cationing with
visual-semantic Istm. In IJCAI, pages 793-799, Stockholm,
Sweden, 2018.

Nannan Li and Zhenzhong Chen. Learning compact reward
for image captioning. arXiv preprint arXiv:2003.10925,
2020.

Patrick Esser, Robin Rombach, and Bjorn Ommer. Taming
transformers for high-resolution image synthesis. In CVPR,
pages 12873-12883, Virtual, 2021.

Quanshi Zhang, Ying Nian Wu, and Song-Chun Zhu. In-
terpretable convolutional neural networks. In CVPR, pages
8827-8836, 2018.

David Bau, Bolei Zhou, Aditya Khosla, Aude Oliva, and
Antonio Torralba. Network dissection: Quantifying inter-
pretability of deep visual representations. In CVPR, pages
3319-3327, Honolulu, HI, USA, 2017.

Laurens van der Maaten and Geoffrey Hinton. Visualizing
data using t-SNE. J. Mach. Learn. Res., 9(11):2579-2605,
2008.

Brian Lester, Rami Al-Rfou, and Noah Constant. The
power of scale for parameter-efficient prompt tuning. In
EMNLP, pages 3045-3059, Virtual, 2021.

Tsung-Yi Lin, Michael Maire, Serge J. Belongie, James
Hays, Pietro Perona, Deva Ramanan, Piotr Dollar, and
C. Lawrence Zitnick. Microsoft COCO: common objects
in context. In ECCV, volume 8693, pages 740-755, Zurich,
Switzerland, 2014.

Peter Young, Alice Lai, Micah Hodosh, and Julia Hock-
enmaier. From image descriptions to visual denotations:
New similarity metrics for semantic inference over event
descriptions. Trans. Assoc. Comput. Linguistics, 2:67-78,
2014.

Jaemin Cho, Seunghyun Yoon, Ajinkya Kale, Franck Der-
noncourt, Trung Bui, and Mohit Bansal. Fine-grained
image captioning with CLIP reward. In NAACL, pages
517-527, Seattle, WA, US, 2022.

Steven J. Rennie, Etienne Marcheret, Youssef Mroueh,
Jerret Ross, and Vaibhava Goel. Self-critical sequence
training for image captioning. In CVPR, pages 1179-1195,
Honolulu, HI, USA, 2017. 17

[55]

[56]

[57

—

(58]

[59]

(60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

Ronald J. Williams. Simple statistical gradient-following
algorithms for connectionist reinforcement learning. Mach.
Learn., 8:229-256, 1992.

Wei Zhao, Wei Xu, Min Yang, Jianbo Ye, Zhou Zhao,
Yabing Feng, and Yu Qiao. Dual learning for cross-domain
image captioning. In CIKM, pages 29-38, Singapore,
2017.

Rizal Setya Perdana and Yoshiteru Ishida. Instance-based
deep transfer learning on cross-domain image captioning.
In IES, pages 24-30, 2019.

Ranjay Krishna, Yuke Zhu, Oliver Groth, Justin Johnson,
Kenji Hata, Joshua Kravitz, Stephanie Chen, Yannis Kalan-
tidis, Li-Jia Li, David A. Shamma, Michael S. Bernstein,
and Fei - Fei Li. Visual genome: Connecting language and
vision using crowdsourced dense image annotations. Int. J.
Comput. Vis., 123(1):32-73, 2017.

Piyush Sharma, Nan Ding, Sebastian Goodman, and Radu
Soricut. Conceptual captions: A cleaned, hypernymed,
image alt-text dataset for automatic image captioning. In
ACL, pages 2556-2565, Melbourne, Australia, 2018.

Xi Chen, Xiao Wang, Soravit Changpinyo, A. J. Piergio-
vanni, Piotr Padlewski, Daniel Salz, Sebastian Goodman,
Adam Grycner, Basil Mustafa, Lucas Beyer, Alexander
Kolesnikov, Joan Puigcerver, Nan Ding, Keran Rong, Has-
san Akbari, Gaurav Mishra, Linting Xue, Ashish V. Thap-
liyal, James Bradbury, and Weicheng Kuo. Pali: A jointly-
scaled multilingual language-image model. In /CLR, Ki-
gali, Rwanda, 2023.

Vicente Ordonez, Girish Kulkarni, and Tamara L. Berg.
Im2text: Describing images using 1 million captioned
photographs. In NeurlIPS, pages 1143-1151, Granada,
Spain, 2011.

Christoph Schuhmann, Richard Vencu, Romain Beaumont,
Robert Kaczmarczyk, Clayton Mullis, Aarush Katta, Theo
Coombes, Jenia Jitsev, and Aran Komatsuzaki. LAION-
400M: open dataset of clip-filtered 400 million image-text
pairs. arXiv preprint arXiv:2111.02114, 2021.

Lukas Bossard, Matthieu Guillaumin, and Luc Van Gool.
Food-101 - mining discriminative components with ran-
dom forests. In ECCV, volume 8694, pages 446—461,
Zurich, Switzerland, 2014.

Jonathan Krause, Michael Stark, Jia Deng, and Fei Fei Li.
3d object representations for fine-grained categorization.
In ICCV, pages 554-561, Sydney, Australia, 2013.

Ilya Loshchilov and Frank Hutter. Decoupled weight decay
regularization. In ICLR, LA, USA, 2019.

Kishore Papineni, Salim Roukos, Todd Ward, and Wei-Jing
Zhu. Bleu: a method for automatic evaluation of machine
translation. In ACL, pages 311-318, Philadelphia, US,
2002.

Satanjeev Banerjee and Alon Lavie. METEOR: an auto-
matic metric for MT evaluation with improved correlation
with human judgments. In ACL, pages 65-72, Michigan,
Us, 2005.

ChinYew Lin. ROUGE: A package for automatic evalua-
tion of summaries. In Text Summarization Branches Out,
pages 74-81, Barcelona, Spain, 2004.



[69]

[70]

[71]

[72]

Ramakrishna Vedantam, C. Lawrence Zitnick, and Devi
Parikh. Cider: Consensus-based image description eval-
uation. In CVPR, pages 4566—4575, Massachusetts, US,
2015.

Sangdoo Yun, Dongyoon Han, Sanghyuk Chun,
Seong Joon Oh, Youngjoon Yoo, and Junsuk Choe.
Cutmix: Regularization strategy to train strong classifiers
with localizable features. In ICCV, pages 6022-6031,
Seoul, Korea (South), 2019.

Alec Radford, Jeffrey Wu, Rewon Child, David Luan,
Dario Amodei, Ilya Sutskever, et al. Language models

are unsupervised multitask learners. OpenAl blog, 1(8):9,
2019.

Wei-Lin Chiang, Zhuohan Li, Zi Lin, Ying Sheng, Zhang-
hao Wu, Hao Zhang, Lianmin Zheng, Siyuan Zhuang,
Yonghao Zhuang, Joseph E. Gonzalez, Ion Stoica, and
Eric P. Xing. Vicuna: An open-source chatbot impressing
GPT-4 with 90% ChatGPT quality. Lmsys blog, March
2023.

18



	INTRODUCTION
	Related Work
	Domain Generalization for Image Captioning
	Prompt Learning for Vision-Language Models

	Methodology
	Overview of GeneIC
	Attribute Transfer of Intra-Domain Images
	Unsupervised Prompt Learning
	Prompt Learning
	Attribute Consistency
	Semantic Consistency
	Total Loss


	Experiments
	Datasets
	Training Details
	Baseline Methods and Evaluation Metrics
	Quantitative Analysis
	Influence of Prompt Vectors Length and Number of Training Images
	Ablation Study
	Interpretability of Learned Prompt Vectors
	Visualization and Analysis

	Concluding Remarks
	Details of Multi-modal Large Language Models
	Comparisons with Other Hand-crafted Prompts
	Domain-specific Prompt Vectors vs Unified Prompt Vectors
	Visualization of Comparison Methods and Attribute-transferred Images

