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ABSTRACT

Objective: The aim of this study is to develop an analysis method to extract plausible types of errors when using a smart
mobile in nuclear power plants. Background: Smart mobiles such as a smart-phone and a tablet computer(smart-pad) are to
be introduced to the various industries. Nuclear power plant like APR1400 already adopted many up-to-date digital devices
within its main control room. With this trend, various types of smart mobiles will be inevitably introduced to the nuclear
field in the near future. However nuclear power plants(NPPs) should be managed considering a big risk as a result of the
trend not only economically but also socially compared to the other industrial systems. It is formally required to make sure
to reasonably prevent the all hazards due to the introduction of new technologies and devices before the application to the
specific tasks in nuclear power plants. Method: We define inferaction segments(IS) as a main architect of interaction
description, and enumerate all plausible error segments(ES) for a part of design evaluation of digital devices. Results: We
identify various types of interaction errors which are coped with reasonably by interaction design using smart mobiles.
Conclusion: According to the application result of the proposed method, we conclude that the proposed method can be
utilized to specify the requirements to the human error hazards in digital devices, and to conduct a human factors review during
the design of digital devices. Application: The proposed method can be applied to predict the human errors of the tasks
related to the digital devices; therefore we can ensure the safety to apply the digital devices to be introduced to NPPs.
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2. Researches on Digital Devices in
Nuclear Power Plants(NPPs)
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Figure 3. Expected smart mobile utilization in NPPs
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3. A Proposed Method for Human Error
Hazard Identification in Digital Devices
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3.1 Device-based human error identification
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Figure 6. Flowchart of the device-based identification
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Table 1. Exterior physical units(ESy) of smart mobiles

Code Extlfnrii(t)sr(gé};/ls)ical Code Extj;ii?sr (g}é};[s)ical
P Power button BR Battery removal
V+ Volume up button UR USIM card removal
V- | Volume down button | SR SD card removal
H Home button SE Speaker(External)
T Track ball SI | Speaker(Inner for calling)
B Return button MH Mike hole
L List button CL(F)| Camera lens(Front)
M Menu button CL(R)| Camera lens(Rear)
1 Icon DA DMB antenna
D/C | Data/charging port AS Approach sensor
EH Earphone hole IS Illumination sensor
BC Battery cover CF Flash
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Table 2. Operational methods of each unit(part)

Operation
Code Method
P One click
Long click
One click
V+
Long click
One click
V- ;
Long click
Rotation
T ;
Click
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Table 3. A result by operating method in each mode of smart mobile(part)

Error Segments(ES) Interaction Segments(IS)
Code Operation Operation mode
method | N6 option(Vertical) Manner mode Horizontal mode Multi task Lock
P One click Screen on/off
Long click Pup-up window for option
Manner mode cancel
. Volume up Volume up
One click by sta and volume up by sta None
Y stages by stages Volume up by stages y stages
V+ (space compatibility violation)
Volume u Manner mode cancel | Operation intention: down Volume u
Long click ranidl P and volume up rapidl P None
Py rapidly Py
Volume down Volume down
One click by stages Vibration by stages None
—» manner mode Volume down by stages — manner mode
V- (space compatibility violation)
Volume down Operation intention: up Volume down
Long click rapidly Vibration rapidly None
— manner mode — manner mode
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3.2 Task-based human error identification
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Table 5. Evaluation criteria based on tasks using smart mobile

Evaluation item Scales

Compatibility
Ergonomics design Consistency
Availability

Feedback
Pool proof
System security Fail safe
Alarm
Recovery

Awareness
Design Difference
Portability

Wireless network

Work environment .
Noise

Training

cte Multitasking

. . Operation
Task Operation step Used units method
Power on Power button Click
Ready Unlock Lock button Drag
Program running Program Click
Shooting mode on Camera Click
Shoot - -
Shoot Shooting button Click
Target selection Number input Click
(MCR, support window
department etc) Number button Click
Text input window | Click
Text button Click
Transmission | Input the content Setting button
(English/Korean, Click
symbol etc)
Transmit Send button Click
Check ﬂ.le Confirm button Click
transmission
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Table 6. A result table after applying human factors criteria

The The The Ergonomics design System security Design cnv?i/oonr;cn " etc
Task operation usgd operation Result
step unit | method Compati-| Consist- | Availa- | Fail | Pool | Feed- Al R Aware- | Differ- | Porta- | Wireless Noise | Traini Multi-
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Lock o Work delay
Ready Unlock button Drag o o Work delny
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Check the | Confirm .
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The result of device evaluation

A

Device Selection 1
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The result of task evaluationl

Table 7. Lists of plausible errors in smart mobile tasks
(Continued)

Phase Human error hazard

N

Program Design

1
v v
Evaluation based on Fvaluation based on
Device applied task
T

= The definition of the external unit = The selection of the sample tasks

+ The investigation of the operating state + The classification of the selected
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+ The ergonomics design review + The evaluation each steps
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Figure 8. An applicaition scheme for the NPP design
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Table 7. Lists of plausible errors in smart mobile tasks

Phase Human error hazard

Inconsistency between the operation and display
direction in the horizontal mode

The lack of operation consistency on main button

Evaluation | click(several program stop and several program
basedon | running etc)
device

The lack of display on the running programs

The absence of lock function in the operating display

The lack of display of the setting

It's difficult to find the operation device(button)
because of insufficiency cognition

The operator makes run unintended program

The operator makes run the unnecessary program

Evaluation | The simple error such as wrong writing
baspd O | The interpretation and comprehension error due to the
applied task difficult or unfamiliar sentences
The failure recovery to the previous step since the
path deviation
The conversion failure to the symbol button
The alarm failure(wireless network environment etc)
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