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ABSTRACT: Sarcasm detection in Natural Language Processing (NLP) has become increasingly important, partic-
ularly with the rise of social media and non-textual emotional expressions, such as images. Existing methods often
rely on separate image and text modalities, which may not fully utilize the information available from both sources.
To address this limitation, we propose a novel multimodal large model, i.e., the PKME-MLM (Prior Knowledge and
Multi-label Emotion analysis based Multimodal Large Model for sarcasm detection). The PKME-MLM aims to enhance
sarcasm detection by integrating prior knowledge to extract useful textual information from images, which is then
combined with text data for deeper analysis. This method improves the integration of image and text data, addressing
the limitation of previous models that process these modalities separately. Additionally, we incorporate multi-label
sentiment analysis, refining sentiment labels to improve sarcasm recognition accuracy. This design overcomes the
limitations of prior models that treated sentiment classification as a single-label problem, thereby improving sarcasm
recognition by distinguishing subtle emotional cues from the text. Experimental results demonstrate that our approach
achieves significant performance improvements in multimodal sarcasm detection tasks, with an accuracy (Acc.) of
94.35%, and Macro-Average Precision and Recall reaching 93.92% and 94.21%, respectively. These results highlight
the potential of multimodal models in improving sarcasm detection and suggest that further integration of modalities
could advance future research. This work also paves the way for incorporating multimodal sentiment analysis into
sarcasm detection.
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1 Introduction
Sarcasm is a form of emotional expression that highlights the disparity between a person’s true

intentions and the content they explicitly present [1], indicating that the true attitude is contrary to the literal
meaning [2]. With the rapid growth of social media and online communication, people are increasingly
expressing emotions through various forms, such as text and images, which provides a rich data resource
for multimodal sarcasm detection. Sarcasm Detection (SD) has received growing attention due to its
wide range of applications [3]. Multimodal sarcasm detection leverages these different forms of data to
more accurately identify and understand human emotions and attitudes. It goes beyond traditional text-
based sarcasm detection [4] by incorporating the analysis of modalities such as images, enabling sarcasm
detection to understand human complex emotional expressions more comprehensively. This approach of
integrating multiple data sources opens new possibilities for applications in fields such as NLP [5], intelligent
interaction [6], and social media monitoring [7], improving the accuracy and scope of sarcasm detection in
sentiment analysis.
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Multimodal sarcasm detection (MSD) faces two main challenges. First, the primary challenge lies in
learning cross-modal fusion representations, which often focus solely on exploring interactions between
modalities, thereby neglecting the disharmony among them. To address this, Wu et al. [8] proposed an
Incongruity-aware Weighted Attention Network (IWAN), which uses a scoring mechanism to detect sarcasm
by focusing on word-level incongruence between modalities, thus assigning greater weight to inconsistent
words. Second, another challenge is that most existing work in MSD relies on limited superficial information,
overlooking the integration of contextual knowledge, which limits their ability to achieve better multimodal
sarcasm detection. Therefore, Amir et al. [7] proposed a deep neural network for automatic sarcasm
detection, which leverages contextual features rather than lexical and syntactic cues present in the discourse,
thereby enabling intelligent learning and highlighting of significant features of the relevant emotional context
in the text. Although these two challenges have been partially addressed, research has found that existing
MSD still fails to fully exploit the information present in images and text, leading to a lack of deep integration
and extraction of multimodal sarcasm information. Moreover, the simplification of sentiment labels makes
precise sarcasm detection challenging.

Sarcasm has been a longstanding topic in various fields such as psychology [9], political science [10],
and sociology [11]. To address these issues, we focus on the insufficient exploration and fusion of information
in MSD. We propose a model named Text-Image Fusion Summary (TIFS). The goal of this model is to
fully exploit all the information present in both images and text, ensuring that most of the information is
effectively utilized. Specifically, the TIFS model first divides images into those with text and those without
text, based on prior knowledge, and then extracts all visible text information from images containing text.
This text information may directly express emotions, suggest sarcasm, or include other valuable information
related to the image content. The TIFS model significantly expands the sources of textual data, allowing
potential information in images to be effectively captured and utilized. After extracting text from the images,
the concatenation module of the TIFS model merges the text extracted from the images with the original
text to form a comprehensive text sequence. During the concatenation process, the TIFS model ensures that
the newly generated text sequence retains the contextual information of the original text while enhancing
the richness of semantic expression. This approach not only integrates content from multiple information
sources but also compensates for the limitations of single-text or image information, enabling the full
utilization of potential sarcastic information embedded in images and text. This comprehensive text sequence
not only enriches the diversity of input information but also improves the model’s ability to capture sarcastic
information. In the subsequent sarcasm detection process, the TIFS model performs an in-depth analysis of
the comprehensive text sequence, enabling a more thorough understanding of the text content. Specifically,
the TIFS model ensures that all information extracted from images and text is effectively utilized through
multi-level semantic fusion and sentiment analysis.

To address the issue of simplified sentiment labels, this paper introduces a Twitter-specific model [12],
which is particularly applied to sarcasm detection tasks. Traditional sentiment analysis and sarcasm detection
methods are usually limited to identifying a single sentiment label, which proves inadequate when dealing
with complex emotional expressions. Especially on social media platforms like Twitter, where users’ tweets
are often short yet may contain multiple emotions simultaneously, such as expressing anger while also
being sarcastic, this complex emotional expression requires a more flexible and precise analysis tool. This
model utilizes a multi-label classification approach, enabling a post to be assigned multiple sentiment
labels, thereby providing a more accurate representation of the complex emotions expressed in the text.
This model adopts a multi-label classification approach, allowing a tweet to be associated with multiple
sentiment labels, thereby more accurately reflecting the complex emotions within the tweet. Specifically, the
model effectively addresses the problem of simplified sentiment labels through an innovative multi-label
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classification approach, providing a new perspective and technical means for multimodal sarcasm detection.
This model not only improves the accuracy and robustness of sarcasm detection but also offers new research
directions and technical methods for sentiment analysis and information fusion in multimodal NLP tasks.

Therefore, this paper proposes an innovative model named Text-Image Fusion Summary (TIFS) by
leveraging prior knowledge and introduces a Twitter-specific model to address the issues of underutilization
of image-text information and simplified sentiment labels in current multimodal sarcasm detection. Overall,
by combining the TIFS model and the Twitter-specific model to perform sarcasm recognition on images and
text, as shown in Fig. 1 (Figure (a) shows a “non-sarcastic” multimodal instance, while Figure (b) shows a
“sarcastic” instance. These two examples use different image and text information to demonstrate sarcastic
and non-sarcastic scenarios, respectively), more precise sarcasm detection results are achieved. This also
provides new research directions and technical methods for sentiment analysis and information fusion in
multimodal NLP tasks, promoting further development in this field.

Text

Image

Text

Image

(a) (b)

Figure 1: Two examples for sarcasm recognition

Our contributions can be summarized as:
(1) We propose a Text-Image Fusion Summary (TIFS) model, which utilizes prior knowledge to extract

textual information from images and concatenates it with the original text, resulting in a more comprehensive
summarized text sequence. This method improves the integration of image and text data, addressing the
limitation of previous models that process these modalities separately.

(2) We introduced a Twitter-specific model, which has been fine-tuned on a large-scale Twitter dataset
and employs a multi-label classification approach, allowing a tweet to have multiple sentiment labels
simultaneously. This design enhances sentiment accuracy, overcoming the issue in prior models that treat
sentiment classification as a single-label problem, making sarcasm recognition more precise.

(3) This paper systematically verifies the effectiveness and superiority of the proposed method through
extensive experimental comparisons and ablation studies. A series of experiments on a public multimodal
sarcasm detection dataset demonstrate that the proposed method achieves high performance.
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The remainder of this paper is divided into four sections. Section 2 briefly reviews related work,
including sarcasm detection and sentiment analysis. Section 3 introduces the PKME-MLM model, including
Text-Image Fusion Summary Modeling, Semantic Intensified Distribution Modeling, and Siamese Sentiment
Contrastive Learning. Section 4 analyzes the experimental results. Finally, Section 5 concludes the paper.

2 Related Work

2.1 Sarcasm Detection
With the development of multimedia technology and the popularization of social media, sarcasm (SD)

has become an important way for users to express their true attitudes and opinions. In early research, scholars
found that sarcasm was primarily conveyed through text. This linguistic phenomenon relies on the clever
use of words, employing rhetorical devices such as metaphors, irony, and exaggeration, which contrast the
literal meaning with the actual intent [13], thereby achieving a sarcastic effect.

With the advancement of NLP technology, researchers such as Joshi et al. [14] began exploring how
to automatically detect sarcasm in text. Early methods primarily relied on handcrafted feature extraction,
utilizing lexical, syntactic, and semantic features, and employing traditional machine learning algorithms
such as Support Vector Machines (SVM) and Naive Bayes classifiers to identify sarcastic elements in text. For
instance, Mukherjee et al. [15] used Naive Bayes and fuzzy clustering for sarcasm detection in microblogs,
achieving an accuracy of around 65%, which was considered high for sarcasm detection at that time.
However, the shortcomings of this method include its reliance on manually crafted features and limited
ability to capture complex patterns in text, which restricted the model’s performance, especially with more
nuanced sarcasm. Sarsam et al. [16] applied machine learning algorithms like SVM for sarcasm detection on
Twitter, which improved the performance of sarcasm detection and proved useful for future researchers or
machine learning developers. However, the performance of these methods was often limited by the expertise
of the feature designers and the diversity of the datasets.

To overcome these limitations, researchers gradually turned to deep learning techniques, particularly
neural network-based methods. In 2018, Porwal et al. [17] used a Recurrent Neural Network (RNN)
model for sarcasm detection. The study found that the RNN model could automatically extract features
required for machine learning methods. However, this approach has limitations in capturing long-range
dependencies and subtle sarcastic expressions, which restricts its performance. Subsequently, in 2020, Salim
et al. [18] employed a deep LSTM-RNN with word embedding capabilities for sarcasm detection on Twitter.
The advantage of this approach was the ability to capture long-term dependencies and the use of word
embeddings to better understand semantic meanings. This made sarcasm detection on Twitter more effective,
achieving improved performance. Despite its success, this method still faced challenges in handling noisy or
informal language commonly found in tweets, limiting its robustness. Kumar et al. [19] introduced a multi-
head attention BiLSTM (MHA-BiLSTM) network to enhance the performance of BiLSTM, outperforming
feature-rich SVM models. In recent years, although significant progress has been made in text-based sarcasm
detection, traditional sarcasm detection methods (Joshi et al. [20]) often considered only textual information
while ignoring potential emotional information from other modalities such as images, which limited the
accuracy and comprehensiveness of detection.

To further improve the accuracy of sarcasm detection, researchers have gradually shifted towards mul-
timodal sarcasm detection (MSD). MSD is a technique that utilizes information from multiple modalities,
such as text and images, for emotion recognition, aiming to achieve more comprehensive and precise sarcasm
detection on a given multimodal dataset. In 2022, Ding et al. [21] proposed a multimodal fusion method for
sarcasm detection based on late fusion, which improved the performance of sarcasm detection. However,
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the limitation of this method lies in treating each modality independently, which may overlook the potential
interactions between them. In 2023, Yue et al. [22] introduced a new model named KnowleNet, which
integrates prior knowledge using the ConceptNet knowledge base and determines image-text relevance
through sample-level and word-level cross-modal semantic similarity detection, thereby enhancing the
accuracy of sarcasm detection.

Although multimodal techniques have been widely applied in sarcasm detection, the information within
different modalities is often not fully explored and utilized, making reliance solely on subsequent multimodal
fusion insufficient. Existing methods typically focus on simply fusing information from different modalities
while neglecting the potential complex relationships and deep semantics within each modality. This limi-
tation presents opportunities, leaves room for enhancing improvement in the accuracy and robustness of
sarcasm detection.

To address this issue, we introduce prior knowledge and propose a novel Text-Image Fusion Summary
(TIFS) method. This method not only focuses on the shallow superficial fusion of multimodal information
but also extracts and integrates textual information from images, concatenating it with the original text for
deep fusion, thereby generating a more comprehensive and precise fused text. The core of the TIFS method
is to fully exploit the potential information within each modality and, guided by prior knowledge, enable
more efficient and effective information interaction between different modalities.

2.2 Sentiment Analysis
Sentiment analysis is closely related to sarcasm detection [23]. As a prominent and widely applied

research area, sentiment analysis holds an important position in NLP. By analyzing the sentiment ten-
dencies within text, sentiment analysis can reveal users’ attitudes and opinions [24], which is crucial for
understanding sarcastic expressions.

Early research on sentiment analysis mainly relied on manually constructed sentiment lexicons, such
as SentiWordNet [25], which associated words with specific sentiment polarities (e.g., positive, negative,
or neutral) to achieve preliminary classification of text sentiment. With the rapid development of machine
learning techniques, researchers began to adopt machine learning approaches to solve sentiment analysis
problems. In 2014, Zainuddin et al. [26] used Support Vector Machine (SVM) to train a sentiment classifier
and employed N-gram and different weighting schemes to extract classic features, thereby improving
classification accuracy. The approach effectively captured sentiment patterns using traditional machine
learning techniques. However, its reliance on manually crafted features limits its ability to capture the
complexities of language, especially subtle sentiments in larger or more diverse datasets. In the same year,
Parmar et al. [27] utilized Random Forest with tuned hyperparameters for sentiment mining. The approach
demonstrated that hyperparameter optimization could significantly improve the robustness of sentiment
classification. However, this method has limitations in terms of scalability and may face performance issues
when applied to large, real-time datasets due to the computational cost of Random Forest models. Later,
in 2016, Goel et al. [28] used SentiWordNet and Naive Bayes to improve tweet classification accuracy
by providing positivity, negativity, and objectivity scores for words present in tweets. This method used
sentiment lexicons to improve classification, but its reliance on static resources limits adaptability to evolving
language and domain-specific terms.

In recent years, the rise of deep learning technology has brought new opportunities to sentiment
analysis. Liao et al. [29] proposed a method for understanding real-world situations through sentiment
analysis of a Twitter database based on deep learning techniques. However, the method’s reliance on CNNs
might result in high computational costs when processing large volumes of data, which could limit its
scalability and efficiency in real-time applications. Li et al. [30] introduced an LSTM-based RNN language
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model that effectively captures the complete sequence information. However, it may struggle with long texts
or noisy data, affecting scalability and robustness in real-time sentiment analysis.

Additionally, with the development of large models, Naseem [31] and others introduced the Transformer
architecture into sentiment analysis, further advancing progress in this field. Models such as BERT and
RoBERTa, which employ bidirectional encoding of text, can capture richer contextual information. For
example, Liu et al. [32] proposed a BERT-based cross-domain aspect-level sentiment analysis algorithm,
achieving fine-grained sentiment analysis across domains. Liao et al. [33] introduced a multi-task aspect-
category sentiment analysis model based on RoBERTa, which extracts features from text and aspect markers
using a deep bidirectional transformer and applies a cross-attention mechanism to guide the model to focus
on features most relevant to the given aspect category. These models have achieved remarkable results in
various NLP tasks and have become one of the mainstream approaches in the field of sentiment analysis.

Despite the significant progress made by the Transformer architecture and its derived models in
sentiment analysis, sarcasm detection, as a complex sentiment analysis task, still faces many challenges.
Sarcasm often contains multiple emotions, such as anger, disappointment, and humor, which further
complicates the detection process. Traditional sentiment analysis models often struggle with multi-emotion
label issues, failing to effectively distinguish and identify the multiple emotions embedded in sarcasm.

To address this issue, we introduced a Twitter-specific model. This model is a deep learning model
specifically designed for multi-emotion label problems, capable of simultaneously recognizing and classi-
fying multiple emotions in text. Unlike traditional models, this model not only captures a single emotion
in the text but also handles complex multi-emotion expressions, such as mixed emotions in sarcastic texts.
This multi-emotion labeling capability allows the Twitter-specific model to perform excellently in sarcasm
detection, enabling a more comprehensive recognition and classification of different emotional dimensions
in sarcastic texts, thus enhancing the accuracy and robustness of sarcasm detection.

3 Methodology

3.1 Overview
The overall framework structure of PKME-MLM is shown in Fig. 2.
Fig. 2 shows the overall structure of the multimodal sarcasm detection model PKME-MLM, including

the TIFS module, SID branch, and SSC branch. The methodology of the multimodal sarcasm detection model
PKME-MLM can be summarized as the following steps:

(1) Text-Image Fusion Summary (TIFS) Module: First, the TIFS module extracts text through the Text
Extraction Section (TES), which integrates image and text information. The Content Summary Section (CSS)
then generates a summarized text sequence that fully incorporates both image and text data.

(2) Feature Extraction: The image and text features are extracted using the Vision Transformer (ViT) for
image data and RoBERTa for textual data. These features are then processed and interact through a relation
matrix to facilitate cross-modal learning.

(3) SID Branch: The SID branch applies a reweighting strategy and Gaussian distribution modeling to
capture sarcastic content from the multimodal features.

(4) SSC Branch: The SSC branch generates multimodal sentiment embeddings through a Siamese
network and contrastive learning, which improves sentiment analysis for sarcasm detection.

(5) Fusion and Output: Finally, the features from the SID and SSC branches are concatenated and fused
to produce the final output for sarcasm detection.
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Figure 2: Framework of PKME-MLM

The TIFS module extracts text through the Text Extraction Section (TES) to fully integrate image and
text information, and then generates text summaries through the Content Summary Section (CSS). The TIFS
module generates a text summary by fully integrating image and text information. Subsequently, image and
text features are extracted by ViT (Vision Transformer) and RoBERTa, respectively, and interact through
a relation matrix. The SID branch employs a reweighting strategy and Gaussian distribution modeling to
capture sarcastic content, while the SSC branch generates multimodal sentiment embeddings through a
Siamese network and contrastive learning. Finally, these features are concatenated and fused to produce the
output for sarcasm detection. Finally, these features are fused to output the sarcasm detection result.

PKME-MLM is composed of three parts. First, we input the image and text data into the TIFS module,
which extracts textual information from the image and performs concatenation and deep fusion with the
original text to generate a more comprehensive and precise fused text, ultimately producing a summarized
text sequence. Next, we employ a cross-modal implicit alignment strategy to align the summarized text and
image and pass the aligned embeddings to the SID and SSC submodules. SID focuses on mining sarcasm
information from the factual level, while SSC extracts sarcasm information from the emotional level.

At the factual level, we introduce a channel weighting strategy to obtain embeddings with semantic
discrimination, and we use Gaussian distribution to model the correlation uncertainty caused by incongruity.
This Gaussian distribution is generated using the latest data stored in a memory bank, which adaptively
models the semantic similarity differences between sarcastic and non-sarcastic data.

At the emotional level, we use Siamese layers with shared parameters to learn cross-modal emotional
information and construct a polarity value relation graph based on this. To further enhance the extraction
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ability of emotional information, we introduce a Twitter-specific model that uses a multi-label classification
approach, allowing a tweet to have multiple sentiment labels simultaneously. This model captures more
precise emotional embeddings through continuous contrastive loss. This multi-level design significantly
improves the effectiveness of multimodal sarcasm detection, enabling the model to capture and understand
the complex information within sarcastic expressions more comprehensively.

These modules work in collaboration, allowing sarcasm detection to more accurately capture implicit
sarcastic information between text and images. Through the comprehensive text sequence generated by the
TIFS module, the model can fully leverage cross-modal information, while the SID and SSC sub-modules
deeply explore the essence of sarcasm from both factual and emotional perspectives. Such a design not only
enhances the overall performance of the model but also improves its ability to detect sarcasm in diverse
contexts, ultimately achieving more accurate and comprehensive sarcasm detection.

3.2 Text-Image Fusion Summary Modeling
TIFS consists of two parts: a text extraction section at the head and a content summary section at the

tail, as shown in Fig. 3. The text extraction part is constructed using a Transformer architecture, including an
image Transformer for extracting visual features and a text Transformer for language modeling. In text-image
recognition, we used a standard Transformer encoder-decoder structure.

The specific structure of TIFS is shown in Fig. 3. In the Text Extraction Section, the image is divided into
patches and embedded, and then processed through the multi-layer attention mechanism of the encoder and
decoder to generate image-text embeddings. The Content Summary Section uses the BERT model to embed
and encode the tokenized text. Finally, the features of the image and text are combined to generate the final
text summary, achieving the fusion of image and text information.

(1) Text Extraction Section (TES)
The encoder receives the input image ximg ∈ R3×H0×W0 and resizes it to a fixed size of (H, W). Since the

Transformer encoder cannot directly process raw images, the image needs to be transformed into a sequence
of input tokens. To achieve this, the encoder divides the resized image into N = HW/P2 square patches of
size (P, P). To ensure that the patches fully cover the image region, the width W and height H of the image
must be divisible by the patch size p. Then, these patches are flattened into one-dimensional vectors, denoted
as Emb (Tokeni), each token representing the pixel information of an image patch in vector form. These
tokens are then projected into a D-dimensional vector space via a linear projection Pro j, where D represents
the hidden dimension size in each layer of the Transformer model. Finally, these vectors become hidden
states hi, as follows:

hi = Pro j(Emb (Tokeni)) (1)

Similar to the ViT (Vision Transformer) [34] and DeiT (Data-efficient Image Transformer) [35] models,
we retain a special “[CLS]” token in the input sequence. This token plays an important role in image
classification tasks as it aggregates the information from all patch embeddings and serves as a global feature
representation of the entire image. Additionally, when initializing the encoder using the DeiT pre-trained
model, a “distillation token” is introduced into the input sequence to enable the model to learn from a teacher
model. These patch embeddings and the two special tokens are assigned learnable one-dimensional position
embeddings based on their absolute positions to preserve spatial information.

The task of the decoder is to convert the image information into text. The decoder adopts the original
Transformer decoder structure, consisting of a stack of identical layers, similar to the encoder layers, but with
one key difference: between the multi-head self-attention and the feed-forward network, the decoder inserts
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an “encoder-decoder attention” module to assign different attention to different parts of the encoder’s output.
In this module, the keys and values of the attention mechanism are derived from the encoder’s output, while
the query comes from the decoder’s input.

Figure 3: Detailed structure of TIFS

Moreover, the decoder uses attention masking to prevent it from accessing information beyond what
is predicted during training. Since the decoder’s output is right-shifted by one position relative to the input,
the attention mask needs to ensure that when generating the output at position i, it can only attend to the
previous positions (i.e., inputs at positions less than i). The specific formula is as follows:

σ (hi j) =
ehi j

∑V
k=1 ehik

f or j = 1, 2, . . . , V (2)
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Here, hi j represents the hidden state corresponding to the jth word in the vocabulary, and V is the size of
the vocabulary. The hidden states of the decoder are projected from the model dimension to the vocabulary
size V through a linear layer, and then the probability of each word is computed using the Softmax function.
The final output is obtained through beam search.

The decoder generates the text output required for the OCR task through a series of processing steps,
including the encoder-decoder attention mechanism, self-attention masking, linear projection, and Softmax.

(2) Content Summary Section (CSS)
The text extracted from the head image is concatenated with the original text to form a new text. We

used the BertSum model introduced in [36] as our CSS base model. In the fine-tuning CSS model, we use
BERT to encode the input text. Specifically, the model splits the entire text into multiple sentences and then
passes each sentence as input to BERT. The BERT model, through its deep neural network structure, captures
the semantic information in the sentence and transforms it into a vector. This vector is not merely a simple
combination of the words in the sentence; it encapsulates the semantic meaning of the sentence within its
context. Thus, the model can better understand the importance of each sentence.

ti = BERT(xi) (3)

Here, ti represents the vector representation of the ith sentence after being processed by BERT, and xi
is the ith sentence.

After obtaining the vector representation ti for each sentence, the next task is to assign an importance
score to each sentence. To achieve this, CSS uses a linear layer. This linear layer functions like a simple
“weighted sum” operation, transforming the sentence vector based on the given weight Wh and bias bh . Then,
the model applies a non-linear activation function, tanh, which helps capture more complex relationships.

hi = tanh(Wh ti + bh) (4)

Here, hi is the score of the ith sentence, and Wh and bh are the weight and bias parameters of the linear
layer, respectively. By applying the tanh function, the model can better recognize the non-linear features of
each sentence, thereby assigning a more accurate score to each sentence.

After obtaining the score for each sentence, the next step is to convert these scores into probabilities. In
this step, the CSS model uses the Softmax function to convert a set of scores (e.g., scores of multiple sentences)
into a probability distribution. Specifically, Softmax calculates the relative probability of each sentence based
on the scores of all sentences. The formula is as follows:

pi = so f tmax(Wp hi + bp) (5)

Here, pi is the probability of the ith sentence, representing the likelihood of this sentence being selected
for the summary. Wp and bp are the weight and bias parameters of another linear layer. Based on the
probability pi of each sentence, the model selects the sentence with the highest probability as a candidate for
generating the summary. After selecting these sentences, they ultimately form the main content of the text.

The set of images after the TIFS module and their corresponding textual descriptions are formally
defined as follows: I = {Pi}m

i=1 and T = {wi}k
i=1, where pi represents the ith padding of the image, and wi

represents the i th word. The images are divided into m patches, and the text consists of k words. Both the
images and text are processed by visual and textual encoders, such as ViT [34] and BERT [37], respectively.
The embeddings are defined as eP ∈ Rm×C and ew ∈ Rk×C , where C denotes the number of channels.



Comput Mater Contin. 2025;83(1) 887

To capture informative content, we employ a cross-modal attention module to implicitly model
interactions between the image and text modalities. Specifically, we embed eP ∈ Rm×C and ew ∈ Rk×C as
examples. The relationship matrix R ∈ Rm×k is constructed using matrix multiplication and then passed
through a convolutional layer for feature extraction.

R = Conv (eP ⋅ eT
w) (6)

Here, T represents transposition, and Conv is implemented with two convolutional layers. A higher
value of R indicates stronger correlation. For the visual modality, we add the text labels to generate an
attention vector vP ∈ Rm . Similarly, we construct a word attention vector vw ∈ Rk using the same approach.
The vectors vP and vw are then aggregated into eP and ew via channel-wise multiplication and sigmoid
activation. The visual embeddings can be represented as follows:

ea p = sigmoi d (vp) ⋅ eP (7)

eaw is processed in the same way. The adjusted embedding representation is passed to SID and SSC.

3.3 Semantic Intensified Distribution Modeling
Counterfactual reasoning is crucial in perceiving sarcasm. Some objects or events in the text and image

may exist but are not always related to sarcasm. To identify the sarcasm-related content, we introduce a
channel weighting strategy to help the model focus on the information truly related to sarcasm.

We use a channel weighting approach to learn sarcasm-related feature representations. This method
gradually activates sarcasm-related features by reweighting the relevant information in both images and text.
The formula is as follows:

rp = ea p ⋅ σ (ReLU (FC (ea p))) (8)

Here, rp represents the re-weighted image embeddings, and σ denotes the channel-wise variance.
The text embeddings rw are processed in a similar manner. After obtaining these region-specific semantic
embeddings, we compute the similarity distribution between positive and negative samples and determine
their likelihood of belonging to the same category. Specifically, for rp and rw , we aggregate them into
γv ∈ RC and γt ∈ RC , which are calculated as the mean of all patches and word embeddings, respectively.
During training, we maintain two memory banks Ms = {(ri

v , ri
t)}

q
i=1 and MN S = {(ri

v , ri
t)}

q
i=1 for positive

and negative samples, where q denotes the batch size from previous iterations. By observing the data
distribution, we adopt a Gaussian distribution to model the mean and variance of similarity scores. The
formula is as follows:

μ =
q

∑
i=1

Sim (ri
v , ri

t) (9)

σ =

�
��


q

∑
i=1
(Sim (ri

v , ri
t) − μ)2 (10)

Here, Sim denotes the cosine similarity function, and μ and σ represent the mean and variance of
the Gaussian distribution, respectively. The distributions DS and DnS are indicated as DS ∈ N (μs , σs) and
DnS ∈ N (μns , σns). We calculate the likelihood of samples belonging to DS or DnS based on the probability
density function.
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Subsequently, the model computes the probability of samples belonging to positive or negative classes
based on the probability density function of the Gaussian distribution. The formula is as follows:

P = 1
σ
√

2π
⋅ e−τ ⎛
⎝

sim (ri
v , ri

t) − μ
σ

⎞
⎠

2

(11)

Here, τ controls the importance of σ in temperature scaling.
Finally, we calculate the inconsistency λSID , defined as PS − PnS , to guide the model. This method is

more flexible than using a fixed or adaptive threshold, as it leverages the Gaussian distribution to provide a
smooth probability, thereby avoiding biases introduced by hard decision-making.

3.4 Siamese Sentiment Contrastive Learning
In multimodal sarcasm detection, sentiment information is crucial. To better capture sentiment incon-

sistency, we introduce sentiment knowledge into the model. Specifically, the model utilizes a pre-trained
sentiment model based on Twitter data, which provides a sentiment polarity score for each word. If the model
is unable to provide sentiment information for a specific word, its sentiment value is set to zero.

First, the word embeddings from the self-attention module are input into a “Siamese Layer.” This layer
consists of a projection head and a classifier, which extract the sentiment embeddings and predict the polarity
of each word. Then, the mean squared error (MSE) is computed for each word’s sentiment loss. The formula
is as follows:

LtS = 1
k

k
∑
1=1
(P̂ i

w − Pi
w)

2
(12)

Here, Pi
w represents the polarity of the ith word.

In the previous cross-attention module, embeddings were aligned, and we used a shared parameter
projection head and classifier to process the sentiment representation of the images. Specifically, similar to
SID, we obtain the mean of patch and word embeddings as the visual and textual [CLS] representations.
Then, P̂ν ∈ RB and P̂t ∈ RB represent the sentiment polarities of the entire batch, where B is the mini-batch
size. To enhance the sentiment representation of the images, we introduce a contrastive learning strategy with
continuous supervision labels to capture sentiment polarity strength. A supervised loss Gp is constructed
to measure the sentiment polarity discrepancy between images and text. If the discrepancy is large, the
embeddings are pushed apart; if the discrepancy is small, the embeddings are pulled closer. The formula is
as follows:

Gi j
p = so f tma (exp (− ∣P̂ i

v − P̂ i
t ∣)) (13)

Here, Pi
v and Pi

t denote the polarity strengths, ranging from [−1, 1]. The similarity matrix Ge can be
obtained by calculating the dot product between the sentiment embeddings Sv ∈ RB×C and St ∈ RB×C , which
are outputs from the projection head.

Gi j
e = so f tma (exp (si

v , si
t)) (14)

Additionally, the loss for continuous After the SID and SSC modules, the embeddings undergo experi-
mental fusion for the final prediction. For embeddings from the same modality, element-wise multiplication
is performed, followed by concatenation from both the semantic and sentiment perspectives.
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Contrastive learning is calculated using the Kullback-Leibler (KL) divergence as follows:

Lcc = kL (Ge , Gp) (15)

We define the sentiment polarity discrepancy between the visual and textual modalities as another factor
for sarcasm detection, represented as λssc = ∣Pv − Pt ∣.

Considering the inconsistencies in factual and sentiment layers, we integrate the predicted embeddings
y f with two distinct inconsistency factors, λSID and λSSC .

ŷ = sigmoid (y f + λSID + λSSC) (16)

The binary cross-entropy loss is calculated as:

Lbce = − [y ⋅ log ( ŷ) + (1 − y) ⋅ log (1 − ŷ)] (17)

Finally, the PKME-MLM network for multimodal sarcasm detection is optimized through the com-
puted loss:

L = Lbce + Lcc + LtS (18)

4 Experiments

4.1 Datasets and Evaluation Metrics
We conducted experiments on a public MSD dataset [38], which consists of 24,635 tweets divided into

a training set (19,816 tweets), a validation set (2410 tweets), and a test set (2409 tweets). Each tweet is labeled
as sarcastic (positive) or non-sarcastic (negative), and the dataset contains both text and image-text pairs.

The text in the dataset is primarily in English and contains various expressions of sarcasm and non-
sarcasm. For preprocessing, we cleaned the data by removing offensive content, URLs, and irrelevant words.
The dataset is split into a training set, validation set, and test set, accounting for 80%, 10%, and 10%
of the total data, respectively. We used accuracy, precision, recall, binary average, and macro average as
evaluation metrics.

4.2 Quantitative Analysis
Through extensive experimental research, we conducted a comprehensive evaluation of the application

of multi-level perception networks in sarcasm detection tasks and compared their performance with various
existing unimodal (image and text) and multimodal models in sarcasm detection. The results are presented
in Table 1 (This table lists the performance of various unimodal (image and text) and multimodal models
in sarcasm detection tasks, with evaluation metrics including accuracy, binary average precision, recall, and
macro average F1 score.), leading to the following analyses and observations:

(1) The comparative experiments reveal that our model, PKME-MLM, achieves the highest accuracy,
reaching 94.35%. This indicates that, with the incorporation of the TIFS and Twitter-specific models, our
model attains leading performance in sarcasm recognition tasks, significantly surpassing other multimodal
and unimodal models.

(2) In the binary classification and macro average metrics, the PKME-MLM model achieves a binary
average precision of 93.07% and a macro average recall of 91.70%. This indicates that the model not only
demonstrates high precision in classification but also maintains relatively balanced performance across
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different sentiment categories, showcasing higher stability and reliability. Compared to other models, such
as DIP and HKE, PKME-MLM excels across all metrics, highlighting its stronger capabilities.

(3) These experimental results support the important notion that in multimodal tasks where both images
and texts are involved, the performance of the PKME-MLM model surpasses that of other multimodal
models, such as DIP and CMGCN. This indicates that the introduction of TIFS technology and the Twitter-
specific model significantly enhances the integration capability of multimodal information, enabling the
model to better capture the complex relationships between text and images, thereby improving overall
sarcasm detection performance.

Table 1: Comparison of accuracy and evaluation metrics for different models in sarcasm recognition tasks

Modality Method Acc. Binary-average Macro-average

Precision Recall F1 Precision Recall F1

Image ResNet [38] 64.76 54.41 70.80 61.53 60.12 73.08 65.97
ViT [34] 67.83 57.93 70.07 63.43 65.68 71.35 68.40

Text

Bi-LSTM [39] 81.90 76.66 78.42 77.53 80.97 80.13 80.55
SIARN [40] 80.57 75.55 75.70 75.63 80.34 78.81 79.57
SMSD [41] 80.90 76.46 75.18 75.82 80.87 78.20 79.51

BERT-Base [37] 83.85 78.72 82.27 80.22 81.31 80.97 81.90

Image+Text

HFM [38] 86.63 83.84 84.18 84.01 86.24 86.28 86.26
InCrossMGs [42] 86.10 81.38 84.36 82.84 85.39 85.80 85.60

HKE [43] 87.36 81.84 86.48 84.09 – – –
CMGCN [44] 87.55 81.63 84.69 84.16 87.02 86.97 87.00

DIP [45] 89.59 87.76 86.56 87.17 88.46 89.13 89.01
PKME-MLM (Our) 94.35 93.07 91.70 92.38 93.92 94.21 94.31

4.3 Qualitative Analysis
In our study, to evaluate the performance of the PKME-MLM model in multimodal sarcasm detection,

we analyzed the effects of different input types under various modules (such as text-only input, text
extracted from images, text summary from CSS, and image-text fusion from TIFS) on capturing sentiment
polarity values across different sentiment categories, as shown in Fig. 4. These sentiment categories include
anger, anticipation, disgust, fear, joy, love, optimism, pessimism, sadness, surprise, and trust. The figure
compares the performance of different input types (such as text-only input, text extracted from images, text
summary from CSS, and image-text fusion from TIFS) across different sentiment dimensions. The detection
performance of different modules on sentiment polarity values is illustrated using bar charts.

These qualitative experiments allowed us to gain deeper insights into the roles of the TIFS module
and the Twitter-specific module in the PKME-MLM model and to verify their effectiveness in enhancing
multimodal sarcasm detection capabilities.

In Fig. 4a, the PKME-MLM module demonstrates a significant polarity value of 0.6649 in the “anger”
dimension with text-only input (Text). This indicates that PKME-MLM can accurately identify and quantify
strong negative emotions in the text, particularly the anger often found in sarcastic content. In contrast,
the image-text fusion strategy (TIFS) shows a more balanced performance in the “anger” dimension, with
a polarity value of 0.2152. By incorporating image information, the TIFS module reduces the extreme
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emotions conveyed by text-only input, demonstrating a more comprehensive sentiment analysis capability.
This balance reflects the advantage of TIFS in capturing complex sarcastic emotions, allowing the model
to rely not only on strong negative emotions in the text but also to understand emotional diversity more
precisely through multimodal information.

Figure 4: The recognition results of the PKME-MLM model for eleven sentiment categories in the multimodal sarcasm
detection task

In Fig. 4b, the PKME-MLM module performs well in capturing positive emotions with text and image
inputs. The polarity value for text input in the “joy” dimension reaches 0.8367, while the polarity value
for image input in the “optimism” dimension is 0.8548, showcasing the PKME-MLM module’s sensitivity
in detecting positive emotions. However, the TIFS module, by combining text and image, demonstrates a
more balanced performance across emotional dimensions, particularly in the subtler “love” emotion, with a
polarity value of 0.0079. Although this polarity value is relatively low, it shows that TIFS effectively captures
more complex emotional expressions in both text and images through multimodal fusion, highlighting its
stability and broad applicability in handling multi-emotion tasks.
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These qualitative experiments demonstrate the effectiveness of the PKME-MLM module in multi-
emotion polarity analysis across eleven emotional dimensions, accurately distinguishing and quantifying
complex emotions in sarcastic text. Moreover, the TIFS module, by leveraging the advantages of fusing
text and image information, shows outstanding performance in multimodal sarcasm detection, especially
in dealing with emotional complexity and subtle emotional expressions. TIFS not only enhances the
model’s balance between positive and negative emotions but also provides a more comprehensive emotion
recognition capability when handling sarcastic texts.

4.4 Ablation Study
To investigate the effectiveness of the components of the TIFS and Twitter modules in the multi-

modal sarcasm recognition task, we designed a series of ablation experiments. In these experiments, we
first assessed the impact of integrating the TIFS module alone to validate its capability in fusing image
and text information. Subsequently, we evaluated the effect of introducing the improved Twitter-specific
module independently to explore its advantages in processing social media texts. Finally, we assessed the
combined effect of both modules to verify their synergistic impact in multi-label sentiment recognition tasks,
demonstrating a significant enhancement in our model’s ability to handle complex emotional expressions.
The experimental results are presented in Table 2.

Table 2: Ablation experiments

Method Acc. Binary-average Macro-average

Precision Recall F1 Precision Recall F1
TIFS 94.02 91.73 91.44 91.58 93.60 93.64 93.62

Twitter 93.95 93.66 88.83 91.18 93.90 93.12 93.46
PKME-MLM 94.35 93.07 91.70 92.38 93.92 94.21 94.31

Based on the results presented in Table 2, we have the following observations:
(1) The TIFS module performs exceptionally well in both binary average and macro average, especially

with a macro F1 score of 91.58, demonstrating its strong capability in fusing image and text information.
This indicates that the TIFS module can stably capture different categories of sentiment, particularly showing
good balance in multi-modal sentiment recognition tasks.

(2) The Twitter module excels in binary average precision, reaching 93.66, showing its high accuracy in
processing social media texts. However, the macro recall rate is slightly lower, especially with a macro F1 of
91.18, indicating some shortcomings in covering sentiment categories, which may be related to the complexity
and diversity of social media texts.

(3) The PKME-MLM model performs excellently across all metrics, particularly leading in macro recall
(94.21) and macro F1 (94.31), showcasing the synergistic effect after combining the TIFS and Twitter modules.
Compared to the individual TIFS or Twitter modules, PKME-MLM demonstrates more comprehensive
and stable performance, indicating that the combination of multi-modal fusion and social media-specific
processing brings significant improvements in sentiment recognition tasks.
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5 Conclusions
Due to the issues of insufficient information utilization and simplified sentiment labels in multimodal

sarcasm detection, models face limitations in accurately capturing complex sarcastic expressions. To address
these challenges, we propose an innovative approach. First, we designed the Text-Image Fusion Summary
(TIFS) model, which extracts textual information from images and fuses it with the original text, generating
a more comprehensive text sequence. This approach not only expands the sources of textual data but also
enhances semantic richness, improving the accuracy of sarcasm detection.

Additionally, we introduced a Twitter-specific model, fine-tuned on a large-scale Twitter dataset, using
a multi-label classification approach that allows tweets to have multiple sentiment labels simultaneously. This
design enriches sentiment recognition and improves sarcasm detection accuracy.

These models significantly enhance sarcasm recognition performance, marking an important advance-
ment in the field. However, the potential limitations of this study include its reliance on large-scale labeled
datasets and the model’s generalization issues in other domains or languages. In particular, there are
challenges in the model’s ability to generalize when handling diverse and complex sarcastic expressions. In
the future, we plan to introduce more diverse datasets and explore cross-lingual sarcasm detection to enhance
the model’s adaptability in different languages and cultural contexts. Additionally, we will integrate more
dynamic and context-aware methods to improve the model’s robustness in real-time applications.
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