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A Basic Study of Warning Sounds for Integrated Ship Bridge
Alarm System
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BMAMEO0 : Alarm, Waming Sounds, Auditory Icons, Abstract Sounds

MBSTRACT : A ship aan be considered as a large human-machine system and the interaction between worker and system dffects the work

 performed and its efficiency. Inside the bridge of a ship, there exist many auditory signals as well as visual signals. However, only a few
studies have been performed related to human recognition to alarm systems in bridge. In this study, auditory icons and abstract sounds
are compared to find more effective means of dlarm systems. The study result shows that auditory icons are recognized faster than
abstract sounds. This result is expected to be used as a basic data for developing performance criteria of auditory display inside bridge
and for designing integrated ship bridge alarm system

KEY WORDS : Alarm, Waming Sounds, Auditory Icons, Abstract Sounds

1. Introduction LA ERS A B3] 1R (cognition) & F ook Frh
QiZte] QR 2 RE HEHE= AHRE WolEol=d 9o o
Aure AW Q170-7] AN 2 (man-machine system)e.z & AZ4F Fzbo] FFITI dAA ok A U] Mol

R 2ARpe} A|2Ezke] A5 A E(interaction)o] dupt & o] A AMSEE TR I3 R SAFH T4 AE WD Yo
FolAEte] Wt FAsnAd e AR(ask) FPE  EE WFEC] AR EAFA(visual display) o], B2
(performance)7} Eolx| A} wopalA fek. Ak W Alzgle]  EARH(auditory sensory display)® 3352 At sl
A BRE ARES AgsAY H™ad 2@ e Tk AAH BARAE ARH AA S 29 Axd &
2 AHE AYsA HE o] ANE AT Qe st AF FL2ETW oFOIA AS ), WANA Fast #E o,
2 2EA S WaLast g8 gd Alnz ojeld 4 g MAAE Usd Fnd dart gle A, FAAZE 3w
A "} A O Ad | aga F243 PFol 8AHE day
olg s A Axdold ARl A ARE Agsy) oa  HAAD W S5 ARE ATY 5 UrKSanders and
Pyos XA (dsplay panel)7t £3) 2tk ojgjg mA)  McCormick, 1987).
AAE 2 ZAF AgsuA s AES AARA sy AT W ARANE w2 A AeTe] EA T
wa] 721 Ased A9y 4 Y dAsolo gy = B AT dig A AAFH AP dFe REE A
oj® Ajzilevent)o] WAHAL W I Abdel wgoirg w Ol WA £ ATANE AG4H FAFAZ vElE
27 89 (perception) & 4 lolok &1, Fot wFo] Aprdo]  EHl WF AR A AXe) BHF V|2 E7E FHA
183 Leung(2001) A3 AFoid AMEHAY  auditory
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icon(Z4zt ofe]Z)g A3l 7€ 4¥He v HUtE F
A3k o] AAE EUR FZA FAFR Y FF71E(24]
2 Axjo] G U7he] 7|F)E vlHs 3, FBUF B
He g¥s 98t “BHAng#A| 2 ¥(Integrated Bridge
Alarm System)™& FE3t=d 712 70 daA s,
IBN(Integrated Navigation System)3} IBS(integrated Bridge
System)oll U1 FZAH BAFA O did FHES wHHsE
dl 2ol 712 RERE &5 g

2. Auditory Alarms
2.1 H2= HA| &x|

R ARE wolEolzdl glo] AlZ thgog @o] A}
£5E 718e AZoln. Hzte) 542 dv|A AFEH HEA
FASe e o8 7/ 53 ARE ATE & Ao <E
1>& 32 2 Azt 2389 &5 H|:ot},

<E >3 #H3l9 J4H FAEAY AHE F o A
B9, Oz AH7t 29 o, @ &4 5o 83¥HE
Aat QAN o), @FE7) A2 (radio range) EE H]
3 AHHe} o] A Wi ARE U o, @4 B4
Ade Aoz AL (o] A 3 2 A2 E &
HJozny 983 H4E & F glook b ada © L=
Zgdlor & wolth o) AP F wdsie] Lok &
o, B@s wAxe AREEel wrl 719Fs(short-term
memory) 2R AR 4782 R3] Wi #n dg
Aoz A= Aol ulgzsi]

olzid A FAFAE AAse o o ¥ KA AFE
AHEYH - durde 2N AR da AV AL
$ AS (97 I=E AR E YA (compatibility), 2
g nE Fo A%s Fo A5 F Add ANz A A
BE AAHe AANER o]|FojA ZAMI(approximation),
5 77 BAd €9 W Ad 8 £ Qe B4
(dissociability), % ¥8% HARBS AFcE = HIA
(parsimony) 281 Y A3t T FY3 ARE A}
=& 3= ElA(nvarance)o] ok oS ¥ dElze F
38 A4 AYE Han, FH 25 FE AUHoR A7)
£ AANEE 30, 218 == HF AZE AMgsln, 3F
Ade] AR HA A dtedof gk wiAgto gz HX P
E AHEYE ALY AFFEAA vlE AlFES AdE 4E3t

(o]

P -

FIFE - UG - FEA
A AEIEAE Qs 7|E A5e AEEHA RS F
o g3 7€ 459 HAIAGE FFez gAY ol
45E& $H(Sanders and McCormick, 1987).

2.2 Aditory alarm{ &= otgd

4 system2 A7-Al2¥" QJEH o] ~(Human-system
interface)oll oA F8F FRolth JAH AzE F8d
ARE AgsAY, dA Al 99 JF Hode AR
A A gn Z4HQ FE Pz dh= ofoldld A}
|AE ZAusiA gvk wEA] FREEA UxQlE 9 =
T 49 #gde 189 HARE FPa=d JdolA AHERL
o BAH) ARE FE HeHE KA "o
(Ahlstrom, 2003). , .

A8 A3, 3] BANE, 337, H49 e
22 RololA HAF AR I AFE FPsld &
3| AuiRd oy g,

2o
ojft

s

2.2.1 AF(Airway Facility)OilAel &t

Ahlstorm(2003)2 1= B3MA AF 3730 e g
A FATEE A an gt d=FE At Bob
o A7l AAS auditory dFo] AHEAE] RTE FEA
713 AR s@rteta, A2de B d7 PHye Ak
Aok AFdl YA UdFe] FE dPoZ AHEHE buzzer,
bells 28] 1 siren 59 FI5ol 27E #FALH, A A}
SEHE H4F o] AMgatY 8FE FFAYR HFEA
Bristgon, Al=de] o] st d7HHE ALt

2.2.2 HAWA2 et

UM ARHE dEe FE 5% (operating room)©)
Y FFA 8 (intensive care unit)olA FRA A& H
AFHEAL T FeddA AHEHE g7 Ad BAEN
2 259 F98 7] Jd dog ¥&BoH, J8r)e
o AL RUHY FuY FFoE ooAA HYoh
Willund and Hoffman(1988)2 9l& ZH|E£2 t& AEFEH
AT T8 Al Fa T 71EQ 715 eR NS
T FEHoz FYEdn At

olgigt o8 #ol UMY auditory LHEHE thFE-E A3
A AHgEolet 2 A &89 a3y 98 &
ZelA &4 &#(speech alamm)v W= AdA= WX
WEezRE A7t R3d Fart Ql7] WEe %y 873

< 1> 34 9 A 28 &= va

344 54¢ g8t 4%

NAH B4E olgstE AL
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WA Ao =g

GAA7 &5

EEEE:

MAANE UF oA B 28 glF

AAAE AW Borok @

AR o ARE UF

WAt B2H AAE G E

AN ZRAZ AGAA 5
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g3

$4 A UT #AG 4&¢ 88

& fAA A B

AL FHHEN d& &

dPolN dg 3

Sanders and McCormick, 1987



T HE 4% A2"E $¥ Waming Soundsol W@ 71z QT

oA gk ulEA g ARkE ot

=3 983 #7340 YA auditory EES A2 FHAE
2o 98 AEMEEHARIDAA ¢S Fad Qdolth
Hope and Morrison(1986)-& ¥& 3¢} 2R &< 71X w13
BUEy Auje] BAH dis} =9 %3, Sara and
Wark(1986)-& w5 AE7Hge] o 53u]e] ofm R A
¥ auditory ¥EE AHEEA ZEA & OIS ofE
Agslglen, 1 F FE 94U &Fo] & FAF F34
A7k e} fdele] H, ARE HYriA wEC IATh
Mclntyre and Stanford(1985) F&AdA ofd IFEL
reamer-driver$} high-volume dental suctions$] & ZH)
9 &2 o8 AdEHE A BAIHTh

ojsty Fuld| A9 dHEe FE B e dert
olt}, g=4 9u|E M3 FES ¢HE VYgdde

7Vest7] WEelth

A

R

tlo

e o

2.2.3. Auditory Icons

Auditory wamingE2 3Al 24 (Speech), &34 48
(Abstract sound) 18]1 HZ3 olo]E(auditory icon)2EH
AgHE 3434 A9 (Environmental sound)® TE ¥ ¢
it} o] ASe A dHEE oh-&1}

Speech E73% AR 1da HA aFHAY & 98
7l S AE AQE o HIsht, 89 4 #@hde] &
o speecht ALZE A7} Uk &4 wWiAAe] gL &
Aoz 21 Ak 2% o sk a8n =23} 53
3 WE g$-& FAY AhgH AuTo] B2 AN F
Fakzl=d

Abstract sounde F98 &4 o8] Adgss Ao A
HAx, ARE £ o ¥ Ag¥ rteds /B E @
AL g2 A3 Aset)S WS- 71gshE A B-Ese of
P Aotk mwekx Al A WA 8 A AxY 7=
A kgt

vl 2o 2 Environmental sound®E % ©E& FF9
auditory warmningZ AHEE $ e FAAFHE 3 vk
Abstract soundshe 2 B}l 9] soundel®] ojA & AAlZ o
t}. auditory icon®.Z A|<HE T Abstract non-speech sounds
9 AHES FHINY, F5EF 4 = A7) o oA
= A#REHY A ¥tk Lawrence®t Banks(1973)%
Environmental sounds® 719 £3%& 194-ofc|d Al
(194-item set)ol] aME 23 & & dvies AL HAFY
t}.

Leung(2001)E 298] =FoA 5 owiEd dsix ZZ
9] speech, abstract sounds, auditory icono| thsfiA]l 7 &s]
SFeN A 3 A5 oE 785 F3T A speechdt
auditory icon Abeldls 28 27t §11.2 ™, abstract sound
£ speech®} 18] auditory icon®ll wiste] #9g xto]7} Q1
A& Busgch

3. o7 Y

& aT

rir

qezAle A9e Bol AUk A 24

AEo] @A AX(ship bridge)lA AF&HE <@ et
Auly & QARFm AR Lol F AR AU
auditory icon®e) ¥ix, B7} AFGS 4AAsAh a8 71E
adFa A2 AgE dFo] g HEXAE AAEATE A
goll AH2E abstract soundst A A Al A ALEEHE F|
o] &#-& Digital 53718 AHEslY 831921, auditory
icong AE7L F B3 Zo] oi=dte HAZATL

3.1 &8

3.1.1 WA
SAEAE Mt 93 Age] A= BX sjguistn 45hd
SAEZ Hrjol24Ae et 8doz FAsch

3.1.2 Material

2 AFE A9 UA ARE UolRE AHYLE 44
Ao A o] Ag e} obd Computer Based A2 AASIHATH

AL BExHgistan aFHA APHUT AF
2 P-4 18GHz#t Color LCD monitor(17¢14), A=
1024+768) 5 AH&-38ll o™, Visual Basice.Z A E T2
a8 1, F 22(8A4 AHEEE 43 auditory icon 2HzZ 1171)
N AFEEE ALEEtd AEE HAE

3.1.3 &&Ex

HAPAE A48 d T AY T HEA IS HA
g9tk AEAE B3 dA ARAA AMgHE 4F o g3
Aow dukEQl AlgE Eo] Bl aya Ao Hxal
gisf) pee] 58 F # A3 dersich

Ado) IA AAPRNA 2| AHg-E abstract sounds
9} auditory iconsoll sl WEE& AJHOH, oJAEE X
T de NS F 3 1T BE F AYS AAE
o O <E 2> A3 AMEE FHEHolR dFoln, He
A 7158 Bt

<E 2> Ao} ALEE 4Fo] 3H 7|7
7] 7]
Radar System Warning
VHF DSC Message
Gyro Compass Failure
S/G Safematic System
S/G System Alarm
Extension Alarm(Engine Machinery)
Extension Alarm(Cargo Machinery)
33l 5 Abnormal
Fire Alarm Controller
AIS Guard Alarm
MF/HF Distress 54l

4
°

OO || |U[ix [ [N =

—t |
= O

Ad¥AE FAFH ZUE ol ol PC EYH AAE
s Bty A¥e FAHUT. 1027 e EHFD
I 9vE & F e bl wet YR, N(2Ethe A9
EE Sth AN gl Bve AIFEYH Y, N o
€ T2 ARAAY Aztelth
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4. &g 2

0

4.1 &8 21

& <¥ 3>3 <E 4>¥ Abstract sounds$t Auditory
Iconsol Wit ¥h-gAIZka AGa 8 BoFoh 74 v
AZrol@ AN E 4FE X sy 7R Y Aoy,
A 5 4SS 3 o] 4ol & st Tz
AEsA 23 AL ADoE o AYASFE Arslgn.

<E 3> Abstract sounds®] 3 ¥FSAIZF 2 AGz} 4=

7] 7] g A ZH(ms)| BEASF
No.l 2232.63 7
No.2 3123.00 7
No.3 1138.63 7
No.4 1136.63 4
No.5 2300.63 1
No.6 2113.38 2
No.7 2853.50 2
No.8 2779.25 3
No.9 2263.63 0
No.10 4011.75 1
No.11 909.875 7

<E 4> Auditory iconsol| th3t ¥hEA|ZF 2 AR} =

717 S A ZH(ms)| AGAF
No.1 2922.00 8
No.2 1705.13 6
No.3 545.13 6
No.4 . 1650.50 8
No.5 914.13 5
No.6 699.25 6
No.7 2478.63 6
No.8 1961.25 5
No.9 679.63 6
No.10 519.75 8
No.11 564.50 8

<X 5> AR WE paired t-test 23

SD t p-value
No.1 0.3536 -1.000 0.351
No.2 0.3536 -1.000 0.351
No.3 0.4629 -1.528 0.570
No.4 0.7440 1.426 0.197
No.5 05175 2.049 0.080
No.6 05175 2.049 0.080"
No.7 0.5175 3.416 0.011
No.8 0.1830 -2.049 0.080"
No.9 0.4629 4583 0.003""
No.10 0.4629 4583 0.003™
No.11 0.3536 1.000 0.351
(* Significant at the Level 0.1, ** Significant at the
Level 0.05)

1 ARE EUR A4 4L 2N O <FE 5>E
abstract sounds®} auditory iconsZte] AYA Fo wWE

FIE - FIY - SAA

paired t-test® HAED <E 55 AHBEW, No9
(p-value=0.003 < 0.05)¢} No.10 (p-value=0.003 < 0.05)& &
o FF 005904 Fostank. 2Eln 69 $£F 0ldM=
No5, No6 18]i No8 ZHEE Fostgch olAne rids
o] FuldlA  auditory icons7t 71Eel AMEHW  Abstract
soundsEo ER o AX 7] HEE B ok 81 ]9
o] g A9 AF AAPYAY RS FaA Mo
A RIE7F #5317 wEe] €7] AYtta st

4.2 & &

£ d7ddMe Ade g4 dEA FHE AAsigo A
d& AAE] A 4y dwrd Alg digle] 2AlE Y
o 2+7}e] abstract sounds$t auditory icons A3 AFo
AEE AAEg )

g <a¥ 1> A8 Ao AN g dgo] Ba Yuky A}
Tg BoF.

7 F-oof
| mopl2

RN
oAU XY E
HEUYE

<3¥ 1> Gl dE duky A

URTEYT UR-ARA XY

<29 > AWEE 4F FHo] Ll U3 AR =
59(625%)°] <, 39 (325%)°] ofvetxn Wgslcth gus}
g ] miA FxTt F o]FojR =t e AR = 19
(125%)°] <, 798(825%)°] 2% Fotn digsigh. e
I I 3 ggo] vl Aol iRzt & o]Felx
7hl i3 ESddE 2W(5%)0] o, 698(75%)°] ofgn
Agatfrt o] 2#4E ¥ o FeAEL dF Hu|zke] o)
2 a8s dEn 5 ARz dAE 2 ¥ F 9E 3o
2 ZAEA

ao
@otH 2

P2u8
O = m W A 0 oo o~ @

WUH-BUHYE
dgUus

HEIR-URTREYE WEHTEYE UH-AHAAYE

<I¥ 2>Abstract sounds®] T3 A& W&
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& <Y 2>F abstract sounds 2do] Eua AAH
HAEZA} Aot
<a¥ 2>eA 3 HA gz Ay Al A gt dis)
H9-7] A=kl digt AR o2 A 29(25%)7F APtk o
23 Wl 69(75%)7 olE Ytz digsisch T AR g
e Ao B¢ F A¥e A8d & Fdo] At
ke Aoz YA 29(25%)71 ek, 6B8(75%)7F ol#H Yok
et A AF 2dZe gEnez Ang 4 F A
Lol gk AF oz 39(375)0] 18}, 5%(625)0] ofet
o tigsch A afZes dEvtez #A ol o]
dolteA] & & U=tk Wi AT ozA 19(12.5%)0]
o, TH(@®75%)7F otgta g3tk YA & F AR
o] YlF-Ee FHAFAEL &F AN R | Huyt 18
I ojH olWlEy} BAFHEAE & F U WEIHA
c}.
<9 3> auditory icons A@e] U AAE HAE =
A Az RoET

Bo -
Bot{2

AR S
© 4 N W s BB N ® ©

Abstract soundsa! B YT
4248

<729 3> Auditory iconsel] th3F HEU-&

U] N F-YHFEHE

<y 3>ejA A AR e AY HA A oob] 28
Al g Fdo] HAPErtdl digh AEIREd 835(100%)
Aol ¥y dEIEYE gl F WA aHEe
abstract sounds AT Hlusie AA & F A=V o
3 AR o2M TH(EIS5%)7) o, 19(125%)7F okt g
st

Z AY F FUtHor g9 FEo| o olga A9
ate]  JAERE  HASEEY, didsy  H4ddxEol
Abstract soundst A #HHoR SEo] FAH SN
F28t7] oHYdn igstgy, auditory icons® AS &
2|7t st &4 oES) wiAy} sy die] AX 7|zt
A9tz qgsiHh

5. 28

o1

b
o
Jon

o] dFE abstract sounds® A1 HiE 4urE<Q beep2-7
$27 A Bo]l EW 29r] e 28 auditory
iconsoll Wiz wim Frio] oigt dFo|ct. AFAFY TS
%4l auditory icons7} abstract sounds®E.th R A AR a)
Wi Agl mel FEE 4A & = J&E 1Ak ols
Leung(200D)2] A9} A&t & 4 9t}

AT BHEAZES ALt AFA G0 djsjA vt A
A8 AR 2 olfE WHEAIZte] wETm M F
o] sl g A ddn & F V] wiol
. &, dHgAZto] WEX T & guiz dx & F )
Folrh. A% HdAeE guiE HGsA g Jerhy
52 44 $dg £ AU AEATE S AT $A
B4 A3 fo £F 014048 54, §9 £33 006904 2
7H9 gge] olF {KstA vEbuth ey <F 3> <F
4> vud EE ¢ F %] Nol, No2, No3 231
Noll¥l 71719 €& 22 A9 AF Hdod ds3ix e
Rl dEo] foatx] e Aoz Yehyrin AEo
At 281 <F PF <F £ 53 ZAgA4Er gus
Re 4TS €3 od FuAAE Q7 Foe RS
gujsta, HHE A7l o AL o] EY A4 AZI} o)
& Fate A& 9guiddn 2¥ $ JATHMcNamara,
1992).

o] dFAMe X YU 45hd & didez APS
AANEALE ol Aut &3 BFPL 1274€)0 FHol
A FHAES oz Age AN E & o £&
A7RE S Aoz AGEY. ael: o] dFdME ¢
AA Y & 2HE& DF] AX FYH APS AAFIeH,
olg} &} AF ATNAME AS(noise)o] FoIF A A
o] Aol Wastiy AN EF &9 1A W 4
3 Ao AR AR} Alel} At He A3e] dd A
7= dasivty Az

RN
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