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Article Summary

This paper introduced the use of immersive virtual environments (VE) for certifications of critical systems and systems with embedded software. The physical aspects of a virtual environment were briefly covered citing C2 model as an example. The virtual environment is linked to the real world when it is used to simulate real systems to mimic them in exact conditions. However, limitations of using VEs come in when the virtual world cannot simulate an exact match with the physical characteristics of the real world. The factors to decide whether a system may require using VEs to certify are also discussed. 
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1 Introduction
The use of immersive virtual environment has advanced slowly, yet steadily over the years as the need to develop and test critical systems and embedded software increased with the advancement of technology. Today, it is not only used for big, sophisticated projects in the laboratories; many commercial projects are also using it for designing, developing, testing and even for entertainment! There is an increasing demand of immersive virtual environments to develop systems as it is associated with lesser cost and time. More importantly, it is used to reduce the risks of users when during testing and also, to allow greater flexibility to test cases by giving different environment settings input. However, an exact copy to the real world is impossible in reality. Some processes of selection, abstraction and representation are inevitably involved. These lead to a series of limitation using this methodology.

2    Relation To Lecture Topics

The following shows the various lecture topics related to this paper. 

· Software Process – Analysis and Design

VE is used as a design tool in the development of critical systems. The system’s domain specific features and constraints are simulated. Analysis and modifications can be done with evaluation made. This is similar to the conventional method of s/w analysis design where a prototype is being built and evaluated by the customer/user to refine the requirements for the software being developed. 

· Software Testing Techniques 

VE is similar to black-box tests as it focused in the information domain of the software, partitioning the input and output domain of a program2. Using VE to test a system is to uncover errors at both software and hardware interfaces. 

A point to note is, not only test cases are needed to test the systems being simulated; developers still have to developed test cases to differentiate the performance resulted from VE and from the actual system. This is because there is no exact match of a virtual environment to the real world even till today. The effects may lead to eyestrains, dizziness, nausea etc. 

3   Contribution made to software engineering 

The topic of VE and certification will affect the aspect of system integration and testing when relates to the conventional methods of software engineering. The main contribution is the design of a performance-based hardware and application-independent development environment for rapid prototyping of applications.10 Significant contribution is made to the software engineering of safety critical systems.  There is an increasing number of such applications with even more critical requirements to meet. Integration and testing will even be more important as these systems will lead to serious outcomes. 

It is noted that many software errors are caused by (1) discrepancies between the documented requirements and requirements for correct functioning of system (2) misunderstanding of software interface and rest of system.3 With VE, a more accurate testing of integration is made with relatively marginal lost of resources, as compared with the event when an actual system crashed. 

4    Techniques
Certification of a system refers to a process where a certification authority gives an official approval of a newly developed product after confirming that the product has met the necessary requirements, conforming to a set of conforming rules. 

The certification of VE and systems in this article refers to both (1) certifying systems that make use of VE, and (2) certifying the virtual environment that models the systems accurately and correctly.

There is a wide range of applications able to link with using virtual environment VE can provide data in several general ways. 

VE can help developers can narrow the range of tests required for systems certification. They can also demonstrate how a system responds to a wide range of failure modes, and providing data that is useful in analysing the effects of these failures, and their occurrence possibilities. Similarly, virtual environment can demonstrate a system’s conformity with safety requirements, helping to certify the limits of safe operation. With the information gathered, a “worst case” can be simulated and evaluated. 

The following are the 2 levels where VEs and certifications can be examined.

 4.1   Virtual Environments for Safety-critical Systems 

The immersive environment itself requires the certification as a design tool in the development of the critical systems. This type of certification is to prove that the VE can model the system’s domain specified features and constraints. Hence, is able to demonstrate the correct behaviour of the actual system.  

4.2 Certifying Systems with Embedded Software

In many applications, failures are accounted largely to errors in system integration and testing3. “Virtual Reality” (refers to a computer based representation of a space in which users can move their view port freely)4 of application is presumably to be a more familiar term to many. In immersive virtual environments, the user is essentially isolated from the outside world and fully enveloped within the computer-generated environment. They not only can move their view port, they can also interact with the 3D display interfaces. Physical prototypes are replaced with virtual prototypes that can be viewed in 3-D virtual reality setting. The simulated systems are able to provide feedback through inputs devices like data gloves, wands, and control panels. The virtual environment must accurately represent the real world. Taking for example, a model specifying the turning of the vehicle’s wheel must shift what the driver sees, and able to let the user experience the same shift. 

There are 4 key considerations for measuring the simulators, and they are (1) to identify the key environment variables that must be included; (2) confirm the accuracy of representation; (3) confirm the accuracy and resolution, and (4) confirm the adequacy of timing constraints. 
5 Related Work Published 

Please refer to Table of Tabulation (Pg 5).
6 Relation to My Lab Project

The relation of using immersive virtual simulation for developing, testing and certifying my project system seems too far stretched. Currently, my group is doing a web-based enquiry system. I can see no linkage between them till to date. 

7 Extension to propose

I would consider this article to be already interesting enough. But as if a little suggestion is to be made to improve on this article, I will choose to elaborate a little more on the virtual environment to let readers, who may be new to the topic of virtual environment, to relate more closely to the technical concepts of simulation in the immersive virtual world. Well-known models like CAVE (Cave Automatic Virtual Environment) 9 can be sited. 

I may also discuss about some possible future directions to take in this area of study in the future. Using the immersive virtual environment is seen as offering a more natural and intuitive form of interaction, thus it can be used for even delicate operations.6 
Another possible area for elaboration is the history of this technique. Successful applications that had used VE in their development should be cited to provide in order to let readers to understand the importance of this evolving technology. 

8 Critical Comments
There are neither notations nor diagrams used in this article. The software in this topic is not mentioned either. This article acts to create a sense of awareness in readers to this new, yet maturing technology. Therefore, this article did not touch much on the technical aspects. 
However, I feel that the use of VE permits users to experience and interact with a life-like model or environment, in safety and at convenient times, while providing a degree of control over the simulation that is usually not possible in the real-life situation. This is very appealing. The work-related applications that appear to be most promising are those that employ virtual reality for visualization and representation, distance communication and education, hands-on training, and orientation and navigation.

9  Validation and Expansion of Ideas 

With my knowledge of software engineering so far, I am not sure how to validate the idea of using virtual environment for certification. And since the software is not mentioned in the article, there is no new procedure/algorithm nor extensions that I may propose. 

10 Comments 

· Software Project, Process
I feel that the project of using virtual environment to test systems is critical in many aspects. Some software projects are highlighted in the article to discuss certain aspects on this methodology. One application is the training of fire-fighters, pilots and others in other hazardous environment. Using VEs for tests of such nature are crucial, as it eliminate the need to expose users to dangerous environments.

VE also serves as a cost and time saving design tool. The automobile manufacturer, BMW, for example test the behaviour of automobiles during crashes with VE, replacing dummies and real cars.  This kind of “virtual crashes” is able to bring much savings in terms of costs and resources. 

For another example, in aeronautics industry, we used to have engineers building the physical prototype for evaluation. But with the introduction of VEs, they can create designs with more flexibility and they even test their designs in a variety condition, including emergency situation. 

However, on a low note, using VEs has its own disadvantages. These include causing users eye strain, dizziness, nausea and to even more serious conditions, like losing consciousness. 

I personally feel that apart from the side effects, VE certification has so much to offer. All developed VEs must meet the certification rules of that particular industry and country being developed. This will certainly ensure the standards of the certification thus having no compromising of safety guidelines in critical systems. This area of field will certainly bring advancement to our industrial and commercial industries with more breakthroughs of ideas. 

· Platform
The platform to the use of virtual environment is not mentioned in this article. I believed platform in this field is not any common name that I may know of. However, the author briefly mentions one virtual reality system, C2. It is a 12’x9’x12’ft room where three of the walls and floor are projection screens. Models of the different virtual systems will differ in aspects like their dimensions, display, resolutions, audio capabilities etc. 

· People

One of the authors, Robyn R.Lutz is a senior engineer in Jet Propulsion Laboratory, California Institute of Technology, and an affiliate assistant professor at Lowa State University. Her research interests include software safety, formal methods for requirements analysis, software certification.  

Another author, Carolina Cruz-Neira, is an Associate Professor, and the associate director of the Virtual Reality Applications Centre, both at Lowa State University. Her research focuses on immersive interfaces, and visualization techniques for scientific and engineering application.

The area of both their research interest combined to evolve this interesting article topic - Cruz, to touch on the technical aspect of Virtual application, and Lutz to cover on the applications of certification. 

· Product

One mentioned product, Disney Quest, the first virtual reality amusement park. During testing, it was found that there is too wide a range of freedom to manoeuvre a ride on a flying carpet thus navigating and maintaining the orientation becomes hard for the users. In such cases, psychological effects such as dizziness, nausea or fainting may results. 

I thought if no proper testing was done to realise this slight error in software, significant damages might be resulted from huge projects like this that may involve different people from all age groups and from all over the world. More importantly, the amount of time, resources and ideas spend developing this system will be wasted if any bad reviews are made; causing large damage to the reputable name of Disney.

11    Relevance to Immediate Future

Virtual Environments will assure a prominent place among the possibilities for the human-computer interfaces of tomorrow.7
The technology is developing rapidly, showing considerable potential. The ability of VR to provide realistic simulations of data, objects and environments, with which users can interact and manipulate in an intuitive and realistic manner, opens up a vast wealth of possibilities for work-related applications. 
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