
ENGINEERING 
SCIENCE 

The International Journal of Engineering Sciences 

 

Vol. 2, No. 1, 2025, pp. 1-8 

ISSN 0000-0000 

https://international-journal-of-engineering-sciences.jo   

 

 

       https://international-journal-of-engineering-sciences.jo            

  

Examination of reliable control schemes for self-governing 

robots in uncharted territories 

BASMA KHALID ALSABAH a *, KATHIM ALI ALKHATIB b, ALI ALHUSSIENY c 

a Msc, Department of Computer science and artificial intelligence, College of Engineering, Baghdad university, Iraq-
Baghdad. 
b Msc, Department of Computer science and artificial intelligence, College of Engineering, Baghdad university, Iraq-
Baghdad. 
c Prof, Department of Computer science and artificial intelligence, College of Engineering, 

Baghdad university, Iraq-Baghdad. 

* Corresponding Author : BASMA KHALID ALSABAH 

 

1. Introduction 

A contemporary technology that has advanced significantly in recent decades, autonomous 

robots are essential to a variety of industrial, military, and civil uses.  They need sophisticated and 

adaptable control systems to ensure stable and effective performance because they can explore their 

surroundings, navigate on their own, and carry out difficult tasks in a range of environments.  The 
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 Modern autonomous robots are becoming more and more common in a 

variety of applications, particularly in uncharted and uncertain situations 

where reliable control schemes are necessary to guarantee their stability 

and effective operation.  With an emphasis on the core ideas that support 

the design of systems with resilience and adaptive capabilities under 

uncertain circumstances, this study attempts to offer a thorough 

theoretical examination of robust control mechanisms.  By evaluating the 

literature on both conventional and contemporary control systems and 

concentrating on mathematical models and notions of stability and 

adaptation, the study took a theoretical analytical approach. Using model 
criteria, a theoretical framework was developed to assess the efficacy of 

control techniques while examining the theoretical risks and difficulties 

involved.  The findings showed that developing reliable and efficient 

control systems for robots in unfamiliar situations is based on the 

fundamental ideas of stability and adaptive efficiency.  Along with 

suggesting future research priorities that center on overcoming theoretical 

issues and creating more adaptable and accessible theories, the analysis 

also showed that the suggested mathematical models aid in assessing and 

enhancing control measures. In addition to highlighting the significance 

of creating future theories based on strong scientific foundations to 

guarantee the stability and performance of autonomous robots in dynamic 

and complex situations, the analysis advanced our grasp of robust control 

principles and tactics. 

 

Keywords 
Autonomous Robotics;  

Control Strategies; 
Machine Learning;  
Artificial Intelligence; 
 

This is an open-access article under the CC–BY-SA license. 

 

https://international-journal-of-engineering-sciences.jo/
https://international-journal-of-engineering-sciences.jo/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


2 

ENGINEERING 
  SCIENCE 

The International Journal of Engineering Sciences 

https://international-journal-of-engineering-sciences.jo  

 
ISSN 0000-0000 

Vol. 2, No. 1, 2025, pp. 1-8 

 

 

Examination of reliable control schemes for self-governing robots in uncharted territories 

 

invention of control algorithms that allow these robots to select their trajectories, adapt to uncertain 

settings, and overcome unforeseen environmental hurdles is credited with their success [1]. 

Given its function in guaranteeing the stability and responsiveness of intelligent systems in 

unpredictable circumstances, robust control is becoming increasingly significant as technology 

advances and is one of the most crucial research areas in this area.  Traditional control systems, 
which frequently rely on comprehensive or previously recognized knowledge about the surrounding 

environment, face significant challenges in unknown situations, which are defined by the absence of 

an accurate and comprehensive model.  Performance issues or an inability to adapt to abrupt changes 

may result from this [2]. 

Even though control strategies have advanced significantly, there is still a glaring research gap 

because there isn't a complete theoretical framework that combines the concepts of stability, 

adaptability, and flexibility to guarantee dependable robot performance in uncharted territory. This 
is especially true when it comes to theoretical analysis and methodical evaluation of these strategies.  

Additionally, the development of generic, theoretically applicable mathematical models that allow 

researchers to study and forecast the behavior of complex systems under varied settings has not 
received enough attention in contemporary studies.  This emphasizes the necessity of thorough 

theoretical investigation that advances our knowledge and comprehension of these tactics [3]. 

Developing a theoretical framework that allows the efficiency and effectiveness of robust 

control systems to be assessed in terms of stability, flexibility, and the capacity to adjust to 
unforeseen environmental changes is still the biggest difficulty.  By offering a thorough theoretical 

examination of the fundamental ideas, mathematical models, and scientific underpinnings of robust 

control strategies, this study seeks to close this gap. It also develops a theoretical framework that 

takes into account the difficulties and suggests guiding principles for further research [4]. 

Using mathematical models and cybernetic theories, this research attempts to give a 

comprehensive and integrated theoretical analysis that focuses on simplifying concepts and 
examining the stability and adaptability parts of control strategies.  This will directly aid in the 

advancement of more adaptable and efficient theories for managing robots in uncharted territory.  

By improving the theoretical knowledge of these tactics, this study hopes to pave the way for the 

creation of more sophisticated and adaptable future applications by empowering researchers to 

construct control systems that can operate dependably in a variety of uncertain circumstances. 

1.1. Literature Review 

With an emphasis on current advancements, theoretical difficulties, and pertinent subjects that 
impact the research's theoretical framework, this review offers a thorough summary of strategies and 

techniques that have been produced over time. 

1.1.1. Review of Traditional and Modern Control Strategies 

Historically, robotics control systems have depended on conventional techniques like model-
based control and state feedback control.  These approaches have proven to be quite limited in 

complicated, unknown, or dynamic contexts, despite being successful in known or static 

environments.  Modern techniques, such as adaptive control and robust control, have developed 

throughout the years with the goal of withstanding unforeseen abnormalities and disruptions [5]. 

For instance, mathematical theories that guarantee system stability in the face of significant 

model errors or outside disruptions are provided by robust control strategies like sliding mode 
control and advanced dynamic simple control.  Artificial neural networks and vector algorithms, in 

particular, are two machine learning techniques that have recently been used more and more to 

create adaptable control strategies that can better adjust to unfamiliar surroundings.  Mathematical 

models that mimic uncertain dynamics are used to do this [6]. 

https://international-journal-of-engineering-sciences.jo/


ENGINEERING 
  SCIENCE 

The International Journal of Engineering Sciences 

https://international-journal-of-engineering-sciences.jo  

 
3 

Vol. 2, No. 1, 2025, pp. 1-8 

  

 

Examination of reliable control schemes for self-governing robots in uncharted territories 

 

1.1.2. Adaptation and Stability Techniques in Robotic Systems 

Since adaptive approaches are necessary to allow robots to interact independently with 
unknown situations, a lot of research focuses on addressing the issues provided by uncertainty.  

These methods include contractual control theory-based adaptive models, which are founded on 

basic ideas that guarantee system stability while constantly interacting with unknown factors [7]. 

High dynamic stability can be achieved, for instance, by using adaptive algorithms based on 
nonlinear differential equations or Laplace's law, which allow system parameters to be changed 

while the system is operating.  Furthermore, the foundation for guaranteeing that systems may 

maintain their stability in the face of unanticipated difficulties is provided by Lyapunov stability 
theories.  Robust control strategies that guarantee resistance to distractions and unforeseen changes 

are designed through the construction of Lyapunov functions [8]. 

1.1.3. Theoretical Challenges Associated with Control in Unknown Environments 

Fundamental theoretical difficulties in comprehending and recording system reactions in 
unknowable or unpredictable situations confront researchers in this discipline.  The most notable of 

them are modeling restrictions, which impact the precision of control techniques since mathematical 

models based on the rules of robotics physics are frequently approximations [9]. 

Furthermore, problems with theoretical stability come up, particularly when there are nonlinear 

systems and a lot of disturbance.  It takes sophisticated mathematical analysis to guarantee stability 

and interaction efficiency in the face of uncertainty and shifting environmental conditions.  In order 
to overcome these theoretical challenges, a rigorous mathematical methodology is necessary. 

Contractual control theories, transformational analysis, and nonlinear theories are frequently 

employed [10]. 

Therefore, it is necessary to balance the depth of theoretical analysis with the capacity for 
mathematical verification in order to build control techniques that are resistant to unknown changes. 

This involves taking into account the ideas of adaptability and complexity in modeling.  It's also 

critical to acknowledge that, more conceptually than practically, there are still theoretical gaps that 
must be filled in order to improve systems' capacity to function steadily in unidentified contexts 

[10]. 

2. Theoretical Foundation for Sturdy Control Techniques 

A vital method for comprehending and creating reliable control schemes that allow autonomous 

robots to function effectively in uncharted territory is the theoretical approach.  Without depending 

on real-world application or experimental testing, this part offers a thorough examination of the 

fundamental ideas, mathematical models, and theories that underlie these tactics [11]. 

2.1. Strong Concepts in Control Theoretical Analysis 

In order to provide mathematical underpinnings for guaranteeing the stability and resilience of 

control systems in the face of unforeseen abnormalities and disruptions, robust control theoretical 
analysis investigates the characteristics of dynamically coupled systems.  It focuses on developing 

precise mathematical models, specifying stability requirements, and suggesting design strategies that 

guarantee resilience to alterations and disruptions in the environment.  These analyses rely heavily 
on ideas like Lyapunov stability, adaptability, and resilience because they make it possible to 

establish precise mathematical correlations between system inputs and response [12]. 

2.2. Robotics Mathematical Models in Unknown Environments 
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Because this work is theoretical in nature, precise mathematical models that account for 

uncertainty and unknown conditions are created to depict the fundamental dynamics of robots.  
Nonlinear systems, differential equations for robot motion, and modeling foundations that handle 

external perturbations are some examples of these models.  Robot dynamics are expressed 

mathematically using probabilistic or nonlinear equations in order to analyze the effects of 

unforeseen anomalies on system stability and create control theories that lessen their effects [13]. 

2.3. Theories of Structural Design, Adaptability, and Stability 

Strong mathematical theories serve as the foundation for robust control systems, the most 

significant of which are [14]: 

- By establishing a suitable Lyapunov function, the Lyapunov Theorem gives mathematical 

requirements for guaranteeing system stability when specific control strategies are applied. This 

theory is used to support the stability of nonlinear systems. 

- Developing control rules that allow a system to automatically modify its parameters in 

response to unknown variables while maintaining strong stability is the main goal of adaptive 

control theories.  This is accomplished through the development of theoretical models that describe 

the evolution of parameters during operation. 

- Using structural design principles derived from the fundamentals of control theories, 

structural design deals with the development of theoretical control structures that enable the 

modification of system performance and endurance, allowing robots to function effectively in highly 

uncertain environments. 

The links between mathematical models, theoretical stability, and design flexibility are 

highlighted in this context through the study of sophisticated mathematical models associated with 
nonlinear dynamic interactions and the development of stability and adaptive theories to assess and 

analyze system features. 

3. A Conceptual Structure for Strategy Evaluation 

3.1 An explanation of the theoretical approach used to assess and examine control strategies 

The idea of mathematical models serves as the foundation for this framework.  These models 

provide a foundation for integrating the description of robot behavior in as-yet-unstudied contexts, 

emphasizing the robots' capacity for adaptation and stability in unpredictable circumstances. 

This framework is based on the idea that evaluating control strategies necessitates a thorough 

evaluation of each strategy's traits, including how well it responds to environmental changes, how 
adaptable it is when dealing with unknowns, and whether it is theoretically feasible in terms of 

system stability.  To ascertain the degree to which techniques can preserve system stability under 

novel and unexpected circumstances, theoretical analysis tools including dynamic equations, 

adaption theories, and Lyapunov stability theory are consulted [15]. 

3.2. Models and Standards 

The framework outlines a number of fundamental standards for assessing control tactics, such 

as but not restricted to [16]: 

- The ability of a strategy to adjust its behavior in response to changes in the environment is 

known as flexibility and adaptability. 

- Long-term stability: When the plan is put into practice, stability is attained in the system's 

dynamic models. 
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- Symmetry and impartiality: The strategy's capacity to function well in a variety of dynamic 

circumstances. 

- Validation and theoretical dependability, especially by analytical demonstrations of the 

system's stability. 

Robotic systems, whether linear or nonlinear, are represented by mathematical models based on 

unknown surroundings once the criteria have been established.  These models, which are used to 
examine the system's control response properties, include matrix frameworks, differential equations, 

and integral equations. 

3.3. Theoretical Challenges and Future Research Priorities 

There are a number of issues that need to be resolved at the theoretical level, the most 

significant of which are [17]: 

- Incomplete data and lack of certainty: The consequences of missing information and 

incomplete data must be carefully examined when using mathematical models. 

- The intricacy of accurate models might be high, necessitating sophisticated analytical 

techniques. 

- Compatibility issues between models and theoretical analysis: It's important to make sure that 

the models being employed accurately reflect the unknown system's reality. 

Future research priorities therefore need to: 

- Creating models that are easier to assess and more adaptable. 

- Using analytical approaches to improve simulation evidence and stability in the absence of 

complete information. 

- Adaptive theory, machine learning, and robust control principles are used to create more 

resilient and successful solutions in uncharted territory [18]. 

4. Results and Discussion  

4.1. Findings from the Theoretical Study of Superior Robot Control Techniques in Unknown 

Environments 

Despite the absence of empirical support, the theoretical investigation showed that strong 
control systems founded on the ideas of stability and adaptation may accomplish a high degree of 

flexibility and theoretical stability.  First and foremost, it was shown that, within specific bounds of 

unknown changes, control strategies grounded in nonlinear dynamic models and Lyapunov theory 

principles guarantee system stability.  Additionally, by striking a balance between adapting 
analytical techniques and the system's structural robustness, the application of adaptive and 

structural control theories showed their potential benefits for the sustainability of robot performance 

in uncertain circumstances. 

Additionally, the theoretical research showed that adaptive technique-based control strategies 

are more dependent on estimating models and show promise in managing uncertainty.  The 

reliability of the original models and the capacity to precisely describe adaption parameters within a 
theoretical framework, however, can occasionally restrict their findings.  On the other hand, 

structurally based control techniques show a stronger ability to maintain stability under a larger 

variety of environmental circumstances. 

4.2. Analysis of the Findings and How They Fit into the Existing Literature 
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The study's findings are in good agreement with earlier research, which has established the 

theoretical efficacy of control strategies based on adaptive flexibility and Lyapunov theories in 
guaranteeing the stability of nonlinear systems in unidentified contexts (Takada et al., 2022).  

Nonetheless, the study shows that there is a need for more coherence between theoretical models 

and practical applications because existing models need to be improved in order to handle unclear or 

partial data. 

By emphasizing the cooperative possibilities of various control strategy types and how they 

might be combined to produce more flexible and adaptive stability, the work theoretically makes 

significant contributions.  According to Schomis et al. (2023), this is consistent with current 
developments in multi-level control theories.  The creation of consistent standards for evaluating the 

stability and sustainability of control systems in extremely complex and dynamic contexts, however, 

is the area that needs more theoretical investigation. 

4.3.  The reviewed studies' theoretical strengths and limitations 

The key advantages of the suggested tactics, according to theoretical study, are their 

adaptability in handling ambiguities, their adaptability in handling crises, and their susceptibility to 
analysis and validation utilizing the Lyapunov energy stability theory.  Some theories still rely on 

somewhat idealistic presumptions, such as the stability of mathematical models and their absence of 

unanticipated changes, which is one of their weaknesses.  This emphasizes the necessity of creating 

more complementary models in the future that more accurately take inefficiencies or missing data 

into account. 

The absence of a consistent objective assessment or a trustworthy framework for methodically 

contrasting various control systems is another theoretical drawback.  This restricts the potential to 

enhance and create optimal models solely through abstract mathematical presumptions. 

4.4. Prospects for the Future in Light of Theoretical Results 

The research findings indicate that in order to increase the adaptive effectiveness of strategies 
and guarantee system stability, it is imperative to concentrate on creating more realistic models for 

unknown situations utilizing contemporary analytical techniques like machine learning and 

enhanced dynamic analysis.  In order to better connect theoretical findings to real-world 

performance and ease the transfer from theory to practice, it is also imperative to develop uniform 

standards for assessing the effectiveness of control strategies. 

5. Conclusion 

The findings of this study emphasize how crucial it is to theoretically analyze robust control 

mechanisms in order to enable autonomous robots to carry out their missions effectively and 
dependably in unfamiliar and complicated surroundings.  The study shows that improving robots' 

capacity to handle unforeseen environmental changes, guaranteeing consistent performance and 

system stability under highly interfering conditions, requires the development of integrated 

mathematical models as well as precise stability and adaptability philosophies.  The suggested 
theoretical framework improves researchers' and designers' capacity to create cutting-edge 

technologies that satisfy the demands of demanding environments and serves as a crucial scientific 

resource for comprehending the basic factors that impact control strategies. 

The findings of this study have practical scientific relevance since they advance our knowledge 

of the theoretical difficulties in creating reliable control systems and offer a theoretical foundation 

for the creation of future, more sophisticated algorithms and tactics.  The study also emphasizes how 

critical it is to encourage further research into novel approaches that can improve robots' capacity for 
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adaptive learning and stability in uncertain environments, thereby expanding our understanding of 

automatic control and autonomous systems.  In the end, this study is a significant step toward the 
development of cutting-edge control theories and techniques that directly improve the functional 

performance of robots in industrial and life applications, strengthening their usefulness in society of 

the future. 
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