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 Virtual Reality (VR) constitutes computer-generated, three-dimensional 

environments that users can interact with and explore via specialized hardware 

and software. Its application spans diverse fields such as robotics, medical 

rehabilitation, engineering design, military simulation, and educational 

eLearning. Ensuring the quality of software operating within these immersive 

environments is paramount for user safety, system reliability, and overall 

effectiveness. This paper presents a comprehensive survey of various 

methodologies and techniques employed to analyze and assure software 

quality parameters in VR systems. These techniques include predictor-based 

control systems, advanced filtering algorithms for visual rendering, virtual 

simulation testing, and novel human-computer interfaces. A comparative 

analysis demonstrates that these approaches significantly enhance critical 

quality attributes, including system performance, accuracy, reliability, and 

usability—while concurrently reducing development costs, code complexity, 

and project timelines. 
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1. INTRODUCTION 

Virtual Reality technology has transcended its origins in entertainment to become a critical tool in 

sectors such as medicine, aerospace, education, and industrial design. The creation of convincing and 

functional artificial environments necessitates complex software, the quality of which directly dictates the 

success and safety of VR applications. Software Quality Assurance (SQA) for VR presents unique challenges 

beyond conventional software, as it must account for real-time performance, immersive user experience, 

hardware integration, and physiological user feedback. 

This survey paper synthesizes research on various SQA methodologies tailored for VR systems. It 

examines techniques such as semantic-based active rendering for eRobotics, top-down design using virtual 

platforms, stress testing for cybersecurity, and novel interfaces for intuitive design. Tools like MATLAB, 

QEMU, SystemC, and TLM2.0 are frequently employed to simulate, test, and validate these systems before 

deployment. The collective findings indicate that rigorous, VR-specific QA processes are indispensable for 

enhancing accuracy, optimizing performance, ensuring reliability, minimizing development costs, and 

ultimately delivering a compelling and user-centric virtual experience. 

 

2. METHOD 

Achieving high software quality in VR is a multi-faceted endeavor, reliant on sophisticated algorithms 

like Monte Carlo Global Illumination (MCGI) and methodologies such as multi-modality image fusion and 

service-level agreements. These approaches, often implemented on platforms like MATLAB, reduce code 
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complexity and errors while enhancing system efficiency and accuracy. The quality of a VR system is evaluated 

against a spectrum of parameters, including time constraints, efficiency, reliability, and feasibility. Table I 

provides a framework for evaluating these parameters, which are further analyzed in the subsequent review of 

literature. 

 

2.1 A Semantics-Based, Active Render Framework for Complex eRobotics Applications  

This work introduces a system architecture that integrates development tools with state-of-the-art 

rendering techniques to meet the requirements of holistic eRobotics. It utilizes Geographic Information System 

(GIS) data as input to create highly realistic virtual testing environments. A key innovation is the transformation 

of a passive renderer into an active one through the interplay of simulation and rendering modules, significantly 

improving rendering efficiency and software performance. This approach positively impacts the quality 

parameters of accuracy, performance, and efficiency. Future work aims to integrate new semantics to further 

enhance visual quality and reduce application development time and cost. 

 

2.2 A Top-Down Design Methodology Using Virtual Platforms for Concept Development  

This methodology employs virtual platforms to model and simulate systems at the hardware and 

software architecture level before finalization. Using tools like QEMU, TLM2.0, and SystemC for high-level 

system depiction, it allows for the testing of components such as low-power sensors and mobile data 

performance alterations. The central component, a Construction and Development Kit (CDK) with extensive 

libraries, facilitates design and implementation, primarily reducing Time-to-Market (TTM). This methodology 

enhances reliability and efficiency by identifying issues early in the development cycle. Future work involves 

implementing communication protocols within the CDK. 

 

2.3 A Comparison of Mamdani and Sugeno Fuzzy Inference Systems for QoE  

This paper evaluates the Quality of Experience (QoE) for hapto-audio-visual VR applications by 

building fuzzy logic models. A comparative study between Mamdani and Sugeno Fuzzy Inference Systems 

(FIS), implemented in MATLAB, revealed that the Mamdani model offers greater expressive power and 

consistency, while the Sugeno model provides higher accuracy and more dynamic values. This work directly 

contributes to understanding usability and effectiveness from a user perspective. Future work suggests 

leveraging Sugeno FIS's accuracy within MATLAB's ANFIS tool to optimize system inputs. 

 

2.4 PC-Based High Quality and Low-Cost Flight Simulator  

This project focuses on developing a flight simulator using PC architecture to minimize cost and 

complexity. MATLAB was used for modeling and simulation, while a virtual prototype supported the cockpit 

design. The results demonstrated validated simulation techniques that reduced cost, enhanced application 

quality, minimized construction risks, and accelerated development. The system's interoperability and 

reliability were confirmed, proving its feasibility. Future work proposes using non-aerospace-certified 

Commercial Off-The-Shelf (COTS) components to increase realism. [1]  

 

2.5 3D Voxel Fusion of Multi-modality Medical Images  

This approach uses a 3D voxel fusion technique to achieve Multi-Modality Image Fusion (MMIF) [2] 

for clinical treatment planning systems. It provides high-quality visual representations of fused images and 

efficiently detects ambiguities present in other fusion methods. The technique is four times faster than real-

time imaging modalities and exhibits high accuracy in error detection. This significantly improves the quality 

parameters of accuracy and efficiency. Future work is contingent on the wider availability of supporting 

hardware.  

 

2.6 VR for Post-Stroke Shoulder-Arm Motor Rehabilitation 

Targeting upper limb rehabilitation for stroke patients, this research employs interactive, gaming, and 

stereo imaging technologies to create VR-based training tasks. The system assesses reciprocal stretching, arm 

attainment, bilateral coordination, and body stability, providing more reliable and valuable clinical assessment 

data than previous methods. It positively affects performance and usability. Future work involves further 

development of this approach as a basis for personalized rehabilitation. 

 

2.7 Application Stress Testing for Cyber Security  

This approach involves stress-testing applications by controlling inputs and outputs to verify behavior 

under normal and extreme conditions. It exposes software weaknesses and vulnerabilities early in the 

development cycle, using a System Under Test (SUT) in a virtual environment. The primary advantage is the 



 International Journal of Computer Science and Information Technology (IJISIT) 

 e- ISSN 3063-4156 | p-ISSN 3063-4172  

 

Virtual Reality (VR) Software Quality Assurance: A Survey Paper (Arooj Aslam) 

| 92 | 

reduction of risk in commercially deployed software and the improvement of overall software quality, directly 

enhancing robustness and maintainability. 

 

2.8 Application of VR Technology in College Ideological Education  

This paper explores the transition from traditional keyboard/mouse interaction to more natural contact 

using helmets, data gloves, and sensing devices in VR. It posits that VR technology will revolutionize education 

through virtual classrooms and tests, making learning more immersive and effective than traditional methods. 

This application significantly improves the usability and understandability of educational content. 

 

2.9 VR Techniques for Planning Offshore Robotizing  

The SimUEP-Robotics framework uses a dedicated VR engine to simulate and visualize large offshore 

scenes immersively. This enables the quality assessment of planned robot trajectories and the proposal of new 

algorithms within the virtual environment. Using ROS (Robot Operating System) as communication 

middleware provides a powerful framework for algorithm development. This technique improves feasibility 

and maintainability while reducing operational risks. 

 

2.10 Dual Motor-Cognitive VR Training for Freezing of Gait  

This study investigated the impact of dual motor-cognitive VR training on dual-task performance in 

Parkinson's patients with Freezing of Gait (FOG). The intervention led to significant improvements in dual-

tasking measures for patients with FOG. The research highlights improvements in performance and accuracy. 

Future work calls for personalized VR platforms to target patient-specific causes of FOG, potentially greatly 

improving quality of life. 

 

2.11 SKen: A Statistical Test for Removing Outliers in Optical Flow  

The SKen technique is a statistical test that improves 3D reconstruction pipelines by classifying 

features based on trajectory smoothness. While not its primary goal, it reduces the number of features during 

tracking, leading to more precise and reliable scene reconstructions. Implemented in C, it achieves an average 

performance time of 0.5 milliseconds for a scene with 2000 features, meeting real-time requirements and 

enhancing efficiency. 

 

2.12 Objective QoE Evaluation Using Heart Rate and EDA  

This research evaluates QoE in immersive VR environments by correlating user heart rate and 

Electrodermal Activity (EDA) with subjective experiences. Findings showed a higher QoE rating in 

environments using Head-Mounted Displays (HMDs) and identified influencing factors. This objective 

measurement method contributes to the usability and effectiveness of metrics. Future work involves deeper 

regression analysis and expanding to multisensory multimedia systems. 

 

2.13 Finger Gesture-Based Interface for Highway Design  

This work develops a natural user interface (NUI) using finger gestures for 3D highway alignment 

design in a VE. It overcomes the unnaturalness of data gloves and the accuracy limitations of motion sensors 

like Kinect, reducing user physiological fatigue. Tests comparing the interface to a conventional mouse showed 

superior reliability and accuracy. Future work will focus on auto-design of cross-section alignment. 

 

2.14 Virtual Maintenance Simulation Tests for Radars  

From an ergonomic perspective, this method involves creating a virtual maintenance environment for 

radars, including digital modeling and maintenance assessment. It provides a unique design method that 

upgrades traditional product design and assembly processes, saving development time and identifying design 

defects early. This enhances maintainability and productivity. 

 

2.15 Impulse Noise Reduction in MCGI Rendered Images  

MCGI algorithms like Monte Carlo Path Tracing (MCPT) can produce impulse noise in images of 

highly glossy scenes. This paper proposes a two-stage filtering technique that detects impulsive pixels and 

applies noise reduction during rendering. Experimental results demonstrate excellent noise reduction and image 

quality improvement, enhancing the accuracy and reliability of visual output. Future work aims to improve 

performance under high noise intensity while preserving fine details. 
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2.16 Extrafoveal Video Extension for Immersion 

A novel algorithm extends movie content into the peripheral vision based on spatial prediction and 

human vision characteristics. It offers lower complexity than state-of-the-art techniques while preserving 

creative intent. Users reported a greater feeling of presence and enjoyment, directly improving the usability 

and effectiveness of the viewing experience. Future validation will involve tests in a real movie theater setting. 

 

2.17 Minimal Latency for VR and AR  

This approach achieves motion-to-photon latency of 80 microseconds using a high-speed image 

generation pipeline. A novel pseudo-random pulse density modulation technique produces grayscale imagery 

with perceived quality near the theoretical ideal at a lower cost, suitable for low-power applications. This 

breakthrough is critical for performance and efficiency. Future work requires minimal latency tracking at 

10kHz and improved system calibration. 

 

2.18 Predictor-Based Control of Human Emotions  

This research controls human emotional responses (hindrance and pleasure) to a dynamic virtual 3D 

face stimulus using a predictor-based method. The control law is based on the distance between the user's eye 

and the virtual face. The results validated a moderately high control value for delight and obstruction gestures, 

improving the reliability of emotional interaction in VR. 

 

2.19 Developing a Virtual Simulation Game for eLearning  

Focusing on interactive eLearning, this work utilizes a Digital Construction Kit (OMEGA) to allow 

students to design virtual environments, write assembly language, and interact via commands. This approach, 

akin to tools like Microsoft Visio, enhances the understandability and usability of complex subjects. Future 

work involves further research to ease framework design. 

 

2.20 Service Level Agreements for IP Networks  

This paper proposes an SLA for IP networks that performs assessments on a long timescale, requiring 

link utilization to be under 50% to avoid packet loss. Test results show the necessity of wisely maintaining 

latency; exceeding bandwidth can cause timeline deviation. It introduces a Web Response Time (WRT) metric, 

considering latency, loss, and accuracy, which is crucial for the reliability of networked VR applications. 

 

 

3. RESULT AND DISCUSSION 

Achieving high-quality software is a complex endeavor, as it involves balancing multiple, often 

competing, parameters such as efficiency, reliability, usability, maintainability, security, and cost. This paper 

discusses how these quality parameters are impacted by various modern development techniques. While many 

approaches offer improvements, no single technique fulfills all quality requirements. Several key 

methodologies and their effects on software quality are examined below. A multi-modality approach, 

particularly in medical imaging, significantly enhances quality parameters. The use of look-up tables and image 

fusion techniques has been shown to produce high-quality results. Such systems are maintainable, capable of 

detecting and correcting errors and ambiguities, thereby directly improving accuracy, efficiency, and overall 

quality for multi-modality images (Xie, Li, Ning, Menard, Coleman, & Miller, 2004) [1]. 

In rehabilitation, Virtual Reality (VR) environments verify system functionality and positively affect 

the entire system's performance. Experimental results demonstrate that these systems are not only efficient but 

also easy to use and reliable. By operating according to user needs and desires, they significantly enhance the 

effectiveness of quality parameters (Yeh, Lee, Wang, Chen, Chen, Yang, & Hung, 2012) [2]. Application stress 

testing serves as a software prototype that verifies quality by simulating critical failure conditions. This reduces 

operational risk and validates the system's maintainability and effectiveness. Furthermore, systems with easy-

to-understand external interfaces verify usability and reliability parameters and often support off-the-shelf tools 

(Underbrink, Potter, Jaenisch, & Reifer, 2012) [3]. Designing multi-domain systems for minimal user effort 

leads to greater efficiency. A holistic eRobotics approach improves the accuracy and performance of system 

simulations. The integration of secure data sources impacts the security parameter, while reusable project 

components and algorithms enhance visual quality and reduce development time and cost (Hempe & 

Rossmann, 2013) [4]. 

VR technology directly increases the usability and understandability of systems, which in turn 

improves the quality of the learning environment (Hui-Zhen & Zong-Fa, 2013) [5]. Remote operation via VR 

can increase production and minimize complexity by providing feasible techniques that optimize efficiency. 

Visualization tools make trajectory quality easy to understand, reducing risks and affecting maintainability and 
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cost as per user requirements (Carvalho, Raposo, Santos, & Galassi, 2014) [6]. The use of a Dual Motor-

Cognitive Virtual Reality (FOG) training method has been shown to enhance performance and result accuracy 

while minimizing associated costs (Killane, Fearon, Newman, McDonnell, Waechter, Sons, & Reilly, 2015) 

[7]. Similarly, a case study on three-dimensional pipeline reconstruction demonstrated increased efficiency and 

productivity. The system's ability to detect and correct errors verifies key quality testing parameters (Macedo, 

Vasconcelos, Cesar, Pessoa, & Kelner, 2014) [8]. A predictor-based technique yielded positive results in a case 

study, improving the signal control quality of software and minimizing errors during critical conditions 

(Kaminskas, Ščiglinskas, & Vidugirienė, 2015) [9]. The use of a DMD chip was effective in minimizing costs 

and enhancing environmental efficiency. Its user-friendly interface improves usability and understandability, 

while the system's adaptability allows for a high rate of correction (Lincoln, Blate, Singh, Whitted, State, 

Lastra, & Fuchs, 2016) [10]. 

Field of View (FOV) technology allows legacy content to be altered without modifying the original. 

User tests evaluating this quality showed increases in performance and efficiency while minimizing user 

fatigue (Turban, Urban, & Guillotel, 2016) [11]. In VR, techniques like Monte Carlo Global Illumination 

(MCGI) reduce noise in images of glossy surfaces, detect and correct distortions, and maximize software 

quality and efficiency (Bu, Xu, Wu, Guo, & Sbert, 2015) [12]. VR environments have increased the 

maintainability of complex systems like radars. 3D visualization minimizes complications, enhances 

performance, and creates attractive, easy-to-understand designs. This approach effectively detects and resolves 

defects, thereby decreasing development time—a critical factor in quality testing (Duan, Shen, & Liu, 2015) 

[13]. A finger gesture interface minimizes user fatigue and improves satisfaction due to its ease of use. User 

experience data indicates a high level of accuracy and interface effectiveness, resulting in a system that is both 

efficient and scalable (Long, Fu, Zhu, & Ge, 2015) [14]. Multi-sensory systems are also influential, positively 

affecting quality factors like scalability and overall system performance (Egan, Brennan, Barrett, Qiao, 

Timmerer, & Murray, 2016) [15]. 

The use of three-dimensional pixels has improved result accuracy while making systems simpler and 

more usable (Xie, Li, Ning, Menard, Coleman, & Miller, 2004) [16]. The feasibility and validation of methods 

are often proven through simulations, as seen with a flight simulator application that represented higher quality 

at a lower cost (Shah, Mears, Chakrabarti, & Spanias, 2012) [17]. A fuzzy model has been demonstrated to 

effectively enhance key quality parameters, including scalability and result efficiency (Hamam & Georganas, 

2008) [18]. Tools like QEMU and SystemC provide a high-level description of a system, lessening both 

software and hardware complexity and minimizing associated hardware costs (Coppola, 2003) [19]. Finally, 

employing a Geographic Information System (GIS) method for system input lessens the possibility of errors 

and enables detection during critical conditions. This approach minimizes user effort while improving the 

accuracy and performance of the simulator (Hempe & Rossmann, 2013) [20]. 

 

 

4. CONCLUSION 

In This survey has detailed a wide array of techniques and methodologies dedicated to assuring 

software quality in Virtual Reality systems. The integration of advanced rendering, semantic frameworks, 

virtual platforms, and novel testing protocols has proven essential. Tools such as GIS, QEMU, SystemC, 

TLM2.0, and MATLAB are instrumental in simulating and validating these systems effectively. The collective 

outcome of these approaches is a significant enhancement in software quality—manifested as higher accuracy, 

improved performance, greater reliability, and enhanced user satisfaction—alongside reductions in 

development cost, time, and complexity. 

Future work should focus on several key areas: the integration of more commercially available and 

affordable hardware to increase accessibility; the further development of clinical and rehabilitation applications 

to enhance their performance and efficiency; and the continuous improvement of visual quality in eRobotic 

systems. A paramount goal remains the creation of reusable components and systems to further lessen 

development costs and time, paving the way for more sophisticated, reliable, and widespread adoption of VR 

technology across all sectors. 
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