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Abstract— In this paper a new way to face the threshold of 

Human Error is presented. It explains the mean of threshold 

from the neuroscience discipline and how it must be applied in 

maintenance tasks for Nuclear Power Plants. This paper 

proposes incorporate tools of augmented reality and presents a 

framework that defines the rules and bounds for its 

implementation in maintenance tasks. An overview of Human 

Error is presented to introduce the main issues in the right 

context. Finally a discussion on the proposed application is 

carried out on a number of maintenance tasks in nuclear 

facilities. 

 
Index Terms— augmented reality, human error, 

maintenance, nuclear power plant 

 

I. INTRODUCTION 

HE maintenance tasks include a complex set of the tasks 

on the plant structures, systems and components (SSCs) 

that have a bearing on safety or not. Follow [1] there are five 

main areas and the major topics addressed in each of these 

areas are: 

 

Increasing Production 

- Maintaining good plant materiel condition 

- Reducing the duration of planned outages 

- Performing on-line maintenance, where appropriate 

- Reducing the frequency of forced outages. 

 

Reducing Workload 

- Avoiding unnecessary regulatory burden 

- Monitoring the condition of plant equipment as a 

basis for preventive maintenance 

- Using reliability centered maintenance. 

 

Improving Processes 

- Better planning and scheduling 

- Using information management systems 

- Applying graduated work controls 
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- Post-maintenance testing. 

 

Improving productivity 

- Improving human performance 

- Better teamwork 

- More sharing of resources 

- Outsourcing/contracting 

- Improving radiation management 

 

Measuring Performance 

- Performance measures 

- Benchmarking. 

 

Note that the safety, reliability or quality do not explicitly 

address above. The general consensus shows that these 

aspects are the result of the work in the items detailed 

previously.  

Safety is commonly associated with those SSCs whose 

failure would lead to damage to the reactor core. Examples 

such as the Fukushima´s reactors however caution about the 

need to look more complex accidental sequences [2]. Such 

sequences incorporated individual failures on SSCs which in 

the beginning do not affect the safety in a straight line. 

Various attempts to model the maintenance of the 

installations have been carried out for more than two decades 

[3]-[13] with partial focus or more integrated approaches 

[14]-[16]. 

This paper will focus on human errors. In this sense, 

maintenance tasks require cooperative efforts from several 

areas of maintenance to accomplish their objectives. From 

[17] human errors at Korean Nuclear Power Plants (NPPs) 

from 1999 to 2008 accounted for 19% of accident causes, 

where the human error of maintenance were 45% of the total 

human errors. 

Human error can be reduced with training, supervision, 

support systems, checklist and so on. This paper shows how 

a threshold for human error exists and this threshold must be 

highlighted. Used properly, augmented reality may be useful 

in this action.. 

 

II. HUMAN ERROR SELFDECTECTION 

A. Introduction 

Human error could be classified in Error of Omission 

(EOO) and Error of Commission (EOC) [18]. The first 

implies the loss of one or more steps in a procedure. The last 

is when a different procedure was made (e.g. selection error, 

sequence error, timing error and/or qualitative error). The 

main issue in both of them is that the human is unconscious 
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of the error. The personnel believe that the procedure is 

complete (in EOO) or better than the original procedure (in 

EOC). 

In both cases, there is a need to warn that there is an error. 

The lack of understanding of the error, if there is no obvious 

negative implications, leads to a positive reinforcement of the 

behavior of the staff. This can even lead to the development 

of ways of work and make-decision wrongs; but firmly 

accepted [19]. 

 

B. The Error Detection Hypothesis 

An error detection system was postulated [20]-[22]. This 

system compare the actions planned with the actions 

executed and it decide if the action was right or wrong and 

attempt to a correction. This perceptual-motor system may 

be stressed by context, tasks, timeline, etc. and therefore may 

be possible breakdown their performance in different ways 

[20]. In [23] was noted that “processes necessary for 

conscious and deliberate choice or err-signaling responses 

and for subsequent recall or errors require more than 150 ms 

to complete and may be interrupted by onset of new signals 

occurring earlier than 800 to 1000 ms after completion of an 

incorrect response”. 

 

C. The Conflict Monitoring Hypothesis 

This hypothesis proposes that the demand for control may 

be evaluated in part by monitoring for conflicts in 

information processing [24]. The conflict monitoring system 

evaluates current levels of conflict, and then centers that do 

the control make adjust. 

 

D. Hierarchical Error Processing 

In [25] was demonstrate that “tracking error elicit 

temporally distinct error-related event-related brain 

potentials over frontal and posterior regions of the scalp, 

suggesting an interaction between the subcomponents of a 

hierarchically organized system for error processing”. This 

hypothesis proposes “that frontal error system assesses high-

level errors (i.e. goal attainment) whereas the posterior error 

system is responsible for evaluating low-level errors (i.e. 

trajectory deviations during motor control)”. This study 

conclude that frontal error system send the response to the 

posterior error system to adjust the final behavior (i.e. both 

systems work in a hierarchical organized system).  

 

E. Conclusions 

The hypothesis presented above have been built in 

environments distant from an industrial facility and with 

evidence dissociated of the maintenance tasks. However they 

allow understanding the weaknesses of the mistake detection 

made during the realization of a task. They also allow 

discerning the aspects that should be strengthened to 

improve the performance of maintenance personnel. 

The ability to detect an error in a task is given by a 

number of concurrent factors such as: the time available for 

the completion of the task, the motivation of the operator to 

complete the task reaching the proposed objectives, the 

understanding of the importance of the various objectives in 

the work, the possibility of interruptions during the task by 

other activities, etc. Furthermore, the study in [26] identifies 

the twelve most common causes of judgment interference for 

maintenance personnel. The causes are: lack of 

communication, complacency, lack of knowledge, 

distraction, lack of teamwork, fatigue, lack of resources, 

pressure (e.g. to unstop the production), lack of 

assertiveness, stress, lack of awareness, norms (e.g. to allow 

an error as an acceptable practice). 

 

III. MAINTENANCE 

There are various conceptual approaches for the definition 

of the maintenance. However only focus on their main 

activities: preventive and corrective maintenance. Following 

[27]: 

1) Preventive maintenance should include periodic, 

predictive and planned maintenance activities performed 

prior to failure of an SSC so as to maintain this service 

life by controlling degradation or preventing its failure. 

a) Periodic maintenance activities should be 

accomplished on a routine basis and may include any 

combination of external inspections, alignments or 

calibrations, internal inspections, overhauls, and 

replacements of components or equipment. 

b) Predictive maintenance should involve continuous or 

periodic monitoring and diagnosis in order to predict 

equipment failure. Not all equipment conditions and 

failure modes can be monitored, however; predictive 

maintenance should therefore be selectively applied 

where appropriate. Predictive techniques may include 

condition monitoring, reliability centered 

maintenance and similar techniques. 

c) Planned maintenance activities should be performed 

prior to unacceptable degradation or equipment 

failure and may be initiated on the basis of results of 

predictive or periodic maintenance, vendor 

recommendations or experience. 

2) Corrective maintenance includes actions that, by means 

of repair, overhaul or replacement, restore the capability 

of a failed SSC to perform its defined function within the 

acceptance criteria. 

The main activities of maintenance are performed during 

the refueling shutdown. Another periodic and corrective 

maintenance will be performed during the normal operation if 

is possible. 

IV. ERROR TOLERANT SYSTEMS 

The design of error tolerant systems has been proposed by 

various authors. In [28] cited [29] where was proposed: 

1) Provide user with appropriate information at the 

appropriate time to minimize the opportunity for system 

induced erroneous actions. 

2) Compensate for human perceptual dysfunction by 

providing information in redundant and simplified forms. 

3) Compensate for human motor (and cognitive) 

dysfunction by maintaining the integrity of input data 

(through anticipation and context.-dependent 
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interpretation). 

4) Contain provisions for detecting erroneous actions and 

for instigating corrective procedures. 

5) Allow easy correction and recovery of erroneous actions 

by providing a forgiving environment. 

The following guidelines for designing system interfaces 

that tolerate human error are provided in [28] cited [30]: 

1) Make limits of acceptable performance visible while still 

reversible. 

2) Provide feedback on the effects of actions to help cope 

with time delays. 

3) Make latent conditional constraints on actions visible. 

4) Make cues for actions, and represent necessary 

preconditions for their validity. 

5) Supply operators with tools to perform experiments and 

test hypotheses. 

6) Integrate cues for action. 

7) Support memory by externalizing effective mental 

models. 

8) Present information at the most appropriate level for 

decision making. 

9) Present information embedded in a structure that serves 

as an externalized mental model. 

10) Support memory of items, acts, and data that are not 

integrated into the task. 

Compliance with the proposed guidelines is warned of 

enormous complexity. In the era in which they were 

proposed there was no even the technological capacity to 

comply fully with them. 

 

Today however the technology has advanced enough to 

make the implementation of those guidelines seem 

reasonable. 

V. AUGMENTED REALITY 

A. Introduction 

Augmented Reality (AR) [17] is a term used to define the 

overlay of virtual elements on images of a real physical 

environment. In this way, it´s created a mixed reality in real 

time that primarily combines the image of the environment 

with virtual elements.  

The difference between Virtual reality (VR) and the AR is 

that in the first the real environment is completely replaced 

by a virtual environment. 

AR allows to augment the information about the world by 

improving people´s senses and skills. The maintenance is an 

important area to apply this technology [32]. 

 

B. AR Hardware and Software 

The hardware used for the AR applications are basically as 

follows: 

1) Head Mounted Display.  This is a small portable display 

used as glasses. The cons are the small display can only 

show a few information and the weight [31]. 

2) Tablet. The new models allow high definition in a  

10.1”. The use of a tablet must be the right election 

nowadays.  

 

Fig. 1.System architecture of the AR-based Maintenance Tools (with GPS System) 

 

Fig. 2. System architecture of the AR-based Maintenance Tools (with Markers).
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3) Tracking system. The tracking system allows you to 

geographically locate the subject and determine where to 

look. The software accesses a database and determines 

that virtual information shall be affixed on the screen 

(Fig. 1). The system is based on geolocation by GPS 

(i.e. satellite). This system in closed environments or 

with high building not allows the acquisition of the 

signals from the satellites. A solution to this problem 

consists in the location in the installation of AGPS 

(assisted GPS) devices or the use of infrared technology 

or laser for precise locations. 

Another way is to acquire images of the surroundings 

and recognize especial markers (Fig. 2). These markers 

to determine that information should be displayed on the 

screen. However the use of these markers requires 

maintenance and the technician to get clear pictures of 

them. 

4) Software. There are several packages for building 

applications; but none satisfies currently the 

requirements for its implementation in maintenance of 

nuclear facilities.  

 

VI. CONCEPTUAL PROTOTYPE 

We worked on the development of a conceptual prototype 

allowing assistance to the technician of maintenance. The 

approach of the augmented reality used in the training of 

personnel, requires that the technical take the image of video 

continuously over the equipment of your interest. Being that 

the development is aimed at the Tablet type devices, leave 

aside that approach. We developed a system using the 

geolocation to identify the equipment in front of the 

technician. Then the Tablet shows a static image of the 

equipment with virtual objects overlapping to showing 

information in real time. This allows total freedom the 

technician did not force him to focus the equipment with the 

video camera. The technicians are interested in receiving and 

identify information easily and quickly in real-time that will 

help them in their maintenance tasks. 

Fig.  3 shows the system architecture of the AR-based 

Maintenance Tool and Fig. 4 shows a photography with the 

application of the conceptual prototype over a discontinuous 

distillation plant. 

 

Fig. 3. System architecture of the AR-based Maintenance Tool (Conceptual prototype). 

 

Fig. 4. Conceptual prototype applied on a discontinuous distillation plant (level, temperature and press gauges as additional 

virtual objects).
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Fig. 4 shows an example of the type of information that 

can be deployed on screen. In particular this stage of the 

maintenance is interesting because it can also be useful to the 

facility operation staff during their rounds of control. 

When maintenance personnel intervenes the equipment 

displayed information is directly related to the own 

maintenance activity (e.g. schemas from disarmed, 

identification of parts, etc.). 

When the activity of maintenance ends again is useful the 

information similar to Fig. 4. In this last step is controlled 

that the equipment has been correctly installed and ready for 

operation. Again at this stage of operation staff can be 

affected positively by the developed conceptual prototype. 

 

VII. CONCLUSION 

An innovative way to use the augmented reality in 

maintenance tasks was development. Made development can 

complement the maintenance tasks with a tool that works on 

the threshold of the human error in maintenance tasks. This 

prototype is useful to provide to the user the appropriate 

information at the right time. Provides information in 

redundant and simplified forms and presents information at 

the most appropriate level. The information is embedded in a 

structure that serves as an externalized mental model and the 

right information is showed linked with the right equipment 

without ambiguity. 
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