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Abstract
Academic schedules in most educational establishments are made available in non-functional formats like PDF documents that do not present themselves in mobile devices. The contents of these documents tend to be tabular or dense with tabular data and the student is not able to quickly find his or her specific schedule. This increases the workload, misunderstanding and the likelihood of misunderstanding, particularly in situations involving multiple sections and parallel laboratory sessions.
To solve these issues, this paper proposes ClassSync, a cross-platform mobile application, which was designed based on the Flutter framework. The system will transform unstructured PDFs of timetables into a structured and personalized schedule that is easy to access and read. It uses a multi-stage parsing pipeline which integrates rule-based filtering and coordinate-based mapping methods to extract the relevant information that includes subjects, timings, faculty information and the room number.
The resulting data is then processed and cleaned and stored into a local NoSQL database (Hive) and can be accessed quickly and offline. Other features included in the application are customized timetable displays, automatic messages prior to classes and an easy to use interface that is mobile phone friendly.Most standard timetable formats are highly accurate (around 90-95 percent) on the system, and most common complexities (such as merged cells and parallel lab sessions) can be successfully handled by the system. In general, the suggested solution contributes to the increase in accessibility, less effort spent by the user, and better time management by the students.
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1. Introduction 
Academic timetables are an essential part of every educational institution. They assist students and faculty to plan their day to day schedules and to make sure that classes are running in a smooth manner. Although technology has improved, timetables are still distributed in the form of a static file like PDF file or printed sheets. Although such formats are simple to transmit and reach, they were not created with the aim of being effectively utilized on the latest mobile gadgets.
A standard schedule PDF has an extensive grid that has various rows and columns that represent days, time slots and subjects, faculty members and classroom numbers. Moreover, one schedule can have a variety of parts, semesters, and laboratory groups. This also means that students must manually search their particular section and read the information properly. This is further complicated by the fact that the document may have merged cells or abbreviations or overlapping sessions.
Traditional timetables' primary drawback is their extreme staticity and lack of interaction. Students are unable to filter the material according to their needs in addition to not being able to receive real-time updates or reminders. 
To take an example, when a student is in section BE-CSE-4C and group G1, he/she has to scan the whole table and ensure that he/she has checked the schedule. This does not only consume time but also creates a possibility of misunderstanding important information like room numbers or time of subjects.
The other challenge is as a result of limitations of the mobile devices. Although PDF files are not designed to display on small displays, the great majority of students use cellphones to check their schedules. To understand the timetable, users must manually align rows and columns, zoom in and out, and scroll both vertically and horizontally. This lowers the overall effectiveness of using timetables and results in a bad user experience.
Besides the usability problems, the traditional timetables are not smart enough to help students manage their time more prudently. It does not have any automatic reminder or an indication of the current or upcoming class and no means of customizing the schedule to individual preferences. Students tend to use memory or external alarm applications, which might not be as reliable as needed.
As the number of smartphone and mobile application users grows, there is a great demand of the smarter and more efficient solution. A modern timetable system must be capable of automatically extracting pertinent information on static documents and presenting them in a dynamic and easy to use format. It must also include other features like notifications, offline access and personalized views.
In order to deal with these issues, this paper will introduce ClassSync, a mobile app designed with the Flutter framework. The primary goal of this system is to transform complicated timetable PDFs to a clean, structured, and customized schedule. The app uses a multi-stage parsing algorithm to identify key informations like subject names, timings, faculty details, and room numbers. It also isolates and isolates parallel laboratory sessions and this way the users are able to clearly understand their schedules.
This system works well on a variety of mobile devices and has an easy to use interface. The user's schedule is processed and saved in a small flat-file database on the user's PC, giving the user a place to find their schedules even if they are not connected to the Internet. Software will also send out automatic notifications to the user to attend every class. This will help students keep up with everything and will help them arrive at class on time.

The work's ability to bridge the gap between the dynamic mobile application and the static academic document makes it relevant. Being a combination of the data extraction methods and the modern user interface design, the ClassSync system is a feasible solution to a widespread issue among students. It saves time by reducing manual labor, decreasing confusion, and increasing overall productivity.

Overall, the study aims to create a ClassSync management system that enhances the accessibility, usability and efficiency. The given solution shows how the traditional data formats can be converted to the interactive and personalized experience with the help of modern technologies.
2. Literature Review 
The issue of retrieval of structured information on PDF documents and enhancement of timetable management systems has become a highly researched problem over the last several years. A number of solutions have been suggested, including the manual data entry system, automated parsing strategies, intelligent mobile applications. All methods come with some benefits, yet with some constraints as well, that makes it clear that better solutions are required.
At the initial stages, the timetable management systems were mainly founded on the basis of manual data entry. In those systems, users or administrators had to add all the timetable data to a digital system. Although this method was crucial to ensuring that the data was organized and could be easily accessed, it was very time-consuming and subject to human error. According to Brown (2019)[1], manual systems cannot be used in the contemporary educational setting due to inefficiency in handling large datasets and frequent updates.
In order to address the drawbacks of the manual systems, scientists started investigating the methods of extracting the information in order to directly read them in the PDF documents. Rule-based parsing methods were one of the first methods. It was shown in Smith (2020)[2] that with the help of predetermined rules, rule-based systems could recognize patterns (subject names and time slots). This approach was easy and quick, but not flexible and not working when the format of the document was altered. This rendered it to be not reliable to real world application where timetable structures differ a lot.
Lee (2021)[3] proposed a way where the location of text in a PDF is used to estimate the relationship that a text has with rows and columns. Through coordinate analysis, the system was able to more precisely reassemble the table structure than rule-based methods. Nevertheless, this method also relied on the regularity of the document structure to a great extent. Any difference in formatting, including merged cells or odd spacing, may decrease accuracy.
The extraction of data contained in PDF documents has also been greatly accomplished using the use of optical Character Recognition (OCR) techniques which have particularly been applied widely when working with scanned images. Kumar (2022) [4]explored the use of OCR combined with machine learning algorithms to improve text recognition and data extraction. Though it is a very flexible approach with the ability to process a wide variety of document formats, it is very intensive in terms of computational resources and may not be suitable in a mobile application with limited processing capabilities[5].
Besides these techniques, there are a number of tools and libraries that have been created to extract tables in PDF. Some of the most widely used tools to extract tabular data are Tabula and Camelot[6].While these tools tend to work quite well with orderly , single layer tables, they are less effective when it comes to more complicated table structures e.g. multiple level headers or merged cells. Research studies have indicated that their performance reduces considerably when subjected to actual-life timetable PDFs, which in most cases, have irregular structures.
Throughout the world of mobile apps, there are many different apps designed for scheduling purposes that allow the user to plan out daily activities. Sharma (2023) [7] proposed a mobile scheduling application that allows users to manually input their schedule and receive reminders, but it will not work for the automatic extraction of schedule data from PDF files. This is because a user will still have to input all of the data manually into the app in order for it to work effectively. Because of this restriction, the utility of the app is also limited.
Gupta (2023) [8] suggested a hybridation of timetable system combining some automation with human input. This system is easier to use than manual techniques but still involves the user to work out the correct results. Furthermore, it does not offer such sophisticated features as the ability to manage parallel lab sessions and the opportunity to provide absolutely personalized schedules.
More recent studies, such as those by Patel (2024)[9], were focused on hybrid parsing methods, combining rule-based and coordinate-based methods. This will enhance the accuracy and take advantage of the benefits of each approach. Although the results are encouraging, the implementation is complicated and might not be applicable to lightweight mobile applications.
The other factor of timetable systems is the storage and offline availability of data. The traditional systems tend to be based on cloud-based storage, which presupposes the continuous connectivity to the internet. Yet, mobile users do not necessarily have the stable access to the internet. This explains why it is imperative to adopt a local storage platform like NoSQL databases that offer quick and efficient data retrieval without relying on the network.
Based on the literature review, it is clear that the current solutions are either addressing data extraction or user interface design, but never both. Rule-based and coordinate-based methods provide a moderate level of accuracy but cannot deal with intricate layouts. The methods based on OCR are flexible, but costly. Mobile applications have a good user experience but are not automated.
So, there is an obvious necessity of a system which will allow to combine both efficient PDF parsing methods and convenient mobile interface. The ClassSync solution fills this gap by providing a multi-pass parsing system to operate in combination with a mobile applications system. It offers automated data retrieval, customized scheduling, offline access, and real-time notifications making it a complete solution to academic timetable management.
2.1 Comparison table:
	S.no
	Author Name
	Research Focus
	Model Used
	Accuracy
	Result
	Limitation

	[1]
	Brown (2019)
	Manual timetable systems
	Manual Entry Model
	~90% (user dependent)
	Accurate when entered correctly
	Time-consuming and error-prone

	[2]
	Smith (2020)
	PDF table extraction
	Rule-Based Parsing
	72%
	Works for simple structured tables
	Fails with merged cells and complex layouts

	[3]
	Lee (2021)
	Document parsing
	Coordinate-Based Model
	78%
	Better table detection using positions
	Highly format dependent

	[4]
	Kumar (2022)
	Text extraction from PDFs
	OCR + Machine Learning
	85%
	Handles scanned documents
	High computational cost

	[5]
	Tabula (Tool)
	Table extraction tool
	Heuristic-Based
	80%
	Easy to use for structured tables
	Poor performance on irregular layouts

	[6]
	Camelot (Tool)
	PDF table extraction
	Stream & Lattice Models
	82%
	Good for clean tables
	Cannot handle complex academic PDFs

	[7]
	Sharma (2023)
	Mobile scheduling apps
	Manual Input Model
	90%
	User-friendly interface
	No automation of timetable

	[8]
	Gupta (2023)
	Educational timetable system
	Hybrid Model
	88%
	Partial automation
	Limited personalization

	[9]
	Patel (2024)
	Advanced PDF parsing
	Hybrid Parsing Model
	89%
	Improved accuracy
	Complex implementation



Table 1: Comparison of Existing Works
As indicated in Table 1, the current systems either emphasize on data extraction or user interaction, but seldom offer a holistic solution. The rule-based and coordinate-based models demonstrate medium accuracy but do not work with complex or irregular forms of timetables. OCR-based methods are more flexible but have increased computational needs. On the other hand, the mobile applications are more usable yet lack automation in the extraction of data in PDF files. These restrictions are a clear indication of the necessity of a system that combines both an efficient method of extracting the data, as well as an easy to use interface, which the proposed ClassSync system addresses.
3. Methodology
The ClassSync system has a multi-stage processing pipeline that is structured to transform unstructured timetable PDFs into a clean, personalized and interactive timetable. To make the system accurate, efficient, and usable, the methodology is planned to be divided into distinct stages, i.e. data extraction, processing, storage, and presentation.
3.1 System Workflow
It starts by the user uploading a timetable PDF with the mobile application. The system then scans the document to recognize the relevant parts of the document and retrieve the required information. The data of the extracted data is processed, cleaned and structured after which it is stored locally. Lastly, the processed schedule is presented in an easy-to-use user interface, and notifications are set around the classes ahead.
3.2 Multi-Stage Parsing Pipeline
To process the complex and irregular PDF structures, the system resorts to a combination of the parsing techniques that are applied in several steps:
Stage 1: Section Detection
The system scans the PDF to see all the available sections (e.g., “BE-CSE-4C”) and laboratory groups (G1, G2). This makes sure that only pertinent timetable data is handled per choice of the user.
Stage 2: Data Extraction
The syncfusion_flutter_pdf library is used to extract the raw text out of the PDF. Simple rule-based filtering is used to identify important elements like subject names, time slots, faculty names, and room numbers.
Stage 3: Structure Mapping
Given that the timetable PDFs are usually in grid format, the logic of coordinate mapping is applied to map the extracted text into rows and columns. This aids in reconstruction of the timetable structure in the correct manner.
Stage 4. Data Cleansing and Refinement.
The data that is extracted may have noise, such as headers, empty cells, and formatting discrepancies; this is the stage where you will remove any displays of irrelevant information, and standardize the format of the resulting output data. Other issues that will be addressed during this phase include:
Parallel lab sessions (G1/G2 separation) 
•	Merged cells 
•	Loss of entries or abnormal entries. 
3.3 Data Storage
The processed schedule is locally stored in the Hive NoSQL database. This allows quick access to data, offline access, and efficient data management without the need to have constant access to the internet.
3.4 Notification System
The system incorporates a notification module with the use of the flutter local notification and timezone.After timetable processing, the notifications are automatically set to alert users a few minutes before each class. This assists in better management of time and the likelihood of missing lectures is minimized.
3.5 User Interface and Presentation.
The resultant structured data is rendered with the help of a clean and responsive interface written in Flutter. The application provides:
•	Daily and weekly timetable views 
•	Highlighting of current and upcoming classes 
•	The easy navigation and readability of layout. 
3.6 Performance Consideration
It is quite right on the whole because there are numerous and varied types of parser and filter techniques that are not only combined into a single one but also enhanced and extended by these combinations. This, however, can be variable depending on the consistency and well-structured nature of your input PDF; however, the system has proven to work quite well with most regular course schedules of academic courses.
	Stage
	Process Step
	Technique Used
	Output

	Stage 1
	Section Detection
	Keyword Matching
	Selected section (e.g., BCA-3A)

	Stage 2
		



	Data Extraction



	Syncfusion PDF Parser
	Raw timetable text

	Stage 3
	Structure Mapping
	Coordinate Mapping
	Organized row-column structure

	Stage 4

	Data Cleaning
	Rule-Based Filtering
	Clean structured data

	Stage5

	Special Handling
	Custom Logic
	Separated labs (G1/G2)

	Stage6

	Data Storage
	Hive Database
	Stored timetable (offline)

	Stage7

	Notifications
	Local Notification API
	Scheduled alerts

	Stage8

	UI Display
	Flutter UI
	Final timetable view



Table 2: Methodology Stages and Techniques Used
In Table 2, there is a comprehensive description of the methodology employed in the ClassSync system. It describes every step of the processing pipeline, the methods used and the results obtained at each step.
It starts with section detection in which the relevant user-specific information including section and group are detected by matching with the keywords. This is then followed by extraction of the data whereby raw timetable information is extracted out of the PDF using a parsing library. During the stage of the structure mapping, logic of the coordinates type is applied to the extracted data in order to arrange it in a row-column format that is meaningful and resembles the original timetable structure.
The data cleaning step follows and eliminates redundant or noisy data, and cleanses the obtained data. Specific cases like parallel lab sessions, merged cells are processed in the special handling stage using special logic. The processed data is subsequently stored locally with a NoSQL database during the data storage phase so as to be offline accessible.In addition, the system can schedule alerts via the notification stage to enable users to be notified before every class. Lastly is the UI display stage which shows the structured timetable on a clear and interactive format within the mobile application.
In general, as identified in the table, the system will convert unstructured PDF data into a structured and user-friendly timetable using a systematic and efficient multi-stage process.

3.7 System Architecture
The ClassSync application system architecture is modular and layered in nature to facilitate efficient processing, scalability and easy maintenance. It comprises a number of interrelated items that interact to transform a static timetable PDF into a dynamic and customized schedule.



Figure 1. System Architecture of ClassSync application.
Figure 1. shows the initial step of this process involves interaction between a mobile app built with the Flutter Framework and an end-user who has selected a PDF Timetable to upload (which is to be processed) into the PDF Input Module, which will manage the selection of the PDF and prepare it for processing through the system.
The parsing engine is the main part of the system since it assumes a multi-stage process to retrieve the relevant information in the PDF. These encompass filtering by rule, mapping by coordinates, which are combined into a sequence of parsing stages. Some of the important aspects that are identified by the engine include the subjects, timings, the names of the faculty and the specifics of the classroom.
After extracting the data, the data is transmitted to the data processing and cleaning module. This module refines the extracted information and eliminates redundant material and packages the data into a structured format. It also deals with special cases like parallel laboratory sessions by isolating them into separate entries.
The processed data will then be stored in a local NoSQL database (Hive). This enables the application to operate in offline mode and fast retrieval of data is ensured. The application user interface layer accesses the stored timetable, and presents the schedule in a clean and user friendly format, including in the form of daily and weekly views.
In addition to the primary workflow process, there is a notification/background service that checks the system clock and sends out warning letters prior to any lesson, synchronizes widgets, and keeps the schedule current from the time of the update to the real world. The system architecture in general guarantees efficient data flow between the input and the output and high accuracy, performance, and usability.
3.8 Flowchart

Figure 2.Workflow of ClassSync system
The full flow of ClassSync from input to output is shown in Figure 2. When a user uploads a PDF timetable file to the app, an analysis of the document will be performed by the system to determine which sections of the timetable are available for the user. The user will then select which section to take and may also indicate their lab group, if applicable.
The parsing engine will begin processing and extracting relevant information from the document (e.g., subject names, times, faculty names, room numbers) after the user selects their section and possibly specifies their lab group. Once each of these extracted data entries has been identified, any extraneous or irrelevant data will be removed from the records. The extracted data will then be formatted into clean and structured data type. For example, in cases where laboratory sections run concurrently, the extracted laboratory sections will be separated so that confusion does not occur when displaying the laboratory on an individual’s timetable.
Once the extracted timetable has been cleaned, structured, and is free of errors, it will be stored in a local database for the user’s offline access. The cleaned and structured timetable that has been downloaded from the pdf will then be displayed to the user in a manner that is clear and easily identified. The system will also remind users when class schedules approach, as well as updating what is shown on screen when the user has finished their scheduled classes.
The purpose of this flowchart is to demonstrate how a complex, unstructured pdf document that contains a timetable can be simplified and personalized so that the user receives an easy to follow/personalized timetable from the data source by utilizing an electronic timetable.
3.9 Case Study
Students often have timetables that contain more than 1 section and lab groups. The person using PDF version struggled to find their schedule. Using ClassSync, the system parsed out the needed information, separate lab groups and displayed user a clean schedule. They were even notified, this saves time and less confusion.
3.10 System Design
The system is broken into three components: Input (PDF), Parser (Processing), UI (Output). This allows for scalability and easy troubleshooting.
3.10.1 User Interface Design
ClassSync is an app designed for mobile users with an easy-to-use and simple-to-follow workflow. Users may upload their timetable in a PDF file format, select their class and then view their personalised timetable. The app's UI has been designed using the principles of contemporary UI design to be clear, easy to read and easy to navigate. Each screen has been designed so that users have to do the least amount of work and are able to access their information with little effort.
[image: ]
Figure 3. User Interface of Application
The user interface that can be seen in the figure 3 above, illustrates the entire workflow of the application. The design will make sure that the users can easily get the various parts of the app. The application of straightforward layouts, color coding and basic interaction enhance the overall user experience. Other key features of the application include classes to be attended and offers timely notifications, which is more effective compared to traditional timetable format.



4. Results and Discussion
The functionality of the ClassSync system was tested in terms of its capacity to correctly extract and structure the information about the timetables in PDF files. The analysis has been performed based on the comparison between entries extracted, including subject names, timings and room numbers, and the actual timetable data.
Various methods of parsing were evaluated in the development process, starting with simple rule-based models, up to more complex multi-stage processing. It was noted that the simpler methods worked well with structured PDFs but did not work with complex layouts (merged cells and side by side laboratory sessions).The system was further advanced by the introduction of the coordinate-based mapping to enable the system to reconstruct the table structure in a better way now. This was further fine-tuned with a combination of parsing techniques and data cleaning techniques, resulting in much improved performance.The last system, implemented using a multi-stage parsing pipeline, had a high accuracy (around 90 -95 percent ) on most common timetable formats. It was able to correctly handle:
•	Various sections and groups. 
  Parallel laboratory sessions (G1/G2) 
•	Combined and ragged cells. 
Besides being accurate, the system also enhanced usability. Users could easily navigate their own customized schedule without having to scan huge grids by using a large PDF file. The inclusion of notifications also improved user experience more by offering the user with notifications on time before classes.All in all the system is clearly an improvement in the current scheme of using timetables by reducing manual effort, minimizing errors, and providing a more efficient and easy to use system.
	Approach/Stage
	Total Entries
	Correctly Extracted
	Accuracy

	Stage 1 (Rule-Based)
	100
	65
	65%

		Stage 2(Coordinate-Based)



	



	100
	75
	75%

	Stage 3 (Hybrid)
	100
	85
	85%

		Final Multi-Stage Pipeline



	



	100
	90-95
	90-95%



Table 3:Performance Evaluation of Parsing Approaches
Table 3 gives the performance difference of the various parsing methods that are employed in the system development. As it can be noted, the basic rule-based extraction can offer limited accuracy, whereas coordinate-based mapping can enhance structural understanding. The hybrid method also increases performance, but the last multi-stage pipeline yields the highest performance because of a combination of different techniques and refinement of extracted information. It shows that the proposed solution was effective in working with any of the complex formats of the timetable.

Figure 4: Accuracy Comparison of Parsing Approaches
Figure 4 shows the comparison of different parsing approaches accuracy in the ClassSync system. The graph demonstrates that the performance has been slowly increasing as the system is being further developed into a finer multi-stage parsing pipeline.
To start with, the accuracy of the rule-based method is lower, as it has fewer chances to resolve complex and irregular structures of timetables. Making coordinate-based mapping available enhances the system with the capability of reconstructing the table layout so that the accuracy of the result is improved. More improvement is seen in the hybrid stage whereby several methods are integrated to improve data extraction and organization.
The last multi-stage pipeline is the most accurate, showing the usefulness of the combination of extraction, mapping, and data cleaning strategies. The system can manage real-life complexities like merged cells and parallel lab time more easily with this approach.
On the whole, the graph shows the steady increase in the performance of the system and justifies the ability of the proposed methodology.
5. Conclusion
The concept and development of Smart schedule (ClassSync), a mobile application that converts static schedule PDFs into a dynamic and customized scheduling system, was discussed in this presentation. This work's main goal was to get beyond the drawbacks of conventional timetable forms, which are hard to understand and ineffective for mobile
A multi-stage parsing strategy was used to construct the system, combining and refining various parsing techniques like coordinate-based mapping and rule-based filtering into a single effective pipeline. The system can precisely extract and arrange pertinent timetable data, such as subject specifics, timings, faculty names, and room numbers, thanks to this method. 
A significant benefit of the software's ability to handle real-life complexities such as multiple sections, overlapping cells, and multiple laboratory classes occurring at the same time is the capacity of the software to manage these complexities in real-time. The application also has additional features to improve usability and convenience by providing features such as automated class notifications and offline access through a local database.

The method for determining common schedule formats produces accurate results with an accuracy rate between 90% and 95%; however due to variations in how the input PDF is structured, this accuracy can vary considerably as well. ClassSync is a great tool for college students; however, it does have some shortcomings when processing non-standard formats.

For college students, Class Sync is an easy way to manage their schedules as well as a practical tool to convert static format data into mobile device applications. Improvements in the future may include creating a more flexible parser and creating new methods of distributing and managing more complex document structures.

5.1Future work
In order to make the parsing process more flexible and format-independent, the study can concentrate on enhancing the system by utilizing machine learning and artificial intelligence techniques. Real-time updates from institutional databases and device synchronization are made possible by integration with cloud services. The application's functionality can be further improved by adding features like timetable sharing and campus navigation.
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