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Abstract 
Logistics and route planning are key modules of supply chain management, influencing efficiency and 

cost-effectiveness. This study investigates machine learning techniques to develop logistic operations 

and optimize route planning, such as supervised learning, reinforcement learning, and clustering 

techniques, to estimate demand, assess traffic patterns, and determine best delivery routes using data-

driven approaches. The study evaluates the algorithms' effectiveness in real-world scenarios, 

emphasizing their ability to adapt to changing perspectives and improve decision-making processes. 

Furthermore, the findings show considerable improvements in delivery times and resource allocation, 

highlighting machine learning's ability to transform logistics and route planning. The paper finishes 

with recommendations for future research and practical applications, underlining the significance of 

continual innovation in the logistics industry. 
 

Keywords: Machine learning, logistics optimization, route planning, dynamic vehicle routing, ant 

colony optimization, artificial intelligence in transportation 
 

1.1 Introduction 
Whether it is basic goods transport or managing the various operational processes inside or 
between the identified countries, logistics is everything within the contemporary business 
world. Transport planning and routing is one of the most urgent questions of today’s 
managers that would like to improve the control over transport expenses and revenue. It is 
surprising that during the last decades some changes occurred which make it possible to 
implement the tendencies of artificial intelligence and machine learning for improving the 
accomplishment of these goals in the field of logistics planning [1]. Applying machine 
learning techniques in conjunction with constrained optimization problems has been a very 
effective approach for solving complex planning problems changing over time and space [2]. 
Dynamic Vehicle Routing Problem (DVRP) remains one of the significant applications in 
logistics since it encounters problems concerning the planning of routes arising from new 
customer orders during transit. For maximum efficiency of the developed algorithms, for 
example the ant system combined with the bipartite graph matching algorithm, it is essential 
to work towards enhanced lookup of global solutions in a short span of time [3]. Such 
metaheuristic methods can assist in exploring challenges regarding the D-VRPTW to 
improve vehicle distribution and cut operating expenses. For example, one of the research 
employed the simulated annealing algorithm with a variant for vehicle routing with time 
windows allowing for flexibility in managing of any temporal and dynamic factors [4]. 
On the other hand, the use of machine learning technologies is increasing in improving 
multimodal transportation operations within modern cities, where different transportation 
systems such as buses, trains, and bicycles are integrated with the aim of reducing congestion 
and environmental impact while enhancing the user experience. These advances help in the 
increase the sustainability of all logistics activities in terms of the carbon footprint and in 
terms of the utilization of the resources of logistics [5]. 

Further, basic procedures like decision trees are also useful in regional logistics planning 

because they work as variables affecting data analysis for the spatial plan of logistics nodes. 

They assist in dissecting nation and geographical sections from the viewpoint of logistical 

characteristics in an effort to assist advance the field of transport and the services within the 

field [6]. An important problem of operational research is the optimization of the delivery 

routes since the cost of deliveries has a direct impact on logistics companies and their ability 

to fulfill customers’ demands. 
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Using mixed-integer linear programming, one case showed 

that total distances traveled could be substantially 

decreased, related penalties minimized, and the general 

effectiveness of distribution logistics improved [7]. Every 

routing problem has some constraints like the amount of 

load that can be transported by a vehicle, time window 

within which delivery is to be made, and the number of 

locations that needs to be covered. These constraints are 

important especially when solving vehicle routing problems 

(VRP) since vehicles are needed to visit each customer at 

specific time and should not overload the vehicles. For 

example, it was established that improvements in the 

solutions of VRP with time windows and capacity 

constraints enhances the prompt delivery of products in the 

logistics chain and proper utilization of vehicle capacities 

respectively [8]. 

Such elements also make it possible to fine-tune the 

enhancement of the last parts of the logistics sustainability 

and even operation efficiency too, where the integration of 

the machine learning approach and the classical algorithms 

as an effective way into deeper problem like, How many 

companies can develop transport systems and routing today? 
[1]. 

 

1.2 Method of Systematic Review 

The evaluation was systematic with the purpose of 

providing adequate coverage for all the sources available as 

well as the information being subjected to scientific 

analysis. This approach is based on the literature review to 

determine the articles about the mechanistic approaches to 

logistic and route planning using machine learning 

techniques. Not only is there documentation of how the 

research conducted the research, sought the data and 

analyzed the data collected.  

 

1.2.1. Source of the Information 

Sources of the information included peer-reviewed 

international scientific journals together with web-based 

sources such as Scopus and Science Direct databases. 

Special emphasis was made to the analysis of the 

deterministic routing optimization problems solved with the 

assistance of the best specialist algorithms, including 

genetic algorithms, ant colony optimization algorithms, 

metaheuristic algorithms, and others. Other articles 

presenting works on the use of machine learning in logistics 

planning and increase in efficiency were also used. 

 

1.2.2. Selection of the Study 

To identify the articles it was necessary to choose certain 

parameters and the correlation of the discussed topics to the 

subject. Among those papers, more effort was made to 

collect solutions to dynamic routing problems and the 

decision of time windows for order delivery of higher 

orders. In this paper, dynamic vehicle routing problem with 

time windows have been solved using Ant colony. Studies 

that were not directly related to the topic or that did not 

provide innovative solutions or relied on outdated 

techniques not applicable to modern logistics environments 

were excluded.  

 

1.2.3. Search Scenario 

The search scenario was chosen consciously to provide 

enough search coverage and to respond to every aspect that 

may be required. The search started from the words which 

were related with the route planning such as”, “machine 

learning”, “metaheuristic algorithms” and “transportation 

optimization”. These keywords were used in various 

databases to capture relevant studies that included the 

following. Other considerations were also incorporated to 

give even more stress to practical and empirical kinds of 

research.  

 

1.2.4. Process of Data Collection 

The information was collected mainly relying on the 

guidelines of the first research studies and the major factors 

derived after reviewing them. Quantitative measures, and 

analyses were used to resolve the data and identify the 

recurring characteristics of the several researches. 

Qualitative and quantitative techniques were applied in 

measuring the impact of the algorithms employed and the 

resultant impartation of improvements in the variety of 

logistics functions. I therefore decided to use the decision 

trees algorithm for the territorial logistic planning. 

Additionally, the studies were assessed based on their 

practical applications and their ability to offer feasible 

solutions in both urban and rural environments [5]. 

 

1.3. Research Literature Taxonomy 

In the current work the research papers related to planning 

in logistics and the travelling routes for planning a work 

operation has been sub classified into three categories. The 

rationale behind this classification is to try to retrieve papers 

that can approach from other angles logistics and route 

planning proposing, for instance, algorithms and machine 

learning. The above classification is divided into articles 

that cover logistics planning and articles that cover route 

planning and there are articles which outline the vision of 

both the logistics and route planning.  

 

1.3.1 Logistic Planning Articles 

For instance, there have been several research works to look 

at the aspect of logistics planning with an attempt to use 

data analytics as well as other machine learning approaches 

in order to enhance the performance of the logistics chain. 

Some of them achieved using decision tree algorithms for 

regional logistics planning that improves distribution of 

logistics and decreases operation costs [6]. Several of these 

researches have privileged the improvement of logistics 

planning through the implementation of transport modal 

interfaces that seek to optimize the flow of goods and 

minimize nuisances to the environment. For example, the 

collaborative strategies and multi-depot planning strategies 

have been implemented to establish efficient as well as 

sustainable logistics models for the movements of goods, 

thus they also solve sustainability issues associated with 

environmental emissions and resource consumption [9].  

 

1.3.2 Articles of Route Planning 

Road mapping is one of the largest issues affecting the 

logistics activities for which a number of research works 

related to implementation of artificial intelligence learning 

and concepts were carried out. A most relevant research 

assessed dynamic route planning problem with time 

windows using ant colony optimization algorithms which 

resulted in reducing time cost and increasing delivery 

efficiency [3]. Other studies have focused on improving route 

planning using various algorithms such as heuristic and 

genetic algorithms applied to solve problems of variable 
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routes and shipment delivery planning [2]. These solutions 

are predicated upon the utilization of large quantities of data 

as well as mathematical calculations for improving the 

functionality of the fleets and decreasing the time taken in 

deliveries.  

 

1.3.3 Other Research Related to Logistic and Route 

Planning 

Besides specific research in logistics and route planning, 

there are numerous theories having integrated these aspects 

to increase the transport operations. For example, one paper 

examined the integration of machine learning to decision 

support systems in transportation planning and logistics 

resources management and excess the effectiveness of 

flexibility and responsiveness of such systems in new 

changes [10]. In addition, optimality has been promoted 

through advanced algorithms in freight transport VRU and 

the integration of multiple services to transform cities’ 

transport systems for better traffic flow and transport order 

[11]. 

These integrated approaches enhance sustainability and 

decrease the cost of operations since logistics and route 

optimization are achieved concurrently. 

 

1.4 Motivations, Challenges, and Recommendations 
This comprises elements of inventiveness such as Logistics 

and the route planning, which has adopted Artificial 

intelligence and Machine learning techniques as one of the 

transformative skills in the contemporary management of 

logistics and transportation. Therefore, the purpose of this 

chapter is to explain further the primary reasons for 

implementing these technologies, discuss why these 

technologies are not adopted as intended, and offer 

suggestions to the programmer and researchers with regard 

to these systems.  

 

1.4.1 Motivations 

Enhancements in performance, cost cutting and reducing the 

negative impact of the environment are among the main 

incentives for the use of logistics and route planning by 

artificial intelligence and machine learning algorithms. All 

of the above derive benefits in increasing the operating 

efficiency or improving the sustainability of the logistics 

systems.  

 

Benefits concerning the logistic planning 

The improvement of theories on the planning of logistics 

has contributed to achieving system openness and 

flexibility; however, problems in implementing them are 

different. It is often useful when using decision tree 

algorithms to arrange the location of logistics nodes so that 

management expenses and operations become less 

expensive [12].  

In addition, some of the application benefits of multimodal 

platforms have found that it also increases transport 

productivity, accelerates delivery, and reduces system more 

interruptibility [13].  

Several papers published in the recent past have shown that 

the optimization of loads and positions of nodes with the 

help of decision tree algorithms can go a long way to 

improve the efficiency of the entire logistics network by a 

reduction of distance traveled and hence considerable cut on 

operations cost [14].  

 

Benefits associated to route planning 

Several approaches like Ant Colony Optimization (ACO), 

heuristic methods as well as genetic algorithms have also 

improved the planning of the delivery routes. As these 

algorithms can substantially shorten delivery time and 

improve the effectiveness of the assets in logistics [15].  

However, they are important in managing transport in fleets 

through reducing costs and increasing delivery accuracy 

hence customers’ satisfaction. The study in the last year 

reveals that the application of optimization algorithms in 

disposing of the vehicle fleet also helps to increase the 

transportation efficiency, minimize fuel consumption and 

maintenance costs, and thus achieve gigantic savings for the 

logistics industry [16].  

 

Benefits concerning application activities 
In addition to the effective facilitation of logistics processes 

and improved route planning, AI and ML algorithms 

contribute greatly to practical purposes by interconnecting 

different system platforms. For instance, the multimodal 

transport systems employs AI to address traffic congestion 

and make better the quality of services delivered to users [17].  

Also, calculations and forecasts of data analysis tools 

contribute to the efficient logistics of goods distribution and 

delivery services for better customers’ satisfaction [18].  

 

Benefits c to Logistic and Route Planning 

Transportation logistics and route planning are documented 

to report a performance increment and cost decrement when 

implemented on a single platform. This integration enhances 

the flow of interactions between multiple components, 

efficiency in terms of resource management, and 

consequently, enhances the quality of logistics services. 

Also, they are active in decreasing the effects of their 

invulnerable link in the environmental surroundings due to 

minimizing several transportation procedures [19]. 

 

1.4.2 Article Challenges 

Despite the high efficiency of applying machine learning 

techniques in logistics and route planning several issues 

prevent the usage of these technologies. Some of these 

challenges include the issue associated with IoT and that of 

complexity of logistics system.  

 

Concerns on IoT 

Logistics environments that adopts IoT technologies 

encounters a number of security and privacy issues. The 

combination of different systems represented by smart 

devices, as well as the handling of large amounts of data, 

require new approaches aimed at providing both resilience 

and sustainability. These issues must be managed if IoT is to 

take root in logistics since it is possible to overcome these 

challenges [20].  

 

Perception of Others on Logistic Planning Usability 
Some of the most significant barriers of advanced 

technologies in the context of implementing changes in 

logistics include skills mismatch and technological skill 

requirements in big data systems. Apparently, organizations 

face a challenge of managing these systems since they entail 

human resource that have proficiency in data analysis and  
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computer science. Therefore, there is the importance of 

providing technical skill focused training and development 

to the employees in order to promote the adoption and 

operation of the technologies [21]. 

 

1.4.3 Recommendations 

Some recommendations that may be drawn from the 

identified benefits and challenges include the following 

conclusions with respect to both developers and researchers 

in the logistics and route planning arena.  

 

Recommendations to Developers 

The authors advised that developers should enhance the 

skills of the users in terms of the user interfaces when it 

comes to logistics operations. Additionally, security should 

be enhanced in IoT systems, ensuring the protection of 

sensitive data exchanged between connected devices. 

Moreover, it is recommended to use metaheuristic 

algorithms to improve system performance and reduce 

operational costs.  

 

Recommendations on Researchers 

Research relevant to this area should therefore be directed 

towards fashioning new paradigms that accommodate the 

aspects of logistics and route planning in the context of 

environmental constraints as well as new and evolving 

customer requirements. Additionally, more applied studies 

should be conducted to analyze the impact of proposed 

solutions in real-world environments and to offer practical 

solutions that can be implemented on an industrial scale. In 

addition, a more detailed study of the possibilities for using 

machine learning to work with large volumes of information 

and optimize the creation of predictive models and route 

planning. 

 

1.5 Previous Research Methodology Aspects 
In the last few years, machine learning algorithms have 

found their application in the logistics and route planning 

research area. The purpose of these algorithms is to improve 

organizational efficiency, reduce costs and highlight 

solutions to transportation and distribution problems. To this 

chapter, methodological aspects used in previous study on 

the proposed scientific problem sullied with reference to the 

use of machine learning algorithms in logistics and optimal 

route search.  

 

Machine Learning Algorithms  

Techniques like decision trees and random forests make it 

easy to work with big data and therefore makes it easier to 

respond to IoT environments within an appropriate time in 

order to make the right decision. The time analyzing of 

these systems has to be minimized, more importantly in 

logistics networks that need to be fast responding and 

effective [22]. 

ACO is an important category of the ML technique that is 

used commonly in solving planning problems, especially in 

those dynamic environments that demand quick changes. Its 

feature of providing a shortest path between two given 

points it is more appropriate for explaining issues arising 

from the complexity of transport and distribution systems 

[23].  

On the other hand, the work has shown that Genetic 

Algorithms (GAs) have been applied for successful 

interventions in logistics and route planning. In modelling 

GA’s existent solution, viable new solutions are developed 

hence improving the efficiency with which goods are 

transported and the time taken in delivering them [24].  

Furthermore, several of them have proposed methods based 

on Decision Trees to assess the factors of logistics data and 

transport tactics at the logistics nodes. That is why these 

algorithms work best when dealing with multiple variables 

and build accurate models to be applied in real-life logistical 

environments [25].  

In recent work, metaheuristic algorithms are used to 

improve the scalability and efficiency of solving planning 

problems in logistics systems. Approaches like 

Reinforcement Learning and Large Neighborhood Search 

broaden the approach to scale multiple solutions, and refine 

existing ones, for the best outcome [26].  
Implementing machine learning algorithms in logistics 

networks presents several challenges: 

Data Volume and Computational Demands: Dealing with 

large datasets is an incredibly resource-intensive process. 

System Compatibility: It can be agreed that integration is 

crucial when it comes to the integration between the data 

storage systems employed. 

However, they continue to be a critical means through 

which firms striving to improve the effectiveness of the 

transportation sector and meet fluctuating logistics needs 

can endeavor [27]. 

 

1.6 Literature Review: Synthesis 

By the end of this chapter, the authors will therefore present 

a review of literature on logistics and route planning using 

machine learning as well as new algorithms. For this reason, 

the primary objective of the current review is to provide an 

overview of the prior studies in relation to the researched 

themes, objectives, approaches, results, benefits, or 

challenges/opportunities encountered.  

 

Problem 
The research questions that have been asked in connection 

with logistics and route planning include; How do I choose 

the delivery routes, how do I reduce transport costs, and 

how do I optimize the flow of product in the chain? For 

example, the problem of time-varying routing was solved 

with help of metaheuristic algorithms like (ACO) 

concerning the change of the routes and delivery schedules 

in real time. Another major challenge is the distribution of 

the logistics nodes, which specific solutions in some works 

have been determined by decision tree algorithms which 

provided the most rational placing of nodes in terms of cost.  

 

Objectives 

The main goal of the research concerning both logistics and 

route planning is the enhancement of system analysis and 

decrease in expenses with the help of machine learning and 

optimization algorithms. There has been earlier research 

conducted with focus on enhancing Decision Making within 

the sphere of Supply Chain Management and as well as 

improved fleet management. For instance in the study with 

genetic algorithm (GAs), the objective was to optimize the 

delivery routes and time and use of the available resources. 

Additionally, improving environmental sustainability and 

reducing the carbon footprint of transportation were key 

objectives in some studies, particularly those focused on 

multimodal transport systems. 
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Methods Used 
The studies used different types of machine learning 

techniques and mathematical models. Many researchers 

have solved complex logistics and transportation problems 

via ACO and genetic algorithms. Metaheuristic algorithms, 

such as Large Neighborhood Search (LNS), were also 

employed to gradually improve solutions and explore 

alternative routes for optimal performance. In addition, 

decision trees of large data sets and logistics planning 

suggestions were included as well.  

 

Results 

Through the researches, it proved that the effectiveness and 

costs in logistics and route optimization had increased, 

thanks to the application of the developed models. For 

instance, the actual employment of ACO algorithms for the 

route optimization created less delays and more efficient 

delivery times in environments with dynamic issues. 

Genetic algorithms also showed success in optimizing 

resource allocation and reducing transportation costs by 

enhancing fleet management systems.  

Strength Points 

One of the biggest advantages of these works is in making a 

connection between the applied machine learning 

methodologies and the actual logistic problems. Another 

theoretical strength is the accessibility of large arrays of data 

and flexibility to changes within the context that surround it. 

Studies that integrated multimodal transport systems 

demonstrated enhanced coordination across different 

transportation modes, improving both efficiency and 

environmental sustainability.  

 

Challenges or Limitations 

However, these techniques have their own limitation: There 

are several issues arising from the above successful 

techniques. The research also has some limitations; One of 

the biggest drawbacks is the high computational load when 

working with big data and training an ML model in real-

time. Moreover, the integration of IoT systems and the 

reliance on big data pose security and privacy concerns, 

especially in managing vast amounts of interconnected data 

across platforms [1]. 

 

No 
No Research 

cite 
Year Problem Objectives Methods Results Strength Points Limitation 

1  [28] 2023 
Planning new 

logistics centers 

Use spatial 

model for 

decision 

making 

Multi-criteria analysis 
Improved spatial 

planning 

High accuracy in 

site 

determination 

Relies on 

available spatial 

data 

2  [29] 2020 

Improving mobile 

edge computing 

routing 

Optimize 

energy 

consumption 

and routes 

Multi-path routing 

protocol 

Increasedefficienc

y and reduced 

energy 

consumption 

Effective in 

mobile edge 

computing 

Complexity in 

large network 

implementation 

3  [30] 2019 Best path selection 
Develop a new 

algorithm 

Machine learning 

algorithm for optimal 

path selection 

Improved network 

performance 

High accuracy 

and fast path 

selection 

Requires high 

computing 

power 

4  [31] 2021 

Optimizing 

software-defined 

network routing 

Review 

machine 

learning 

techniques for 

routing 

Systematic review of 

various techniques 

Improved routing 

efficiency 

Comprehensive 

coverage of 

techniques 

Lacks extensive 

practical 

applications 

5  [32] 2015 

Scheduling 

autonomous 

vehicles and 

conflict avoidance 

Improve 

scheduling and 

conflict 

avoidance 

Ant colony algorithm 

for conflict avoidance 

Improved 

efficiency and 

reduced conflicts 

Highly effective 

in industrial 

environments 

Needs 

improvement 

for other 

environments 

6  [33] 2024 

Improving 

inventory and 

vehicle scheduling 

Develop local 

search 

optimization 

approach 

Iterated local search 

heuristic 

Improved 

scheduling and 

reduced inventory 

costs 

Enhanced 

operational 

efficiency 

Complexity in 

large system 

implementation 

7  [34] 2023 

Path planning for 

autonomous 

underwater 

vehicles 

Improve path 

planning 

Review of machine 

learning techniques 

Improved 

performance in 

underwater 

environments 

Effective in 

marine 

environments 

Challenges in 

complex 

environment 

implementation 

8  [35] 2023 

Data analysis and 

vehicle routing 

optimization 

Improve 

vehicle routing 

using data 

Data analytics and 

machine learning 

Improved routing 

efficiency 

Increased 

decision-making 

accuracy 

Relies on 

availability of 

high-quality 

data 

9  [36] 2021 

Supply chain 

management using 

machine learning 

Improve 

supply chain 

efficiency 

Comprehensive review 

of machine learning 

applications 

Improved 

operational 

efficiency 

Comprehensive 

coverage of 

applications 

Requires more 

practical 

applications 

10  [9] 2022 

Horizontal 

collaboration in 

logistics 

Assess 

collaboration 

benefits in 

planning 

Integrated planning 

model 

Improved logistics 

efficiency 

Increased 

collaboration and 

cost reduction 

Requires 

cooperation 

between 

companies 

11  [37] 2019 

Analyzing 

transportation 

mode choices in 

Chicago 

Model choices 

using machine 

learning 

Data analysis of 

transport using 

machine learning 

Improved 

prediction of 

choices 

High accuracy in 

prediction 

Relies only on 

local data 

12  [38] 2022 Routing Improve Continuous machine Improved routing Highly effective Challenges in 
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underground 

vehicles using 

machine learning 

routing in 

mining 

environments 

learning application in 

vehicle routing 

efficiency in 

mining 

in complex 

environments 

practical 

implementation 

13  [39] 2024 

Data analysis in 

supply chain 

management 

Review the 

latest data 

analysis 

techniques 

Comprehensive review 

of the latest techniques 

Improved supply 

chain efficiency 

Comprehensive 

coverage of 

techniques 

Requires more 

practical 

applications 

14  [40] 2024 

Improving freight 

transport routing 

and scheduling 

Develop data-

driven models 

Preference-based data 

models 

Improved 

scheduling 

efficiency 

High decision-

making accuracy 

Relies on 

availability of 

accurate 

preference data 

15  [41] 2024 

Designing 

intelligent logistics 

management 

system 

Improve 

logistics 

management 

using machine 

learning 

Machine learning-

based system design 

Improved 

operational 

efficiency 

Improved 

decision-making 

accuracy 

Relies on 

availability of 

accurate data 

16  [42] 2020 
Optimizing electric 

vehicle routing 

Improve 

distribution of 

fresh products 

using electric 

vehicles 

Electric vehicle route 

optimization 

Reduced costs and 

improved 

efficiency 

Highly effective 

in urban 

distribution 

Challenges in 

rural application 

17  [43] 2022 

Improving 

maritime logistics 

using machine 

learning 

Improve 

maritime 

transport 

efficiency 

Applying machine 

learning techniques in 

maritime logistics 

Improved 

operational 

efficiency in 

maritime transport 

Effective in 

marine 

environments 

Needs 

improvements 

in system 

integration 

18  [8] 2021 

Optimizing 

forward and 

reverse logistics 

routing 

Improve 

logistics 

operations 

efficiency 

Metaheuristic 

algorithms for routing 

Improved routing 

efficiency and 

reduced time 

Improved 

logistics returns 

management 

Relies on 

accurate data for 

actual 

implementation 

19  [44] 2013 

Optimizing routing 

with fuzzy time 

and discounts 

Reduce costs 

and improve 

transport 

efficiency 

Fuzzy model to handle 

time and discounts 

Improved transport 

scheduling and 

cost reduction 

Ability to handle 

uncertain data 

Needs 

improvements 

in real-world 

applications 

20  [45] 2021 

Using machine 

learning to reduce 

logistics problems 

Develop a 

generalization 

and problem 

reduction 

model 

Machine learning 

techniques to analyze 

and simplify logistics 

data 

Improved decision-

making and 

reduced problems 

Improved 

prediction 

accuracy and 

flexibility 

Complexities in 

practical 

implementation 

21  [4] 2021 
Solving logistic 

deadlock issues 

Develop 

strategies to 

resolve 

deadlocks 

Analytics and 

algorithms 

Improved logistic 

flow 

Reduced delays 

in operations 

Requires deep 

integration with 

logistics 

systems 

22  [46] 2020 

Improving vehicle 

routing using 

hybrid machine 

learning 

Develop a 

hybrid model 

for route 

optimization 

Machine learning and 

hybrid simulation 

Improved 

operational 

efficiency and 

reduced time 

High flexibility 

in data handling 

Requires high 

computing 

resources 

23  [47] 2024 

Optimizing 

delivery using 

trucks and drones 

Reduce the 

impact of 

aerial traffic on 

delivery 

Hybrid truck and 

drone model 

Improved delivery 

efficiency and 

reduced delays 

Effective in 

overcoming 

aerial congestion 

Challenges in 

integrating 

trucks and 

drones 

24  [48] 2021 

Improving electric 

vehicle fleet 

planning 

Improve 

transport 

efficiency 

using electric 

vehicles 

Algorithms for 

optimizing electric 

vehicle fleet planning 

Improved 

operational 

efficiency and 

reduced cost 

Highly effective 

in electric 

transport 

Challenges in 

wide-scale 

implementation 

25  [49] 2020 

Improving inbound 

and outbound 

logistics planning 

Improve 

efficiency and 

reduce costs 

Optimization 

algorithms for logistics 

planning 

Reduced costs and 

improved 

performance 

Improved 

process flow 

Relies on large 

and accurate 

data 

26  [50] 2020 

Generating logistic 

profiles using 

cluster analysis 

Improve 

logistics 

planning using 

analysis 

Clustering techniques 

for defining logistic 

profiles 

Improved decision-

making accuracy 

Effective in 

handling 

complex data 

Relies on the 

quality of 

available data 

27  [51] 2024 

Predicting time of 

arrival in dock 

rescheduling 

Improve 

prediction 

accuracy using 

machine 

learning 

Machine learning 

algorithms for ETA 

prediction 

Improved 

prediction 

accuracy and 

rescheduling 

High accuracy in 

prediction 

Relies on 

availability of 

ETA data 

28  [52] 2020 

Improving third-

party logistics 

operations 

Apply machine 

learning 

techniques to 

Machine learning 

algorithms for 

analyzing and 

Improved 

operational 

efficiency and 

Flexibility in 

handling 

logistics 

Relies on 

availability of 

accurate data 
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improve 

efficiency 

improving operations simplified 

processes 

operations 

29  [53] 2020 

Dynamic path 

planning using 

machine learning 

Improve 

efficiency in 

dynamic path 

planning 

Model based on 

machine learning 

algorithms 

Improved 

efficiency and 

reduced time 

Flexible 

application in 

dynamic 

environments 

Complexities in 

practical 

implementation 

30  [54] 2021 

Routing and 

wavelength 

assignment in 

optical networks 

Improve 

optical 

network 

performance 

Machine learning 

algorithms for routing 

optimization 

Improved network 

efficiency and 

reduced delays 

Highly effective 

in optical 

network 

optimization 

Requires high 

computing 

power 

31  [55] 2022 

Improving 

autonomous 

vehicle route 

planning 

Improve 

operational 

efficiency of 

autonomous 

vehicles 

Machine learning for 

route planning 

optimization 

Improved vehicle 

performance and 

reduced costs 

Highly effective 

in autonomous 

environments 

Challenges in 

infrastructure 

integration 

32  [56] 2021 

Supporting supply 

chain management 

using machine 

learning 

Improve 

supply chain 

operations 

using 

technologies 

Machine learning tools 

for decision-making 

improvement 

Improved 

operational 

efficiency and 

reduced costs 

Effective in 

improving 

decision-making 

Relies on data 

availability 

33  [57] 2024 

Monitoring and 

controlling mango 

supply chain using 

machine learning 

Improve 

supply chain 

efficiency 

through 

monitoring 

Machine learning 

algorithms for 

monitoring and 

improving the supply 

chain 

Improved 

operational 

efficiency and 

reduced waste 

Effective in 

monitoring 

supply chains 

Relies on 

availability of 

accurate data 

34  [58] 2023 

Improving vehicle 

transport in cold 

chain logistics 

Reduce costs 

and improve 

transport 

efficiency 

Algorithms for 

optimizing vehicle 

routing in cold chain 

logistics 

Improved 

efficiency and 

reduced waste 

Improved 

transport 

management in 

cold 

environments 

Challenges in 

application in 

other 

environments 

35  [59] 2023 

Predicting future 

demand in logistics 

using machine 

learning 

Improve future 

demand 

forecasting 

Machine learning 

algorithms for data 

analysis and demand 

prediction 

Improved 

forecasting 

accuracy and 

reduced costs 

Effective in 

demand 

forecasting 

Relies on 

accurate data for 

prediction 

36  [60] 2024 

Ensuring 

robustness and its 

application in 

logistics 

optimization 

Improve 

efficiency and 

flexibility in 

solving 

logistics 

problems 

Complex mathematical 

models to improve 

robustness 

Improved system 

efficiency and 

flexibility 

Effective in 

handling 

complex 

problems 

Requires large 

resources 

37  [61] 2021 

Improving vehicle 

routing in cold 

chain logistics 

Improve 

distribution 

efficiency in 

cold chain 

logistics 

Ant colony algorithm 

for improving vehicle 

routing 

Improved 

efficiency and 

reduced costs 

Effective in cold 

environments 

Complexities in 

implementation 

38  [62] 2016 

Improving route 

planning in 

transport networks 

Improve 

efficiency and 

reduce travel 

time 

Machine learning 

algorithms for route 

planning optimization 

Improved 

operational 

efficiency 

Effective in 

improving 

transport flow 

Relies on data 

integration 

39  [63] 2021 

Choosing suitable 

algorithms for 

classification 

problems 

Improve 

classification 

accuracy using 

machine 

learning 

Classification tools for 

data analysis 

Improved 

classification 

accuracy 

Comprehensive 

coverage of 

algorithms 

Complexities in 

choosing the 

optimal 

algorithm 

40  [64] 2022 

Using simulation 

for logistics 

process 

optimization 

Improve 

logistics 

planning using 

simulation 

Applying simulation to 

analyze and improve 

processes 

Improved 

operational 

efficiency 

Effective in 

process analysis 

Requires large 

computing 

resources 

41  [65] 2024 

Improving waste 

collection using 

vehicle routing 

Improve 

efficiency and 

reduce costs 

Routing algorithms for 

improving waste 

collection 

Improved 

operational 

efficiency and cost 

reduction 

Effective in 

urban 

environments 

Challenges in 

rural application 

42  [3] 2024 

Solving dynamic 

vehicle routing 

problems 

Improve 

operational 

efficiency and 

reduce travel 

time 

Ant colony algorithm 

for vehicle routing 

optimization 

Improved routing 

efficiency 

Effective in 

dynamic 

environments 

Complexities in 

practical 

implementation 

43  [66] 2021 

Analyzing trends 

in machine 

learning to solve 

Improve 

efficiency in 

solving 

Comprehensive review 

of machine learning 

trends in logistics 

Comprehensive 

coverage of 

techniques 

Extensive 

guidance on 

techniques 

Needs 

additional 

practical 
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logistics problems logistics 

problems 

applications 

44  [1] 2024 

Designing a 

unified framework 

for solving 

constrained 

optimization and 

machine learning 

problems 

Improve 

integration 

between 

logistics 

systems 

Machine learning 

algorithms and 

optimization 

techniques 

Improved 

efficiency and 

flexibility 

Flexibility in 

handling 

complex 

problems 

Requires large 

computing 

resources 

45  [5] 2024 

Improving urban 

transport using 

multimodal 

technologies 

Improve 

efficiency and 

reduce 

environmental 

impact 

Multimodal platforms 

for improving urban 

transport flow 

Improved 

efficiency and 

reduced 

environmental 

impact 

Effective in 

smart cities 

Complexities in 

application in 

traditional 

environments 

 

1.7 Methods and Materials 
In prior work used methods and materials the Internet 

analysis of the logistics and the route searching are used. 

The following methods are employed to boost the processes, 

reduce cost and come up with solution for routing vehicles 

and the supply chain. In this chapter, the author will present 

all the main techniques and all the material identified in 

previous works and explain how they can be used in various 

situations in the logistics system.  

 

1. 7.1 Algorithms used in Machine Learning  

Among the various techniques implemented to improve 

logistics and work on the route, the most often used are 

machine learning algorithms. Of these there are Artificial 

Neural Networks (ANN’s), Deep Neural Networks (DNN’s) 

and Reinforcement Learning. For example, in a research 

focused on a study of an autonomous underwater vehicle, 

the authors used neural network to design an optimal route 

for a vehicle and to minimize potential navigation errors. In 

this paper, we present a brief overview of the systems and 

techniques used in machine learning for local path planning 

for autonomous underwater vehicles. Like the previous 

application, reinforcement learning was also applied to 

improve the speed of self-driving car particularly in 

dynamic scenario [67]. 

 

1.7.2 The last metaheuristic algorithm is ACO. 

ACO has been used in different studies to reduce vehicle 

routing difficulties for logistics networks. This algorithm 

mimics the ants’ pheromones they have and tries to find the 

shortest path between points. In another study focused on 

the optimization of the movements of vehicles within the 

cold chain logistics the ant colony algorithm was used to 

optimize the movements and times taken in the transport of 

fresh commodities [68]. This algorithm has been useful in 

making corrections especially to issues of operational 

efficiency and costs in efficiency logistics networks [3, 32]. 

 

1.7.3 Genetic Algorithms (GA) 

This work seems to employ the GAs in logistics planning 

given that GAs usually strike on feasible solutions with the 

help of natural evolution involving selection and crossover. 

They have been observed viable in solving issues centering 

on vehicle routing and operating costs [69].  

 

1.7.4 Decision Trees and Data Analytics  

Namely, Decision Trees and Data Analytics are widely used 

in the research on logistics. For instance, Decision Trees can 

be applied to data mining, in order to determine the factors 

affecting the distribution of the regional logistic nodes. 

Furthermore, data analytics also improves the working of 

SCM networks by analyzing existing supply datasets 

through analytical models, and the results exhibited by 

generating accurate demand forecasts and trends as well [70]. 

The combination of machine learning with simulation has 

enhanced logistics most importantly in the area of route 

optimization. For instance, research proposed a new 

algorithm for the capacitated vehicle routing algorithm in 

smart cities with an objective of improving traffic 

congestion and pollution [71]. Furthermore it has been found 

that the simulation systems have been used to measure the 

district of logistics processes and to benchmark the 

performance options [72]. 

 

1.7.6 Materials 

Most research works use Big Data gathered from several 

logistics sources. It is also used in understanding or making 

forecasts on trends that characterize supply chain 

management and route planning. Measuring devices 

accessories or Sensors and Internet of Things (IoT) systems 

are also employed to gather real time data and use it to 

enhance operational performance. For instance, when 

developing a study to ensure that the mango chain 

transportation is well monitored, IoT systems were used to 

gather information on the transportation to improve the 

efficiency of deliveries (B. Hardyansyah, H. Sukoco and S. 

H. Wijaya,2024) [57]. 

 

1.8 Identification Techniques that were employed by 

other Researchers 

The choice of the authentication and verification is one of 

the main distinctions in relation to the quality of the work 

done in connection with the studies carried out in the fields 

of logistics and route planning when dealing with big data 

and complex models. They are all useful for gaining control 

over the type of data that is employed and for increasing 

functional productivity, with less undesirable mistakes.  

 

1.8.1 Data Authentication 

In many of the logistics management literature, data 

integrity is crucial in certification of the big data used in the 

analysis. Many research employs the use of elaborate and 

complex analytical exercises and data mining algorithm in 

order to validate information before going through the 

analysis exercises. For instance, in the case of a research on 

improving the supply chain management frameworks, 

methods of big data authentications were used to ensure 

validity and credibility of the data employed in the 

evaluation of sales demand prediction and improvement in 

the functionality and productivity of the supply chain [36]. 
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1.8.2 Sensor based Authentication 

Sensors and IoT systems are common data collection and 

validation tools in logistics research. This type of sensors 

captures data of interconnected devices in real time such as 

a tracking vehicle and a tracking warehouse. Based on the 

topics studied these IoT based authentication techniques 

were employed when assessing Fresh produce Supply Chain 

to make sure that data gathered from IoT based sensors was 

accurate in terms of temperature and relative humidity 

during transportation [57].  

 

1.8.3 Model - Based Authentication  

Model-based Verification based on models is an efficient 

instrument for checking the correctness of the models 

utilized in the process of route-planning and the 

augmentation of efficiency indicators. These methods 

confirm the effectiveness of the specified model based on 

the comparison of the results obtained and factual data. For 

example in a study on the Ant Colony Optimization 

approach in trying to achieve an overall optimum for the 

VRPTW problem, a trial model was employed to assess the 

effectiveness of the algorithm results through field data [3].  

 

1.8.4 Algorithmic Authentication 

In recent studies, algorithmic validation has been used to 

confirm the accuracy of conclusions arising from the use of 

AI based algorithms. For example, in the research carried 

out on the improvement of the route optimization for the 

self-driving car, the GA was used to compare the route by 

carrying out the scenario test. These tests supported GAs’ 

ability as a reliable predictor and the chosen optimized 

routes [73]. 

 

1.8.5 Multiple Factor Authentication 

It is highly mandatory that MFA is being practiced to enable 

correct identification of user and security of data within 

logistics systems. Most MFA systems use several 

authenticators such as biometrics frameworks, data 

verification from sensors, and algorithmic verification of 

used models. For example, in inventory management and 

vehicle routing, the use of analysis of sensor data with 

machine learning algorithms makes it easy to have good 

forecasts of inventory levels and good scheduling. This 

approach improves the operation and ensures that data is not 

compromised [74]. 

 

1.9 previous related works comparison 

This section compares the previous studies on logistics and 

route planning done by AI and Machine Learning 

algorithms. This comparison is employed in an attempt to 

see how progress has been made in this area and also 

attempt to locate areas that should be researched in a bid to 

enhanced progress made even further.  

 

1.9.1 Machine Learning and Optimization Algorithms 

Logistics route planning is central to the application of 

machine learning and optimization algorithms. Key popular 

techniques are (DNNs), GAs, and ACO. For example, ACO 

has been used to solve the problem of distribution routes for 

cold chain logistics, from which the overall total delay time 

can be decreased [61].  

 Likewise the GAs have shown strong capacities in multi-

vehicle scheduling, inventory management and the overall 

reduced cost [69]. 

 

1.9.2 Path Planning for Autonomous Vehicles 

The path planning is critical in the scenario for the efficient 

navigation of the autonomous vehicle in complex terrain. 

ANNs have been applied to assist more precise routing and 

avoid obstacles of AUVs in marine environments [75, 76].  

Likewise, Reinforcement Learning (RL) has shown the 

capability to enhance the self-driving car’s performance in 

dynamic and urban roads environment by training the 

vehicles on how to RTOS [55]. 
 

1.9.3 Comparison of Data Driven Methods 

With the help of the data-driven approach, it is possible to 

achieve a very high degree of accuracy in demand 

forecasting and a clear optimization of the conducted 

operations. For example, one study addressed the need to 

use big data analytics for the purposes of managing supply 

chain to better predict the future and avoid delays [59]. In 

comparison, other studies focused on using big data to 

analyze patterns and optimize routing in smart urban 

environments [5].  

 

1.9.4 Integrated Logistics and Route Planning 

Logistics planning in combination with route planning 

hence considerably cuts overall costs as well as improves 

the general performance. For instance, the use of integrated 

planning model promoting the cooperation between logistics 

firms has resulted to increased efficiency and costs savings 

[77].  

 Furthermore, solving the integrated vehicle and inventory 

scheduling has also been found very effective to reduce 

operational cost and product scrap [78].  

 

1.9.5 Technological Challenges: Technological 

Opportunities 

Previous studies have the following limiting factors 

concerning big data integration, prediction accuracy and 

algorithm reliability. Though machine learning techniques 

are used in logistics and route planning problems, the 

technological issues are still open, for example, in the 

context of data handling and complex system that needs 

high processing power. But there are better prospects for the 

future given steady advancements in (IoT) systems and 

smart sensors that have implications for refining that data 

and increasing productivity [57]. 

 

1.10 Machine Learning 

This one refers to Artificial Intelligence and has to do with 

algorithms of an application that are able to make the 

application better with exposure to data and some form of 

training. In many fields where planning, definition of 

classification and the improvement of results is required, 

Machine learning is used and it is today considered one of 

the most critical tools for optimizing logistics and routing. 
  

1. Definition of Machine Learning  

Robert Just believes that machine learning is the science of 

building intelligent models. In the machine learning process, 

machines are Learnt to predict and classify from or find 

differentiate or make good decision out of the data fed to it. 

Machine learning can be divided into three main categories: 
  
Supervised Learning: Some data is devoted to the model 

which are labeled and it train with relation to the given 
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inputs and known outputs. They are used in forecast and 

analyzing the tendency in the future. They are used as 

indicators to determine the state of the enterprise in the 

future. 

 

Unsupervised Learning: This kind of learning is used to 

build up relations between similar data where no definite 

structure or synergy is defined and is widespread in 

clustering studies and studies that involve pattern matching. 

 

Reinforcement Learning: This method works under the 

premise that learning is through feedback in such a way that 

the system is either given a positive or negative resound for 

a specific act so that right it in the future [79]. 

 

2. Machine learning in logistics field 

In particular transport, machine learning enables 

improvement of the transport system, estimation of demand 

for particular commodities and successful navigation of 

transport vehicles. For example, in the paper on ETA 

prediction using neural networks, we learned that there is 

improvement on vehicle arrival with aid of data and sensors 

[51].  

 

3. Route Planning Optimization Using Machine 

Learning: Autonomous vehicle routing optimization 

utilizes a lot of machine learning techniques. For example, 

Reinforcement Learning was utilized to optimize a vehicle’s 

route in dynamic environment and reduce delay effectively, 

hence enhancing efficiency of routing [57]. These techniques 

involve use of data from sensors and use of algorithms to 

choose appropriate path for vehicles.  

 

4. The collaboration between Machine learning and the 

(IoT): One that has found application in the modern world 

is the combination of the machine learning algorithms with 

the IoT systems. Such systems gather information from the 

sensors installed on the vehicles or logistics products, and 

then this information is processed with the help of machine 

learning methods to most effectively control the real-time 

processes. In the case of the cold chain logistics, the data 

gathering was done through IoT from the sensors which 

records temperature and humidity for better and efficient 

management of fresh products transportation and deviations 

from the ideal conditions [57].  

 

5. Difficulties encountered while using Machine 

Learning: Nonetheless, the existing vast opportunities of 

machine learning technologies in efficiency enhancement of 

logistic processes, some of the issues are recognized, for 

example, a larger amount of data required for models 

training and improving their efficiency. Moreover, the 

interaction between machine learning systems and big data 

takes much time and accurate analysis of data. In a study 

that addressed all these challenges it was pointed out that 

robustness and depth are needed in analysis in order to get it 

right in systems applied for logistics solutions [80]. 

 

1.11 Chapter Summary 

In this chapter, the emphasis was on showing that the 

extended approach and method used in the logistic and rout 

management through the use of machine learning increase 

efficiency and reduce the cost. Several algorithms were 

discussed these include the following; Supervised learning, 

unsurprised learning reinforcement learning which was 

found to improve on the accuracy of demand for forecasting 

and even Vehicle Routing. For instance, practical 

applications mentioned here include wide use of algorithms 

like neural networks that has lead to tremendously useful 

derivation in solving for the time for stations and vehicle 

scheduling. Proposed System Title: Machine Learning based 

Eta prediction in the processes of dock rescheduling, in 

logistics.  

It also IS used here to discuss these techniques with 

examples in dynamic environments such as smart cities and 

complex industrial systems. Some of the application of ant 

colony algorithms as well as genetic algorithms are useful in 

improving vehicle routing and equally reducing formulation 

of Logistics. In the same context, integration of machine 

learning with IoT system is highly effective for boosting the 

operation performance in supply chain application 

especially in Mango logistics where the sensor systems help 

to gather real time data to enhance the efficiency on 

decision makings.  

Of course, the progress of these technologies has many 

advantages, but there are still some challenges that prevent 

the active use of these technologies: The models require 

large amounts of data to train, and also, for data analysis, 

high computing resources are needed. provable robustness 

and application to logistic optimization problems. However, 

as more and more advancements occur in the various 

branches of machine learning field new solutions 

enlightening companies on how best to overcome the flow 

and stream of logistics and optimize it in the most 

sustainable manner continue to be developed. 
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