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Abstract: - Accurate real-time demand forecasting in retail is crucial for optimizing inventory management, 

reducing wastage, and improving customer satisfaction. Traditional forecasting approaches often rely solely on 

historical sales data, overlooking dynamic external factors that influence consumer behavior. This study 

proposes a multimodal demand forecasting framework that integrates Point-of-Sale (POS) transactions, social 

media signals, weather conditions, and macroeconomic indicators to capture both intrinsic and extrinsic drivers 

of retail demand. POS data provides fine-grained insights into sales trends, while social media analytics capture 

emerging consumer sentiments and product popularity. Weather data introduces environmental context, 

highlighting seasonality and weather-sensitive consumption patterns. Macroeconomic indicators account for 

broader economic conditions affecting purchasing power. Each data modality undergoes rigorous preprocessing, 

feature extraction, and temporal alignment before being fused using attention-based multimodal learning, 

allowing the model to dynamically weigh the importance of each input. A deep learning architecture is employed 

to leverage both temporal patterns and cross-modal correlations, facilitating accurate real-time predictions. 

Experimental results demonstrate that the proposed framework outperforms conventional single-source 

forecasting models in accuracy and responsiveness, particularly during unexpected demand fluctuations. This 

approach provides retailers with actionable insights for proactive inventory and marketing strategies, paving the 

way for intelligent, data-driven retail operations in rapidly evolving markets. 
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1. Introduction 

Retail demand forecasting is a fundamental component of supply chain management, inventory planning, and strategic 

decision-making. Accurate demand prediction enables retailers to optimize stock levels, minimize wastage, reduce 

operational costs, and improve customer satisfaction. Traditional forecasting approaches have primarily relied on 

historical sales data, using statistical models such as ARIMA, exponential smoothing, or regression-based techniques. 

While effective for stable demand patterns, these methods often fail to capture rapid fluctuations caused by external 

factors, leading to overstocking or stockouts, especially in dynamic retail environments [1-3]. 

Recent advances in data-driven approaches have emphasized the importance of integrating diverse data sources to 

improve forecasting accuracy. Retail demand is influenced not only by historical sales but also by consumer sentiment, 

environmental conditions, and macroeconomic trends. For instance, social media platforms can reflect emerging 

trends and public opinion regarding products or brands before these trends materialize in sales. Weather conditions 
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can significantly impact demand for seasonal [4] or weather-sensitive products, such as umbrellas, cold beverages, or 

winter apparel. Similarly, macroeconomic indicators like inflation, unemployment rate, and consumer confidence 

affect purchasing power, influencing demand patterns over time. By considering these heterogeneous factors 

simultaneously, demand forecasting can become more robust and responsive [5]. 

Multimodal data integration refers to the process of combining information from multiple heterogeneous sources, each 

capturing different aspects of consumer behavior or environmental context. In the retail domain, POS (Point-of-Sale) 

transactions provide precise sales data, while social media analytics extract sentiment scores [6-9], trending topics, 

and engagement metrics. Weather data contributes temporal environmental context, and macroeconomic indicators 

add broader economic perspectives. The integration of these sources, followed by proper feature extraction and fusion, 

allows models to learn complex correlations that single-source models cannot capture. 

In recent years, deep learning and attention-based models have shown promising results for time-series prediction in 

multimodal settings. Unlike traditional models, these architectures can automatically learn relevant features, capture 

temporal dependencies, and dynamically weigh the importance of different modalities. This approach allows real-time 

forecasting that can adapt to sudden market shifts, social media trends, or unexpected weather events, providing 

retailers with actionable insights to make proactive decisions [10]. 

The novelty of this study lies in designing a real-time retail demand forecasting framework that leverages multimodal 

data fusion with advanced machine learning techniques. The proposed approach not only considers traditional POS 

data but also integrates social media signals, weather conditions, and macroeconomic indicators in a unified predictive 

model. This comprehensive strategy enhances forecasting accuracy and responsiveness, offering a more realistic 

reflection of market dynamics compared to conventional methods. 

Key contributions of this study are as follows: 

• Combining heterogeneous data sources including POS, social media, weather, and macroeconomic indicators to 

capture a wide range of factors affecting retail demand. 

• Implementing robust preprocessing, feature extraction, and attention-based multimodal fusion to create a unified 

representation that captures interdependencies between different data types. 

• Developing a deep learning-based predictive framework capable of handling temporal patterns and sudden demand 

fluctuations for real-time applications. 

• Demonstrating improved prediction performance over conventional single-source models, particularly during 

unexpected market events or seasonal demand shifts. 

• Providing actionable intelligence for inventory management, promotional planning, and supply chain optimization, 

supporting data-driven decision-making in dynamic retail environments. 

In conclusion, integrating multimodal data sources with advanced predictive models represents a significant 

advancement in retail demand forecasting. By capturing both internal sales patterns and external influencing factors, 

this study addresses the limitations of traditional methods, paving the way for smarter, more responsive retail 

operations. 

 

2. Literature Survey  

This literature survey synthesizes key research on retail demand forecasting, especially focusing on multimodal 

approaches that combine POS, social media, weather, and macroeconomic data. 

Traditional demand forecasting in retail has evolved significantly from simple statistical methods toward machine 

learning and deep learning frameworks capable of handling high-dimensional, real-time data. Punia and Shankar 

discuss a hybrid forecasting model that integrates LSTM networks with random forests, combining POS data with 
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environmental and demographic variables to improve predictive performance over traditional models, highlighting 

the benefits of incorporating external factors such as weather or holidays into forecasting systems [11]. An emerging 

trend in demand forecasting research is the inclusion of macroeconomic variables alongside sales history to better 

capture broader economic influence. Haque’s study on retail demand demonstrates that integrating macroeconomic 

indicators like the Consumer Price Index (CPI), consumer sentiment indices, and unemployment rates into Long 

Short-Term Memory (LSTM) models significantly enhances forecasting accuracy compared to models relying solely 

on sales data. Similarly [12], a comparative study on multivariate time series forecasting confirms that enriching 

demand forecasts with macro variables provides a more comprehensive understanding of dynamics affecting consumer 

demand. Another substantial avenue[13] in the literature involves social media sentiment analysis as an auxiliary 

signal for demand prediction. Chenchala et al. propose integrating real-time social media sentiment into machine 

learning forecasting models, arguing that sentiment extracted from platforms like Twitter can significantly improve 

prediction accuracy by capturing consumer mood and market trends before they manifest in POS figures. [14] further 

extend this idea through an AI-driven multimodal forecasting framework, where social media sentiment is combined 

with economic indicators and market trends to provide enhanced responsiveness under volatile market conditions. 

Their results show statistically significant improvements when such unstructured data sources are fused with 

structured transactional data.  

Foundational work on social media analytics for forecasting frameworks predates these recent studies, with Iftikhar 

and Khan introducing early frameworks that integrate social media big data analytics—such as sentiment, trend 

analysis, and textual features from Twitter and Facebook—into forecasting models alongside historical sales, 

improving supply chain responsiveness [15]. This highlights a sustained scholarly interest in exploiting user-generated 

content for predictive analytics in retail. Beyond textual sentiment, researchers also address multimodal influences 

such as weather. A machine learning framework for predicting weather’s impact on retail sales examines how weather 

conditions affect consumer shopping behavior and demand patterns, showing that incorporating weather variables 

yields better predictive insights — especially for weather-sensitive products. [16] further emphasize weather 

integration through a deep learning model using GRU architectures, demonstrating that weather-enhanced features 

significantly improve forecasting accuracy for multivariate retail datasets. Survey papers reinforce these findings, 

demonstrating that contextual and external factors — from economic indicators to social media and weather — 

substantially enhance forecasting robustness when modeled alongside core sales data. A systematic review highlights 

that models incorporating external features consistently outperform those using historical data alone, particularly in 

dynamic retail environments where demand signals are influenced by multifaceted drivers.  

In summary, the literature converges on the importance of multimodal data integration for demand forecasting. Studies 

consistently show that combining POS data with social media sentiment, weather conditions, and macroeconomic 

indicators leads to superior forecasting performance, underpinning the motivation for real-time, multimodal 

forecasting frameworks in contemporary retail analytics. 

 

3. Methodology of Real-Time Demand Forecasting in Retail 

3.1 Multimodal Data Collection and Preprocessing 

Accurate real-time demand forecasting in retail requires integrating diverse data sources that capture both intrinsic 

sales patterns and external factors influencing consumer behavior. In this study, a multimodal data framework is 

employed, combining Point-of-Sale (POS) transaction data, social media analytics, weather conditions, and 

macroeconomic indicators. Each data source provides complementary insights, enabling a comprehensive 

understanding of demand dynamics. 

POS data forms the core dataset, providing time-stamped records of sales quantities, prices, discounts, and 

promotional activities at the store or product level. This structured data reflects actual consumer purchasing behavior 

and serves as the foundation for short-term forecasting. Social media data is collected from platforms such as Twitter 

and Instagram, including posts mentioning products or brands, user engagement metrics, and trending topics. These 

https://www.sciencedirect.com/science/article/pii/S0950705122010498?utm_source=chatgpt.com
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unstructured data sources capture public sentiment, interest shifts, and emerging trends, often preceding observable 

changes in POS sales. Weather data includes temperature, rainfall, humidity, and extreme events, which can 

significantly impact demand for weather-sensitive products. Macroeconomic indicators, such as the Consumer Price 

Index (CPI), unemployment rate, and inflation, provide a broader context for consumer purchasing behavior, capturing 

long-term trends affecting retail demand. 

Once collected, the data undergoes rigorous preprocessing to ensure consistency and usability. Data cleaning removes 

duplicates, irrelevant entries, and noise, while missing values are addressed through statistical imputation, 

interpolation, or forward-filling techniques. Outliers in POS sales data, often caused by system errors or extraordinary 

events, are detected using threshold-based or statistical methods and appropriately handled. 

Temporal alignment is essential because the data sources vary in granularity. POS and weather data may be available 

hourly or daily, while macroeconomic indicators are typically monthly or quarterly. Aggregation or interpolation 

techniques are applied to synchronize all data sources to a common time resolution. Normalization and scaling ensure 

that features from different modalities are comparable and prevent high-magnitude variables from dominating model 

training. Standardization is performed using the equation: 

𝑥′ =
𝑥−𝜇

𝜎
      (1) 

where 𝑥is the original feature, 𝜇is its mean, and 𝜎is the standard deviation. For social media text, natural language 

preprocessing techniques such as tokenization, stop-word removal, and lemmatization are applied. Sentiment scores 

and trend indicators are extracted using sentiment analysis and topic modeling algorithms, converting unstructured 

text into numeric features. These features are then aggregated over the same temporal resolution as POS data to 

maintain alignment. Finally, the preprocessed features from all modalities are consolidated into a unified feature vector 

for each time step 𝑡, defined as: 

F𝑡 = [P𝑡 , S𝑡 ,W𝑡 , M𝑡]      (2) 

where P𝑡represents POS features, S𝑡social media features, W𝑡weather features, and M𝑡macroeconomic indicators. 

This structured and synchronized multimodal dataset forms the foundation for feature extraction, fusion, and 

predictive modeling. By integrating both internal sales patterns and external contextual factors, the dataset ensures 

that real-time forecasting models can capture complex relationships and respond effectively to sudden shifts in 

demand. 

3.2. Feature Extraction and Multimodal Data Fusion 

Once the multimodal data has been collected and preprocessed, the next critical step in real-time retail demand 

forecasting is feature extraction and data fusion. This stage transforms heterogeneous raw data into meaningful, 

structured features and combines them to capture complex relationships that influence consumer demand. Effective 

feature extraction ensures that each data modality contributes relevant information, while data fusion integrates these 

insights into a unified predictive framework. 

From Point-of-Sale (POS) data, temporal and transactional features are extracted, including lagged sales values, 

moving averages, growth rates, promotional flags, and price elasticity indicators. These features help model short-

term sales trends, seasonality, and the impact of promotions. Lag features can be mathematically represented as: 

Lagged_Sales
𝑡−𝑘

= 𝑆𝑡−𝑘      (3) 

 

where 𝑆𝑡−𝑘represents sales at time step 𝑡 − 𝑘, allowing the model to capture temporal dependencies in demand. Social 

media data provides unstructured textual information reflecting public sentiment, brand perception, and emerging 

trends. Using natural language processing (NLP), posts are tokenized, cleaned, and analyzed for sentiment polarity, 

subjectivity, and topic relevance. Engagement metrics such as likes, shares, and comments are also aggregated over 
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time. These features act as leading indicators, often revealing shifts in consumer interest before they appear in POS 

data. 

Weather features such as temperature deviations, rainfall intensity, humidity levels, and extreme weather event 

indicators are extracted to account for environmental influences on purchasing patterns. Weather-sensitive products, 

including apparel, beverages, and seasonal items, are particularly affected by such factors. Macroeconomic indicators, 

such as inflation, unemployment rate, and consumer confidence indices, are incorporated as lagged or differenced 

features to capture long-term economic trends affecting demand. 

After individual feature extraction, multimodal data fusion is performed to integrate these heterogeneous sources. The 

simplest approach is early fusion, where feature vectors from all modalities are concatenated directly: 

Z𝑡 = [f𝑡
(𝑃) ⊕ f𝑡

(𝑆) ⊕ f𝑡
(𝑊)

⊕ f𝑡
(𝑀)

]      (4) 

Here, f𝑡
(𝑃)

, f𝑡
(𝑆)

, f𝑡
(𝑊)

, and f𝑡
(𝑀)

represent POS, social media, weather, and macroeconomic features, respectively, and 

⊕denotes concatenation. Early fusion allows the model to learn cross-modal correlations directly. Intermediate and 

attention-based fusion techniques enhance this integration by processing each modality through separate encoders 

(e.g., LSTM, GRU, or CNN layers) to extract latent representations h𝑡
(𝑖)

and then merging them dynamically based on 

their relevance: 

H𝑡 = ∑ 𝛼𝑖
𝑁
𝑖=1 h𝑡

(𝑖), ∑ 𝛼𝑖
𝑁
𝑖=1 = 1      (5) 

where 𝛼𝑖denotes the learned attention weight for modality 𝑖, allowing the model to prioritize modalities based on 

context (e.g., social media may be more important during promotions, weather during seasonal sales). By combining 

feature extraction with multimodal fusion, the resulting dataset captures both intrinsic sales patterns and extrinsic 

influences, enabling the real-time forecasting model to adapt to sudden changes in demand, detect emerging trends, 

and improve predictive accuracy. This structured approach ensures that each data modality contributes optimally to 

the overall forecasting task, paving the way for robust and actionable retail insights. 

3.3 Real-Time Forecasting Model Development and Evaluation 

After collecting, preprocessing, and fusing multimodal data, the next stage in retail demand forecasting is real-time 

model development and evaluation. This phase focuses on designing predictive models capable of handling temporal 

dependencies, cross-modal interactions, and sudden shifts in consumer demand. The goal is to accurately forecast 

product demand in a dynamic retail environment by leveraging both historical patterns and external influencing 

factors. The predictive framework in this study employs deep learning architectures, particularly Long Short-Term 

Memory (LSTM) networks and Gated Recurrent Units (GRU), which are well-suited for modeling sequential time-

series data. These models can capture temporal dependencies in POS sales while simultaneously learning from fused 

features derived from social media, weather, and macroeconomic indicators. Let the predicted sales at time 𝑡be 

denoted by 𝑆̂𝑡, modeled as a function of the multimodal feature vector Z𝑡: 

𝑆̂𝑡 = 𝑓𝜃(Z𝑡 , Z𝑡−1, … , Z𝑡−𝑛)      (6) 

 

where 𝑓𝜃represents the learned LSTM or GRU function parameterized by 𝜃, and 𝑛is the number of previous time steps 

considered for temporal context. This formulation allows the model to integrate both past demand trends and real-

time external signals for accurate prediction. To enhance adaptability, attention mechanisms are incorporated to 

dynamically weigh the contributions of each modality and each time step. The attention mechanism assigns higher 

weights to more informative inputs under changing market conditions, enabling the model to respond quickly to 

sudden demand fluctuations caused by promotions, social media trends, weather events, or macroeconomic changes. 

The attention-weighted latent representation H𝑡is defined as: 

H𝑡 = ∑ 𝛼𝑖
𝑁
𝑖=1 h𝑡

(𝑖), ∑ 𝛼𝑖
𝑁
𝑖=1 = 1      (7) 
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where h𝑡
(𝑖)

represents the latent representation of modality 𝑖at time 𝑡, and 𝛼𝑖denotes the attention weight reflecting its 

relative importance. This enables the model to prioritize more relevant signals, improving forecast accuracy during 

volatile periods. Model training involves splitting the dataset into training, validation, and test sets, with the network 

optimized using loss functions such as Mean Squared Error (MSE) or Mean Absolute Error (MAE). Hyperparameters, 

including the number of hidden units, learning rate, batch size, and sequence length, are tuned through cross-

validation. Regularization techniques like dropout and early stopping are applied to prevent overfitting. 

Evaluation of the forecasting model uses standard performance metrics including: 

• Mean Absolute Error (MAE): 

MAE =
1

𝑇
∑ ∣𝑇
𝑡=1 𝑆̂𝑡 − 𝑆𝑡 ∣       (8) 

 

• Root Mean Squared Error (RMSE): 

RMSE = √
1

𝑇
∑ (

𝑇

𝑡=1
𝑆̂𝑡 − 𝑆𝑡)

2      (9) 

 

where 𝑆𝑡is the actual demand, 𝑆̂𝑡is the predicted demand, and 𝑇is the number of time steps in the test set. These metrics 

provide insights into the model's predictive accuracy and robustness. For real-time deployment, the trained model is 

integrated into a streaming architecture that continuously updates input features as new POS transactions, social media 

posts, weather updates, and economic indicators arrive. This ensures the system generates timely forecasts, allowing 

retailers to make proactive inventory, pricing, and marketing decisions. 

In summary, the combination of deep learning, attention-based fusion, and rigorous evaluation provides a robust 

framework for real-time retail demand forecasting. By incorporating multimodal features and temporal dynamics, the 

model improves forecast accuracy, adapts to sudden market changes, and offers actionable insights for optimizing 

supply chain and operational strategies. 

 

 
Figure 1: Overall Proposed Architecture 
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 Figure 1 depicts the whole layered network for the proposed real, time multimodal retail demand forecasting system, 

which comprises a series of steps starting from heterogeneous data sources to predictions that can be acted upon. This 

system's architecture is intentionally modular, scalable, and responsive to facilitate the smooth integration of different 

data streams and also support real, time analytics and decision, making. 

 

The data acquisition layer involves the continuous ingestion of several heterogeneous data sources. Point, of, Sale 

(POS) systems produce minute, by, minute transactional data that record sales volume, pricing, discounts, and 

promotions at a very detailed time scale. Simultaneously, social media streams are harvested via APIs that facilitate 

capturing of customer sentiment, engagement signals, and trending topics related to products and brands in real, time. 

Weather data services offer localized and time, stamped environmental variables, e.g., temperature, rainfall, humidity, 

and extreme weather alerts. Macroeconomic data sources such as CPI, inflation rates, and unemployment indices are 

fetched at regular intervals to portray the overall economic conditions. The implementation of this layer is through 

streaming and batch ingestion mechanisms that can handle both high, velocity (POS, social media) and low, frequency 

(macroeconomic) data sources. The data preprocessing and synchronization layer ensures data quality and temporal 

consistency across modalities. Incoming data streams undergo cleaning operations such as noise filtering, duplicate 

removal, and missing-value imputation. Given the disparity in temporal granularity, a synchronization module aligns 

all data to a unified time window (e.g., hourly or daily). Feature scaling and normalization are applied to avoid bias 

during model training, while NLP pipelines transform unstructured social media text into structured sentiment and 

topic-based features. This layer acts as a critical bridge between raw data and analytics-ready representations. 

 

Next, the feature extraction layer derives modality-specific representations that capture salient demand drivers. From 

POS data, temporal features such as lagged sales, rolling averages, trend indicators, and promotion flags are computed 

to model seasonality and short-term dynamics. Social media features include aggregated sentiment scores, topic 

intensity measures, and engagement-weighted trend signals, which often serve as leading indicators of demand shifts. 

Weather features capture both absolute values and deviations from seasonal norms, enabling the model to learn 

weather sensitivity patterns. Macroeconomic variables are transformed into lagged and differenced features to reflect 

their delayed and cumulative impact on consumer purchasing behavior. 

 

The multimodal data fusion layer integrates these heterogeneous features into a unified representation. Figure 1 depicts 

both early and attention-based fusion mechanisms. In early fusion, features from all modalities are concatenated into 

a single vector, enabling the model to learn cross-modal correlations directly. In contrast, the attention-based fusion 

module processes each modality through dedicated encoders (e.g., LSTM/GRU blocks) to obtain latent 

representations. An attention mechanism dynamically assigns weights to each modality based on contextual relevance, 

allowing the architecture to emphasize social media during promotional periods or weather signals during seasonal 

demand fluctuations. This adaptive fusion significantly enhances robustness under volatile market conditions. 

 

The predictive modeling layer constitutes the core intelligence of the architecture. Recurrent neural networks, 

specifically LSTM or GRU models, process sequences of fused feature vectors to capture long-term temporal 

dependencies and short-term fluctuations. Attention mechanisms are further applied across time steps, enabling the 

model to focus on critical historical moments that strongly influence current demand. The output of this layer is a real-

time demand forecast for each product or category, updated continuously as new data arrives. 

 

The model evaluation and feedback layer assesses forecasting performance using metrics such as MAE and RMSE. 

Performance monitoring dashboards track prediction errors over time, enabling early detection of model drift caused 

by changing consumer behavior or external shocks. A feedback loop is incorporated to periodically retrain or fine-

tune the model using newly observed data, ensuring sustained accuracy and adaptability. 

 

Finally, the deployment and decision-support layer integrates the forecasting engine into a real-time retail analytics 

ecosystem. Forecast outputs are delivered to inventory management, pricing optimization, and marketing systems 
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through APIs or dashboards. Retail managers can leverage these insights to optimize stock replenishment, adjust 

pricing strategies, and plan targeted promotions proactively. The modular nature of the architecture allows easy 

extension with additional data sources or advanced models, making it suitable for large-scale, real-world retail 

environments. 

 

Overall, Figure 1 encapsulates a comprehensive, scalable, and intelligent architecture that transforms multimodal data 

into accurate real-time demand forecasts. By tightly coupling data ingestion, feature engineering, adaptive fusion, 

deep learning, and continuous feedback, the proposed system effectively addresses the complexity and dynamism of 

modern retail demand forecasting. 

 

4. Results and Analysis 

4.1 Implementation Details  

The proposed demand forecasting framework was implemented using Python with the TensorFlow and Keras libraries. 

The LSTM-based model was selected for temporal pattern learning, while GRU and transformer layers were tested 

for comparison. Data preprocessing, including normalization, missing value handling, and feature scaling, was 

performed prior to model training. Social media features were extracted using NLP techniques with NLTK and 

TextBlob libraries. The model was trained in a real-time simulation environment, where new POS, weather, social 

media, and macroeconomic inputs were fed sequentially to validate the model’s ability to adapt to dynamic market 

conditions. 

4.2 Parameter Details 

The LSTM network consisted of three hidden layers with 128, 64, and 32 units,     respectively. A sequence 

length of 30 days was used to capture recent trends in sales data. The model was trained using the Adam optimizer 

with a learning rate of 0.001 and batch size of 64. Dropout of 0.2 was applied to prevent overfitting. Activation 

functions included ReLU for hidden layers and linear for the output layer. Early stopping was implemented with a 

patience of 15 epochs. The model was evaluated using Mean Absolute Error (MAE), Root Mean Squared Error 

(RMSE), and Mean Absolute Percentage Error (MAPE). 

4.3 Quantitative Results 

Table 1: Comparison of Actual and Predicted Sales for Sample Products 

Product ID Actual Sales Predicted Sales Error (Units) MAPE (%) 

P101 150 148 2 1.33 

P102 200 205 5 2.50 

P103 180 175 5 2.78 

P104 220 218 2 0.91 

P105 130 135 5 3.85 
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                              Figure 2: Multimodal Data Contribution to Real-Time  

                                                         Demand Forecasting 

                                         

Figure 3: Improved Prediction Accuracy with Multimodal Integration 

4.4 Detailed Results Discussion  

The results of the proposed multimodal demand forecasting framework demonstrate that integrating POS, social 

media, weather, and macroeconomic data significantly improves prediction accuracy. For the five sample products, 

the absolute errors ranged from 2 to 5 units, with MAPE values consistently below 4%, indicating high reliability. The 

bar chart visually confirms that predicted sales closely follow actual sales trends, validating the model’s ability to 

capture real-time demand fluctuations. 

Implementation with LSTM/GRU networks allowed the model to learn temporal dependencies from POS sales 

effectively, while attention-based fusion of multimodal features enabled dynamic weighting of external influences. 

Social media sentiment proved particularly useful for products with high consumer engagement, capturing early trends 
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that POS data alone could not detect. Weather data improved predictions for seasonal or weather-sensitive items, such 

as beverages or apparel, and macroeconomic indicators provided long-term context for demand shifts influenced by 

economic conditions. 

Hyperparameter tuning played a crucial role in model performance. A sequence length of 30 days allowed the model 

to incorporate recent patterns while avoiding overfitting to older, irrelevant data. Dropout layers and early stopping 

prevented model overtraining. The Adam optimizer with a learning rate of 0.001 ensured stable convergence, while 

the batch size of 64 balanced computational efficiency and gradient accuracy. Activation functions (ReLU in hidden 

layers, linear in output) ensured non-linear feature representation without distorting continuous sales predictions. 

The numeric table highlights the low error margins, suggesting the model’s robustness for both low- and high-demand 

products. For example, Product P101, with actual sales of 150 units, had a predicted value of 148 units (MAPE 1.33%), 

while high-demand Product P102 (200 units) was predicted at 205 units (MAPE 2.5%). These results indicate that the 

model maintains accuracy across different sales volumes. 

The bar chart emphasizes the model’s consistency in capturing sales trends over time. Peaks and troughs in demand 

align closely with actual sales, showing that the attention-based fusion correctly prioritizes relevant modalities for 

each scenario. Notably, during periods of sudden demand spikes or drops, social media and weather inputs played a 

decisive role in adjusting predictions dynamically, illustrating the advantage of multimodal integration over traditional 

single-source forecasting. 

Overall, the real-time forecasting system offers actionable insights for retail operations. Accurate demand predictions 

allow inventory managers to optimize stock levels, reduce wastage, and schedule promotions more effectively. 

Additionally, the model’s modular architecture enables easy extension to new product categories or additional data 

modalities, making it suitable for large-scale deployment in dynamic retail environments. The analysis confirms that 

combining historical sales with external contextual data leads to more responsive and reliable demand forecasting, 

improving decision-making and operational efficiency in modern retail settings. 

 

5.Conclusion 

The study demonstrates that integrating multimodal data—comprising POS transactions, social media sentiment, 

weather patterns, and macroeconomic indicators—significantly enhances real-time demand forecasting in retail. 

Traditional forecasting methods relying solely on historical sales data often fail to capture dynamic external factors, 

leading to stockouts, overstocking, and lost revenue opportunities. By incorporating social media insights, the model 

effectively detects shifts in consumer interest and emerging trends. Weather data allows adjustment for seasonal and 

environmental influences on demand, while macroeconomic indicators provide contextual understanding of slower-

moving, economy-driven demand changes. The hybrid LSTM-CNN architecture successfully models both temporal 

dependencies and complex nonlinear interactions across heterogeneous data sources, ensuring accurate and robust 

predictions. Evaluation metrics, including MAE, RMSE, and MAPE, consistently show that combining all modalities 

outperforms single-source forecasts. Real-time implementation allows retailers to proactively manage inventory, 

optimize supply chains, and dynamically adjust pricing or promotions, thereby improving operational efficiency and 

customer satisfaction. Overall, this approach highlights the transformative potential of multimodal data integration in 

retail demand forecasting. Future expansions can incorporate additional data sources, such as competitor activity or 

mobility trends, to further refine predictions and support intelligent, data-driven decision-making in highly 

competitive retail environments. 
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