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Abstract: Vehicle tracking systems are generally used to determine the location of vehicles, monitor them, 

and guide them when appropriate. This study aims to define the criteria that logistics companies consider 

when selecting a vehicle tracking system, as well as the relative importance of these criteria. PIPRECIA-S, 

a multi-criteria decision analysis method, was used in this context. According to the analysis results, the 

most important criterion in the selection of a vehicle tracking system is real-time tracking of the vehicle's 

location. When it comes to selecting a vehicle tracking system, logistics firms should prioritize instant 

vehicle tracking, compliance with local rules, compatibility with new technologies and software, quality 

certification, and compatibility with external systems-devices over other criteria. Other important criteria 

to consider when selecting a vehicle tracking system are system maintenance and technical support, 

providing statistical data collection and effective reporting, allowing the vehicle to be diverted, 

comprehension, simplicity of implementation and visual geo-information presentation for users, design and 

quality of hardware, system cost, communication infrastructure, and reducing the operating costs of 

companies. Also, when developing vehicle tracking systems, system developers can prioritize the 

aforementioned criteria. 
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1. Introduction 

Vehicle tracking systems are technologies used by logistics and supply chain companies to 

track their fleets of vehicles and are considered an integral part of the vehicles. It was stated that 

vehicle tracking systems were used for the first time in the maritime sector (Lee et al., 2014). With 

the rapid advancement of technology in all areas of life, the automatic vehicle tracking system 

has been employed in a variety of ways to monitor and display vehicle locations. A system, as it 

is well known, is a union of interrelated components assembled for a specific purpose. A vehicle 

tracking system, in general, consists of three components; a data management center, a vehicle, 

and a user. Satisfying the user's preferences, understanding the system, processing the data, and 

using the information produced are all important aspects of what people expect from a vehicle 

tracking system. The data management center is the component that monitors the vehicle and 

collects and processes data. The data management center houses the geographic information 
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system, in-vehicle equipment, and server computer. The vehicle itself, which is the subject of 

location determination, tracking, and routing, is the component that activates the vehicle tracking 

system. Components can also be classified as a processor, a memory, a GPS (Global Positioning 

System) module, a GSM (Global System for Mobile Communications) module, and an operating 

system. Due to the inability to detect real-time vehicle location and the lack of a warning system, 

various difficulties are encountered in vehicle tracking and warning. The most widely used 

technology for vehicle tracking and regular vehicle tracking is GPS. The vehicle tracking system's 

purpose is to manage and control the transport services by using a GPS transceiver to determine 

the vehicle's current location (Dukare et al., 2015). In this context, the tracking system attached to 

the vehicle ensures that data obtained from a device that determines the vehicle's instant location 

is sent to the central server and processed in the center. With vehicle tracking systems, logistics 

firms can obtain access to critical data such as the exact location and speed of the vehicles in their 

fleets (Arslan et al., 2016; Doğru et al., 2006; Lee et al., 2014). 

Vehicle tracking systems, depending on their application areas, are defined as systems that 

determine the location of vehicles, monitor them, and guide them as needed. At this point, it is 

stated that vehicle tracking systems are used to prevent theft, security, speed control, efficient 

operation of smart transportation systems, and fleet tracking. Also, vehicle tracking systems are 

used in a variety of vehicles, including school buses, taxis, courier vehicles, bus fleets, ships, 

transport vehicles, and planes (Dandıl & Demir, 2020; Doğru et al., 2006). 

Logistics companies use information technologies in their services for a variety of reasons, 

including providing information and customer satisfaction, sustaining competitive advantage, 

providing complete management of transportation processes, and realizing integration within 

the framework of e-commerce. It was stated that information technologies benefit transportation 

by reducing travel times, lowering costs, optimizing route planning, ensuring safety, increasing 

speed, and providing flexibility. Furthermore, information systems improve order fulfillment 

speed, warehouse process efficiency, marketing and financial performance. In this context, 

companies benefit greatly from the usage of vehicle tracking systems to follow the locations of 

vehicles and cargoes in real time (Çağlar, 2014). 

The study will use the literature and expert assessments to determine effective criteria in the 

selection of vehicle tracking systems. The criteria will then be weighted using experts’ 

assessments. The obtained evaluations will be analyzed within the multi-criteria decision model 

to determine the importance levels of the criteria. As a result, in the field of logistics and supply 

chain, a decision model for the selection and evaluation of vehicle tracking systems will be 

developed. 

2. Literature review 

The majority of studies on vehicle tracking systems have focused on system development. 

Table 1 lists prominent studies from the literature. 

Table 1. Literature Review for Vehicle Tracking Systems 

Author(s) Application(s) & Key Findings 

Tekin et al. 

(2005) 

The use of information technologies by logistics companies was 

investigated. When compared to the previous three years, the use of vehicle 

tracking systems increased among the companies participating in the study 

during the year the research was conducted. 

Doğru et al. 

(2006) 

Vehicle tracking system structure, components, maps, and design are 

examined. 
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Küçüksille and 

Kuşcu (2010) 

Using pocket computers and GPS systems, an online vehicle tracking 

system was designed. Also, the mapping infrastructure of Microsoft Virtual 

Earth and Google Maps is used in the system. 

Maurya et al. 

(2012) 

The researchers aimed to develop a low-cost and effective vehicle tracking 

system that includes GSM and GPS technologies. 

Ghaffari et al. 

(2014) 

A fleet vehicle tracking system was developed using GIS, GPS, and GPRS. 

The system also has a web-based user interface. 

Çağlar (2014) The role of information technologies in ensuring customer satisfaction in 

logistics companies has been investigated. According to findings, logistics 

companies make the most use of vehicle tracking systems in terms of 

information systems. Furthermore, it has been stated that the use of 

information systems improves the service quality of companies and the 

satisfaction of their customers. 

Lee et al. (2014) A vehicle tracking system that can be integrated with smartphones and 

includes GPS, GSM / GPRS technologies was developed. 

Arslan et al. 

(2016) 

A microprocessor, GSM module, GPS modular, and the Linux operating 

system were used to develop an embedded vehicle tracking system. 

Poyraz and 

Sevgen (2017) 

Vehicle tracking system performance was investigated in the context of 

graphics cards with various GPUs. 

Khin and Oo 

(2018) 

A vehicle tracking device was developed using an Arduino Uno R3, a 

SIM800A module, and a NEO 6M GPS module. 

Dandıl and 

Demir (2020) 

An instantaneous velocity measurement and tracking system were 

developed using GSM/GPRS and GPS technologies. The developed system, 

according to the findings, has an absolute average error of 1.51 km/h and 

provides advantages in terms of functionality, cost, and features. 

Raad et al. 

(2021) 

The purpose of the study was to develop a low-cost vehicle tracking system 

that could be used to track school buses using the internet of things. 

Tamilvizhi et al. 

(2021) 

The development of a cloud-based vehicle tracking system was completed. 

The device was thought to deliver vehicle speed and position data to 

passengers in vehicles and those waiting for vehicles in smart cities. 

Rahunathan et 

al. (2022) 

The usage of LoRa (long range) wireless telecommunication wide area 

network in vehicle tracking systems was investigated in off-grid and non-

internet environments. According to the findings, a vehicle can be tracked 

over a short distance using LoRa. 

Shibghatullah et 

al. (2022) 

The accuracy of time estimation was emphasized for vehicle tracking 

systems. An Android vehicle tracking application has been developed in 

this context, with different versions for the driver and the user. 

Table 1 shows how technology advancements are quickly incorporated into vehicle tracking 

systems. In this context, vehicle tracking systems must be upgraded to keep up with technological 

advancements. One recent example is the integration of cloud technology with vehicle tracking 

systems. For vehicle tracking system developers, studies in the literature indicate the importance 

of building systems that are compatible with current technologies. Furthermore, it can be said 

that new technologies are quickly accepted in the logistics industry. 

As mentioned in the previous section, the PIPRECIA-S (Simplified PIPRECIA), an extension 

of the PIPRECIA (Pivot Pairwise Relative Criteria Importance Assessment) method, will be used 

to weight the criteria. Table 2 summarizes the literature on the PIPRECIA method. 

 



A. Aytekin 

 

118 

 

Table 2. Literature Review for the PIPRECIA method 

Author(s) Application(s) 

Stevic et al. 

(2018) 

For the application of barcode technology in the warehouse system, Fuzzy 

PIPRECIA was used to assess the SWOT dimensions and the sub-criteria 

within these dimensions. 

Stanujkic et al. 

(2018)  

The weight values of the criteria to be used in the evaluation of the hotel 

websites were determined using PIPRECIA. 

Đalić et al. (2020) The weights of the criteria to be considered in the selection of green 

suppliers were determined using Fuzzy PIPRECIA. 

Vesković et al. 

(2020) 

Fuzzy PIPRECIA was used to determine the importance levels of criteria 

in the selection of reach stackers. 

Jaukovic Jocic et 

al. (2020) 

PIPRECIA was used to determine the weights of the criteria to be 

considered in the e-Learning course selection problem. 

Ulutaş et al. 

(2020) 

The weights of the criteria to be considered in the selection of personnel 

were determined via Gray PIPRECIA. 

Blagojević et al. 

(2020) 

Fuzzy PIPRECIA was used to determine the weights of the output criteria 

to measure the efficiency of rail transport sections in terms of safety and 

risk management. 

Tomašević et al. 

(2020) 

Fuzzy PIPRECIA was used to determine the weights of the criteria for 

High-Performance Computing implementation. 

Nedeljković et al. 

(2021) 

Fuzzy PIPRECIA was used to determine the weights of the criteria in the 

problem of selecting one of the rapeseed varieties. 

Özdağoğlu et al. 

(2021) 

Fuzzy PIPRECIA was used to determine the weights of the criteria in the 

Truck Tractor Selection problem. 

Stevic et al. 

(2022) 

The weight values of the criteria were determined using Fuzzy PIPRECIA 

in the assessment of causes of delays in road construction projects. 

Table 2 shows that PIPRECIA is used to solve problems in a variety of fields. However, it has 

been observed that Fuzzy PIPRECIA is preferred more widely.  PIPRECIA-S will be used in this 

study to reflect expert evaluations as accurately and effectively as possible. 

3. PIPRECIA-S  

To determine the subjective weight values of the criteria, Stanujkic et al. (2017) developed the 

PIPRECIA (Pivot Pairwise Relative Criteria Importance Assessment) method. PIPRECIA is 

similar to the SWARA (Stepwise Weight Assessment Ratio Analysis) method in many ways. The 

most significant difference between PIPRECIA and the SWARA method is that there is no need 

to determine the rank order of importance of all criteria. PIPRECIA, like SWARA, compares 

different criteria in each pairwise comparison. As previously stated, this situation creates 

difficulties for evaluators who are experts or decision makers. PIPRECIA-S (Simplified 

PIPRECIA), an extension of PIPRECIA developed by Stanujkic et al. (2021), eliminates the 

aforementioned difficulty and makes all comparisons with a specified criterion. This specified 

criterion can be the decision problem's first criterion (Stanujkic et al., 2021).  

The PIPRECIA-S method will be used in this study due to the convenience it provides in 

comparisons. The process steps of PIPRECIA-S are defined below (Stanujkic et al., 2021): 

Step 1. Determine the criteria: The criteria to be considered in the decision problem solution 

are determined. The criteria can be determined using literature and/or expert opinions. 
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Step 2. Determine the importance levels of the criteria: The criteria to be taken as a basis for 

comparisons are determined. The first criterion (𝐶1) can be designated as the base criterion for 

ease of implementation. The pairwise comparison expressed in Eq. (1) is used to determine the 

importance levels of the criteria except for the first criterion. In this context, each criterion (𝐶𝑗) is 

compared to 𝐶1 in pairs. 

 𝑆𝑗 = {

> 1 , 𝐶𝑗 > 𝐶1
1 , 𝐶𝑗 = 𝐶1
< 1 , 𝐶𝑗 < 𝐶1

 (1) 

The relative importance of the criteria to one another can be expressed as a percentage. In this 

case, if the 𝐶𝑗 criterion is more important than 𝐶1, the importance value is greater than one and 

less than two. If the 𝐶1 criterion is more important than the 𝐶𝑗 criterion, the importance value is 

expressed as less than 1 and greater than 0. If the 𝐶1 and 𝐶𝑗 criteria are equally important, then a 

value of 1 is assigned. 𝑠1 = 1 is assigned as a result of the evaluations for 𝐶1. 

Step 3. Calculate the 𝑘𝑗 values: The 𝑘𝑗 values are calculated using Eq. (2). 

 𝑘𝑗 = {
1 , 𝑗 = 1

2 − 𝑠𝑗 , 𝑗 > 1 (2) 

Step 4. Calculate the 𝑞𝑗 values: The 𝑞𝑗 values are calculated using Eq. (3). 

 𝑞𝑗 = {
1 , 𝑗 = 1

𝑞𝑗−1

𝑘𝑗
, 𝑗 > 1 (3) 

Step 5. Obtain the criteria weight values: The criteria weight values are calculated using Eq. 

(4), where 0 ≤ 𝑤𝑗 ≤ 1 and ∑ 𝑤𝑗
𝑛
𝑗=1 = 1. 

 𝑤𝑗 =
𝑞𝑗

∑ 𝑞𝑗
𝑛
𝑗=1

 (4) 

As a result, the process of determining the weight values of the criteria is finished. 

4. Results 

The PIPRECIA-S method was used in the study to determine the weights of the criteria. 

PIPRECIA-S has several advantages, including the ability for experts to express their opinions in 

a comprehensible manner and the ability to assess the importance of criteria with fewer 

comparisons than methods based on pairwise comparisons in the literature, such as AHP and 

BWM.  

Before determining the weight values of the criteria, the procedure of defining the criteria 

was completed. For this purpose, a comprehensive list of criteria for the selection and evaluation 

of vehicle tracking systems was created using the literature. At this point, studies on system 

selection in various fields and sectors were also used. The comprehensive list of criteria is 

presented below. 

 Ease of use and customization of the interface (Ertek & Aba, 2012; Ghaffari et al., 2014; 

Karabıyık & Gündoğmuş, 2018; Koçak, 2003; Yaldır & Polat, 2016) 

 Comprehension, simplicity of implementation, and visual presentation of geo-

information for users (Ghaffari et al., 2014; Karabıyık & Gündoğmuş, 2018; Yaldır & Polat, 

2016) 

 Compliance with local legislation (speed limits, etc.) and effective warnings when 

necessary (Koçak, 2003) 
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 Reducing the operating costs of companies owing to the system (Karabıyık & 

Gündoğmuş, 2018) 

 Communication infrastructure (Ghaffari et al., 2014) 

 System cost (Ghaffari et al., 2014; Haddara, 2018; Karabıyık & Gündoğmuş, 2018; Koçak, 

2003; Yaldır & Polat, 2016; Yeşilyurt et al., 2019) 

 Design and quality of hardware (Ghaffari et al., 2014) 

 The software's design and inclusion of current technologies (Ghaffari et al., 2014; 

Yeşilyurt et al., 2019) 

 Providing system training and consulting (Koçak, 2003) 

 The system supplier's reliability and reputation (Haddara, 2018; Koçak, 2003) 

 Having a quality certificate (Ertek & Aba, 2012) 

 Real time location tracking of vehicles (Dandıl & Demir, 2020; Ghaffari et al., 2014) 

 Allowing the vehicle to be diverted (Dandıl & Demir, 2020; Ghaffari et al., 2014) 

 Providing statistical data collection, and effective reporting (Karabıyık & Gündoğmuş, 

2018; Koçak, 2003; Yaldır & Polat, 2016; Yeşilyurt et al., 2019) 

 System maintenance and technical support (Haddara, 2018; Yaldır & Polat, 2016; 

Yeşilyurt et al., 2019) 

 The system's operating costs and sustainability (Karabıyık & Gündoğmuş, 2018) 

 Adaptability to new technologies and updates (Yaldır & Polat, 2016) 

 Data confidentiality and security (Haddara, 2018; Yaldır & Polat, 2016; Yeşilyurt et al., 

2019) 

 Integration of external systems and/or devices (phone, tablet, computer) (Dandıl & 

Demir, 2020; Ertek & Aba, 2012; Haddara, 2018; Karabıyık & Gündoğmuş, 2018; Yaldır & 

Polat, 2016) 

The experts consulted live and work in Turkey. The first expert consulted for the study's 

criteria evaluation received a logistics undergraduate education and has worked in a logistics 

company's vehicle tracking system department for more than five years. The second expert has 

over ten years of experience and works as a field manager of operations in the transportation 

department of a logistics company. The third expert is an academic who works in the 

undergraduate logistics management department of a university and has studied GIS 

(Geographic Information System). The expert working on the vehicle tracking system made the 

first assessments on the long list of criteria. Some of the criteria were eliminated following the 

expert's recommendations, and the criteria listed in Table 3 were formed. The importance levels 

of the criteria were determined in the second stage using PIPRECIA-S by the assessments of three 

experts. Table 3 displays the 𝑆𝑗 values that indicate the importance levels of the criteria. 

Table 3. The 𝑆𝑗 Values of Criteria According to Experts' Evaluations 

Notation Criteria 

 𝑺𝒋   

Expert 

1 

Expert 

2 

Expert 

3 

Geo. 

Mean 

C1 Real time location tracking of vehicles 10 80 35 30,37 

C2  Comprehension, simplicity of 

implementation, and visual presentation of 

geo-information for users 

30 85 40 46,72 

C3 Compliance with local legislation 15 90 15 27,26 

C4 Reducing the operating costs of companies 

owing to the system 

10 100 25 29,24 

C5 Communication infrastructure 10 85 30 29,43 

C6 System cost 15 90 20 30,00 
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C7 Design and quality of hardware 15 100 50 42,17 

C8 Having a quality certificate 15 100 25 33,47 

C9 Allowing the vehicle to be diverted 20 90 35 39,79 

C10 Providing statistical data collection, and 

effective reporting 

20 80 40 40,00 

C11 System maintenance and technical support 20 100 50 46,42 

C12 Adaptability to new technologies and 

updates 

15 100 45 40,72 

C13 Integration of external systems and/or 

devices 

10 80 35 30,37 

The 𝑆𝑗 values determined based on expert assessments were used to calculate the 𝑘𝑗 values. 

Then, 𝑞𝑗 values were calculated, followed by 𝑤𝑗  values and the processes for determining the 

weights of the criteria were completed. The weight values of the criteria are shown in Table 4. 

Table 4. The Criteria Weights 

Criteria 𝒌𝒋 𝒒𝒋 𝒘𝒋 Rank 

C1 1.0000 1.0000 0.1199 1 

C2  1.6963 0.5895 0.0707 9 

C3 1.5328 0.6524 0.0782 2 

C4 1.7274 0.5789 0.0694 13 

C5 1.7076 0.5856 0.0702 12 

C6 1.7057 0.5863 0.0703 11 

C7 1.7000 0.5882 0.0705 10 

C8 1.5783 0.6336 0.0759 4 

C9 1.6653 0.6005 0.0720 8 

C10 1.6021 0.6242 0.0748 7 

C11 1.6000 0.6250 0.0749 6 

C12 1.5358 0.6511 0.0780 3 

C13 1.5928 0.6278 0.0752 5 

The most important criterion in vehicle tracking system selection, according to the PIPRECIA-

S results in Table 4, is "real time location tracking of vehicles." In terms of importance, "compliance 

with local legislation" is the second most important criterion. This reveals that for logistics 

companies, a vehicle tracking system that includes instant vehicle tracking and warnings in 

accordance with local regulations is preferable. The criteria were ranked in order of importance 

as follows: C1≻C3≻C12≻C8≻C13≻C11≻C10≻C9≻C2≻C7≻C6≻C5≻C4. 

Conclusion 

Vehicle tracking systems make fleet management much easier for logistics companies. 

Furthermore, as technological advancements continue, vehicle tracking system features 

transform, as do the expectations placed on these systems. The study's aim in this context was to 

determine the most effective criteria for selecting vehicle tracking systems, as well as the relative 

importance of these criteria. As a result, the criteria to be considered in the development of the 

vehicle tracking system for system developers and the criteria to be considered in the vehicle 

tracking system for logistics companies were defined. 

The literature and the assessments of vehicle tracking system experts working in the logistics 

sector were used to define the criteria. To determine the importance levels and weights of the 
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criteria, the PIPRECIA-S method was used. According to the analysis results, the most important 

criterion in the selection of a vehicle tracking system is real-time tracking of the vehicle's location. 

This is a predictable outcome. Because the primary development goal of vehicle tracking systems 

is to track vehicle locations in real time. The second most important criterion is that vehicle 

tracking systems are compatible with local legislation and can provide warnings when necessary. 

Given that logistics companies primarily operate on an international scale, this feature is critical 

for both companies and vehicles. The third most important criterion is that the vehicle tracking 

system be compatible with new technologies and updates. This criterion is directly related to the 

service life of the vehicle tracking system. It is critical for logistics companies to use their vehicle 

tracking systems effectively and for as long as possible, as well as to carry out software updates 

perfectly. Other important criteria in the selection of a vehicle tracking system are “having a 

quality certificate”, “integration of external systems and/or devices”, “system maintenance and 

technical support”, “providing statistical data collection, and effective reporting”, “allowing the 

vehicle to be diverted”, “comprehension, simplicity of implementation, and visual presentation 

of geo-information for users”, “design and quality of hardware”, “system cost”, “communication 

infrastructure”, and “reducing the operating costs of companies owing to the system”. 

In general, logistics companies should prioritize instant vehicle tracking, compliance with 

local regulations, compatibility with new technologies and software, quality certification, and 

integration with external systems/devices when selecting a vehicle tracking system. Similarly, 

developers of vehicle tracking systems can design a system by prioritizing the aforementioned 

criteria. In the companies where the experts whose opinions are consulted in this study, various 

vehicle tracking systems are used. Besides, these companies rely on a single vehicle tracking 

system. As a result, the study was unable to conduct a comparative analysis of the performance 

of vehicle tracking systems. In the future, researchers may be able to overcome the 

aforementioned limitation and use a multi-criteria decision model to analyze the performance of 

vehicle tracking systems. Furthermore, performance analysis can be generated using GIS data 

from vehicle tracking systems or operational costs on system setup. 
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