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Background

= Human supervisory control system is a safety-critical
interactive system.
m A human operator commonly need cope with 200 alarms in
aday'.
= User interface in plant operations may bottleneck
human performance, especially in an emergency.
= Unfortunately, the designers of these interfaces are not

usually the end users.
Human Operator Plant System

User Interfaces

| A[ ST 'Society of Chemical Engineers, Japan: Questionnaie report about plant operations and technology transfer (2005).

Model-based Dynamic Evaluation

# Model-based evaluation method is flexible to
investigate various user interfaces.

# Analyzing operator’s behaviors of fault detection and
identification in an emergency is helpful to find latent
weak points or good solutions.

# Model-based dynamic evaluation means applying an
operator model to an abnormal industrial process
(off-line data or simulator). : e
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Objectives

#A human model for dynamic evaluation
of operational panels and alarm system.

#A dynamic evaluation method to assess
the usability of a user interface system
by using the human model.
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Basic Model: Model Human Processor
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Knowledge Bases & Procedure

4 Knowledge bases:
KB-1: Variable information

Variable information
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Case Study for Boiler Plant

Malfunction list Measurement list

M1: FOP failure Tag name Description
M2: Burners miss fire P201 Mai am pressure
M3: BFP trip P202 _Drum press indicator __|

: P203 Furnace pressure
M4: water tube leakage {5204 Bumer head

M5: O2 sensor error P205___fuel pump outlet pressure
M6: FDF degredation P206  |BFP outlet pressure

M7: IDF trip P210 atomizing steam pressure
M8 Turbine trip F201 Main steam flow

M9: oil heater failure F202 Fuel flow
M10: P204 sensor error ;F203 ___ Fuel auto selector
M11:Fuel tube leakage  [F204___Aire flow

FDI Process

ormal
S=0.069 AS=0.048, AS=0.038 AS=0.013

~ /7

FON’ip
(L

Oil heater
failure (FL=14)

Burners extinguish
(FL=18)

F205 Drum feedwater flow Alarm
Overview panel {F206___|desuperheater spray flow | 2AS=0.116 XAS=0.184 YAS=0.239 ¥AS=0.307
é 2AS>threshold
LAIST 2 LAIST 1

Generation of FDI Track
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Simulation of FDI Process

Evaluation Results of Two Alarm Systems

Alarm system 1 | Alarm system 2
Number of Alarm 4 9
! Gaze_pomts Number of subtask 556 422
& trajectory
) Shift distance of gaze point | 760cm 575cm
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Comparison of Two Cases
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Criteria of Model-based Evaluation

#®Number of subtasks
#Total shift distance of eye movement
#Changes in total AS values
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Conclusions

#An operator model was proposed for
dynamic evaluation of graphic panels
and alarm system in an emergency.

#Alarm settings of a boiler plant simulator
were evaluated by modeling the human
behaviors of fault detection and
identification.
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