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the front, left, right and bottom screens. The whole 

process, including the tracking and 3D view rendering, 

is done in real time which accounts for both the 

immersive feature of the CAVE system and the 

interactivity between the trainee and the virtual 

environment. 

 

 
Figure 4, the Browser app showing the details of an air 

compressor 

 
Figure 5, the Browser app allows a close inspection of 

the details of an air compressor 

 

Other tools for vocational training 
In addition to developing the CAVE system, we also 

develop two applications to be used on hand-held 

devices like tablet computers. One of the applications is 

called Browser (our engineering code) which carries 

some learning materials like the descriptions of an air 

compressor as shown in Figure 4. The apps models 

some plant room machines in details allowing detailed 

inspection. For example, a user can drag, rotate and 

magnify a part of the air compressor for close inspection 

as shown in Figure 5.  

Another application is called Fixer (our engineering 

code) which is similar to the Browser apps. It allows 

user searching for faults and using a set of tools to fix 

the problems. For example, as shown in Figure 6(a), we 

have four fault cases. In Figure 6(b), a user observes 

that the water pump is leaking water and uses a spanner 

to replace a damaged gasket to stop water from leaking. 

In addition to the plant room machine inspection and 

the maintenance service training provided by the two 

apps, we also develop a tool making use of augmented 

reality (AR) technology. Our tool is built as well on a 

hand held device like a tablet as shown in Figure 7(a). 

The key elements of the AR technology is to make use 

of the in-built camera to capture a video and to keep 

searching for some specific pre-defined 2D pictures or 

patterns in the video in real time. If the pre-defined 

pictures are recognized in the video, the position and the 

orientation of the pictures are computed. Finally, we 

compute a perspective transformation matrix for each 

recognized picture and use it to map a pre-built 3D 

object onto the video frame.  

(a) 

 

 (b) 

Figure 6, the Fixer apps showing (a)four fault cases, and 

(b)a user using a spanner to replace a damanged gasket 

in a water pump to stop water from leaking 

 

z  

                   (a)                                       (b) 

 (c) 

 (d) 

Figure 7, augmentation of 3D models including an air 

compressor, a water pump and the equipment for 

confined space using AR technology 
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If the relative position and orientation of the 

recognized picture changes in time, the perspective of 

the mapped 3D object on the video frame is also 

changed accordingly in real time.  Therefore, if the user 

rotates the tablet computer about the picture slightly, a 

slightly different perspective of the augmented 3D 

object is shown on the tablet. It appears to the user that 

a 3D object is placed on the paper and it allows the user 

inspecting different perspectives of the 3D object by 

rotating the tablet computer. Figure 7(b) to (c) show the 

augmentation of three 3D objects including an air 

compressor, a water pump and the equipment for 

confined space respectively. 

 

Class design using VR and AR technologies 
With our developed CAVE system and the two apps, 

we design a class for a group of 20 vocational trainees 

leaded by an instructor. We simulate an engine plant 

room environment with reference to the engine plant 

room of Tsuen Kwan O Hospital in Hong Kong. The 

objective of the class is to train the students the 

procedures to locate and inspect a faulty machine in the 

virtual plant room. The class is divided into 5 groups 

with each group having 4 students. The instructor makes 

use of the scenario control system to set different 

scenarios to the groups. For example, a group may have 

one of the six air compressors unexpectedly having 

pressure drop from 10 bar to 7 bar.  

The instructor initially briefs the students about the 

plant room and all the groups starts their learning using 

the Browser apps installed in a tablet computer to 

prepare themselves performing the inspection 

procedures in the CAVE system. The instructor select 

one group of students each time to enter the projection 

room of the CAVE system while all other 4 groups keep 

learning with the Browser apps. For the selected group 

entering the CAVE, one of them is assigned to be the 

primary user controlling the avatar to navigate inside the 

virtual environment. They need to locate the faulty 

machine, to inspect and to identify the problem 

associated with the machine. In addition, they also need 

to identify any inappropriate case in the virtual 

environment. For example, they need to observe and 

point out that a non-player character is climbing a 

ladder without enforcing all the safety measures.  

After finishing the task in the CAVE, the group 

leaves the projection room and another groups use the 

CAVE in turn. If the students manage to identify the 

faulty machine, they proceed to use the AR tool and the 

Fixer apps to examine the faulty machine and to try 

performing the maintenance procedures. If the students 

successfully complete all the tasks, they can proceed to 

the workshop to work with the actual machine in the 

following workshop class. 

 

Discussion 
After running the class, most of the students 

generally found it interesting, educational and playful. 

They reported that they managed to promote the skill 

development and to sustain motivation to learn during 

the training. However, some of the students found that 

the experience in the projection room caused sickness. 

This was especially severe for the users other than the 

primary user when the primary user navigated in the 

virtual environment. 

To alleviate the sickness problem, we modify the 

game settings including to brighten the virtual 

environment (VE), to include fewer objects in the VE, 

to avoid excessive navigation in the VE, to apply simple 

texture to objects and to avoid objects coming too close 

to the users. After running the class again, no trainee 

complained about the sickness problem and enjoyed 

very much with the class. It appears that these measures 

are efficacious in alleviating the sickness problem. 

 

 (a) 

 (b) 

  (c) 

Figure 8, (a) A group of student studied the machine 

using the Browser apps on a tablet computer. (b) The 

group entered the projection room of the CAVE system 

to identify the faulty machine. (c) The group performed 

maintenance procedures in a workshop. 
 

Conclusions 

In conclusion, the Engineering Discipline of Hong 

Kong Institute of Vocational Education developed a 

VR-based simulation system which is equipped with a 

projector-based CAVE system. We also developed two 

applications and a AR tool on hand-held devices to 

assist student training. A class was designed making use 

of the CAVE system and the developed tools to train 

students performing inspection and maintenance 

procedures. After some trial runs, we found the class is 

educational and playful for students. It managed to 

promote the skill development and to sustain the 
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motivation to learn. However, some students reported to 

have sickness problem using the CAVE system. In view 

of this, we deployed some changes in the settings and 

managed to greatly alleviate the sickness problem. We 

believe this training class surely can well impress the 

students and well accomplish the training objectives. 
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