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Background
Human supervisory control system is a safety-critical 
interactive system.

A human operator commonly need cope with 200 alarms in 
a day1.

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

1Society of Chemical Engineers, Japan: Questionnaire report about plant operations and technology transfer (2005).
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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).
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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.

5

Basic Model: Model Human Processor
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Our Operator Model
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Knowledge Bases & Procedure

Knowledge bases:
KB-1: Variable information 
KB-2: Alarm management
KB-3: Failure-symptom 
Procedure:
Abnormal state supervising 
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KB-1 (VI-KB) and KB-2 (AM-KB)

Variable information 
knowledge base 

Alarm management
knowledge base 
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KB-3 (FS-KB)

Failure causes layer

Symptoms layer

FLm: number of symptoms for mth failure
SLn: number of failure causes related to nth symptom

S1 S2 S3 S4 S5 SN

FL1=4 FL2=6 FLM=5

SL1=2 SL2=2 SL3=1 SL4=2 SL5=3 SLN=3

F1 F2 FM

Association 
strength (AS)

Mapping among failure cases and symptoms
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Association Strength 

AK : index set of all symptoms connected to FK 
wK,n: weight of FK-Sn link
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How to Build FS-KB

Cause-effect analysis for possible 
malfunctions.
Standard diagnostic procedures in 
manuals.
Experiences

Statistical reports
Questionnaire to expert operators
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Abnormal State Supervising Procedure

Select a candidate failure cause 
in descending order of AS Total AS for 

candidate failure 
cause>judgment 

threshold?

Calculate AS values for 
all possible failure causes

Confirm another one symptom 
connected to the selected failure 

cause in the descending order of AS

No more 
symptom?

Y

Y

N

Failure cause is identified

First symptom is detected

N
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Case Study for Boiler Plant

Malfunction list
M1: FOP failure
M2: Burners miss fire
M3: BFP trip
M4: water tube leakage
M5: O2 sensor error
M6: FDF degredation
M7: IDF trip
M8 Turbine trip
M9: oil heater failure
M10: P204 sensor error
M11:Fuel tube leakage

Tag nameDescription
P201 Main steam pressure
P202 Drum press indicator
P203 Furnace pressure
P204 Burner head pressure
P205 fuel pump outlet pressure
P206 BFP outlet pressure
P210 atomizing steam pressure
F201 Main steam flow
F202 Fuel flow
F203 Fuel auto selector
F204 Aire flow
F205 Drum feedwater flow
F206 desuperheater spray flow

Measurement list

Overview panel
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FDI Process
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ΣAS=0.116
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ΣAS=0.184 ΣAS=0.239 ΣAS=0.307
ΣAS>threshold

Alarm

15

Perceptual
Processor

Cognitive
Processor

Icons, Data

Click, Keypress

 Alarms

Eye Movement

Operator Model

buffer

store
recall

search

store
retrievecommand

retrieve

U
se

r I
nt

er
fa

ce
s

Long-term Memory

Motor
Processor

Short-term
Memory

Generation of FDI Track

Perception subtask Cognition subtask Physical subtask STM subtask LTM subtask

Alarm

Alarm
T201 low

FOP fail (AS=0.069)
& F204.MV.Low

Switch to alarm
summary panel

Eliminate noisy
& flash signal

F204
.MV

Switch to
overview panelF204

.MV

AM-
KB

Search ASS
&FS-KB

Search
VI-KB Reject

0   1       2     3                           4       5                         6

7     8             9        10  11         12     13   14        15

Generated FDI Track
F O P  fa i l( A S = 0 .0 6 9 )  &

F 2 0 4 .M V .L o w
A la r m

T 2 0 1 .L O
S w itc h  to  a la r m
s u m m a r y  p a n e l

E lim in a te  n o is y  &
f la s h  s ig n a l

E y e
m o v e m e n t

F 2 0 4 .
M V

S w itc h  to  o v e r v ie w
p a n e l

F 2 0 4
.M V

F u e l le a k  ( A S = 0 .0 4 8 )  &
P 2 0 3 .P V .H ig h

P 2 0 3 .
P V

T 2 0 4 .
P V

P 2 0 3 .P V

A M -
K B

S e a r c h  A S S
& F S - K B

S e a r c h
V I - K B

R e je c t S e a r c h  A S S
& F S - K B

S e a r c h
V I - K B

R e je c t

A 2 0 1 .P V .H ig h  m a tc h in g
F u e l  le a k  A S = 0 .1 8

0        1            2         3                                 4                                5                                6                                       7

8                      9                  1 0                1 1                                   1 2                   1 3              1 4               1 5                     1 6

                     1 7              1 8               1 9            2 0         2 1                     2 2                 2 3          2 4              2 5                     2 6

R e je c t S e a r c h  A S S
& F S - K B

O il  h e a te r  f a i l
( A S = 0 .0 3 8 )  &
T 2 0 4 .P V .L o w

S e a r c h
V I - K B

T 2 0 4 .
P V

                     2 7                  2 8               2 9            3 0          3 1                     3 2            3 3       3 4              3 5                           3 6

E y e
m o v e m e n t

A la r m
C 2 0 8 .M L O

S w itc h  to  a la r m
s u m m a r y  p a n e l

E lim in a te  n o is y  &
f la s h  s ig n a l

A M -
K B

3 7            3 8         3 9                                4 0                               4 1                     4 2                                              4 3                     4 4

S e a r c h  A S S
& F S - K B

F O P  f a i l( A S = 0 .0 6 9 )  &
F 2 0 4 .M V .L o w

F 2 0 4 .
M V

S w itc h  to  o v e r v ie w
p a n e l

F 2 0 4
.M V

S e a r c h
V I - K B

R e je c t S e a r c h  A S S
& F S - K B

F O P  f a i l &
P 2 0 3 .P V .L o w

          4 5              4 6         4 7                                4 8                  4 9        5 0            5 1                     5 2                               5 3           5 4

S e a r c h
V I - K B

A ll  p o s s ib le  f a ilu r e
c a u s e s  r e je c te d

F O P  fa i l( A S = 0 .0 6 9 )  &
F 2 0 4 .M V .L o w

          5 5                                               1 1 1                                        1 1 4                                                         1 7 5                    2 7 0

A la r m
P 2 0 1 .L O

R 0 8 0 .C P V .H ig h  m a tc h in g
F u e l le a k  A S = 0 .3 1

          3 0 5                                                 3 2 5                                        3 3 5                               3 6 5

T 2 0 3 .P V .L o w  m a tc h in g
F u e l le a k  A S = 0 .3 6

A 2 0 2 .P V .L o w  m a tc h in g
F u e l  le a k  A S = 0 .4 2

P 2 0 4 .P V .H ig h  m a tc h in g
F O P  fa i l A S = 0 .1 8

P 2 0 2 .P V .L o w  m a tc h in g
F u e l le a k  A S = 0 .4 7

          4 5 9                                                4 7 9                                       5 2 9                                          5 3 0

F 2 0 4 .M V .H ig h  m a tc h in g
F u e l le a k  A S = 0 .5 2

F 2 0 2 .M V .H Ig h  m a tc h in g
B u r n e r  e x t in g u is h  A S = 0 .0 4 9

A la r m
P 2 0 1 .L L

F 2 0 2 .M V .L o w  m a tc h in g
F u e l le a k  A S = 0 .6 4

5 5 5

17

Simulation of FDI Process

Gaze points 
& trajectory
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Evaluation Results of Two Alarm Systems
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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.


