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Abstract

The dependency of stock prices on a multitude of factors
makes the task of prediction exceedingly challenging. Given
the volatile nature of stock data, it is imperative to inte-
grate multiple sources of information to accurately encom-
pass the various factors that influence market trends. To cap-
ture these complex dynamics, several multimodal methodolo-
gies have been proposed, integrating market data, technical
indicators, and textual information. However, it is claimed
that these coarse-grained information sources do not offer a
holistic view of the market. Furthermore, these sources are
stock-specific and do not elucidate the interconnections be-
tween various stocks. To address this deficiency, we propose
a multimodal approach that incorporates this relational aspect
alongside fine-grained information sources. The applicability
of our framework is underscored by empirical results, which
demonstrate the superiority of our approach.

Introduction

The advancement in Al has transformed the landscape of
FinTech (Financial Technology) by enabling automated and
data-driven decision-making that enhances the efficiency of
stock market prediction. The stock market is influenced by
numerous factors (Meher and Mishra 2025), which are re-
flected in different components: visual candlestick charts
reflect price volatility, textual data like news headlines or
social media reflect investor sentiment, technical indicators
reflect price movements, and fundamental indicators reflect
the economic health of a stock. Considering this, it becomes
essential to incorporate these diverse sources of information
in an efficient manner to build an efficient prediction model.
Fig. 1 shows the various types of data sources for the stock
market prediction task.
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Figure 1: Types of stock market data sources.
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The approaches that consider diverse data sources have an
advantage over the single-modality approaches. In the liter-
ature, various multimodal approaches have been proposed
that aim to fuse heterogeneous modalities (Lee et al. 2025;
Zong et al. 2025). However, recent models focus on a limited
set of modalities and neglect the relational aspects among
stocks that help to understand market dynamics in a com-
prehensive way. To fill this gap, we propose a relationally in-
telligent multimodal framework that integrates the intercon-
nections between stocks along with the other data sources
defined in Fig. 1 in a unified manner.

Problem Statement

Given historical data of the i*" modality at time instance
t consisting of [ previous data points denoted as M
{xt_141,...,24_1, ¢}, our objective is to encode and fuse
such k£ modalities and predict the future price movement at
time instance ¢ + 1 as y;41 = f(ME*). Here, yiy1 rep-
resents the upward and downward movements, respectively.
f() is a user-defined function.

Multimodal Framework

From the literature survey, we identified two issues, i.e., 1)
Collection of relational dataset and 2) Design of an effi-
cient fusion technique to address noise and data alignment
between multiple modalities. The input to the framework
is multimodal input, and the output is the price movement
(up or down). This framework is tailored to the Indian econ-
omy. We have considered three modalities, i.e., candlestick
charts, technical indicators, and relational data. The rea-
son for choosing these modalities is that candlestick charts
present daily trading activity and account for market volatil-
ity. The technical indicators model temporal patterns, and
relational data accounts for dependencies among stocks to
identify sectoral patterns. Specifically, we consider the mar-
ket data of the peer stocks belonging to the same sector as the
target stock to capture the intra-sectoral trends efficiently.
We propose three main modules, i.e., 1) Data processing,
2) Encoder, and 3) Fusion module.

The objective of the data processing module is to perform
rolling window segmentation and encode each modality in
a temporal sequence that allows the model to learn the ef-
fect of past values. The objective of the encoder module is



to extract features from each modality. We propose modu-
lar Convolutional Neural Networks (CNNs) to extract geo-
metric features from candlestick charts. However, it further
can be enhanced by incorporating market continuation and
reversal patterns (Chen, Hu, and Xue 2024). The Temporal
Convolutional Network (TCN) is used to encode the techni-
cal indicators. Moreover, a novel relational encoder is pro-
posed that focuses on capturing dynamic intra-sector depen-
dencies. The encoded features obtained from each modality
are given to the fusion technique.

It is important to design a fusion technique that effectively
combines different data sources. We propose a graph-based
interactive fusion technique that focuses on the most infor-
mative source and models complex interdependencies across
modalities. Fig. 2 depicts the general architecture of the dis-
cussed multimodal framework.
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Figure 2: Multimodal Framework.

Results and Discussion

We have designed the multimodal framework for the Indian
economy. Since there was no publicly available relational
information for India, we curated a dataset consisting of the
lists of peer stocks from official websites. Our approach has
given superior performance compared to other approaches
(Zhang, Ye, and Lai 2023; Shaban, Ashraf, and Slama 2024;
Chandar 2022; Chen, Hu, and Xue 2024; Hoseinzade and
Haratizadeh 2019). Fig. 3 presents the quantitative analysis
on the accuracy parameter.
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Figure 3: The comprehensive analysis between baseline and
proposed model.

This framework is also generalized to other economies.
We tested the proposed multimodal approach on US and
Chinese stocks. It consistently achieves higher accuracy than
the baselines in most stocks (See Fig. 4).
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Figure 4: The comparison results for US and Chinese stocks.

Conclusions and Future Work

We proposed a multimodal relational framework that consid-
ers multiple sources of information, such as existing inter-
connections between the same sector sectors along with can-
dlestick charts and technical indicators to predict the future
price movement. In the future, we intend to include textual
data, such as news headlines, to model the investor’s psy-
chology. We will apply reinforcement learning methods to
improve decision making in real-time market environments.
We aim to create an interactive dashboard using our predic-
tion model to offer insights like predicted movements, port-
folio advice, and trading actions.
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