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ABSTRACT

Objective: This study proposes an alarm display and compares it with the one(alarm play) widely used in main control

ulated on the desktop computer for the
e within-subject design. Results: The alarm
d to understand alarm dynamics. The alarm tile was slightly

ala s have their own advantages and disadvantages.

Therefore, combining benefits of both displays can be gptimize the design of alarm displays. Application: The

proposed display is expected to compensate the difffays for certain purposes.
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1. Int % 3 ¥AES oINS QITh 1979'99) Three Mile
Island 1AL AJA7E @AV S dALLe] et FRE
5 %

ARA 2B (Alarm system) < JRES AHHoZE 24 3t (Bransby, 2001).

e Fo =N, BV TAES v WABAY tiA A5 A o] FAN AL 725 ofdZ2 T K
FEE LorE= Hog o] Ao ks Algd Qlof], oF 2,00071 J=2] AR} At (Cheon et al,, 1993).
thoghA, dxbE A o] ARAARLS FHE Qs olEsh RO F4e YA a4 Zd®F(Mental
e o hold, AFEH 71£9 Bi7 84 FA01A (Main - Workload) S7F2 Qd) AAAE EFAI7| L AS7)s
Control Rooms) 9] #At 9 HBAAYE w27 24y S ZUAA, 23 AHE XA 9= (Mattiasson,
o} 7har ok # gAQlE AR FEA = AL HAFA] I 1999). olelgh Hellx, AR s e b e 4
= 7349 AYE s o A ¢ JEs & sto], ARAIAES w9 Fa3 43S dth(Cheon et al,
o}t W2, ARIEAZL AR ARl =A]

35, 1993; Brooks et al., 2004).
Ay

NF7d% ool 3o, AHgARe] BA-Eg theox oAl AEAQ A B Lo e AR ZAE fdE, AR

Corresponding Author: Pilsung Choe. Department of Industrial Engineering, Tsinghua University, Beijing, 100084, P.R. China.
Mobile: +86-15210196713, E-mail: pchoe@tsinghua.edu.cn
Copyright@2013 by Ergonomics Society of Korea(pISSN:1229-1684 eISSN:2093-8462). All right reserved.

(€OThis is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http:/creativecommons.org/licenses/by-nc/3.0/), which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. http:/www.esk.orkr



70 Pilsung Choe

J Ergon Soc Korea

o] WRA AZbef| Wt SaFH 0 R Bof s AR AR
2]~ E (Chronological alarm list)' 3¥A] WS F2 o]&-
33t (Bransby, 2001). ol AFLHAY & 5] B
AFA L, ZGAfel| Al o= HEgel| 77 leH HF
o] Hl=Ae tigt ARG EFoR A BolFA] X

Bk (Tuszynski et al., 2002; Zwaga and Hoonhout, 1994).

Lol AHEA ShH o2 wEA o]FdhE AR W8S
A&A o= gl ol W A2 FgAte] FAl 9 &
A7 AT a2 sk APRe AFrsAds A
t}(Bransby, 2001; Brown, O'Hara, and Higgins, 2000;
Bullemer et al., 2011). & ZAFE gl Ko 4= &
AREo] Algty]7] wiEel] FRE SAHOR HojFolofk
3l (Flach et al., 1995; Allen, 2007), 83 HRE o]
shHelA e A, vy shelA EdHoR A
A8t AIZF BhEe| ofzlFo] glo] AEZQl Akal® o]ojd 7}
o]l At (Bullemer et al., 2011). 23 FHE EX
A 7] A3, AR ol gHg AlEEIA] ERISHA F
=, ol o]F sk o TR ARE w3 A¥S <
1 ltk(Mattiasson, 1999, Zwaga and Hoonhout, 1994).
olgfgt AelA, BAEAE HARYAES] FAHNES T8
shal, W2 <kl ARE W afAoR A ¢ glE
MELE AREA WAo] TN, 2 ZARAS (Al
hierarchy) % A|AE oA AFE St
AEAZE e EA] AREA] B
2~ E W] (Split—list design) (Tuszyn
o] Qlth. ol ARE YA E (Primar
(Consequential signal) 2 YL
ShH ARl $EASE ST

o o) e A

152 dejdor ny aaxor FRAYE &

M) e g AR oR EAg 9
ok o g HERato] £ Ak

1993), ©] glelx FrE E214 B 7ed Takel
2 ASE o] g W (Choi et al., 1996; Chang
et al, 1999) B Itk A28 F4o) WAe AR A
2 s Au)e] Bl weh TS BelFE WA
=, ZAnel By A2l sefo] golste]

W W Qe B 5 QRS §Fa, 4
(Situation awareness)= Ao 7 o 5 lA 3
(Gordon and Andersson, 2004; Carvalho et al., 2008;
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Cheon et al., 1993).

B9, ABA A48 B2 AREA P, BE
A3 WA ol Tl AuErl WAL AHgS, AR
A Femel weh kst Mo erele] Ashs Fejolrk
°] Anerelst
S

= 13E g x9 UollA] o]Foix 1,
s Q S0 #E sl folsh, 24
Qlt}(Carvalho et al., 2008).

olg ek Qlel, WAH tY 7|42 HEse] tigel o
ok, e o] PR A7t B BAEHOR ASH
olg

(Alarm bar) 2
Hlw, 37l ghr Ak

2. Method

2.1 Alarm display interfaces

Hlw AFE 9Jte] 7 71 AEEA] 2] IEHo] A
o W23k ul B2A) S Visual Basic2010 T2 o g
AT AFedel Fdsisih 7 A Ao 23k A
HE A AAE o (Figure 1, Figure 2), AUl
T3 9%t R E PCTran AlEH Ol A5E o] 83181
th. QlEjHo]~ HAE fl8l A AL Wl 6719 T2
A]2~Hl (Reactor, Reactor Coolant System (RCS), Steam
Generator (SG), Pressurizer, Auxiliary Safety System,
and Containment) < A&, T2 83 I4%, 65
N A2E JElE EAIBFITH(: Main pump failure of
RCS &). T3t Ay wdse] A84 &5 3l ¥zt
AVSAAFIL(LOCA) oF 2871 B3k (SGTR) €]+ 714
AU e7F A=) HE, A2 A AH Qe ¥
%} Ankell th3t A B (4 Reactor trip, turbine trip %)%
¥AlE T HARASL Cheon(1993) 8] 3wtA] Bele] met
st &, A HA W= FAE AR, T AR @
Ale AREZE AR, Al HA DAl A2 U] YRolth

ZARER] A QB A (Figure 1) oM, FR7} &)
of wel 1FE A FAELE 1% HRe #5 vt E

d
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Figure 2. Alarm bar display
== 1o 5l ©O o=zl A
Alsties stk 3 5 dSete dAlolt) o]&
= =] =
1 ARE olgsl A &

2 A7) 24 ®eRA, AR
<8 Ao A RS Bt
o} AN E, T34 AYdF T
Atk

ARd %=, AP
QIE|H|o] A (Figure 1, Figur,
FEOEA SHHEOH,
o AR HlES ARSI
ol ARAS It JFee=
ARAA BAE ARE WA A~
< AYEEE stu DAt I OF 8 V5o
A SR8kl th @78 A1F o] frell tigte] 7 Al 2
Al o]% JIHHE B3l MER 7|53tk

AF&kel 2] (Situation awareness) < D+ A7kt F7F W)
9] gAof|A] Fo 2 AES 12 (Perception) 8+, 2]
£ o]&ll (Comprehension) 3t ¥, w|gE )5 (Projection)
aH= 22 Ju]shv (Endsley, 1988), 2ol whe} Ahaie12)L
Q14], olal, o&2 Al 71A] GAR TR oIt Q1o
Ae 7He ]Eﬂ WAZA, Folx 84 U & o4 Y
F83% YHE Ash= dAlolth o]3)e] HAE Hedt 2l
2o] ofe}, 2 ﬁx]—#O] ofldA Folx ARE T, @A,
A%k Bfsherlel uigh Ag E3hsic) o159 WAlE H

479% sl Qi Fe
AR, ARkH o %L F 2Rt 2R ARIA; Bt o
Selo] ol AN SR defs Aa
w o =4 e A

9oy w54 5
A7) Bk 8RBk,
A 7R e A

7}
_C]l__

p

.

[e]

[

A

> NASA-TLX7} o] &5l on, 7} FA
7} 75}%"“ ojate] 13 104ke]] A
5 313, ke Aes T3 AT
'5}93\3}(Hart and Staveland, 1988). 67}%] &=
A& 2 45 (Mental demand), A% &7 F=

(Physical demand), A7t &7 4% (Temporal demand),

1%, 6

[e]

€|

8 W= = (Performance), =¥ < (effort), & &
% (Frustration level) & ¥3}3it},

= 7AW os Wob Adlo] By & gA] HAlo)
AEES) vEo], AR I AL g, ARAS i &
AlzE g ], WS4 s I ) A s HUrE S
F7F g AAIEHSIH



Vol. 32, No. 1. 2013.2.28

Human Factors Evaluations of Alarm Displays in Main Control Rooms 73

2.5 Experiment process
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th =g gk 7EA] 3A] A8 QIE]FO|AE o] &Eto] F A
Uele s Addt & NASA-TLXE ARgate], w4 gx]e]
zfjrzi ZF) = (Subjective workload) & % *;}oﬂ‘ﬂr.

Al “V\]Oﬂ st F 7 Avel e s gt
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3.1 Correctness of detecting alarms

ﬁiul—ﬁ ] Q-
LRSI
*dEl‘iiDHTable 1).

%wm el ol v
05(p=0.007) 0K & & Roz &

3.2 Correctness of judging the system

AU AE e Y S, B
HREA] WA AR 057 e AoR vehke

A o]

)

W e @=0.05914 sA R FoohA] ok (p=
0.072) Aoz BAHUH(Table 2). 22}, #5% o
=0.190= §93lnz, g3 Z7} Azo] I Q).

Table 1. Statistics for correctness of detecting alarm

Display N Mean SD z p
Bar 16 0.859 0.133
-2.687 | 0.007
Tile 16 0.927 0.091

Table 2. Statistics for false rate of judging the system

SD z P
0.0348
-1.802 | 0.072
0.0142

fadging the alarm hierarchy
e =), E} 1324] WAlo] AHEA

2 Uo7 BA| W 2ol BAA
313k (Table 3).

Table 3. Statistics for false rate of judging alarm hierarchy

Display N Mean SD z p
Bar 16 0.0156 | 0.0258
-0.282 | 0.778
Tile 16 0.0148 | 0.0306

3.4 Level of situation awareness

XM BEEA] WAlo] HA o g Bl

2 2 vehgtH(Table 4). 28Y 1
T FAACE fFoskA] gkkthH(p=0.312).

Table 4. Statistics for situation awareness level

Display N Mean SD z P
Bar 16 8.060 1.03
-1.012 | 0312
Tile 16 6.437 3.01

3.5 Subjective workload

W)

oA, EOLEEA] Whjo] WhEA] WA,

_ll\lv
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o fF25F @=0.05(p=0.035) 1M { 2> Aoz #A
= e (Table 5).

Table 5. Statistics for subjective workload

Display N Mean SD z p
Bar 16 36.63 10.89
-2.113 | 0.035
Tile 16 32.50 9.90

3.6 Preferences

o)l A 7k slol ww B A, Y F 5
744 A WAl Yk u]i i) AAIESIE Table 6ol
R mje} o), AnAFol, W WakE wekali

15
oloiAl, whEAl WS B4 AEsk
QoA BllEA A S B4 HEs)

Table 6. The result of comparison of ANS response between
baseline and happiness condition(N=217)

Bar Tile | Eq
Which display do you prefer? 2 3
Which display is time-wise better? 3 4
Which display is better for judging 2

the system

Which display is better for judging
the alarm hierarchy?

Which display is better for long time
monitoring?

Which display is better for 4
the parameter dynamics?

4, Discussion and Conclusions
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