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ABSTRACT

Worldwide, approximately US$410 billion is spent annually on the management of four billion 
tons of domestic solid waste (MSW). The transportation cost alone accounts for more than 50% 
of the total expenditure on solid waste management. This cost constitutes approximately 85% of 
the collection and transportation cost. 54.4% of environmental protection expenditures cover 
waste services. The population of the Barış neighborhood in the Kayapınar district of Diyarbakır, 
which is the subject of this study, is 23 581 according to the 2020 TUIK data. The average amount 
of waste produced per person in a month is 7.6 kg/person. In the results of these statistics, it has 
been seen that the investment costs in the transportation of wastes are increasing day by day. In 
this study, the performance of ant colony and genetic algorithms, which are among the artificial 
intelligence techniques, and route optimization using GIS (geographic information system) soft-
ware were tried to be achieved to solve the GSP (traveling salesman problem), which is included 
in the route planning problems. The results of the study showed that savings were achieved with 
an improvement of 15.1576% in GIS, 29.8104% in GA (Genetic algorithm) and 40.5171% in ACS 
(Ant Colony System) compared to real life. As a result of the application, it has been observed that 
the ant colony algorithm is superior to the Genetic algorithm and GIS, as it draws a shorter route 
in terms of distance and obtains a better result in terms of improvement rate.

Cite this article as: Karabulut Aİ, Yazıcı Karabulut B, Derin P, Yeşilnacar Mİ, Pamukçu H. 
A comparative study on the selection of the most suitable route for the collection and trans-
portation of municipal solid waste. Environ Res Tec 2024;7(1)3–12.

INTRODUCTION

Solid waste is one of the important causes of the environ-
mental crisis, which negatively affects human health all 
over the world and is rapidly approaching a disaster level 
that will directly threaten human life. As with all other en-
vironmental problems, the increase in solid waste produc-

tion, which goes in parallel with the increasing population 
and increasing consumption, has become a focus of great 
concern. Additionally, problem of global warming has be-
come a major problem that the international community 
must face in this century. The IPCC’s (Intergovernmental 
Panel on Climate Change) report stated that development 
based largely on fossil fuel energies will increase global 
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average temperatures by about 4.5 °C in the 21st century. 
Therefore, good management of these processes is of great 
importance in terms of cost, environment and time. Oth-
erwise, significant problems arise in terms of excessive fuel 
consumption, waste of time, depreciation expense, envi-
ronment and public health [1]. In this study, optimization 
methods in the literature are examined in order to develop 
an optimal route plan for solid waste collection and trans-
portation. Waste management has become an important 
issue in many developing countries as it poses significant 
risks to the environment and public health. Municipal 
solid waste generation has been increasing steadily over 
the last decade. In 2016, it was reported that 2.01 billion 
tons of municipal solid waste was generated worldwide. 
This figure is expected to increase to 3.4 billion tons by 
2050 [2]. Even a small improvement in waste collection 
will result in significant cost savings, as MSW collection 
and handling often make up the bulk of waste manage-
ment budgets [3]. The amount of waste often generated 
in urban areas is not known exactly. Optimizing the col-
lection and transport of MSW contributes significantly to 
waste management system design [4]. In general, different 
sources of waste are unevenly distributed in urban areas. 
This situation increases waste collection and transporta-
tion costs [4]. Therefore, managers and decision makers 
are interested in dealing with the lowest possible cost [5].

Therefore, there is a need for an optimization system that 
will consider the diversity of the waste generated and take 
into account the costs [5]. Recently, many models have 
been proposed to optimize collection and transport over 
the entire garbage truck network. Geographic Information 
System (GIS) is used in some of these proposed models. 
GIS is a suitable tool for such studies as it can store, re-
trieve, analyze and apply large amounts of data, and vi-
sualize response time and output [6]. Various algorithms 
have been investigated for optimization problems in waste 
management. The reason for this diversity is that the vast 
majority of routing algorithms involve the use of heuris-
tics. Heuristic algorithms are temporary, trial and error 
methods that do not guarantee finding the optimum solu-
tion but are designed to find near-optimal solutions in a 
fraction of the time required by optimal methods [7].

Optimal routing in solid waste collection includes plan-
ning and defining routes for the passage of trucks during 
the collection process. Failure to apply scientific or tech-
nological interventions in the selection of the optimal 
route causes the take distance of waste collection trucks 
to prolong the distance and increase the collection cost 
[8]. Studies in the literature have explored the solid waste 
collection problem in terms of optimization using math-
ematical programming and GIS-based approaches to 
achieve resource conservation and environmental pro-
tection [9]. The objective of vehicle routing is to minimize 
time, cost, and distance, given some relevant parameters 
[10, 11]. A metaheuristic approach methodology using 
the Ant Colony Optimization (ACO) algorithm was em-
ployed to find optimal routes with the minimum total 

distance [12]. The ACO algorithm is expected to provide 
faster computation times for solving this problem, while 
ensuring that the resulting routes have the minimum to-
tal distance. Studies in routing of solid waste collection 
trucks therefore consider the importance of path con-
straints [13]. There are many studies that are similar to 
the subject of the study and conducted in previous years. 
In a study conducted ACS (Ant Colony System) was used 
in order to solve the road problem in the collection and 
transportation of wastes and to save time, and it was seen 
that efficient results were obtained [14]. In another study 
conducted it was demonstrated that high efficiency was 
obtained from this method by working with the Ant Col-
ony System, which is recommended for the collection 
of household waste with minimal cost expenditure [15]. 
Conducted an optimization study using ArcGIS appli-
cation in Chennai, one of the major metropolitan cities 
in southeast India [16]. After developing a spatial data-
base for the whole of Chennai with 200 nodes, 13 solid 
waste transfer stations were identified through optimi-
zation studies using ArcGIS. This optimization process 
has reduced the distance traveled by 9.93%. Yetiş [17] 
used the Geographical Information System to calculate 
the groundwater salinity in the Şanlıurfa Balıklıgöl Ba-
sin and created the areal distribution maps of the study 
region. As a result of the study, it was observed that the 
sampling point was found more easily and most impor-
tantly, time was saved with the spatial mapping of GIS.

In their study, presented a hybrid algorithm consisting of a 
combination of GIS and genetic algorithm to reduce route 
length, travel time and fuel consumption [18]. Proposed a 
mathematical model for solving the municipal waste col-
lection problem in order to reduce the total cost and emis-
sions of waste collection and transportation route. They 
argued that the proposed model is effective in adjusting 
the waste collection process over time and reducing the 
emissions of environmental pollutants [19].

In their study, aims to improve the effectiveness of In-
tervention Units for Social Events (IUES) by providing 
decision support for efficient re-deployment to district 
stations. Criticality values from Erzurum province expe-
rience are used to develop a mathematical model. Opti-
mal solutions are presented, achieving a 22% improve-
ment in event coverage rate with three unit deployments. 
Expert evaluations find the results reasonable [20]. In 
their study, The study aims to determine the most cost-ef-
fective, safe, and uninterrupted route for hazardous mate-
rials transportation, considering the increasing industri-
alization. It involves face-to-face meetings with managers 
of a company transporting hazardous materials between 
Gaziantep and Erzurum provinces, using the SMAA-2 
method to manage risks involved in hazardous materials 
transportation. This approach ensures safety and unin-
terrupted operations [21]. In their study, investigates the 
strategic-level ammunition distribution network design 
problem (ADNDP) for military units, focusing on de-
termining depot locations and service assignments. The 
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methodology uses multi-objective mathematical mod-
eling, Analytic Hierarchy Process (AHP), TOPSIS, and 
GIS to minimize transportation costs and risk scores. The 
study has applied the methodology to design and eval-
uate a real ammunition distribution network, using the 
weighted-sum method to find non-dominated solutions 
and discussing tradeoffs with experts. The paper presents 
the proposed methodology, findings, and insights [22]. 
In their study, focuses on the Anti-Tank Guided Missiles 
(ATGMs) selection problem, a strategic decision problem. 
The methodology uses simulation data from hundreds of 
scenarios to determine the best anti-tank weapon system 
for combat scenarios with high uncertainty. The method-
ology consists of four phases and 15 steps, using Fuzzy 
Shannon's Entropy and Fuzzy CoCoSo with Bonferroni 
methods. The methodology combines technical data 
from weapon systems and JCATS simulation tool, provid-
ing more precise criteria for combat environments. The 
sensitivity analysis confirms the methodology's stability, 
robustness, and practicality [23].

In this study, the existing solid waste collection route be-
longing to the Barış neighborhood of the Kayapınar dis-
trict of Diyarbakır province was excavated and examined. 
In order to minimize the costs, Genetic Algorithm and 
Ant Colony method and Network Analysis method were 
also used to calculate the route optimization. The problem 
covered in the study was calculated using the Python pro-
gramming language with Genetic Algorithm and Ant Col-
ony optimization methods. In addition, a suitable route 
was created by using Network Analysis, which is one of 
the GIS analyzes. All the results obtained were compared 
with the existing solid waste collection route of the mu-
nicipality. In this study, it is seen that significant environ-
mental and economic gains can be achieved with different 
algorithms used in the route optimization process.

MATERIALS AND METHODS

Kayapınar district, which is one of the four central districts 
in Diyarbakır province, was chosen for route optimization. 
The population of Diyarbakır has increased compared to 
the previous year and is 1,783,431 people according to 2020 
TUIK data. The area of the province is 15,168 km2 and there 
are 118 people per km2 in the province. Kayapınar, one of 
the central districts, has a surface area of 438 km2 and is the 
most populous district in the province with a population 
of 400,905 people according to TUIK 2020 data [24]. Barış 
neighborhood, which is the study area, covers an area of 
303.85 hectares (Fig. 1).

Barış neighborhood is a settlement where people with dif-
ferent socioeconomic characteristics live together, showing 
an example of both regular and unplanned urbanization. 
There are various structures within the boundaries of the 
neighborhood: community health center, various schools, 
mosque, TEIAŞ, playgrounds, health centers. In the neigh-
borhood, wastes are collected in metal solid waste contain-
ers of 600–800 liters, located in front of apartments, parks 
and schools.

Solid waste is collected by 27 solid waste collection vehi-
cles, 11 in the morning and 16 in the evening, across the 
Kayapınar district. While the capacity of 1 solid waste truck 
is approximately 5.5 to 6 tons, 162 tons of waste is collected 
daily in the district. An average of 16 tons of waste is col-
lected in a week, this amount is 23 tons on Monday, 12/13 
tons on Sunday and 16 tons on the remaining days. Approx-
imately 64 tons of waste is collected monthly [25]. In Barış 
neighborhood, solid waste is collected by a vehicle between 
06:00 and 12:00 in the morning. A fruit and vegetable mar-
ket are set up in the neighborhood 2 days a week, and the 
vehicle collects about 8.25/9 tons of waste in 1.5 trips, col-
lecting half an extra solid waste on those days. The wastes 

Figure 1. Location map of study area.
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accumulated in the solid waste containers are collected dai-
ly by rear-loading, hydraulic compression vehicles belong-
ing to Kayapınar Municipality.

Data Collection
Various field trips were conducted initially to determine 
the route of the study area and the locations of waste con-
tainers along this route. In addition, discussions were held 
with municipal vehicle operators to gain insight into the 
technical and logistical aspects. The route map of the study 
area was obtained from the Department of Public Works. 
To monitor the garbage trucks and determine the work-
ing area, the Mobilize tracking system device was utilized. 
By examining the routes taken by the tracking device, the 
coordinate data of solid waste container points were iden-
tified, and the locations of these container points were 
transferred to Google Earth Pro. The transferred contain-
er point data in KMZ format was then imported into Esri 
ArcGIS software. The block diagram of the procedure is 
given in Figure 2.
Barış neighborhood has a population of 23,581 according 
to 2020 TUIK data. The average amount of waste produced 
per person in a month is 7.6 kg/person [24]. The maximum 
slope of the elevation profile of Barış neighborhood, which 
is one of the neighborhoods where the population with dif-
ferent socioeconomic characteristics is densely populated, 
is 14.1% and has an average slope of 2%. According to the 
Highways Geometric Standards, the topographic structure 
of Barış neighborhood is inclined. The coordinate data 
of the solid waste container points were determined by 
checking the routes that the tracking device passed, and 
the locations of these container points were transferred to 
Google Earth Pro.
In this study, mainly the Genetic Algorithm method is 
used for the solution of the route optimization problem, 
and calculations are also made with the Ant Colony meth-
od. Using the Python programming language, Genetic Al-
gorithm and Ant Colony optimization methods were used 
to calculate the shortest distances between the solid waste 

container points and the result was also obtained using 
GIS. By comparing the results obtained, the method that 
gives the most appropriate route has been adopted [26].

For the GIS solution, ArcMap module, which operates 
based on the Dijkstra algorithm and the method of find-
ing the shortest path, was used and the studies were carried 
out with the network analyst tool of this module. Creating 
a single or multimodal network dataset with the network 
analysis tool, determining the best route using a network 
dataset, creating a model for route analysis, transporting 
several orders with a fleet of vehicles, performing network 
analysis using traffic data, allocating the most appropriate 
location, etc. analysis can be done [27].

Genetic Algorithm (GA)
Genetic algorithms (GA)s can be defined as a method in 
which the evolutionary event is coded in the computer en-
vironment to find answers to some problems that are dif-
ficult to solve with traditional methods and an attempt is 
made to search for optimal or near-optimal results by us-
ing this evolutionary process. In this context, the genetic 
algorithm is a metaheuristic search method based on the 
encoding of parameters that searches randomly and tries to 
find a solution [28].

Instead of a single result for the problem tried to be solved 
in the genetic algorithm, a set of results is created in which 
the most appropriate result will be evaluated. The result ob-
tained because of the calculations made in the genetic al-
gorithm creates the possibility of being selected, but it can-
not guarantee being selected. The selection to be made is 
random like the initial population created at the beginning, 
and the fitness value of the solutions shows the determina-
tion of the solution candidates [29].

GA is a heuristic screening method developed by being in-
spired by the change processes in nature. It is a robust and 
flexible approach in general and can be used to solve many 
problems that have both discrete and continuous charac-
ter. The general solution methods group, which includes 

Figure 2. The block diagram of the procedure.
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genetic algorithms, is called evolutionary algorithms, and 
essentially evolutionary algorithms are a sub-branch of ar-
tificial intelligence. On a theoretical basis, it can be said that 
the origin of evolutionary algorithms dates to the 1950s. In 
particular, Turing's work titled “The Calculator and Intelli-
gence” contains many concepts that form the basis of evo-
lutionary algorithms [30].

Ant Colony Algorithm
In the calculation of the ant colony algorithm, it is aimed 
to find the shortest path inspired by the pheromone se-
creted by the ants along the route to find food and then 
return to their nests [31]. In history, Dorigo applied the 
algorithms created by the behavior of ants, namely the 
pheromone ratios they secreted, to the traveling salesman 
problem for the first time and obtained positive results. 
The positive result obtained from the algorithm has also 
set an example for future generations and has been used 
in many route problems [32].

In environmental modeling, there has been increased 
interest in the design of optimization models and me-
ta-heuristic algorithms to shorten the travel routes of solid 
waste collection vehicles [33]. The Ant Colony Optimi-
zation (ACO) algorithm was inspired by the observation 
of swarm colonies and especially ants [7]. Amal [33] pro-
poses a new Spatial Geographic Information System (GIS) 
based Genetic Algorithm to optimize the solid waste col-
lection route. The algorithm proposed as SGA is a mod-
ified version of the original Dijkstra algorithm in GIS to 
generate optimal solutions for vehicles.

The basic logic in the ant colony algorithm is the behavior 
of ants while searching for food. This behavior was also 
measured by the pheromone they left in parallel with the 
probability of finding food on the route they passed. First 
of all, ants head towards the points where the food is found 
randomly. Since they secrete the smell, they call phero-
mone while passing there, other ants that pass through the 
same route head there, depending on the rate of finding 
food. In other words, the pheromone left by the ants pass-
ing through the route shows parallelism with the ratio of 
the food available at that point. The basic relationship be-
tween these pheromone traces and ants enables the ants 
to return to their nests where they left while searching for 
food. This characteristic feature in real ants has been used 
in artificial ant colonies to solve integrated optimization 
problems [34].

The first thing to do when starting the calculations with the 
ant colony algorithm is to determine how many ants will be 
used. Afterwards, each ant is randomly placed on a point, 
and thus, all available points are visited one by one, and the 
ants complete the tour. The representation of these process 
steps in mathematical language is given in equation 1 [34].

 (1)

Here; 

: Probability of the ant going from point i to point j

: Pheromone value in the middle of i and j points

: Heuristic value between points i and j

: Pheromone criterion

: Intuitive criterion

: Dots part

Network Analysis tool in GIS
It covers the processes of transferring all kinds of data belong-
ing to the earth to the computer environment by establishing 
relations with the space and storing these data by means of 
special programs used, classification, comparison with each 
other, analysis, updating and visualization as maps, graphics, 
and tables as desired. As such, GIS is not just transferring and 
storing various data to the computer environment. The most 
important feature that distinguishes GIS from other database 
systems is that it stores all data depending on the place they 
belong to on earth and allows a wide variety of spatial associ-
ations, that is, various analyzes between them [35].

GIS, which started to develop in Türkiye recently, especially 
after the 1990s, has now been widely used in many different 
sectors. When we look briefly in which areas GIS is used, 
in socioeconomic areas, health, local government, transpor-
tation planning, service and city management applications. 
In defense; target area identification, tactical support, mobile 
command modelling, smart data integration, in business life; 
market sharing analysis, insurance, fleet management, target 
marketing, positioning of sales areas, infrastructure; network 
management, service provision, communication, emergency 
response, environmental management; It is seen that it is 
used effectively in site selections, EIA studies, pollution con-
trols, disaster management and resource management.

GIS technology has been widely adopted in waste manage-
ment, particularly in the planning process, due to its abil-
ity to effectively digitize spatial feature data, including the 
objects and their attributes with geographic accuracy. By 
incorporating spatial feature data, GIS technology enables 
efficient management and analysis of waste-related infor-
mation. This includes mapping waste collection points, 
tracking routes, optimizing collection schedules, analyzing 
waste generation patterns, and identifying suitable locations 
for waste facilities. The extensive use of GIS technology in 
waste management has significantly improved the planning 
process, allowing for better decision-making and enhanced 
operational efficiency in the industry. GIS technology has 
gained widespread use in waste management, particularly in 
the planning process, due to its ability to effectively digitize 
spatial feature data, including the object and its attributes 
with geographic accuracy. By incorporating spatial feature 
data, GIS technology enables comprehensive utilization in 
waste management, particularly in the planning phase [36]. 
In this context, ArcGIS, with its network analysis extension, 
allows users to dynamically model realistic network condi-
tions, including turn restrictions, speed limits, and traffic 
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conditions. Network analysis in ArcGIS not only examines 
the closest facility within a digitized connected line network 
but also provides the ability to model specific network attri-
butes based on inputs such as traversal distance, travel time 
and cost, barriers, vehicle restrictions, and more [37].
Municipalities have limited budgets for basic sanitation ser-
vices, which is why technological strategies and trained hu-
man resources are necessary for improved municipal solid 
waste management. From a technical perspective, GIS pro-
vide a powerful tool to model and optimize service routes 
where a better scenario can be proposed. GIS offers up-to-
date services in terms of modeling and optimizing service 
routes for improved municipal solid waste management 
[38]. In addition to the ability to store verbal information 
of spatial data in an integrated way in the database, GIS also 
has the feature of querying and processing these data with 
the help of programming languages and visualizing the 
analysis results. For this reason, it provides visualization 
and more appropriate analysis of classical database opera-
tions such as data storage, querying and statistical analysis.

RESULTS AND DISCUSSION

Performing Route Optimization with Genetic Algorithm
There are 105 solid waste container points belonging to 
Barış neighborhood. The coordinates of these container 
points were obtained from the Google Earth Pro applica-
tion and a dataset was created with this information. The 
created coordinate information was transferred to the 
working environment using the “Pandas” library. The data 
set was obtained by labeling the coordinate information of 
105 solid waste containers. The distance information ob-
tained by calculating the Euclidean distance between the 
tagged coordinates was used in the genetic algorithm. The 
formula used to calculate the distance is as follows:
d = √[(x2–x1)

2+(y2–y1)
2] (2) 

Using the distances obtained by the formula, the following 
steps were used to determine the best route between the 
container points.
1. Creation of the starting route; At this stage, a random 

route was created between 105 coordinates.
2. Calculation of the total length of the created route: Calcu-

lation of the distance between the points of the route cre-
ated with the Euclidean distance shared in the formula.

3. Performing crossover between points: Creating a new 
route by performing crossover between selected points.

4. Mutation: Applying a mutation between the new route 
created according to the mutation probability.

5. Continuing the cycle by returning to the second step for 
the specified number of steps.

For population formation, which is one of the stages of the 
genetic algorithm, the data entry of 105 containers was 
written in accordance with the python programming lan-
guage. When it comes to the final stage in the calculation 
of the Genetic Algorithm, routes were created according to 

the number of generations and distance calculations were 
made with this route. The distance after the 1000th popula-
tion was 18910.63 meters (18.9106 km) (Figure 3, Table 1). 
The results obtained in Table 1 are shown in meters.

Performing Route Optimization with Ant Colony
There are some parameters that need to be determined 
when calculating the Ant Colony Algorithm. What these 
parameters are can be explained step by step as follows:

• Number of Steps: Indicates how many steps the optimi-
zation process will take.

• Number of Ants: It refers to the total number of ants in 
the colony.

• Alpha Value: Indicates the importance of the phero-
mone value between points.

• Beta Value: Indicates the importance value of the dis-
tance between the points.

• Pheromone Evaporation Value: Indicates the phero-
mone evaporation rate between points after each step.

In accordance with the parameters mentioned above, the 
values of the CCA calculated in the ‘python’ computer pro-
gramming language are given in Table 2.

As shown in Table 2 above, ant colony algorithm param-
eters were determined. The following steps were taken in 
line with these determined parameters and optimization 
was carried out with the data set used in section 2.

Step 1: Ants are randomly placed on the dots.

Step 2: Each ant creates a route according to the deter-
mined alpha and beta values.

Step 3: The created route values are calculated.

Figure 3. 1000. The population-generated route.

Table 1. The best distance values obtained according to the 
number of generations

Population Distance (m)

1. Population 75965.44

100. Population 59833.45

1000. Population 18910.63
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Step 4: The pheromone ratio in the route that the ants 
pass according to the direction they form is increased.

Step 5: The amount of pheromone on the route is reduced 
according to the pheromone evaporation rate.

Step 6: It is repeated by returning to Step 2 as many as the 
number of steps.

Optimization was achieved in 1000 iterations by follow-
ing the specified steps, and the route obtained is shown 
in Figure 4. The total distance obtained according to the 
CCW optimization result shown in Figure 4 is 16026.21 m 
(16.0262 km).

Solution of Route Optimization with GIS
It is solved with the route feature of the ArcMap network 
analysis tool of Esri ArcGIS application. As a result of these 
solutions, the results of the solution of 11 problem sets are 
shown in Figure 5. The distance obtained for this ranking is 
22.9616 km. Each result in the table; It shows the most suit-
able route between the vehicle starting from the first point, 
stopping at other destination points, and returning to the 
starting point again.

Extracting the Route Used in Real Life
Mobilize tracking device is placed in solid waste collection 
vehicles to determine the route used for the collection of 
household waste in Barış neighborhood. Thanks to the track-
ing device, the data of the application can be obtained when 
the solid waste collection vehicle enters and exits the neigh-
borhood. By analyzing the data obtained at the end of the day, 

105 container points were determined on the route of Barış 
neighborhood. The distances between 105 container points 
on this route have been calculated as 22.8488 km (Fig. 6).

CONCLUSIONS

The waste collection plays a crucial part in the waste man-
agement system because of the high cost of transportation. 
As a result, waste management activities are becoming 
more and more important. Decision-makers are now re-
quired to make educated choices due to rising costs of solid 
waste management, which account for a considerable share 
of total expenses for local administrations.

This study addresses the waste collection and transportation 
problem, which constitutes a significant portion of the costs 
of solid waste management systems. In particular, genetic 
algorithm, ant colony algorithm and traveling salesman 
problem optimization are used to generate feasible solu-
tions to the waste collection problem involving 103 points 
distributed in Barış neighborhood of Kayapınar district of 
Diyarbakır. The results obtained with the studies carried 
out in this direction were compared with the real-life data.
Using real-life data for a small area and evaluating the studies 
on it can provide convenience. However, as the working area 
grows, optimization studies are carried out with the emer-
gence of constraints such as time, traffic density, number of 

Figure 4. Ant colony algorithm optimization map. Figure 5. Network analysis optimization map.

Figure 6. Route ranking used in real life.

Table 2. Ant colony algorithm parameter values

Parameter Value

Number of steps 1000

Number of ants 150

Alpha ratio 1.0

Beta rate 3.0

Pheromone evaporation rate 1.0
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vehicles and increase in the number of employees. In the study 
conducted for this purpose, it has been seen that GIS, GA and 
CCA give more advantageous results than real life data.

As a result of the study, it was seen that savings were 
achieved with 15.1576% improvement in GIS, 29.8104% 
improvement in GA (Genetic algorithm) and 40.5171% 
improvement in ACS (Ant Colony System) against real life 
data. As a result of the application, it was seen that the ant 
colony algorithm is superior to the Genetic algorithm and 
GIS because it draws a shorter route in terms of distance 
and achieves a better result in terms of improvement rate.

Within the scope of this study, it has been tried to optimize 
the route used in the collection and transportation of solid 
wastes with GIS, Ant Colony Algorithm and Genetic Algo-
rithm. The results obtained with the studies carried out in 
this direction were compared with the real-life data.

Using real-life data for a small area and evaluating the studies 
on it can provide convenience. However, as the working area 
grows, optimization studies are carried out with the emer-
gence of constraints such as time, traffic density, number of 
vehicles and increase in the number of employees. In the study 
conducted for this purpose, it has been seen that GIS, GA and 
CCA give more advantageous results than real life data.

In the process of determining the optimum route used by lo-
cal governments in the collection and transportation of do-
mestic solid waste; It has been seen by experimental studies 
that the use of heuristic methods has a significant share in 
terms of economic and environmental gains. Optimization 
and comparison of the traveling salesman problem with the 
genetic algorithm and the ant colony algorithm were used 
to calculate the route optimization in the collection and 
transportation of solid wastes. With the calculations made, 
it was seen that the ant colony gave a better improvement 
result than the genetic algorithm. A GIS solution was im-
plemented using the network analysis tool of the ArcMap 
module of the Esri ArcGIS application. In large-scale study 
areas, GIS gives more advantageous results than real data. 
Likewise, it has been seen that the result obtained from Arc-
GIS for the study area is more advantageous than the real 
data Likewise, in the neighborhood, which is the subject of 
the thesis, it was seen that the result obtained from Arc-
GIS was more advantageous than the real data. It has been 
determined by calculations that the efficiency obtained 
from algorithms used outside of GIS is much more advan-
tageous. In the calculations made under four headings for 
Barış neighborhood, the most advantageous ratio was ob-
tained with the Ant Colony Algorithm, with a distance of 
16.0262 km and an improvement of 40.517%.

In this study, calculations were performed on certain crite-
ria with different algorithms. More extensive studies can be 
carried out by adding criteria such as time and cost to the 
algorithms. As a result, in the determination of the optimum 
route used by local governments in the collection and trans-
portation of domestic solid waste; It has been seen by experi-
mental studies that the use of heuristic methods has a signif-
icant share in terms of economic and environmental gains.

In the next study plan, the problem will be done to cover 
the whole district and the whole province. While solving 
these problems, other real life constraints such as vehicle 
breakdown and traffic congestion will be added, and opti-
mization solutions will be produced.
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