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ABSTRACT 

 

The demand for autonomous technology in tracked vehicles is increasing, 

where path tracking controllers are vital. Developing stable and reliable in-track Direct 

Current (DC) motor controllers is essential for effective implementation. Therefore, 

this study presents a dynamic modelling and validation of a tracked vehicle, focusing 

on an in-depth analysis of the in-track DC motor system. To achieve this, three specific 

objectives were set: i) creating a dynamic vehicle model for path tracking control of 

an autonomous vehicle; ii) developing a motor model by analysing the speed 

characteristics of an in-track DC motor on a tracked vehicle; and iii) experimentally 

validating the proposed model against actual vehicle responses. The methodology 

begins with modelling and simulating the tracked vehicle in MATLAB/Simulink, 

followed by developing the DC motor model based on vehicle speed and turning radius 

during straight and cornering manoeuvres. Upon validating the motor model, an 

independent controller is developed for the DC motor on each side of tracked vehicle, 

incorporating all data from the characterization phase. The controller's effectiveness is 

validated by comparing the desired and actual response for DC motor model, motor 

controller, and vehicle model. With this, the Root-Mean-Square (RMS) of percentage 

difference is evaluated to quantify the validation between actual values and model 

predictions. The developed motor model agrees with the actual system with RMS of 

the percentage difference of 1.8% in vehicle speed during straight manoeuvring and 

3.7% and 7.1% in turning radius for right and left cornering, respectively. The 

developed tracked vehicle model agrees with the actual setup, with 10.90% and 

12.66% differences in terms of vehicle trajectory in X-Y coordinates for right and left 

cornering. With these findings, each objective has been achieved demonstrating the 

model’s suitability for path tracking controller development.  
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ABSTRAK 

 

Permintaan untuk teknologi autonomi dalam kenderaan penjejak meningkat, 

menjadikan pengawal pengesan laluan penting. Pembangunan pengawal motor DC 

yang stabil dan boleh dipercayai adalah penting untuk pelaksanaan berkesan. Kajian 

ini membentangkan pemodelan dinamik dan pengesahan kenderaan penjejak, 

memfokuskan pada sistem motor DC dalam trek. Untuk mencapai matlamat ini, tiga 

objektif khusus telah ditetapkan: i) mencipta model kenderaan dinamik untuk kawalan 

penjejakan laluan kenderaan autonomi; ii) membangunkan model motor dengan 

menganalisis ciri-ciri kelajuan motor DC dalam trek pada kenderaan penjejak; iii) 

mengesahkan model yang dicadangkan terhadap tindak balas kenderaan sebenar 

secara eksperimen. Metodologi bermula dengan pemodelan dan simulasi kenderaan 

penjejak dalam MATLAB-Simulink, diikuti dengan pembangunan model motor DC 

berdasarkan kelajuan kenderaan dan jejari pusingan semasa pergerakan lurus dan 

membelok. Setelah mengesahkan model motor, pengawal bebas dibangunkan untuk 

setiap motor DC, menggunakan data dari fasa pencirian. Keberkesanan pengawal 

disahkan dengan membandingkan sambutan yang dikehendaki dan sebenar untuk 

model motor DC, pengawal motor, dan terakhir, model kenderaan. Dengan ini, RMS 

peratus perbezaan dinilai untuk mengukur pengesahan antara nilai sebenar dan 

ramalan model. Model motor yang dibangunkan sepadan dengan sistem sebenar, 

dengan perbezaan RMS peratusan 1.8% dalam kelajuan kenderaan semasa manuver 

lurus, dan 3.7% serta 7.1% untuk jejari pusingan kanan dan kiri. Model kenderaan 

penjejak yang dibangunkan selaras dengan susunan sebenar, dengan perbezaan 

10.90% dan 12.66% dalam trajektori kenderaan pada koordinat X-Y, untuk belokan 

kanan dan kiri. Dengan penemuan ini, semua objektif telah tercapai, menunjukkan 

kesesuaian model ini untuk pembangunan pengawal penjejak laluan.  
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 Background of Study 

 

Tracked vehicles have been developed to excel in a variety of challenging 

terrains, including snow, loose sand, mud, steep sloped, and rugged combinations, 

where traditional wheeled vehicles would struggle (Ben-tzvi, 2018). Tracked vehicles 

are preferred for its ability to operate effectively in hazardous terrains, offering 

advantaged such as exceptional traction even on slippery surfaces, robust load-bearing 

capabilities, and efficient power delivery. This tracked vehicle designs allows for tight 

turns with a smaller radius and consistent speed on uneven terrain, making tracked 

vehicles superior in traction and grip for tasks in civilian and military sectors (Salah & 

Al-Jarrah, 2019; Ugenti et al., 2023).  

 

Furthermore, tracked vehicles are extensively used in agriculture for activities 

such as planting, harvesting, and transporting crops. One of the notable advantages is 

the reduction of soil compaction, achieved by evenly distributing the weight over a 

larger area (Saito et al., 2013; Wenju et al., 2022; Yang et al., 2023). This minimizes 

harm to both crops and soil structure. In military sectors, the exceptional off-road 

mobility, ability to transport heavy loads, deploy weaponry, and maintain operational 
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readiness in diverse environments underline its crucial role in military logistics and 

combat operations (Yang et al., 2023). 

 

Autonomous tracked vehicle (ATV) is a type of robotic vehicle equipped with 

tracks instead of wheels for mobility. It is known as an autonomous type vehicle 

because of its designs and functionality to operate without direct human control, 

relying on various sensors, algorithms, and computing systems to navigate and 

perform tasks autonomously. The general architecture for autonomous tracked vehicle 

is shown in Figure 1.1. Each of these modules is important and numerous studies have 

been conducted on some of these topics such as path planning techniques and control 

mechanisms in ATV (Rigatos, 2021; Amokrane et al., 2024) as well as the sensors 

technologies used for trajectory tracking in ATV (Barakat et al., 2020; Wang et al., 

2023). Based on Figure 1.1, this thesis will consider four aspects: trajectory tracking 

control, actuator control, vehicle system and sensors interface. These aspects will be 

further discussed throughout this thesis. 

 

 

Figure 1.1  General architecture of ATV system 
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Next, in the field of modelling the tracked vehicles, there are two types of 

models commonly used in modelling the tracked vehicle namely a kinematic and 

dynamic model. Kinematic model focuses on describing the vehicle’s motion in terms 

of its position, velocity and acceleration without considering the vehicle’s internal 

dynamics (Strawa et al., 2021). Meanwhile, a dynamic vehicle model, similar to the 

kinematic model, additionally incorporates considerations of internal forces, energy or 

momentum (Han et al., 2011). This study will develop the dynamic model for tracked 

vehicles addressing the gap noted in existing literature where research on this specific 

model type remains limited.  

 

Traditionally, tracked vehicles have predominantly used Internal Combustion 

Engines (ICEs) as its main powertrain. However, in the autonomous field, DC motors 

are favoured for powering tracked vehicles due to the ease of control, as these motors 

adapt easily to different terrains with variable speed control, efficiently overcome 

inertia during startup with high starting torque, and maintain consistent torque across 

a wide speed range, ensuring stability in vehicle performance (Muhammad et al., 

2023). With advancements in technology and increasing environmental concerns, 

electrically powered tracked vehicles are becoming more common. Therefore, this 

study will used DC motor as the main powertrain of the tracked vehicles. 

 

Lastly, tracked vehicle mostly used Internal Combustion Engines (ICEs) as its 

main powertrain to power up the tracked vehicle. In autonomous field, it is more 

feasible to used DC motor to power up the tracked vehicle due to its ease of control. 

With advancements in technology and increasing environmental considerations, 
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electrically powered tracked vehicles are becoming more common. Therefore, this 

study will used DC motor as the main powertrain. 

 

1.2 Problem Statement 

 

The development of an efficient path tracking controller is critically dependent 

on the precision of the vehicle model used. Most commonly, vehicle models employ a 

three-degree-of-freedom (3DoF) framework and consider slip dynamics to accurately 

capture the internal interactions between a vehicle’s tracks and the ground. Previous 

studies have predominantly utilized kinematic models (Ben-tzvi, 2018; Salah & Al-

Jarrah, 2019; Strawa et al., 2021; Subari et al., 2020; Tazzari et al., 2021; Yu & 

Vantsevich, 2021), which do not adequately account for the internal dynamic 

interactions between a vehicle’s tracks and the ground. In contrast, dynamic models, 

despite their complexity, are essential for path tracking controllers as it takes into 

account critical forces such as tractive, lateral friction, and longitudinal resistance (Han 

et al., 2011; Hong et al., 2009). These models offer a more detailed and accurate 

representation of vehicle behavior due to the consideration of the non-linear track-soil 

interaction which contributes to overall vehicle motion. This is crucial for the 

development of a precise controller capable of actively observing and controlling the 

vehicle’s dynamic responses. 

 

Additionally, vehicle modelling often focusses on tracked vehicles with 

traditional main powertrain which is internal combustion engines (ICE), thus missing 

out on the potential of alternative powertrains. This study proposes to explore vehicle 

models equipped with in-track DC motors on both tracks. This is because it offers 



5 

significant advantages, including high efficiency, compact size combined with 

powerful performance, precise control of torque and speed, and produce fewer 

emissions, which are not only environmentally friendly but also effective in handling 

heavy tasks (Prasanthi et al., 2023). Therefore, this study aims to develop a robust 

dynamic vehicle model, equipped with in-track DC motor on each track. The 

characteristic of the DC motor needs to be investigated in order to develop an accurate 

motor model and controller to complement the tracked vehicle model. The accuracy 

of this model will be validated against the actual vehicle responses to ensure its 

applicability and effectiveness in path tracking applications. 

 

Lastly, it is important to highlight the differences between wheeled and tracked 

vehicles control systems. Tracked systems usually involve complex interactions 

between the track and the ground which requires different control strategies compared 

to wheel-based systems due to its slip and friction characteristics. This study will also 

address these differences to enhance the model’s performance and controller 

effectiveness.  

 

1.3 Research Objectives 

 

The main aim of this study is to produce a validated dynamic vehicle model 

that can be used for autonomous tracked vehicle control. Several aspects of the vehicle 

should be modeled to ensure an accurate representation of the model. The objectives 

have been outlined to accomplish this main aim, which are as follows: 

(a) To formulate a dynamic tracked vehicle model for path tracking control of an 

autonomous tracked vehicle  
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(b) To elucidate the motor model by evaluating the speed characteristics and 

turning radius of an-in track DC motor on tracked vehicle. 

(c) To experimentally validate the proposed vehicle model against actual vehicle 

response. 

 

1.4 Research Scopes 

 

The research scopes and the limitations are as follows: 

(a) Development of a dynamic tracked vehicle model for path tracking control 

purposes. This will involve motions on longitudinal plane. 

(b) The proposed vehicle model is validated by real time experiment. 

(c) The open-loop type controller is implemented to develop the independent 

speed controller of in-track DC motor. 

(d) The tracked vehicle model parameters are obtained from the real tracked 

vehicle developed at Automotive Laboratory, UPNM. 

(e) The path chosen for validating the developed tracked vehicle model are right 

and left cornering. 

(f) Modelling and control design are developed using MATLAB-Simulink 

software. 

(g) The validated dynamic vehicle model is developed by considering tractive and 

resistive forces in longitudinal and lateral motion. 

(h) The experiment to validate the vehicle model’s trajectory is carried out in the 

Automotive Laboratory, UPNM. 
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1.5 Research Methodology 

 

The initial stage of this research project begins with a thorough literature 

review encompassing four key areas: tracked vehicle modelling, DC motors and 

internal combustion engines (ICE), types of DC motor control, and methods used in 

past research to validate findings and models. Following the literature review, the 

focus shifts to the modelling and verification of the dynamic model of a tracked 

vehicle. Subsequently, the study examines the influence of DC motor characteristics 

on the vehicle’s speed and turning radius. This phase includes developing and 

validating a model of the DC motor, using the observed characteristics as a reference. 

The validation process involves comparing the desired vehicle speed with the actual 

speed achieved.  

 

After completing the validation of the DC motor model, the research progresses 

to the development and validation of an independent controller for the DC motor. This 

controller’s design is based on an inverse kinematic model and an inverse motor 

model, with the validation process focusing on the comparison between the desired 

and actual angular speeds of the left and right sprockets. The final phase of the research 

validates the tracked vehicle equipped with an in-track DC motor as shown in Figure 

1.2. This is achieved by comparing the simulated and experimental responses in the 

global X-Y coordinates of the vehicle. The comprehensive findings and analyses of this 

research will be presented and discussed in this thesis report. 


