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ABSTRACT

Objective: This study proposes an alarm display and compares it with the one(alarm tile display) widely used in main control
rooms(MCRs) of nuclear power plants. Background: Catching up with the rapid development of computer technologies,
advanced MCRs has been required. Using modern technologies of computers and visual displays, we have a lot of potential
to improve user performance and satisfaction as well as safety in MCRs. Method: The alarm bar display has been proposed
to reduce some potential problems of the alarm tile display in this study. Human factors evaluations were conducted to
compare both types of displays. Two interfaces of bar alarm and tile alarm were simulated on the desktop computer for the
user-involved experiment. Eight students participated in the experiment with the within-subject design. Results: The alarm
bar was slightly better in terms of situation awareness, and preferred to understand alarm dynamics. The alarm tile was slightly
or significantly better in other measures. Conclusion: Both alarm displays have their own advantages and disadvantages.
Therefore, combining benefits of both displays can be used to optimize the design of alarm displays. Application: The
proposed display is expected to compensate the existing displays for certain purposes.
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1. Introduction 5ok TAES oA % Uk 19799 2] Three Mile
Island YA 2AA7E Q2 dAL L] High RS
A= 1Ak thxjskA] F3E Aef 7]Rlsh= Zlow oF
ZARAAE (Alarm system) < 918 JRES X&EHo0F 24 o (Bransby, 2001).

dHFo =N, BV TAES vEl WABAY tiA AFAQ1 QA Wb Ae] FANS 2 opd® T P
StEs Tolge Zow, o] Aol thekatAl AL 2lell, ok 2,00070 J=2] 17t JthHCheon et al., 1993).
oh obA, dAE A o] ARAAREE bdS st o3t AR T4 AR AFald #d® (Mental
e o hold, AFEH 7129 B 4 FA0A (Main - Workload) 5712 Q&) IS EFA7|L AS7)s
Control Rooms) 2] At @ ARAIARE w27 wa e FUAA, T3 ARE XA THET(Mattiasson,
o] 7kar Qltk 2 tirklE AR EAE ARERRS] A 1999). ol&lgt HollA], Axp= TdA Ue] Hd /MdE 4§
= FAEeAY] A9es s er A 7 AeE & o], AHAARS v¢ $83 o8& 3tk (Cheon et al,,
ok RO E, ARIEAZF AE YRRl A k& 7%, 1993; Brooks et al., 2004).

3733 ol Qlof, AREAFe] F-Adsh tigo® o= AEHA YAy w4 E AR BAE f8), HR
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o] vkl A7t whef $=xjA o7 RolFE nAlexbA AR
2]2~E (Chronological alarm list)' ¥A] WS F2 o]&

3ok Branshy, 2001). o= AbaEA H4ES 43 B
AFA L, ZGAfel| Al o= AEgel| 77 JleH oF

of FrAe] et AR Ao PG welFA B

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

e, AREA 3 ol wEA o]k AR e
A&EA o7 oar olsfis] Wk A #Aare] Al 2 &
A 2AAg 2z g At Agvs s FUAA
t}(Bransby, 2001; Brown, O'Hara, and Higgins, 2000;
Bullemer et al., 2011). $ #AFE gFHel Ko 4= &
FEFo] AT wiel FEE FAFoR HojFolok
8l (Flach et al., 1995; Allen, 2007), 93t 4®RE o]d
shelA et A, vy shdeld adF 0w A sky]
S5k AIZE ghEe] ofgo] Qlo] ALAQl Afalg o]ojd 7}
Aol At (Bullemer et al., 2011). 23 FAEE £X
2 7] S8l AR o)A s AlGEA gl °P7ﬂ o
L), o] o]F WA= o] 223 ARE =3 938 o
Stk (Mattiasson, 1999, Zwaga and Hoonhout, 1994).
oleldt oI, WAEAH AnAES) BAAES 35
—;5].1’ up_ k,] ﬂl‘%_—‘ EE} ;q_l,}ﬂ o= ;Hﬂsl _/,: ol‘—
AEL AR EA] W2le] @A T2 AEAS (Alarm
hierarchy) @ A28 ¥dol A5 30}

BRATE De EAQ AREA HAoR, A&
YAE HR2 (Split—list design) (Tuszynski et al., 2002)
o] it} o= = Ax}A R (Primary alarm) &} $£541%
(Consequentlal signal) & Wi, AHRE HRA|AH
§}-U=] Ahﬂ]-_roﬂ B EANTE S| b2t HolF= Hizlo)
o} o] WhAle w21 A AR AE TA] WlAlo] HlE W
= AR R ARE gy 0w HoE 5 QUth AR
2OoRE ARE a5 wEt tt AFAHOE HolF
W2o] Qltk(Fitch, 2002). o] Al A7} 24914154
H —?1—7—E J,]—E]B’]—OE y_q_ :g_gﬂ o7 ﬂy_;q_g]_e. s+ A
A A=k B gE oz E ARE A (Failure) £

149 (Non—failure) W71l *‘JHQ ARE TA] A|AHE
M e 3 Ao ® FASE 7 g Ao AsE 7
F3 AoF FFsI] F&= AT 2099 (Cheon et al.,
1993), ©] gellx FRE B4 Ee 7ed Takel w
2 ASE o] HodFE W) (Choi et al., 1996; Chang
et al., 1999) % SIth Al~E S WAL ARE A
AF EE gle] el whel sk Bl Ao
2, ARl BdE AAHe] gfeto] golsto] TAAE AlA
S w24 Aesty B
(Situation awareness) & ﬂ#’q o7 & 4 A dETh
(Gordon and Andersson, 2004; Carvalho et al., 2008;

H

0 o rlr ok

T

Cheon et al.,, 1993).

A, AsAQl Ak Wt A
A gz o]Folxl AREN] HAE
Fo T wet vheksh o] glo] % H
=l 32 Yol A Ol—rOV]"’ 7 HEFI T} %Xd
Fah-g A ATAIZ 5 Qlo] BElsly] golshd, A
Z7F DA 8§11 AR 4= 1tk (Carvalho et al., 2008).
ey olefst AFARl A WA V=] AFH ES
olgala Q7o WA tHE 7|eS HEslo] tApl st
thd, W2 kol ARE AjAT ol ad o ® ARsH
8t % 9lt}(Bullemer et al., 2011; Tuszynski et al.,

2002).

A BREA B2 (Alarm tile) o] tijko.® IR
T W AAE B A ) S =98 wkEa
(Alarm bar)-& #|otslal Q172 AL Ea
v, Fristaat gk A HFE A olA
JE|F o) AE TS §F, o]F AFFeHE AF
Hrkesic) A9 @4% a8l 7 wale] Ads v
obsta TS AXA SR ARIEAE A vE 5 Qe

71&2E v Zow Algdn)

<

= 14E Bl
3 A

ol
1>

2. Method
2.1 Alarm display interfaces

71 ZEIEA] B2 9] IEHo] A
(Bt 2]} v “o”l])i Visual Bas102010 ZRgMoT
EA tﬂ—/\]oﬂ 451—9 |
By %%16}711 A= 2 3”% (Flgure 1, Figure 2), Alu2] 2
% AR PCTran AlEEOlA ARE o] 83t
S8 A= 2HA ol 6719 T2
A2~ E (Reactor, Reactor Coolant System (RCS), Steam
Generator (SG), Pressurizer, Auxiliary Safety System,
and Containment) & A3y, T8 87 &A=, 65
N A|2E S EAIBFITH(: Main pump failure of
RCS ). T3t dAy wd4e 184 &5 sl ¥zt
AVAAFILLOCA) 8 A7 (SGTR) 9] F 7HA)
AU 7F At s, A4 A A Qe ¥
& Adlo]l Tk A K. (o): Reactor trip, turbine trip )%
¥AlETTE HAREASL Cheon(1993) o] 3wtA mle] et
TASTE & A WA dAE 3 AR, T AR o
Ae A2RTE R, Al /A DAE AAE U] grolc
ZARER] ¥4 AE o] A (Figure 1) olME, FE7T @A
of whe} IEE oA BAlET 19 AR 5 Adel &
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Figure 1. Alarm tile display example

52 JFEA Stk 299} 39| HRE AAF ERel
gl ZIEEoIAH, 29 FH= 7t R S Al 29
AR ZAEAL 7 EA AN E RE ARERIE Moz
A dow, AR A Al AR TA uhel w7k,
oA gkl Bl g x7F FHE & Az A
£ A8 AR 248 3 AR DRI i Bkl
ofefjel] AIEH, 3ehA] AR WA Al TA ASgho] N
|} A ZHREF ool A F T

AR A Qe o)A (Figure 2) 9 A%, 194419} 2
ALl AREA = EFY A A fARSRE 19 AR
5 gl S4os FAES 2019 30kl AR
ZF A|AEL o Yol AlFE S E BAETE FE S A
19 o= 20 ARERO] M1 = 5AoR Fx
1 AEst & st A fAsh, AlRE YR ERL o}
of AT 39| AR B4, FREFAH dE o
X (parameter—level abnormalities) & HojF= ZHu}
2 JAEEE 19t} Figure 2904 EOVI‘:* 2 394
AR vehd T4 FAAE A 7IeE YERdth 71E
A FHZe] Yeh= vhe RT3 FRIE, S5 v
Ehb= Al AR 52 A 22 Bolgm], 1 o)
T el Blolus AEE vehdith S dol7t dojAH
g oA ol Hlojghg Sjulabn, Holof wa} 21535k 3
Aol agks fA gfetdt 4= girt gk, Zolo| wE vy
AA 8] el wt 37k4] Mo FHEsll o, olF F3l
A A=E GA 72 7 QUvh AEEE 32A] QIE]F 0]
2 AREF BA] Qg o] 2of ), Al2E FA0] 54

5

C

QL WSkE 47 delat S GEE sglon, olF Bl 4
o] AAA, KAH ANFS Anseti, B b
e 29 5 e Row AT

o

A el R
el 2641 *POH ekl g 8

Aado] 1ol A s %F{i A
el el #ef Bl AREA} ]IE

stolom wd [ Qzryst
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2.3 Experimental design

T = = | —::_——'L—
A0R AREA PAS 2907 = U wixH (Single
factor design) A3 AlFo] @%H%E‘r shd, F HAS 2

T AR & AR oR vud ¢ JEF, JA4E4 WY A
3 A7 (Within—subject design) W2]-& A-83s}3th w}

A, 7 ABAE A9 Tl F EA PN 25 29et

v, A9 £Ae) BE 0xE Azt 3] $lstel, 914

=
e Bl BAS, Uold) Auke vhEal A W
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N I /jMPa 224743
] HEC el [ nars
d ik frg 045 | 24733
FULARETIFmAm | VR R Ke/s I
FHE A R |
Figure 2. Alarm bar display example
Al sl S GARA e AF 55 oSk "ot o=
Ake] WAL o) Aeiel Fol An olgd) BAlel 4
2.4 Measurement &g mhofsta mleof tidt AR S shad SlojA] T8
3 WA, dukdow Lud ARl 2Rl ur o
w7 24 WA, AR AT AR W A F 5ol Holuth AN Sk el A
A8 W AE, ARAF B9 PRE 5O AR 9 @ Fea we] otk AR 24 e A
o AFANE, FRH AUY B FrA WFT S SHex APNER BANY B 2 Q¥ FUE 54 5
ot & xS, 20H 24 e A7) W7k A8 A,
A WL, B ANE WAHSAE W T AT P} S TR, 2 el A D 4
QIEjHo] A (Figure 1, Figure 2) 282 o] gl HES Aol gk BiEx] ZAPHE o] &Sttt A Bk 7
FEOEA A=, HA ﬁETOH ojst gsts] A AF AL AF o] AAEHT HEe F 167H-°4 T
o Anse] MES AFESNTE AN A2E B g gow ojolAu, Pl it Hews AFAATRA A}
Susl AuAE 9ue) gEne, v MES FEF 7 Sagn
AP BAR ARE AN AxE AR AF 9 A0%e NASA-TLX7F olgHglon, 7} %A
& WO oha SAG} BE oF FR IO A2 A olF, @719 B ] 1o} 10l 3
A =495 efdl A3 olfel talel 2 Adele A BAES s E A5 2 A9
Al o]F QIEHE ol HER 7]|Se3i) © 2 AMgslsith(Hart and Staveland, 1988). 6714 &%
AF2kQ1 2] (Situation awareness) < 43+ A7t} 7+ W) & XA 27 5 (Mental demand), FAZE LT F=
9] gAof|A] FoR QAES 912 (Perception) 8}, 2] (Physical demand), A7t &7 4°F (Temporal demand),
£ o]&l (Comprehension) 3 &, w]#g}& <= (Projection) 8 W= 22 (Performance), =8 S (effort), &4 4
3= A% 9Ju)sl (Endsley, 1988), 10 wha} AFsjela]e % (Frustration level) & ¥3&3it},
4, olal, o159 Al X Al FREAY. 49 B % A WAl e Bk Aol By ¥, w4 WA
Ae 7P 71834 dAEA, Foixl 84 i o 24 Y AT tEo], AR A AIAE b}, ARAS A
Zos Aus Q4G Wil olale] WAE Bew Rl A7k s 74, W s Bk 50 MEE BAE 9%
Aol olje}, AgIAHEe] olFl Fold AnT B, 4,  F7h AFS ANssch
B

A%, Bapeherhel tidk 2l 2aeith 52 " 2

;
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2.5 Experiment process
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3. Results

XA A Y] AR v FUEE flEke] AEE
< AT AESTE Ao &

g 4= glol, ¥R 37 (Nonpara—
metric test) 2] 3¢l Wilcoxon Signed—Rank TestE 4l

A3k
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3.1 Correctness of detecting alarms

e Sl EFIEA] W20 HlaEA] A
Bt} fo5F ¢=0.05(p=0.007) 14 B Y} Aoz &
2= H(Table 1).

3.2 Correctness of judging the system

Ay A28 B PEHE SHelA, BelEA o]
AREA) AN LSS 9R7 AE Aow Yete

U, FoF 2=0.05°04 BAHCR FoetA] ke (p=
0.072) Ao=w BAHTH Table 2). 28, Fo5F «

0.1 FOHE, FF 7 AF0] Bk

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

Display N Mean SD z P
Bar 16 0.0200 | 0.0348
-1.802 | 0.072
Tile 16 0.0052 | 0.0142

3.3 Correctness of judging the alarm hierarchy

ARAZ Pk B SHolA, B EA] Wa]o] HtA
B AR Aol R ygko), = A W Aol 9 FA|A

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

¢
1>
ki
||
s
2
>
rlr

) | Wkl Hh2jo] PP A o R ElR
Al AR U A0 YR TH(Table 4). 18y 71 5
=2 AR FoJskA ekttH(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

FHE A9l ZuelA, BOlEA WAlo] HhEA WA
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o f25F @=0.05(p=0.035) 1M { > 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

ole] A B2k 9ol
7P A A et vl
vehe whsl geol, AnAFo
Qlofd, WhEA WAS B4 o Asseld
PolHE BRIEA B4 B Az,

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

Bar Tile | Equal
Which display do you prefer? 2 3 3
Which display is time-wise better? 3 4 1
Which display is better for judging 2 5 4
the system
Which display is better for judging 4 | 3
the alarm hierarchy?
Which display is better for long time 1 5 5
monitoring?
Which display is better for judging 7 0 1
the parameter dynamics?

4, Discussion and Conclusions
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