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AbstraCt

We have been researching how to evaluate navigators，arts uslng their

physiologiCalandbehaviouralinformationinordertomakeanewindexof
human－Centered education as carried out on a training ship．We need the

evaluationfbrspecialisedmerchantshipssuchastankers，COntainerships，LNG

carriers，etC．，becausetheresponsibilitiesandactionsofthebridgeteam－mateS

di晩raccordingto each ship，Stype．Inthis paper，We describe，uSingthe
舟equency components ofR－Rintervaldata，reSPOnSeSin bridgeteam－mateS

whileaboardmerchantships．
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l Introduction

InJapan，auniversityoramaritimetechnologyco11ege，nOtanaVyOraCOaSt

guard，COntrOIstheeducationformerChantshipnavigators・Practicalon－board
educationisconductedonatrainingship，SuChasapowervesselortal1ship・

Specialistswhohavealotofexperienceeducatestudentsontheship・However，

the content ofthe practicalon－board educationis not always clearto the

students，because realsituationsinclude allthings，nOtjust simplelinear

knowledge・Inreallife，COmplexsituationsaredifncultforstudentnavigatorsto
understand．Weneedsomeevaluationindicesofnavigationalarts／skills，Which

canformthebasisofshiphandlinglnOn－boardeducation，andtheseindices

mustbeabletoevaluatehumanbehaviours．
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WehavebeenresearChinghowtoevaluatenavigators，arts／skillsuslngtheir
Physiologicalandbehaviouralinformation・Weareusingheartratevariability

（RqRinterval），naSaltemperature，eye mOVePent and gravitycentre as
quantitativeindicesl1，2］・OneofourrecentmalnStudiesincludes銭ndingson

the characteristics ofthe mentalworkloadamOng Ship，s bridge teamTmateS

duringnavigationalwatchkeeping・However，thevesselsonwhichwealways

COnductedtheexperimentsweretrainingships，nOtCOmmerCialmerchantships・

Weneedtoevaluatenavigatorsonmerchantships・Thevesselsarecategorized

accordingtotheircargoproperties（e・g・，tanker，trainingship，LNGcarrier，etC．）；

COnSequently，thewofkofbridgeteam－mateSdiffbrsaccordingtoeachship，S

type・Additionally，thecharacteristicsofbridgeteam－mateS’performanCeSdi脆r

dependingupontheirnationalities．

¶lePurPOSeOfthispaperistodeterminewhetherwecanfindchangeSin

team－mateS’mentalwofkloadsontherealbridgeornotbytheR－Rinterval．We

evaluatedthebridgeteam一mateS，performanceonmerchantshipsratherthan

aboard training ships．¶le eXPeriment was carried outinIstanbulStraitin

Tufkeyusingfourkindsofvessels・Weshowtherelationshipbetweenthebridge
team－mateS’performanCeandthecharacteristicsoftheirmentalworkloadwith

SNSvaluel3］，SNS＝LF／HF，Whichisusedtoevaluatethementalworkloadin

manyStudynelds・LFconsistsofthe負・equenCyCOmPOnentSbetweenO．04and

O・15Hz，WhileHFconsistsofthefrequencycomponentsbetweenO．15arldO．40

Hz・SNSvalueisinfluencedmainlybythephysicalconditionsandthepostureS

ratherthanbythementalworkload・Thenavigator，sresponsesglVeCredenceto

OureValuation・Inthispaper，WeCOn鮎mwhetherthenavlgatOr，sresponsesto

handlingtheshipinthebusyIstanbuJStraitareValid．

2　R－RintervalandSNSvalue

We showanOutline ofthe R－Rintervalin Figurel・In Figurel，the
electrocardiogramconsistsofP，Q，R，S，andTwaves，andtheR－Rintervalis

timeinterval倉om apeak Rto the nextpeak The R－Rinterval－fluctuates

accordingtophysicalandthementalconditionssuchasthoseinFigure2．hthis

Study，We uSe a打equency component ofR－Rintervaldata as a consistent
measurement．

R R＿Rinterval R

Figurel：　OutlineofR－Rinterval．



MaritimeSecurityandMET419

2

　

　

　

1

　

　

　

8

　

　

　

人

0

　

　

　

4

　

　

　

2

［
0
¢
S
］
一
字
」
β
u
l
∝
1
∝

L
N
m
L

r
M
C
「

〓
こ
こ

【mm
；
ト

【
ト
の

岩
M

L
の
「

「

▼－　⊂）　の　d〉　　ト　くp lr）　寸　M N　▼－　くつ
l■、　の　O N　寸　くD　の　⊂〉　N　寸　q＞　の
▼・－　　▼－　Pu Fq rq　　ぐJ　　でu　　ぐつ　ぐつ　　ぐつ　　ぐつ　　Pウ

Data Number

Figure2：　R－Rintervaldata，

Ourevaluationindexinthisstudy，theSNSvalue，Canbecalculatedbyuslng

two舟equencycomponentsoftheR－Rintervaldata，TheyaretheLowFrequency

COmPOnent（LF）andtheHighFrequencycomponent（HF）．WecalculatetheSNS

ValuebyEquation（1）asfollows：

ぷVg＝上F／〃F （1）

LFconsistsofthe付equencycomponentsbetweenO．04andO．15Hzandrenects

the sympathetic nervOuS SyStem．HF consists ofthe斤equency components

betweenO．15andO・40HzandrenectstheparasymPatheticnervoussystem．The
SNS value can be used to evaluate thein爪uence onthe sympathetic and

ParaSymPatheticnervoussystemssimultaneously．Meanwhile，theSNSvalueis
in爪uenced by the physical conditions，the postures，etC．Of the navigators

excludingtheirmentalwofkload．Therecordedresponsesofthenavigatorslends

Credencetoourevaluationl4，5】．Wetackledthisprobleml6］，andwecon丘med

theresponsestoshiphandling．However，Weneedmoreaccurateresearchonthe

ChangeSthatoccurintheSNSvalue．

3　Experiment

WemeasuredthebridgeteanトmateS’R－Rintervalduringnavigationalwatch

keepingonfourkindsofvesselsinIstanbulStrait（astarinFigure3）．Istanbul

StraitisthenarrowchannelbetweentheBlackSeaandtheMarmaraSea．Wegot

good measurements of R－Rinterval data　for the　fo1lowlng naVigational

Situations：enteringport，1eavlngPOrtandtransitingthestrait．

We observedthe performanCe Ofthe navlgatOrS uSlng the Work－Sampling

Method every second．The results were recorded on record sheets shownin

Tablel．WealsorecordedtheirconversationswithanICrecorder；Checkedand

recordedsea／windconditions；andrecordedsometargetinfbrmatjon，etC．Onthe

navigationalinstruments．
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Figure3：　Experimentalarea（IstanbulStrait）・

Tablel：　Work－Samplingdatasheet．

Ship N am e二 D ate：

PILO T －N am e： Start：
A ge／W eight／H eight： Finish：

T im e Event－
1

Event－
2

W tom R em arks
H r． M in． Sec．

OneachWork－Samplingdatasheet，WeWrOtetheexperimelTtalvessel’sname，

type，lengthoverall，grOSStOnnage，anddimensions．Thenwerecordedthenames

Ofthebridgeteam－mateSaSWellasthenavigationalsituations・Theywereas
bllows：

1）ATuNTt Ro－Ro Fishing vessel，76．7m，2，065tons，Pilot and Captain，
Enteringport．

2）押爛〃0児Ⅳ：Container ship，157．1m，12，029tons，Pilot，Captain，and
Helmsman，Enteringport．

3）ANRARA：Container ship，167．2m，14，865tons，Pilot，Captain，and

Helmsman，Leavingport．

4）PARAGON：Bulk carrier，180．8m，17，153tons，Captain，ChiefOfncer，
SecondOfficer，Helmsman－a，andHelmsman－b，Transitingthestrait．

4　Analysis

Weusedthe SNS valuein orderto evaluatethebridgeteam－mate’s mental

WOrkloadandcalculateditinthreesteps：
1．Weinterpolated the R－Rintervaldata every secondwith a Spline

Function．
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2．WecalculatedthespectrumOftheinterpolatedR－Rintervaldatabythe

MaximumEntropyMethod（MEM）everythhyseconds．

3．WecalculatedtheSNSvalueusingEquation（1）．
We analyzedthebridgeteammember’s mentalworkloadby comparingR－R

intervaldatawiththeobservationdata，WhichwegotusingtheWork－SamPling
Method．

5　Results

WeshowtheresultoftheWELSSHORNenterlngPOrtinTable2andFigures4to

6．The bridge team－mateS Ofthe抄官応苫HORNare the pilot，CaPtain，and

helmsman．Figures4to6showtheresults relatingto thepilot，Captain，and
helmsmanrespectively，ndtheseFigures showtherelationshipbetweenreal

timeandtheSNSvalue．Table2showsseveneventsfromAtoGatwhichthe

SNSvaluesincreasedramatically．

Table2：　SeveneventswhenSNSvalueincreases（聞郡〃ORN）．

H r． M in ． Sec． VentS

A 10 20 0 ilot　on b oard

B 10 26 11 sk　th e　con troI station　th e　distanc
丘om h ere to the berthing area

C 10 36 43 T alk w ith C aptain abou tcran es

D 10 43 15 G o to stafb oard w in g an d give the
berth ing in fo rm ation to tug

E 10 53 52 臨rry is on th e starboard an d is

draw ing near th e ship

F 10 58 12 Stop engm e

G 11 25 2 O rder tug to push atm idsh ip

InFigure4，thepilothadsixevents：A，B，C，D，EandG．Wedescribetheevents

incomparisonwithTablel．

A）ThePilotwentonboard．

B）ThePilotaskedthecontroIstationthedistance丘■Omheretotheberthing

area，andgaveinformationaboutberthingtocaptain・

C）ThePilottalkedtocaptainaboutcraneS．

D）ThePilotwenttosta止oardsidetogivetheinformationaboutberthingto

mgboat．

E）Aftrrypullsuponthestarboardsideforthecrewtoboard・lfhefeels

thereisdangerofacollisionwithher，hehastoavoidher．

G）ThePilotorderedthetugboattopushthemidshipofthe附Eが〃ORN・
ThenthepilotusedthetugboatandtheWEISSHORNsenglnetOChange
theWELSWRN’sposition・
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Basedontheresults，SNSvaluesincreasewhenthePilotgetsinformationfor

handlingtheship．

InFigure5，theCaptainhadanevent：F．Wedescribetheeventincomparison
withTablel．

F）ThePilotslowedthefbrwardspeedoftheengineandshi鮎dittoastern
to slow down her speed．The WE郡〃ORNhadto reduce her speed
becauseshewasalreadyneartheberth．

Based on the results，SNS valuesincrease when the Captain gets the

informationforhandlingtheship．Thisresultissimilartotheresultobtained

fromtheexperimentwiththePilot．

Pilot
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Figure4：　SNSvalueofthePilot（nqLSSLtORN）．

InFigure6，theHelmsmanhadanevent：C．WedescribedleeVentincomparison
withTablel．

C）ThePilottalkedtotheMasteraboutcranes．
Basedonthedata，WeCOuldnot負ndinformationaboutshiphandlingfbrthe

Helmsman．Atthattime，theHelmsmantOOkpartinthediscussionwiththePilot．

SNS valuesincrease during talking，mOVlng，etC．1n this case，SNS values

increaseduringtalking．

FromFigures4to6，WedeterminedthatthereisatendencyforSNSvaluesto

increasewhenbridgeteam－mateSneedtomakejudgヮents（brainwork），and
Performchartwofk（action）；tOgiveordersandtorecelVeanSWerSback（brain

WOrkandaction）．ThistendencyrecuITedintheresultsgotten丘・OmtheANRARA，

the AmN71and the A4RAGOⅣ．Moreover，these results matched those
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recordedaboardthetrainingship．Inotherwords，WeWereabletocon甫rmthe

efncacyofapplyingtheSNSvaluetothenavigatorsonthemerchantships，
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Figure5：　SNSvalueoftheCaptain（ⅣEISSfK）RN）．

Helm＄man

4
　
5
　
3
　
5
　
2
　
5
　
1
　
5
　
0

3
　
　
　
2
　
　
　
1
　
　
　
0

S
Z
S

■／l

＿＝∴ 鮎 A 瓜 ノL 瓦茄 ．’■・■．、

」が l l
＝h 一・＿】1■・．■一y′’，！．－Y yI I

1

r ア‾「『

の
N
＝
m
T
〓

m
N
‥
望
｝
こ

の
N
‖
C
O
‥
〓

m
N
日
の
の
‥
O
r

m
N
‖
C
の
‥
O
L

m
N
＝
の
寸
‥
○
【

m
N
H
の
寸
‥
O
L

m
N
‥
の
門
‖
O
L

m

N

‥

m

C

＝

O

L

m
N
‥
の
N
‥
O
L

m

N

‥

C

N

‥

O

L

の
N
‥
の
T
O
L

Time

Figure6：　SNSvalueoftheHelmsman（flELSSHORN）・

6　Conclusions

Weattemptedtoevaluatethementalworkloadformerchantshipbridgeteam－

matesuslngtheR－Rinterval・Theresultsshowedthatthe SNSvaluewasan

e能ctive toolin evaluating the mental workload of the navigators．The
conclusionsareasfo1lows：
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l）¶lebridgeteam－mateSmaintainedgoodmentalbalanceduringtheirtumSat

navigationalwatch keeping．Theirmentalworkloadincreasedwhenthey

neededto makejudgments，performChartwofk，give ordersandreceive
answersback

2）TheSNSvaluewasagoodindextorepresenttheperformanceofthebridge

team－mateSfbramerchantShip．Wecon甫rmedthesamecharacteristicsfor

thetrainingship；however，theparticularperformanceofthebridgeteam一

matesdiffbrs accordingto eachvessel’stype．Forexample，On atraining

Ship，thebridgeteam－mateSeducatehrainthestudents，nddonothandle

CargOeS・

3）The SNS value sometimesincreasedwhenthenavigatortook actions or

Performedbrainworknotrelatedtoshiphandling．
Ourfutureaimsare：

1）tofindtherelationshipbetweentheperformancepattemSOfeverybridge

teammemberandhisresponsetotheindex；

2）to develop a＆ameworkfor evaluating thorough1ythe ship navigator’s

PerformanCe；and

3）to丘ndahybridevaluationmethodusingphysiologicalindices．
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