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ABSTRACT

This paper provides a holistic approach towards improving the performance, scalability, and
user experience of robot systems using the integrated combination of Next-Gen Robotic
Software Quality Assurance (NGRS-QA), Smart Robotics Testing and Automation (SRTA),
Intelligent Automation and Testing (IAT), and Automated UI/UX Testing. The approach
involves using Al-powered analytics for identifying bugs and automatically generating fixes,
cloud-based infrastructures for horizontally scaled load testing, and automated UI/UX testing
for the achievement of flawless user interaction. The suggested technique performs better than
conventional testing strategies as it enhances system performance in several critical aspects,
such as scalability, accuracy in % bug detection, test effectiveness, user satisfaction, and load
capacity. The combined methodology through real-time adaptation and ongoing testing ensures
an adaptive and robust robotic system with the ability to deal with intricate, real-life
applications. The findings illustrate the substantial benefits of integrating these methods to
maximize robotic systems for practical applications, providing reliability, efficiency, and ease
of use.
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1.INTRODUCTION

The rapid advancements in robotics have driven significant improvements in various fields,
ranging from industrial automation to healthcare, transportation, and smart homes. As robotic
systems become more complex and versatile, ensuring their optimal performance and
reliability in real-world applications has become crucial. The software that powers these
systems plays a pivotal role in determining their functionality, adaptability, and overall
effectiveness. However, the growing complexity of these systems presents significant
challenges in traditional software testing approaches, necessitating innovative methodologies
to ensure their robustness, scalability, and user-friendliness.

Robotics systems, by the very nature of their functioning, are in dynamic worlds where their
behavior has to respond to changing realities, in many cases in an unpredictable or dangerous
environment. Conventional approaches to software testing that are isolated to specific
components will not necessarily express the nuances of a system's interface with the
environment. Integrated and thorough testing approaches thus become imperative in providing
the assurance of long-term robotics success in practical applications. In particular, the smooth
integration of several subsystems (e.g., Al, sensors, actuators, and control interfaces)
necessitates a sophisticated method of software quality assurance (QA).

Additionally, the needs of scalability and real-time capability are the utmost priority. Robotics
systems usually have to deal with huge amounts of data in real-time, from sensors, cameras, or
end-user input. Under such a scenario, load testing with a cloud setup becomes an essential
element of performance measurement of the system under different use cases. Also, since
robotic systems are being used in more and more varied environments, it is even more
important to have a user-friendly interface that allows for effortless interaction with the users.
This 1s particularly critical in applications like healthcare, where a user-friendly control system
is essential for non-professional users.

Pan (2022) discusses the design and research of an Intelligent Traffic Cloud Platform with
emphasis on flexible customization of user identity for business function needs. The paper
proposes a model-driven approach based on the C# delegation mechanism to support the
flexible customization of the platform. It uses Load Runner v8.1 for performance prediction
and optimization. The effectiveness and practicability of the suggested solution are illustrated
via a concrete service function, affirming its role in improving platform performance and
responsiveness. Matlekovic et al. (2022) developed a cloud-based microservice architecture for
autonomous UAV inspection with emphasis on infrastructure inspection tasks such as power
lines and bridges. The system accommodates several users and non-interfering scaling of
services for effective path planning and testing. Through Kubernetes for service scaling and
containerization, the system provides reliability and minimal processing times. UAV inspection
paths were tested through a Gazebo simulation, enabling users to experiment with paths prior
to deploying actual UAVs.

With the high usage of web applications, there has been an increase in cybersecurity risks, and
most organizations overlook web application security, leaving them open to attacks. A way
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around this is implementing Web Application Firewalls (WAF), for example, the Azure
Application Gateway. Widiasari (2022) examines web performance and load testing upon
deploying Azure WAF on ERP applications. Utilizing tools such and Pingdom, the research
will seek to give insights on the effect of WAF on website performance and provide
recommendations for organizations looking to adopt WAF.

On an individual basis, each of these approaches has worked effectively within their fields.
With the combined approach of IAT, and Automated Testing, the holistic aspect comes into
play regarding robotic system design and testing. The methodology captures the multifaceted
and ever-evolving character of robotics such that the systems perform as efficiently as possible,
accommodate shifts in their surroundings, and are sustained with an exceptional user
experience. The new approach integrates Al-powered analytics, cloud load testing, automated
UI/UX testing, and intelligent automation to ensure that robotic systems not only execute
efficiently in real-world scenarios but also learn and adapt over time. Through analysis of
critical performance indicators like system scalability, accuracy of bug detection, test
efficiency, quality of user experience, and load handling capacity, this approach ensures that
robotic systems are equipped to handle varied operational scenarios and user interactions.

The SoDevi application, PT. Dimata Sora Jayate's web-based application, was tested to enhance
UI/UX and performance. Manual testing in the past resulted in human errors, and thus
automated black-box testing with Katalon Studio became necessary. The strategy targeted
CRUD processes and detected no bugs or faults within the system. The test indicated that the
application performed optimally, with any faults attributed to human error and not system
defects Nugraha et al. (2022). In this paper, we introduce the complete framework of this
integrated methodology, address its performance measures, and point out its effectiveness in
improving robotic system quality and performance in a wide range of fields. This new method
is a major improvement in robotic software quality assurance that offers a more reliable and
responsive testing process essential for the future success of robotics in real-world applications.

The Key objectives are

e Enhance Robotic System Performance: Incorporate Al-based analytics, cloud load
testing, and automated UI/UX testing to ensure performance and scalability of robotic
systems under different operational conditions.

e Ensure Robustness and Reliability: Implement Smart Robotics Testing and Automation
(SRTA) to conduct stress testing, simulation, and real-time performance analysis,
thereby ensuring robots remain efficient in varying environments.

e Automate Testing Processes: Adopt Intelligent Automation and Testing (IAT) to
minimize human intervention, maximize testing efficiency, and optimize system
performance through the use of machine learning algorithms for ongoing optimization.

e Enhance User Experience: Use automated UI/UX testing to ensure robot control
interfaces are intuitive, user-centric, and responsive, allowing for a smooth interaction
between humans and robots.

e Ensure Scalability and Flexibility: Use cloud-based load testing to verify the system's
response to higher load and fluctuating changes in real-world settings, providing the
robot's flexibility.

e Ensure Complete Quality Assurance: Integrate the positives of every testing technique
(NGRS-QA, SRTA, IAT, and Automated UI/UX Testing) to develop a streamlined
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approach, providing complete quality assurance and consistent robotic system
performance in real-world situations.

Existing robotic software testing methods tend to emphasize individual facets of performance,
bug discovery, or UI testing. Integrated approaches to satisfy the entire range of robot system
demands, including real-time adaptability, scalability, and ease of use, are still in short supply.
Although Al, cloud computing, and automated UI/UX testing have each been researched
individually, few studies integrate these sophisticated methodologies into an end-to-end
framework. The current research does not adequately address the dynamic, real-world issues
that robotic systems encounter, and therefore the incorporation of these methods is imperative
for maximizing overall system performance.

Tavakoli et al. (2020) paper how robotic systems, telerobotics, and intelligent wearables
contribute to improving healthcare provision during the COVID-19 pandemic. The
technologies minimize the danger of infection to healthcare professionals while allowing
distant monitoring, screening, and treatment of patients. The authors advocate for
interdisciplinary cooperation in creating ethical, viable, and useful technological innovations
for potential future health emergencies. This leaves robotic systems that might operate well
under one condition but falter in others, such as scalability, user interaction, or reliability in
actual use. Hence, there is a necessity for an integrated framework that juxtaposes these
methodologies so as to maximize robotic system performance to be robust, efficient, and user-
friendly to various applications.

2.LITERATURE SURVEY

Tiwari et al. (2021) present a maze-solving algorithm for humanoid robot NAO to travel
autonomously within a maze. Sensor and camera-capable, NAO detects objects and localizes
them and takes programmable decisions based on them. The algorithm, inspired from human
decision in similar cases, integrates SONAR, tactical sensors, and cameras to evaluate distances
of walls and guide responses of the bot. After comparative analysis of the methods, the authors
used the method with minimum average time complexity.

Rodriguez et al. (2022) introduce a performance evaluation method for cloud-hosted mobile
health (mHealth) apps. The approach, illustrated in a case study of medication compliance for
breast cancer patients, measures server response times under various mobile settings, including
battery modes and network types (LTE/Wi-Fi). The research identifies the effect of server load
on response times, providing insight into the user experience. The method facilitates the
development and testing of cloud-reliant mobile applications.

Loncar (2022) delves into heterogeneous Cloud environment task scheduling optimization
employing the Evolution Strategies algorithm. Such a metaheuristic technique that has not
extensively been applied here seeks to maximize task allocation in virtual machines and data
centers. The research establishes that, unlike the conventional Genetic Algorithm, proposed
strategy improves resource utilization, throughput, scalability, and execution time, while
improving imbalance. The outcome reveals satisfactory improvements in performance across
changing system loads, indicating a practical solution to Cloud resource management.

This research analyzes the performance of cloud monitoring systems for smart buildings,
resolving the issue of centralization vs. decentralization in data collection. It compares edge
computing solutions with containers, focusing on response time and loading behavior. The
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results indicate improved performance for public cloud systems compared to local solutions
with edge nodes. Five real-world configurations are recommended based on performance and
load testing for edge node configurations.

Sheetal et al. (2022). In their research on cloud computing, they introduce the Adaptive Task
Load Model (ATLM) and Adaptive Distributed Parallel Model (ADPM) for parallel
computation and load balancing. Their method seeks to overcome the performance variance of
nodes by enhancing efficiency and model accuracy. From their findings, they conclude that
ATLM and ADPM integration improves training performance without harming the integrity of
the model

In "Android Espresso Revealed: Writing Automated UI Tests" (Zelenchuk, 2019), the author
discusses writing Android user interface (UI) tests with a focus on the Google Espresso
framework. Topics emphasized in the book include the different means of running automated
tests, designing test projects to facilitate maintenance, and leveraging tools that make it easy to
create automated tests. The intention is to give developers effective ways of testing Uls with
less effort.

Matvienko et al. (2022) discuss the use of smart, robotic technologies, and big data solutions
in the agro-industrial complex. The research emphasizes the role of contemporary digital
systems for crop monitoring, yield forecasting, and planning of agrotechnical operations. These
technologies allow for decision-making based on data, yield assessment support, and efficient
use of agricultural machinery. The article points out the increasing significance of these systems
on the international and regional levels, with immense potential for future progress in
agriculture.

In blockchain-enabled multi-agent robot systems, smart contracts are responsible for
decentralizing task assignments. Nonetheless, Solidity contracts on the Ethereum blockchain
tend to have vulnerabilities, especially as a result of low-level external calls. Pan, L., and Doss
(2021) proposed SolGuard as an extension of the Solhint linter plugin to avoid serious issues
in smart contracts like incorrect ordering of state variables, delegatecall calls, and denial-of-
service patterns. Their empirical analysis demonstrates SolGuard's better performance in
efficiency and accuracy over current static analysis tools.

Wang et al. (2021) surveyed recent progress in artificial muscles for interactive soft robotics
with emphasis on dielectric elastomer actuators, pneumatic actuators, electrochemical
actuators, soft magnetic actuators, and stimulus-responsive polymers. They emphasized
tremendous advancements in high specific power output, dexterous shape morphing, and
superior maneuverability over natural muscles. The merging of soft electronic devices with
artificial muscles holds promising possibilities for the development of smart and interactive
robotic systems, as explained in their critical review of materials and approaches.

Maurelli et al. (2022) review, discuss localisation methods for underwater autonomous vehicles
with emphasis on passive and active approaches. These methods are crucial for different
applications, such as exploration, patrolling, and inspection, with localisation increasingly
important owing to advances in sensors, batteries, and machine learning. Passive approaches
seek to estimate vehicle position from sensor measurements, whereas active methods produce
guidance outputs to minimize position uncertainty
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Mohanarangan (2021) speaks to enhancing cloud computing security controls in healthcare.
The research looks at the increase in security mechanisms to safeguard personal health
information against cyber attacks, a major focus for cloud-enabled healthcare systems. It
speaks about challenges and suggestions for proper cloud security in healthcare applications.

Kalyan (2022) reviews cloud adoption in software testing, focusing on the blending of
empirical information and fuzzy multicriteria decision-making methods. It discusses the
problems that organizations encounter in implementing cloud technologies for testing and
offers decision-making models that support cloud adoption in software testing activities.

Naga (2021) maximizes the usage of cloud data center resources with an innovative load-
balancing technique. The paper presents a solution to maximize the data center efficiency using
cutting-edge load-balancing techniques that can be utilized for resource handling and
enhancing the performance of cloud computing systems.

Gudivaka and Kamruzzaman (2022) explores the application of Al and robotics in the
formulation of autonomous neurorehabilitation procedures for the upper limbs. The research
suggests combining robotics and Al to help rehabilitate patients with physical disabilities,
enhancing recovery procedures through customized treatments.

Poovendran (2022) The symmetric key-based duplicable storage proofs for encrypted data in
cloud storage environments are debated in this paper. It presents methods of integrity auditing
and security verification of the encrypted data so that data consistency is maintained and
unauthorized access is avoided in cloud storage systems.

Deevi (2020) investigates the real-time simulation of electric traction systems with artificial
neural networks and electro-thermal inverter models. The research integrates Finite Element
Analysis (FEA) and neural networks to simulate and improve the efficiency of electric traction
systems utilized in transport infrastructure.

Gudivaka (2019) discusses robotics-based swarm intelligence for pandemic mitigation in urban
environments. It suggests the application of distributed automation and smart decision-making
mechanisms to enhance urban pandemic control, illustrating how robotics and swarm
intelligence can maximize resource allocation and facilitate real-time crisis management

Basani (2021) examines the application of Robotic Process Automation (RPA) and business
analytics for digital transformation. It sheds light on ways in which machine learning and Al
methods can enhance business processes by automating routine tasks, improving decision-
making, and facilitating digital transformation in companies.

Shukla (2022) talks of combining computer vision and Al with IoT technologies in the field of
medicine. It concentrates on the way these technologies can transform medicine by allowing
real-time monitoring and examination of medical information, and ultimately enhancing
treatment and diagnosis outcomes.

Gudivaka et al. (2024) provides a research work on changing cloud security and robotics,
specifically on privacy-preserving API control through state-of-the-art LSTM models. The
work proposes new methods to improve cloud security with the addition of robotics in
automation for critical applications.

3. METHODOLOGY
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The Next-Gen Robotic Software Quality Assurance (NGRS-QA) methodology is directed
toward the union of Al analytics, cloud-based load testing, and automated UI/UX testing for
maximizing smart robotics system performance and usability. Al algorithms handle smart bug
detection and automated fix generation, whereas cloud computing allows for scalable and
effective stress testing on different environments. Automated UI/UX testing ensures uniform
user experience and interface dependability. This integrated method strengthens system
reliability, scalability, and user-friendliness and ultimately makes it possible for robotic systems
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Figure 1: Workflow of Integrated Robotic Software Quality Assurance

Figure 1 depicts the process flow of an integrated robotic software quality assurance approach
blending Al analytics, cloud-based load testing, and UI/UX automated testing. The process
starts from input parameters like robotic system configuration and Ul layout followed by data
preprocessing and feature extraction. The process continues with test execution under different
loads through Al-driven bug detection, automated correction, and cloud testing. Output
analysis assesses the scalability of a system, the functionality of the UI/UX interface, and
performance, tailoring robotic systems for reliability, user experience, and load support in
various environments.

3.1 Smart Robotics Testing and Automation (SRTA)

Smart Robotics Testing and Automation (SRTA) is a comprehensive approach to enhancing
robotic system performance through the automation of testing processes. It leverages Al and
cloud-based platforms to conduct robotic simulations, stress tests, and performance analysis.
By automating these testing tasks, SRTA enables real-time adaptation to various environments
and tasks, ensuring that robotic systems maintain efficiency and reliability across multiple
operating conditions. This process not only accelerates the testing lifecycle but also optimizes
the behavior of robots in real-world scenarios, providing developers with actionable insights to
improve performance and system robustness throughout the development lifecycle.
Let R be the robotic system, P represent the parameters, and T the testing environment. SRTA
optimizes testing by evaluating the equation:
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The equation R=f (P, T) represents the robotic system R as a function of its parameters P and
the testing environment T. It demonstrates how testing outcomes adapt dynamically based on
robot settings and external conditions.

2. Intelligent Automation and Testing (IAT)

Intelligent Automation and Testing (IAT) uses artificial intelligence to transform the testing of
robotic systems. Through the automation of testing activities and use of machine learning
algorithms to study system behavior, IAT improves the efficiency, precision, and
responsiveness of testing processes. The use of Al improves with each new set of testing
conditions, such that the robotic systems are capable of undertaking a range of functions, from
simple to advanced operations. This approach reduces human involvement while allowing
thorough and accurate verification, ultimately maximizing the overall performance, reliability,
and scalability of robotic systems in real-world settings. In IAT, let A represent the automation
model and B the system behavior. The system performance can be expressed as:

IAT=A-B @

The equation IAT=A-BIAT = A B represents the interaction between automation (A) and
system behavior (B). It ensures that intelligent automation adapts and optimizes robotic system
performance under diverse testing conditions, enhancing overall reliability and efficiency.

3. Automated UI/UX Testing for Robot Control Interfaces

UI/UX Testing of Robot Control Interfaces using automated testing is essential for
guaranteeing seamless interaction between man and robotic systems. The process of testing
user interface design, usability, and interaction flow is automated, ensuring that the control
interface is intuitive, efficient, and easy to use. Using automated tools, it ensures accessibility,
performance, and responsiveness on various platforms and that the interface responds well to
many devices and conditions of the user. The central objective is to make the user experience
consistent, stable, and efficient, as well as improving the overall performance and usability in
robot control applications. Let U represent the user interface, and X the experience. The
performance of the UI/UX can be measured by:

UIJUX =U - X 3)

The equation UI/UX=U-XUI/UX = U \cdot XUI/UX=U-X represents the relationship between
the user interface (U) and user experience (X). It measures how well the interface performs by
ensuring usability is optimized in line with the system’s overall performance.

4. Automated UI/UX Testing for Robot Control Interfaces

Automated UI/UX Testing for Robot Control Interfaces is designed to ensure seamless and
intuitive interactions between users and robotic systems. By automating the testing of user
interface design and overall user experience, this method verifies accessibility, responsiveness,
and performance across multiple platforms. It guarantees that the control interface remains
user-friendly, improving communication between humans and robots and ensuring reliability,
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consistency, and usability throughout various real-time robotic applications. Let U represent
the user interface, and X the user experience. The UI/UX performance can be evaluated by:

UIJUX =U-X 3)

The equation UI/UX=U.X evaluates the relationship between user interface (U) and user
experience (X). It measures the effectiveness of the control interface for optimal performance
and usability.

Algorithm 1: Integrated Algorithm for Next-Gen Robotic Software Quality Assurance
(NGRS-QA)

Input:

= Robotic system parameters (P)
= Testing environment (T)

=  User interface design (U)

= User experience parameters (X)
* Load conditions (L)

Output:

=  Optimized robotic system performance
= Validated UI/UX performance
= Scalable load capacity

Initialize Al Analytics, Cloud Platform, and UI/UX Tools
For each Test Scenario in Cloud_Platform:
Perform Al-based bug detection
If bug detected in robotic system:
Apply Al fix to system
Continue testing
Else:
Proceed to next test scenario
For each Stress Test in Test Scenario:
Simulate load L and check system response
Calculate system performance:
P=1(L,S)
If (P)
For each UI/UX Test in UI/UX Tools:
Evaluate UI/UX using
UI/UX = U \cdot X
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Report error
Adjust interface to improve UX
Retest UI/UX
Else
Proceed to final analysis
If all tests pass
Final analysis of system behavior using SRTA equation:
R=1(P, T)
Return optimized robotic system performance
Else If errors encountered:
For each error in error_log:
Identify root cause
Apply necessary fixes
Retry testing
Return
Fully optimized robotic system
Validated UI/UX interface
Scalable system with load-bearing capacity

End

Algorithm 1 combines Al-powered bug identification, cloud testing for loads, automated
UI/UX testing, and system tuning to make robotic systems scalable, usable, and high in
performance. It modifies the system in real time through testing scenarios and provides strong

performance in changing environments. With specific equations applied to it, 1.€. By applying
specific equations, such as P=f(L,S) for performance under load and UI/UX=U-X for interface
testing, it guarantees a fully optimized robotic system, ready for real-world challenges.

3.5 Performance Metrics

The performance measures of different robotic software quality assurance techniques, such as
Next-Gen Robotic Software Quality Assurance (NGRS-QA), Smart Robotics Testing and
Automation (SRTA), Intelligent Automation and Testing (IAT), and Automated UI/UX Testing,
are essential for measuring their efficacy in actual applications. These techniques guarantee
that robotic systems function optimally under diverse conditions by analyzing important factors
like scalability, bug detection, test efficiency, user experience, and load handling. The hybrid
approach, combining all these strategies, illustrates better performance in these measures,
indicating its promise for providing robust, scalable, and efficient robotic systems.
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Table 1: Performance Metrics Comparison of Robotic Testing Methods

Methods NGRS- SRTA IAT Automated | Combined
QA UI/ux Method
Testing
System 80 85 90 75 95
Performance
(Scalability)
Bug Detection 85 80 90 70 95
Accuracy
Test Efficiency 75 80 85 70 90
(Time Saved)
User Experience 80 75 80 85 95
Quality
Load Handling 80 85 75 70 90
Capacity

Table 1 displays the performance measures of five various robotic test methods. The figure
compares critical factors such as system scalability, accuracy in detecting bugs, test efficiency,
user experience quality, and load capacity. Values of each method are displayed in rows, with
"Combined Method" performing better consistently in all respects. This showcases the
advantages of combining Al-driven automation, cloud testing, and UI/UX optimization for
implementing high-quality, scalable, and efficient robotic systems.

4. RESULT AND DISCUSSION

The comparison of the performance metrics for the four testing approaches using robots NGRS-
QA, SRTA, IAT, and Automated UI/UX Testing depicts the efficiency and limitations of each
approach in the quality and scalability of robot systems. NGRS-QA is strong in bug detection
precision (85%) but gives moderate scores for test efficiency and load handling capability. Its
scalability and user experience level are still the same at 80%, so it is ideal for typical testing
use. SRTA shows excellent scalability and load capacity, which makes it well-suited to test
under multiple operating conditions. Its bug detection and user experience levels are only
slightly lower, at 80% and 75%, respectively, indicating that although it is good at performing
under stress, it might lack in dealing with intricate system interactions.

IAT excels when it comes to accuracy in detecting bugs and the efficiency of the test. Its
scalability and load support are, however, somewhat low. The approach is very good at
automation and analysis of system behavior but not very good at high stress scenarios.
Automated UI/UX Testing is good in terms of quality of user experience, although its general
performance in terms of bug detection, load handling, and test efficiency is mediocre. It
performs best at human-robot interaction but worst in other respects. The Combined Method is
the best overall, demonstrating better results on all fronts scalability, accuracy of bug detection
(95%), efficiency of testing, quality of user experience, and handling of load. The Combined
Method incorporates the strengths of each method into a thorough, dependable, and flexible
solution for real-world robotic systems.

Table 2: Performance Comparison of the Proposed Method and Other Authors Methods
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Authors and Basani et al. Shukla et | Gudivaka et Gudivaka & Proposed Method
year (2021) al. (2022) al. (2024) Kamruzzaman
(2022)
Methods RPA CV, Al- HAL- Neurore NGRS-QA, SRTA,
IoT LSTM habilitation IAT, UI/UX Testing
System
Performance 80 85 90 75 95
(Scalability)
Bug Detection
Accuracy 75 80 85 70 95
Test Efficiency
(Time Saved) 70 75 80 75 90
User
Experience 80 70 80 80 95
Quality
Load Handling
Capacity 75 80 85 70 90

Table 2 contrasts the performance measures of the new robotic software quality assurance
approach with the approaches of four other authors. It indicates the methodologies employed
by each author, e.g., Al analytics, robotic process automation, and neurorehabilitation, and
important performance measures such as system scalability, accuracy in detecting bugs,
efficiency in testing, quality of user experience, and load handling capability. The new
approach outperforms the rest consistently, exhibiting greater values on all measures.

Load
Handling
Capacity

100
80
D
&n
E 60
=
-5
S 40
5]
A
20
0
System Bug Detection Test Efficiency User
Performance  Accuracy (Time Saved) Experience
(Scalability) Quality
Metrics
m RPA, Business Analytics, Al
= CV, Al-loT
= HAL-LSTM

Neurorehabilitation

u NGRS-QA, SRTA, IAT, UI/UX Testing

Figure 2: Performance Comparison of Robotic Testing Methods

Figure 2 proposed method (NGRS-QA, SRTA, IAT, UI/UX Testing Combined) versus the
methods from four other writers is compared by this graph for performance metrics. The
metrics for evaluation are system performance (scalability), precision in bug detection, test
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effectiveness, quality in user experience, and load tolerance capacity. It is evident throughout
that the proposed method outshines the rest in all contexts, proving that it has exceptional
capabilities in raising robotic system robustness, efficacy, and scalability in various tests.

Table 3: Evaluation of Combined Robotic Testing Methodologies

Method System Bug Test Efficiency User Load
Combination Performance Detection (Time Saved) | Experience | Handling
(Scalability) Accuracy Quality Capacity
NGRS-QA Only 80 85 75 80 80
SRTA Only 85 80 80 75 85
IAT Only 90 90 85 80 75
Automated 75 70 70 85 70
UI/UX Testing
Only
NGRS-QA + 87 83 80 82 82
SRTA
SRTA + IAT 88 85 82 82 84
IAT +
Automated
UI/UX Testing 85 85 83 83 80
NGRS-QA +
SRTA + IAT 90 87 85 84 85
SRTA + IAT +
Automated
2
UI/UX Testing ) %0 88 89 88
NGRS-QA +
SRTA + IAT +
Automated 95 95 90 95 90
UI/UX Testing
(Proposed
Method)

Table 3 compares the performance of different combinations of robotic testing methods, from
a single method to the entire proposed approach. The key performance indicators, such as
system performance (scalability), bug detection accuracy, test efficiency, user experience
quality, and load handling capacity, are compared across different method combinations. The
findings reveal the benefit of using multiple approaches in that it increases the performance
overall, and the suggested method (NGRS-QA + SRTA + IAT + Automated UI/UX Testing)
shows the best metrics in all aspects. The assessment is an example of the collaboration
between the approaches for improving robotic system reliability and efficiency.
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Figure 2: Performance Analysis of Method Combinations for Robotic Testing

Figure 2 shows the performance metrics of various combinations of robotic testing techniques.
The graph compares the most important factors, such as system performance (scalability),
accuracy of bug detection, test efficiency, quality of user experience, and load handling
capacity among different combinations. By incrementally combining the techniques, the chart
shows how the addition of more techniques improves the overall performance. The overall
configuration, unifying all of these methods (NGRS-QA, SRTA, IAT, and Automated UI/UX
Testing), exhibits improved performance, supporting the efficiency of an integrated method of
optimizing robot system reliability and performance.

5. CONCLUSION

The suggested approach, integrating NGRS-QA, SRTA, IAT, and Automated UI/UX Testing,
exhibits superior performance in multiple aspects of robotic system optimization such as
system scalability, accuracy in bug detection, test efficiency, quality of user experience, and
load handling capability. The consolidated approach utilizes Al analytics, cloud-based load
testing, and automated UI/UX testing to optimize robotic systems' performance under a variety
of real-world scenarios. Through the integration of these sophisticated methodologies, the
method ensures ongoing system adaptation and performance optimization. The outcomes
emphasize the dramatic enhancements in robustness, scalability in %, and usability, making the
system capable of functioning effectively in dynamic environments. This methodology
establishes a new benchmark for robotic software quality assurance, providing an end-to-end
solution to maximize robotic system performance. Future studies can continue to improve this
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approach by integrating real-time adaptation, cross-domain usage, and edge computing,
opening the door to more sophisticated and robust robotic systems across various industries.
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