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ABSTRACT :

The logistics industry faces significant challenges in optimizing transportation scheduling and
vehicle routing, particularly in reducing operational costs, maintaining efficiency, and minimizing
environmental impact. This thesis presents RouteShaper, a web-based tool designed to address
these challenges, specifically within the context of Honkajoki Oy, a leading animal by-product
processor in Finland. This application uses the VRP CLI Python package as the optimization en-
gine, which is built on top of heuristic algorithms. Other key technologies employed in this re-
search include the Python-based Django framework for backend development and the JavaSs-
cript-based React framework for frontend development.

The transportation operation at Honkajoki Oy is defined using a Multi-Depot Vehicle Routing
Problem with Time Window model, and a novel parameter, Freshness Penalty, is introduced to
measure the impact of delay on product quality during transit. Using data analytics and an intu-
itive reporting dashboard, the RouteShaper tool empowers logistics managers and stakeholders
with tangible insights to enhance their operational efficiency. The practical implementation of
this tool at Honkajoki Oy shows substantial improvement in reducing costs and traveling dis-
tance by 16.27% compared to manual scheduling. The result further shows a 26.91% reduction
in overall traveling time. These enhancements directly contribute to efficient use of resources
and reduced emissions for a positive environmental impact, particularly when there are a large
number of delivery or pickup tasks involved.

This research contributes to the academic and practical fields by demonstrating the effective-
ness of integrating open-source technologies, advanced optimization algorithms, and data ana-
lytics in logistics management. It underscores the importance of technological innovation in
achieving operational efficiency and sustainability. Future work will focus on developing a new
variant of the vehicle routing problem incorporating the Freshness Penalty constraint and ex-
ploring broader applicability across different industries.

KEYWORDS: Vehicle Routing Problem (VRP), Logistics Optimization, Transportation Schedul-
ing, Sustainable Logistics, Web Application.
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1 Introduction

In the current globalized and competitive market, the logistics industry has always been
seeking new ways to enhance efficiency, reduce costs, and environmental impacts. The
transportation of goods, a core component of logistics operations, is particularly chal-
lenged by rising fuel prices, regulatory demands for lower emissions, and the need for
timely deliveries. There is an increasing need for innovative solutions that utilize ad-
vanced technologies to optimize transportation scheduling and vehicle routing to ad-
dress these issues. This chapter provides a comprehensive background to the study,
clearly defining the problem statement, outlining the objectives, and formulating the
research questions. Furthermore, it highlights the significance of the study both in aca-
demic knowledge and practical advancements in logistics management. Through this in-
troductory framework, this chapter aims to establish a clear context for the research and
underscore the importance of developing a robust, efficient, and sustainable logistics

optimization tool.

1.1 Background

Logistics operations play a crucial role in the global economy, ensuring the efficient
movement of goods from producers to consumers. However, this sector faces significant
challenges, including rising fuel costs, increasing environmental concerns, and the need
for enhanced operational efficiency. As businesses strive to meet these challenges, the
adoption of advanced technologies for optimizing transportation scheduling and vehicle

routing has become increasingly important.

1.1.1 Traditional Logistics Operations and Optimization

Traditional logistics operations often depend on manual planning and decision-making
processes, which can be time-consuming and prone to errors. Moreover, incorporating
different factors such as traffic congestion, variable fuel prices, and delivery time win-

dows in manual scheduling remains a challenge. In addition to that, there is an increasing



pressure on emissions reduction from the policy makers. The European Commission has
set the goal of reducing 90% emissions related to transportation by 2050 (European
Commission, 2021). Manual planning and scheduling are unable to address such critical

issue.

Logistics optimization involves the use of sophisticated algorithms and software tools to
enhance the efficiency of supply chain operations. This includes optimizing delivery
routes, scheduling transportation activities, and managing vehicle fleets. Effective logis-
tics optimization can lead to substantial cost savings, improved customer satisfaction,

and reduced environmental impact.

According to Li et al. (2022), the global food system requires approximately 22 trillion
tonne-kilometres?! of transportation annually. It accounts for around 20% of CO2 emis-
sion related to the food ecosystem. Studies show that, utilizing computer-based trans-
portation scheduling and planning, companies can save up to 20 percent of their trans-
portation cost, CO2 and greenhouse gas emissions can be reduced from 5 percent to 37

percent (Moghdani et al., 2020).

1.1.2 Advances in Technology for Logistics Optimization

Recent advancements in technology have provided new opportunities for addressing the
challenges faced by the logistics industry. Technologies such as metaheuristic algorithms,
artificial intelligence (Al), machine learning (ML), and geographic information systems
(GIS) are increasingly being integrated into logistics optimization tools. These technolo-
gies enable more accurate demand forecasting, dynamic route planning, and real-time

tracking of vehicles and shipments.

! tonne-kilometres is defined as the transportation of one tonne over one kilometre (Wikipedia, 2024).

Wikimedia Foundation. (2024, July 28). Units of measurement in Transportation. Wikipedia. https://en.wi-
kipedia.org/wiki/Units_of _measurement_in_transportation
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For instance, the use of Al and ML algorithms in vehicle routing problems (VRP) allows
for the consideration of multiple constraints, such as delivery time windows, vehicle ca-
pacities, and traffic conditions. Bogyrbayeva et al. (2024) summarized a list of research
in their survey that incorporated Al and ML algorithms to solve VRP for more efficient

and flexible route planning.

1.1.3 Emergence of Web-Based Logistics Applications

Web-based applications have further empowered the logistics industry by providing ac-
cessible, scalable, and user-friendly solutions for logistics management. These applica-
tions use cloud computing, real-time data analytics, and mobile technologies to offer

comprehensive logistics optimization services.

Web-based logistics applications enable businesses to manage their transportation ac-
tivities from any location, using any device with internet connectivity. This accessibility
improves operational flexibility and enables more responsive decision-making. Accord-
ing to a report by Grand View Research (2023), the global market for route optimization
software is expected to grow at a compound annual growth rate (CAGR) of 14.4% from

2024 to 2030, driven by the increasing adoption of cloud-based logistics solutions.

1.1.4 Development of the Web Application for Optimizing Transportation Scheduling

and Vehicle Routing

In response to the need for more efficient and sustainable logistics operations, this thesis
focuses on the development of RouteShaper?, an open-source web application designed
to optimize transportation scheduling and vehicle routing. The application uses the VRP
CLI Python package for solving complex vehicle routing problems, incorporating various
constraints such as delivery time windows, vehicle capacities, and customer demand

(Builuk, 2023). The backend of the application is developed using Django, a high-level

2 https://routeshaper.live/
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Python web framework, while the frontend is built with React, a JavaScript library for

building user interfaces. More details are provided in chapters 03 and 04.

This web application aims to provide logistics managers with a powerful tool for enhanc-
ing the efficiency of their operations, reducing costs, and minimizing environmental im-
pact. By leveraging advanced heuristic algorithms and data analytics, the application ad-
dresses the key challenges faced by the logistics industry and supports sustainable logis-

tics practices.

1.2 Problem Statement and Research Questions

There are a number of open-source applications and tools available in the literature for
solving the vehicle routing problem (Erdogan, 2017; Silva et al., 2023; Stanc¢i¢ et al., 2023;
Zhou et al., 2018). However, very few addresses industry-specific challenges, particularly
in the food industry. Additionally, most of these open-source tools require substantial
technical knowledge to implement and use, as they are often provided as packages or
libraries without an intuitive user interface. While some commercial applications offer
user-friendly interfaces, they tend to charge a hefty amount to use their services. Con-
sidering both the technical and financial constraints, it is very challenging for small and
medium sized enterprises (SMEs) to adopt these tools. Therefore, there is a need for an
open-source route optimization and scheduling tool with an intuitive user interface that
requires minimal technical knowledge to implement and can be used by general practi-
tioners. The purpose of this work is to develop an open source based web application

for efficient vehicle route planning and scheduling.

This problem statement leads to a few sub-questions:
e How can advanced algorithms be effectively integrated into a web-based appli-
cation to optimize vehicle routing and scheduling?
e What impact does the optimized routing and scheduling have on operational

costs and efficiency?
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e How to quantify the impact of delays in transportation on the quality of perisha-

ble products?

By addressing the above stated research problem along with subsequent research ques-
tions, this study aims to develop a robust solution to improve the efficiency and sustain-

ability of logistics operations in the food industry.

1.3 Objectives of the Study

The study aims to develop and evaluate a web-based application, RouteShaper, designed
to optimize transportation scheduling and vehicle routing in logistics operations. By lev-
eraging advanced heuristic algorithms, data analytics, and user-friendly interfaces, the
study intends to address key challenges in logistics management, including inefficiency,
high operational costs, and environmental impact. The objectives of the study are artic-

ulated as follows:

Objective 1: Development of a Web-Based Application

The primary objective is to design and develop a web-based application that integrates
advanced vehicle routing algorithms and data analytics. The application will utilize open
source technologies such as Django for backend development, React for frontend devel-

opment, and the VRP CLI Python package for solving vehicle routing problems.

Objective 2: Case Study and Efficiency Improvement Evaluation

Cooperating with Honkajoki Oy, a leading processor of animal by-products in Finland, a
case study will be carried out. The aim of the case study is to evaluate the impact of the
web application on logistics efficiency by measuring key performance indicators (KPls)
such as travel distance, delivery time, and cost. This involves conducting comparative
analysis with traditional logistics operations to quantify the improvements achieved

through optimization.
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Objective 3: Contribution to Academic and Practical Knowledge

To contribute to the academic and practical knowledge in the field of logistics optimiza-
tion by publishing the findings through peer-reviewed article and presentations. This in-
cludes sharing insights on the application of advanced algorithms and data analytics in

logistics.

By addressing these objectives, the study aims to provide a comprehensive solution to
the challenges faced by the food industry for transportation of their goods. The devel-
opment of a web-based application for optimizing transportation scheduling and vehicle
routing is expected to improve operational efficiency, reduce costs, and promote sus-
tainability. Through rigorous evaluation, the study will ensure that the application meets
the needs of its users and contributes to the advancement of logistics management prac-

tices in the food industry.

1.4 Significance and Limitations of the Study

Despite having many VRP solver in the literature, this study's significance lies on focusing
on usability and user satisfaction, the study ensures that the application is practical and
beneficial for its intended users, including logistics managers and other stakeholders. A
user-friendly interface reduces the learning curve and facilitates higher adoption rates,
ensuring that the technology delivers its full potential in real-world settings. By optimiz-
ing routing and scheduling, this study also aims to enhance operational efficiency, reduce

cost, and empower sustainable practices in food transportation.

As this study relies on open-source tools and techniques, it may not address all major
issues in food transportation due to the limitations of existing technologies. Further

studies may be needed to solve more industry specific issues.
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1.5 Structure of the Thesis

This thesis is structured to systematically present the research conducted on the devel-
opment and evaluation of a web-based application for optimizing transportation sched-
uling and vehicle routing. The following sections provide a comprehensive overview of

each chapter.

Chapter 1: Introduction

The introductory chapter sets the foundation for the research by providing a background
to the study, outlining the problem statement, defining the research objectives, formu-
lating the research questions, and highlighting the significance of the study. This chapter
establishes the context and rationale for the research, ensuring a clear understanding of

its purpose and importance.

Chapter 2: Literature Review

This chapter reviews existing literature related to transportation optimization, advanced
routing algorithms, and the use of web-based applications in logistics management. It
identifies gaps in current research and establishes the theoretical framework for the

study.

Chapter 3: Design and Development of the RouteShaper Web Application

This chapter outlines the research design and methodology used to develop and evalu-
ate the RouteShaper web application. It describes the system architecture, optimization
model, backend and frontend development processes, version management, and testing

strategies.

Chapter 4: System Implementation and Evaluation
This chapter provides a detailed description of the RouteShaper implementation within
the case company Honkajoki Oy, including an overview of the application, its features

and functionalities. The case study analyzes the results obtained from the RouteShaper
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implementation, evaluates its performance, and comparison with existing solutions. It

also addresses the sustainability impact of the solution.

Chapter 5: Conclusion and Future Work
The concluding chapter summarizes the key findings of the research, discusses its con-

tributions to the field of logistics optimization, and suggests areas for future research.

By following this structured approach, the thesis aims to provide a comprehensive, clear,
and detailed information of the research conducted, ensuring that the findings and con-

tributions are accessible and useful to both academic and professional audiences.



15

2 Literature Review

This chapter provides a comprehensive review of the literature relevant to the develop-
ment and optimization of transportation scheduling and vehicle routing systems. By ex-
amining the principles of sustainable logistics, the complexities and solutions associated
with vehicle routing problems (VRP), the role of open-source software in logistics, and
the advanced technologies employed in this field, this chapter sets the stage for under-
standing the foundational elements that support this study. This literature review aims
to identify current challenges, explore innovative solutions, and highlight the potential
benefits of integrating advanced algorithms and data analytics in logistics operations.
Through this detailed exploration, the chapter aims to establish a theoretical framework
that underpins the subsequent development and implementation of a web-based appli-

cation for optimizing logistics processes.

2.1 Transportation Scheduling and Vehicle Routing Problem (VRP)

The Vehicle Routing Problem (VRP) represents a fundamental issue in logistics and trans-
portation management. It involves determining the optimal set of routes for a fleet of
vehicles to service a set of customers while minimizing the total cost of transportation.
This problem, first introduced by Dantzig and Ramser in 1959 as the "Truck Dispatching
Problem," has evolved significantly over the years to incorporate a variety of real-world

constraints and objectives (Dantzig & Ramser, 1959).

Figure 1. Basic Vehicle Routing Problem (Zhang et al., 2021).
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Mathematically, the basic vehicle routing problem can be formulated as follows (Alves

et al., 2021).
Let us define N = {0,1,2, ... ... ,n} is the set of all locations (customer and depot), where
0 is the location of depot. K = {1,2, ...... ,m} is the set of all vehicles.

Now we define,

¢;j = Cost (distance or time) from i to j
d; = Demand of customer i

Q = Capacity of each vehicle

Decision variable x¥, u; are defined as:

l]'
= {1, if vehicle k visits j after i
Y {0, Otherwise

u; = Load of the vehicle after serving customer i

Now, the objective function is to minimize the total cost (distance or time) while travel-

ling all the locations.

i.e.,minCzizn:zn:c x (1D

k=1i=0 j=0
Subject to the following constraints.
n
k _
Z xk = 1,vi € N/{0) )
k= :
n n
le Z ],VieN,VkeK (3)
j=0 j=0
n
ngj —1vkeK (4)
j=0
n
Zx’f)=1,vkel( (5)
=0
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The constraints, (2) ensures each customer is visited exactly once, (3) ensures that if a

vehicle arrives at a customer, it must leave from there. In addition to that, constraints (4)

and (5) ensure that each vehicle starts and ends its route at the depot, (6) and (7) elimi-

nate subtours, (8) ensures the vehicle's capacity is not exceeded. Finally, constraint (9)

enforces the binary nature of the routing decisions.

VRP Variants and Complexity

The basic VRP can be extended to various complex forms to better reflect real-world

scenarios. Some of the most studied variants include the Capacitated VRP (CVRP), VRP

with Time Windows (VRPTW), VRP with Pickup and Delivery (VRPPD), and the VRP with

Multiple Depots (MDVRP). Each variant introduces additional constraints that make the

problem more representative of practical logistics challenges.

Abbreviations Definition Abbreviations Definition
VRP Vehicle routing problem GVRP Green VRP
VRPTW VRP with time windows HFVRP VRP with heterogeneous fleets
CVRP Capacitated VRP MDVRP Multi-depot VRP
EV Electric vehicle TDVRP Time-dependent VRP
b s-depe ¥ *wi
ECV Electric commercial vehicle TDVRPTW Time-dependent VRP with
time widows
EVRP Electric VRP TWAVRP . Time window assignment VRI
EVRPTW Electric VRP with time widows VRPSD-PDC VRP with stochastic demands and

EVRPTW at most a single (5)
EVRPTW-SP recharge per route, and partial (I”) VRP-REP
battery recharges are possible

probabilistic duration constraints

VRP repository

Figure 2. List of VRP Variants (Tan & Yeh, 2021).
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A brief summary of some of the well-studied variants of VRP is described in the following

section.

e Capacitated VRP (CVRP): In CVRP, each vehicle has a limited carrying capacity,
and the objective is to ensure that the total load on each vehicle does not exceed
its capacity. This variant is crucial for industries where the volume or weight of
goods plays a significant role in logistics planning (Toth & Vigo, 2014).

e VRP with Time Windows (VRPTW): This variant adds the constraint that each
customer must be serviced within a specific time window. VRPTW is particularly
important in urban logistics and perishable goods delivery, where timing is critical
(Solomon, 1987).

e VRP with Pickup and Delivery (VRPPD): In VRPPD, goods need to be picked up
from certain locations and delivered to others. This variant is common in courier
services and reverse logistics (Savelsbergh & Sol, 1995).

e Multi-Depot VRP (MDVRP): This variant involves multiple depots, and the objec-
tive is to determine the optimal routing strategy that considers different starting
and ending points for vehicles. MDVRP is applicable in large-scale logistics oper-
ations where goods are distributed from multiple warehouses (Cordeau et al.,

1997).

Computational Complexity and Algorithms for Solving VRP

VRP is classified as an NP-hard problem, meaning that the time required to solve it in-
creases exponentially with the size of the problem. This computational complexity has
led to the development of various heuristic and metaheuristic algorithms to find near-
optimal solutions in a reasonable timeframe. Different types of algorithms for solving

vehicle routing problem are presented in the following figure.
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—{ Branch and bound approach |

—{ Cutting planes approach |

Exact
] algorithm “ Network flow approach ‘ Two-stage method

Scanning algorithm

—{Dynamic programming appmach|

|
|
C-W saving algorithm |
|
|

VRP Nearest neighbor method
algorithm —{ Construct heuristic }7 Recently inserted method

k-opt algorithm
L | Heuristic 4{ Improved heuristics A -interchange algorithm

algorithm

—{ Tabu search algorithm

|
|
|
—{  Sub-heuristic - Genetic algorithm |
|
|
|
|

—{ Neural network algorithm

4{ Simulated annealing algorithm

—{ Particle Swarm Optimization

—{ Ant colony algorithm

Figure 3. Classifications of VRP Algorithms (Zhang et al., 2021).

Exact Algorithms: These include methods like branch-and-bound, branch-and-
cut, and dynamic programming, which guarantee an optimal solution but are
computationally expensive and impractical for large-scale problems (Laporte,
1992).

Heuristic Algorithms: These algorithms provide good solutions within a reason-
able timeframe by using rules of thumb and intuitive strategies. Common heuris-
tics include the Nearest Neighbor, Savings Algorithm, and Clarke-Wright Algo-
rithm (Clarke & Wright, 1964).

Metaheuristic Algorithms: These algorithms improve upon heuristic methods by
employing advanced strategies inspired by natural processes. Examples include
Genetic Algorithms (GA), Simulated Annealing (SA), Ant Colony Optimization
(ACO), and Tabu Search (TS). Metaheuristics are particularly useful for large and

complex VRP instances (Dorigo & Stitzle, 2004).
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Applications in Food Logistics

In the context of food logistics, VRP is critical due to the perishable nature of food prod-
ucts and the need for timely deliveries. Efficient vehicle routing can reduce wastage, en-
sure food safety, and minimize transportation costs, contributing to overall sustainability.
Studies have shown that optimizing vehicle routes in food distribution networks can sig-

nificantly maintain quality and reduce greenhouse gas emissions (Awad et al.,2020).

2.2 Optimization Software in Logistics Innovation and Efficiency

Web based optimization software and tools are empowering businesses with fast and
efficient solutions for complex vehicle routing problems. Along with many open-source
software and tools, there exist a number of commercial solutions for route planning and
optimization. Though commercial software offers intuitive and user-friendly interfaces
and reporting, often those are associated with high prices. In contrast, open-source tools
offer highly customizable solutions at no price. But open-source tools sometimes lack
user friendly interfaces, and it may require to have solid technical background to imple-

ment open-source solutions.

Overview of Open-Source Tools for VRP

The emergence of open-source software has revolutionized the logistics industry by
providing affordable, flexible, and scalable solutions for complex problems like VRP.
Open-source tools enable companies of all sizes to leverage advanced optimization tech-
niques without the high costs associated with proprietary software. Several open-source
tools have been developed to address VRP and its variants, each with unique features

and capabilities. A brief description of some of these tools are provided below.

e Open Door Logistics Studio (ODL Studio): ODL Studio is a desktop application
designed for solving logistics problems. It uses the GraphHopper routing library
and the jsprit optimization toolkit, both of which are open-source. ODL Studio

allows users to import data in Excel format, making it accessible for users with
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varying levels of technical expertise. It supports a wide range of VRP variants,
including CVRP, VRPTW, and VRPPD (ODL Studio, 2014).

e VRP Spreadsheet Solver: This tool integrates with Microsoft Excel to provide a
user-friendly interface for solving VRP. It supports multiple VRP variants and uses
advanced algorithms to find near-optimal solutions. The use of Excel as a plat-
form makes it highly accessible and easy to integrate with other business pro-
cesses (Erdogan, 2017).

e GraphHopper and jsprit: GraphHopper is a Java-based routing engine that pro-
vides fast and efficient route calculations. It integrates seamlessly with jsprit, an
optimization library for solving VRP. These tools are highly customizable and have
been used in various applications, from small-scale logistics to large enterprise
solutions (GraphHopper, 2022).

e Google OR-Tools: Google OR-Tools is a powerful open-source optimization soft-
ware by Google. It is customizable, highly flexible, and can be integrated with
different programming languages including C++/C#, Java, and Python. This tool
can be used to solve complex vehicle routing problems both from academic and
commercial context (Google, 2010).

e VRP-CLI: VRP CLl is a Python package designed and developed by Builuk (2023).
It is one of the most recent Python based VRP solvers which is capable of ad-
dressing various types of VRP including CVRP, VRPTW, VRPPD, and MDVRP, etc.
This package utilizes a hybrid approach of combing multiple heuristic algorithms
that enables VRP CLI to address different complex scenarios. In this study, we

utilized VRP CLI package to develop the RouteShaper web application.

Benefits of Open-Source Solutions

Unlike proprietary and commercial solutions, open-source solutions are freely available
for everyone. This cost-effective nature helps in reducing the financial barrier for small
and medium-sized enterprises (SMEs) to adopt advanced technological solutions. Open-
source projects often have more modular designs that allow for greater flexibility and

targeted improvements.
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Additionally, open-source projects often benefit from knowledge sharing and voluntary
contribution from different contributors. This collaborative effort promotes innovation
for the software's improvement and ensures that the solution remains up-to-date with

the latest advancements (von Krogh & von Hippel, 2006).

Contemporary Transportation and Logistics Solutions

Recent advances in vehicle routing, transportation, and logistics have significantly fo-
cused on integrating innovative technologies to enhance efficiency, reduce costs, and
improve customer satisfaction. In a recent study, Alnaggar et al. (2021) presented a sys-
tematic review of modern crowdsourced delivery systems like UberEats, Amazon Flex,
DoorDash, and Postmates. They highlighted three major categories of scheduling pro-
cesses adopted by these platforms, including self-scheduling, hybrid and centralized
scheduling, and en-route matching. Parallel to crowdsourced delivery systems, there is
an emerging trend of utilizing unmanned aerial vehicles (UAVs) for last-mile deliveries (X.

Lietal., 2024; Y. Li et al., 2022).

To solve contemporary VRP problems, Bozanta et al. (2022) proposed a reinforcement
learning (RL) based framework for dynamic pickup and delivery problems in food deliv-
ery services, utilizing approaches like Double Deep Q-Networks (DDQN). Further study
shows that reinforcement learning-based solutions can contribute to up to 50% higher
fleet utilization in modern-day last-mile food delivery (Mehra et al., 2024). These ad-
vancements demonstrate the significant impact of leveraging technology and data-
driven approaches to address complex routing and delivery challenges in the transpor-

tation and logistics sector.

Commercial Route Optimization Software
In addition to the above-mentioned open-source tools, there are some commercial so-
lutions also available in the market for routing and scheduling. Though most of these

tools offer user friendly interfaces and reporting but they also charge a good amount for
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their services. Some of these tools are listed below including the amount they charge for

their basic plan.

Table 1. Commercial VRP Software.

Software Website Basic Plan
49 USD/Month
Routific https://www.routific.com/
For one vehicle
36 EURO/Month
Route4Me https://www.route4me.com/
For single user
58 USD/Month
Badger https://www.badgermapping.com/
For single user
35.10 USD/Month
OptimoRoute https://optimoroute.com/
For single driver
550 USD/Month
Onfleet https://onfleet.com/
For 2000 delivery
40 USD/Month
Upper https://www.upperinc.com/
For single user

The list shows that OptimoRoute offers the most cost-effective commercial solution at
$35.10/month/user whereas Badger charge the highest $58/month/user for their basic
plan. Only Onefleet has a different pricing strategy. Unlike other solutions, they charge
based on the number of delivery or pickups completed through their platform instead

of the number of users.

2.3 Sustainable Logistics and Transportation

Sustainable logistics aims to reduce the environmental impact of transportation and lo-
gistics activities while maintaining efficiency and service quality. This section explores

the principles of sustainable logistics.


https://www.routific.com/
https://www.route4me.com/
https://www.badgermapping.com/
https://optimoroute.com/
https://onfleet.com/
https://www.upperinc.com/
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Principles of Sustainable Logistics
Sustainable logistics involves a holistic approach that considers the environmental, social,

and economic impacts of logistics activities. Key principles include:

e Reduction of Emissions: Minimizing greenhouse gas emissions from transporta-
tion through optimized routing, the use of alternative fuels, and the adoption of
low-emission vehicles (McKinnon et al., 2010).

e Resource Efficiency: Efficient use of resources, including fuel, labor, and infra-

structure, to reduce waste and lower operational costs (Rossi et al., 2013).

In summary, vehicle routing problem (VRP) is a well-studied topic in the field of trans-
portation, logistics management, and optimization. From its emergence, there has been
a constant effort from researchers to define different variants of VRP considering differ-
ent constraints to make it more relatable to the real-world scenario. VRP is a NP-hard
problem which makes it difficult to solve and find an optimal solution. The algorithms
for solving this problem can be divided into three major categories; including exact, heu-
ristic, and metaheuristic methods. Where heuristic and metaheuristic approaches are
more suitable for the large scale VRP. In this era of artificial intelligence and machine
learning, reinforcement-based learning algorithms are widely utilized to solve modern
day last mile food delivery. Parallel to that, the feasibility of employing unmanned aerial
vehicles (UAVs) in the last mile deliveries is being studied in the literature. The sustaina-
bility aspect of food transportation lies in reduced carbon emissions and efficient use of

resources.

There are a number of open-source tools available to solve vehicle routing problem and
generate optimized vehicle routing and scheduling. Most of these tools require substan-
tial technical knowledge to implement and use as they come in the form of packages or
libraries. Commercial optimization software have user friendly interfaces but they

charge a high amount for their services. This necessitates the development of an open-
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source route planning and scheduling tool with intuitive user interface. This study in-
tends to build the open-source RouteShaper web application for route optimization.
More details on the development and evaluation of the tool are described in the next

chapters.
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3 Design and Development of the RouteShaper Web Applica-

tion

In this chapter, we outline the systematic approach and methodologies adopted to de-
velop and evaluate the RouteShaper web application. The primary goal is to ensure that
the application not only meets the functional requirements but also aligns with the prin-
ciples of sustainability and efficiency in food logistics. This chapter is divided into several
sections, each containing specific aspects of the development process, including re-
search design, system architecture, backend and frontend development, version man-
agement, and testing and validation strategies. By providing a comprehensive overview
of the methodologies employed, this chapter aims to demonstrate the structured ap-

proach taken to achieve the objectives of this study.

3.1 Research Design

This study adopts a design science approach, focusing on the development and evalua-
tion of RouteShaper web application. Design science research involves creating and eval-
uating artifacts designed to solve identified problems, emphasizing both the practical
utility and theoretical contribution of the research (Wieringa, 2014). The primary goal is
to design an innovative solution that meets specific requirements, implement the tech-

nical solution, and rigorously evaluate its effectiveness.

Wieringa (2014) described three steps of artifact development: Design and Specification,
Implementation, and Validation and Evaluation. In this study, we followed these princi-
ples for the development of the RouteShaper web application. The design and specifica-
tion part is described in this chapter. Implementation and evaluation are provided in the

next chapter.
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3.2 Design and Specifications

A set of requirements was identified through consultations with stakeholders at
Honkajoki Oy and a review of best practices in logistics management. These require-

ments guide the design and development of the application.

Table 2. List of requirements for the RouteShaper web application.

Requirement ID | Description

R1 Optimize routes to minimize travel distance, time, and cost

R2 Provide a user-friendly interface for logistics managers

R3 Support multiple depots and specific warehouse assignments
Incorporate a Freshness Penalty parameter to maintain product

" quality

R5 Provide a shareable scheduling report

3.2.1 System Architecture

The system architecture of the RouteShaper is structured to ensure efficiency, scalability,
and maintainability. It is a crucial part of the development phase. The architecture is
divided into several key components: the optimization model, backend, frontend, data
layer, third-party integrations, and deployment. This section provides a detailed over-

view of each component, their interactions, and the technologies used.

3.2.2 Overview

The web application follows a client-server architecture, where the frontend (client)
communicates with the backend (server) via RESTful APIs. The backend handles business

logic, data processing, and integration with the vehicle routing problem (VRP) solver,



VRP-CLI (Builuk, 2023). The data layer is responsible for persistent storage and manage-
ment of logistics data. The system also integrates with external services for additional

functionalities such as map rendering and geocoding.

~
BackEnd Third Party Integrations
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VRP Solver (VRP-CLI)
Optimization Model

OpenStreetMap
OpenRouteService API

,
-
e
\
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Input Data & )
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Dashboard
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Figure 4. RouteShaper System Architecture.

3.2.3 Optimization Model

In the context of our case company Honkajoki Oy, a leading animal by-product processor
in Finland, they have 2 processing plants in two different locations. They collect their raw
materials from their partner factories from different locations in Finland. The raw mate-
rials need to be picked up within a specified timeframe and has to be transported to a
specific processing plant. This nature of the problem makes it a Multi-Depot Vehicle
Routing Problem with Time Windows (MDVRPTW). Below is the detailed optimization

model, considering the constraints and objectives of Honkajoki Oy's operations.

Sets and Indices
D={1,2,.... ,n}; Set of processing plants (depots), indexed by d
F={12,.... ,m}; Set of partner factories, indexed by i and j
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V = Set of all vehicles, indexed by k
V4 = Set of vehicles at d processing plant (depot)
N = D U F;Set of all locations (plants and factories), indexed by i and j

Parameters

tij = Travel time from location i to location j

dis;j = Distance from location i to location j

c;j = Total cost (time & distance) from location i to location j

le;, ;] = Time window during which pickup at factory i must start

s; = Service time required at factory i (e.g.,loading time)

Qx = Capacity of Vehicle k

d; = Demand of Factory i (amount of raw materials to be picked up)
M = A large positive number (Typically N + 1, used for constraints)

D; € D = Set of process plant that can receive raw materials from factory i

Decision Variables

Kk _ {1, if vehicle k travels from location i to j
Y 7|0, 0therwise

a; = Arrival time at location i

k _ {1, if factory i serviced by vehicle k
L 0, Otherwise

Objective Function
The objective is to minimize the total cost (both travel time and distance):

Minimize Z Z Z cij x5 (10)

kEV ieEN jEN

Constraints
Flow Conservation Constraints:
Each factory is visited exactly once by one vehicle:

sz{‘szvl’eF (1)

kev jeEN



30

If a vehicle arrives at a factory, it must leave from there:
k _ k v
inj—Zxﬁ,VlEN,VkEV (12)
JEN JEN
Vehicles must leave from their respective processing plants:

ngj ~1,vd € D,Vk € V, (13)

JEN

Time Window Constraints
Vehicles must arrive within the time window at each factory:

e,<a <l;,VieF (14)
Ensure the correct sequencing of visits with time consideration:

a =a;+s;+t;— M1 —x5),Vi,jeF,i#jVkeV (15)

Vehicle Capacity Constraints

The total demand serviced by a vehicle must not exceed its capacity:

z d; y¥ < Qu, Vk €V (16)

eV

Assignment Constraints

Raw materials from each factory i must be transported to an allowable processing

z sz{j:Lvl'eF 17

deD; keVy JEN

plant:

Binary Constraints
x5 €{1,0},Vk € K,Vi,j €N (18)

vy e{1,0L,VkeK,VieF (19)

Freshness Penalty (FP)
Maintaining the freshness of raw materials is crucial in the context of Honkajoki Oy, to

ensuring the quality of the end products. To address this issue, we have introduced a
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Freshness Penalty parameter into our vehicle routing problem (VRP) model. This param-
eter is designed to quantify the impact of the time delay on the freshness of the raw
materials transported from various factories to different plants for further processing.

We define the freshness penalty parameter as follows.

T.ready —

; Time at which raw materials are ready for pickup at factory i

Ti‘]‘-m”e = Time at which raw materials from factory i arrive at plant j
F;j = Freshness penalty for transporting raw materials from i to j

P = Penalty per hour of delay

We calculate freshness penalty as:
_ i ready . . . .
Fij=(T§m =T/ **Y) X P,Yj EN,Vi €F ,i # j (20)
Here, P is a critical parameter determined in consultation with stakeholders, including
logistics managers and quality assurance teams at Honkajoki Oy. This collaborative ap-
proach ensures that the parameter accurately reflects the cost implications of delays in

product freshness.

3.2.4 Backend Architecture

The backend of the RouteShaper web application is a critical component that manages
data processing, business logic, and integration with the vehicle routing problem (VRP)
solver VRP-CLI. The backend is implemented using Django, a high-level Python web
framework, and incorporates the Django REST Framework (DRF) for building robust APIs.
This section covers the overall architecture of backend, key modules, and integration

with the VRP-CLI package.

Technologies Used:
e Django: A high-level Python web framework for rapid web development.
o Django REST Framework (DRF): A powerful toolkit for building Web APIs.

e VRP-CLI: A Python package for solving vehicle routing problems (Builuk, 2023).



32

Components:
e API Endpoints: Exposed using DRF to handle CRUD operations for logistics data.
e Business Logic: Implemented in Django views and serializers to process data and
apply business rules.
e VRP Integration: Utilizes VRP-CLI for optimizing routes based on given constraints
and requirements.
e Authentication: Managed using Django’s built-in authentication system along
with JWT (JSON Web Token) for secure API access.
Structure:
e project_root/
o vrp/: Contains Django settings and configuration files.
o base/: Main application directory containing Django models, views, seri-
alizers, and APls.
= models/: Handles the fields and behaviors of each data entity.
= rest_views/: Manages business logic and integration with VRP-CLI.
= serializers/: Manages validation and rendering of data.
= urls/: Defines all APl endpoints.

o manage.py: Django command-line utility for administrative tasks.

Key Modules and Their Functions
The backend architecture is designed to be modular, scalable, and maintainable. It con-
sists of several key modules, each responsible for different aspects of the application’s

functionality. The core modules include:

e User Management: Handles user authentication, authorization, and profile man-
agement.

¢« Work Management: Manages work details, containing multiple jobs and vehicles.

e Job Management: Manages delivery and pick-up job details, including geoloca-

tion, demand, and time window.
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o Fleet Management: Manages vehicle details, including type, capacity, and shift.
e Optimization Engine: Integrates with the VRP-CLI package to generate optimized

routes and scheduling based on input data.

Integration with VRP-CLI

The vrp_cli package is the main optimization engine of RouteShaper web application that
solves the Vehicle Routing Problem (VRP). The backend integrates with vrp_cli to opti-
mize routing and generate scheduling based on various constraints such as demand, ve-
hicle capacity, delivery time windows, and route distances. Below is a pseudocode rep-

resentation of how vrp_cli is implemented within the backend:

Pseudo code for vrp_cli solver in RouteShape

Function solve (request, pk):
work = get Work by pk
jobs = get Jobs related to work
vehicles = get Vehicles related to work
fleet, profiles = transform vehicles to internal format
fleet = create Fleet with vehicles and profiles
problem = create Problem with jobs and fleet

matrices = []
if custom matrix:
v_locations = get vehicle locations from fleet
j locations = get job locations from jobs
durations, distances = get durations and distance be-
tween each location using OpenRouteService
matrix = create RoutingMatrix using OpenRouteService
with vehicle profile, durations, distances
matrices.append (matrix as JSON)

# Solve the problem using vrp_cli

problem json = convert problem to JSON

matrices json = convert matrices to JSON

config json = convert config to JSON

vrp solution = call vrp cli.solve pragmatic with prob-

lem json, matrices json, config json
solution = parse vrp solution into Solution object

work serializer = serialize work
job serializer = serialize jobs
vehicle serializer = serialize vehicles

solution data = solution as JSON
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solution model = create Solution for work with solution data

context = {
"id": solution model.id,
"solution": solution as dictionary,
"work": work serializer data,
"jobs": job serializer data,
"vehicles": vehicle serializer data,

}

return Response with context

3.2.5 Frontend Architecture

The frontend of the RouteShaper web application focuses on creating an intuitive and

responsive user interface that allows users to interact with the system efficiently. The

frontend is implemented using React, a popular JavaScript library for building user inter-

faces, complemented by context and custom hooks for state management and Axios for

handling API requests. This section describes the frontend development process, cover-

ing the overall architecture, key components, and user interface design.

Technologies Used:

React: A JavaScript library for building user interfaces.

React Context: For state management across the application.

React Router: For handling navigation and routing within the application.
Leaflet: A JavaScript library to render maps and geolocations.

Axios: A promise-based HTTP client for making APl requests.

Tailwind CSS: A utility-first CSS framework for building responsive and visually

appealing designs.

Components:

User Interface (Ul) Components: Flowbite Ul Component library has been uti-
lized for modular and reusable components for different parts of the application

such as forms, tables, maps, and dashboards.
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e Routing: Implemented using React Router to handle navigation between differ-
ent views and components.
e APl Integration: Axios is used for communication with the backend APIs to fetch

and update data.

Structure:
e src/

o components/: Contains all Ul components.

o hooks/: Custom hooks contain actions, reducers, and store configuration
for state management.

o managers/: Contains API service configurations.

o pages/: Contains different page views like Dashboard, Work, Job Category,
Jobs, Vehicle Profiles and Fleet.

o App.js: Main application file.

o index.js: Entry point for the React application.

Key Modules and Their Functionalities

The frontend architecture is designed to be modular, scalable, and maintainable. It fol-
lows a component-based structure, where each Ul element is encapsulated within a Re-
act component. The application state is managed using React Context and custom hooks
to ensure a consistent state across the entire application. Axios is used to handle HTTP
requests to the backend API. The frontend is composed of several key components, each
responsible for a specific part of the user interface. These components are organized
into a directory structure for better maintainability and scalability. Key modules and their

functionalities are described below.

e Dashboard: The main dashboard that provides an overview of key metrics and
quick access to different statistics of the optimized route and scheduling for as-

sociated works.
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e Work: Components to display a list of works, detailed view, and forms for creat-
ing/updating works.

e Job: Components to display a list of jobs, detailed view, and forms for creat-
ing/updating jobs.

e Fleet: Components to display a list of vehicles, detailed view, and forms for cre-

ating/updating vehicles.

3.2.6 Data Layer

Technologies Used:
e MySQL: A powerful, open-source object-relational database system.
e Django Object-Relational Mapping (ORM): Used for database operations and
migrations.
Components:
o Database Schema: Designed to store information about works, job categories,
jobs, vehicle profiles, vehicles, routes, and schedules.
e Models: Django models representing database tables.
e Migrations: Handled by Django’s migration framework to manage schema

changes.

Entity Relationship Diagram (ERD): To provide a clear understanding of the data layer,
an Entity Relationship Diagram (ERD) is used. The ERD illustrates the entities, their at-

tributes, and the relationships between them.
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Figure 5. Entity Relationship Diagram (EDR) of RouteShaper WebApp.

The ERD includes the following entities:

e User
Attributes: user_id (PK), username, password, email, first_ name,
last_name

e Work
Attributes: work_id (PK), name

e Job Category
Attributes: category_id (PK), name, penalty/hour

e Jobs
Attributes: job_id (PK), name, latitude, longitude, demand, start_time,
end_time

e Vehicle Profile

Attributes: profile_id (PK), name, fixed_cost, cost/meter, cost/second



38

Vehicle
Attributes: vehicle_id (PK), name, latitude, longitude, capacity, start_time,
end_time
Multi Job
Attributes: work_id (FK), name
Solution
Attributes: work_id (PK), solution
Freshness Penalty

Attributes: solution_id (PK), freshness_penalty

Relationships:

User to Work: One-to-many (A user can manage works)

User to Job Category: One-to-many (A user can manage multiple job categories)
User to Vehicle Profile: One-to-many (A user can manage multiple vehicles pro-
files)

Multi Job to Job: One-to-many (One multi job can have multiple jobs)

Work to Vehicle: One-to-many (One work can have multiple vehicles)

Work to Job: One-to-many (One work can have multiple jobs)

Work to Multi Job: One-to-many (One work can have multiple multi jobs)

Work to Solution: One-to-one (One work can have only one solution)

Solution to Freshness Penalty: One-to-one (There will be only one freshness pen-

alty calculation for a given solution)

Structure:

models.py: Contains Django models for each data entity.

Migrations:

Migrations Directory: Contains migration files generated by Django to handle

changes in the database schema.

This detailed representation, including the ERD, helps in understanding how different

entities interact within the system, ensuring that the data layer is well-structured and

efficient for managing logistics data.
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Third-Party Integrations

Technologies Used:

OpenStreetMap: For interactive map rendering and visualization.
OpenRouteService API: For generating routing matrix using geographic coordi-

nates.

Components:

Map Rendering: Integrated in the frontend to display routes and vehicle loca-
tions.
Geocoding: Used in the backend to convert addresses into coordinates and gen-

erate routing matrix.

Structure:

3.2.8

frontend/src/components/ResultMap.js: Contains logic for interacting with
OpenStreetMap for visualizing optimized route for a given task.

backend/base/vrp_extra/utils.py: Contains utility functions for interacting with
OpenRouteService API for generating routing matrix utilizing coordinates of the

geolocations.

Interactions and Data Flow

User Interaction: Users interact with the web application through the frontend,
performing actions such as scheduling deliveries and optimizing routes.

API Requests: The frontend makes API requests to the backend to fetch or update
data.

Optimization Model Execution: The backend processes these requests, applying
optimization model and business logics.

VRP Solver: For routing optimization, the backend uses VRP-CLI to compute the
best routes based on input data.

Data Persistence: Results from the VRP solver and other operations are stored in

the MySQL database.
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6. Response to Frontend: The backend sends the processed data back to the

frontend, which updates the user interface accordingly.

Start RouteShaper
WebApp

e
INPUT: Work, Job Category, sQL
Jobs, Vehicle Profile, Fleet Database
S
l -
y . OpenRoute
Generate Routing Matrix Service APL
Define Configuration for VRP CLI
B Solver (BackEnd)
Default Terminal Condition:
maximum 300s, 3000 interations
Combine Jobs, Fleet, and Routing
Matrix to Model the Problem
No
Generate the Solution Using VRP
CLI Solver
Feasible
Solution?
Yes
; SQL
Store the Solution Database

Calculate Freshness Penalty

I

OUTPUT: Dashboard with
Scheduling Plan, Statistics,
Map, and Freshness Penalty

End

Figure 6. Sequential procedure for generating solution using RouteShaper.
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By utilizing this architecture, the system ensures efficient handling of transportation

scheduling and vehicle routing tasks, promoting sustainable logistics practices.

3.3 Version Management

Version management is a critical aspect of the development process, ensuring that the
project remains organized, and changes are tracked. This section outlines the version
management strategies and tools used in the development of the RouteShaper web ap-

plication, focusing on the use of Git and GitHub.

3.3.1 Version Control System

Git: Git is a distributed version control system that tracks changes in source code during
software development. It allows multiple developers to work on the same project sim-
ultaneously without interfering with each other’s work. Git was chosen for its wide-

spread adoption, and powerful branching and merging capabilities.

GitHub: GitHub is a web-based platform that provides hosting for Git repositories. It also
has additional features such as issue tracking, project management, and collaboration
tools. It serves as the central repository for the project, enabling team members to col-

laborate effectively.

3.3.2 Documentation

README.md: The README file in the repository provides an overview of the project,
setup instructions, and usage guidelines. It is updated regularly to reflect the latest

changes and instructions.

By following this detailed version management process, the project maintains a high
level of organization, collaboration, and quality control, ensuring that the web applica-

tion is developed efficiently and effectively.
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3.4 Testing and Validation

Testing and validation are critical components of the software development lifecycle,
ensuring that the web application functions as intended, is free of bugs, and meets the
requirements specified by the stakeholders. This section outlines the testing strategies

and validation processes implemented for the web application.

3.4.1 User Acceptance Testing (UAT)

The testing strategy for the RouteShaper web application includes User Acceptance Test-
ing (UAT) to ensure comprehensive coverage and reliability. The strategy employs man-
ual testing by end-users to validate user experience and edge cases against their require-

ments and expectations.

Process:
e Planning: Define the scope and objectives of UAT, involving key stakeholders.
e Test Case Development: Develop test cases based on user stories and require-
ments.
e Execution: Users execute the test cases and document any issues or feedback.
o Feedback and Iteration: Address any issues raised during UAT and iterate as nec-

essary.

Example Test Case:

Table 3. Example Test Case.

Test Case ID TC-001

Description Verify that a user can create a new work entry

1. Login as a valid user

Steps 2. Navigate to the "Work" page

3. Fill out the form and submit to create a work

Expected Result A new work entry is created and visible in the list
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By implementing this comprehensive testing and validation strategies, the project en-

sures that the web application is robust, reliable, and meets the user requirements.
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4 System Implementation and Evaluation

Chapter 4 delves into the practical aspects of the system implementation for the Route-
Shaper web application. This chapter provides a description of how the theoretical con-
cepts and methodologies discussed in previous chapters were translated into a func-
tional software solution. This chapter begins with an overview of the RouteShaper Ap-
plication, then the core features and functionality of the tool are described. Finally, a
case study of Honkajoki Oy is presented to measure how the RouteShaper web applica-

tion contributes to the efficient and sustainable transportation operations.

4.1 Overview of the Application

This section provides a comprehensive overview of the application's functionality, user

interface, and core features.

4.1.1 Purpose and Objectives

The primary purpose of the application is to provide logistics managers and stakeholders
with a tool for efficient planning and optimizing delivery routes and schedules. The ap-

plication addresses several key objectives:

o Efficiency: Reduce travel time and distance, thereby lowering fuel consumption
and operational costs.

e Sustainability: Minimize the carbon footprint of logistics operations by optimiz-
ing routes and schedules.

e User-Friendliness: Offer an intuitive and easy-to-use interface that simplifies

complex logistics tasks.
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4.2 Features and Functionality

This section contains details about the key features and functionalities of the application,
highlighting how each contributes to the overall efficiency and sustainability of logistics
operations. Before delving further into the details of features and functionality, a se-

quential workflow of a user in the RouteShaper web application is presented below.

Define Job Define Jobs

Define Work Category (Deliveries or
(Optional) Pick-ups)

—

Generate
: : fine Vehicl
End Solution N Define Fleet ¢ De L‘r;em:illislc e
(Dashboard)

Figure 7. User Workflow in the RouteShaper WebApp.

4.2.1 Work Management

Work is a set of jobs i.e. delivery or pick-up tasks associated with a fleet of vehicles. A
work can be constructed combining all the delivery tasks that need to be completedin a
day along with the available vehicles for the same day. However, logistics managers have
the liberty of designing and defining their own ‘Work’ based on certain given criteria.

The Work page enables users to add new work, edit, update, and delete existing works.

Key Features and Functionality:
e Work Creation: Users can add new work, edit, update, and delete existing ones.
Each work entries needs to be unique; no two different works can have the same

name. The name of the work should be less than 255 characters.
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e One Click Delete: This feature allows users to delete any existing work along with
all related jobs and vehicles in a single click. It provides users with clear control
over their data and reduces the effort required to individually delete associated

entries.
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Edit Seinajoen ruokakuljetukset_4

Work Name

Seinajoen ruokakuljetukset_4

Figure 8. Work Management in the RouteShaper WebApp.

4.2.2 Job Category Management

It is an optional feature. If any company has their pick-up or delivery tasks divided into
different categories with a defined hourly freshness penalty cost, then they can utilize

this unique feature. Otherwise, it can be left blank.

Key Features and Functionality:

e Job Category Creation: Users can input job categories with defined hourly fresh-
ness penalty cost. Each category should be unique, and the name of the category
should not be more than 255 characters. The penalty per hour is a positive real
number defined by the concerned stakeholders.

o Edit and Delete: Users can delete job category entries or edit to make adjust-

ments as needed.
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Figure 9. Job Catgory Management in the RouteShaper WebApp.
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The delivery and pick-up tasks associated with a route planning is defined as jobs. With

intuitive interface and interactive maps, RouteShaper web application enables users to

define tasks very easily.

Key Features and Functionality:

e Individual Job Creation: Users can input pickup and delivery locations, define

time windows, and customer demand. The location can be picked up from an

interactive map. If a task contains multiple delivery and pick-up jobs, users can

define that by selecting ‘Multi’ from the Job Type drop down. Each Job entry must

be unique, and the name of the Job must not exceed 255 characters.
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e Bulk Job Creation: In industrial settings, there are often numerous delivery or
pick-up tasks to be completed. Manually entering each task into the system can
be impractical. Therefore, we introduced a bulk job creation feature. Users can
define their jobs in a Microsoft Excel sheet in the format shown in the following
figure and save it as a CSV UTF-8 file. Then, they select the desired work from the
drop-down menu and upload the CSV file. Using this feature, users can register

multiple jobs in the system with a single click.

Add Jobs

Work
Select...
Upload file

Choose File No file chosen

Upload CSV file

A | B C D E 7 G H | J K

1 [name lcategoryjd lat Ing job_type demand duration start_at end_at created_by_id multi_id
2 Seinajoki_Delivery01 1 62.802227 22.87263 dd 1 90 2023-06-05T04:32:00.000Z 2023-06-05T20:59:00.000Z 1
3 Seinajoki_Delivery02 1 62.793752 22.88396 dd 1 90 2023-06-05T06:08:00.000Z 2023-06-05T20:59:00.000Z 1
4 Seinajoki_Delivery03 1 62.784961 22.84036 dd 1 90 2023-06-05T05:58:00.000Z 2023-06-05T720:59:00.000Z 1
5

6

7

8

9

10

1

12

13

14

15

16

17

18

19

20

< > job_bulk_import_template + HE |

Figure 11. Bulk Job Entry in The RouteShaper WebApp.
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e Edit and Delete: Users can delete any job entries or edit to make adjustments as

needed.

Seinajoki_Delivery01 edit

Job Name Insert Duration: Insert Demand:
Seinajoki_Delivery01 90 1

Job Type Start Time: End Time:

Delivery 06/05/2023 07:32:00 AM 06/05/2023 11:59:00 PM

Work @Longitude:22.9139 @latitude:62.7959
or X = 1 1 =
+ | Enter address x
Test01
es’ . = e . .
_ A Kertunlaakso

. Keski-Nurma

= P
Submit \ P
- X/ Hyllykallio

——al
Se(ujoki °ei\mar\m

Keskusta Karhuvuori

™
\ Kapernaumi 3
%

Ry
8
Uppa .

S N
Huhtala iy M

Figure 12. Job Edit in The RouteShaper WebApp.

4.2.4 \ehicle Profile Management

Each type of vehicle, such as cars, trucks, covered vans, etc., has some fixed costs asso-
ciated with each trip. Additionally, the cost per unit of time and distance varies based on
the type of vehicle. The vehicle profile management feature allows users to define the

types of vehicles in their fleet along with their associated costs.

Key Features and Functionality:

e Profile Creation: Users can define vehicle profile along is fixed cost, cost per me-
ter, and cost per second. The profile entries have to be unique and the name of
the profile should be less than 255 characters. Fixed cost, cost per meter, and
cost per seconds are non-negative real numbers.

e Edit and Delete: Users can delete any vehicle profile entries or edit to make ad-

justments as needed.
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Figure 13. Vehicle Profile Management in The RouteShaper WebApp.
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4.2.5 Fleet Management

Afleet is a set of vehicles assigned to specific tasks. The fleet management feature allows
users to add, update, and delete vehicles in a fleet as per the requirements. Similar to

job entries, users can create vehicle entries both individually and in bulk.

Key Features and Functionality:
e Individual vehicle Creation: Users can input depot locations, define time win-
dows, and set vehicle capacities. The location can be picked up from an interac-
tive map. Each Vehicle entry must be unique, and the name of the vehicle must

not exceed 255 characters.
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Figure 14. Individual Vehicle Entry in The RouteShaper WebApp.
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o Bulk Fleet Creation: In industrial settings, a fleet often includes a number of ve-
hicles. Manually entering each vehicle into the system may not be feasible always.
Therefore, we introduced a bulk fleet creation feature. Users can define their ve-
hicles in a Microsoft Excel sheet in the format shown in the following figure and
save it as a CSV UTF-8 file. Then, they select the desired work from the drop-
down menu and upload the CSV file. Using this feature, users can register multi-

ple vehicles in the system with a single click.

Add Fleets

Work

belect...

Upload file

Choose File No file chosen

Upload CSV file

A B (5 D E F G H | J K L M N o
1 |name lat Ing capacity start_at end_at created_by_id profile_id
2 Truckl_Seinajoki 62.79234 22.835892 3 2023-06-04T21:01:00.000Z 2023-06-05720:59:00.000Z 1 1
el
4
5
6
7
8
a
10
1
12
13
14
15
16
17
18
19
20
< > fleet_bulk_import_template + HE | »

Figure 15. Bulk Fleet Entry in The RouteShaper WebApp.

o Edit and Delete: Users can delete any vehicle entries or edit to make adjustments

as needed.
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Figure 16. Vehicle Edit in The RouteShaper WebApp.

4.2.6 Dashboard

The Dashboard serves as the central hub for users, providing a high-level overview of key

metrics and quick access to various functionalities.

Key Features and Functionality:

e Summary Widgets: Displays all the work entries with the number of all associ-
ated vehicles and jobs. Users can generate solutions for any of the work by click-
ing on the ‘Get Solution’ button.

e Solution Table: Displays the solution data for each job and vehicle of a given work.
Shows arrival time, departure time, load, and distance covered at each location.

o Statistics Table: Displays the total cost, total distance covered, total time needed
including driving time, serving time, waiting time, and parking time for a given
solution.

e Freshness Penalty Calculation Table: By clicking on the ‘Check freshness Penalty’

button, users can check the freshness penalty for a given solution.
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e Performance Charts: Visual representations of data trends, such as duration and

distance covered by each individual vehicles, breakdown of driving, serving, wait-

ing, and parking time for each vehicle.

o Export and Share: Allows users to export optimized routes and scheduling in CSV

format and share them with drivers and stakeholders.
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Solution Diagram
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Figure 17. Dashboard in The RouteShaper WebApp.
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By providing a comprehensive set of features and functionalities, the RouteShaper web
application enables logistics managers to optimize transportation scheduling and vehicle

routing, enhancing the efficiency and sustainability of food logistics operations.
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4.3 Case Study: Optimizing Transportation for Honkajoki Oy

To demonstrate the effectiveness and practical application of the RouteShaper web ap-
plication, a case study was conducted with Honkajoki Oy, a Seindjoki based mid-sized
company in Finland specializing in the processing of animal by-products (Honkajoki Oy,

2024).

4.3.1 Background

Honkajoki Oy has two different processing plants located in two different locations. They
collect raw materials from their 16 partner factories from different locations in Finland.
Honkajoki Oy faced several challenges in its logistics operations, including high fuel costs,
inefficient routing leading to delayed deliveries, and the need to maintain the freshness
of perishable goods. The company aimed to reduce operational costs, improve delivery
efficiency, and minimize its environmental impact by adopting advanced logistics opti-

mization tools.

4.3.2 Objectives

The primary objectives of the case study were to:

e Assess the impact of the web application on reducing operational costs.
e Evaluate the improvements in delivery time and route efficiency.

e Measure the overall enhancement in logistics management.

4.3.3 Implementation

Data Collection: Honkajoki Oy shared details about their delivery routes, including
pickup locations, time windows, and demand for a particular day. They also provided
their vehicle data including the capacity of each vehicle. In addition to that, they also
shared the manual scheduling and route planning of the same day for a comparative
analysis. To measure the impact of transportation delays on product freshness, we con-
sulted with the logistics manager and stakeholders of Honkajoki Oy. Together, we defined

three product categories, each with respective freshness penalties as listed below.
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Table 4. Product Categories and Freshness Penalties.

Category Freshness Penalty Per Hour
Category 01 2.2 eur/h/container
Category 02 2.9 eur/h/container

8.8 eur/h/container
Category 03
1400.00 eur/container if transportation delays more than 24 hours

Data Processing and Solution: We prepared a Microsoft Excel template to convert exist-
ing logistics data retrieved from their ERP system into a format ready to use for the
RouteShaper web application. The data was then uploaded to the system using the bulk

import feature, and we generated the solution.

4.3.4 Results

Honkajoki Oy had the requirement to pick up 59 containers for their first plant and 10
containers for another plant from 16 different partner factories. To generate the solution,
we considered an ideal fleet of a total of 24 trucks for transportation: 20 at the first plant
and 4 at the second plant. If enough vehicles are not available, dummy vehicles can be
added to generate the solution. Each truck has the capacity to carry 3 containers. We

also considered the following constraints:

e Time Window: Each container must be picked up within the same day i.e. for our
case study each container must be picked up by 23:59 latest.

e Vehicle Shift: All vehicles are available 24 hours.

e Unit Cost: Cost per kilometer distance is 2 EURO and cost of waiting is 0.10 EURO per
minute.

We split the data for both the processing plants as per the requirements. As our optimi-
zation engine, VRP CLI, runs on top of heuristic algorithms, we generated solutions 10
times for each processing plant and calculated their means and standard deviations to
measure the efficiency of the solver. Results are presented in the following tables and

figures.
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Table 5. Solutions for the Processing Plant 01.

Criteria S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 Mean | STD
Cost 13,260 | 13,261 | 13,315 | 13,260 | 13,260 | 13,260 | 13,260 | 13,260 | 13,347 | 13,315 | 13,280 | 3.1E+01
Distance 6,630 | 6,631 | 6,658 | 6,630 | 6,630 | 6,630 | 6,630 | 6,630 | 6,673 | 6,658 | 6,640 | 1.6E+01
Time (h) 129 129 130 129 129 129 129 129 130 130 129 2.7E-01
Driving 114 114 115 114 114 114 114 114 115 115 114 2.7E-01
Loading 15 15 15 15 15 15 15 15 15 15 15 0.00
FP 2,770 | 2,523 | 2,579 | 2,771 | 2,544 | 2,595 | 2,697 | 2,726 | 2,414 | 2,432 | 2,605 124
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Figure 18. Solutions for the Processing Plant 01.
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The results show that RouteShaper generates consistent solutions with negligible stand-
ard deviations for all the parameters except the Freshness Penalty (FP). The average cost
is 13,280 EURO with a standard deviation of 31, the average distance covered is 6,640
km with a standard deviation of 16, and the average time required is 129 hours with a
standard deviation of 0.27. The average FP is 2,605 EURO with a standard deviation of
124, with the FP ranging from 2,414 to 2,771.

Table 6. Solutions for the Processing Plant 02.

Criteria S1 S2 S3 sS4 S5 S6 S7 S8 S9 $10 | Mean STD
Cost 2,947 | 2,947 | 2,947 | 2,947 | 2,947 | 2,947 | 2,947 | 2,947 | 2,947 | 2,947 | 2,947 | 4.5E-13
Distance | 1,474 | 1,474 | 1,474 | 1,474 | 1,474 | 1,474 | 1,474 | 1,474 | 1,474 | 1,474 | 1,474 | 2.3E-13
Time (h) 27 27 27 27 27 27 27 27 27 27 27 | 7.1E-15
Driving 24 24 24 24 24 24 24 24 24 24 24 | 3.6E-15
Loading 3 3 3 3 3 3 3 3 3 3 3 0.00
FP 628 | 375 | 615 | 574 | 628 | 628 | 395 | 574 | 587 | 635 564 92

Cost, Distance, and Freshness Penalty Across Solutions for the Processing Plant 02

Criteria

B Cost
B Distance (km)
BN Freshness Penalty
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Figure 19. Solutions for the Processing Plant 02.

The results show that RouteShaper generates consistent solutions with negligible stand-
ard deviations for all parameters except the Freshness Penalty (FP). The average cost is
2,947 EURO, the average distance covered is 1,474 km, and the average time required is
27 hours, all with nearly zero standard deviations. The average FP is 564 EURO with a

standard deviation of 92, with the FP ranging from 375 to 635.

4.3.5 Comparative Analysis and Evaluation

The comparative analysis has been conducted from the quantitative perspective.
Honkajoki Oy has provided the manual scheduling followed on that particular day. The
key parameters of the manual scheduling have been quantitatively compared to those

of the RouteShaper solver to measure the efficiency of the tool.

The manual scheduling of Honkajoki Oy contains key information such as container num-
bers, partner factory names, processing plants, time when the container is ready for
pickup, time of departure, and time of arrival. Using this information, we have calculated

key parameters such as total distance traversed, total driving time, and freshness penalty.
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The distance from A to B is measured using Google Maps, driving time is calculated from

the given data, and freshness penalty is calculated using equation (10). These parame-

ters are then compared with those of the RouteShaper solution.

Table 7. Manual Solution vs RouteShaper Solutions for the Processing Plant 01.

Criteria Manual Solution RouteShaper Solution (Mean)
Cost (EURO) 15,860.80 13,279.69

Total Distance (km) 7,930.40 6,639.84

Total Driving Time (h) 156.53 114.41

Freshness Penalty (EURO) 2,127.35 2,605.07

Comparative Analysis for the Processing Plant 01

16000 4 B Processing Plant 01 Manual

B Processing Plant 01 RouteShaper
14000 1

12000 4

10000 +

Values

8000

6000

Criteria

Figure 20. Manual Solution vs RouteShaper Solutions for the Processing Plant 01.
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Table 8. Manual Solution vs RouteShaper Solutions for the Processing Plant 02.

Criteria Manual Solution RouteShaper Solution (Mean)
Cost (EURO) 2,586.00 2,947.26

Total Distance (km) 1,293.00 1,473.63

Total Driving Time (h) 26.10 24.25

Freshness Penalty (EURO) 359.92 563.82

Comparative Analysis for the Processing Plant 02

2500 4

2000 +

1500 4

Values

1000 A

B Processing Plant 02 Manual
I Processing Plant 02 RouteShaper
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Figure 21. Manual Solution vs RouteShaper Solutions for the Processing Plant 02.

The results show that the RouteShaper solution outperforms the manual solution in

every parameter except the freshness penalty for the processing plant 01. On the other

hand, for the processing plant 02, the manual scheduling provides a better solution than

the RouteShaper solver for every parameter except the total driving time. Since plant 02

has only 10 pickup tasks and plant 01 has 59, it indicates that the RouteShaper solver

works better for scheduling when a larger number of tasks are assigned. For a limited

number of tasks, manual scheduling works fine.
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To summarize, the intuitive and user-friendly interface of RouteShaper, along with fea-
tures like bulk import, enables logistics managers and practitioners to generate routing
and scheduling in minutes with just a few clicks. This not only reduces the labor and time
required for manual scheduling but also improves overall operational efficiency. Addi-
tionally, the results show that the RouteShaper solution outperforms the manual solu-
tion for Processing Plant 01. The RouteShaper solution contributes to approximately a
16.27% reduction in traveling distance and cost, along with 26.91% savings in traveling
time. This directly helps in emissions reduction and supports Honkajoki Oy’s sustainabil-

ity goals.

However, manual scheduling provides a better solution for Processing Plant 02, indicat-
ing that RouteShaper may not be suitable for scheduling and routing of a small number
of tasks. The freshness penalty parameter shows substantial deviations across solutions

for both the processing plant, which demands further study.

Overall, the case study with Honkajoki Oy, along with the comparative analysis, demon-
strates the tangible benefits of using the RouteShaper web application for optimizing
transportation scheduling and vehicle routing for a large number of delivery and pickup

tasks.
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5 Conclusion and Future Work

This study aimed to develop a robust web-based application, named RouteShaper, to
optimize transportation scheduling and vehicle routing within Honkajoki Oy, a leading
animal by-product processor company in Finland. The primary purpose was to address
the significant challenges in logistics operations, particularly in reducing operational
costs, maintaining efficiency, and minimizing environmental impact. RouteShaper suc-
cessfully integrates advanced algorithms, data analytics, and a novel Freshness Penalty

parameter to improve logistics operations.

5.1 Addressing the Problem Statement

The primary objective of this research was to develop an open-source-based web appli-
cation for vehicle route planning and scheduling. RouteShaper effectively fulfills this ob-
jective by providing an efficient solution that optimizes vehicle routes and schedules.
The application minimizes travel distances, cost, and time. Which directly implies re-
duced fuel consumption and emissions, contributing to improved operational efficiency

and sustainability at Honkajoki Oy.

To address the sub-questions related to the problem statement:
1. How can advanced algorithms be effectively integrated into a web-based appli-
cation to optimize vehicle routing and scheduling?
RouteShaper integrates advanced algorithms using the VRP CLI Python package,
which solves various forms of the Vehicle Routing Problem (VRP). The VRP CLI
employs heuristic algorithms to address different scenarios including multi-depot
capabilities, time windows, customer demand, and vehicle capacity, etc. This al-

lows dynamic and responsive optimization of vehicle routes and schedules.
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2. What impact does the optimized routing and scheduling have on operational
costs and efficiency?
The implementation of RouteShaper led to substantial reductions in travel dis-
tances, required time, and operational costs. Empirical testing demonstrated a
16.27% reduction in distance traveled and associated operational costs. Further,
26.91% reduction is observed in total time of traveling. These improvements

highlight the significant positive impact on operational efficiency and cost savings.

3. How to quantify the impact of delays in transportation on the quality of perish-
able products?
The Freshness Penalty parameter is introduced to quantify the impact of delays
on raw material quality by calculating the product of the delay in transit and a
penalty rate per hour. This parameter ensures that the quality of perishable prod-

ucts is maintained by minimizing delays and reducing the freshness penalty.

5.2 Theoretical Contribution

RouteShaper offers several theoretical contributions compared to existing open-source
solutions:

1. Freshness Penalty Parameter: One of the unique features of RouteShaper is the
incorporation of the Freshness Penalty parameter, which quantifies the impact
of delays in transportation on raw material quality. This parameter is critical for
industries like Honkajoki Oy, where maintaining the freshness of perishable
goods is essential. By minimizing the freshness penalty, RouteShaper ensures
higher product quality and reduces waste, a feature not commonly found in ex-

isting solutions.
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2. Real-Time Data Integration: RouteShaper utilizes OpenRouteService API to gen-
erate real time routing matrix. This enables RouteShaper to generate more accu-
rate routing and scheduling. On the other hand, most of the other open source

tool do not have this feature of real time routing matrix calculation.

3. Comparative Feature Analysis: Compared to existing open-source solutions like
ODL Studio and Spreadsheet Solver, RouteShaper has some unique features (ODL
Studio, 2014; Erdogan, 2017). In addition to that, RouteShaper demonstrates bet-
ter performance in some other critical parameters compared to the existing tool.
A table is provided below showing comparison of different features and param-

eters of RouteShaper with other tools.

Table 9. Comparison of the features of RouteShaper with other open-source tools.

Criteria RouteShaper ODL Studio Spreadsheet Solver
Technology Python Java VBA
Optimization Engine | VRP CLI jsprit Custom

Solution Generation | Less than 1 minutes | No data available | 15 minutes for 50

Time For 50+ jobs customers

Routing Matrix Real Time, using | Not Real Time Not Real Time
ORS API

Freshness Penalty | Available Not Available Not Available

Calculation

Reporting In CSV format In PDF format In Excel

5.3 Practical Contributions

Unlike many other open-source tools, RouteShaper provides a user-friendly interface
and dashboard. This helps practitioners to generate route planning and scheduling easily
and quickly. Additionally, the optimized routing and scheduling capabilities of Route-

Shaper contribute to sustainability goals by reducing carbon emissions and improving
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resource utilization. The application aligns with Honkajoki Oy’s commitment to environ-
mental sustainability and demonstrates the potential for similar applications in other in-

dustries.

5.4 Future Work

While this research has achieved its objectives, several areas for future work have been
identified. Addressing these areas can further enhance the application and broaden its

applicability.

The newly introduced parameter, Freshness Penalty (FP), has been applied in the analyt-
ics and reporting phase after solving the VRP. Consequently, we observed significant de-
viations in the value of FP. To address this issue, a new variant of VRP can be developed
in the future where the parameter FP is to be included in the objective function. This
new variant of VRP can be helpful for optimizing the timely delivery of perishable goods
at minimum cost. In addition to that, future work can explore the integration of more
advanced optimization algorithms, such as machine learning-based approaches, to fur-
ther improve the efficiency and accuracy of route planning. Adaptive algorithms that
learn from historical data and real-time conditions can provide more dynamic and re-

sponsive solutions.

To summarize, this study has demonstrated the potential of integrating advanced algo-
rithms and data analytics in optimizing transportation scheduling and vehicle routing. By
addressing key challenges in logistics operations and focusing on both efficiency and sus-
tainability, the developed application RouteShaper provides a valuable tool for Honkajoki
Oy and potentially other industries. Continued research and development in this area
hold promise for further advancements and broader impacts in the field of logistics man-

agement.
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Appendices

Appendix 1. Links for Source Code and User Guide Tutorial

Backend: https://github.com/rlazmh/vrp-backend
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Figure 22. GitHub page for the backend source code.

Frontend: https://github.com/rlazmh/vrp-frontend

o rlazmh / vrp-frontend
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Figure 23. GitHub page for the frontend source code.
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Video Tutorial (Individual Entry): https://youtu.be/6c)2dfyzdoo
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Welcome to the User Guide of
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Figure 24. User guide video tutorial for individual entry.

Video Tutorial (Bulk Entry): https://youtu.be/1_MVMrGe0Q8
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Figure 25. User guide video tutorial for bulk entry.
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