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Abstract: Image captioning aims to describe the content in an image, which plays a critical role in
image understanding. Existing methods tend to generate the text for more distinct natural images.
These models can not be well for paintings containing more abstract meaning due to the limitation
of objective parsing without related knowledge. To alleviate, we propose a novel cross-modality
decouple model to generate the objective and subjective parsing separately. Concretely, we propose
to encode both subjective semantic and implied knowledge contained in the paintings. The key
point of our framework is decoupled CLIP-based branches (DecoupleCLIP). For the objective caption
branch, we utilize the CLIP model as the global feature extractor and construct a feature fusion
module for global clues. Based on the objective caption branch structure, we add a multimodal fusion
module called the artistic conception branch. In this way, the objective captions can constrain artistic
conception content. We conduct extensive experiments to demonstrate our DecoupleCLIP’s superior
ability over our new dataset. Our model achieves nearly 2% improvement over other comparison
models on CIDEr.

Keywords: painting captioning; multimodal fusion; CLIP

1. Introduction

Painting understanding is critical in both public culture broadcasting and appreciation.
Typically, a painting conveys not only objective meanings but also its inner essence, such
as energy, life force, and spirit. However, paintings can be challenging to comprehend,
especially for those lacking historical and artistic knowledge.

With the advancement of Artificial Intelligence (Al), the task of image captioning,
which generates descriptions of given images, has emerged to aid in image appreciation and
research. Many studies focusing on natural image captioning [1-7] have made significant
strides. Existing image captioning models could be classified into two streams: two-stage
image captioning models [8-11] and end-to-end image captioning models [12-16]. The
two-stage image captioning models used the object detection module to obtain object
regions and then describe the images based on these objects, regions, and image features.
The end-to-end image captioning models remove the object detection module and generate
the caption directly from the image features. These approaches excel in generating objective
descriptions but often struggle to capture the deeper connotations within images. There
are also some works that focus on painting captioning, constructing datasets [17-20], objec-
tively describing paintings [21,22], etc. Current painting captioning faces two additional
challenges. Firstly, painting captioning must generate not only objective descriptions but
also artistic conceptions. The latter is often implicitly expressed in paintings, requiring the
model to interpret the painter’s intended meaning based on the scene. Therefore, painting
captioning is more complex than natural image captioning. Secondly, it is challenging to
effectively generate these two different types of descriptions within a unified model, as
they require different descriptive approaches. To address these challenges, we propose a
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decoupled painting captioning framework that generates objective captions and artistic
conception captions separately using distinct modules.

In this paper, we introduce the DecoupleCLIP model to enhance painting captioning
performance and provide comprehensive descriptions of paintings. Our approach is
based on the premise that employing specialized models for each caption type is more
effective than using a single unified model. The DecoupleCLIP model utilizes a dual-branch
structure with individual loss functions for each branch. The first branch employs PureT [2]
and CLIP [23] as image encoders, followed by a customized fusion module to integrate
their output features. Transformers are then used as language encoders and decoders to
generate objective captions. The second branch incorporates a specialized multimodal
fusion module to combine the objective caption generated by the first branch, aiding in
the generation of artistic conception captions. Finally, the objective caption and artistic
conception caption are concatenated to form the final caption. Our main contributions are
summarized as follows:

¢ We decouple painting captions into two aspects: objective and artistic conception. To
achieve this, we propose a network structure with two branches that incorporate local
to global feature fusion and multimodal fusion.

e We develop a multimodal fusion model that integrates objective caption text with
multiple scales of image visual features.

*  Wecreate a small-scale image captioning dataset comprising both Chinese and Western
paintings, conducting extensive experiments using this dataset.

2. Related Work
2.1. Image Captioning

Image captioning is critical for computer vision. Some works focus on end-to-end
image captioning structures. Vinyals et al. [1] first combined CNN and LSTM to image
caption task. Lu et al. [24] further proposed adaptive attention, which could decide
whether to attend to the image and where. However, this work did not consider the effect
of subsequent words on the whole sentence generation. Ge et al. [12] further proposed
a Mutual-aid network with Bi-LSTM (MaBi-LSTM) to capture more contextual data and
implicitly utilized the subsequent semantic information. However, this method lacks rich
semantic representation of images to capture fine-grained visual features. In order to
improve the compatibility of multi-modal information, Zhang et al. [13] integrated the part-
of-speech information into the image captioning model. More recently, Prudviraj et al. [14]
proposed an Attentive Contextual Network (ACN), which added an ACN module at the
last of the ResNet backbone and added a Deformable Network [15] in the middle of the
backbone. However, this method could not locate multi-scale semantic consistency regions
in the image perfectly. To address this problem, Yu et al. [16] proposed a pyramid attention
model with a ResNet backbone to obtain more bottom-up informative attention features.

Benefitting from the transformer’s high performance in the NLP domain, some works
used Transformers instead of LSTM as a language decoder to generate captions. Most
previous studies used flattened operations to process images which lost image spatial
information. To address this problem, Zhang et al. [25] proposed a Grid-Augmented (GA)
module and an Adaptive Attention (AA) module and fused them with Transformers. This
model could generate more fine-grained captions but had no interaction between vision
and language. More recently, Wang et al. [2] proposed a pure Transformer-based model
(PureT), which used Swin Transformer [26] as a visual feature extractor. At the same
time, the model used Transformers as language encoders and decoders, which contained a
pre-fusion module to increase the interaction between vision and language.

However, the above solution to the image captioning problem is still limited in how to
generate painting captioning of high quality. Hence, we aimed to solve this challenge. We
proposed a two-branch painting captioning structure to solve this.
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2.2. Painting Captioning

Painting captioning is widely applied in artwork understanding. Some works used
image captioning methods to describe paintings. Achlioptas et al. [17] presented a novel
large-scale paintings dataset called ArtEmis. It contained 80K paintings and 455K emotion
attributions explained by humans. However, the paintings” attributes (title, author, type,
etc.) were also important in painting captioning. Garcia et al. [18] further presented a
novel painting dataset called SemArt. It contained 21K art images. Each painting matched
a group of attributes and at least one caption to describe. Deng et al. [19] proposed a
novel style-enhanced artist classification framework that combines the styles and authors
of art paintings and derives the creative characteristics of the artists from the paintings.
Lu et al. [20] proposed a style transfer virtual data generation method and virtual-real
semantic alignment module.

To solve this problem, Yan et al. [21] further proposed a VAD (Valence, Arousal,
and Dominance) dictionary and gated concatenation mechanism to generate captions of
paintings. This method fused affective word embedding and made caption generation
more accurate, but did not contain the author, background, etc. Bai et al. [22] proposed
a multi-topic and knowledge-based painting captioning framework. This framework
extracted knowledge from the extra knowledge database to obtain a caption with the
author, background, and objects.

These methods show an application of image captioning on paintings. However, they
still lack explicit artistic conception captions and cannot generate objective captions and
artistic conception captions of high quality. Hence, we aim to solve these challenges.

2.3. Multimodal Models

Most existing multimodal models based on Transformers can be divided into single-
stream and two-stream types by the fusion method. Most single-stream models used
CNNs or Transformers to obtain image visual features, then put word embedding and
visual features into a unified Transformer. In order to enhance inter-modal interactions,
Yu et al. [27] proposed a Multimodal Transformer (MT), used GloVe and LSTM as the
linguistic encoder, then used Faster R-CNN and Transformer as the visual encoder, and
finally sent linguistic features and visual features into a Transformer. Increasingly, studies
focus on how to align linguistic and visual features. VL-BERT [28] and Unicoder-VL [29]
models use Faster R-CNN as an image feature extractor, then use a single Transformer
to align language features and image features but do not use object tags information.
Li et al. [30] further proposed an Oscar model and used object tags to assist vision and
language alignment instead of using region features and language features. Most previous
works only focus on single modality or multi-modality and cannot efficiently adapt to each
other. More recently, Li et al. [31] proposed an UNIMO pre-train model that not only simply
aligns image and language features but also uses the contrastive learning loss function,
making the true image-text distance close.

Most two-stream models have a similar approach to single-stream models to obtain
visual and word embedding, then use different Transformers to process vision and language
features and use customized co-attention to let Transformers interact with each other. To
align visual and linguistic features, the LXMERT pre-train model proposed by Tan et al. [32]
and the ViL-BERT model proposed by Lu et al. [33] align different modal information.
Zhuang et al. [34] proposed the selfALign module which improves the retrieval accuracy
while maintaining retrieval efficiency.

Multimodal models can enrich linguistic information. Therefore, we attempted to
use a multimodal model to fuse visual and linguistic features, aiming to optimize the
performance of artistic conception captions.

3. Methodology

Traditional image captioning models cannot generate painting captions suitably and
accurately. Hence, we propose a DecoupleCLIP model to solve this problem. As shown in



Electronics 2024, 13, 4207

4of 16

Figure 1 and Algorithm 1, we use a two-branch painting captioning structure (see Section 3.1),
which mainly consists of two modules: a local to global features fusion module (see Section 3.2)
and a multimodal fusion module (see Section 3.3).

D Put this image into Network Local to global features fusion @ Concatenation Multimodal fusion
Input images Objective caption branch Objective captions GT
- (Sec. 3.2) In the picture, there is ""“"“"““';
] a bird, a branch and H
= 2 6 some leaves. on t"
— = 2 jective
P50 5 g 4 :
2 O l 2 In the picture, there is
= | Global S a branch with a bird on
3 2 it
Fusion _ :
2 0 —
5 A T
{2 S
F= O —
= | In the picture,
/\ there is a branch
with a bird on it.
- \J The bird seems to
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Figure 1. The framework of our proposed method. Given an input image of 384 x 384 pixels, our
method employs two branches: the objective caption branch (top branch in this figure) and the
artistic conception caption branch (bottom branch in this figure) to generate captions individually.
In the artistic conception caption branch, we integrate a multimodal fusion module to enhance the
generation performance of artistic conception captions. Subsequently, after generating both objective
and artistic conception captions, we concatenate these captions to produce the final output.

Algorithm 1 Overview of DecoupleCLIP

Input: the paintings

Output: the final captions

: # local to global feature fusion (Section 3.2)
: L < Swin(I) #Use Swin Transformer

. Ge + CLIP(I)

: G; < AvgPool (L)

: G < GlobalFusion (G, G)

: Ej, Eg < Encoder(L,G)

: # objective branch decoder part
: Copj < Decoder(Ej, Eg) #Generate objective captions
i le < 1(Copj) #Hcompute objective branch loss

O N Ul AW N e

= =

. # artistic branch multimodal fusion and decoder part
¢ Fym = MMFusion(Ej, Eg, Cob]’) # Section 3.3

: Cart < Decoder(Fym)

2 g < 1(Cqyp) #compute artistic branch loss

e S Y
NS Uk W

. # generate the final captions
: C Concatenation(cobj, Cart)

[
x
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3.1. Network Desgin

We construct a two-branch network to generate high-quality objective and artistic
conception captions. In the objective caption branch, we feed original paintings to the local
to global features fusion module and then generate objective captions through the decoder.
In the artistic conception branch, we also feed the same images into the local to global
features fusion module to obtain the global and local features of the images for the artistic
conception captions. These features are combined with the generated objective captions
and jointly input into the multimodal fusion module. Then, we feed them into a decoder to
generate artistic conception captions.

3.2. Local to Global Features Fusion

The local to global features fusion module is shown in the blue dotted box in Figure 1.
We use the local to global features fusion module to increase the information of global image
features and utilize local image features simultaneously.

In the first part of the local to global features fusion module, we use the Swin Trans-
former and the CLIP model to extract local image features Vp = {Vl , Vl%, ceey Vg} and
global image features V,. Before we use the CLIP model to obtain global image features,
we use bilinear interpolation to adjust the image resolution (384 x 384) to 224 x 224. After
extracting local image features Vp, we use global average pooling to obtain another type of
global image features Vg, where Vg = 1 Y, Vi

In the second part of the local to global features fusion module, we construct a global
fusion module to fuse different global image features V¢ and V. The global fusion module
can extract synthetic global features V(;, and it can be formulated as follows:

Ve = LN(ReLU(Wf[Vg; VG])) +aV+ Ve, )

where Wy is the learnable parameter matrix of a linear layer, LN denotes the layer nor-
malization method, « is the learnable parameter, and [Vg; VG] denotes the concatenation
of image global features obtained from CLIP and Swin Transformer (contains global
average pooling).

In conclusion, we use the Swin Transformer to extract local features. The local features
extracted by Swin Transformer are transformed into global features V; by global average
pooling. The global features Vj are extracted by CLIP. Finally, V; and Vj; are fused to obtain
the final global features V.

In the third part of the local to global features fusion module, we construct an image
feature encoder, as shown in Figure 2.

The encoder can encode local and global image features separately. The left part of
the encoder block consists of Window Multi-Head Attention (W-MA) and Shifted Window
Multi-Head Attention (SW-MA) with a feedforward module. Specifically, the W-MA and
the SW-MA modules are used alternately. The W-MA has lower computational costs
compared to the Multi-Head Attention (MA) module. We add the SW-MA module after
the W-MA module to improve cross-window modeling capabilities (with reference to the
Swin Transformer [2]). The left part of the encoder block can be formulated as follows:

Ep = LN((S)W—MA(Vp, [Vp; Vg|, [Vp; Vc]) + Vb), )
where (S)W-MA() denotes use SW-MA or W-MA, which are used in Swin Transformer.
Ep = LN(FFN(Ep) + Ep), 3)

where Ep denotes the output local features. FFN denotes the FeedForward Network (FFN),
which consists of two linear modules, ReLU activation function, and dropout modules. The
right part of the encoder block structure is similar to the left part. We use MA, FEN, and LN.
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Figure 2. The encoder structure of local to global features fusion module.

3.3. Multimodal Fusion

The multimodal fusion module is shown in the dotted green box of Figure 1. This
chapter uses the multimodal fusion module to assist the generation of high-quality artistic
conception captions. A suitable painting caption not only pays attention to objective
captions but also notes the reasonableness of artistic conception. For example, a bird is
standing on a tree in a painting. If we generate the artistic conception of “people enjoying
life”, it would be unfitting.

To address this issue, we construct a multimodal fusion module that refers to the
co-attention transformer layer [33] as shown in Figure 3. It consists of three parts: sentence-
level global feature generation for the objective captions part (middle part of Figure 3),
image global features adjustment part (GF part of Figure 3), and image local features
adjustment part (DF part of Figure 3).

In generating sentence-level global features of the objective captions part, to facilitate
the constraint of image global and local features by objective captions, we introduce the
BERT pre-train model to obtain sentence-level global features. Specifically, we feed objective
caption Lgentence into the BERT model to get vectorized representation. Then, we use a
linear module to scale the vector to the specified size. The scaled vector is sentence-level
global features of objective captions L.

In the image local features adjustment part, we use the Multi-Head Attention (MA)
module, layer normalization, and the FFN module. Specifically, we feed image local
features Vp as Query of MA, and sentence-level features L; as Key and Value of MA. This
way, sentence-level features can interact with image local features but without adjustment
linguistic features, only adjusting visual features. The output of image local features can be
denoted as Rp, which can be formulated as follows:

Rp = LN(LN(MA(Vp, Lg, Lg) + Vp) + FEN(LN(MA(Vp, Lg, Lg) + Vb)),  (4)

where in MA(VD, Lg, Lg) Vp denotes the Query of the MA module and Lg is the Key and
Value of the MA module.

In the image global features adjustment part, we use the sentence-level global features
of the objective captions L and the image global features V; to generate image global
features Rg. The implementation method is similar to Rp.
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Lsentence
In the picture, there is a branch with
some flowers and a bird on it.

Figure 3. The structure of the multimodal fusion module. The middle part of the structure uses BERT
to generate the global features of sentences. The left part of the structure uses image local features and
the global features of sentences to generate new image local features that contain linguistic features.
The right part of the structure uses a similar method to generate new image global features.

We compute the loss function separately with the true value and the generated result
of the image captions of each branch. We combine the KL Divergence function with the
Softmax method as each branch loss function. In the first step, we compute the Softmax of
prediction value, called Q(x;),

<) — log[ _cxP() )
Q(xi) g<zjexp(xj) ®)

where x; is the output value of the previous module. In the second step, we use ground
truth and Q(x;) to compute objective caption branch KL Divergence as loss of objective
caption branch, called I.(P, Q),

P(x;)
Q(xi)’

lc(Pr Q) = Z P(xi)log (6)
i=1

where P(x;) is ground truth. We can easily ontain artistic conception loss I;(P, Q) in the
same way.

Training and testing phase. For the training phase, we feed the original image
into the objective branch to generate objective captions. Then, we feed the ground truth
objective captions and original images into the artistic conception branch to generate artistic
conception captions. Compared with the use of predicted objective captions, our model can
reduce training errors. For the testing phase, we feed the original image into the objective
branch to generate objective captions. Then, we feed the generated objective captions along
with the original images into the artistic conception branch to generate artistic conception
captions. Finally, we concatenate the artistic conception captions and objective captions to
generate the final painting caption.

4. Experiments

We conduct extensive experiments on our dataset to demonstrate the effectiveness of
our DecoupleCLIP model. We further analyze the results on the Chinese paintings part
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and Western paintings part of our dataset to verify the robustness under different styles
of paintings.

4.1. Datasets

We propose a small-scale painting captioning dataset containing 2400 images, and
each image is annotated with objective and artistic captions. We use multiple experienced
individuals to label the dataset in a way that eliminates subjectivity to some extent. The
captions length is considerably longer than the COCO caption dataset, and the original
image resolution ranges from thousands to tens of thousands. For the convenience of
training, we unify the image resolution to 384 x 384.

In our dataset, the landscape accounts for about 39.8% of the total keyword number,
persons account for 26.5%, plants account for 23.5%, animals account for 5.5%, and vehicles
account for 4.6%. The type of landscape includes houses, mountains, etc. The types of
plants include bamboo, flowers, etc. The types of vehicles include horses, boats, etc. The
types of animals include birds, cows, etc.

4.2. Experimental Settings

We train the CLIP model separately using the training data from the painting captioning
dataset and employ the pre-trained CLIP model as the CLIP Encoder module in Figure 1. The
number of heads in the MA module is set to 8. We set the training epochs to 80, and the batch
size to 20. We employ the cross-validation method, and without the SCST [4] training method.

For all the comparison models and DecoupleCLIP model, we train (on the training
dataset), validate (on the validation dataset), and test (on the test dataset) with our proposed
dataset, and all the above models converge on the validation set.

4.3. Evaluation

In each metrics comparison table, the first row of each model represents the average
metrics, and the second row represents the variance of the experiment.

Quantitative Evaluation. The performance comparison of different baselines and our
model in pure Chinese paintings part is shown in Table 1. We highlight the best model in
bold. In this part of the experiment, we only use the Chinese paintings part of the dataset
to train each model separately. B@1 indicates BLEU-1, and B@2 to B@4 indicate similar
metrics. Our model achieves a CIDEr score of 35.5, which is an improvement of at least
1.97 compared to the other baseline models. Meanwhile, our model improves at least 0.8%
on BLEU-4 and at least 0.57% on SPICE. However, our model performs slightly lower than
the PureT model [2] on BLEU-1 and METEOR. These metrics suggest that our model can
produce more accurate keywords and smoother sentences. However, due to the limited
vocabulary size of the dataset, the diversity of non-keywords is smaller.

Compared to the representative two-stage image captioning model (GRIT), we at-
tribute our performance improvement to eliminating the object detection module, which
cannot effectively detect the object in Chinese paintings.

Compared to the representative one-stage models (PureT and VirTex), we attribute our
performance improvement to using the two-branche painting captioning structure, which
facilitates the training accurate painting captioning models. Our DecoupleCLIP model
improves performance and reduces annotation cost, as it does not require additional object
detection annotations.

The performance comparisons among different baselines and our model in the full
dataset, which contains Chinese and Western paintings, are shown in Table 2. We use bold
font to indicate the best model and blue to indicate the second-best model.

Comparing the sentence length generated by the model can reflect the quality of
the sentences to some extent. As shown in Figure 4, we analyze the results of the cross-
validation in the Chinese paintings part, where more than half of the captions have lengths
between 15 to 30 and 45 to 99. Our method generates captions whose lengths are closest to
the ground truth in these two ranges.
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Studying the relationship between sentence length and metrics generated by the
model, we conduct statistical analysis on single-part cross-validation results in the Chinese
paintings dataset, as depicted in Figure 5. PureT and our model exhibit relative stability in
CIDEr and SPICE metrics when the sentence length ranges from 15 to 30 and from 30 to
45, with our model performing the best. With a richer and more balanced sample set, our
model would achieve greater stability and produce more realistic captions.

Table 1. Metric comparisons among different baselines and our model in our proposed dataset of
Chinese paintings part. The best indicator is shown in bold black. The first row represents the average
and the second row represents the variance.

Metrics PureT [2] GRIT [35] VirTex [36] DecoupleCLIP (Ours)
Bl 43.40 39.33 29.73 43.20
5.7 x 1074 1.1x 103 34 x 1074 1.7 x 1074
Ba@2 31.43 28.80 20.08 31.70
56 x 1074 7.3 x107% 1.6 x 1074 89 x 107>
B@3 23.45 21.78 13.93 24.15
52x1074 46x1074 1.6 x 1074 58x 1075
Bl 17.33 16.23 8.93 18.18
43 %1074 41x107* 1.8 x 1074 54 x 107>
18.55 18.08 16.34 18.13
METEOR 3.0x107° 7.9 x107° 9.1x107° 83 x10°°
37.40 35.78 30.45 38.08
ROUGE-L 49 x 1074 8.1x 1074 2.5 %1074 2.7 x 107>
33.53 20.23 8.07 35.50
CIDEr 56x 1073 8.7 %1074 73 %104 6.8 x 1074
27.08 22.33 17.35 27.65
SPICE 3.1x1074 22 %1074 58 x 1074 6.0 x 107>

Table 2. Metric comparisons among different baselines and our model in the full dataset show the best
indicator in bold black. The first row represents the average, and the second row represents the variance.

Metrics PureT [2] GRIT [35] VirTex [36] DecoupleCLIP (Ours)
Bl 41.65 28.85 24.78 4118
1.7 x 1074 3.1x107* 33 x 1074 21x107*
Ba@2 29.20 20.28 16.65 29.13
1.1x 1074 51x107* 49 x 1074 1.6 x 1074
B@3 21.35 14.90 11.90 21.60
9.6 x 107> 43 %1074 51 x 1074 1.0x 104
b1 15.53 10.50 7.83 15.93
7.5 x 107> 3.6x1074 50x 1074 85x 1075
16.85 11.83 15.38 16.83
METEOR 7.0 x 107° 6.1 x 107> 49 x 1074 1.6 x 10~°
35.58 28.90 27.93 35.20
ROUGE-L 59 x107° 7.3 x 1074 59 x 1074 31x107°
32.05 10.68 9.05 33.88
CIDEr 12x 1073 1.1x 1074 32 x 1074 62 x 1074
SPICE 23.28 14.65 16.75 23.95

85x107° 3.7 x107% 8.7 x 1074 12x107°
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Figure 4. Sentence length of image captions in Chinese paintings part. GT denotes ground truth
sentence length. Our model generates the sentence length closest ground truth in the second and the
last range. The number of sentences in these two ranges accounted for 50% of all sentences.

(b) CIDEr (c) SPICE

—e— PureT
—=— DecoupleCLIP

CIDEr

| —e— PureT —e— PureT
| —=— DecoupleCLIP 0224 —=— DecoupleCLIP

15-30 30-45

length range

45-99 015 15'3(iength rmg;l}{') 45-99 015 15*3(iength rangeBD'-’QS 45-99
Figure 5. Different models generate captions between length ranges of sentences and different metrics
relationships in the Chinese paintings part dataset. From left to right, BLUE-4, CIDEr, and SPICE are
explained. Our model performance is good in most situations.

Qualitative Evaluation. The VirTex model is not shown in the qualitative analysis
section due to its low metrics and low word generation efficiency. The GRIT model converts
words that occur 1 or fewer times to <unk>.

Figure 6 presents the qualitative analysis results of Chinese paintings from our model,
GRIT and PureT. The text captions below each Chinese painting are generated, respectively,
by our model and PureT. For the first Chinese painting, the PureT model incorrectly
generated the repeated captions “several houses”. The GRIT model failed to recognize
“Mountains” and “House” and did not generate substantial artistic captions. For the second
Chinese painting, the PureT model incorrectly identified “person” and “houses” that were
not present. The GRIT model also incorrectly identified “houses” and produced incomplete
artistic captions. In the case of the third Chinese painting, the PureT model incorrectly
identified “bridge”, “man”, and “hill”, and generated unreasonable artistic captions. The
GRIT model repeatedly generated the phrases “two people” and “bridge”, and produced
incorrect artistic captions. For the fourth Chinese painting, the PureT model incorrectly
identified “bridge” and “person”, and the GRIT model incorrectly identified a “boat”. Both
models generated artistic captions that were unrelated to the painting.
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[] Trees

[ Mountains

[ |House River

(ours)

There are several peaks in
the picture. There are many
trees on the mountains, and
several houses. The picture
gives people a sense of

(ours)

In the picture, there are
several mountains, a river
and trees on the mountains
in the distance. The picture
gives people a feeling of

(ours)

There is a river in the
picture. There are several
trees by the river. There are
several houses under the
trees. The picture gives

(ours)

There are several
mountains, a piece of water
and several trees in the
picture. The picture gives
people a  sense of

desolation. peace and tranquility. people a feeling of tranquility and nature.
openness.

(PureT) (PureT) (PureT) (PureT)

There are several There are several There is a river in the There is a river in the

mountains in the picture.
There are many trees at the
foot of the mountain,
several houses in the
woods, and there are
several houses in the
distance. The picture gives
people a  sense of
desolation.

mountains in the picture.
There is a river at the foot
of the mountain, several
trees and a person on the
mountain.  There  are
several houses in the
forest. The picture gives
people a feeling of peace
and tranquility.

picture. There are many
trees on the river. There is
a small bridge on the river.
There is a man of the river.
There are several houses on
the hill. The people in the
house seemed to enjoy the
scenery.

picture. There are some
trees by the river. There is
a bridge on the river and a
person on the bank. The
man seemed to enjoy the
scenery by the river.

(GRIT)

there is a tree in the picture.
the picture gives people a
<unk> of <unk>

(GRIT)

there is a river in the
picture. there is a bridge on
the river. there are several
<unk> beside the bridge.
there are several houses
under the trees. there are
several houses under the
trees. the picture gives
people a feeling of peace
and <unk>.

(GRIT)
there is a river in the
picture. there is a bridge on
the river. there are two
people on the bridge. there
are two people in the
bridge. the two people in
the house. the two people
seem to be talking.

(GRIT)

there is a river in the
picture. there is a boat on
the river. there is a boat on
the river. there is a boat on
the boat. there are two
people on the boat <unk>
to enjoy the scenery on
the water

Figure 6. Image captions of qualitative evaluation only in the Chinese paintings part. The first row
shows four under-test paintings. The following three rows show the result of different models, and
incorrect words are highlighted in red. We use different color boxes and words to annotate mainly
object position and object type in different images.

Figure 7 presents the qualitative analysis results of the complete dataset, encompassing
both the Chinese and Western parts, in comparison with our model, the PureT model, and
the GRIT model. In contrast to our model, the PureT model was unable to accurately iden-
tify the main objects in the four paintings and produced inappropriate artistic captions for
the fourth painting. Similarly, the GRIT model failed to accurately identify the main objects
in the paintings and did not generate meaningful artistic captions. These experiments
intuitively demonstrate the superior effectiveness of our model.

Woman || Child

El Trees |:| Houses water || Bamboo

- ]
‘5’\ s

Figure 7. Cont.
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(Ours)

There is a piece of water in
the picture. There is a
forest beside the water, and
there are several houses in
the distance. The picture
gives people a feeling of
openness and distance.

(Ours)
There are several bamboos
in the picture. The picture
gives people a sense of
vitality.

(Ours)

There are houses and trees
in the picture. The color is
very beautiful and
peaceful.

(Ours)

A woman Is sitting in a
chair holding a child. The
woman 1s calm and
peaceful.

(PureT)

There is a river in the
picture. There are many
trees by the river. There is
a bridge on the river.
There are several houses in
the forest. There is a man
on the road. The picture
gives people a feeling of
peace and tranquility.

(PureT)

There are several bamboos
and stones in the picture.
The picture gives people a
sense of vitality.

(PureT)

There are some houses in
the forest. There are many
houses and trees beside
the houses. The people a
sense of tranquility.

(PureT)

A woman sat in a chair
holding a child standing
on the ground. The
woman looks like he's
faces holding her child.

(GRIT)
there i1s a river in the
picture. there are several
trees by the river. there are

(GRIT)
there i1s a river in the
picture there are several
trees in the picture. the

(GRIT)

there is a river in the
picture. the picture gives
people a <unk> of <unk=>.

(GRIT)

aman sits on a chair with a
winged man across from
her angels always give me

several houses under the picture gives people a a <unk> of wonder.
trees. there are several <unk>.

houses under the trees.

the picture gives people a

feeling of <unk> and

<unk>.

Figure 7. Image captions of qualitative evaluation in the full dataset. The first row shows four
under-test paintings. The following three rows show the result of different models, and incorrect
words are highlighted in red. We use different color boxes and words to annotate mainly object
position and object type in different images.

4.4. Ablation Studies

To assess the impact of each component in our DecoupleCLIP model, we evaluated
various configurations of our approach. The effectiveness of our multimodal fusion module
in DecoupleCLIP was tested on our dataset, comparing scenarios with and without the
multimodal fusion module (w/0 MM), as detailed in Table 3. For the case of using the
multimodal fusion module, we compared the effect of using co-attention and our multi-
modal fusion module, respectively. The co-attention layer structure consists of two parallel
Transformers, similar to Figure 2, with input features comprising local image features and
sentence-level global features from objective captions. Our multimodal fusion module
outperformed other configurations in most metrics. We attribute this performance gain to
the effectiveness of our specific multimodal fusion module, which enhances the generation
of accurate artistic captions. This underscores the importance of a well-suited multimodal
fusion module in generating artistic conception captions.

The CLIP module and the global fusion module have a causal relationship, so we
conducted the ablation experiment of the two as a whole. The effectiveness of the Global Fu-
sion and CLIP module of our DecoupleCLIP is evaluated on our dataset, which is described
in Table 4. Compared to the without Global Fusion and CLIP module (w/o Golbal Fusion
and CLIP), we attribute our performance improvement to fusing more global features in
local to global feature fusion, which facilitates training a more effective encoder. It can be
concluded that the CLIP and Global Fusion modules can fuse important global features.
Combined with the ablation experiment of the multimodal fusion modules, it can be shown
that using the appropriate multimodal fusion module can further improve performance.

Figure 8 presents the results of our model, the PureT model, and the GRIT model
qualitative analysis of the Chinese paintings. Compared to our model, the model using
the co-attention module generates unreasonable artistic conception captions, as seen in
the last three Chinese paintings. This could be attributed to modifications of objective
captions by the co-attention layer, which negatively impact the artistic conception captions.
In contrast to our model, the model without the multimodal fusion module (w/o0 MM)
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generates unreasonable artistic captions, such as in the second Chinese painting. This
occurs because artistic conception captions lack the constraints provided by objective
captions. The importance of a suitable multimodal fusion module is highlighted.

Table 3. Metric comparisons among different multimodal fusion modules in Chinese paintings part.
The best indicator is shown in bold black. The first row represents the average and the second row
represents the variance.

MM Module Be1l B@4 CIDEr SPICE
co-attention laver 43.33 18.30 35.08 27.55
Y 1.8x 1074 6.1x107° 11x1073 12x1074
42.85 17.90 33.88 26.98
w/oMM 49 x 1074 52x 1074 18 x 1073 20x 1074
Ours 43.20 18.18 35.50 27.65
17x1074 54x107° 6.8x1074 6.0x107°
Table 4. Metric comparisons with and without the Global Fusion and CLIP module in Chinese
paintings part. The better indicators are shown in bold black. The first row represents the average
and the second row represents the variance.
Module B@1l B@4 CIDEr SPICE
. 43.00 17.10 27.60 25.48
w/o Global Fusionand CLIP 7 7 ;4 43x1074 6.5x 1073 55x1074
Ours 43.20 18.18 35.50 27.65
1.7 x 1074 54x107° 6.8x 1074 6.0x107°

[JBamboos [ |Trees [ |water [ | Mountains

(Ours) (Ours) (Ours) (Ours)

There are several bamboos There is a piece of water in There are several trees by There are many mountains
in the picture. The picture the picture. There is a theriver in the picture. The in the picture. There is a
gives people a sense of forest by the water and picture gives people a river at the foot of the

vitality. several mountains in the feeling of desolation. mountain, and there are
distance. The picture gives many trees on the bank. It
people a feeling of expresses the ancients' love
openness and distance. for mountains and rivers.

(co-attention) (co-attention) (co-attention) (co-attention)

There are several bamboos In the picture, there is a There are trees and stones In the picture, there is a
in the picture. The picture lake with several trees and in the picture. The picture small boat in the water.
gives people a feeling of several mountains in the gives people a sense of There are many trees on the

vitality. distance. The people on vitality. bank, and mountains in the
the boat seemed to enjoy distance. Deep in the
the scemery in the mountains, an old man
mountains. was fishing alone on the
river.

Figure 8. Cont.



Electronics 2024, 13, 4207

14 of 16

References

(w/o MM)

There are several bamboos
in the picture. The picture
gives people a sense of

vitality.

(w/o MM)

There are several high
mountains in the picture.
There 1s a river at the foot
of the mountain, and there
are many trees on the bank.
These people seem to be
talking.

(w/o MM)

In the picture, there is a tree
by the river. The picture
gives people a sense of
vitality.

(w/o MM)

There are mountains, trees
and mountains in the
picture. The picture gives
people a sense of vitality.

(w/o CLIP)

The picture shows two
peony flowers. The picture
gives people a sense of
vitality.

(w/o CLIP)

There is a small river in the
picture. There are several
rocks by the water, and
there is a person under the
tree. The picture gives
people a feeling of
openness and distance.

(w/o CLIP)

The picture shows a plum
blossom tree growing by
the river bank of water
plants behind him. A man
seemed to be thinking.

(w/o CLIP)

In the picture, there are
several mountains in the
distance. There is a river at
the foot of the mountain, a
pavilion under the tree.
The picture gives people a
sense of vitality.

Figure 8. Image captions of ablation studies by category in Chinese paintings. The first row shows
four under-test paintings in different categories. Other rows show generat sentences of different
ablation methods, and incorrect words are highlighted in red. We use different color boxes to annotate
mainly object position and object type in different images.

In the experiment without the CLIP and Global Fusion modules (w/o CLIP), objective
captions contain numerous errors, affecting the artistic conception captions simultaneously
in the last two Chinese paintings. This demonstrates that CLIP can extract critical global
features that significantly influence objective captions.

5. Conclusions and Future Work

In this paper, we propose a painting captioning method with two branches to enhance
the caption performance. Our method utilizes CLIP to construct a local-to-global feature
fusion module and a multimodal fusion module. The former enriches global features,
while the latter integrates linguistic and visual features to generate more coherent painting
captions. Existing image captioning datasets rarely include Chinese paintings. To address
this gap, we introduce a small dataset that includes both Chinese and Western paintings.
Compared with other models, our proposed model achieves the best results on BLEU-2,
BLEU-3, BLEU-4, ROUGE-L, CIDEr, and SPIC evaluation metrics.

In future work, we will construct a unified model that integrates the objective caption
into the artistic conception caption while fully considering the influence of noisy labels on
the model.
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