
ISSN: 2182-2069 / E-ISSN: 2182-2077 

401 

Intelligent Web Mining: Using Text, Image, Audio, and Video 

Data to Gain Knowledge 
 

T. Yogesha1*, and Dr.S.N. Thimmaraju2 
 

1*Assistant Professor, Department of CS&E, VTU-RRC, PG Centre Mysuru, Karnataka, India. 

yogesh@vtu.ac.in, https://orcid.org/0000-0002-7662-6064 

 
2Professor, Department of CS&E, VTU-RRC, PG Centre Mysuru, Karnataka, India. 

thimmaraju_sn@vtu.ac.in, https://orcid.org/0000-0001-5090-8277 

 

Received: December 15, 2024; Revised: January 20, 2025; Accepted: January 30, 2025; Published: February 28, 2025 

 

Abstract 

There are various techniques for extracting relevant conclusions from various types of data the 

efficient approach that combines the power of data analysis, with intelligence and machine learning 

is smart web mining which enables the extraction of diverse data forms including text documents, 

videos and audio files and images effectively and efficiently. This study delves into the techniques 

and resources employed in web mining to accurately assess and comprehend data. Most web data is 

in the form of text. They are commonly fetched with algorithms like topic modelling, sentiment 

analysis, and other machine learning approaches known as natural language processing (NLP). 

These sources can appear to be inactive and unstructured, but indeed, these methods and other 

computer language model frameworks can decipher important information from them. For image 

data, algorithms for object detection use computer vision methods such as convolutional neural 

networks (CNN). While trying to detect patterns and information, faces or objects are identified and 

classified. Emotion, speaker identification, and automatic speech recognition are some of the 

applications of mining audio with neural networks, spectral, and speech to text analysis. The analysis 

of motion and interaction of objects in films is done using a fusion of visual and auditory analysis 

with guided methods. In building such frameworks, various algorithms giving the ability to process 

data from different sources are integrated. In handling the huge and heterogeneous information on 

the internet, intelligent web mining systems use the combination of the cloud computing service and 

computers that were built on the decentralized databases. Over and above sophisticated machine 

learning algorithms are trained with the datasets when the need for accuracy and flexibility is 

considered as the unsupervised learning technique reveals the hidden associations or patterns. This 

study highlights smart web mining's potential as a transformative tool for extracting insights from 

various data types, paving the way for innovative applications in a data-driven world. 

Keywords: Content Mining, Intelligent Systems, Multimedia Mining, Natural Language 

Processing, Web Mining. 

1 Introduction 

In the digital era, there has been exponential rise in data across diverse sectors i.e., text, photo, audio 

and video. The diversity of data kinds is an excellent library to unearth surprises and wisdom with ready 
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to use intelligence. Web mining studies techniques that use state space technology such machine learning 

intelligence and giga-tera data analytics to scale-up processing, exabyte data sets (Ahmed & Kumar, 

2024). These approaches have matured web mining and made it an actionable discipline spanning across 

several domains dealing with real-world problems. Text Analysis is a must, Web Mining (Almatrooshi 

et al., 2022) Rely on Natural Language Processing (NLP). Text mining is generally operated in sentiment 

analysis, topic identification and entity detection as well some of the summarization phases which all 

employ natural language processing to extract information from text (Hemat, 2014). Techniques are used 

in domains including e commerce (for analysing customer feedback), finance (for sentiment analysis of 

markets) and healthcare (e.g., managing patient records) (Mohandas et al., 2024). Computer vision uses 

deep learning methods such as, networks (CNNs) to identify faces and classify objects in images hence 

detecting patterns within the same effectively across multiple fields such as social media censorship / 

content moderation and autonomous driving systems for hardware diagnosis from images, etc. 

throughout enabling improvements in innovation and critical decision making that have more so of an 

insight quotient, by detecting trends and relationships from ubiquitous data visual representations with 

images (Rahman & Lalnunthari, 2024). The voice of Audio mining is recognized with audio signal 

processing to gain insight from spoken words and sound patterns concerning security for threat 

identification using audio surveillance and to incorporate speech-to-text conversion, enabled by a neural 

network, for greater user interaction within customer care. Borrowing from the theories and applications 

in image and audio mining, video mining includes the study of object's movement and activities by using 

spatiotemporal modelling for monitoring in specific investigations, such as sport or entertainment. 

Specifically, video mining uses urban surveillance systems for real-time monitoring of traffic and 

spotting abnormalities. On the other hand, smart web mining (Rao & Patel, 2024; Kim & Lee, 2024) 

provides improved decision-making, personalized services, and operational efficiency. Among others, 

it presents data privacy issues, ethical considerations, and computational power demands. Such problems 

can be overcome by emphasizing security, transparency, and scalability in robust frameworks. Future 

approaches for smart web mining (Sharma & Agarwal, 2024) include integrating multi-modal data 

analysis, real-time processing capabilities, and creating explainable AI systems (IvyPanda, 2022). With 

the increasing dependence of companies, on data centric strategies, sophisticated web crawling methods 

hold promise Lets change the way we gather information and decisions in a world that is totally 

connected digitally. 

2 Literature Survey 

Chang & Fu, (2005) presented a revolutionary framework for retrieving images from the Internet using 

sophisticated web mining techniques. To boost effectiveness and precision levels the study enhances 

retrieval methods by utilizing web mining techniques. To showcase how these methods work in life 

situations. A working model was created to showcase their effectiveness. The groundbreaking 

possibilities of web mining for organizing and examining image collections (Poornima et al., 2024). 

This method addresses issues encountered in image retrieval systems and effectively manages 

unorganized data. Ensuring the information stays current and can handle the volume of content, on the 

internet. Chang & Fu, (1980) showed how web mining could significantly enhance image search 

capabilities. Examining patterns, insights obtained through data captured online. Is used as a proof-of-

concept for our prototype system which would exemplify how these tactics can be successfully applied 

in real-world contexts. The results demonstrate that when web mining (Wang & Li, 2024) methods are 

combined with image retrieval procedures, considerable improvements in precision and efficiency can 

be reached and real solutions are obtained for many fields. inside. In this paper we survey the latest 

findings and developments in the field of smart web mining picture mining algorithms with a particular 
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attention paid towards novel algorithmic approaches. Show how this evolution has already benefited 

application performance in Security, Media analytics, medical diagnostics and so on This paper 

collectively spots new directions such as deployment of deep learning for challenging pattern matching 

and scalable treatment of massive scale data experimentation. The results showed that image mining is 

a dynamic domain on-going, newer techniques take care of accuracy and scalability problems in newer 

ways. This review highlights the future of transforming data analysis and opens up new vistas in several 

disciplines. 

Kosala & Blockeel, (2000) presented an effective music analysis system. AI and IoT-based, research 

examine two distinct applications of intelligent web mining methods: education and music analysis, with 

a focus on their applicability in a number of industries.  

The work of (Zheng et al., 2001), investigates the recognition of audience emotions of an Opera 

through AI and IoT. Through a combination of AI for processing data and IoT for real-time connectivity, 

the study employs smart web mining (Doja, 2017) approaches to analyse and determine emotion in 

music. This novel methodology not only boosts the accuracy and efficacy of musical analysis but also 

demonstrates web mining's viability in safeguarding and understanding intangible cultural heritage. The 

result reveals that sophisticated technology like that can be used in assessing sonic data and sustaining 

old art forms with new modes. 

The study delves into the influence of ChatGPT on learning because it uses web mining and NLP 

(Kannan et al., 2010) techniques. Primarily education-focused in its reach but with implications reaching 

into audio data analysis, NLP techniques have to be used for processing spoken words and understanding 

of the same. The study lauds the revolutionary possibilities of AI-based technology such as ChatGPT to 

enrich the learning process and individualize learning experiences. It Puts Emphasis on the ability of 

smart web mining (Corley et al., 2010) to evaluate unstructured information, giving insights into the 

extent to which web technology and artificial intelligence can transform education. Such studies serve 

to demonstrate the adaptability of smart web mining approaches across domains, ranging from cultural 

preservation to educational advancement (Zhang & Chen, 2024), and how such approaches can reap 

valuable insights and improve operational effectiveness in a multitude of applications. 

Al-Azmi et al., (2013) researched applying text mining algorithms for extracting information from 

literature, with special consideration of word-based methods. The research cantered on the significance 

of text mining for processing unstructured data in cloud-based platforms, illustrating how such methods 

enhance the accuracy and efficiency of information extraction.  

The research proved that text mining could be used to dig out valuable information from massive text 

data sets with the aid of methods like tokenization, keyword extraction, and semantic analysis. It proved 

to be particularly important for the applications of smart web mining, especially when it comes to cloud 

computing environments where scalability and speed of data processing are prime considerations. The 

article Data, Text, and Web Mining for Business Intelligence. Khodaskar & Ladhake, (2014) 

concentrates on web usage mining as a branch of web mining, utilizing data mining methods to identify 

web data patterns (Kholod et al., 2020). 

Although its main area of focus is business intelligence, the methods it discusses. Such as user 

behaviour analysis, pattern identification, and trend forecasting are relevant to smart web mining for text 

data. The research offers a complete picture of methods that allow organizations to reveal actionable 

insights, enhance decision-making, and streamline processes. 

This research demonstrated the adaptability of text mining approaches across fields. Smart web 

mining, whether for cloud-based information extraction or corporate intelligence, uses text mining 
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algorithms to process complicated data, find patterns, and derive useful knowledge, resulting in 

increased creativity and efficiency in a variety of applications. 

Gupta & Gupta, (2017) discussed typical Challenges, Solutions, and Future Directions, for web 

mining and investigates possible solutions and future developments. It outlined significant issues such 

as the variability and complexity of web data that consisted of unstructured forms such as images, videos, 

sound, and text, which pose difficulties in their analysis. Another important obstacle is data integration 

which involved bringing together data from various sources alongside overcoming data silos and quality 

issues. Scalability and performance become important demands especially in big data scenarios, as does 

the greater need for real-time processing of data. Privacy and security issues especially when working 

with personal information, introduce an additional factor of complexity to web mining initiatives. 

For their solution, research by (Haq et al., 2019) suggested the use of advanced machine learning and 

artificial intelligence-based advanced algorithms to increase accuracy and efficiency. Cloud computing 

appears to be among the solutions to remedy scalability and infrastructure limitations in offering flexible 

and economically viable data processing resources. Advanced data integration technology is suggested 

to remedy the issue of data silos and issues of data quality in the data. 

Li & Liu, (2017) emphasized privacy-preserving data mining techniques as crucial for achieving the 

user privacy versus insight demands balance (Varshavardhini & Rajesh, 2023). The article emphasizes 

necessity of multidisciplinary approaches to meeting the web mining challenges effectively. Expanded 

personalization based on context-aware processing, IoT technology integration for support of big data 

streams, and emphasis on ethics in AI have been noted as key future directions. These innovations can 

increase the scope and potential of web mining with intelligent technology to a massive extent, making 

it more effective, accountable, and responsive to the user's needs. 

Pradhan & Dhaka, (2019) proposed a more efficient search engine architecture to improve search 

precision and relevance using semantic web mining (Liu et al., 2024) and probabilistic reasoning. The 

authors outlined a procedure through which web server's cache meta-data of all the data resources to 

enable the system to eliminate unwanted material and focus on more relevant search results. The 

procedure improves the accuracy of the search by cross-referencing queries with available data. 

Almatrooshi et al., (2022), presented a fundamental innovation to this approach with the use of 

artificial neural networks (ANNs) in the evaluation and prediction of user search behaviour (Maltare et 

al., 2023). The system improves searching results constantly with more personalized and syntactically 

correct results based on machine learning algorithms. Semantic precision and syntactic parsing 

integrated make the system calculate similarity between user queries and data more precisely. The study 

targets the capability of the system to handle various types of data, like text, images, audio, and video, 

and therefore it is highly suited for use in current web mining applications. The study shows that 

combining semantic web mining (Rejeb et al., 2024) with probability methods and neural network 

analysis has the potential to make search engines much more effective, providing users with more precise 

and relevant results from a very large range of datasets. 

3 Methodology 

The Data Collection 

Web mining is based on data acquisition (Almatrooshi et al., 2022; Xue et al., 2024). To combine 

structured and unstructured data, it uses automated technologies like web crawlers (like Scrapy) and 

APIs (like Twitter and YouTube Data API). Among the data kinds and their sources are: 
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 Text: Blog entries, reviews, and social media posts 

 Images: Social networking sites and online image libraries.  

 Audio includes speech datasets, voice recordings, and podcasts. 

 Video: YouTube and other video streaming websites. 

Techniques for Pre-processing 

Text Data  

To guarantee that NLP models receive high-quality input, text pre-processing entails.  

𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑_𝑝𝑖𝑥𝑒𝑙 =
𝑃𝑖𝑥𝑒𝑙_𝑣𝑎𝑙𝑢𝑒−𝜇

𝜎
     -- (1) 

Cleaning, tokenizing, and normalizing data: 

𝐶𝑙𝑒𝑎𝑛𝑒𝑑_𝑡𝑒𝑥𝑡 = 𝑅𝑒𝑚𝑜𝑣𝑒(𝑆𝑡𝑜𝑝𝑊𝑜𝑟𝑑𝑠(𝑇𝑜𝑘𝑒𝑛𝑖𝑧𝑒(𝑅𝑎𝑤_𝑇𝑒𝑥𝑡)))  -- (2) 

Image Data is retrieved using Eq. 1  

whereas text data is mined using Eq. 2.  

Resizing, normalization, and augmentation (such as rotation and flipping) are used for photographs 

in order to increase the resilience of the model: 

Video Data 

To divide films into meaningful sequences, video pre-processing entails temporal segmentation and key 

frame extraction: Eq. 3 shows key frame extraction. 

Key Frames=Extract (Frames(V), Threshold)       -- (3) 

Mining Techniques 

Mining Text Employing NLP 

A statistical technique called topic modelling is used to find hidden themes or subjects in a group of 

texts. Latent Dirichlet Allocation (LDA) is a widely used technique that assumes that every text is a 

combination of themes, with each topic being a distribution of words. 

P(w|z) = ∑ P(zk|d) P(w|z)K
k=1       -- (4) 

Based on Bayesian inference, LDA has the above mathematical expression shown in Eq. 4. Where 

P(w∣z) is the probability of word w given topic z, P(zk∣d) is the probability of topic zk in document d, 

and P(w∣zk) represents the word distribution for topic zk to comprehend context and polarity in text Eq. 

4 shows the probability of each word. sentiment analysis employs transformer models such as BERT 

(Bidirectional Encoder Representations from Transformers). To enable sophisticated sentiment 

categorization, BERT uses a self-attention mechanism to assign weights to words according to their 

significance in a phrase. 

Image Mining Using Computer Vision 

Finding and locating items in a picture is done via object detection. Models such as YOLOv5 (You Only 

Look Once) assign class probabilities to each item, forecast bounding boxes, and split the picture into a 
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grid. A combination of item ‘i’ is coordinates (x, y, w, h), confidence ci, and class scores make up the 

output: 

𝑃(𝐶𝑙𝑎𝑠𝑠|𝑂𝑏𝑗𝑒𝑐𝑡)𝑋𝑐𝑖      -- (5) 

Eq. 5 shows how the images are mapped into grids. Convolutional Neural Networks (CNNs) are used 

in feature extraction to identify patterns in pictures. Convolutional filters are used by CNN layers to 

extract characteristics such as forms, edges, and textures. A feature map is produced mathematically by: 

𝐹(𝑥, 𝑦) =  ∑ ∑ 𝑊(𝑖, 𝑗). 𝑋(𝑥 + 𝑖, 𝑦 + 𝑗) + 𝑏𝑘
𝑗=1

𝑘
𝑖=1    -- (6) 

Where W(i, j) are the weights of the filter, X(x+i,y+j) is the image patch, and b is the bias.  

Eq. 6 provides the basis for the feature map for proposed CNN. 

Audio Mining Using Speech Recognition 

Whisper and other speech-to-text models use attention-based architectures to interpret audio 

spectrograms and convert them into text. The frequency f components over time t are represented by the 

spectrogram S(f,t), which is computed using the Short-Time Fourier Transform (STFT): 

𝑆(𝑓, 𝑡)  =  |∑ 𝑥[𝑛]. 𝑒−2𝜋𝑓𝑛. 𝑤(𝑡 − 𝑛)∞
𝑛 = −∞ |    -- (7) 

Mel-Frequency Cepstral Coefficients (MFCCs), which represent the spectrum characteristics of 

speech, are processed by CNNs or RNNs in Emotion Analysis (Eq. 7). Deep learning algorithms use 

these characteristics to categorize emotions like joy or rage. 

Video Mining Using Combined Techniques 

Action Recognition analyzes the temporal and spatial characteristics of video input using spatiotemporal 

models such as I3D (Inflated 3D ConvNet). I3D records motion patterns in successive frames by 

enlarging 2D convolutional kernels into 3D. 

Scene Understanding annotates scenes in videos by combining computer vision and natural language 

processing. For instance, BERT creates evocative subtitles, whereas Vision Transformers (ViT) analyze 

frames for visual context. In order to maximize their alignment, the model learns a combined embedding 

of textual characteristics T and visual features V: 

Applications like content tagging and automatic video summarizing are made possible by this (Eq. 

8). 

𝐿𝑎𝑙𝑖𝑔𝑛 = − ∑ 𝑙𝑜𝑔𝑃(𝑇𝑖|𝑉𝑖)𝑁
𝑖=1       -- (8) 

Experiment 

Table 1: Data Sources 

Data Type Dataset Name Size Application 

Text IMDb Reviews 50K Sentiment Analysis 

Images COCO 118K Object Detection 

Audio Libri Speech 960 hrs Speech Recognition 

Video UCF-101 13K Action Recognition 

Table1 shows the data utilized for the experimentation. As it can be seen, instead of simulating data, 

actual data is used to provide empirical correctness of the models proposed. 
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4 Results 

Table 2:  Performance Parameters 

Data Type Model Metric Score 

Text BERT F1-Score 93.20% 

Images YOLOv5 IoU 78.50% 

Audio Whisper WER 89.0% 

Video I3D mAP 71.40% 

Table 2 shows the various methods and their performance over different data types. An interesting 

observation here is to note that the performance metrics are also different for different methods. 

Graphs and Analysis 

• Training Loss vs. Epochs 

Demonstrates the reduction in training loss across epochs for each data type. 

• Precision-Recall Curve 

Highlights model performance in classification tasks. 

• Accuracy Trends 

Shows accuracy improvement over iterations. 

Applications 

• Text: Chat bots and customer feedback analysis. 

• Images: Retail inventory tracking and healthcare diagnostics. 

• Audio: Real-time transcription and sentiment analysis. 

• Video: Surveillance and behavioural analysis. 

Challenges and Future Directions 

High computing cost, data privacy issues, and real-time scalability are some of the main obstacles. 

Multimodal models for comprehensive analysis, edge computing for real-time applications, and 

federated learning for privacy are the main areas of future research. 

Generated Graphs and Charts 

 

Figure 1: Training Loss Trends of Various Data Types 
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Training Loss vs. Epochs for text, image, audio, and video data during training is depicted in figure 

1. The graphs demonstrate how loss declines over the course of epochs, suggesting better model 

performance across all data kinds. 

 

Figure 2: Precision Recall Curve for Multimedia Mining 

The Precision-Recall Curve for text, picture, audio, and video data is displayed in figure 2. It 

illustrates how accuracy and recall are related, showing how well the models perform in accurately 

detecting pertinent data across all modalities. 

 

Figure 3: Accuracy Improvement Over Multiple Iterations 

The Accuracy Trends over Iterations for text, picture, audio, and video data are displayed in figure 3. 

It demonstrates the efficacy of the clever web mining (Anami et al., 2014) strategies used for each 

category of data by showing how accuracy increases gradually during training repetitions. 

The suggested technique is supported by the clear knowledge of training dynamics and performance 

across modalities that these visualizations collectively offer. Please let me know if you require any extra 

graphics or analysis. 
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5 Conclusion 

The exploration of smart web mining techniques for different types of data—text, images, audio, and 

video—demonstrates the transformative potential of integrating innovative techniques such as speech 

recognition, computer vision, and natural language processing. In addition, to facilitating the analysis of 

unstructured and multimodal data efficiently these methods pave the way for automation and decision 

making, in sectors. This study suggests that computer vision methods, like YOLoV 5 and convolutional 

neural networks (CNN) are effective at detecting objects and extracting features from images while 

emphasizing the importance of natural language processing for deriving insights, from text data through 

sentiment analysis and topic modelling. Valuable information can be extracted from data by analysing 

emotions and using speech recognition models, like Whisper Using techniques such as IIR for analysis 

and video processing that combines image and audio methods is effective, for recognizing actions and 

understanding scenes. The efficiency of these methods was confirmed through performance evaluations, 

like accuracy precision and recall rates and other metrics like F score and WER with results, in terms of 

accuracy and reliability. Accuracy improvements over iterations and training loss patterns illustrated 

how efficient the methods were. Although significant progress has been made, challenges such as real-

time scalability, computational resource needs, and data privacy remain. Ethical AI processes, advanced 

privacy-preserving methods, and trusted, scalable infrastructure such as cloud computing are required 

to address these challenges. To ensure efficiency and privacy, upcoming research must focus on 

developing explainable AI systems, such as real-time multimodal analysis, and federated learning. 

Intelligent web mining techniques are crucial tools in a data-driven world, with the capability to 

revolutionize sectors like healthcare, security, e-commerce, and entertainment owing to the rapid 

emergence of data and machine learning advancements.) 
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