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ANALISIS TERHADAP PRESTASI RANGKAIAN DENGAN MENGAMBIL 

KIRA KESAN ANJAKAN DOPPLER TERHADAP KOMUNIKASI MUDAH 

ALIH TANPA WAYAR UNTUK KENDERAAN TERHUBUNG 

ABSTRAK 

Teknologi kenderaan terhubung sepatutnya menjadi batu kunci untuk merevolusikan 

dalam bidang automotif. Konsep kenderaan terhubung ini muncul sebagai salah satu reka 

bentuk tersendiri bagi kereta generasi baharu, keupayaan untuk menyediakan pemandu 

dengan dimensi perkhidmatan baharu melalui komunikasi tanpa wayar. Daripada 

maklumat asas seperti lokasi, keselamatan dan kini prestasi enjin kenderaan kereta itu 

sendiri boleh dipantau. Teknologi kenderaan terhubung terdiri daripada beberapa 

komponen penting. Kenderaan itu sendiri, pautan komunikasi dan lapisan aplikasi. 

Penyelidikan ini memfokuskan kepada komponen komunikasi di mana kesan alam 

sekitar seperti anjakan doppler dan ketumpatan kawasan dianalisis. Terdapat beberapa 

masalah, telah dikenal pasti seperti kesan anjakan doppler ini akan menyebabkan 

kelewatan kepada komunikasi, pergerakan kelajuan tinggi akan menyebabkan kenderaan 

menukar kawasan selular dengan kerap dan masalah ini menghasilkan kelewatan semasa 

proses penyerahan. Kemudian kebanyakan pengangkutan halaju tinggi menggunakan 

rangkaian peribadinya sendiri untuk aplikasi pemantauan. Disebabkan masalah tersebut, 

penyelidikan ini menjalankan eksperimen pada rangkaian untuk modul komunikasi 2G, 

3G dan LoRA dengan mengunakan SIM900, SIM800L dan SIM5360E untuk 

menganalisis kesan kehilangan laluan daripada anjakan doppler. Daripada eksperimen 

tersebut, kajian membuktikan terdapat kesan daripada anjakan doppler dan kesannya 

meningkat dengan ketara dengan perubahan persekitaran dari luar bandar ke bandar. 

Dalam kajian ini juga, eksperimen kelewatan penyerahan dijalankan pada setiap 

kelewatan komunikasi. Daripada eksperimen tersebut analisis telah dibuat ke atas 

keputusan dan membuktikan terdapat kesan daripada kesan anjakan doppler terhadap 

kelewatan penyerahan. Berdasarkan semua penemuan itu, penyelidikan menyimpulkan 

SIM5360E modul komunikasi dengan rangkaian 3G sebagai modul komunikasi terbaik 

dengan 10% hingga 20% lebih baik dalam pretasi komunikasi dan Pensuisan Stesen 

Pangkalan Cepat (FBSS) sebagai teknik penyerahan terbaik dengan 12% kelebihan dalam 

prestasi. 
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ANALYSIS ON NETWORK PERFORMANCE BY CONSIDERING DOPPLER 

SHIFT EFFECT FOR CONNECTED CAR WIRELESS MOBILE 

COMMUNICATION 

ABSTRACT 

Connected car technology ought to be a keystone of revolutionizing the automotive area. 

The concept of a so-called connected car has recently emerged as one of the distinctive 

designs of new generation automobiles, with the ability to provide drivers with a new 

dimension of services through wireless communication. The performance of the car's 

engine can now be monitored from basic information like location and security. 

Connected cars consist of some important components, namely the vehicle itself, 

communication link and application layer. This research focuses on communication 

component, where the environmental effects such as doppler shift and area density are 

analyzed. A few problems have been identified including the doppler shift effect which 

will cause a communication delay, high speed movement which will cause the vehicle to 

frequently change cellular areas, consequently causing delays during handover process. 

The majority of high-speed transportation uses a private network of its own for 

monitoring purposes. This study conducted an experiment on a network for 2G, 3G, and 

LoRA communication modules by using SIM900, SIM800L and SIM5360E in order to 

study the impact of doppler shift on path loss. The experiment demonstrated that there is 

a doppler shift effect, and that the effect increases noticeably as one moves from a rural 

to an urban environment. The experiment on handover delay is run in this study on each 

communication delay as well. Analysis of the data from that experiment shows that the 

doppler shift effect has a negative impact on handover delay. The study concludes that 

SIM5360E, a communication module with a 3G network, is the best communication 

module with 10% to 20% better performance in each analysis and that Fast Base Station 

Switching (FBSS) is the best handover technique based on all of those findings with 12% 

better result. 
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CHAPTER 1 : INTRODUCTION 

1.1 Background 

Connected car technology nowadays has grown rapidly to becoming one of the 

important components in Intelligent Transportation System (ITS) (Hamid et al., 2017b). 

The concept of a so-called connected car has recently emerged as one of the distinctive 

designs of new generation automobiles, with its ability to provide drivers with a new 

dimension of services through wireless communication (Andrade et al., 2017). Basic 

information such as location and security enables owner to monitor the vehicle engine 

performance. Additionally, vehicles connected to network infrastructure have the ability 

to communicate with an organisation in charge of traffic control in order to receive 

information about potential hazards on the road or instructions for speed and route that 

will improve traffic flow (Berdigh & Yassini, 2017). Connected car consists of three 

important domains as depicted in Figure 1.1; the internal network and Electronic Control 

Units (ECUs), the application layer where the data from the vehicle will end up and the 

communication link which links both domains (Un-Noor et al., 2017).  

 

 

Figure 1.1 Three important domains of connected car. 
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In recent decades, modern cars have become no more than mechanical 

instruments through extensive use of electronic components. A large number of ECUs is 

used to control and monitor the status of vehicles connected to various kinds of buses 

(Bhosekar & Khatavkar, 2018). The in-vehicle network of buses and electrical equipment 

reduces the challenges of designing, repairing and refitting vehicles. Those with little 

understanding of vehicles can diagnose their vehicle through a Diagnostic Trouble Code 

(DTC) or corresponding firmware reprogramming can be used to improve the vehicle's 

performance (Vrachkov & Todorov, 2018). Therefore, the in-vehicle network benefits 

manufacturers, drivers, and after-sales support. Additionally, the in-vehicle network 

made it simpler to connect the large number of sensors and actuators in contemporary 

vehicles to the electrical system. Every control part in the vehicle will have its own ECUs 

as illustrated in Figure 1.2, for example, Body Control Module (BCM) for controlling 

body part in vehicles like power windows, interior light and radio and Engine Control 

Module (ECM) for controlling fuel injector and ignition spark plug. All ECUs will 

communicate with each other through Control Area Network (CAN) busses (Bachihal & 

Yashwanth, 2020). 

 

Figure 1.2 Topology of CAN-bus In-Vehicle Network (Pohlmann et al., 2014). 
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The data from the vehicle will be useful at the application layer. Through a 

communication link, the cloud will receive the data from in-vehicle networks. Vehicle 

owners, manufacturers, and after-sales service providers can analyse and use this data 

(Pillmann et al., 2017). There are many advantages of using the analysed data for real-

time vehicle data collection, including data on frequency of hard acceleration or braking, 

distance travelled, travel time, harsh cornering, and speed. These data are collected with 

the help of in-car sensors or mobile apps and are used by insurers to offer individualized 

premium plans to their users based on their specific driving behaviour known as Usage-

Based Insurance (UBI) (Zhuo & Huang, 2019). Data can also be used by insurers 

including offering preventive maintenance and other value-added suggestions to users, 

better detection of fraudulent claims, better customer selection (focus on less risky, more 

loyal customers) and segmentation, creating products with improved risk-pricing and 

rating capabilities, creating more effective marketing campaigns and improving up/cross 

selling. Analysis of telematics data can even help insurers in easier car crash liability 

detection, as such data can be helpful in understanding all aspects of car crash better, 

including impact force, whiplash, soft tissue injury and broken bones (Händel et al., 

2014). 

A communication link, also known as a "application layer," is an external wireless 

communication path that connects a vehicle to the internet. Unlike in-vehicle network, 

communication link needs to be wireless because of the vehicle mobility. Wireless 

communication generally works through electromagnetic signals that are broadcasted by 

an enabled device within the air, physical environment or atmosphere (Elkhouly & 

Mohajer, 2020). The sending device can be a sender or an intermediate device with the 

ability to propagate wireless signals. The communication between two devices occurs 
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when the destination or receiving intermediate device captures these signals, creating a 

wireless communication bridge between the sender and receiver device. Wireless 

communication has various forms, technology and delivery methods including: Satellite 

communication, Mobile communication, Wireless Network communication, Infrared 

communication, and Bluetooth communication (Ur-Rehman & Zivic, 2018). However, 

the principal design problem encountered in wireless or mobile radio has been how to 

overcome the distortion of received signals by a time-varying and frequency-selective 

propagation path. Radio waves near the ground do not travel over a single well-defined 

radio path as in free space; they are scattered against reflecting obstacles in the vicinity 

of the mobile antenna. Reflected waves may add destructions, causing the received signal 

to disappear or become heavily attenuated at certain locations (Kagawa et al., 2018). A 

moving device,  receives a resulting signal that is rapidly varying in time (Goswami & 

Kumar, 2018). This effect is called fading because of doppler shift (C. Zhu et al., 2019). 

Without improvement of the quality of communication links, connected car system will 

lack of vehicle information sharing communication performance due to the increase in 

vehicle speed and data packet size. To solve this problem, recently, the latest technologies 

development in ITS is Internet of things (IoT) for car, actively being pursued by 

researchers around the world that can be implemented in the automotive areas, 

specifically vehicle connectivity communication (F. Zhu et al., 2020). The use of mobile 

technology especially for cloud connectivity access through mobile devices such as 

laptops and smartphones is essential in this field. It is expected that the connectivity 

between car and internet will be massive towards the development of autonomous car. 

Through the process of the system, one of the commonly used methods for networking 

or connectivity purposes is cellular network or mobile network communication in term 

of IoT technology.   
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1.2 Research Problem 

In a mobile communication cellular system, electronic switching from one cell 

frequency to another cell frequency is carried out without interruption and without a base 

station operator or manual switching as the distributed mobile transceivers move from 

cell to cell during ongoing continuous connectivity. This is known as handover or 

handoff. Typically, the new base station that should serve it will automatically select a 

new channel for the mobile device. The mobile device then switches automatically from 

the current channel to the new channel and continues communication (Abboud et al., 

2015). Due to the decision-making and execution process time, this process will cause 

data transmission delays during communication sessions.  

Furthermore, because most cell area networks range between one and five 

kilometres, high velocity of mobile communication device movement changes the area 

of the cell network rapidly (Chen et al., 2021; Jingyu, 2021; Ke et al., 2019).  

Moreover, high velocity of mobile communication module movement can cause 

Doppler Shift Effect on communication frequency (L. Wang et al., 2019; Yi et al., 2020). 

Doppler shift is a frequency distortion effect that affects the transmitter's carrier 

frequency. 

Lastly, with poor network performance on communication module that effected 

by the latency and doppler shift issue it could affect the data integrity between sender and 

receiver.  

 
 

 
 

 
 

 
 

 
©This

 ite
m

 is
 p

ro
te

cte
d 

by
 o

rig
ina

l c
op

yr
igh

t 



6 

1.3 Research Question 

In a few years to come, connected car system will become an important 

technology. Therefore, to overcome the poor communication link during vehicle moving 

in urban area road, experiment on path loss and handover delay of cellular 

communication should be conducted. The research questions are as follows:  

i. What is the best handover technique? 

ii. What is the best frequency range to reduce the doppler effect on communication 

link? 

iii. What is the best communication technology for a connected car system? 

1.4 Objective 

The research is in various environments, specifically, rural, sub-urban and urban 

areas. Hence, the objectives of this study that need to be accomplished are as follows: 

i. To analyze path loss effect on network for 2G, 3G and LoRA communication 

modules by considering doppler shift effect.  

ii. To determine handover delay effect on the network for selected communication 

modules. 

iii. To propose the best modem based on the network performance for wireless 

mobile communication.  
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1.5 Scope 

 

The scope of this study is to analyze cellular network performance for vehicle 

wireless mobile communication. The Global System for Mobile Communication (GSM) 

modem cellular network for 2G and 3G has been chosen as the wireless mobile 

communication to obtain results for the parameters of latency, path loss of the mobile 

communication, and doppler shift effect toward the car speed. The GSM modem uses 

three different frequency bands, 900MHz for 2G, 1800MHz and 2100MHz for 3G. The 

data on the factors namely distance of the environment (rural, urban and sub-urban) and 

specific speed of the vehicle are analyzed from the base station. Furthermore, for non-

cellular networks, the Long-Range Wide Area Network (LoRaWAN) will be selected 

with frequency between 866MHz ~ 915MHz. The LoRaWAN system will be tested using 

the same analysis and an additional handover system is implemented to enable LoRa to 

providing a cellular style low data rate communication network system. Vehicle speed 

that will be experiment in this research is from 40 KM/H to 70 KM/H. The Perlis region 

has been chosen as the site for the experiment. 
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