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Abstract: This paper presents an optimized delivery route planning system using a hybrid approach of Dijkstra’s algorithm and heuristic
methods to address the Travelling Salesman Problem (TSP). The objective is to find the most efficient route for a delivery agent in a food
delivery scenario using the Zomato delivery analytics dataset. The system integrates Dijkstra's algorithm with the Greedy Nearest Neighbor
strategy and compares it with Ant Colony Optimization (ACO) and Genetic Algorithm (GA). A comparative analysis of route accuracy,
performance time, computational complexity, and scalability is discussed. The proposed system demonstrates significant improvement in
route optimization, particularly for dynamically changing environments with multiple constraints. Visualization of route paths and
performance metrics confirms the benefits of integrating classical and nature-inspired algorithms in a hybrid framework.
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I.INTRODUCTION:

Efficient delivery routing is a cornerstone of intelligent
transportation and smart logistics systems. In a rapidly evolving
digital ecosystem where customers demand real-time updates and
faster delivery, companies must optimize their delivery routes
using advanced algorithms. Traditional routing systems lack
scalability, adaptability, and real-time decision-making capacity.
This study redefines the delivery challenge as a Travelling
Salesman Problem and integrates deterministic graph algorithms
with stochastic heuristic models to achieve optimality. Our goal
is to present a cost-effective, high-performance routing system
that can adapt to complex, large-scale delivery scenarios. To
overcome this challenge, the project implements a Greedy
Nearest Neighbour (GNN) algorithm powered by Dijkstra’s
Algorithm to compute efficient routes. In addition, the system
compares its performance against two well-known metaheuristic
algorithms: Ant Colony Optimization (ACO) and Genetic
Algorithm (GA). These comparisons are evaluated using real-
world data from the Zomato Delivery Operations Analytics
Dataset.The solution includes preprocessing geographic data,
building distance matrices using the great-circle distance formula,
and visualizing the optimized delivery routes using Matplotlib
and Folium. The goal is to create a system that not only provides
accurate route optimization but is also scalable, modular, and
practical for urban logistics.

ILLITERATURE SURVEY

The Travelling Salesman Problem (TSP) is NP-hard, and a wide
range of algorithmic strategies have been proposed to
approximate optimal solutions. Dijkstra’s algorithm is efficient
for finding shortest paths in weighted graphs but does not scale
well for TSP without heuristics. ACO and GA have emerged as
powerful alternatives due to their adaptive search capabilities and
ability to avoid local minima. Recent studies have focused on
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hybridizing these approaches to balance exploration and
exploitation. For instance, hybrid ACO-Dijkstra models have
demonstrated improved convergence speed and reduced
computation in real-time traffic scenarios.

[1] Dijkstra’s Algorithm for Optimal Pathfinding
E. W. Dijkstra originally proposed an algorithm to determine the
shortest path between nodes in a graph, which forms the
foundation of many route optimization techniques. Its
deterministic nature and polynomial-time complexity make it
highly  suitable  for  real-time  navigation  systems.
Link: https://doi.org/10.1007/BF01386390

[2] Real-Time Delivery Route Optimization Using Traffic
Data

A. Amruthnath and J. Gupta integrated real-time traffic data into
delivery optimization using enhanced Dijkstra’s algorithm. Their
model dynamically adjusts routes based on changing traffic
patterns, improving delivery efficiency by up to 25%.
Link: https://ieeexplore.ieee.org/document/8715262

[3] Vehicle Routing Problem (VRP) and Metaheuristics
G. B. Dantzig and J. H. Ramser formalized the Vehicle Routing
Problem (VRP), a generalization of the TSP that includes delivery
constraints. Modern studies apply Ant Colony Optimization,
Genetic Algorithms, and Particle Swarm Optimization to VRP
scenarios for enhanced scalability.
Link: https://doi.org/10.1287/opre.6.1.80

[4] Machine Learning in Last-Mile Delivery Optimization
A. Chen et al. applied machine learning to predict delivery delays
using historical datasets from food delivery platforms. Features
such as order density, weather, and driver availability were used
in predictive models, enhancing route planning strategies.
Link: https://doi.org/10.1016/j.trc.2020.102775
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[5] Comparative Study of Shortest Path Algorithms
S. S. Yadav et al. conducted a comparative analysis of Dijkstra,
Bellman-Ford, and A* algorithms in dynamic delivery networks.
Dijkstra was found to be most efficient for static graphs, while A*
performed better in heuristic-based real-time systems.
Link: https://doi.org/10.1109/ICACCT.2017.8387622

[6] Food Delivery Optimization using Geo-Spatial Data
M. Linand T. W. S. Chow proposed a system that integrates GIS
data with route optimization algorithms for on-demand food
delivery. Their study demonstrated a 30% reduction in fuel
consumption and delivery time.
Link: https://link.springer.com/article/10.1007/s41060-021-
00250-3

HLEXISTING SYSTEM

Current systems typically use GPS-based shortest-path navigation
integrated with static maps, offering minimal optimization for
dynamic scenarios. These systems fail under traffic congestion,
order rescheduling, and multi-agent routing conditions.
Moreover, they do not incorporate delivery time windows, service
priorities, or energy consumption models, leading to
inefficiencies in real-world operations. The lack of integration
between routing algorithms and real-time geospatial data is a
major limitation.

IV.PROPOSED SYSTEM

The proposed system addresses the limitations of existing
delivery routing methods by implementing Dijkstra’s Algorithm
for real-time route optimization. It leverages a graph-based model
of the delivery network, where each delivery location is treated as
a node and the distance or travel time between locations as
weighted edges.The system is designed to dynamically calculate
the shortest path between the source (restaurant) and multiple
destinations (customers) using real-time data. It also allows
integration with historical delivery data to prioritize efficient
routes based on traffic patterns, delivery density, and rider
availability.

We propose a multi-layered, algorithmically enhanced delivery
route optimization model that integrates:

e Dijkstra’s algorithm for deterministic shortest-path
calculations.

e  Greedy Nearest Neighbor for initial path generation.

e Ant Colony Optimization and Genetic Algorithm for
fine-tuning and global optimization.

The proposed system dynamically adapts to varying delivery node
densities and distance constraints, making it suitable for urban
delivery networks. It is designed with modularity, allowing it to
plug into existing logistics platforms via APIs. The system
processes input coordinates, computes the pairwise distance
matrix, applies hybrid optimization, and visualizes the result.

e Inputs: Customer coordinates, node priority, traffic
modifiers
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e Outputs: Optimized route map, performance metrics.

Figure 1: System Architecture
The system is designed to optimize delivery routes by integrating
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data preprocessing, distance calculation, and route optimization in
a modular workflow. It processes user or dataset inputs, computes
pairwise distances using geographic formulas, and applies a
Dijkstra-based Greedy Nearest Neighbor algorithm to
approximate TSP solutions. Simulated ACO and GA outputs are
used for performance comparison. The results are visualized using
Matplotlib and Folium, offering both analytical and interactive
views. The architecture ensures scalability, efficiency, and
adaptability for real-world delivery scenarios.

Figure2: Hybrid Optimization Workflow
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preprocessed to remove inconsistencies and extract geographic
coordinates. A distance matrix is generated using the Haversine
formula, forming the basis for route optimization.

Next, the Dijkstra-based TSP solver applies a Greedy Nearest
Neighbor approach to find the shortest delivery route. For
performance evaluation, simulated results from ACO and GA
are compared with the Dijkstra approach in terms of distance,
time, and efficiency. Finally, the optimized routes are visualized
using Matplotlib for static plots and Folium for interactive maps.

This modular workflow ensures clarity, flexibility, and efficient
execution of each task, making the system both robust and
scalable for real-world delivery optimization.

V.METHODLOGY

e Dataset: Zomato Delivery Dataset (Kaggle)
e Preprocessing:
o Handling missing values and duplicates
o Geocoding and coordinate transformation
o Distance computation using Haversine formula
e Algorithms:
Dijkstra + Greedy Nearest Neighbor

Dijkstra’s Algorithm is used to calculate the shortest distance
between every pair of delivery locations (nodes). These
pairwise shortest distances are used to construct a distance
matrix, which serves as the basis for route planning. It ensures
that the path between two locations is always the most efficient in
terms of distance, considering real-world coordinates (using
great-circle distance).

The Nearest Neighbor method, built using Dijkstra’s shortest path
outputs, is applied to solve a simplified version of the Travelling
Salesman Problem (TSP). The delivery person starts at a base
point and visits the nearest unvisited delivery location at each
step until all locations are visited and returns to the start.

ACO (pheromone-based path simulation with evaporation
rate)

ACO is implemented to simulate how nature-inspired agents
(ants) can build optimized delivery paths by exploring various
permutations and reinforcing shorter routes. It is not used for
real-time routing, but rather to compare the quality of
Dijkstra-based routes against a global optimization approach.

GA (population evolution with crossover and mutation)
The Genetic Algorithm is used to evolve possible delivery
sequences over multiple generations, seeking a globally

optimized TSP solution. Like ACO, it is used for benchmarking
rather than actual route deployment.

® Evaluation Metrics:

IMPACT FACTOR 6.228

o Total route length

o Time complexity

o Algorithm convergence rate
o  Scalability index

e Tools: Python, Pandas, NumPy, Geopy, Folium,
Matplotlib

VI.EXPERIMENTAL RESULT

Table 1: Comparative Performance Metrics

Accura||Av Time
Algorithm ) g Take ([Complexity
cy Distance n
Dijkstra  + 0 0.4 ,
GNN 100% /5.3 km sec o(n)
At Colonylores  llagkm [*2 oz *m*1)
Opt. sec
Genetic 1.6
0 * *
Algorithm 90% |48 km sec Og=p=n)

The proposed system was tested using the Zomato Delivery
Operations Analytics Dataset, focusing on optimizing delivery
routes among multiple locations. The Dijkstra-based Greedy
Nearest Neighbor approach was evaluated against simulated
outputs from Ant Colony Optimization (ACO) and Genetic
Algorithm (GA).

Accuracy: Dijkstra achieved the highest accuracy (100%), while
ACO and GA showed approximately 95% and 90% accuracy
respectively, relative to the shortest route.

Performance: Dijkstra had the lowest execution time, followed
by ACO and GA, making it the most efficient for small to medium
datasets.

Visualization: Routes were successfully visualized using Folium
maps and Matplotlib plots, confirming the correctness and
clarity of the optimized paths.

User Interaction: Custom input routes were accepted and
visualized, showing dynamic adaptability.

The results confirm that Dijkstra’s method is well-suited for fast
and accurate delivery route planning, while ACO and GA may be
better for larger, more complex scenarios.

Figure 3: Route Path Visualization using Folium
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The system uses Folium to generate interactive maps that display
the optimized delivery routes. Markers indicate restaurant and
customer locations, while polylines show the travel path. This
visualization helps users clearly understand the route sequence
and geographic layout, enhancing the practicality of the
optimization-results.

Figure 4: Algorithm Comparison (Bar chart)
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The performance comparison graph displays the execution time
of Dijkstra’s Algorithm, Ant Colony Optimization (ACO), and
Genetic Algorithm (GA). Dijkstra’s method performs the fastest
due to its greedy and deterministic nature. ACO takes slightly
longer due to iterative pheromone updates, while GA is the
slowest owing to its population-based evolution process. This
comparison highlights the efficiency advantage of Dijkstra’s
algorithm for small to medium-sized delivery datasets.

Accuracy Comparison (Relative to Dijkstra)
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The accuracy comparison graph illustrates the relative
performance of the three optimization algorithms—Dijkstra’s
IMPACT FACTOR 6.228

Algorithm (Greedy Nearest Neighbor), Ant Colony
Optimization (ACO), and Genetic Algorithm (GA)—based on
the total route distance generated.

VII.CONCLUSION
The hybrid routing model effectively combines the strengths of
deterministic and heuristic strategies. Dijkstra’s algorithm ensures
path accuracy for low-complexity networks, while ACO and GA
handle scalability and route diversity in denser configurations.
The integration of these algorithms provides robustness and
adaptability to real-time constraints. The system shows high
potential for integration into commercial delivery platforms and
can substantially reduce delivery times and operational overhead.

The accuracy comparison graph shows how close each
algorithm's route is to the optimal path. Dijkstra’s algorithm is
considered 100% accurate. ACO achieves around 95% accuracy,
while GA reaches about 90%, indicating slightly longer routes.
This graph highlights Dijkstra’s superior precision in structured
deliveryscenarios.

VIHIL.FUTURE WORK

e Full Implementation of ACO and GA: Integrate
complete versions of Ant Colony Optimization and
Genetic Algorithm for real-time comparison and
dynamic optimization.

e Real-Time Traffic Integration: Use live traffic data via

APIs (e.g., Google Maps) for dynamic route
adjustments.
Multi-Agent Delivery Optimization: Extend the
system to solve the Multiple Travelling Salesman
Problem (mTSP) for assigning routes to multiple
delivery personnel.

e Web-Based Dashboard: Develop an interactive web
interface using Flask or Django for user-friendly input,
visualization, and control.

e -Scalability for Large Datasets: Implement clustering
(e.g., K-means + TSP) or parallel computing to handle
thousands of delivery points efficiently.
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