
 

 Gazi Mühendislik Bilimleri Dergisi  
2020, 6(2): 111-119 

Araştırma Makalesi/Research Article 
https://dergipark.org.tr/gmbd  

 

Bu makaleye atıf yapmak için: M. Güneş and H. Dilipak, “Shortest Path Approach in Pedestrian Transfers 

Application in Unity,” Gazi Journal of Engineering Sciences, vol. 6, no. 2, pp. 111-119, August, 2020, doi: 
https://dx.doi.org/10.30855/gmbd.2020.02.03. 
 
 

 

Shortest Path Approach in Pedestrian Transfers Application in Unity 

Mustafa GÜNEŞ *,a , Hakan DİLİPAKb   

a,* Gazi Üniversitesi Kazaların Çevresel ve Teknik Araştırılması Bölümü, 06560, ANKARA, TÜRKİYE  
b  Gazi Üniversitesi İmalat Mühendisliği Bölümü, 06560, ANKARA, TÜRKİYE 

 

ARTICLE 

INFO 

  

ABSTRACT  

 

Received: 02.04.2020 

Accepted: 03.08.2020 
 

  

In the past 15 years, terrorist organizations have made tactical changes in their attacks, while the 

defense elements have continuously improved their doctrines. In some parts of all operations, 

especially the Homeland Security Operation, the troops were forced to move from one point to 

another in the field as pedestrians. In the present study, a visual application showing the shortest 

route to the target was made to the troops acting as pedestrians in the field. First of all, three-

dimensional model of a certain region was created by using height maps in Unity Game Engine. 

A Star algorithm and Navigation Mesh help to move pedestrian elements in the terrain. As a result 

of the study, a decision support system was developed showing the direction in which troops move 

during the transfer to the field by using a star algorithm and navigation mesh. 
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1. INTRODUCTION (GİRİŞ) 

Technology is developing and changing very fast 

today. This change and development have affected the 

ability and capability of terrorist groups, while 

allowing countermeasures to be developed. From this 

perspective, terrorist organizations have made tactical 

changes in the last 15 years in order to minimize their 
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losses and avoided close contact as often as possible, 

using long range shots and mines and Improved 

Explosives Devices (IED) in their attacks and actions. 

On the other hand, security units are subject to such 

attacks as they must necessarily act as pedestrians in 

some of the tasks. 

In this context, it has been evaluated that the 

content of the study can contribute to different fields 

such as operations research, military literature, serious 

game, gamification and simulation and information 

systems, 3D modeling, virtual reality, game engines, 

artificial intelligence. [1]. Therefore, similar studies 

can be used for training purposes in the military field. 

From a military perspective, gamification has a 

history that dates back a thousand years. In this 

context, the physical world should be reflected 

dynamically, and if necessary, the educational 

environment in which city plans and architecture were 

added should be added to the game environment. 

Modern computers provide the same objective in this 

respect. Sometimes it can be said that the simple 

games people play at home are based on some very 

old military tactics. [2]. 

Today, it is necessary to talk about game engines 

in order to present the physical environment in a 

realistic way. Especially the engines in different 

capacities, performances, licenses and price levels 

make it difficult to decide which engine you will 

choose for your project. Pattrasitidecha (2014) 

developed a comparison matrix to be able to 

determine an appropriate game engine in terms of 

different ranges of features, performance, license, and 

cost [3]. 

Similarly, Petridis et al. (2018), evaluated the 

game engines based on the five elements for the 

analysis of engines such as visual benefit, functional 

benefit, integrity accessibility, networking, and multi-

platform support issues [4]. 

Different applications are used to make the model 

and the environment realistic and different package 

programs are used when necessary. For example, in a 

study conducted in 2016, buildings on the Ahmet 

Necdet Sezer Campus (ANS) were modeled within the 

context of environmental modeling, and this model 

was placed in the Google Earth program to be used. 

[5] 

Similarly, Gürkan et al. (2016) In another study, 

Mustafa Kemal University campus was modeled and 

CAD and SkecthUp programs were used in the 

application. In this study, pre-processing of data, 

transferring CAD data to SkecthUp, scaling and 

modeling of 3D buildings, optimization of building 

photographs, processing of building colors and 

textures, campus design with SkecthUp and 

integration with digital terrain model were applied. [6] 

In a study prepared by Indraprastha and Shinozaki 

in 2009, the technical data of a sample settlement was 

converted to 3D with the help of CAD and then 

transferred to the Unity game engine. In this study, the 

advantages and limitations of the engine are specified. 

[7]. 

In 2012, Aziz et al. A workshop was created in a 

virtual reality environment and an application was 

made showing how a wheel interacts with the user, the 

order of the gears and the working methods. CAD data 

was used in the study and the application was intended 

to be user-friendly [8]. 

Mathematical programs are also used in this field. 

For example, in a different study conducted in 2018, 

the data created via MATLAB was transferred to 

Unity in order to direct unmanned aerial vehicles and 

directed within the engine[9]. 

In addition, new technologies are being developed 

within the Unity game engine. In 2014, Jangrawa et 

al. A system has been designed to create new objects 

in the user-facing area within an open source 

application [10]. 

Assigning material to 3D models as well as the 

modeling of the environment or the arrangement of 

the textures, realistic representation of the model are 

important issues. It is aimed to present the models 

better with different photogrammetric methods used 

especially in serious games [11]. In a similar study 

conducted at Unity in 2015, a virtual drone was used 

to model complex surfaces such as forests and shrubs 

[12]. 

Modeling with photographs was carried out in a 

military study in 2009 by Koyuncu and Bostanci. In 

this way, the existing terrain and enemy conditions 

were modeled, and a decision support system was 

created for the commander using the photos taken on 

the battlefield. [13]. 
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The aim of this research is to enable the personnel 

to adapt to the terrain more easily in the tasks 

performed by the security elements. Thus, to facilitate 

the pedestrian transfer activities that the units have to 

perform at every stage of the operation. With this 

study, the units working in the field will see the route 

they will be transferred to in three dimensions in 

computer environment before the assignment, will 

discover the terrain structure of the region and will be 

able to determine the shortest route to their 

destination. It is understood that the content of this 

study is an interdisciplinary issue. There are many 

areas of the study that are related to the field of 

defense sciences, as well as many areas corresponding 

to areas such as operations research and computer 

graphics. For this reason, it has been evaluated that the 

study will contribute to different fields such as 

operations research, defense industry literature, 

serious game, gamification, 3D modeling, virtual 

applications, game engines, artificial intelligence. 

In this study, a real piece of terrain will be 

modeled, and a movable area will be created on it. In 

this field, the shortest path problem will be solved 

with A star algorithm. In this context, there are many 

examples of A * application in the literature. 

Examples of route planning of a robot can be prepared 

[14], or an algorithm for determining paths for 

modeling virtual human movements [15]  can be used. 

 

2. METHODOLOGY (YÖNTEM)  

The study consists of different stages. According 

to the content of the project, as shown in a study 

conducted in 2005 [16], it is possible to create 

different rankings. The exemplary steps shown in 

Figure 1 should be performed sequentially or 

simultaneously. 

Figure 1. Sample serious game process (Örnek ciddi oyun 

süreci) 

2.1. Operator Modeling (Operatör Modellemesi) 

Modeling the character to be used in serious game 

can be done with different package modeling 

programs. However, this modeling requires both 

considerable skill and technical knowledge. There are 

many different stages for modeling, constructing and 

moving a human beingCITATION 19Ao \l 1055  [17]. 

In humanoid modeling: 

a. Modeling of solid or organic human model, 

b. Preparation of tissues, 

c. Fitting a skeleton system to the model, 

d. Determining the boundaries of this skeletal 

system, 

e. Determining how much body part will be 

affected for each movement, 

f. There is a need for processes such as the 

creation of methods for muscle group movements and 

the preparation of the controller. 

Although the mentioned steps are feasible, utilities 

are used in this section for the subject integrity of the 

study. 

2.2. Editing Height Maps (Yükseklik Haritalarını 

Düzenleme) 

One of the most important features that 

distinguishes serious games from other games is that 

environmental conditions overlap with reality. For 

this purpose, height maps can be used to benefit from 

real data. The height maps are black and white maps 

that give a vertical view of the terrain. Each pixel in 

these maps has a tone between 0-255 and is 

transformed into terrain by transferring these data to 

game engines with modeling programs (example 

height maps[18]). In this study, elevation map of the 

relevant region will be provided from Terrainparty 

website [19]. 

2.3. Game Engines (Oyun Motorları) 

There is also a need to manage these models and 

rules through a program. For this reason, software 

called game engine is used. In this way, models and 

other objects can be associated with codes and the 

application can be prepared. 

In today's conditions, many engines are used. 

However, in game development, users prefer Unity 

and Unreal engines more often [20] [21]). There are 

many studies in the literature on the evaluation of 

game engines. Considering the increasing number of 

Application-Output
•Comp. App. •Virtual Reality •Other Platforms

3. Game Engines
•Unity •Unreal Engine •Other Engines

2. Programming Languages
•C# •Python •C++ •Others

1. 3D Modelling
•Maya •Blender •Other Programs
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publications, [1] it was decided that it would be 

appropriate to use Unity in this study. 

2.4. Some Regulations in Unity (Unity İçinde Bazı 

Düzenlemeler) 

Another important element is that all interactions used 

in the virtual world are bound to the rules. 

Transferring things like movements, conditions, other 

environmental elements, user interface to the game 

objects can be done in a relatively simple way in 

Unity. With the drag-and-drop method, many game 

objects can be defined in programs. Due to the use of 

the C # programming language in Unity, such 

assignments can be assigned as variables within the 

code block. 

2.5. Example of Artificial Intelligence Applications 

in Unity: Shortest Path Problem with A Star 

Algorithm (Unity'de Yapaya Zeka Uygulamalarına Örnek: 

A Yıldız Algoritması ile En Kısa Yol Problemi) 

Unity uses the Navigation Mesh editor for 

artificial intelligence applications in order to move the 

characters autonomously in the terrain prepared in the 

Unity. Similar examples are found in the literature  

[22]. With this editor, the so-called agents can move 

through the created terrain with certain abilities and 

restrictions. For example, agents can advance to their 

destination at a certain speed, through a depth, bump 

or slope at a distance. Or, by placing certain 

limitations on these elements, their mobility may be 

limited. Unity game engine creates a Navmesh with 

the specified features. Similar examples can be 

examined in the literature. [23]  

2.5.1. Shortest path problems with navmesh 
(Navmesh ile en kısa yol problemleri) 

Some of the problems encountered in practice can 

be solved by artificial intelligence applications. One 

of these areas is the problem of trying to find the 

shortest path between two points. These problems are 

often called the Shortest Path or Path Finding 

Problems. In this context, it may be desirable for an 

object to move to a desired location within the stage, 

to move around obstacles and to proceed 

autonomously from the lowest cost route by 

evaluating the costs of the routes. A * (A Star) 

algorithm is one of the algorithms used for this 

purpose and is used by Unity in some artificial 

intelligence applications. and many resources 

describing the implementation of this algorithm are 

available. 

Uses of A Star Application [24]: 

1. Path finding problems, 

2. Determining the route that the character will 

follow towards the target in games, 

3. Traveling salesman problem solution, 

4. Finding the shortest exit from the maze, can 

be counted. 

Graphs are used in A * algorithm. In this way, 

graphs can be unidirectional or bi-directional and 

weighted. In some cases, the cost of returning from the 

same route may be different. 

 
Figure 2. Graph display example (Örnek graph gösterimi) 

Finding the shortest path can also take much time, 

depending on the solution process, the number of 

nodes and paths. Heuristic algorithms can be used to 

calculate the shortest path, due to the fact that there is 

already a lot of workload when calculating games. 

[25] 

In short, the A * algorithm is the best (heuristic) 

nesting algorithm to find out which nodes to navigate 

from one node to the destination node in the shortest 

way. This is due to the distance calculation function 

used in the algorithm: 

f(n) = g(n) + h(n)            (1) 

f (n) = Heuristic function that performs the 

calculation. 

g (n) = Cost from initial node to current node 

h (n) = Estimated distance from the current node 

to the target node. 

The implementation of the algorithm is usually 

carried out at the following stages [26]: 
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1. At each step, the lowest value takes the node 

and removes that node from the queue. 

2. The values of all other neighboring nodes are 

updated according to the node visited. 

3. The algorithm repeats the above steps until 

you reach the target or there are no nodes in the queue. 

This application will show you how to make the 

application that finds the shortest path in a field with 

real height and slope values. 

 

3. APPLICATION (UYGULAMA) 

In the application, the basic aspects of modeling 

the operator and terrain and creating some Navmesh 

(Navigation Mesh) in Unity will be mentioned. 

3.1 Operator Modeling (Operatörünün Modellenmesi) 

Firstly, the character was modeled in detail with 

Adobe Fusion [27] package program as desired 

(Figure 2.) and then the character was transferred to 

Mixamo site [28] to transfer the skeletal system to this 

model. Mixamo application can be created for the 

model only skeletal system or if desired, different 

animations can be transferred to the model. In this 

study, the skeletal system of the model was prepared 

and a simple walking animation was added to the 

model. 

An animator has been added to the model in Unity 

so that the animation attached to the created model can 

work, and it is allowed to work from the beginning of 

the application without waiting for any condition 

(Example: Adding animators [29]). 

 
Figure 3. Character modeling and adding animation  
(Karakter modellemesi ve animasyon ekleme) 

3.2 Terrain Modeling (Arazinin Modellenmesi) 

Terrain Party was used to provide the elevation 

map of the terrain to be created. After obtaining the 10 

× 10 km elevation map of the Tunceli Region, the 

relevant parts of this map were arranged in the photo 

editing programs (Fig. 3) and transferred into Unity 

with PNG format. 

  
Figure 4. Editing the elevation map of the land (Arazinin 

yükseklik haritasinin düzenlenmesi) 

Subsequently, the selected standard terrain was 

converted into the desired 3D terrain environment by 

selecting the elevation map obtained in the previous 

step with an extension into Unity. Simple C # code 

was used during this translation process. This 

modeling process can be done via Terrain Editor 

without the need of any software in current Unity 

versions. 

 
Figure 5. Land scaling and material assignment in 

unity (Unity’de arazinin ölçeklenmesi ve materiyal ataması) 

As seen in the study, there is a significant size 

difference between the 10 × 10 km land and the 2 × 2 

km land. With the optimization of the model, the time 

to be spent on the modeling of the land was evaluated 

and it was decided to continue the study on 2 × 2 km 

of land. Subsequently, the material assignments to 

these lands were made with the Terrain-Stratum-

Painter extension [30] based on altitude information 

and the land was made ready for use. 

3.3 Preparation of Other Elements in Unity (Unity 

içerisinde Diğer Unsurların Hazırlanması) 

One of the most important elements in the 

preparation of terrain and environmental conditions is 

the correct adjustment of the light. The fact that the 
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light source to be formed in the Unity at the right angle 

and intensity will make the application more realistic. 

Directional Light was used and daylight values were 

tried to be obtained.  

Similarly, factors such as moving the vegetation 

created by the wind in the environment or hearing the 

environmental sound are the elements that enhance the 

sense of reality within the unity. For this reason, 

standard functions in Unity are utilized. 

3.4. Artificial Intelligence Application in Unity 
(Unity'de Yapay Zeka Uygulaması) 

A C # script is written that takes the coordinate of 

the point when clicked and assigns that coordinate to 

its destination so that the animated character can move 

to the desired point within the generated terrain. 

void Update() 
    { 
        if (Input.GetMouseButtonDown(0)) 
        {   RaycastHit hit; 
            if 
(Physics.Raycast(Camera.main.ScreenPointToR
ay 
(Input.mousePosition), out hit, 1000)) 
            {agent.destination = hit.point; 
            } 
        } 
    } 

Thus, with the character walking animation, it is 

aimed to advance to the desired point in the field by 

taking into consideration obstacles, angles and 

heights. 

At this stage, some settings of the application's 

Navigation Mesh and Agent system have been made. 

While the Agent's settings were made, measurements 

close to a normal person were used and the length of 

the character was set as 2 m width 0.5 m, maximum 

step height 40 cm and angle 30 degrees. In this 

context, the Navigation Mesh of the generated land is 

as follows. 

 

Figure 6. NavMesh creation and agent settings in 

Unity (Unity’de navmesh oluşturma ve agent ayarlari) 

After this stage, our character has been appointed as 

an agent. The variable assignments of the script 

prepared for the progression to the clicked points were 

made on the Unity editor. Thus, a soldier model in the 

field goes to the clicked point by using the shortest 

path algorithm. 

 

 
Figure 7. Moving on terrain with a star algorithm  
(A yıldız algoritması ile arazi üzerinde hareket etme) 

4. RESULT AND DISCUSSION (SONUÇ VE 

DEĞERLENDİRME) 

In this study, a piece of land was created by using 

real map and altitude data and this piece of land was 

arranged in Unity. A soldier was modeled by using 

package programs and animation was added to this 

model and imported into Unity. NavMesh was then 

assigned to the terrain, the prepared model was set as 

Agent, and the Agent was able to move through the 

shortest path (within certain limits) using the A * 

Algorithm. 

It is considered that this study can be used 

especially by the pedestrian elements (soldiers, 

hunters, etc.). Thus, a decision support system has 

been prepared for the elements that are assigned to go 

from A to B and how to reach the destination by the 

shortest way. In addition, the personnel who will 

perform this task have been able to see the land in 3D 

and make risk assessment when necessary. 

It is considered that in the following studies, 

arrangements can be made in which the user can move 

the model or insert some control points in between by 

using an interface, not by clicking. In addition, some 

important notes on the land (eg “ a handmade 

explosive mechanism at this point” or “attention falls 

rock”) can be taken to support the user. Or some 

obstacles, zones that slow down or increase the speed 
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of walking may be added. Thus, it is considered that 

the application can be made more realistic and useful. 
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