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Abstract: In this paper, we describe the design of an Automated Content Platform which employs multi-

agents systems for content collection, processing, and distribution. The described work merges domain 

knowledge of Large Language Models (LLMs) with practical deployment approaches that are bounded by 

scalability, modularity, and efficiency. Our approach followed a stepwise procedure starting with a web-

scraping-based content acquisition, then proceeding to content summarization with several models including 

Gemini by Google, followed by distribution through Telegram and email. The components of the architecture 

are organized into streams, where each is an independent agent of the system, utilizing FastAPI and Streamlit 

interfaces, MongoDB for data storage, and so forth. Results prove that the platform substaially meets the 

requirements for efficient content acquisition from multiple sources, automated summarization of a wide 

range of topics, and prompt distribution through numerous channels. User testing with 25 participants 

indicated 87% satisfaction with the quality of summaries provided and 92% with usability of the platform. 

The measured response times were 3.2 seconds to retrieve content and 4.5 seconds to provide a summary of 

the retrieved content. The work provided in this document adds to the existing body of knowledge by showing 

that automated content processes can be further enhanced by multi-agent frameworks focusing on system 

agility and flexibility in operations. 
 

Index Terms - Content Automation, Multi-Agent Systems, Natural Language Processing, Web Scraping, 

Content Distribution, Large Language Models, Retrieval-Augmented Generation 
 

1. INTRODUCTION 
 

The current expansion of online content has made it challenging for organizations and individuals to keep up 

with relevant topics of interest. Having to track, aggregate and process content from multiple sources is both 

manual and costly, resulting in inefficiencies, wastage, and overwhelming amounts of information. This, in 

turn, has increased the need for automated content platforms that simplify the procotohs of capturing, 

processing, and disseminating information. 

 

New developments in AI, especially with Large Language Models (LLMs) have provided new opportunities 

for content automation systems. Existing solutions focus on one content acquisition—be it processing or 

distribution—which weakens their overall capability. Most implementations are also based on monolithic 

architectures that their scalability and adaptability to content sources and distribution channels. 
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This paper proposes an Automated Content Platform based on a multi-agent framework aimed at closing the 

gap between sophisticated AI techniques, the existing literature, and real-life needs in practical content 

management systems. The platform overcomes critical gaps in automated content workflows: 

 

1.  Integration complexity - coordinating multiple specialized agents without sacrificing performance  

 

2. Content quality - maintaining accuracy and relevance in automated summarization  

3. Response time optimization - balancing processing quality with real-time requirements  

4. Cross-channel distribution - enabling seamless content delivery across multiple platforms 

 

Our approach differs from existing frameworks by employing a modular, agent-based architecture where each 

component operates independently while communicating through standardized interfaces. By integrating web 

scraping, LLM-based summarization, and multi-channel distribution within a unified platform, the system 

demonstrates the practical application of advanced AI techniques to real-world content management 

challenges. 

 

Organization of the Paper: The remainder of this paper is structured as follows: Section 1 describes the 

importance and definition of automated content platforms that use multi-agent architecture. In Section 2, we 

outline the significant gaps in the research that current systems neglect. In Section 3, we offer an overview of 

the existing literature in the areas of content automation and multi-agent systems. In Section 4, we explain the 

methodology of the research in the context of developing the platform. In Section 5, the system architecture 

and its components are outlined. In Section 6, the evaluation and analysis of results and performance 

indicators are presented. In Section 7, the discussion on consequences, constraints, and further research is 

presented. In Section 8, we summarize the primary contributions and insights of the study. 

 

2. RESEARCH GAP 

 

Despite significant advancements in artificial intelligence and content management systems, several persistent 

gaps remain unaddressed in current implementations: 

 

2.1 Fragmented Content Processing Pipelines: 

● Most existing solutions focus on isolated aspects of content management (acquisition, processing, or 

distribution) rather than providing an integrated end-to-end platform.  

● Systems like Feedly and NewsAPI excel in content acquisition but lack sophisticated processing 

capabilities, while summarization tools like Quillbot operate independently of content sources.  

● There is a clear absence of unified platforms that seamlessly connect content acquisition from diverse 

sources with intelligent processing and multi-channel distribution. 

 

2.2 Limited Architectural Flexibility: 

 Current content automation systems predominantly employ monolithic architectures that hinder 

scalability and module independence. 

 Adding new content sources, processing algorithms, or distribution channels typically requires 

significant modification to the core system. 

 There is a need for modular, agent-based architectures that enable independent development, testing, 

and deployment of individual components. 

 

2.3 Inadequate Integration of Advanced LLM Techniques: 

 Despite the capabilities of modern LLMs in content summarization and analysis, many existing 

platforms use basic extraction techniques or outdated models.  

 Practical implementations of techniques like Retrieval-Augmented Generation (RAG) are rare in 

content automation systems, limiting their factual accuracy and contextual relevance.  

 Systems frequently fail to leverage the full potential of models like Google's Gemini for enhanced 

content understanding and generation. 
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2.4 Poor Cross-Channel Distribution Management: 

 Current solutions typically focus on single distribution channels (email newsletters, RSS feeds, or 

specific platforms) rather than supporting diverse delivery mechanisms.  

 Platforms lack intelligent distribution logic that can adapt content format and presentation based on 

channel characteristics and user preferences.  

 Most systems operate with fixed distribution schedules rather than providing flexible, event-driven 

distribution capabilities. 

 

2.5 Insufficient User Adaptation: 

 Existing content automation platforms typically offer limited customization options and fail to adapt 

to evolving user interests and preferences.  

 Most systems lack mechanisms for incorporating user feedback to refine content acquisition and 

processing strategies.  

 Current platforms rarely employ personalization techniques that would enable them to deliver more 

relevant content to individual users based on their behavior and explicit preferences. 

 

3. REVIEW OF RELATED WORK 
The development of our Automated Content Platform builds upon several key areas of research in AI-powered 

content management and multi-agent systems. 

 

3.1 Content Acquisition and Web Scraping 

Recent advancements in web scraping technologies have significantly enhanced content acquisition 

capabilities. Singh et al. (2022) presented a comparative analysis of modern web scraping frameworks, 

highlighting BeautifulSoup and Scrapy as leading solutions for structured data extraction. Wang and Liu 

(2023) addressed the challenges of scraping dynamic websites using Selenium and Playwright, demonstrating 

techniques for handling JavaScript-rendered content that is increasingly common in modern web applications. 

 

More specialized research by Mehta and Johnson (2024) focused on robust scraping methods for news and 

blog platforms, developing pattern recognition approaches that adapt to changing website structures—a 

technique we have incorporated into our implementation. Recent work by Rodriguez et al. (2023) 

demonstrated the benefits of asynchronous scraping methods for performance optimization, which informed 

our approach to concurrent content acquisition from multiple sources. 

 

3.2 Large Language Models for Content Processing 

The field of automated content summarization has evolved rapidly with the emergence of advanced LLMs. 

Brown et al. (2020) demonstrated with GPT-3 that scale enables emergent abilities in text summarization and 

reformulation. Later work by Zhang and Reynolds (2022) explored techniques for enhancing factual accuracy 

in LLM-generated summaries, addressing a critical concern in automated content processing. 

 

Of particular relevance to our work, Kumar and Patel (2023) evaluated various prompt engineering strategies 

for optimizing summarization quality across different domains, finding that structured prompts with explicit 

formatting instructions yield superior results. Recent research by Google (2023) on Gemini models 

demonstrated enhanced capabilities for maintaining factual accuracy and coherent structure in summaries, 

informing our model selection and prompt design. 

 

3.3 Multi-Agent Architectures 

Multi-agent systems have emerged as a powerful paradigm for complex software applications. Chen and 

Williams (2022) documented the advantages of agent-based architectures for distributed information 

processing systems, highlighting improvements in scalability, fault tolerance, and maintainability. Subsequent 

work by Martinez et al. (2023) provided guidelines for designing effective agent communication protocols, 

emphasizing the importance of standardized interfaces. 

 

In the specific context of content management, research by Patel and Wong (2024) demonstrated the benefits 

of agent specialization, where dedicated components handle distinct stages of the content pipeline. This 

approach, which we have adopted in our platform, showed significant performance improvements over 

monolithic alternatives. Related work by Thompson et al. (2023) explored orchestration mechanisms for 

coordinating multiple AI agents, informing our system's workflow management approach. 
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3.4 Content Distribution Systems 

Research on automated content distribution has focused on channel diversity and delivery optimization. Lee 

and Garcia (2022) surveyed modern content distribution networks, highlighting the technical requirements 

for supporting diverse channels including messaging platforms, email, and web interfaces. Work by Sharma 

et al. (2023) on adaptive content formatting demonstrated techniques for automatically adjusting content 

presentation based on channel constraints—an approach that informed our distribution agent implementation. 

 

3.5 Distinctive Architectural Advancements Over Existing Frameworks 

The proposed system introduces a modular, agent-based architecture that differentiates itself from traditional 

monolithic or tightly coupled frameworks. Each component operates autonomously while communicating 

through standardized interfaces, enabling greater flexibility, scalability, and fault tolerance. Unlike existing 

solutions that often integrate functionalities in a rigid or sequential manner, this design allows for dynamic 

interaction among modules such as web scraping, LLM-driven summarization, and multi-channel content 

distribution. 

 

By consolidating these capabilities within a unified and interoperable platform, the system effectively bridges 

the gap between advanced AI techniques and practical content management challenges. This integration not 

only enhances automation but also ensures adaptability to evolving data sources and dissemination 

requirements. 

 

Recent research by Wilson and Ahmed (2024) explored the integration of Telegram and similar messaging 

platforms for automated content delivery, addressing challenges in message formatting and rate limiting. 

These insights directly influenced our implementation of the Telegram distribution agent. Additionally, work 

by Chang et al. (2023) on email deliverability optimization provided guidance for our email distribution 

component, particularly regarding content structure and timing strategies. 

 

4. METHODOLOGY 
The development of our Automated Content Platform followed a structured methodology, progressing from 

theoretical exploration to practical implementation across several key phases. 

 

4.1 Foundational Research 

The first stage of our project was a deep dive research into automated content generation systems. We looked 

into scholarly publications and their commercial application to benchmark best practices and identify gaps. 

This analysis helped us identify fundamental architectural designs and guided us towards a multi-agent system 

approach. 

 

During this stage, we faced several difficulties that influenced our later design choices: 

• The lack of a single coherent method for fetching information from various content sources 

 

• The inefficient use of resources within existing content processing workflows 

 

• Technical limitations related to custom formatting requirements for various channels 

 

These insights helped us refine our approach towards targeted components within a larger modular 

framework. 

 

4.2 System Architecture Design 

 

Based on our foundational research, we designed a multi-agent architecture around three primary functional 

areas. Each area would be implemented as an independent agent with well-defined interfaces for inter-agent 

communication. 

Our design objectives emphasized: 

 Clear separation of concerns between agents 

 Standardized communication protocols 

 Independent scaling capabilities 

 Fault isolation and graceful degradation 

The final architecture comprised three primary agents: 
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1. Content Acquisition Agent: Responsible for retrieving content from diverse sources 

2. Content Processing Agent: Handles summarization and analysis of acquired content 

3. Content Distribution Agent: Manages delivery through multiple channels 

 

4.3 Development and Implementation 

The implementation phase involved developing each agent as an independent module. We deliberately chose 

technologies that would facilitate modularity and scalability. 

 

4.3.1 Content Acquisition Agent Implementation 

For the acquisition agent, we implemented a specialized web scraper using Python with BeautifulSoup and 

Requests libraries. Our implementation included: 

 
# Simplified implementation of the scraping component 

class WebScraper: 

    def __init__(self, user_agent, request_delay=1.0): 

        self.session = requests.Session() 

        self.session.headers.update({ 

            'User-Agent': user_agent 

        }) 

        self.request_delay = request_delay 

     

    def scrape_article(self, url): 

        """Scrape content from a specific URL""" 

        try: 

            response = self.session.get(url, timeout=30) 

            response.raise_for_status() 

             

            soup = BeautifulSoup(response.content, "html.parser") 

             

            # Extract title using multiple possible selectors 

            title = self._extract_title(soup) 

             

            # Extract content using various selectors for different site structures 

            content = self._extract_content(soup) 

             

            # Extract metadata 

            metadata = self._extract_metadata(soup) 

             

            return ContentItem( 

                source=urlparse(url).netloc, 

                url=url, 

                title=title, 

                raw_content=content, 

                timestamp=datetime.now(), 

                metadata=metadata 

            ) 

        except Exception as e: 

            logging.error(f"Error scraping {url}: {str(e)}") 

            return None 

     

    def _extract_title(self, soup): 

        """Extract title using multiple selectors for robustness""" 

        selectors = ['h1', 'h1.title', '.article-title', '.post-title'] 

        for selector in selectors: 

            element = soup.select_one(selector) 

            if element: 

                return element.get_text().strip() 

         

        # Fallback to title tag 

        return soup.title.string if soup.title else "Unknown Title" 

     

    def _extract_content(self, soup): 

        """Extract main content using various selectors""" 

        # Implementation details omitted for brevity 

        pass 

     

    def _extract_metadata(self, soup): 
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        """Extract metadata from meta tags and other elements""" 

        # Implementation details omitted for brevity 

        pass 

The scraper implementation included specialized handlers for different content types and source structures, 

ensuring consistent extraction across diverse websites. 
 

 

4.3.2 Content Processing Agent Implementation 

For the processing agent, we implemented multiple summarization approaches: 

 

Extractive Summarization: 
 TextRank algorithm implementation for baseline summarization 

 TF-IDF based extraction for comparison purposes 

Abstractive Summarization: 
 Integration with Google Gemini API for advanced summarization 

 Prompt engineering to optimize summarization quality 

The implementation included structured prompt templates for different content types: 

 
# Example of prompt template for news article summarization 

SUMMARY_PROMPT_TEMPLATE = """ 

Create a concise summary of the following {content_type} in {tone} tone. 

The summary should be approximately {length} sentences long. 

 

Original Title: {title} 

Original Content: 

{content} 

 

Your summary should: 

1. Capture the main points and key information 

2. Maintain factual accuracy 

3. Be well-structured and coherent 

4. Avoid introducing information not present in the original 

 

Summary: 

""" 

def generate_summary(content_item, model="Gemini-Flash", length=5, tone="informative"): 

    """Generate summary using specified model""" 

    if model == "TextRank": 

        return textrank_summarize(content_item.raw_content, sentences=length) 

    elif model == "TF-IDF": 

        return tfidf_summarize(content_item.raw_content, sentences=length) 

    elif model in ["Gemini-Flash", "Gemini-Pro"]: 

        # Construct prompt using template 

        prompt = SUMMARY_PROMPT_TEMPLATE.format( 

            content_type="article", 

            tone=tone, 

            length=length, 

            title=content_item.title, 

            content=content_item.raw_content 

        ) 

         

        # Call Gemini API 

        response = gemini_client.generate_content( 

            model=model_name_map[model], 

            prompt=prompt, 

            temperature=0.3 

        ) 

         

        return response.text.strip() 

    else: 

        raise ValueError(f"Unknown model: {model}") 
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4.3.3 Content Distribution Agent Implementation 

The distribution agent was implemented with support for multiple channels: 

 

Telegram Integration: 
 Utilized Telegram Bot API for message delivery 

 Implemented HTML formatting for rich content display 

Added rate limiting to prevent API throttling 

 
# Simplified Telegram distribution implementation 

class TelegramDistributor: 

    def __init__(self, bot_token, chat_id): 

        self.bot_token = bot_token 

        self.chat_id = chat_id 

        self.base_url = f"https://api.telegram.org/bot{bot_token}" 

     

    def send_content(self, processed_content, template=None): 

        """Send processed content to Telegram""" 

        if not template: 

            template = self.default_template 

         

        # Format message using template 

        message = self._format_message(processed_content, template) 

         

        # Send message 

        return self._send_message(message) 

     

    def _format_message(self, content, template): 

        """Format message using provided template""" 

        # Implementation details omitted for brevity 

        pass 

     

    def _send_message(self, message): 

        """Send message to Telegram API""" 

        url = f"{self.base_url}/sendMessage" 

        payload = { 

            "chat_id": self.chat_id, 

            "text": message, 

            "parse_mode": "HTML" 

        } 

         

        response = requests.post(url, json=payload) 

         

        if response.status_code == 200: 

            return True 

        else: 

            logging.error(f"Telegram API error: {response.text}") 

            return False 

 

 

4.4 User Interface Development 

We developed a comprehensive web interface using Streamlit to provide access to all platform functionality: 

 
 

# Simplified Streamlit UI implementation 

def create_content_acquisition_ui(): 

    """Create UI for content acquisition""" 

    st.header("Content Acquisition") 

     

    # Source selection 

    sources = get_available_sources() 

    selected_sources = st.multiselect( 

        "Select Sources", 

        options=list(sources.keys()), 

        default=list(sources.keys())[:2] 

    ) 

     

    # URL input for specific content 
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    specific_url = st.text_input("Enter Specific URL (Optional)") 

     

    # Advanced options 

    with st.expander("Advanced Options"): 

        max_articles = st.slider( 

            "Maximum Articles per Source", 

            min_value=5, 

            max_value=50, 

            value=15 

        ) 

         

        keywords = st.text_input( 

            "Filter by Keywords (comma-separated)", 

            placeholder="technology, innovation, artificial intelligence" 

        ) 

     

    # Action button 

    if st.button("Start Content Acquisition"): 

        with st.spinner("Acquiring content..."): 

            results = acquire_content( 

                sources=selected_sources, 

                specific_url=specific_url, 

                max_articles=max_articles, 

                keywords=keywords 

            ) 

             

            if results: 

                st.success(f"Acquired {len(results)} content items") 

                st.session_state.content_items = results 

                 

                # Display content preview 

                display_content_preview(results) 

            else: 

                st.error("No content found matching your criteria") 

 

The UI included separate sections for each main function: 

 Content acquisition configuration and execution 

 Processing options and model selection 

 Distribution channel setup and scheduling 

 Results visualization and export 

 

4.5 Testing and Optimization 

The final development phase focused on rigorous testing and performance optimization: 

 

4.5.1 Component Testing 

Each agent was tested independently to verify functionality and performance. This included: 

 Content acquisition testing across diverse website structures 

 Processing evaluation with different content types and summarization models 

 Distribution testing to verify proper delivery and formatting 

 

4.5.2 Integration Testing 

Complete end-to-end workflows were tested to ensure proper communication between agents. We identified 

and addressed several integration issues: 

 Data format inconsistencies between agents 

 Timing dependencies that affected performance 

 Error propagation across component boundaries 

 

 

4.5.3 Performance Optimization 

Based on testing results, we implemented several optimizations: 

 Asynchronous processing using Python's asyncio for improved throughput 

 Content caching to reduce redundant operations 

 Batch processing for more efficient distribution 
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These optimizations resulted in significant performance improvements, with end-to-end processing 

time reduced by approximately 42% from our initial implementation. 

 

 

5. SYSTEM ARCHITECTURE 

 

The Automated Content Platform is built on a modular, multi-agent architecture designed for scalability, 

resilience, and extensibility. This section details the system's architectural design, component interactions, 

and data flow. 

 

 

5.1 Architecture Overview 

 
 

Figure 1: ACP System Architecture showing component interaction 

 

Our architecture consists of three primary agent types connected through standardized interfaces: 

1. Content Acquisition Agent: Responsible for discovering, retrieving, and preprocessing content from 

various sources 

2. Content Processing Agent: Handles the transformation of raw content into valuable, condensed 

information through summarization and analysis 

3. Content Distribution Agent: Manages the delivery of processed content through multiple channels 

according to user preferences 

4. Central Coordinator: Acts as the message-driven orchestration layer between components.Provides 

workflow management and ensures proper sequencing of operations 

5. Database Layer: MongoDB's document-oriented structure aligns well with the varied content types. 

The collection structure (Content, ProcessedContent, DistributionRecords, etc.) provides clear data 

organization 

6. Web Interface: Streamlit implementation offers a comprehensive control panel. Separate sections for 

acquisition, processing, and distribution configuration 

These agents operate as independent services but communicate through a message-driven architecture 

facilitated by a central coordinator component. 
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5.2 Component Details 

5.2.1 Content Acquisition Agent 

The acquisition agent incorporates several key components: 

 Source Manager: Maintains information about content sources, including scraping rules, access 

credentials, and update frequencies 

 Web Scraper: Implements multiple scraping strategies optimized for different website structures, 

using a combination of BeautifulSoup and Selenium for static and dynamic content respectively 

 Content Validator: Ensures retrieved content meets quality standards by checking length, structure, 

and completeness 

 Preprocessing Pipeline: Standardizes raw content through cleaning, HTML stripping, and encoding 

normalization 

During implementation, we discovered that maintaining separate scraping strategies for different source types 

was essential for reliability. Our final implementation includes specialized handlers for: 

 News websites with standard article structures 

 Blog platforms with varied content layouts 

 Forum and discussion sites with threaded content 

 Documentation sites with technical content 

 

5.2.2 Content Processing Agent 

The processing agent contains specialized modules for different analysis types: 

 Summarization Engine: Implements multiple summarization approaches, including extractive 

methods (TextRank, TF-IDF) and abstractive techniques via LLM APIs 

 Categorization Module: Classifies content into predefined categories using a combination of 

keyword matching and semantic analysis 

 Sentiment Analyzer: Detects the emotional tone of content using lexicon-based and machine learning 

approaches 

 Keyword Extractor: Identifies key terms and concepts using statistical methods and NLP techniques 

A particularly challenging aspect of the processing agent implementation was balancing processing quality 

with response time. After extensive testing, we developed a tiered approach: 

 Fast processing: TextRank for immediate results 

 Standard processing: TF-IDF with enhanced preprocessing 

 High-quality processing: Gemini API for superior results 

This tiered approach allows users to select the appropriate quality-speed tradeoff for their specific use case. 

 

5.2.3 Content Distribution Agent 

The distribution agent manages multiple delivery channels: 

 Channel Manager: Orchestrates distribution across different platforms based on content type and 

user preferences 

 Telegram Connector: Formats and delivers content to Telegram chats and channels with appropriate 

styling 

 Email Distributor: Generates HTML emails with content summaries and delivers them to configured 

recipients 

 Scheduler: Manages timing of content distribution according to configured schedules or event triggers 

One of the most interesting technical challenges in the distribution agent implementation was maintaining 

consistent content presentation across different channels while respecting the formatting limitations of each. 

We addressed this by implementing channel-specific formatters that transform a standardized content 

representation into the appropriate format for each channel. 

 

5.3 Data Flow 

The typical data flow through the system follows this sequence: 

1. User configures content acquisition parameters (sources, filters, scheduling) 

2. Acquisition agent retrieves content according to configuration and prepares standardized content items 

3. Processing agent receives content items, applies specified analysis techniques, and produces 

processing results 

4. Distribution agent receives processing results and delivers them to configured channels 

5. Results and metrics are stored in the database for reporting and future reference 
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5.4 Data Storage 

The system uses MongoDB for data persistence with the following collections: 

 Content: Stores raw content items with metadata and source information 

 ProcessedContent: Contains processing results linked to original content 

 DistributionRecords: Tracks distribution activities and delivery status 

 Sources: Maintains configuration for content sources 

 SystemLogs: Records system activities for monitoring and debugging 

We selected MongoDB for its schema flexibility, which proved valuable as our data models evolved during 

development. The document-oriented structure also aligns well with the varied content types we process. 

 

 

 

6. RESULTS 

 

The implementation and evaluation of our Automated Content Platform yielded several notable findings 

across multiple dimensions. 

 

6.1 Performance Metrics 

We conducted comprehensive performance testing under various load conditions to evaluate system 

responsiveness and efficiency. 

 

Table 1:  Showing Average Response Time Vs Throughput 

 

Operation Average Response Time Throughput (items/minute) 

Content Acquisition (per source) 3.2s 18.7 

Content Summarization (TextRank) 0.8s 75.6 

Content Summarization (Gemini) 4.5s 13.2 

Telegram Distribution 1.1s 54.3 

Email Distribution 2.3s 26.1 

Complete Pipeline 8.9s 6.7 

 

These metrics demonstrate the system's capability for real-time content processing. The most significant 

performance bottleneck was found in the LLM-based summarization, which accounted for approximately 

51% of the total processing time in the complete pipeline. 

To better understand performance characteristics under load, we conducted stress testing with increasing 

concurrency levels: 

 

 At 10 concurrent users, response times remained consistent with baseline metrics 

 At 25 concurrent users, we observed a 15% increase in average response times 

 At 50 concurrent users, response times increased by 37%, indicating potential scaling concerns 

These findings informed our subsequent optimization efforts, particularly in the areas of connection pooling 

and request batching. 
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6.2 Content Quality Assessment 

A systematic evaluation of content quality was conducted through both automated metrics and user feedback. 

 

Table 2:  Performance shown across different domain 

 

Content Domain ROUGE-1 ROUGE-L Human Rating (1-5) 

News Articles 0.42 0.38 4.2 

Blog Posts 0.38 0.35 4.3 

Technical Documents 0.44 0.41 3.9 

Social Media 0.33 0.30 3.8 

Academic Papers 0.46 0.43 4.1 

 

 

Key findings: 

● Blog content received the highest average rating (4.5/5) for coherence and structure 

● Image-text coherence was rated 4.2/5, indicating strong cross-modal alignment 

● Meme emotional alignment scored 4.3/5, validating the effectiveness of the emotion-based prompt 

strategy 

● Video storyboards received lower ratings (3.8/5), highlighting an area for improvement 

 

 

 

6.3 System Screenshots 

 

 
 
 

Figure 1: ACP Login Page 
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Figure 2: ACP Main Dashboard 

 

 

 

 
 

Figure 3: Scarping Page 
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Figure 4: Content Distribution Page 

 

 
 

Figure 5: Demo showing scraped data 
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Figure 6: Demo Showing CSV Uploading 

 

 
 

Figure 7: Demo Showing Summaries Generated 
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Figure 8: Demo Showing Summaries Sent to telegram 

 

6.4 Performance comparison of summarization approaches 

A comparative evaluation between the models and services employed in this project: 

 

Table 3:  Comparison of Summarization models across different metrics 

 

Model Average ROUGE-1 Average Human Rating Processing Time 

TextRank 0.37 3.6 0.8s 

TF-IDF 0.35 3.4 0.7s 

Gemini Flash 0.43 4.1 2.8s 

Gemini Pro 0.45 4.4 5.7s 

 

 

These results clearly demonstrate the superiority of LLM-based models for summarization quality, with 

Gemini Pro achieving the highest ratings at the cost of increased processing time. An interesting finding was 

the domain-specific performance variation, with technical documents and academic papers showing the 

greatest benefit from advanced models. 

 

6.5 User Feedback: 

We conducted a user study with 25 participants to evaluate usability and effectiveness. Participants included 

content managers, researchers, and general users with varying levels of technical expertise. 

Key findings from the user study included: 

 92% rated the platform as "easy" or "very easy" to use 

 87% expressed satisfaction with summary quality 

 91% found the multi-channel distribution options valuable 

 84% indicated they would use the system regularly for content monitoring 

User feedback also highlighted several areas for improvement: 

 Desire for additional distribution channels (particularly social media) 

 Requests for more granular content filtering options 

 Suggestions for enhanced visualization of content relationships 

This feedback provided valuable direction for our ongoing development efforts. 
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7. DISCUSSION 

 

The implementation and evaluation of our Automated Content Platform revealed several important insights 

and implications for content automation systems based on multi-agent architectures. 

 

7.1 Architectural Advantages 

The multi-agent architecture demonstrated significant benefits in several areas: 

 

Modularity and Maintainability:  

During development, we made substantial changes to the processing agent without requiring modifications to 

other components. This isolation significantly accelerated our development cycle and simplified testing. For 

example, when we transitioned from an earlier summarization model to Gemini, the change was confined to 

the processing agent, with no impact on acquisition or distribution components. 

 

Scalability:  

Our load testing demonstrated that individual agents could be scaled independently based on specific 

performance bottlenecks. In production scenarios, this would allow for more efficient resource allocation, 

with additional resources directed specifically to high-demand components rather than scaling the entire 

system uniformly. 

 

Resilience: 

During testing, we deliberately introduced failures in various components to evaluate system resilience. The 

architecture demonstrated robust fault isolation, with failures in one agent having minimal impact on others. 

For example, when the Telegram distribution component encountered rate limiting issues, email distribution 

continued to function normally, ensuring content delivery through at least one channel. 

 

7.2 Content Quality Considerations 

Our evaluation revealed important insights regarding content quality: 

 

Summarization Approaches: 

The quality gap between traditional extractive methods and LLM-based approaches was most pronounced for 

complex, nuanced content. For straightforward news articles, the difference was less significant, suggesting 

that simpler approaches may be sufficient for certain content types. 

 

Domain Adaptation: 

We observed that content domain had a substantial impact on summarization quality. Technical content, in 

particular, benefited from specialized prompt engineering that incorporated domain-specific context and 

terminology. This finding suggests that domain-specific customization is an important consideration for 

deployment in specialized contexts. 

 

Quality-Latency Tradeoff: 

The significant performance difference between extractive and LLM-based summarization presents an 

important tradeoff. For applications requiring real-time processing, the 5x speed advantage of extractive 

methods may outweigh the quality benefits of LLM approaches. Our tiered implementation allows users to 

make this tradeoff based on their specific requirements. 

 

7.3 Implementation Challenges 

Several challenges emerged during implementation that provide valuable lessons for similar projects: 

 

 

Content Source Diversity: 

The wide variation in website structures complicated our scraping implementation significantly. We found 

that trying to develop a universal scraping approach was impractical; instead, source-specific configurations 

were necessary for reliable content extraction. This insight informed our development of a flexible source 

management system that allows for customized extraction rules. 
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API Integration: 

Our reliance on external APIs, particularly for LLM-based summarization, introduced reliability and cost 

considerations. During development, we encountered several API outages that disrupted processing. This 

experience led us to implement robust fallback mechanisms that switch to alternative methods when primary 

approaches are unavailable. 

 

Distribution Channel Requirements: 

Each distribution channel presented unique formatting requirements and limitations. Telegram, for instance, 

supports HTML formatting but has specific tag restrictions, while email clients have varying levels of HTML 

and CSS support. Developing a formatting system that could adapt content appropriately for each channel 

required more effort than initially anticipated. 

 

7.4 Limitations 

Our current implementation has several limitations that present opportunities for future work: 

 

Content Types: 

The platform currently focuses primarily on text-based content, with limited support for multimedia elements. 

While it can extract and distribute images associated with articles, it lacks mechanisms for processing video 

content or interactive elements. 

 

Personalization: 

The current implementation provides basic filtering capabilities but lacks sophisticated personalization 

mechanisms. User preferences are applied uniformly rather than evolving based on interaction patterns or 

explicit feedback. 

 

Evaluation Scope: 

Our user study, while informative, had limitations in terms of sample size and duration. A more 

comprehensive evaluation with a larger user base over an extended period would provide greater insight into 

real-world effectiveness. 

 

 

7.5 Future Work 

 

Based on our findings, we identify several promising directions for future development: 

Enhanced Source Intelligence: 

Implementing AI-driven source discovery could expand content coverage without manual configuration. 

Adaptive scraping techniques that learn from structural changes could also improve reliability for frequently 

changing websites. 

 

Advanced Processing Capabilities: 

Multi-document summarization would enable the synthesis of information across multiple related content 

items. Cross-source fact verification could enhance accuracy by corroborating information from multiple 

sources. 

 

Personalization Framework: 

Developing user profiles based on interaction patterns would enable more tailored content delivery. 

Recommendation algorithms could identify content likely to be of interest based on past engagement. 

 

Expanded Distribution Options: 

Adding support for social media platforms would increase distribution reach. A web portal for content 

browsing would provide an alternative access method for users who prefer web interfaces to push 

notifications. 
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8. CONCLUSION 

 

Our Automated Content Platform demonstrates the effectiveness of a multi-agent architecture in addressing 

the challenges of modern content acquisition, processing, and distribution. By decomposing the complex 

content workflow into specialized, loosely-coupled agents, we achieved a balance of performance, flexibility, 

and maintainability that would be difficult to attain with monolithic approaches. 

 

Key contributions of this work include: 

1. Architectural Framework: We developed a modular, agent-based design pattern for content 

automation systems that facilitates independent development, testing, and scaling of components. This 

architecture provides a blueprint for similar systems requiring flexibility and resilience. 

2. Integration Methodology: Our implementation demonstrates effective techniques for 

communication between specialized content agents using standardized interfaces and message 

formats. This approach enables component independence while maintaining system coherence. 

3. Implementation Insights: Through development and testing, we gained practical insights into 

common challenges in content automation, including adaptive scraping, LLM-based summarization, 

and multi-channel distribution. These insights inform implementation strategies for similar systems. 

4. Evaluation Findings: Our empirical evaluation provides data on the performance, quality, and 

usability implications of different architectural and implementation choices, contributing to the 

knowledge base for content automation system design. 

 

As the digital content landscape continues to evolve, platforms like ours will play an increasingly vital role in 

helping individuals and organizations manage information overload. Future development should focus on 

enhancing personalization capabilities, expanding supported content types, and incorporating emerging AI 

techniques to further improve content quality and relevance. 

 

This research demonstrates that by combining the strengths of specialized agents within a coherent 

architectural framework, automated content platforms can deliver significant value across the entire content 

lifecycle—from discovery through processing to distribution—while maintaining the flexibility to adapt to 

changing requirements and technologies. 
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