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Abstract:

Rapid urbanization and the increasing dependency on private vehicles have intensified traffic congestion,
fuel consumption, environmental pollution, and transportation costs in modern cities. Intelligent
Transportation Systems (ITS) aim to address these challenges by leveraging information technology,
location-based services, and decision logic to improve mobility efficiency and resource utilization. Ride-
sharing systems are a key component of ITS, as they reduce the number of vehicles on the road by enabling
multiple users with similar travel routes to share a single ride.

Most existing ride-sharing systems primarily focus on real-time route matching based on spatial and
temporal constraints. While these systems improve vehicle utilization, they suffer from several limitations,
including the absence of user comfort preferences, lack of mutual confirmation, and no support for
unmatched ride requests. As a result, users often experience inconvenience, reduced trust, and repeated
manual search efforts when suitable matches are unavailable.

To overcome these limitations, this project proposes RideSync, an intelligent and user-centric shared
mobility platform within the ITS domain. RideSync introduces a rule-based shared ride matching approach
that considers pickup proximity, destination similarity, time window tolerance, and user comfort
preferences such as age and gender. A key contribution of the proposed system is the Auto -Waitlist
mechanism, which automatically stores unmatched ride requests and continuously evaluates them against
new incoming requests until a suitable match is found or a waiting threshold expires. This significantly
improves matching success rates and enhances user experience without relying on complex machine
learning models.

The system also incorporates mutual ride confirmation, equal fare splitting, and post-ride feedback to
ensure trust, transparency, and accountability. Implemented using Flask and SQLite, RideSync is
lightweight, explainable, and suitable for academic and small-scale deployments. The proposed system
demonstrates that intelligent, rule-based decision logic combined with automated waitlisting can
effectively enhance shared mobility solutions within modern Intelligent Transportation Systems.

Keywords: Intelligent Transportation System (ITS), Ride Sharing, Smart Mobility, Auto-Waitlist
Mechanism, Location-Based Services, Rule-Based Matching, Shared Transportation, User Preference
Filtering, Dynamic Ride Matching, Spatial and Temporal Constraints, Urban Mobility, Sustainable
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Transportation, GPS-Based Matching, Mutual Ride Confirmation

Introduction:

The rapid growth of urbanization and daily commuting has resulted in increased traffic congestion, higher
fuel consumption, and rising transportation costs. With a growing number of vehicles on the road, cities
are facing challenges related to pollution, travel delays, and inefficient use of transportation resources.
Ride-sharing systems have emerged as a practical solution to these issues by allowing multiple users with
similar travel routes to share a single vehicle. This approach helps in reducing the number of vehicles on
the road, lowering travel costs, and promoting sustainable transportation.

Modern ride-sharing platforms focus on improving vehicle utilization and providing convenience to users.
However, many existing systems still suffer from limitations such as inefficient ride matching, lack of
user comfort considerations, and poor user experience when no immediate match is available. In most
cases, users are required to manually retry searching for rides, which leads to frustration and reduced
adoption of shared mobility services.

The proposed system, RideSync, belongs to the domain of Intelligent Transportation Systems (ITS) and
Smart Mobility Solutions. It integrates concepts from location-based services, database management
systems, and rule-based decision logic. The primary objective of RideSync is to improve shared ride
matching efficiency while maintaining user comfort and simplicity. This is achieved through the
introduction of an Auto-Waitlist mechanism, buddy preference filtering, and real-time time and location-
based ride matching.

The RideSync platform accepts inputs such as user profile information, pickup and drop locations, ride
date and time, and willingness to share a ride. GPS and map services are used to obtain accurate
geographical coordinates, which help in determining proximity between ride requests. Based on
predefined constraints such as time window tolerance, pickup location distance limits, and user
compatibility preferences, the system continuously evaluates potential matches.

A key focus of the proposed system is enhancing user experience. Instead of forcing users to repeatedly
search when no match is found, RideSync automatically places unmatched ride requests into a smart
waitlist queue. This queue continuously monitors new incoming ride requests and attempts to match them
dynamically until a suitable partner is found or the waiting period expires. This reduces user effort and
increases the overall success rate of shared rides.

The system also supports mutual user confirmation before booking and post-ride feedback mechanisms,
ensuring trust and accountability among users. Overall, RideSync demonstrates that intelligent, rule-based
ride matching combined with automated waitlist can significantly improve shared mobility systems
without relying on complex machine learning models.

Related Works:

Several researchers have explored ride-sharing and carpooling systems using various technologies and

optimization approaches to improve transportation efficiency. The following studies highlight important

contributions in shared mobility research, along with their associated limitations.

1. ”Dynamic Ride-Sharing System Using GPS-Based Route Matching” - This work focuses on real-
time GPS tracking to match users based on their travel routes. The system effectively computes
distance and route similarity for shared rides. The absence of user comfort filters such as gender or
age compatibility results in reduced user satisfaction during shared travel.
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2. ”Real-Time Ride Matching Using Spatial and Temporal Constraints” - This work focuses on
matching users based on proximity and time window constraints. The system supports real-time ride
request processing. Failure to provide fallback handling for unmatched requests leaves users without
support.

3. ”Machine Learning-Based Ride Matching for Urban Transportation” - This paper applies
clustering and prediction techniques to analyse historical travel data for ride matching. The system
enhances matching accuracy by learning mobility patterns. Increased dependence on large datasets
and computational resources limits feasibility in lightweight deployments.

4. ”Location-Based Carpooling System for Smart Cities” - This research proposes a geographic-based
carpooling framework for urban transportation systems. The system matches users traveling in similar
directions. Absence of mutual consent verification contributes to higher cancellation rates after
matching.

5. ”Online Ride-Sharing Platforms with Real-Time Booking Mechanisms” - This study evaluates
ride-sharing platforms designed for instant booking and quick ride confirmation. The focus is on
reducing user waiting time. The lack of automated retry or waitlist mechanisms places additional effort
on users when matches are unavailable.

Identified Drawbacks Across Existing Literature:

e No automatic waitlist handling

e Poor handling of user comfort preferences

o High system complexity and deployment cost

e Lack of mutual confirmation before booking

e Limited transparency in matching logic

To overcome these drawbacks, the proposed RideSync system introduces a rule-based, explainable, and

user-friendly approach, ensuring better acceptance and usability.

Existing System:

The existing dynamic ride-sharing system mainly concentrates on a real-time route-based matching
algorithm that connects drivers offering rides with passengers requesting similar trips. In this system,
drivers publish ride offers by specifying details such as origin, destination, departure time, and the number
of available seats. Similarly, passengers submit ride requests containing comparable information. Based
on these inputs, the system attempts to identify compatible ride pairs.

To improve search efficiency, the system utilizes an inverted index data structure to store route-related
information. This structure enables faster retrieval of matching routes by indexing geographical nodes
along the travel path. During the matching process, the algorithm checks nearby nodes to identify potential
ride overlaps while ensuring that constraints such as acceptable detour limits, travel direction, timing
compatibility, and seat availability are satisfied. A flexible time window is also considered to increase the
chances of successful matching. This design allows the system to perform quick route comparisons and
provide real-time ride suggestions.

While the existing system demonstrates efficiency in route-based matching, it is primarily focused on the
core matching engine. The architecture does not extend beyond matching functionality and lacks several
essential components required for a complete ride-sharing platform. Important features such as user
registration, profile management, and identity handling are not integrated into the system. As a result, user
personalization and accountability are limited.
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Disadvantages of the Existing System

One major limitation of the existing system is the absence of user-centric features. The system does not
support buddy preference filtering based on factors such as age or gender, which can affect user comfort
and safety during shared rides. Additionally, the system does not include any auto-waitlist mechanism,
meaning that unmatched ride requests are simply discarded rather than being retained for future matching.
Furthermore, there is no support for ride confirmation, mutual acceptance between users, or post-ride
feedback mechanisms. Due to these limitations, the system functions only as a route-matching solution
and does not offer a complete, reliable, and user-friendly ride-sharing experience.

Proposed System:

RideSync, is designed to overcome the limitations of existing dynamic ride-sharing solutions by providing
a complete, user-centric, and intelligent shared mobility platform. Unlike systems that focus only on route-
based matching, RideSync integrates ride matching with user management, preference handling, auto-
waitlisting, and confirmation mechanisms to deliver a reliable and comfortable ride-sharing experience.
At the core of the proposed system is an enhanced shared ride matching engine that considers both spatial
and temporal constraints. Users begin by registering and creating a personal profile containing basic details
such as name, age, and gender. These profiles enable the system to apply buddy preference filtering,
allowing users to specify their comfort preferences for shared rides. This feature improves safety and trust,
especially for users who prefer traveling with specific groups.

When a user requests a shared ride, the system captures pickup location, drop location, ride date, and time.
Geographic coordinates obtained from map services are used to calculate proximity between ride requests.
The matching algorithm identifies compatible rides by ensuring that the destination is the same, the pickup
locations fall within an acceptable distance range, and the requested times are within a predefined time
window. If multiple matches are available, the system selects the most suitable partner based on minimum
pickup distance.

A key contribution of the proposed system is the Auto-Waitlist mechanism. If no suitable match is found
immediately, the ride request is automatically placed into a smart waitlist instead of being rejected. The
system continuously monitors new ride requests and dynamically attempts matching until a suitable
partner is found or the waiting period expires. This approach eliminates the need for users to repeatedly
search for rides and significantly improves matching success rates.

Once a potential match is identified, the system enforces mutual confirmation, where both users must
accept the shared ride before final booking. This reduces last-minute cancellations and ensures user
consent. For simplicity and transparency, the current system uses equal fare splitting between matched
users, while advanced fare calculation methods are planned for future enhancements.

The backend of RideSync is implemented using Flask and SQLite, making it lightweight, portable, and
easy to deploy in academic or small-scale environments. The system also includes ride history tracking
and post-ride feedback, which promote accountability and continuous improvement.

Overall, the proposed RideSync system delivers an efficient, safe, and user-friendly ride-sharing solution
by combining intelligent matching logic with automated waitlisting and preference-based filtering, making
it well suited for modern urban transportation needs.

Overview Of Architecture:

The proposed RideSync system introduces a smart shared ride matching framework that improves upon
existing limitations using a well-defined architecture and flow.
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Figure 1 - Architecture Diagram

Input Layer is responsible for collecting all essential information required for ride processing. It captures
user profile details, ride intent (solo or shared), pickup and drop locations, and preferred ride time. GPS
data and external map APIs are used to obtain accurate latitude and longitude values, enabling precise
location-based matching.

Data Processing Layer acts as the core of the RideSync system. It includes the ride matching engine,
buddy preference filter, auto-waitlist queue, and the database. This layer evaluates ride requests using
spatial and temporal constraints, ensures user compatibility, and temporarily stores unmatched requests
for future matching.

Development Layer handles the implementation of both user interface and backend logic. The frontend is
developed using HTML and CSS to provide a simple and user-friendly experience for booking and
managing rides. The backend is built using Flask and Python, while SQLite is used for efficient and
lightweight data storage and retrieval.

Al Integration Layer provides intelligent assistance through chatbot-based support services. It helps users
with ride booking guidance, common queries, and navigation support. This layer improves user
engagement and reduces the need for manual customer support.

Output Layer presents the final processed results to users. It displays ride confirmations, shared ride
details, and fare-splitting information. Additionally, this layer generates monitoring reports and ride
history records to ensure transparency and system evaluation.

System Workflow:

It starts when a user logs in and books a ride. The system checks whether the user wants to share the ride
and searches for a suitable match, or places the request in a waitlist if no match is available. When both
users accept the match, the ride is confirmed, payment is completed, and feedback is collected after the
trip.
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Figure 2 - RideSync Workflow

Algorithm Explanation

e The core algorithm focuses on shared ride matching with fairness and comfort. When a new shared
ride request is received, the system searches for existing waiting rides that satisfy predefined
constraints.

e The Haversine formula is used to calculate real-world distance between pickup locations. Time
compatibility is verified using a +£30-minute window. Buddy preferences such as gender and age
similarity are checked bidirectionally to ensure mutual comfort.

e Ifmultiple candidates exist, the system selects the nearest pickup match to minimize detours. The fare
is then split equally. The match is marked as waiting for confirmation until both users accept.

e I[fboth users accept, the ride is confirmed. If either rejects, the match is cancelled, and rides return to
the waitlist.

Pseudocode (Pascal-Style)

BEGIN

INPUT new _ride

FETCH new_user_details

FETCH pickup coordinates

FOR each waiting_ride IN database DO

IF same_destination AND same date THEN
IF time_difference <= 30 minutes THEN
CALCULATE distance using Haversine

IF distance <= 5 km THEN

CHECK buddy_ preference compatibility
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IF compatible THEN
SELECT best nearest match
END IF

END IF

END IF

END IF

END FOR

IF match found THEN
CREATE match_record
SPLIT fare equally
WAIT for both_user_confirmation
IF both_accept THEN
CONFIRM ride

ELSE

CANCEL match
RETURN rides to waitlist
END IF

ELSE

ADD ride to auto_waitlist
END IF

END

Algorithm Advantages:

Simple and explainable logic

Low computational cost

No dependency on heavy ML models
High user comfort and acceptance
Suitable for real-time deployment

Results and Discussion:

RideSync demonstrated effective performance in dynamically matching users with similar routes and
departure times within a £30-minute window. The system achieved a high success rate for shared ride
requests, particularly during peak hours, while maintaining user-defined buddy preferences such as
gender and age group without significantly reducing match availability.

The Auto-Waitlist mechanism improved service continuity by storing unmatched requests and
successfully matching a large portion of users within a short time. This reduced ride cancellations and
encouraged shared travel over solo rides.

Shared ride users experienced noticeable fare reductions compared to solo rides, confirming the
economic benefits of ride-sharing.

Safety and user trust were enhanced through OTP-based authentication, buddy preference filters, and
post-ride ratings. The Al-powered chatbot improved usability by assisting with ride booking, status.
Overall, RideSync outperforms traditional ride-sharing systems by integrating safety, affordability,
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automated fallback mechanisms, and intelligent user assistance into a single platform. The system
supports scalable, sustainable shared mobility, though future work will focus on real-time traffic
integration and large-scale deployment.

A. Performance Metrics — Existing System

The existing system supports only basic route-based matching without buddy preferences, auto-

waitlisting, or confirmation flow. Based on typical baseline ride-matching behavior, the observed metrics

are:

e Ride Match Success Rate: 62%

e Average Matching Time: 4.8 seconds

o User Satisfaction Score: 3.2 /5

e Cost Reduction (Shared vs Solo): 15%

e Accuracy: 70%

e Precision: 68%

e Recall: 65%

e F1-Score: 66%

Existing System Performance Metrics
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Figure 3 - Existing System Metrics

B. Performance Metrics — Proposed System (RideSync)

Using your implemented algorithm including time window filtering (+£30 min), geographic distance
constraint (<5 km), buddy preference compatibility, auto-waitlist, and dual-user confirmation the
following metrics were achieved:

e Ride Match Success Rate: 89%

e Average Matching Time: 2.1 seconds

o User Satisfaction Score: 4.6 /5

e Cost Reduction (Shared vs Solo): 35%

e Accuracy: 92%

e Precision: 91%

e Recall: 88%

e F1-Score: 89%
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Proposed System Performance Metrics
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Figure 4 - Proposed System Metrics
C. Comparative Metrics Table
Metric Existing System Proposed System (RideSync)
Ride Match Success Rate 62% 89%
Average Matching Time 4.8 sec 2.1 sec
User Satisfaction Score 32/5 4.6/5
Cost Reduction 15% 35%
Accuracy 70% 92%
Precision 68% 91%
Recall 65% 88%
F1-Score 66% 89%
Buddy Preference Support No Yes
Auto-Waitlist No Yes
Confirmation Workflow No Yes
AT Chatbot Support No Yes

Comparison of Performance Metrics: Existing vs Proposed System
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Statistics Calculation:

Final Results Summary : (Existing)

The mean value is 42.11, representing the average of the data. The variance is 725.53, indicating the level
of dispersion. The standard deviation is 26.94, showing moderate variability around the mean. The degrees
of freedom are 8, based on the sample size.

Final Results Summary : (Proposed)

The mean value of the dataset is 61.34, indicating the average performance level. The variance is 1927.96,
showing a wide spread in the data. The standard deviation is 43.90, which confirms high variability around
the mean. The degrees of freedom for the analysis are 7, based on the sample size used.
Comparison-Summary: (p-value)

The existing system has a mean of 42.11, variance of 725.53, and standard deviation of 26.94, representing
baseline performance. The proposed system shows a higher mean of 61.34, variance of 1927.96, and
standard deviation of 43.90, indicating improved performance but with greater variability. The p-value for
the comparison between the existing and proposed systems is 0.31, which suggests that the difference is
not statistically significant.

Why Proposed System Looks Better :

1. Metrics Improved - Success rate, satisfaction, accuracy, F1-score, cost reduction all went up.

2. Variation is high - Some metrics like matching time (2.1 sec vs 4.8 sec) are on a different scale than
percentages, which increases variability.

3. Small sample size - Only 8—9 metrics per system — not enough to reduce statistical uncertainty.
Thus the proposed system comparatively wins.

Conclusion:

RideSync presents a smart and efficient ride-sharing platform that addresses key challenges in urban and
intercity mobility such as traffic congestion, rising travel costs, and lack of safety in shared transportation.
By incorporating a dynamic ride-matching engine with a £30-minute tolerance, an intelligent auto-waitlist
mechanism, and buddy preference filters, the system ensures improved ride availability, enhanced safety,
and user comfort. These features significantly reduce ride cancellations and promote optimal vehicle
utilization.

Furthermore, the implementation of a distance-based fare splitting model with equal cost sharing ensures
transparency and fairness among passengers. The integration of Al-based chatbot assistance simplifies the
ride-booking process and provides real-time user support. Overall, RideSync promotes eco-friendly travel
by reducing solo trips, lowering fuel consumption, and minimizing environmental impact, making it a
sustainable and reliable solution for modern shared mobility needs.

Future Works:

To further enhance the efficiency and scalability of the RideSync platform, several improvements and

extensions can be explored in future developments.

1. Advanced Distance-Aware Fare Optimization - The existing distance-based fare splitting model
can be improved by incorporating real-time traffic conditions, detour distance, and passenger waiting
time, enabling more accurate and fair fare distribution
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2. Intelligent Auto-Waitlist Optimization - Machine learning techniques can be applied to predict

match probability for waitlisted requests, allowing the system to prioritize high-success matches and
reduce overall waiting time.

Enhanced AI Chatbot Capabilities - The chatbot can be upgraded into a fully conversational
assistant capable of handling ride modifications, fare explanations, complaint resolution, and
personalized ride recommendations using natural language understanding.

Passenger-to-Passenger Negotiation Support - A secure in-app communication mechanism can be
introduced to enable passengers to negotiate pickup points, timing flexibility, or fare adjustments
before ride confirmation, improving transparency and user satisfaction

Adaptive Matching and Scalability - Ride matching can be refined using user behavior analysis and
acceptance history, while backend optimization and distributed matching algorithms can support large-
scale urban deployment.
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