




are to bring up operators who have high sensitivity for hazards in plants, excellent skills for stable plants 
operation and abilities to cope with abnormal/emergency situation in plants. 

Table 1: Current status and problems of education and training of plant operation 

2.2 Plant operator activities to recover from abnormal condition 

Before developing the system, plant operator activities are organized as follows. Operators cope with the 
abnormal condition of the plant by their synthetic judgments. They think their synthetic judgments based on 
their knowledge, experiences and the manual of the plant. Their synthetic judgment is composed of 6 thinking 
activities. (Hori et al. 1999) These activities are described in the following. 
1. Fault Detection: Operators detect a fault of the process based on the alarm and the plant condition. 
2. Prediction of Effect of Fault Propagation. 
3. Judgment of Necessary of Corrective Action 
4. Fault Diagnosis: Operators identify hardware or software malfunction based on data of process variables, 

their knowledge and experiences at the same time of the previous activity. 
5. Decide the Best Corrective Action 
6. Circumstantial Judgment after Emergency Shut-down: Operators grasp the situation after the shutdown. 
Accidents in chemical plants may expand due to misrecognition, erroneous judgment, etc. by humans. The 
purpose of this study is to support these human skills by safety training. 

2.3 Integrated information using chemical plant simulator for “training by doing”  

Not only knowledge but also practical work training is important for plant safety training. The proposed system 
considers sharing the operational information that is required to prevent misoperation and misjudgment onsite. 
(Komatsubara,2008) In this study, it is used a dynamic plant simulator instead of a real chemical plant to 
reproduce the behavior of the real plant. By sharing real-time onsite information, a cooperative work 
environment between the board operators and the field operators is established. (Nakai et al. 2017) In 
addition, by checking the information of the plant simulator on site and inputting necessary operation 
information, it is possible to carry out the failure response training using the on-site work environment. In 
order to implement the system, the information that is essential to the running of the chemical plant needs to 
be clarified and classified as follows (Nakai et al. 2017): 

1. Standard information such as operation procedures and P&ID diagrams.  
2. Onsite images. This is dynamic information that changes in real time. 
3. Sensor data of the dynamic simulator depending on the onsite and control room work. 
4. Communication for working requires interactivity 

Various information are mixed at the work site of the chemical plant, and an experienced plant operator who 
performs rapid troubleshooting uses thus information to decide the optimum handling work. In this research, 
work instruction information is presented effectively to workers with little experience. By sharing information on 
the control room and on site, training close to actual work became possible. (Nakai et al. 2014) Experience 
activities are literally activities that are experienced in the field through their bodies. Among them are "indirect 
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experiences" that learn sensuously through the Internet, television, etc. in addition to "direct experiences" 
actually involved in the real thing to be realized, "simulated experiences” learned simulatively and through 
simulated models．Training-by-Doing is a technique that connects both actions and brings about better 
results. 

3. Safety training system for distance cooperative work 

Education and training so far mainly focused on learning by one person, primarily on education in the 
classroom or mock-up equipment. To keep working safety, communication is important because on-site work 
of chemical plants is usually conducted by multiple people. (Nakata, 2007) In this research, it is implemented 
instructional information and information sharing function for multiple workers in the system. The outline of the 
proposed system is shown in Figure 2. Work information can be shared by multiple devices connected to the 
local area in order to use the web browser. The system and the dynamic simulator communicate with each 
other through the WEB API. Figure 3 shows the communication between dynamic simulator and client PCs. 

Figure 2: Outline of the proposed system                        Figure 3: Connected with dynamic simulator 

3.1 Instructional information using VR(Virtual Reality)and AR(Augmented Reality ) technology  

In an emergency, the operator is required to make a quick decision in order to prevent the expansion of the 
accident. But an untrained operator cannot respond enough to emergencies. (Hara et al. 2015) 
Education/training of non-stationary operation for workers is needed. However, reproducing the non-stationary 
conditions to actual equipment or mock-up cannot be performed because it is dangerous. Also a company 
requires a huge cost to build a mock-up of the plant facilities for education. VR is a technology that is 
artificially creating a sense of reality. AR can function in ways that enhance one’s current perception of reality. 
(Ishii et al. 2013) In chemical plant, due to the installation of similar aggregating pipes and valves, there is a 
risk of serious damage occurring due to operate wrong valve. With advances in computer technology, the 
proposed system shows the relevant operating procedures and accurate equipment information using AR and 
Image recognition. The field operators captured the equipment through the camera of tablet PC. The name of 
equipment and operating information are shown in the display. The AR marker shows an image of a set 
pattern, which is indicator for specifying the installation site and displaying additional information, the name of 
equipment and process condition etc. The operator identifies target equipment with the camera, and can 
confirm the correct operating procedure on the tablet PC. (Yating et al. 2015) The work information is 
displayed to the operator first, after the task has been completed, the next work procedure is presented by 
updating the plant information. 

3.2 Creating the training scenario using accident case/malfunction procedure  

In this research, it is aimed to develop a system that can be applied to training by distance cooperative work 
environment which requires communication similar to real work such as work instructions and reporting. In 
order to convey training purposes, the system makes a training scenario to provide information to the 
operator. Explosions and fires that are highly dangerous and cannot actually be experienced are reproduced 
using VR technology. The plant model in a virtual plant and the sensor data of DS are linked by the system. 
Therefore, the change of the plant condition in a real plant is reflected to virtual plant. The training scenario is 
created with reference to accident cases or malfunction operation procedures. Since the information of the 
plant simulator and the operation procedure can be referred to from multiple mobile terminals, it is possible to 
cope with the training of distance cooperative work for multiple people. In the training, instead of operating the 
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actual equipment, the trainee input the operation amount from the mobile terminal to the plant simulator. Since 
the sensor data of the simulator is displayed on the terminal, the trainee can confirm the success or failure of 
the work at the onsite or the control room. An example of training scenario creation is shown in Figure 4. The 
created scenario is stored in the database of the system. 

 

Figure 4: Creating the training scenarios and instructional information 

4. Case study of the HDS Plant Procedure 

4.1 Malfunction scenario: VGO feed trouble  

This system was implemented assuming a malfunction within the HDS plant simulator in Figure 5. The 
database for this system stores the information necessary for performing correct work, and field operators can 
use this system on tablet PC or a small device such as an android smartphone connected to a local area 
network. The main functions of this system are the selection and presentation of operation information, the 
acquisition and display of sensor data from the plant dynamic simulator, sharing real-time images, and 
communication by text message. In addition, the trainee can control plant simulator using mobile device in 
Figure 6.  

Figure 5: Cooperative operation model                             Figure 6: Instructional function for safety training 

4.2 Connected dynamic plant simulator  

In this system, bidirectional communication is performed between the simulator and the mobile terminal used 
by the trainee via a server in order to perform work training by distance collaborative work. Figure 7 and 
Figure 8 show the connecting of simulator when implemented with this system. The trainee performs work 
while confirming the behavior of the plant reproduced by the plant simulator with a portable terminal such as a 
tablet PC. At this time, the trainee inputs the operation amount of the operation target device to the tablet PC 
instead of moving the actual equipment. Each trainee in the control room and the work site carries out the 
work while communicating. Since the system using an internet browser, it can work with multiple users using a 
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terminal connected to the network to share the real-time images on site and check the plant information by the 
simulator. 

 

Figure 7: Operation screen for control                             Figure 8: Connected dynamic plant simulator 

5. Conclusion  

Recently, it is pointed out that the site workers knowledge and skill is declining in the chemical industry fields 
in Japan due to several severe accidents occurred. Main causes of these accidents could be related to human 
behavior in the emergency operation. By investigating these accidents, it is recognized that employees have 
lower sensitivity to hazards by limited experience of hazards in their job site and in their early life. Most of the 
problem should be solved by high technology development and introducing to real plants. However, this is a 
primary safe measure and then requires on-site operator intervention. To improve this situation, the safety 
education and training system have developed to increase the ability to respond to emergencies such as the 
accident/disaster as a team. In the system, augmented reality (AR) technology for information presentation 
and virtual reality (VR) environment for education and training are applied, and dynamic simulator was used to 
describe the plant dynamic behavior. The main functions of this system are the selection and presentation of 
operation information, the acquisition and display of sensor data from the plant dynamic simulator, sharing 
real-time images, and communication by text message. In addition, the trainee can control plant simulator 
using mobile device. For the future, it is expected that this system will be applied to evacuation drills etc. using 
on-site workspace. 
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