ISTANBUL TECHNICAL UNIVERSITY * GRADUATE SCHOOL

MODELING AND ANALYSIS OF MAN OVERBOARD AND
SEARCH AND RESCUE OPERATIONS

Ph.D. THESIS

Orhan GONEL

Department of Maritime Transportation Engineering

Maritime Transportation Engineering Programme

MARCH 2023






ISTANBUL TECHNICAL UNIVERSITY * GRADUATE SCHOOL

MODELING AND ANALYSIS OF MAN OVERBOARD AND
SEARCH AND RESCUE OPERATIONS

Ph.D. THESIS

Orhan GONEL
(512132001)

Department of Maritime Transportation Engineering

Maritime Transportation Engineering Programme

Thesis Advisor: Asst. Prof. Dr. Ismail CICEK

MARCH 2023






ISTANBUL TEKNIiK UNIVERSITESI * LISANSUSTU EGITiM ENSTITUSU

DENIZE ADAM DUSMESiI VE ARAMA KURTARMA OPERASYONLARININ
MODELLEME VE ANALIiZ CALISMASI

DOKTORA TEZi

Orhan GONEL
(512132001)

Deniz Ulastirma Miihendisligi Anabilim Dah

Deniz Ulastirma Miihendisligi Progranm

Tez Damsmani: Dr. Ogr. Uyesi Ismail CICEK

MART 2023






Orhan GONEL, a Ph.D. student of ITU Graduate School student ID 512132001,
successfully defended the thesis/dissertation entitled “Modeling and Analysis of Man
Overboard and Search and Rescue Operations”, which he prepared after fulfilling the
requirements specified in the associated legislations, before the jury whose signatures
are below.

Thesis Advisor: Dr. Ogr. Uyesi Ismail CICEK ...,
Istanbul Technical University

Jury Members: Prof. Dr. Oguz Salim SOGUT ..o,
Istanbul Technical University

Prof. Dr. Ersan BASAR
Karadeniz Technical University

Prof. Dr. Ozcan ARSLAN ..,
Istanbul Technical University

Prof. Dr. Alper KILIC e
Bandirma Onyedi Eyliil University

Date of Submission : 30 December 2022
Date of Defense : 21 March 2023






To all man overboard casualties and their relatives,

vii






FOREWORD

Even before | started my Ph.D. study, | have always had great personal expectations
about this process. In my Ph.D. study, | wanted to do something that has not been done
before, such as an invention or an innovation, but at least | wanted my work to make
a difference at some point. | have come to the point where I conclude my Ph.D. study
and | think that | have achieved the standards that | set as a target for myself. | chose
a subject on which very limited research has been done before. | have done detailed
studies with my thesis advisor on the deficiencies and the issues that can be improved
that we have identified within the scope of the thesis. | used several different academic
methods in this study, and the study had many outcomes.

I would like to express my endless gratitude to my advisor Dr. Ismail CICEK for his
contributions to this process. | would like to state that he devoted much more to me
than a thesis advisor would spare for his student, and | would like to thank him for this.
Without his contributions, | would never have achieved the results | was aiming for.

I would like to express my gratitude to Maritime Pilot Ali COMERT, Shipyard Pilot
Emre COLAK, Captain Omer ASMALLI, Captain Ozkan POYRAZ and Medical
Doctor Levent BEDEN, whose opinions | consulted on professional issues during my
thesis work. I would like to express my appreciations to Cansu Basar ULUTAS and
all professionals who participated in our surveys and shared their valuable opinions
with us. 1 would also like to thank everyone who participated in the experimental study
conducted within the scope of the study in order to obtain data. | would like to express
my gratitude to everyone who has supported my work in any way during my process
whom names | forget to mention.

December 2022 Orhan GONEL
(Lecturer)






TABLE OF CONTENTS

Page
FOREWORD ...ttt sttt sttt et saesbenreeneene e iX
TABLE OF CONTENTS ..ottt Xi
ABBREVIATIONS ... .ottt XV
SYMBOLS ... Xvii
LIST OF TABLES ... XiX
LIST OF FIGURES ......coo oottt XXi
SUMMARY et XXl
(02 it AT XXV
1. INTRODUCTION. ...coitiiiiiitt ittt sttt sttt e s 1
1.1 Need of MOB Response IMprovement ...........ccocoovverininieenenese e, 1
1.2 Background of MOB ACCIAENES ........ccceciiiiiiieiie e 3
1.2.1 Acquisition of national maritime accidents and MOB accident statistics
0 L7 W P 4
1.2.2 National maritime events and MOB accidents data...........ccccccoevveeerverennne 7
1.2.2.1 Maritime events and MOB accidents data reported by Turkish
MAritime aUENOITTIES........eoviiieiee s 7

1.2.2.2 Maritime events and MOB accidents data reported by the Government
of the Hong Kong Special Administrative Region maritime

10 11 10 1SRRI 7

1.2.2.3 Maritime events and MOB accidents data reported by Greece
MArtime QUENOTTTIES ..o 9

1.2.2.4 Maritime events and MOB accidents data reported by Ireland
MAritime QUENOTITIES ......veeieiie e 9

1.2.2.5 Maritime events and MOB accidents data reported by Canada
MAritime aUtOFITIES .....cvvieieee e 10

1.2.2.6 Maritime events and MOB accidents data reported by USA maritime
AUENOTTEIES. ..o e 11
1.2.2.7 Maritime events and MOB accidents data MOB events data reported

by UK maritime authorities.........c.cccoovveiie i 12
1.2.3 Comparative marine acCidents data ...........cccvvverererene i, 14
1.3 PUrP0SE OF the TRESIS ....ccviiiiiiieieiee s 15
1.4 SCOPE OF the STUAY ....c.veiieii et 16
1.5 Contribution of the ThesiS StUY.........ccccooiiiiiiriiee e 17
2. MOB ACCIDENTS ...ttt st 19
2.1 Detailed MOB Accident StatistiCs Data..........c.cccevverviiieiieenieeieseere e, 19
2.1.1 Need of a data acquisition form for MOB accident investigation reports 19
2.1.2 Maritime MOB events investigation form (MEI FOrm)..........c.ccccevvvviennn. 20
2.1.3 Detailed MOB accident information and StatiStics ..........cccccevevieeivrinnnnn, 21
2.1.3.1 Vessel iNfOrmation ..........cccoveveeiieie e e 21
2.1.3.2 Navigation CONAItIONS ........cccvveiieiiieiie i 21
2.1.3.3 Casualty status/information...........cccooceveriniininenenene e, 22
2.1.3.4 Meteorological CONAItIONS..........cocveieiiriieieiie s 22

Xi



2.1.3.5 Work type and CONAItIONS.........ccevvereeieiiee e 22

2.1.3.6 Managerial/Procedural conditions............ccoeeveiienienienin e, 22
2.1.3.7 Initial events and tiMINgS .......cccccveieieeieiie e 23
2.1.3.8 Response actions and tIMES..........cooerererininieeieseese e 23
2.1.3.9 SAR operation and tiMeS..........cccevvereeresieeie e, 24
2.1.3.10 Health status of the casualty ...........ccocooovriiiiiiiiner e 25
2.1.4 Important findings driven from statistical analysis..........c.cccevvvvervenenne. 25
2.2 Finding Driven Out from MOB Accident Investigation Reports..................... 25
2.3 MOB Response in Merchant Maritime EdUCAtion .............cccoveveiiieieeiecieenn, 27
2.4 Response Procedures Of SNIPS.........coviiiiiiiiiiiseeeee e 28
3. DATA ACQUISITION AND METHODOLOGY .....ccoeiiiiiriinienienieniseeienieens 31
3.1 LITEratUIE SUIMVEY ...ttt 31
3.1.1 Legal 1egislation ........c.coveiieicee e 31
3.1.2 Publication in national directories and Theses Center of Turkey.............. 32
3.1.3 ACAAEMIC STUAIES......eeveeiveeieeiie sttt sre e 33
3.1.4 Technological eqUIPMENT ..........c.coiiiiiiecece e 36
3.2 SEAtiStICAl ANAIYSIS ..o 38
3. 2.1 BINArY IOQISTIC ..ottt 39

3.2.1.1 Choosing the BLR method as the primary analysis method of the
procedural Proposal............ccccevveiieiieieeie s 41

3.2.1.2 Linear discriminant analysis and comparison with binary logistic
FEOTESSION ...ttt ettt bbbttt b bbb bbbt e ennes 43
3.2.1.3 Benefits and negatives of BLR method..............ccccccveviiiiiicieiieen, 44
3.2.2 General linear MOdel ...........coveiieiiiiceeeee e 45
3.2.2.1 Use of GLM inthe StUdY ..........coviieiieiiiic e, 46
3.2.3 Combined use of binary logistics regression and general linear model .... 47
3.3 Experimental Study and Simulation..............ccccoevviieiicie e 47
3.3.1 EXPerimental StUAY.........cooriiiiieieieiese e 48

3.3.1.1 Choosing the experimental study method for the purpose of data
collection for the procedural proposal ...........ccccevveiiiiniiiinicicnen, 48
3.3.1.2 Positive attributes of experimental study ..........ccccccoveveviieiicieiieneen, 50
3.3.1.3 Negative attributes of experimental Study ...........ccccoeereriniinieniciienn, 51
3.3.2 Discrete event SIMUIALION ...........ooveiiiiieieiesieeeee e 51
3.3.2.1 What IS SIMUIALION........eeieiieiree et 52
3.3.2.2 Advantages and disadvantages of simulation.............c.cc.ccoovvvvninnennn. 52
3.3.2.3 What is discrete event Simulation..............ccooeverenenniesisiinieeeiee, 52
3.3.2.4 Advantages of discrete event simulation............ccccceeeieviiiciienenn, 53
3.3.2.5 Disadvantages of discrete event simulation ............ccccovevveveieenenn, 53
4. OPTIMIZATION BY PROCEDURE PROPOSAL .....cccoceviiieieceeeeeeieeens 55
4.1 ldentification of the Problem ... 55
4.2 Purpose of the Proposed ProCedUIe...........cooviiiiiiiiiiieieieese e 56
4.3 Framework of the Procedure Proposal ...........ccccceevieiiiiiieiic e, 57
4.4 Outline of the Procedure Proposal STUY ..........ccocviiirieiiiene e 57
4.5 Preparation 0f the MOdel ...........coviiiiiiiiecc e 58
4.5.1 Determination of variables and attributes ...........ccccooveviveieiievcvece e, 58
4.5.2 EXPEITS OPINIONS ....ccuviiiiiiiiieitie st siee sttt srae st aeeba e ssaaenbeesnee s 61
4.5.3 Determination of absolute positive and negative attributes ...................... 62
4.0 SUIVRY ...ttt ettt ette ettt et e st e ettt e et e e e st e e e bt e e e be e e e be e e e teeeenseeeanseeeanseeeanseeeanes 63
4.6.1 Survey through WOIKSNOP .......ccviiiiiiicc e, 63
4.6.2 Individual SUNVEY StUIES.........ccveiieieciee e 64

Xii



A7 ANAIYSIS ..ottt et et e e re e reenaenres 64

4.8 ANAIYSIS RESUILS ......eoiiiiiiie ettt 66
4.8.1 SUIVEY TESUILS .....eeveeeieieiecie ettt 67
4.8.1.1 Results of BLR @nalysis..........cccooeiiiininiiiiiceieec e, 68
4.8.1.2 Results of GLM analysisS..........cccooveveiieiiciese e 70

4.9 Outcomes of the Procedure Proposal Study ...........coceveveienencninisiiseee, 72
4.10 Proposed Emergency Decision-Making Procedure..........c.ccoevevveieeneiiennn, 72
5. OPTIMIZATION BY EQUIPMENT PROPOSAL .......ccooe i, 77
5.1 Definition of The ProbIem ... 77
5.2 Purpose of the Proposed EQUIPMENT ..o 78
5.3 Outline of The Equipment Proposal Study............cccceevvevieiieevieie e 78
5.4 Emergency ACHIONS Data...........cccvrieiieiieiiiieieiisiesee e 79
5.5 EXperimental STUAY .......ccooviiiie e 80
5.5.1 COMMON PrACLICE ....cveeiiceiiiieeie ettt 80
5.5.2 Setup for experimental StUAY ..........cccooiriiiiiniinc e 81

5.6 Experimental Study Data ..........ccccceiieiiiiieiicce e 82
5.6.1 RESPONSE GALA......cviviriiiiiiieiieieee ettt 82
5.6.2 Experimental study timing data ...........ccccovvvririiiiieiereee e, 82

5.7 Autonomous MOB DevVvice Proposal...........cccccvevueiieieeieiiie e 83
5.8 Discrete EVENt SIMUIATION.........cooiiiieiiiieieee et 84
5.8.1 Discrete event simulation with conventional system...........c.ccccccevvenenne. 84
5.8.2 Discrete event simulation with proposed SyStem...........c.ccoovvvvivniiniieiienne. 84
5.8.3 Comparison Of reSPONSE tIMES ........c.coveiiiiierieie e 84

5.9 Proposed RESPONSE SYSTEIM ......c.eiiiiiiiieiie ittt 85
5.9.1 Specifications of proposed SYSIEM ...........ccvveieiieiieri e 85
5.9.2 Extra benefits of the proposed SYStEM ..........ccooviieiiniieninseeeeeen 86

B. DISCUSSIONS ..ottt st e sreara e ena e e eneens 89
6.1 Contributions of the Thesis StUdY ...........ccooieiiiii i, 90
6.2 Findings and Discussions about MOB ACCIAENTS .........ccoevevveieiierienieseeeen, 91
6.3 Findings and Discussions about Procedure Proposal ..............cccccoeveeiiciviennenn, 93
6.4 Findings and Discussions about Equipment Proposal..............ccccovviiiiicnne. 96
7. CONCLUSION.....cotiiiieiee ettt nens 99
7.1 Conclusions of the ThesiS STUAY ........ccooviiiiiiiiie e 99
7.2 Suggestions for FULUre STUAIES........ccccviiiiiieie e 99
REFERENCES. ...ttt 100
CURRICULUM VITAE ..ottt 113

Xiii






ABBREVIATIONS

AlS
AMSA
BLR
CES
DES

df

DSC
ECDIS
EMSA
EU

GLM
GMDSS
GPS
HBMCI
HK
IAMSAR
ILO
IMO
ISM Code
ISPS Code
ITU
LDA

LR
MAIB
MCIB
MEI Form
MGLM
MOB
MRT
MSC
MSLS
PLB
PPE
RGB
SAR

SE

SMS
SOLAS
SPSS
STCW

SVDR
SwW
TSB

: Automatic Identification System

: Australian Maritime Safety Authority

: Binary Logistic Regression

: Continuous Event Simulation

: Discrete Event Simulation

: Degree of Freedom

: Digital Selective Calling

: Electronic Chart Display and Information System

: European Maritime Safety Agency

: European Union

: General Linear Model

: Global Maritime Distress and Safety System

: Global Positioning System

: Hellenic Bureau for Marine Casualties Investigation Agency
: Hong Kong

: The International Aeronautical and Maritime Search and Rescue
: The International Labor Organization

: The International Maritime Organization

: The International Safety Management Code

: The International Ship and Port Facility Security Code
- International Telecommunication Union

: Linear Discriminant Analysis

: Logistic Regression

: Maritime Accident Investigation Branch

: Marine Casualty Investigation Board

: Maritime MOB Events Investigation Form

: Multivariate General Linear Model

: Man Overboard

: Marine Technology Company

: Maritime Safety Committee

: Maritime Survivor Locating Systems

: Personal Locator Beacons

: Personnel Protective Equipment

: Red, Green, And Blue

: Search and Rescue

: Standard Error

: Safety Management System

: The International Convention for the Safety of Life at Sea
- Statistical Package for the Social Sciences

: The International Convention on Standards of Training, Certification
and Watchkeeping for Seafarers

: Simplified VVoyage Data Recorder

: Sea Water

: Transportation Safety Board

XV



UGLM
UK
USA
USCG
VDR
VHF
WHO

: Univariate General Linear Model
: United Kingdom

- United States of America

: United States Coast Guard

: Voyage Data Recorder

- Very High Frequency

: World Health Organization

XVi



SYMBOLS

°C : Celsius
B : Beta
p : Probability Value

Xvii






LIST OF TABLES

Table1.1:
Table 1.2 :
Table 1.3 :
Table 1.4 :
Table 1.5:
Table 1.6 :
Table 1.7 :
Table 1.8

Table 1.9

Table 1.10 :
Table 1.11 :
Table 1.12 :
Table 1.13:

Table 1.14

Table 1.15:

Table2.1:
Table 2.2 :
Table 2.3 :
Table 2.4 :
Table 2.5 :
Table 3.1:
Table 4.1 :
Table 4.2 :
Table 4.3 :
Table 4.4 :
Table 4.5 :
Table 4.6 :
Table 5.1 :
Table 5.2 :
Table 5.3 :
Table 5.4 :
Table5.5:
Table 5.6 :

Page

MOB events in TUFKISh WALETS .........coccviiiiiiiiiec et 7
Maritime events within and outside of HK waters..........cccccoovvevvveeiivnnnne, 8
MOB events within and outside of HK Waters .........ccccccevviieeiiieeccnieee, 9
Maritime events iN GreECE WALEIS........cvvieeiireiee i e e seriee e siree e e sraeee e 9
Maritime accidents (less serious) events and in Greece waters. ............. 10
Maritime event statistics in Ireland Waters..........cocceeveeevieeiciee e 10
MOB event statistics in Ireland Waters .........coccovcveeeiveiiiiic e 10
: Maritime events and MOB statistics in Canada waters (From 1998,
T 012007 ) iueeie ettt ettt a e ae e nre s 11

: Maritime events and MOB statistics in Canada waters (From 2008,
TO:202L). ettt et are s 11
Maritime events and MOB statistics in USA Waters...........cccceeeevveennen. 12
Deaths and injuries in UK merchant vessels >= 100 gross tons........... 13

Injuries to crew in UK merchant vessels >= 100 gross tons by rank.... 13
Maritime events and MOB statistics of UK merchant vessel >= 100

00153 0] PP 14
: Maritime events and MOB statistics of UK fishing vessels.................. 14

Total seafarers’ years at risk mortality rate.............ccooooeiiniinininiennnn 15
Response actions and tiMIng. .. .......ccceerereirenieieeiseseese e 23
SAR actions and eXeCution TIMES..........coovrireririeiieie e 24
MOB accident response in maritime course books. .. .......ccocuevvrrerrierinnnnn 27
MOB drill emergency actions liSt ..........cccceviiiiiiniie 29
MOB drill emergency actions of different ships.............cccooevveieiiennenn, 29
Comparison of timing data acquisition methods and criteria.................. 50
Variables and number of attributes. ..o, 59
Demographic information of the participating experts. ..........cccceveruenn. 63
Results of BLR analyze.............cocooviiiiieiic e, 64
Results of GLM analyze. ... 66
Model summary for the statistical analysis. ..........ccccooeiirininiiinicienn, 66
Final state of the independent variables in the model.................c...c........ 68
Initial reSPONSE ACHIONS. .....coviiiiiieieie e 80
Survey after experimental Study............cccoevviiiiiiicc 82
Completion ratio and checklist usage. ........c.cccoeviviviciie e 82
Timing data (all times are given in SECONAS).........ccocervererererenieieieen, 83
Timing data (all times are given in SECONAS).........ccccevveeiieiiieiie e 85
Activation methods Of SUDSYSIEMS. ..........coviiiiiiieeee, 86

XiX






LIST OF FIGURES

Figure 3.1 :

Figure 4.1 :
Figure 4.2 :
Figure 4.3 :
Figure 4.4 :
Figure 4.5 :
Figure5.1:
Figure 5.2 :

Page
Statistical Analysis Flowchart for Different Parametric Statistical
Methods Al-jabery, et. al. (2020) .........ccceiveieiieie e 42
Outline of procedure proposal Study. ..........cccoovevevieniire e, 58
‘Enter the Water’ decision probabilities and mean overall ................... 67
‘Enter the Water’ decision probabilities and mean overall ................... 68
Proposed decision flowchart for training USe ..........ccccceveniiiiinienenn, 74
Proposed decision flowchart for practical Use...........ccccccevvevieiieseennnnn, 75
Outline of equipment Optimization ProCESS. .......covvevereereeeeesieerieeeeseens 79
Use-Line diagram of the proposed System. ..........ccccecvveveeieeveicieseennnn, 85

XXi






MODELING AND ANALYSIS OF MAN OVERBOARD AND SEARCH AND
RESCUE OPERATIONS

SUMMARY

Although progress has been made in many areas such as safety equipment, work rules,
and so on, the occupational accidents that seafarers are exposed to and the death rates
due to these accidents are very high. The most dangerous of these accidents is man
overboard accidents. As the type of occupational accident with the highest death rate,
falling overboard accidents pose a great risk for seafarers. Hundreds of seafarers,
passengers and boat users die every year as result of man overboard accidents.

Overboard accidents, unlike other types of accidents, consist of multiple stages and
there are many factors that determine the outcome of the accident. After the accident
is detected, first interventions are made, the search and rescue process begin, if the
casualty is found, taken on board and post-rescue responses are made. A problem in
any of these stages may adversely affect the absolute outcome of the response process.

There are many factors that affect the outcome of a man overboard accident. A large
amount of data has been collected from different sources to better understand these
factors and the accident process. Databases were scanned, accident reports, textbooks,
company procedures were examined. Expert opinions were received, surveys were
conducted and even a small workshop was organized. The obtained data were
examined, analyzes were made with different statistical methods, time modeling was
established and simulation models were made. A detailed examination of the data and
analysis results revealed that some there are procedural deficiencies and some common
information about overboard accidents were incorrect. In addition, many procedures,
equipment and training issues that are open to improvement have been identified and
even some suggestions have been made. As a result of bringing together all these
studies and data, an important source has been created about the man overboard
accident.

In addition to all the data obtained within the thesis study, a procedural proposal and
an autonomous emergency response system proposal were made at the end of the
study. The procedural proposal concerns another seafarer entering the water to save a
man overboard casualty. Equipment proposal, on the other hand, is an emergency
response system that automatically performs some of the response actions that must
be performed after the overboard accident and assists in other stages of the response.

In summary, this thesis study, besides providing detailed information about overboard
accidents, makes an equipment proposal and a procedure proposal as the main output
of the study. These recommendations aim to optimize the outcome of overboard
accidents.
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DENIZE ADAM DUSMESI VE ARAMA KURTARMA
OPERASYONLARININ MODELLEME VE ANALIZ CALISMASI

OZET

Her ne kadar emniyet ekipmanlari, is kurallar1 ve benzeri bircok konuda ilerlemeler
kat edilmistir. Diinya ¢apinda birgok is¢i kurulusu kurulmus, is giivenligi ile ilgili
bircok mevzuat gelistirilmistir. Zaman igerisinde is giivenligi ile ilgili bir¢ok yeni
kavram olusmustur. ‘Emniyet kiiltiirii’, gibi kavramlar, ‘olas1 kaza’, gibi raporlama
prosediirleri gelismis ve hatta is glivenlik uzmani gibi meslekler olusmustur.
Muhakkak ki genel kaza oranlarinda ve kazalara bagli 6liim oranlarinda azalmalar
olmustur. Ancak bu gelismeler genel is giiciine oldugu oran ile gemiadamlarina ayni
oranda yansimamistir. Her ne kadar gemilerdeki ¢alisma kosullari genel is kosullarina
oranla daha zor olsa da gemiadamlarinin maruz kaldiklari is kazalar1 ve bu kazalara
bagli olarak olusan 6liim oranlar1 genel is giiciine kiyasla ¢cok daha yiiksektir. Bu
kazalar icerisinde gemiadamlarina en biiyiik tehlike olusturan is kazasi ¢esidi denize
diisme kazasidir. Denize diisme kazalar1 en yiiksek 6liim oranina sahip is kazasi tiirii
olarak gemiadamlar1 i¢in halen ¢ok biiyiik risk olusturmaktadir. Her yil yiizlerce
gemiadami, yolcu ve tekne kullanicisi denize diismekte ve biiyiik bir oran1 ise hayatini
kaybetmektedir.

Denize diisme kazalari, diger kaza tiirlerinden farkli olarak birden fazla asamadan
olusur ve kazanin sonucunu belirleyen ¢ok fazla etmen vardir. Miidahale, denize
diisme kazasinin olusumu ile baslar ise, ilk 6nce dnciil miidahaleler yapilir, arama ve
kurtarma stireci bagslar, eger kazazede bulunur ise gemiye alinma siireci baslar ve en
sonunda kazazedeye kurtarma sonrasi miidahaleler yapilir. Bu asamalardan en
onemlisi, kazanin ilk olustugu esnada icra edilen eylemlerden olusan 6nciil miidahale
asamasidir. Onciil miidahale asamasi kazaya yapilan miidahalenin sonucunu en gok
etkileyen asamadir. Ornegin kazazedenin denize diisme kazasi olay aninda ya da
olaydan ¢ok kisa siire sonra, kazazede denizde iken goriilerek tespit edildi ise kazazede
stirekli olarak deniz yiizeyinde takip edilebilir. Ancak herhangi bir sebepten dolay1
kazazede ile g6z temas: kesilir ise, tekrar géz temas: kurulmasi ya da ilk basta
saglanamayan goz temasinin daha sonra saglanmasi oldukga zordur.

S6z konusu miidahale asamalarin herhangi bir tanesinde olusacak bir sorun kurtarma
stirecinin mutlak sonucunu olumsuz olarak etkileyebilir. Eger denize diisme kazasi
olayin en basinda tespit edilemez ve kazazedenin gemiden diistiigli ongoriisii ile
miidahale baslar ise, miidahale arama ve kurtarma siireci ile baglar. Bu durumda
geminin izleyecegi yol iki yol vardir. Eger kazazedenin denize diismesi ¢cok muhtemel
bir siire¢ igerisinde oldugu biliniyor ise, bu olaymn zamani ve bu zamanda geminin
bulundugu konum merkez alinarak arama ver Kkurtarma siireci baslatilir. Eger
kazazedenin denize diismesi muhtemel bir eylemde bulundugu degerlendirilmiyor ise
gemi farkli metotlar ile seyir giizergahi tersten takip eder. Tahmini diisme zamani
gercege ne kadar yakin ise ve akinti ne kadar dogru hesaplandi ise kazazedenin tespit
edilme olasilig1 o kadar artacaktir.
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Denize diisme kazasinin sonucunu etkileyen ¢ok fazla etmen vardir ve bu kazaya karsi
yapilan miidahale ¢ok agamali bir miidahaledir. Miidahale siiresi ¢cok uzayabilir. Bu
etmenleri ve kaza siirecini daha iyi anlamak i¢in kaza siireci sadece sayisal olarak
incelenmemis, farkli kaynaklardan biiyiik miktarda veri toplanmistir. Veri tabanlari
taranmig, denize diisme kazalarina ait kaza inceleme raporlari, denizcilik egitiminde
kullanilan ders kitaplari, denize diisme kazalarinda ve talimlerinde kullanilan sirket
prosediirleri incelenmistir. Uzman goriisleri alinmig, anketler yapilmis ve hatta kiigtik
capli bir calistay diizenlenmistir. Elde edilen veriler farkli metotlar kullanilarak
incelenmistir. Sayisal sonuglar farkl: istatistik metotlari ile analiz edilmistir ve veriler
kontrol edildiginde yiiksek tutarlilik oranina sahip oldugu goriilmiistiir. Denize diisme
kazasi sonra yapilan miidahale ile ilgili zaman modellemesi olusturulmustur.
Modellemedeki zaman degerlerini elde etmek ic¢in deneysel bir ¢alisma yapilmistir.
Deneysel caligsma ile denize diisme kazasi olusmasi durumunda kopriilistiinde yapilan
onciil miidahale eylemlerinin zaman verisi elde edilmistir. Zaman modellemesi, elde
edilen degerlerle birlestirilerek simiilasyon modelleri hazirlanmistir.

Elde edilen veriler incelendiginde kaynaklarda bir¢ok sorun oldugu, yapilan
miidahalelerde eksiklikler ve yanlisliklar oldugu tespit edilmistir. Gemiadami
egitiminde kullanilan ders kaynaklarinda, gemi prosediirlerinde yanlisliklar oldugu
tespit edilmistir. Denize adam diigmesi ile ilgili kaza raporlar1 incelendiginde, bir¢ok
hata yapildigi ve iyilestirilmesi gereken nokta oldugu tespit edilmistir. Calisma
kapsaminda yapilan deneysel ¢alismada dahi bazi hatalar yapildig: tespit edilmistir.
Calisma kapsaminda elde edilen tiim bulgular tez kapsaminda paylasilmis ve 6nemli
bulgular ayrica tartismaya acilmistir. Biitiin bu ¢alismalarin ve verilerin bir araya
getirilmesi sonucunda denize diisme kazalar1 ile ilgili 6nemli bir kaynak
olusturulmustur.

Elde edilen veriler incelendiginde, denize diisme kazasindan sonra yapilan
miidahalede, 6zellikle miidahalenin ilk agamalarinda zaman faktoriiniin ¢ok onemli
oldugu ve miidahalenin nihai sonucu iizerinde ¢ok etkiledigi oldugu tespit edilmistir.
Ayrica yapilan acil durum miidahalelerinde zabitlerin deneyim, bilgi ve benzeri
durumlarina gore miidahalede bazi miidahale eylemlerini yanlis yapabildikleri ve hatta
bazilarin1 yapmay1 tamamen unuttuklar tespit edilmistir. Zaman kayiplarini ve ilgili
yanligliklar engellemek igin otonom bir acil durum miidahale asistani 6nerilmistir. Bu
Onerinin sebepleri, oOzellikleri ve saglayacagi olasi faydalar detayli olarak
aciklanmistir. Otonom acil durum miidahale sistemi ile yapilacak olan miidahalenin
de zaman modellemesi ve simiilasyonu hazirlanmistir. Simiilasyon {izerinde hem
konvansiyonel miidahale hem de 6nerilen sistem ile yapilan miidahale kiyaslanmustir.
Kiyaslama sonuglari ile otonom miidahale sisteminin amagladig1r zaman tasarrufunu
gercekten sagladigi ispat edilmistir. S6z konusu zaman tasarrufu oran olarak yiiksek
bir degere sahip olmakla beraber, siire olarak kisa bir degere sahip oldugu
diistiniilebilir. Ancak Onerilen otonom miidahale sisteminin kazanin ilk ve en 6nemli
asamasinda sagladig1 zaman tasarrufunun miidahalede ¢ok biiyiik etkisi olacaktir.

Kaza inceleme raporlari lizerinde arastirmalar yapilirken, bazi olaylarda denize diisen
kazazedeyi kurtarmak i¢in baska gemiadamlarinin denize girdikleri tespit edilmistir.
Ancak bu konu ile ilgili higbir mevzuata ya da ge¢mis ¢alismaya rastlanmamistir. S6z
konusu kaza ornekleri daha detayli olarak incelendiginde bdyle bir karar vermesi
gereken gemiadamlarinin hicbir prosediir, risk degerlendirmesi, emniyet ekipmant,
olmadan duygusal sebepler ile anlik karar verdikleri tespit edilmistir. Boyle 6nemli
sonuglar1 olacak bir konuda duygusal karar yerine rasyonel karar verilmesi igin
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calismalar yapilmigtir. Cok asamali bir calismadan sonra boyle bir kararin verilip
verilemeyecegi, eger verilecek ise hangi kosullarda verilebilecegi, hangi onlemlerin
alinmas1 gerektigi gibi konularda tespitler yapilmistir. Caligma bulgular1 ile hem
egitimde kullanilacak hem de acil durumda olay aninda kullanilacak iki tane prosediir
olusturulmustur. Bu g¢alismanin ana ¢iktis1 olan prosediire ilave olarak, bir gemi
kazasinda verilmesi gereken acil durum Kkararlarindan bir tanesini igin karar
mekanizmas1 modellenmis ve sayisal olarak ¢éziimlenmistir.

Ozet olarak, bu tez calismasi, denize diisme kazalar ile ilgili sundugu detayl bilgilerin
yaninda, 6nemli tespitler ve ¢6ziim Onerileri sunmustur. Son olarak da otonom acil
durum miidahale sistemi ve acil durum karar verme prosediirii 6nermistir. Bu oneriler
ile denize diisme kazalarina yapilan miidahalenin optimize edilmesi amaglanmuistir.
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1. INTRODUCTION

'Falling’ or 'Accidental Falling' is a common type of accident that can occur in any
workplace. This type of accident can also happen onboard ships. The casualty may fall
from a higher place on the ship to a lower location, e.g. from the deck into the cargo
hold. If the casualty falls into the water, this type of falling accident it is called 'Man
Overboard' (MOB). MOB is a different type of accident than general 'Falling' accidents

and needs to be studied in more detail.

Selmy and Mahdaly (2018) defines MOB as ‘a person who has fallen to the sea from
a boat or a vessel in the water and needing to rescue; this person may be crew member
of coast gourd, merchant ship or fisher’. Macmillan online dictionary (URL-1) makes
MOB definition as ‘used for telling people that someone has fallen into the water’.
MOB definition of Wikipedia (URL-2) is ‘is an exclamation given aboard a vessel to
indicate that a member of the crew or a passenger has fallen off of the ship into the
water and is in need of immediate rescue’. Among many sources, the online database
Wikipedia makes the closest definition to the MOB definition made in this study. This
study makes the definition of MOB as ‘accidental fall from a marine craft to water, the
rescue operation and all other processes that occurred as a result of this event’.
Intentional enter to water and falling into the water from any coastal structure are not

considered as MOB.

1.1 Need of MOB Response Improvement

With the industrial age, concepts such as 'job safety’ and 'security policy' began to
emerge and spread. Different national and international organizations have been
formed in this regard and their activities have increased over time. Such, ILO and
WHO had their first joint Committee on Occupational Health in 1950 (Alli, B, O.,
2008) which was a major step in regard to international standardization of work safety.
In year 1986 the term ‘Safety Culture’ was first used after Chernoby accident (Arslan,
et. al., 2016). Later, many concepts such as 'Risk Assessment’, 'Accident Report’,

‘Work Permit' emerged and these concepts took their place in work life over time.



Similarly, the very near future work safety did not have the importance it should have
in the maritime sector and every sea voyage was seen as an adventure. Then same
safety culture started to take part in maritime sector as well. National and international
rule makers, maritime companies, academia and private sector companies have
contributed to the reduction of occupational accidents and increase in life safety in the

maritime sector in many different fields.

As approaching the 21st century, IMO decided to take effective measures in maritime
safety in year 1999 as the leading international maritime safety standard maker (Li,
K, Jun., 2001). As a result of this decision, IMO created ISM Code with the goal to
gradually create a new safety culture in the maritime industry (Nevestad, et. al., 2019).
ISM Code also brought another safety standard which had positive impact on safety
culture at sea; Safety Management System (SMS). This code requires all procedures
to be in a written format and to be carried out in a standard way. Safety procedures and
emergency response procedures are also a part of these written standard procedure.
Shipping companies developed their safety procedures, work forms and developed

their safety culture.

Technology companies have also developed products that will increase the safety of
seafarers in many different subjects, which may or may not be mandatory on ships.
The technology company 'SICK', which specializes in sensor technologies in
particular, aims to reduce the accidents of falling overboard with the 3D scanner
systems it has developed (URL-3). A marine technology company ‘MRT’ makes
Personal Locator Beacon (PLB) devices. But unlike other companies, their PLBs are
not standard and are compatible with their base units that is planned to be used in man
overboard Search and Rescue (SAR) operations (URL-4).

Academia has also carried out many studies to increase the job security of seafarers.
Existing studies have been applied to the maritime sector or even new studies have
been developed in order to increase safety standards. Some academic studies have also
been turned into projects, and instead of staying in theory, they have been put into
practice and moved to the stage of active contribution. As an example, SAFEMODE
(URL-5) brought 29 different partners from 16 countries together and made a joint
contribution to the maritime field.



Although many studies are carried out to increase the occupational safety of seafarers,
high numbers of seafarer occupational accidents are still seen today. 3000 shipping
incidents were encountered in 2021 globally (Allianz, 2022). From 2014 to 2020, 550
seafarers died and 6921 injured only in EU region. Reported marine casualties and
incidents over the same period is 22532 (EMSA, 2021). Annual death, injury and
casualty-incident numbers are 78.6, 988.7 and 3218.9 respectively. It is not possible
to acquire reliable global marine accident and incidents figures especially related to
MOB accidents. But considering the facts that 24% of deaths as a result of maritime
accident are related to MOB events and annual MOB number is approximately 1000,

maritime accidents and especially MOB accident still poses a great risk to seafarers.

Although many improvements in different aspects regarding the occupational safety
of seafarers have been mentioned above, the numerical results show that still more
improvements are needed. Considering 24% of maritime accidents with deaths are the
result of MOB events (Gonel and Cicek, 2022) improvements especially needed on

different aspects of MOB accidents.

1.2 Background of MOB Accidents

In order to analyze the importance of MOB accidents and their effects on seafarers,
maritime accidents and MOB accidents data were analyzed collectively. This data will
also provide simple statistical correlations for maritime accidents and MOB accidents.
Other benefits of this data:

« Find the threat that MOB accidents pose to seafarers,
« Compare MOB with other accident types,
« Find fatality rates of different accidents and compare them with MOB accidents.

In order to make the comparison, statistical data must both include overall maritime

accidents data and MOB accidents data.

Unfortunately, reliable data on maritime accidents and incidents, especially MOB
accidents cannot be obtained on global scales. Reliable data can only be obtained from
national and regional sources. There are studies that provide MOB statistics, but many
of them are limited to regional MOB figures (Hansen et. al., 2008) or global figures

for limited historic dates (Huang et. al., 2016). There are some studies that provides



global MOB statistics but these studies are limited with assumptions (Selmy, 2016).
Some of the reasons that global maritime accident and incident statistics especially

MORB statistics can’t be acquired are:
« All marine areas of the world are not covered by reporting agencies,
« A substantial proportion of accidents are not being reported,

* There is no central reporting agency that collects maritime accident data for all parts

of the world,

» Many accidents are also included in different reports. For example, the same accident
can be recorded in the accident statistics of its flag state and accident statistics of
coastal state that the accident took place in its territorial waters.

For these reasons, statistics on general maritime accidents and MOB accidents were

obtained from national sources.

1.2.1 Acquisition of national maritime accident and MOB accident statistic data

Maritime events and MOB statistics data of each country is provided by authorized
national reporting agency. Data is acquired from their annual reports and webpages.
The data are obtained from different sources and there are many issues to be considered

about these data. Some of these issues are:

 Terms such as 'event’, 'incident’ and 'accident' may be used with different meanings

by the reporting authorities of different countries,

* The types of accidents are not categorized in a common way and differ from country

to country,

« Different reporting authorities provide different levels of detail on accident statistics.
Some sources only share the number of events, while other sources share the number

of deaths or the number of deaths and rescues,

* Reporting agencies may change event figures in time. For example, accident figures
for the same year may differ in two different annual reports. This may be due to better

understanding of events or acquisition of new knowledge,

« Event and relative figures may seem inconsistent at first. For example, as a result of

10 MOB accidents, 11 people may have died. Factors such as the falling of more than



one person into the sea in the same accident or the involvement of more than one ship

in the accident may cause such misconceptions.

As an example, to change of event figures in time: Transportation Safety Board (TSB)

of Canada expresses number of ‘Serious Injuries of 2017’ as:

* ‘46’ in 2017 report (TSB, 2018),

* ‘47’ in 2018 report (TSB, 2019),

* ‘47 in 2019 report (TSB, 2020),

* ‘47’ in 2020 report (TSB, 2021),

* ‘49’ in 2021 report (TSB, 2022).

National maritime events and MOB event statistic data are driven from:

Turkey: Maritime event and MOB data of Turkey from 2004 to 2016 is acquired from
Main Search and Rescue Coordination Center of Turkey (URL-6). Total event number
involves maritime events within and outside of Turkish Waters but MOB figures are
only for Turkish Waters. Ministry of Transport and Infrastructure of Turkey (URL-7)
provides MOB figure for only 2017 but does not include, death, lost and rescued

numbers.

Hong Kong Special Administrative Region: Events and MOB data of Hong Kong
(HK) Special Administrative Region is acquired from Marine Department of
Government of the Hong Kong Special Administrative Region (URL-8). Total event
numbers within and outside of HK Waters are from 1984 to 2021. But MOB event
statistics are from 1990 to 2000 only.

Greece: Maritime event and MOB figures of Greece waters are acquired from annual
reports of Hellenic Bureau for Marine Casualties Investigation Agency (HBMCI)
(HBMCI, 2016, 2017, 2018, 2019, 2020 and 2021). Maritime events include: marine
incidents, (less serious) marine accidents, serious marine accidents and very serious
marine accidents. Since HBMCI categorizes MOB as (less serious) maritime accident,
(less serious) maritime accident figures are also given in details. Data is driven from

annual reports of the reporting agency.

Ireland: Maritime events numbers such as death, injury, vessel involvement, MOB and

death due MOB in Ireland Waters is acquired from annual reports of Marine Casualty



Investigation Board (MCIB) of Ireland (MCIB, 2004, 2005, ... 2021). Data is from
2004 to 2021.

Canada: Accident, incident, fatality, injury and MOB statistics occurred in Canadian
waters are recorded and shared by Transportation Safety Board (TSB) of Canada
(TSB, 2007, 2013, 2014, 2017, 2018, 2019, 2020, 2021). Statistical data is available
from 1998 to 2021. But due to change in data format, results are shared in two different

periods:
* From 1998 to 2007, shares only MOB results with fatality and injury,
» From 2008 to 2021, shares only MOB event numbers without survival status.

United States of America (USA): Maritime events and MOB events statistics occurring
in USA data are published annually by U.S Department of Homeland Security U.S.
Coast Guard Office of Auxiliary and Boating Safety. Annual reports are named as
‘Recreational Boating Statistics’ and gives very detailed statistical information of all
types of maritime accidents and MOB accidents. Data is acquired from 18 of these
reports from 2004 to 2021 (USCG 2004, 2005, 2006, 2007, 2008, 2009, 2010, 2011,
2012, 2013, 2014, 2015, 2016, 2017, 2018, 2019, 2020, 2021) but data is from 1991
to 2021.

These reports do not contain the term ‘incident’ but US Coast Guard is the only
reporting agency that gives information on coast of MOB accidents. ‘Death Rate’ term

has been used to describe three different ratios:

+ Death Rate (1): Ratio of deaths occurring as result of MOB accident over deaths

occurring as result of all accident types.
« Death Rate (2): Ratio of MOB accidents resulting with death over all MOB accidents.
« Death Rate (3): Ratio of all accidents (accident of all kinds) resulting with death.

United Kingdom (UK): Maritime events in UK Waters are recorded and reported
Maritime Accident Investigation Branch (MAIB) of UK. Annual reports dating back
to 1973 are available in MAIB’s web page. Due to change in data format, main
maritime events and MOB events data from 1994 to 2012 are used (MAIB, 1994, 1995,
1996, 1997, 1998, 1999, 2000, 2001, 2002, 2003, 2004, 2005, 2006, 2007, 2008, 2009,
2010, 2011, 2012). For additional statistics data from 1994 to 2016 are used
additionally (1994-2016) These annual share statistical data mainly in two groups:



» UK merchant vessels 100 gross tones and over,
» UK fishing vessels.

All data used in tables are not available for merchant vessels less than 100 gross tones,

but MAIB shares the most detailed maritime event and MOB data for fishing vessels.

1.2.2 National maritime events and MOB accidents data

In this section, general maritime accidents and MOB accident figures of specific

countries are given.

1.2.2.1 Maritime events and mob accidents data reported by Turkish maritime

authorities

From 2004 to 2016, 2114 incidents were reported to Turkish Main Search and Rescue
Coordination Center and 56 of these events were categorized as MOB accident
occurred in Turkish waters (See Table 1.1 for details). 12 of the 56 MOB casualties
were saved with an average of 21.4%. During this 13-year period, the annual number
of MOB accidents ranged from 0 to 10, with an average of 4.3 accidents reported.
Unfortunately, Main Search and Rescue Coordination Center and Ministry of
Transport, Maritime Affairs and Communication of Turkey does not share detailed

MOB statistics.

Table 1.1 MOB events in Turkish waters.

< Lo O N~ [e0) [e)] o — [9\} o™ < L0 ({o) <

o o o o (@] o — — — — — — — -.5
Years LRI ILJLCIIRLJILIRL LR
Numberof MOB  , 1 4 3 4 10 7 9 6 8 2 3 56
Events
Number of Lost o 1 1 0 0 2 3 2 2 3 6 1 1 22
Number of Death 2 0 0 01 2 6 3 3 3 1 0 1 2
NumberofRescued O O O O 2 0 1 2 4 0 1 1 1 12

1.2.2.2 Maritime events and mob accidents data reported by the Government of

the Hong Kong Special Administrative Region maritime authorities

Table 1.2 shows the accident statistics data provided by The Government of Hong
Kong (HK) Special Administrative Region for the years 1984-2021 (URL-8). In 38
years, 297 deaths, 2120 injuries and 30 losses occurred as a result of 12164 events in
HK waters. At the same time, 240 deaths, 698 injuries, and 260 disappearances

occurred as a result of 2441 events outside HK waters.



Table 1.2 Maritime events within and outside of HK waters.

Within Hong Kong Waters Outside Hong Kong Waters
Year Events Deaths Injuries Missing Events Deaths Injuries Missing
2021 431 10 189 8 171 7 63 17
2020 281 9 22 0 103 2 1 15
2019 321 6 28 0 138 3 6 31
2018 335 2 18 0 129 3 1 31
2017 368 1 29 0 130 15 2 23
2016 319 2 32 0 121 9 7 9
2015 319 2 171 0 106 2 6 5
2014 358 1 55 0 96 3 80 28
2013 302 7 157 0 103 1 6 0
2012 312 43 136 0 111 6 47 19
2011 351 2 104 0 80 1 11 2
2010 329 8 58 0 95 0 12 8
2009 332 3 49 0 104 12 3 18
2008 323 18 46 0 93 5 147 1
2007 278 5 33 - 55 11 5 8
2006 361 1 15 1 63 0 4 0
2005 368 9 179 0 43 1 2 0
2004 388 2 38 2 42 5 2 11
2003 358 5 65 1 43 2 2 2
2002 336 17 37 1 23 0 36 25
2001 378 3 47 4 38 5 8 3
2000 420 2 55 0 53 13 21 3
1999 407 23 64 12 34 2 8 1
1998 330 8 22 1 34 1 28 0
1997 327 7 41 \ 22 0 7 \
1996 373 9 39 \ 22 2 2 \
1995 410 10 31 \ 29 27 0 \
1994 324 4 18 \ 25 20 1 \
1993 378 8 48 \ 30 11 50 \
1992 284 2 37 \ 29 2 9 \
1991 216 4 17 \ 18 2 5 \
1990 232 10 68 \ 28 6 2 \
1989 255 15 50 \ 33 26 0 \
1989 231 14 21 \ 39 13 93 \
1987 220 6 59 \ 36 1 1 \
1986 229 11 22 \ 60 9 11 \
1985 186 2 20 \ 34 4 9 \
1984 194 6 \ \ 28 8 \ \
Total 12164 297 2120 30 2441 240 698 260

However, MOB accident statistics were shared by HK authorities only for the years
1990-2000. As can be seen in Table 1.3, 37 MOB accidents occurred within and
outside of the HK waters over a period of 11 years. As result of these accidents 14

people died 4 people assumed lost.



Table 1.3 MOB events within and outside of HK waters.

Within the Hong Kong Waters  Outside of the Hong Kong Waters
Years Events Deaths Injuries Missing Events Deaths Injuries Missing

2000 0 0 0 0 0 0 0 0
1999 10 2 3 3 1 0 0 1
1998 6 2 0 0 1 0 0 0
1997 2 0 0 0 0 0 0 0
1996 8 5 5 0 1 1 0 0
1995 7 4 4 0 1 0 0 0
1994 0 0 0 0 0 0 0 0
1993 0 0 0 0 0 0 0 0
1992 0 0 0 0 0 0 0 0
1991 0 0 0 0 0 0 0 0
1990 0 0 0 0 0 0 0 0
Total 33 13 12 3 4 1 0 1

1.2.2.3 Maritime events and mob accidents data reported by Greece maritime

authorities

Between 2013 and 2020, a total of 2988 incidents and accidents in different severities
were reported by the Hellenic Bureau for Marine Casualties Investigation Agency
(HBMCI). See Table 1.4. for annual distribution of these events.

Table 1.4 Maritime events in Greece waters.

Event Type 2013 2014 2015 2016 2017 2018 2019 2020 Total
Marine Incidents 19 106 142 166 176 120 294 165 1188
Marine Accidents (Less 110 151 152 168 173 154 157 106 1171
Serious)

Serious Marine Accidents 60 37 62 55 93 74 68 32 481

Very Serious Marine

Accidents 27 20 28 13 16 23 12 9 148

HBMCI places MOB accidents in the less serious maritime accident category. Table
1.5 shows the annual distribution of less serious maritime accidents between 2013 and
2020, including MOB accidents. A total of 19 MOB accidents occurred in 8 years, and

no information was shared about the survival status of the casualties.

1.2.2.4 Maritime events and mob accidents data reported by Ireland maritime

authorities

From 2004 to 2021, 151 fatalities and 31 injuries occurred in the maritime events with
the involvement of 191 marine crafts as reported by Marine Casualty Investigation
Board of Ireland (See Table 1.6).



Table 1.5 Maritime accidents (less serious) events and in Greece waters.

Event Category 2013 2014 2015 2016 2017 2018 2019 2020 Total
Collision 7 14 19 28 20 15 8 4 115
Grounding 9 11 3 9 9 14 13 10 78
Pollution - 6 7 9 - - 2 9 33
Explosion - 2 - - - - - - 2
Water Ingress 1 4 5 3 8 9 3 5 38
Lost/Material 3 10 4 4 8 13 9 9 60
Damage
Mechanical Failure - - - - - - - 12 12
Grounding and 1 1
Towed - - - - - - -
Adrift and Towed - - - - - - 1 - 1
Man Overboard - 1 3 - 5 7 1 2 19
Injury 57 71 86 80 92 66 90 44 586
Fire 6 10 7 5 5 1 4 1 39
Impact/Contact 26 20 18 27 25 22 25 10 173
Other - 2 - 2 1 7 1 - 13
Table 1.6 Maritime event statistics in Ireland waters.
< Lo © ~ (o] D o — N o <t n [{e] N~ (o] (o2} o — =
S 8 8 8 8 8 3 8 5 333 5 8 58 oo 9 8 b
Years N N N N N N N N N N N N N N N N N N =
Fatalities 4 8 10 17 9 6 18 7 13 6 5 5 9 6 8 6 4 0 151
Injuries 2 0 1 2 Nil 2 Nil 4 Nil 1 0 24 Nil Nil 1 2 2 31
Vessels Involved 17 11 12 20 10 6 18 12 17 6 7 7 15 5 5 7 8 8 191

In the same time period, 77 MOB events were reported with 75 fatalities (See Table
1.7). Considering the fact there are total of 151 fatalities and 75 are result of MOB

accidents in the same period, 49.7% of the fatalities occurred as result of MOB

accidents.
Table 1.7 MOB event statistics in Ireland waters.
< [T} © N~ [ee) (o)) o — N o <t n [{e] M~ o] (o)} o — ,_5
o o o o o o — — — — — — — — — — N N —
o o o o o o o o o o o o o o o o o o o
Years N N N N N N N N N N N N N N N N N N —
Noof MOBEvent 7 8 5 9 5 4 5 3 5 1 1 1 8 5 3 4 1 2 77
No of Death 7 7 5 8 5 4 5 3 6 1 1 1 7 5 3 5 1 1 75

1.2.2.5 Maritime events and mob accidents data reported by Canada maritime

authorities

From 1998 to 2007, 17.6% of the fatalities occurred as result of MOB accidents. While
47 MOB events resulted with fatality, 36 resulted with injury (See Table 1.8).
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Table 1.8 Maritime events and MOB statistics in Canada waters (From 1998,

T0:2007).
YearS 0] D o i (o] ™ < Lo (o) N~
D D o o o o o o o o
D D o o o o o o o o
i i N N N N N N N AN

Shipping Accidents 491 536 450 459 448 481 442 444 422 393
Accidents Aboard 50 69 77 59 36 66 50 45 50 60

Ships

Incidents 165 178 248 239 175 224 248 227 216 222
Fatalities 48 29 31 34 28 17 28 20 18 14
Injuries 80 84 94 70 78 95 82 66 85 80
MOB Result with 4 6 8 10 3 5 2 3 2 4
Fatality

MOB Result with 4 5 5 5 4 3 3 4 0 3
Injury

From 2008 to 2021 average 8.6 person felt overboard as seen in Table 1.9.
Unfortunately, there is no information about survival rates of MOB accidents in these
periods.

Table 1.9 Maritime events and MOB statistics in Canada waters (From 2008,

T0:2021).
0] (2] o — (V] o <t Lo [{e] N~ [ee) (o] o —
Years S 8 3 3 & & o © © ©5 © °©o o &
[aN] N [aN] N N N AN N AN N N AN AN N
Shipping 31 30 27 25 21 23 24 21 26 23 23 20 22 17
Accidents 3 1 3 4 6 8 9 3 4 3 3 7 1 7
Accidents 69 57 63 41 52 61 52 35 43 46 49 64 43 43
Aboard Ships
Incidents 28 24 22 21 27 73 74 70 76 83 93 94 92 88
5 9 4 6 0 4 7 7 8 5 7 5 5 5
Persons 9 7 9 4 5 100 7 13 10 10 12 14 5 5
Overboard
Fatalities 30 15 18 16 14 18 12 19 7 11 20 17 18 11
Injuries 60 54 75 32 48 49 46 42 48 47 50 57 41 45

1.2.2.6 Maritime events and MOB accidents data reported by USA maritime
authorities

From 2000 to 2021, 107614 maritime accidents were resulted with 14985 deaths, as
reported in US Waters (Table 1.10). 8484 of these accidents are MOB accident and
resulted with 4043 deaths. 13.9% of all accidents were resulted with death and 47.7%
of the MOB accidents were resulted with death. In the same period, 27% of all deaths
are result of MOB accidents. Average cost of a MOB accident is 565.7$.
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Table 1.10 Maritime events and MOB statistics in USA waters.
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2021 4439 658 2641 273 137 33 170 98 164331 6019 258% 62.3% 14.8%
2020 5265 767 3191 335 148 33 181 161 284771 850.1 23.6% 54.0% 14.6%
2019 4168 613 2559 299 148 41 189 122 110101 368.2 30.8% 63.2% 14.7%
2018 4145 663 2511 274 122 37 159 120 138338 504.9 24.0% 58.0% 16.0%
2017 4291 658 2629 306 135 44 179 126 104320 3409 27.2% 58.5% 15.3%
2016 4463 701 2903 284 126 35 161 125 103495 364.4 23.0% 56.7% 15.7%
2015 4158 626 2613 259 125 30 155 107 78750 304.1 24.8% 59.8% 15.1%
2014 4064 610 2678 281 117 43 160 138 85440 304.1 26.2% 56.9% 15.0%
2013 4062 560 2620 281 120 29 149 131 83350 296.6 26.6% 53.0% 13.8%
2012 4515 651 3000 331 153 44 197 157 79885 2413 30.3% 59.5% 14.4%
2011 4588 758 3081 359 148 57 205 157 117424 3271 27.0% 57.1% 16.5%
2010 4604 672 3153 291 130 31 161 144 107585 369.7 24.0% 55.3% 14.6%
2009 4730 736 3358 349 152 36 188 173 57745 1655 25.5% 53.9% 15.6%
2008 4789 709 3331 431 157 31 188 257 502615 1166.2 26.5% 43.6% 14.8%
2007 5191 685 3673 485 169 39 208 312 257181 530.3 30.4% 42.9% 13.2%
2006 4967 710 3474 485 161 41 202 306 363915 750.3 28.5% 41.6% 14.3%
2005 4969 697 3451 498 185 28 213 305 487895 979.7 30.6% 42.8% 14.0%
2004 4904 676 3363 483 163 36 199 339 288205 590.6 29.4% 40.8% 13.8%

2003 5438 703 - 509 - - 201 354 141018 277 28.6% 39.5% 12.9%
2002 5705 750 > 542 > - 189 389 627960 1158.6 25.2% 34.9% 13.1%
2001 6419 681 > 514 = - 176 367 313789 6105 25.8% 34.2% 10.6%
2000 7740 701 - 610 - = 213 434 300918 4933 304% 34.9% 9.1%

Total 107614 14985 8484 - - 4043 4822 4799031 565.7 27.0% 47.7% 13.9%

From 2004 to 2021, 6309 MOB events were reported with 3264 deaths. 2596 of these
deaths were result of drowning and 668 of these deaths were due to other reasons.
79.5% of MOB deaths are result of drowning. In the same period, 6.0% of all injuries

are result of MOB accidents and also total injury number is 4.5 times of death number.

1.2.2.7 Maritime events and mob accidents data mob events data reported by

UK maritime authorities

From 1994 to 2016, 5915 ship crew and 2382 passenger injured, resulting with 82 and
18 deaths respectively (See Table 1.11). 1.4% ship crew injuries, 0.8% passenger
injuries and 1.2% total injuries resulted with death.

As can been seen in Table 1.12, ‘Other Crew’ has suffered highest injury rate followed

by ‘Deck Ratings’.

From 1994 to 2012, 3126 maritime accidents occurred in UK merchant vessels (100
gross tones or more) and 6937 in UK fishing vessels, 170 and 192 of these accidents
are MOB accidents respectively (See Table 1.13 and Table 1.14).
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Table 1.11 Deaths and injuries in UK merchant vessels >= 100 gross tons.

Crew Members Passengers

Year Injuries Resulted Injuries RESUItEd
in Death in Death

2016 133 2 51 1
2015 141 2 55 1
2014 142 0 56 1
2013 134 1 46 0
2012 186 3 50 0
2011 185 5 109 1
2010 222 3 92 2
2009 199 6 115 1
2008 224 5 170 2
2007 243 12 106 0
2006 233 3 114 1
2005 246 2 110 1
2004 310 4 147 0
2003 289 3 186 0
2002 302 5 134 0
2001 296 3 137 1
2000 301 3 137 1
1999 288 4 80 1
1998 330 2 120 2
1997 327 5 94 0
1996 403 3 97 2
1995 345 4 97 0
1994 436 2 79 0

Total 5915 82 2382 18

Table 1.12 Injuries to crew in UK merchant vessels >= 100 gross tons by rank.

— o (2] [ee] N~ © Lo < ™ N — =

Rank/Position S 3 8 8 8 8 8 8 8 8 8 ©

N N AN N N AN N N AN N N |

Master/Skipper 4 3 1 1 4 3 2 8 1 5 8 40
Chief Engineer 1 4 4 5 10 9 9 6 5 6 4 63
Officer - - - - 2 1 4 8 - 11 16 42
Officer, Deck 6 9 19 22 22 16 7 13 13 8 8 153
Officer, Electrical 6 5 2 3 2 3 2 1 1 7 1 33
Officer, Engineering 17 26 17 17 19 15 15 28 18 23 7 202
Rating 13 6 7 20 5 7 11 22 16 23 - 130
Rating, Deck 50 70 62 58 68 59 72 64 66 55 67 691
Rating, Engineering 21 25 17 18 26 21 18 20 23 19 37 245
Rating, General Purpose 12 23 15 17 15 18 14 28 33 34 75 284
Other Crew 45 52 54 64 70 79 93 109 114 106 70 856
Worker (non-crew) - - 5 - - - - - - - - 5
Total 185 223 203 225 243 231 247 307 290 297 293 2744
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Table 1.13 Maritime events and MOB statistics of UK merchant vessel >= 100 gross

tons.
< Yo} [(e} N~ e} D o — N (a2} < [Te) © ~ e} (o2} o — [qV]
Years & § 8 3 § § 8 8 8 8 8 8 8 3 8 8 8 5 o

— — - — — - N N N N N N N N N N N N N
Capsize/Listing - - 5 - -1 - 1 - -2 1 - 2 - - -
Cargo Handling 9 7 2 2 2 1 8 1 1 3 1 2 2 1 4 3 2 1 1
Collision 25 23 26 30 23 10 25 16 16 12 16 37 25 14 21 24 28 20 22
Contact 26 22 31 24 23 18 14 13 24 38 29 34 20 29 27 31 38 24 27
Escapeof Harmful 54 26 20 15 27 15 4 11 - - 4 2 1 2 1 - - 1 -
Substance
Fire/Explosion 24 25 22 26 24 19 18 21 26 21 22 19 6 8 8 3 6 13 14
Flooding/Foundering 5 3 3 4 3 3 2 3 1 3 3 6 4 2 4 4 3 3 1
Grounding 9 19 18 21 20 16 7 18 13 13 15 27 21 11 26 19 24 18 18
Heavy Weather 4 4 12 2 4 2 5 1 4 3 4 1 5 4 4 5 3 3 3
Machinery/
Equipment Failure 62 37 41 50 55 48 50 39 28 41 42 51 31 36 23 24 25 21 38
Person Overboard 6 6 14 15 7 10 5 9 7 9 5 13 12 7 11 10 7 10 7
Other 55 64 48 29 16 3 - 2 3 1 4 3 - 2 5 5 1 2

Table 1.14 Maritime events and MOB statistics of UK fishing vessels.

<t n [{e] N~ [e0] [e2] o — N o < [Te) (] N~ 0 [e2] o — [qV]
vears 2 ECREgP: SiE S P dgacs & £ 5 4 o
— — — — — — N N N N N N N N (9\] N N N N
Capsize/Listing 9 7 9 8 11 15 4 3 5 4 2 6 5 2 2 2 6 7 5
Collision 23 29 25 22 20 15 25 17 15 17 12 23 12 18 17 10 15 11 16
Contact 8 9 6 3 7 2 6 1 7 3 2 3 4 2 6 4 4 4
Escape of Harmful  ») 47 19 17 11 15 16 10 12 13 19 16 15 9 11 7 10 15 11
Substance
Fire/Explosion 91 74 68 51 62 54 59 46 41 50 40 54 34 33 34 31 25 26 23
Flooding/Foundering 56 58 64 44 40 31 40 29 26 38 29 20 24 24 28 26 16 25 21
Grounding 4 5 2 1 2 4 4 2 1 2 3 1 5 - 3 1 1 1
Heavy Weather 322 385 327 316 247 232 174 212 181 221 202 232 240 213 156 140 184 195 174
Machinery/ 1 1 11 ) 1 ) ) i i i i

Equipment Failure 1
Person Overboard 4 19 8 15 9 8 11 11 2 7 6 11 14 8 7 13 9 15 5
Other 1 1 2 1 1 1 - 1 - -2 - -

5.4% and 2.8% of the maritime events are MOB accident related UK merchant vessels

(100 gross tones or more) and UK fishing vessels respectively.

1.2.3 Comparative marine accidents data

The accident statistics obtained from the reporting authorities of the countries include
only the number of accidents. However, it is not possible to determine the probability

of accidents and make comparisons from these data.

Data in Table 1.15 gives total seafarer years at risk and mortality rates of different
causes according to countries (Diestel, H. H., 2005). Data cover five years period from
1990 to 1994. Mortality rates are expressed in terms as per 10000 seafarer years. In
the given time period, Hong Kong has the highest fatality rate of all accidents with
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17.30 fatalities per every 10000 seafarer years. In the same period, Bangladesh has the
highest fatality rate of illness with 16.05 fatalities per every 10000 seafarer years.

Table 1.15 Total seafarers’ years at risk mortality rate.

—_ [}
t=2 22% 252 2% 2ty
» 8 TEE TSS9 =R R
S§F 5E: 583 5f  B=%
Lew SES 3288 SE sS85
Country
Hong Kong 22,536 15.09 221 3.99 17.30
Chile 6,192 9.68 No info No info No info
Singapore 78,455 7.39 2.68 4.08 10.07
Israel 5,449 7.34 No info No info No info
Poland 39,300 5.85 1.53 3.05 7.38
Japan 209,308 5.78 No info No info No info
Greece 126,510 5.53 10.67 No info 16.20
Norway 153,406 4,51 5.68 9.54 10.17
Denmark 60,000 2.67 4.67 5.17 7.33
The Netherlands 50,842 1.77 2.16 No info 3.93
Bangladesh 14,954 1.34 No info 16.05 No info
Spain 44,955 0.67 0.89 No info 1.56
Great Britain 85,000 0.35 1.06 4.70 1.40
France 30,067 0.33 1.66 No info 1.99
Germany 90,992 0.22 3.63 No info 3.85
Australia 0,023 0.00 1.00 0.67 1.00
Sweden 94,682 0.00 0.95 1.48 0.95

1.3 Purpose of the Thesis

In the German merchant navy, personal accidents at sea for 100 insured crew members
from 1988 to 1991, 1992 to 1995 and 1996 to 1999 are 4.9, 3.4 and 3.2 respectively
(Diestel, H. H., 2005). Numbers show that improvements can be made and positive
results on maritime accidents can be obtained. Mbong and Bygvraa (2021) claims that
ISM Code increase safety standards at sea and participants of their study stated that
SMS has prevented accidents from occurring. Results shows that even procedural

developments can increase safety at sea.

This study does not aim only to find the problems causing MOB accidents or root
causes. But instead aims to optimize ‘Response to MOB Accidents’. Purpose of this
optimization is to increase the survival rate of MOB accidents and this study aims to
achieve this goal by making improvements in different aspects such as developments

of new ‘equipment’ and ‘procedure’.
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1.4 Scope of the Study

This thesis has been prepared as result of a very detailed study. It includes detailed

research on MOB accidents, researches made with different academic methods.

In section two, detailed statistical accidents about maritime accidents and MOB
accidents are given. Statistics acquired from different national reporting agencies
covering different time intervals. But more importantly, very detailed investigation
data about MOB accidents are also shared in this section. These data were obtained as
a result of the detailed examination of 100 MOB accidents with the 113-item 'MOB

Accidents Investigation Form' created within the scope of the thesis study.

Since several analyzes were made in the study, different analysis methods were used.

Information about these analysis methods used is shared in the methodology section.

In section 4, a procedure proposal for regulating another person entering the water to
save a MOB casualty is made. Although the final decision will be made by the captain,
details such as under which conditions this decision can be made and which factors

should be considered are shared.

In section 5, an equipment proposal for assisting the responder or responders during a
MOB person entering the water to save a MOB casualty is made. This pre-programmed
response assistant carries out most of the response actions in the name of the responder
and then switches to reminder mode and reminds the other actions to be carried out
and provides some additional information such as drift predictions and contact

information of nearest coast authorities.

After all the data obtained in the study and the equipment and procedure
recommendations, which are the main outputs of the study, were presented, all data
and results were evaluated. Discussions made as a result of the evaluations are included
in Section 6 Discussions. Critical conclusions and discussions about each stage of the
study are included in this section. After the discussions, the whole study was concluded
and final results shared in Section 7 Conclusion. In addition, suggestions for future

studies are also included in this section.
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1.5 Contribution of the Thesis Study

This study has made many contributions to the maritime and academic community.
First of all, within the scope of the study, a form has been created to examine a marine
accident type in a more detailed way than it has been examined before. With this form,
detailed accident investigations were made and very important results were found. If
similar forms are formed for other maritime accidents, all maritime accidents can be

examined in much more detail and much more important results can be obtained.

While reviewing MOB accident investigation reports, it was determined that other
seafarers entered into the water to save the casualty in some MOB accidents. However,
there is no previous study, rule or regulation suggesting or opposing such an action.
This study is the first study on whether such a decision will be made, and if so, under
what conditions such a response can be made. The study results in question were also

transformed into an exemplary procedure.

During the thesis studies, many problems experienced while responding to the MOB
accident and the negative consequences caused by these problems were determined.
In order to eliminate these problems, a detailed study has been made and a response

aid proposal has been made to use when responding to MOB accidents.

This study including all the publications prepared within the scope of the study is the
most detailed study prepared for the MOB accident. If this study becomes a reference
for other accident types, similar studies for other accident types will result in much
more detailed data on maritime accidents. Thus, much more successful procedures and

equipment will be developed.
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2. MOB ACCIDENTS

In the first part of the study, statistical information about maritime accidents and MOB
accidents is given. In this section, processed MOB accident data are given. Data from
accident investigation reports, textbooks and company procedures have been studied

in great detail.

2.1 Detailed MOB Accident Statistics Data

General maritime accident and MOB accident statistical data include only basic
statistical information such as ‘total number of accidents’, ‘MOB accidents number’,
‘deaths numbers’ and some similar and very limited additional information. These
statistics do not provide enough data to drive out important conclusions. To better
understand MOB accidents, more detailed statistical information related to MOB

accidents required. This data is required in order to:

+ Obtain detailed statistical data that is exclusive to MOB accidents,
* To cross examine variables and to find if there is any correlation,
* Driving out root causes easily.

Optimum source to drive detailed statistical information was found as maritime

accident investigation reports.

2.1.1 Need of a data acquisition form for MOB accident investigation reports

Maritime accident investigation forms are prepared according to ‘Code of
International Standards and Recommended Practices for a Safety Investigation into a
Marine Casualty or Marine Incident (Casualty Investigation Code) (MSC, 2008).
Standard parts required to be included in this accident investigation reports are clearly
stated in this code. Unfortunately, examination of many different MOB accident
investigation reports relieved that most of the reports do not include necessary parts
and/or information. Problems with existing reports and need of a data acquisition for
MOB accident investigation reports are already explained in detail (Gonel and Cicek,
2019).
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2.1.2 Maritime MOB events investigation form (MEI Form)

It has been determined that a format is needed to examine MOB accidents and to obtain
detailed data. The preparation of this format was the result of a detailed study
consisting of many stages. MOB accident investigation reports were obtained from
many different sources. These reports were examined in detail and all the factors
affecting the occurrence of MOB accidents and the outcome of the accident were
determined. Identified factors were grouped under appropriate categories. MEI Form
consisting of 113 items under a total of 10 categories was created (Gonel and Cicek,
2019 ; Gonel and Cicek, 2020 ). These 10 categories are:

« Vessel Information,

* Navigation Conditions,

« Casualty Status/Information,

* Meteorological Conditions,

» Work Type and Conditions,

» Managerial/Procedural Conditions,

« Initial Events and Timings,

* Response Actions and Times,

* SAR Operation (SAR) and Event Timings,
« Health Status of the Casualty.

Information items under ‘Managerial/Procedural Conditions’ category:

* P01 :Isthere anapplicable checklist? (Is there any kind of a specific document such
as a checklist or a form to be filled prior to commence the work of which the event

occurred?)
* PO1.1: Is the checklist filled?
» P01.2: Is the checkilist filled properly?

« P02 : Is there any applicable general work procedure? (Is there a special work
procedure for the work being done? General procedures are not included.)

* P02.1: Is the general work procedure implemented properly?
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* P03 : Fatigue condition (Not applicable for passengers and other non-crew
casualties)

* P04 : Implementation of MOB drills
« P05 : Existence of a SAR procedure?
+ P05.1: Appropriate implementation of SAR procedure.

Among 10 categories, information items under ‘Managerial/Procedural Conditions’

category is given as an example. All items are included in the appendix.

2.1.3 Detailed MOB accident information and statistics

In this section, detailed information obtained from 100 MOB accident investigation
reports using the above-mentioned MEI Form is shared. This information includes
statistical information, timing information about accident and response, and general
inferences. Since results are already shared in detail (Cicek and Gonel, 2020) , here
only important results are shared. In sub section 2.1.3.7, section 2.1.3.8 and section
2.1.3.9: all times are given in minute and timing start with the MOB accident.
Response actions, SAR actions and health related issues are given with a short name
(field name). Details of these response actions, possible answers and how the timing
information is acquired is explained in previous studies prepared within scope of the
thesis study (Gonel and Cicek, 2020; Cicek and Gonel, 2020). In order to avoid

repetition, details of the form is not given in the thesis study.

2.1.3.1 Vessel information

This category gives information about the ships where the accidents occurred. 26% of
the ships are in 0-4 years age group and the average ship age is 18.9 years. Average
ship tonnage, length and number of crew member are: 19879.2 gross tones, 121 meters
and 15.3 crew respectively. Majority of the ships are cargo vessels and among cargo
vessels the subcategory with the highest rate is bulk carrier. 65% of the ships were

classed by a classification society by the time of the MOB event.

2.1.3.2 Navigation conditions

This category gives information about navigational status of the ships. 62% of the ships
were underway and the rest 38% of the ships were not underway. 40 of the ships that

were underway were navigating, 13 of the ships that were not underway were at
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anchorage and 19 were at port by the time of the accident. Ships speed, draft and
distance to nearest land are: 9.3 knots, 6.4 meters and 58.4 nautical miles respectively.

In some events no one was in command of the ship for reasons such as being at port
and in some events, there was no information to determine who was in command of
the ships. The captain was in command of the ship in 67.9% of the events other than
these.

2.1.3.3 Casualty status/information

This category gives information about casualty’ status. 60% of the casualties were
deck ratings bosun comes first. It must be noted that in one case, captain was the
casualty, in two cases port crew and in 10 cases the passengers were the casualties.
Average age, total ship experience, work experience on the ship that the accident has
occurred are: 40.3 years, 8 years and 8.6 months respectively. In the accidents that
have information about alcohol and drug use, 33.3% of the casualties were found to
have these substances in their blood or know to have consumed them.

2.1.3.4 Meteorological conditions

In 36 accidents weather conditions were adverse, in 58 accidents weather conditions
were not adverse and in remaining 6 of the 100 accidents there is no information.
Average sea and weather conditions were both scaled as 4. Average water temperature,

air temperature and water depth are 12.1°C, 13.6°C and 427.1 meters respectively.

2.1.3.5 Work type and conditions

In 10 cases casualty was not carrying out a ship duty and in four cases there is no
information about the activity that the casualty was engaging. In rest 86 cases, casualty
was carrying out a work related to ship duty or was travelling as passenger. In majority
of the cases, casualty was not working according to safety rules and was not wearing

a lifejacket. In 56% casualty was accompanied by someone rather than being alone.

2.1.3.6 Managerial/Procedural conditions

In the majority of the accidents fatigue was not considered as a cause, MOB drills were
not carried out and the ship procedures did include SAR procedure. However, these
procedures were not applied properly. In 30 of the accidents, there was an applicable

checklist but only 10 of these checklists were filled. Unfortunately, detailed
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examination of accident investigation reports relieved that only one of this form was
filled appropriately. In 64.9% of the accident investigation reports that are the subject
of the study, there was an applicable general work procedure. But these procedures

were properly implemented only in 94.7% of the accidents.

2.1.3.7 Initial events and timings

MOB accidents mostly occurred during 08:00-11:59 period while working overboard.
Mostly fall of the casualty is witnessed by a ship crew. In 51 accidents, casualty was
momentarily seen while falling. In 28 accidents casualty was seen on water after the
fall. The average time that casualty was seen on water in these 28 accidents after fall
is 3.3 minutes. In 16 of the accidents, casualty was neither seen on water nor their fall

was witnessed by someone and therefore assumed lost.

2.1.3.8 Response actions and times

In this section execution of some response actions and key events as well as their

timing information are given. Table 2.1 shows response actions and their execution

times.
Table 2.1. Response actions and timing.

Carried Not Carried Cases with Min. Max Avg.
Action Out Out/NI Timings Time Time Time
Notification 65 35 40 0 53 4.1
Alarm 41 59 16 1 30 8
Announcement 17 83 7 0 50.5 15.2
Whistle 3 97 2 3 9.5 6.3
Buoy 48 52 33 1 150 12.4
Maneuvering 57 43 31 1 184 14.2
Captain 85 15 50 0 53 52
GPS MOB 11 89 10 1 25 10.2
Notification to close by ships 50 50 30 1 47 10.9
Notification to SAR stations 71 29 42 1 74 16.7
Other notifications 27 63 13 15 70 26.5
Rescue boat is ready 27 63 20 0 8 7.5

Average time of notification to the bridge, rising ship alarm, making an announcement
via public addresser, blasting ship whistle and throwing life buoy are 4.1, 8, 15.2 6.3
and 12.4 minutes respectively. 62 of the ships were underway and 57 of these ships
carry out MOB maneuvers. Timing information is available only in 31 events. Average

time for maneuvering is 14.2 minutes. Average time for informing the captain,
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activating MOB function of GPS, notifying ships in proximity, notifying SAR stations,
making other notifications i.e. company are 5.2, 10.2, 10.9, 16.7, 26.5 minutes
respectively. Rescue boat was prepared only in 27 events and only 20 events had

timing information. Average time for readying rescue boat is 7.5 minutes.

2.1.3.9 SAR operation and times

In this section execution of SAR actions and their timing information are given. Table

2.2. shows these SAR actions and their execution times.

Table 2.2. SAR actions and execution times.

Carried Not Carried Cases with ~ Min. Max Avg.

Action Out Out/NI Timings Time Time Time
Rescue Boat 24 46 18 0 46 10.1
Other Ships 49 51 24 0 500 51.3
SAR Ships 47 53 29 2.5 184 51.1
Air Operation 47 53 29 14 255 87.2
Shore Assistance 22 78 13 35 325 21.1
Removed from Water 65 35 35 0 3667 214.2
Cancellation of SAR 33 67 19 27.5 5135 986.2
Limited Sighting 24 76 14 15 23.5 7.9

Rescue boat was used in 24 accidents and timing information is available in 18
accidents. Average time that rescue boat participates in the SAR operation is 10.1
minutes. Other ships such as passing cargo ships participated in SAR operation in 49
accidents. Timing information is available in 24 accidents with an average of 51.3
minutes. Both SAR ships and SAR air crafts participated in SAR operation in 47
accidents and their average arrival times are 51.1 and 87.2 minutes respectively. Ship
crew received assistance from shore such as ambulance and paramedic in 22 accidents

and average arrival time of these assistance is 21.1 minute.

Casualty was removed from the water in 65 accidents regardless of survival status.
Longest duration that it took to remove the casualty from water is 3667 minutes and
the average time for that is 214.2 minutes. In 24 cases, casualty was sighted for a
limited duration varying from 1.5 minutes to 23.5 minutes. SAR operation was
cancelled in 33 accidents and the earliest cancelation was 27.5 minutes after the

accident.
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2.1.3.10 Health status of the casualty

In 41 accidents casualty received first aid and in 35 accidents casualty received
professional medical treatment in a medical facility. Yet 88 of the 100 accidents
resulted with death. In 34 accidents casualty is assumed death. In 18 accidents casualty
has already died before rescue, in 31 accidents casualty died after rescue and in the

rest 5 accidents casualty’ death is unclear whether if it is before or after rescue.

2.1.4 Important findings driven from statistical analysis

In this section, important findings driven from examination of statistical results
acquired with above mentioned MEI Form is shared. Refer to previous studies (Cicek
and Gonel, 2020) for more details. Some important findings:

» MOB accidents occur more frequently when there are no adverse weather conditions.

* MOB accidents mostly occur at 08:00-12:00 interval and when casualty is being

accompanied by another crew.

« Crew that are more experienced both as a seafarer in general and as the crew of the
ship that accident occurs is more likely to fall overboard than the less experienced

Crew.

* In the majority of the accidents, safety rules and work procedures are not
implemented correctly. Safety checklists are often completely ignored or not properly
filled.

» An important number of the casualties that are rescued alive lost their lives after the

rescue.

* 38% of the ships that MOB accidents occurred were not underway.

2.2 Findings Driven Out from MOB Accident Investigation Reports

» While examining the accident investigation reports related to MOB accidents, only
statistical data were not obtained. Many important findings have been drawn from the

accident reports. Some of these findings are:

* The inflatable life jacket can be punctured as a result of the impact. In this case, the
life jacket may lose its buoyancy completely or to a large extent. In the accident that

occurred on the Ernest Bevin ship, the casualty fell overboard both unconscious and
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with a punctured life jacket (MAIB, 2012). To mitigate the impact of such an event, a
life jacket should have more than one inflatable sub component.

* In the event of a MOB accident that occurs on an underway ship, the first and only
thing to be done is expressed as the casualty avoidance maneuvers. However, there is
no information, procedure or any assistance for the actions to be carried out in cases
where such maneuvers cannot be performed. In the accident that occurred on the MSC
Sienna ship, there were factors affecting maneuverability of the ship and the ship was
unable to perform the mentioned maneuvers (ATSB, 2013). Additional procedures

should be developed for the type of maneuver and action to be taken in such situations.

* In some MOB accidents, it has been determined that more than one lifebuoy and even
life jackets are thrown into the sea at intervals. In such a case, the number of things
that the casualty can hold onto and help him swim increases. On the other hand, a
confusing situation can occur with multiple rescue reference points for both the
casualty and the ship. The casualty and the ship's rescue team can go to different life
buoys. As a solution, two life buoys with a rope tied between them can be thrown, one
from the port quarter and the other from the starboard quarter. In this way, the area
where the casualty can gain initial grip will be increased and the life buoys will move
together.

» Combinations and locations of lifeboats and fast rescue crafts on ships vary. The ship
may be moored to the port facility on the side, on which the only rescue vehicle that
can be used in case of MOB accident is located. In the MOB event occurred onboard
M/V Joanna, the fast rescue craft was on the inboard side of the vessel so that it
couldn’t been launched (MAIB, 2011). Therefore, this possibility should be taken into

account in ship design.

These important findings mentioned above were determined during the reading of the
MOB accident investigation reports, unlike the findings determined by academic
analysis methods. Many similar important factors have been identified and the above-
mentioned findings are only given as an example. Before making a final comment,
detailed studies should be conducted for each of these findings instead of evaluating

them on a single event.
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2.3 MOB Response in Merchant Maritime Education

MOB accidents are examined in detail in maritime education books, especially in
maritime safety textbooks. 10 randomly selected books from the examined books are
shared in Table 2.3 as an example. In the books, the maneuvers and emergency actions
that should be done in the MOB situation are generally mentioned. Risks waiting for

a MOB casualty were defined as propeller of the ship and sharks.

Table 2.3. MOB accident response in maritime course books.

No Name of Book Publication Writer Types of Maneuvers (Turns) Risks
1 Temel Denizcilik ve Istanbul, B T ) )
Denizde Giivenlik 1997 ang tozat
2 Manual of Seamanship ggg;hampton, Tom Cunliffe - -
i . Burlington, Williamson, Delayed,
3 Seamanship Techniques 2004 D.J. House Double Propeller
Denizciler Igin Saglik Istanbul, . F r
4 Rehberi 2004 Seg¢il Aksayan Williamson, Elliptic Propeller
The Theory and Practice  London, Williamson, Single Delayed, Propeller
5 of Seamanship 1996 Graham 2ggfon Double and Sharks
Nicholls's Seamanship Glasgow, Double, Single Turn,
6 and Nautical Knowledge 2004 ARRSRCkeroft Williamson Turn Propeller
. .. . Istanbul, Williamson, Elliptic,
7  Denizde Giivenlik 2001 Yusuf Sertkaya Scharnow Propeller
8 Ticaret Gemilerinde Giiven Tuncer Williamson, Anderson, Proveller
Olaganiistii Haller Scharnow P
9 Denizde Emniyet ve Istanbul, Erciiment Sahin, Williamson, Anderson, Propeller
Canli Kalabilme 2010 Fethi Yagiz Scharnow P
- Williamson, Elliptic, Propeller
10 Solas Training Manual Yusuf Sertkaya Scharnow and Sharks

In the books, maneuvers to be done in the event of a MOB accident were mentioned,
and mostly 'Williamson Turn', '‘Anderson Turn' (Single Turn is another name for
Anderson Turn and they are same maneuvers) and 'Scharnow Turn' maneuvers were
mentioned. These three maneuvers are also referenced in the International
Aeronautical and Maritime Search and Rescue (IAMSAR) Manual (IAMSAR, 2016)
(See section 3.1.3 for details) and these maneuvers are referenced in almost all of the
books. Unfortunately, according to the ship types (single propeller-single rudder,
double propeller-double rudder), which maneuver type would be more appropriate was
not mentioned enough and even in some books this subject was not mentioned at all.
In addition, which maneuver types would be more appropriate when the accident is

seen immediately or if it is noticed later, has not been discussed in detail.

One of the dangers that MOB casualties are facing is considered as propeller of the
ship and in most course books, it is advised to turn the wheel opposite side that the
accident occurred in order to avoid the casualty from the propeller. This possibility
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exists in theory but is very unlikely in practice. Modeling of the positive and negative
pressures created by the ship and experiments on the modeling are required in order to
make a complete determination on the subject. However, in the accident investigation
reports examined in detail with the MEI Form or accessed from the databases, no
example of an accident in which the casualty was caught by the propeller of a merchant
ship was identified.

Another danger that MOB casualties are facing is considered as shark attack according
to course books. International Shark Attack File of the Florida Museum is considered
as the authority that keeps track of global shark attacks from 1990. Institution reports
global annual unprovoked fatality as only five (URL-9). In 2021, 137 total shark
attacks (either fatal or non-fatal) were reported and only four of these attacks were
categorized as ‘Boat Bites’ which involves motorized or non-motorized marine
vessels. There is no direct data to suggest that sharks attack to a MOB casualty is not
possible, but figures suggest that it is very unlikely.

2.4 Response Procedures of Ships

MOB drill procedures of eight different ships were collected. A total of 25 response
items were recorded from these procedures. Table 2.4 shows the cumulative list of
actions to be carried during MOB drills. Response actions that are included only in a

single company procedure were not included in the list.

Table 2.5 shows which emergency actions are included in different companies MOB
drill procedures. The letters in the table code the company to which the procedure
belongs. However, due to the requirement of the International Ship and Port Facility
Security Code (ISPS), the companies did not want their names to be mentioned and
their procedures to be disclosed. Eight response actions are included in all companies’
actions and only one response action included only in two company procedures. The

average for response actions to be included in company procedures is SiX.
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Table 2.4. MOB drill emergency actions list.

No Emergency Action

1  Switch to hand steering

2 Commence turn / maneuver (Williamson Turn)

3 Release lifebuoy with light and smoke signal

4 Activate GPS MOB function

5  Note position of the accident, mark it on chart/ECDIS
6  Call master to bridge

7 Inform engine room

8  Sound “Man Overboard Alarm”

9  Use ship whistle

10 Hoist signal flag ‘O’

11 Post lookouts

12 Muster crew / Position crew according emergency duties
13 Prepare rescue craft for launching

14 Launch rescue craft

15 Complete Williamson turn / Complete maneuver
16 Sen appropriate message to all stations

17  Alert ships in vicinity

18 Keep GMDSS watch

19 Prepare for post rescue treatment

20 Rescue the casualty

21 Recover rescue craft

22 Treat the casualty

23 Notify the rescue to all parties

24 Inform the company

25 Preserve VDR (or SVDR) recordings and all notes

Table 2.5. MOB drill emergency actions of different ships.
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Emergency procedures were also examined along with MOB drill procedures.
Emergency procedures are largely similar and all require a quarterly MOB drill.
Emergency procedures of different companies do not differ significantly. Findings of

the reviewed checklists:

* The same response actions were defined differently in different forms. For example,
in one form suggests to use of 'Pan Pan' expression which means broadcasting an
urgency message but other form suggest to broadcast 'Distress' message. In addition,
in both forms, there is no statement that the type of message to be sent may vary
depending on the severity of the situation. Sending a distress message in one of the
forms and an urgency message in the other is clearly stated.

« In the forms prepared both in English and in Turkish, the translations of the response

actions do not have the same meaning.

» Two very different response actions can be written in the same article such as: ‘pan
pan message establish search’. When the Turkish equivalent of the same article is
evaluated, the meaning of this article is: broadcast pan pan message and commence

search.

* Response actions in some company procedures are prone to misunderstanding. In a
form one response action is as follow: ‘Other shipos contacted’ (spelling error is
intentionally left uncorrected). It is unclear that if the response action is to contact
other ships or not. Reason of contact such as requesting assistance or informing them
in order to keep clear is not expressed. Also, there is no explanation that mention way

of communication.

* Some response actions are unclear such as: ‘Emergency station issued’ and

‘Recording communications’.

As a result, the MOB emergency procedures of different ships were examined. It has
been determined that there are many deficiencies, translation errors, spelling errors and

many other problems in these procedures
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3. DATA ACQUISITION AND METHODOLOGY

In this section, it is explained how the data used in the study was obtained and with

which methods it was analyzed.

3.1 Literature Survey

In this part, the information about which written sources are researched and for what
purpose is given. In addition, the data obtained as a result of the literature review are

shared in this section.

3.1.1 Legal legislation

There are some international organizations and treaties that aims to increase safety at
sea. The International Maritime Organization (IMO) is the first international
organization that comes to mind in this regard, and the International Convention for
the Safety of Life at Sea (SOLAS) is the first agreement that comes to mind. These
and other relevant international rules require that emergency procedures be written on
ships, taking precautions by identifying risks, and establishing drill procedures.
Seafarer training is determined according to the International Convention on Standards
of Training, Certification and Watchkeeping for Seafarers (STCW). According to the
curriculum prepared on the basis of this legislation, seafarers should be trained against
the dangers that await them, and MOB is among these dangers. According to the
'Seaman Training and Examination Directive' in Turkish legislation, MOB accident
takes place in seafarer trainings of different seaman ranks. As a result, when the
national and international legislations are examined, it is seen that there is no special
legislation for MOB accidents such as ‘law to protect seafarers from MOB accidents’,
‘legislation to prevent MOB accidents from occurring’ or any similar. Matters related
to MOB accidents are included in the general legislation. For example, identifying the

risks that await seafarers and putting them in writing.

However, it is seen that there are special provisions regarding MOB accident in the
national legislation of some countries. In United States (US) Cruise Vessel Security
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and Safety Act was accepted in 2010. However, this national legislation has sanctions
only on passenger ships of certain standards and International Cruise Victims
Association is claimed to have effect on acceptance of this regulation (URL-10).

French laws also have a similar equipment legislation (URL-11).

International Telecommunication Union (ITU) is an institution that is affiliated with
the United Nations that has headquarter in Geneva and sets many standards in the field
of telecommunications. Although it has not been published as a rule, there is a report
published by ITU as a recommendation on Maritime Survivor Locating Systems
(MSLS) and devices (ITU, 2014). Although this report is published as a
recommendation, it is included in the written legislation of some countries. For
example, in the GMDSS handbook published by the Australian Maritime Safety
Authority (AMSA, 2018), these devices are included by specifying the frequencies
they can use.

3.1.2 Publication in national directories and Theses Center of Turkey

The Thesis Center database of the Council of Higher Education, where all master's and
doctoral theses published in Turkey are shared, has been scanned. As of 27.11.2022,
the following search words were searched in both Turkish and English under ‘Title’

and ‘Subject’ categories:

* man overboard

* denize diisme

* denize adam dilismesi

No results were found for related searches.

The database of DergiPark, which is an electronic hosting and editorial process
management service for academic refereed journals published in Turkey under
TUBITAK ULAKBIM. As of 2021 December, there are 2076 journals and 536832

articles registered to the system. Database scanned with the following keywords:
* man overboard (searched as: ‘man AND overboard)
* denize diisme (searched as: ‘denize AND diisme)

In the search made on 27.11.2022, four results were obtained and two of them were

directly related to MOB accidents. These studies are:
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* An article study prepared within the scope of this thesis (Gonel and Cicek, 2019)
» A man-overboard discovery system article (Sevin, et. al., 2016).

The search results show that as of 27.11.2022 detailed studies were not carried out in
Turkish publication indexes and theses that can lead to better understand MOB

accidents.

3.1.3 Academic studies

Academic studies on MOB accidents are generally grouped under the following titles:
* Detection systems

* MOB maneuvers

« Search and rescue path planning

» MOB accidents on fishing boats

* MSLS devices

+ Other MOB related academic studies

There are many academic articles about the MOB accident detection system. In these
studies, many different systems were used to detect the accident. Selmy (2016)
explains why a MOB detection system is required on ships. Katsamenis et. al. (2020)
used RGB and thermal imagery, Bakolas et. al. (2021) used thermal imagery and
spatiotemporal autoencoders and Sevin et. al. (2016) used wireless sensor network to
detect MOB accidents. Study by Tsekenis et. al. (2021) is more complex and proposes
machine learning-assisted man overboard detection using radar. Commonly expressed
point in these studies is a constant monitoring equipment needs to be installed in order
to detect MOB accident and alert the ship. In these studies, different systems are used
for detection. However, the key point of all studies is the necessity of installing
additional complex systems on the ship's sides. It has already been clearly stated in
these studies that the system they propose will work under which conditions. For all
systems, it is necessary to have the optimum conditions for the system to work. In
addition, the systems do not work properly or cannot work at all if the required
conditions are not provided. As a result, the positive side of these systems is that they

detect the MOB accident immediately and report it to the ship, the negative sides are
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the necessity of adding extra gear to the ship's hull and the systems not working if the

necessary conditions are not met.

Formela et. al. (2015) compared two different MOB maneuvers (Williamson Turn,
Anderson Turn) on simulator and shared results. Kulbiej and Rosik (2018) compared
the most commonly defined three MOB maneuvers (Williamson Turn, Anderson Turn,
and Scharnow Turn) on the simulator. Su et. al. (2021) compared same maneuvers
with full-scale sea trials by using a 12494 tonnes oil/chemical tanker and carried out
MOB maneuver trails at Tasman Sea near the Australian coast. Academic studies on
this subject are generally concerned with testing the suitability of customary MOB
maneuvers. Most commonly mentioned of these maneuvers are Williamson Turn,
Anderson Turn and Scharnow Turn. These maneuvers are also referenced in the
IAMSAR Manual (2016), which is considered the most important resource in its field.
The results of academic studies, both with the simulator and in real time sea trails,
show that the said maneuvers do not give the same results in topics such as completion
time, turning diagram and similar. In a real time MOB accident, maneuver may be
carried out by less experienced watchkeeping officer in a very tense situation. But
results acquired by experts from sea trails and simulators are used in these studies.
Involvement of factors such as experience level of watch officer, psychological impact
of the actual accident event and other similar factors may provide more realistic results.
Also, in these studies it has not been determined which maneuvers are suitable for
which type of ships and according to the awareness time of the accident. As an
example, no study suggest which MOB maneuver is the optimum for a loaded oil

tanker if the accident is momentarily reported to bridge.

A search and rescue path planning must be carried out to locate a MOB casualty. There
are also academic studies on this subject. Academic studies on search and rescue
generally focus on two different subjects. The first is about the determination of search
and rescue paths, and the second is about the use of unmanned vehicles in search and
rescue operations. Ai et. al. (2021) proposed an autonomous coverage path planning
model. Ma et. al. (2022) proposed a new maritime emergency resources allocation
optimization model. Academic studies on search and rescue that propose use of
unmanned vehicles suggest use of both air and water vehicles. Mou et. al. (2021)
proposed path planning for a fleet of cooperative maritime autonomous surface ships.

Cho et. al. (2021) proposed coverage path planning for multiple unmanned aerial
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vehicles. There is not a noticeable difference between the planning methods suggested
by the studies on the determination of search and rescue route. In addition, the different
methods in question have not been sufficiently compared with each other. Also, some
studies on this subject do not suggest methods for determining a search and rescue

route, but makes drifting trajectories (Zhang, et. al., 2017).

Although some of the academic studies on MOB accidents are prepared in general to
include all marine vessels, some academic studies are prepared specifically for fishing
vessels. McGuiness et. al. (2013) studied fatalities in Norwegian fishing fleet from
1990 to 2011 and provided some statistical analysis. Similarly, Lucas and Lincoln
(2007) studied fatal falls overboard on commercial fishing vessels in Alaska and Case
et. al. (2018) studied fatal falls overboard on commercial fishing vessels in United
States. Domeh et. al. (2021) studied risk analysis of MOB scenario in small fishing
vessels. The model they proposed in their study would estimate the percentage
likelihood of MOB occurrence aboard a vessel and also could assist in decision-
making about the vulnerable factors requiring control to prevent a possible MOB
occurrence. Academic studies on MOB accidents on fishing vessels usually present
statistical data or make risk assessments. A common result of these studies is that when
evaluated as a ratio, MOB accidents result in more deaths in fishing vessels than in

commercial vessels.

As explained in the previous parts of the study (See section 3.1.1), an advisory
document on the use of MSLS devices has been published by ITU. Some devices have
been developed to meet the requirements of the said legislation and academic studies
have been prepared on these devices. Sheu et. al. (2020) proposed a real-time alarm,
dynamic tracking and monitoring system for MOB accidents. Their system used
Global Positioning System (GPS) in order to provide dynamic tracking. A similar
study proposed an alternative alarm and tracking system (Mao et. al., 2014). But their
system uses BeiDou satellite navigation system. In a different study, proposed system
used automatic identification system instead of satellite use (Li et. al., 2018). These
studies are important for the instant detection of the MOB accident and the location of
the casualty. However, these systems only work if the user physically carries the
equipment in the recommended system and the battery of the device is full.

Above, the most prepared academic study titles related to MOB accidents have been

shared. Of course, academic studies have been prepared on many different subjects
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related to MOB accidents. However, not all of the topics that are not widely studied
are referenced. In a study, human reliability during emergency response drill for man
overboard on ships was assed (Ahn, et. al., 2022). In addition, there are academic
studies whose main subject is not MOB, but which also includes MOB accidents. As
an example of such studies, in a study on the effect of life jacket use, environmental
factors and casualty activity on maritime accident survival, MOB accidents are also
widely covered (Pitman et. al., 2019). Some academic publications on MOB aim to
adapt new technologies to MOB accident response. Ferura et. al. (2020) proposed use
of autonomous aerial vehicles in MOB search and rescue operations. A very similar
study made by (Cafarelli et. al., 2022) proposes use of a drone to provide video dataset
for MOB rescue. Academic studies are being prepared on the use of current
technologies in MOB accidents. However, these studies do not provide solutions to all
of the problems that may be encountered in the active use of the technological
developments they propose, or do not offer suggestions on this issue. There are many
problems to be encountered in the use of related technologies in MOB accidents on
ships. For example, the unmanned aerial vehicles in question must withstand adverse
weather conditions in the open sea, be able to stay in the air for a long time at a distance
from the ship and transmit data from a very long distance. It will also be necessary to
have personnel on board who have the technical competence and training to maintain
and operate these aircraft. Finally, in order to use these devices in the event of a sudden
MOB, these aircraft and the personnel who will use these vehicles must be ready in all
respects at the time of the accident.

3.1.4 Technological equipment

In this section, the technological equipment currently available in the market regarding

the MOB accident is mentioned. These devices are:
* MOB detection systems

» Personal Locator Beacons (PLB)

* MOB devices

The technology company MARSS claims that the systems they have developed for
MOB accident detection have accuracy detection with 95% probability. In addition,
each of its sensors has a detection distance of 80 meters (URL-12). PureTech Systems

Inc. is in 2004 and specialized in developing detection systems especially with their
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patented location-based Al video analytics and detection sensor integration software
(URL-13). Their detection system is video-based and compatible with drone
integration. The MOB detection system of the technology company SICK works with
the scanners, not the video image capturing (URL-14). MOB accident detection
systems work with different principles. The downside of all systems is that they give
false alarms due to a litter thrown from the ship, a passing seagull, sea waves, and so
on. In addition, each type of detection system has positive and negative aspects
depending on its working principle. For example, for video detection systems to work
properly, vision must be sufficient. A passenger travelling with MSC Bellissima was
assumed lost and the event was considered as MOB accident (URL-15; URL-16) and
the exact nature of the accident couldn’t be identified. MSC Bellissima was know to
be the first MSC ship that was equipped with MOB detection system. By the time of
the incident, the video data received from the detection system was being monitored
and analyzed in the ship’s central security center by two independent image processing
systems. However, the MOB detection system was not activated during the probable
time of the event (URL-17).

PLB description made by Australian Maritime Safety Authority is: ‘PLBs are smaller
and easier to transport than other beacons, and are designed to be worn or carried by
individuals rather than vehicles.” (URL-18). PLB devices communicate with COSPAS
SARSAT satellites over 406 MHz frequency and give an emergency signal. The
working logic of the device is explained in great detail prepared by the COSPAS
SARSAT Secretariat (Cospas Sarsat Secretariat, 2021). PLB devices are developed for
land, maritime and air use. MT610G GPS PLB is produced by Australian-based GME.
The product has built in GPS and compatible with both marine and land use (URL-
19). The time it takes for PLB devices to connect to COSPAS SARSAT satellites and
send the distress message varies depending on many factors. Two PLB devices of
McMurdo company 'McMurdo FastFind Ranger' and ‘McMurdo FastFind 220" were
examined (URL-20). There is a difference in the time of sending distress messages
between these devices, and the reason for this difference is due to the technology they
use. The 'McMurdo FastFind 220" model can also send distress messages earlier as it

connects to Galileo and GPS satellites.

Unlike PLB devices, MOB devices are produced specially for MOB accidents and to

be used in maritime sector. Another difference of these devices from PLBs is that they
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notify both the surrounding ships and the ship they are connected to, seconds after they
are activated. Personal locating AIS MOB device produced by Ocean Signal Ltd. is
only 92 grams and can easily be integrated to life jackets (URL-21). The model has
both GPS receiver and integrated Digital Selective Calling (DSC) transmitter.
‘AISLink MOB?’ is the name of the AIS MOB beacon produced by ACR Electronics
Inc. (URL-22). Product features integrated DSC and GPS technology. Another product
of the company is named ‘ACR OLAS Tag’. This product is identical to a wrist watch
and weighs only 30 grams even with straps. The working logic of the product is simply
as follows: The product is connected to any smartphone or tablet. If the connection is
lost for eight seconds or longer, the system will consider that the user has fallen

overboard and rises the alarm.

Some of these MOB devices are categorized as wearable and are generally preferred
in small boats and fishing boats. BoatU.S. Magazine tested five MOB wearables and
drove out important conclusions (URL-23). While four of these devices have the
feature of giving an alarm only to the marine vehicle they are connected to, only one

of them has the feature of giving an automatic alarm to the emergency services.

3.2 Statistical Analysis

Statistics is a set of methods used to analyze data (Sarmaneto and Costa, 2019).
Heumann et. al. (2016) made definition of statistics as: ‘statistics is a collection of
methods which help us to describe, summarize, interpret, and analyze data’. Lavenberg
(1983) made definition of statistical analysis as: ‘the purpose of the statistical analysis
is to produce a meaningful statement about the accuracy of the estimate’. With a very
simple explanation, analyzing data is called ‘statistics’ and analyzing statistical data is
‘statistical analysis’. One of the major statistical analysis software company SAS
considers statistical analysis as a science. Statistical analysis science is collecting,
exploring and presenting large amount of data in order to discover underlying patterns
and trends (URL-24).

The data set created to use in the procedural part of the study was created by asking
100 questions to 29 experts (ship captain). Statistical analysis was needed to examine
the data set in detail, to determine the correlation between the data and to draw
conclusions. However, statistical analysis is a general concept and not a method per

se. There are many mathematical models and software for statistical analysis and these
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models are considered as method. The method to be used varies according to the type
of data available, the purpose of use of the data and many other factors. Al-jabery, et.

al. (2020) determined the questions to select an appropriate statistical analysis are:
» What is the main research question the study?

« List variables that are being investigated to answer this question?

* How many variables are there in the model?

» What relationships are being investigated?

» What is the independent variable or variables in the model?

» What is the dependent variable or variables in the model?

« Are the dependent and independent variables being quantitative or categorical?

The primary method used to prepare the procedural proposal in Section 4 was selected
as BLR and criteria of this choice is explained in Section 3.2.1. The GLM method was
also used in the relevant procedural proposal. The reasons GLM method is used and
according to which criteria it is selected is explained in Section 3.2.2.

Choosing the wrong method to be used will result in erroneous results. However, there
are many control methods to determine the accuracy of the analysis results. The said
control methods are also determined according to the selected analysis method. If there
is an inconsistency in the results due to the wrong method selection, it will be
determined by consistency analysis. Appropriate analyzes were made for both methods

used in the procedural proposal and it was seen that the data had high consistency rates.

Today, the calculation methods of statistical analyzes have changed radically with the
change of computer technologies (Smith, 2018). Statistical analyses made in this study
were also made using computer-based programs. Statistical Package for the Social

Sciences (SPSS) software is the software program that is used in this study.

3.2.1 Binary logistic

Linear regression is an attempt to model the relationship between two variables by
fitting a linear equation to observed data, where one variable is considered to be an
explanatory variable and the other as a dependent variable (Shobha and Rangaswamy,
2018). Basically, logistic regression is an extension of regular linear regression.

Logistic regression is used when the dependent variable is a categorical type. If the
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dependent variable of the model is a ‘Yes/No’ type variable that is expressed by 1s
and 0s, the model is called binary logistic regression (Gonel and Cicek, 2022). But a

categorical type dependent variable may not always be expressed by only 1s and 0s.

BLR isn’t the only type of logistic regression. If categorical type dependent variable
has more than two possible outcomes, the model is also a logistic regression model
and called as ‘multinomial logistic regression’. The model that has more than two
possible outcomes is also called ‘ordinal logistic regression’ if the dependent variable
is ordinal type variable. There are different types of logistic regression models as

explained, but the model that is suitable for the data set to be analyzed is the BLR.

In simplest terms, BLR is the analysis method used to detect the relationship between
one or more explanatory variables and the outcome variable. In addition to a binary
dependent variable, a binary logistic regression has at least one independent variable
that is used to explain or predict values of the dependent variable (Primer on binary
logistic regression). Like regular regression models, BLR provides assessment on how
well variables in the model predicts categorical dependent variable. But more
importantly, it provides a summary of the accuracy of the classification of cases that
determines the percent of predictions made from this model that will be correct (Fritz
and Berger, 2015).

Scientist Verhust published some papers which were related to population growth in
period 1838 to 1847. In year 1845 he explained his function and named it as ‘logistic’.
In 1920, logistic function was discovered again by Pearl and Reed. The study was
again related to population growth and the two scientists were unaware of Verhust’s
study. The basic idea of logistic growth is simple and effective, and it uses to this day
to model population growth and market penetration of new products and technologies
(Cramer, 2002). From the first use of the word logistics to the present day, of course,
numerous studies have been carried out on the model in question. With these studies,
different models and methods of logistics were identified. Different control functions

have also been developed to detect the consistency of the new models.

Over time, not only logistic functions have improved. With the computer age, logistic
functions also began to be digitized. ‘IBM SPSS Statistics’, which is shortly refereed
as ‘SPPS’ was initially introduced in 1968 (Frey, 2017). ‘SAS’ was originally

developed at North Carolina State University starting in 1966 and initially released in
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1972. In August 2020, 34th version was released (URL-25). ‘Stata 1.0’ was released
by StataCorp LLC in 1985 (Pinzon, 2015). In April 2021, 17th version of STATA was
released. With 17 versions and 21 sub versions a total of 38 versions are released in
37 years period from 1985 to 2021 (URL-26). The referenced statistics software
programs are the most widely known in their field. However, there are some other
statistical programs currently available in the market and under development process.

The BLR method is widely used today by both academia and many different sectors.
Bera et. al. (2020) used BLR method to analyzes the relation of variables and
deforestation probability in Silabati. By using data from 1998 to 2019, they resolved
the relation of deforestation probability and the variables with very consistent results.
Szeto et. al. (2019) used BLR method to model guiding vacant taxi drivers to demand
locations. With the results they acquired from BLR analysis, they developed a
simulation and prepared a solution procedure in order to increase efficiency of taxi
calling signals. In another academic study, it was tried to detect the heavy
metal/metalloids in the groundwater by examining nail and hair samples taken from
the subjects. BLR revealed that the factors associated with the concentrations of these
substances in the hair samples were source of the drinking water, water consumption
rate, gender, water source used for bathing, education, smoking and underlying disease
(Wongsasuluk, et. al., 2018). BLR is used in many disciplines like medicine (Mesa, et.
al., 2018; Hanson, et. al., 2013; Yemane, et. al., 2022), engineering (Peeters, et. al.,
2012), psychology (Das, 2022) and used in many other fields. The BLR method is also
used as the main method when preparing master's (Yilmaz, 2016; Mahmood, 2017)

and doctoral thesis (Yenipinar, 2019).

3.2.1.1 Choosing the BLR method as the primary analysis method of the

procedural proposal

This section explains why BLR was chosen as the main method in the procedural
proposal. However, some preliminary concepts need to be explained before the

relevant explanation is made.

Bivariate and Multivariate Data: The word bivariate is explained as ‘of, relating to, or
involving two variables’ (URL-27) and multivariate is explained as ‘having or

involving a number of independent mathematical or statistical variables’ (URL-28). In
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statistical analyze, if data involve two variable it is called as bivariate data and if data

involve three or more variable it is called as multivariate data.

Dependent and Independent Variable: In a model, variables have effect on each other,
which is usually the focus of the research. The input variable which causes a particular
outcome is called independent variable. The outcome variable, which is affected by
the input variable is called the dependent variable (Jaiyeoba, et. al., 2017). Since
dependent and independent variables are explained in detail (See Section 4.5.1), so no

further explanation or examples are required.

Quantitative and Categorical Variable: If a variable is represented by number with a
mathematical meaning, this type of variable is called a quantitative variable. If the
number associated with the variable, is not equivalent to a mathematical relation, this
type of variable is not a quantitative variable. All of the variables other than the
quantitative variables, regardless of whether they contain numerical values or not, are
defined as categorical variables (Hernandez, 2021).

Al-jabery, et. al. (2020) explained statistical analysis methods in great detail in their
book. They also explained which data type should be analyzed by which statistical
analysis method. Figure 3.1 is taken from this study and guides the selection of the
method to be used according to the data type and the characteristics. In procedural

proposal part of the data used can be categorized as:

‘Type of Data
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Figure 3.1 : Statistical Analysis Flowchart for Different Parametric Statistical
Methods Al-jabery, et. al. (2020)
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1% option is a choice over number of variables as ‘Bivariate’ and ‘Multivariate’.
Because there are 11 variables at the first stages and seven variables at the final stage

of the analyze process (See Section 4.5.1 and 4.5.3). First option is ‘Multivariate’.

2" option is a choice over type of dependent and independent variables. Dependent
variable is ‘Categorical Dependent Variable’ and independent variables are ‘Mix of
Quantitative and Categorical Independent Variables’. Dependent variable is a ‘yes/no’
type variable expressed by 1 and 0, which is an identical example to a categorical
dependent variable. And the seven final variables are a combination of quantitative

and categorical type variables as can be seen in Section 4.5.1.

3rd option is choosing the analyze method between ‘Linear Discriminant Analysis’
and ‘Logistic Regression’. LDA method is explained and compared with BLR in
Section 3.2.1.2. According to comparison results, BLR method is chosen as the

primary method for data analyze for data set.

3.2.1.2 Linear discriminant analysis and comparison with binary logistic

regression

How the main analysis method used in the procedural proposal was chosen was
explained in the previous section (Section 3.2.1.1). In some PhD thesis, all the methods
that can be used as in the study are listed, explained and most appropriate method is
chosen according to criteria of the study (Kececi, 2015). In this studty, the method
selection was not carried out by personal evaluation, but according to the categorical
and other characteristics of the available data set. Reference source required a choice
between LDA and BLR methods. For this reason, apart from the BLR method used,
only the LDA method has been explained and the comparison has only been made

between these two methods.

Zhu et. get. (2022) explains the Linear Discriminant Analysis (LDA) method simply
as a widely used supervised dimensionality reduction method. Deepika et. al (2022)
describes the principle of LDA as optimization of the separability between the two
classes to identify them in the best way that can be done. Wang et. al. (2022) claims
that LDA is one of the most representative supervised robust dimensionality reduction

method which can be used for handling high-dimensional data.

Wei et. al. (2022) used LDA method to positioning method for maize seed laser-cutting

slice. Maize seeds sliced with laser cutter in order to analyze breeding genotype. With
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LDA method, researches gave up the conventional idea and proposed a new method.
LDA method is usually preferred in face recognition studies (Chelali et. al., 2009;
Bhattacharyya and Rahul, 2013; Zhao and Yuen, 2008)

LDA is an important method accepted in statistics which is used for modelling
differences in groups. Jiang and Leung (2021) states that LDA is generally used as a
dimensionality reduction technique. Since there are no groups for modelling, data set
to be used is not dimensional and no dimensionality reduction is required, LDA is not
the proper method to be used to analyze the data set. Also, the BLR method is a much
more suitable method for examining the dataset, and the relevant justifications are
explained in Section 3.2.1. As a result, one of the LDA or BLR methods should be
used when the relevant options for the properties of the current data set are evaluated
one by one. However, when the diversity and other characteristics of the data were
examined, it was determined that the most appropriate method for data analysis was
BLR.

3.2.1.3 Benefits and negatives of BLR method

This section describes not the general benefits of the BLR method, but the benefits it
provides to this study. By using the BLR method, all the objectives aimed in the study
were fulfilled and it was determined that the results had a very high consistency in the

controls. Benefits of using the BLR method in the study:
» Removal of variables that have no effect on the model,
« Identifying the most effective correlation,

* Determining the order of importance of the variables,

Removal of variables that have no effect on the model: An analysis study is started
before the results of the study are known. All the variables that are likely to have an
effect on the result are included in the equation, and the variables that are found to
have no effect as a result of the analysis are removed from the equation. Wang et al.
(2021) started with 72 variables in his crash prediction model, according to BLR
analyze results they removed 59 variables and thirteen significant variables were left.
Similarly, Abdulgader (2017), however, used the BLR method for real medical data

on hepatitis and removed the insignificant variables.
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At the first stages of the study, there were 11 variables at the initial stages of the study
and only five variables were left in the model at the final stage of the variable.

Variables that have no effect on the model were removed as explained in Section 4.8.2.

Identifying the most effective correlation: Removal of variable which has no effect on
the model and identifying the most effective correlation may be considered as the same
thing or very similar things but there is a very big difference. If the independent
variable negatively affects the explanation of the model, it is removed from the model.
However, in some cases, the independent variable does not negatively affect the
explanation of the model, but it cannot explain the model to a significant degree. These
variables can also be removed from the model to find the most meaningful correlation.
Similarly, in this study, the variables that had no effect on the explanation of the model
were excluded from the model and the most significant correlation was found as

explained in Section 4.8.2.

Determining the order of importance of the variables: BLR method allows prioritizion
the variables according to their beta coefficients. Many other studies have already used
BLR method for prioritization of variables (Dascalu, et al., 2007; Abdulgader, 2017;
Aksu and Keceoglu, 2019). Aksu and Keceoglu (2019) used BLR, Chi Squared
Automatic Interaction Detection (CHAID), and decision tree methods for the same
data set and all three methods provided the same order of importance for the variables.
In order to better understand the independent variables in the model, the order of
importance has been determined. In addition, some evaluations were made according

to this order.

In this study, no negative features of the BLR method or a negative result reflected in
the study were observed. However, some negative features of the BLR method can
also be mentioned. In such statistical analysis studies, the possibility of
'multicollinearity problem’, 'uncertainty' and similar problems can be mentioned. The
evaluation results of the analysis data show that the study is highly consistent (See
Section 4.7).

3.2.2 General linear model

The main method used to analyze the data set used for the procedural proposal of the
study is the BLR method. The BLR analysis helped determine both the effect of the

variables to the model and the order of importance of the variables. However, the BLR
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method does not have the ability to detect the interaction within each variable. The
GLM method was used as an additional method in this study in order to determine the
interaction of attributes within each variable. Employment of the GLM method also
provided additional analysis, cross checking the results obtained with the BLR method

and increasing the reliability of the presented results.

With a simple explanation, the GLM method helps characterizing the statistical
properties of the estimator (Tian and Takane, 2008). General Linear Model (GLM)
consists of three words. The term ‘general’ is used to name this method because it is
not a necessity that regressors are measured data. But they can code for the belonging
to either a group or to a condition. Since the model is linear, the word ‘linear’ is used
to name this method. GLM is basically a multiple regression and a series of numbers
are approximated by weighting the sum of other numbers (Poline and Brett, 2012). By
using the data set, a number of statistical assumptions are made. Model is the sum of
the assumptions and the generated data. By combining these three words, GLM
method uncovers the linear relation between the response and the predictors regardless
of the data set being measured or generalized. Although the GLM method establishes
a linear relationship, the relationship between the variables does not have to be linear.

The GLM method also has some sub-varieties such as Multivariate General Linear
Model (MGLM) and Univariate General Linear Model (UGLM). According to
statement made by Tian and Wang (2017), MGLM is generalization of UGLM. In
addition to the sub-varieties there are even extensions of the GLM method (Liinmann,
et. al., 2020).

Adad et. al. (2007) used GLM model to detect functional activation in the brain by
using diffuse optical imaging. The GLM method is used in many different fields,
especially in medicine. Campell (2004) used GLM to asses annual indices of stock
abundance in fishery. Ochwada et. al. (2008) used GLM method to predict the age of
fish.

3.2.2.1 Use of GLM in the study

In the procedural proposal part of the study, BLR was used as the main method and
this choice was explained in detail with the reasons. However, the GLM method was
chosen to determine the interactions of their attributes within the variable they are

connected to. This additional statistical review was performed to better assimilate
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variables and attributes rather than preparation of the proposed procedure as a result
of the study.

The GLM method results and the findings of the analysis are explained in detail in
Section 4.7 and Section 4.8.3. For two different reasons, very detailed information
about the GLM method has not been given in this study. First, the GLM method is not
the main analysis method of the study. Second, Poline and Bret (2012) mentioned the
GLM method in detail in their study and no additional explanation was needed in this

study.

3.2.3 Combined use of binary logistics regression and general linear model

BLR method is used to determine which variables are to be included in the model and
also to identify their order of importance. GLM method is used to asses the effects of
attributes to their own variables. For both methods, analyzes are made with Statistical
Package for the Social Sciences (SPSS) Version 22. The same two methods were used
before by Lee et. al (2018 ) and results of their study proved that that these two methods
can be used in a very compatible way with each other and will give very successful

results.

3.3 Experimental Study and Simulation

As explained in great detail in Chapter 5.1, 'time' is a very important factor in the SAR
operation occurred as a result of the MOB accident. An emergency response
equipment proposal was made in order to shorten the response time after the MOB
accident. The features of the response aid and the other benefits it will provide are
explained in Section 5.9. A time model was required to identify the problems in more
detail. Since it is not possible to acquire timing data from previous real accidents, an
experimental study was carried out. Timing data acquired from experimental study
was used to prepare time model and a discrete event simulation was made accordingly.
The serviceability of the response aid device was also determined by simulation. As a
result, ‘'experimental study' and 'discreet event simulation' methods were used to obtain
data and determine the serviceability of the proposed system in the equipment proposal

part of the study.
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3.3.1 Experimental study

In order to better analyze the response at the bridge to man overboard accidents, a time
modeling was required. Also, time to carry out each emergency action and total
response time were needed. ‘Experimental Study’ has been chosen as the method to
obtain these data (See Section 3.3.1.1). 'Experimental Study' is a data collection
method in its simplest form. It is the collection of data directly by fieldwork instead of
models, formulas, assumptions and similar assumptions to obtain the needed data.
Sorkun and Ozpeynirci (2022) explains experimental study as ‘a quantitative research
method that allows to see the effects of changes in the variables of interest by keeping
other relevant variables under control’. Kim et. al., (2019) used a quasi-experimental
study to find effects of a patient safety course using a flipped classroom approach
among undergraduate nursing students. Human is the test subject in above two studies
but that is not the only case. Zhang and Li (2020) used experimental study on high-
performance rubber bearings to find their temperature dependence of mechanical
properties. Favero et. al. (2021) used experimental study for finding human thermal
comfort under dynamic conditions. The main aim of this study was to determine
dynamics of human thermal comfort. Rather than making a simulation or carrying out
asurvey study, researches directly collected the data from office-like climate chambers

from 38 participants.

3.3.1.1 Choosing the experimental study method for the purpose of data
collection for the procedural proposal

At this stage three possible source were determined to collet this data:

« Investigation or court documents (decoded versions of VDR recordings)

« Accident investigation reports

* Sea trails

» Experimental study

Investigation or Court Documents: Depending on each country's legislation, there will
be an investigation and perhaps a court process after the MOB accident. When the
VDR records examined in this process are analyzed, they will be able to obtain the
most sensitive data on the subject. However, access to these records has not been

obtained. Due to lack of access, this option has been completely eliminated.
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Accident Investigation Reports: These reports were mentioned in detail and were used
extensively in the previous parts of the study (See Section 2.2 and 2.3). 100 accident
investigation reports were examined in detail but these reports do not include all
required timing information. More importantly time data does not include seconds but
only minutes. Also, most of the time information is not very accurate and involves
time information such as ‘in a couple minutes’, ‘during this period’ and similar. Precise
time information could not be obtained from this source. However, even if it is
obtained, it will not be possible to use the data in combination, as the ships and
conditions will be different. Also, accident investigation reports do not include
decoded VDR records.

Sea Trails: Sea trials are the most realistic method of obtaining relevant data. However,
it is quite difficult, if not impossible, to perform these operations on a large ship. The
study in the bridge simulator was carried out with 10 different participants. For such a
large number of different participants to be on board, they must be formally aboard the
ship. In addition, there must be sufficient space and safety equipment for additional
participants on board and in survival craft. For these trials, the ship will have to go off
course, lose time and consume fuel. Due to the costs incurred due to all these reasons,

this opportunity was excluded from the evaluation.

Experimental Study: It is the creation of the desired environment and data collection
with different participants on the bridge of a ship or in a simulator. If this work is
performed in the simulator, the biggest advantages it provides are easy access and

environmental conditions can be created as desired.

Also, criteria to choose the optimum method were determined. These criteria are for

obtaining the data needed in the study. Criteria are:
* Time information

* Precision in time measurement

« Include all response actions

Time Information: Regardless of which operation method is chosen, the data to be
obtained is the duration of the actions performed during the MOB emergency response.

For example, how long an emergency announcement with VHF will take.
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Precision in Time Management: Times need to be measured precisely. In addition,
times should be measured in seconds, not minutes. Also, a study done only to obtain

time data will contain much more precise results.

Include All Response Actions: Time data of all response actions is needed to create

the simulation.

A limited number of possible methods and selection criteria have been identified as
can be seen in Table 3.1. Ship trials and experimental study options were identified as
two possible options. However, the ship trials option was excluded due to financial
reasons and other difficulties. As a result, the experimental study option was chosen

as the data collection method in the equipment proposal part of the study.

Table 3.1. Comparison of timing data acquisition methods and criteria.
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3.3.1.2 Positive attributes of experimental study

If the experimental study is to be used as a method in a study, acceptance, assumptions
and similar binding conditions may not be required. This is the strongest feature of the
experimental study. In fact, the data can be obtained directly from the desired
environment itself, not from the closest (created) environment to the desired
environment. The main aim of this study by Favero et. al (2021) was to determine
dynamics of human thermal comfort. Rather than making a simulation or carrying out
asurvey study, researches directly collected the data from office-like climate chambers
from 38 participants. In such a study, it cannot be questioned how close the
environment in which the data is collected is to a real environment. Because the data
were obtained directly from a real environment where the data was intended to be

collected.
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3.3.1.3 Negative attributes of experimental study

However, in order for an experimental study to be used, the environment in question
must actually exist or be created. Experimental study is not always applicable due to
reasons such as ethics, cost, physical space and most importantly ability to create the
environment. Also, the results to be obtained are directly limited by the reality of the
created environment. The reference study by Favero et. al (2021) has also negative
attributes. Most of the participants were between age 23 and 31 years old. Gender
distribution of the participants were unbalanced and the study suggests that there are
significant differences between males and females in terms of thermal discomfort.
Also difference in clothing of the participants was also a limitation to the study. As
can be understood from the examples given, some negative features of the
experimental study have been determined in the reference study. However, if these
negative factors are correctly identified and reported as limiting factors in the study,
they will not affect the objectivity of the study.

3.3.2 Discrete event simulation

This study proposes an autonomous system that performs some of the emergency
response actions that must be carried out in MOB emergencies (Section 5.9). In order
to determine if the proposed MOB response system would be beneficial, it is necessary
to compare the 'response with the proposed MOB system' and the 'standard response'.
Additionally, the main purpose of the proposed system is reducing the response time.
In order to make this proposal, it is necessary to determine if the system reduces
response time. It is very unlikely to test the proposed system in a real MOB accident
on board. Even if such an option is in question, comparison will not be possible since
there is no example of a response made without using the proposed system under

exactly the same conditions.

Also, it is not impossible but very unlikely to carry out numerous MOB response
exercises on a real ship and acquire the required data for this study as already explained
in Section 3.3.1.1. In addition, since the proposed system has not yet come to an
operational level, testing the response with the proposed system on a ship is not an
option. Discrete Event Simulation (DES) is chosen as the main method to acquire this
data.
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3.3.2.1 What is simulation

Aksoy (2017) describes the simulation as the construction of a model of a real system
and performing experiments on the model designed to observe the results of different
situations and makes detailed explanation in his thesis. Simulation allows to perform
operations that are impossible, very difficult or not practical for any reason in reality.
In addition, the number of times the operation will be performed can be selected by
the user. Simulation has a wide range of uses in many fields of study such as airport
security, haulage systems, nursery and many other fields. Researchers tried to find
answers to a wide variety of questions. Even if there is no question or a problem,
simulations are still used. Yuknis and others (2022) carried out a simulation based
interventional study in order to improve emergency preparedness in pediatric primary

care offices.

3.3.2.2 Advantages and disadvantages of simulation

The advantages and disadvantages of simulation are explained in detail by Aksoy
(2017). For this reason, no additional explanation was made in this study. Some

examples of the advantages of simulation:

It can be applied more easily than mathematical methods.

Performance of a real operating system under different conditions assessable.
Some examples of the disadvantages of simulation:

Collecting data for the establishment of the simulation model and obtaining the results

by running the model requires time and intensive work.

At the stage of data collection, situations such as system administrators not sharing

realistic data due to various prejudices are frequently experienced.

Only a few of the advantages and disadvantages of simulation are given as examples,
and all examples are from doctoral thesis of Aksoy (2017).

3.3.2.3 What is discrete event simulation

Depending on the change of a system’s variables over time, a simulation is either
called a Discrete Event Simulation (DES) or a Continuous Event Simulation (CES).
Kettenis (1997) describes the difference of these two models as: discrete event

simulations are used to study queueing problems and continuous models are applied
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are used to study dynamic behavior of technical systems. Queueing theory is basically
the mathematical study of waiting lines and it is used to predict queue lengths and
waiting times (URL-29). Wang et. al. (2018) proposed a practical approach to
approximate time-dependent queuing model in their study. Study by Wang et. al.
(2018) and the many other studies referenced in their study, prove the relation between
queuing model and time modeling and prediction. DES was chosen as the appropriate
method since the data needed in the equipment proposal part of the study includes time

modeling and time prediction.

First introduction of DES dates back to October 1961 by Geoffrey Gordon who is an
IBM engineer (Sumari et. al., 2013). Babulak and Wang (2010) describe DES as:
‘Discrete-event simulation represents modeling, simulating, and analyzing systems
utilizing the computational and mathematical techniques, while creating a model
construct of a conceptual framework that describes a system’.

3.3.2.4 Advantages of discrete event simulation

Some of the advantages of using the DES method:

» Testing a number of different scenarios without any restriction,

* User can increase or decrease the speed of the simulation. Which allows to acquire
data can be acquired in years or slowly monitor the process (Forbus and Berleant,
2022).

« DES uses animations and graphics that represents the entities and the occurring

events which provides better understanding (Sumari et. al., 2013).

« Competing risks can be applied properly in DES model (Caro and Miiller, 2016)
The usage area of the DES method is unlimited as well as its benefits. Many complex
operations can be performed with the method, but in this study, it was used only for
time modeling and the additional advantages of the model were not utilized.

3.3.2.5 Disadvantages of discrete event simulation

Some of the negative aspects of using the DES method:

« A simulation model output is only as good as the data input that drives it, and without
taking the time to ensure quality input data, the output may not yield usable results
(Forbus and Berleant, 2022).
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» DES does not represent the true variability but represent central tendency
measurement (Sumari et. al., 2013).

« If the model becomes complex and level of details increase. On the other hand, the

model may reduce transparency and became harder to understand (Caro and Miiller,

2016).

They mentioned the negative features of the DES method in reference studies.
However, when these negative features are examined, it is seen that these features
cannot be effective on all DES models. For example, the data inputs used in this study
were also measured very precisely within the scope of this study. Therefore, the output
cannot be expected to be unusable results. In addition, since the model used is a very
simple model, it cannot be expected to have reduced transparency and hard to

understand.
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4, OPTIMIZATION BY PROCEDURE PROPOSAL

In this part of the study, detailed studies have been made on whether a seafarers can
enter the sea to rescue a MOB casualty, and if so, under what conditions this decision
can be made. All results of the study and a procedural proposal for this decision were

shared.

4.1 ldentification of the Problem

First of all, helping a casualty at sea under appropriate conditions is a requirement
under some international legislation (United Nations, 1982). However, the exact limits
of the appropriate conditions and the rescue that should be made are not specified. As
ships are subject to these rules, each ship that meets the requirements has its own
written procedure. In some cases, MOB casualties could not be retrieved from the sea
when standard procedures were followed (MAIB, 2011; MAIB, 2012). Although no
such requirement nor prohibition is mentioned in the rules or procedures, in some cases
seafarers enter a position where they have to decide whether to enter the water to save
a MOB casualty. Detailed review of accident investigation reports of MOB accidents
reveals that seafarers sometimes make this decision and enter the water to save a MOB
casualty (MAIB, 2011; MAIB, 2012; ATSB, 2016).

At 1429 on 14 October 2013, a 3-year-old girl, who is a commuter passenger in
passenger ferry ship Snowdrop fell overboard. Mate of the ship momentarily
considered that the three years old girl couldn’t swim and entered the water to save the
casualty. The investigation report of this accident clearly stated that ‘The mate ignored
his personal safety and responded instinctively by entering the water to rescue the girl’

(MAIB, 2014).

At 1755 on 13 December 2010, a crew of the ship felt overboard from cargo ship
Joanna. Cook of the ship entered the water to save the casualty. But when doing so, he
entered the water with his casual clothing and shoes he had at the moment. After a few
minutes he began to lose the feeling in his hands and legs, so he climbed back the
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ladders at shore (MAIB, 2011). An important point to be considered in this case is that
the cook was holding the casualty before climbing back the ladder. If the cook had the
appropriate safety equipment and thermal protective clothing, he would have stayed at
sea longer. In this way, the chance of survival of the casualty would increase and he

could keep himself at a lower risk level.

The accident investigation reports of these two case studies were examined in detail.

In both these cases, the responders:
* Both responders made the decision entirely based on psychological factors,

« Continued the rescue operation they started according to their own instant decisions,
not according to a procedure

* Not used any safety equipment
* Didn't use thermal protector

The risks to which the responders will be exposed, both by themselves and by other
ship personnel, were not predetermined and precautions were not taken for these risks.

It has been found that there are no rules, studies or procedures for a seafarer enter the
water to rescue a MOB casualty. Also, there is no rule, study or procedure that
prohibits this response. Although there is no legislation on the subject, it has been
determined that the seafarers made this decision as mentioned above and referenced
by the accident investigation reports. Zhang et al. (2018) states that under risk and
uncertainty conditions decision makers usually make their decisions with bounded
rationality. Also, the psychological state of the decision makers is effective in the
decision process. As a result, the lack of a procedure or recommendation for entering
the water to save a MOB casualty puts the decision makers in a difficult situation and

causes them to make emotional decisions.

4.2 Purpose of the Proposed Procedure

This part of the study is not intended to suggest or justify any of the following views:
* The responder enters the water to save the MOB casualty under any circumstance,

» Under no circumstances should the responder enter the water to save the MOB

casualty,

56



« If suitable conditions occur, the rescuer enters the sea to save the MOB casualty.
Purposes of the proposed procedure:

* To determine whether such a decision can be made,

« If such a decision can be made, to determine the circumstances of this decision,
« Ensuring that the decision-making process is rational,

« Establishing a procedure that includes the safety issues and precautions to be

remembered before entering the water

The procedural proposal prepared in this study is aimed to be a resource to be used in
maritime education. In addition, this procedural proposal may be added to the ship's
procedures in the future after going through the necessary regulatory stages.

4.3 Framework of the Procedure Proposal

The following equation is the main framework of the procedural proposal study.
D=C+C1*V1+C2*V2+C3*V3+C4*V4+"'Ci*vl' (41)
In this equation:

D: is the dependent variable with {1,0} possible values. 1 corresponds to ‘enter the

water’ and 0 corresponds to ‘not to enter the water decisions’.
C: is the constant of the equation.
C:{cy,Cy, 3, ..., Cn}: Is the specific coefficient value for each variable.

V. {V,,V,, Vs, ..., V;}: V values are different independent variables of the equation. i’

determines the specific variable according to values it takes such as: i =1;2;3;4;...;n

Vij: Vi1, Viz, Vizy oo, Vi }: °j° values are attributes of the variables. ‘V;,” is the m-th
attribute of ‘Variable i’ (V;). m = 1; 2; 3; 4; ...; j as they are determined in Section
45.1.

4.4 Outline of the Procedure Proposal Study

Figure 4.1 shows the outline of procedure proposal study section of this study. Except

for parts such as methodology and conclusion, the procedure proposal study basically
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consists of three parts: preparation of the model, survey and analysis. Each part is
explained in details.

Determination of preliminar
Dependent and q— — Stud ¥
Independent Variables v
v
p .
reparation Determination Groups Expert
of the of Variables Opinion
Model P
Determination of
Absolute Positive and Survey Form
Negative Parameters
Survey Through
Survey Survey Study Workshop
Individual Survey
Analysis Statistical Analysis
vs! st vs! Studies
Analysis Statistical Final Decision
Results Results Process

Figure 4.1 : Outline of procedure proposal study.
4.5 Preparation of the Model

This section explains how the model was created. The variables, attributes,
contributions and information of the experts who gave their opinions in the model are
included in this section.

4.5.1 Determination of variables and attributes

Variables and their attributes were determined from the following sources:

+ Academic studies related to MOB accidents within the scope of the thesis study
(Gonel and Cicek, 2019; Gonel and Cicek, 2020; Cicek and Gonel, 2020).

» Maritime course books and other educational books (Dodds, 1995; Danton, 1996).
 Academic studies (Domeh et al., 2021; Su et al., 2021).

» Over 300 maritime accident investigation reports (MAIB, 2011; MAIB, 2012;
MAIB, 2014; ATSB, 2016)

The data collected from all these different sources, especially previous academic

studies, were examined and all the variables that could affect the result of the study
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were determined. Both these variables and the number of possible values (attributes)

can be seen in Table 4.1.

Table 4.1 : Variables and number of attributes.

No Variables (Var.) Number of Attributes
Training Status
PPE Status
Presence of Sharks
Consciousness State
Weather State
Sea State
SW Temperature
Surface Current
Visibility

0  Lighting Condition

1 Collision Risk

N

PP OO~NOUIA,WNE
WNWPhrwhAAbBNDDNDDN

Brief descriptions of the variables and their attributes are as follows:

Training Status: Whether the responder who will perform the response has received

training for that particular type of response. Attributes of this variable are:
+ Obtained training,
* Not obtained trained

Personnel Protective Equipment (PPE) Status: Whether the responder who will
perform the intervention is equipped with personal life-saving equipment specifically

designated for this type of intervention. Attributes of this variable are:
* Equipped
* Not equipped

Presence of Sharks: Whether the sea area where the response will take place is

determined as an 'Active Shark Area' or not. Attributes of this variable are:
» Active shark area
« Inactive shark area

Consciousness State: Whether the MOB casualty is conscious or not. Attributes of this

variable are:
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» Conscious,
» Unconscious

Weather State: It is the variable that indicates the weather according to the Beaufort

Scale. Attributes of this variable given in Beaufort Scale are:
+0-2

«3-4

«5-6

* 7 and Above

Sea State: It is the variable that indicates the weather according to the Beaufort Scale.
Attributes of this variable given in Beaufort Scale are:

«0-2
34
*5-6
* 7 and Above

Sea Water (SW) Temperature: It is the sea water temperature at the time of the event.

It is given in degrees Celsius. Attributes of this variable are:
* 10°C and Below

* 10°C - 26.7°C

*26.7°C and Above

Surface Current: This variable is the intensity of the surface runoff at the time of the
event. Its unit is 'knots' and 1 knot correspond to a speed of 1 nautical mile in 1 hour.
Attributes of this variable are:

» 0-0.5 knots
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* 0.6-1.0 knots
» 1-2 knots
« 2 knots and Above

Visibility: It is a variable that indicates how far objects are seen according to the
current environmental conditions. The attributes of this variable were determined
according to the scale of the ‘International Visibility Code’ (Bowditch, 2019).

Attributes of this variable given in ‘International Visibility Code’ scale are:

» 6 and Above

Lighting Condition: Light status is: "the medium of illumination that makes sight
possible” (URL-30). It is the variable that indicates how bright the environment is.
This variable describes how easily the responder can spot the MOB casualty and ship
crew can spot the responder and the MOB casualty. Attributes of this variable are:

+ Adequate (with daylight or artificial lighting)
* Inadequate

Collision Risk: It is the variable that determines whether the ship is at risk of collision
with another ship or ships during the response operation. Attributes of this variable

are:
« Collision risk with no ship

« Collision risk with no 1 ship

« Collision risk with no 2 ships

4.5.2 Experts opinions

Experts whose opinions were sought were required to have served as a ship's captain.

Opinions of three experts were consulted, two of them have the qualifications of a pilot
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and one of them has the qualifications of a ship captain. These meetings helped
determination of the variables and their attributes. At this stage, there were 11 variables
in the study and there was a total of 55296 possible MOB accident scenarios with their
attributes. Also, absolute positive and absolute negative parameters were determined
at this stage. After the absolute positive and absolute negative parameters were
removed from the equation, 854 possible MOB scenarios remained (See Section
4.5.3).

Out of 854 possible MOB scenarios, 100 were randomly selected and a form was
prepared. The participants were explained about the variables and their attributes in
each scenario and were asked whether they would 'let another seafarer enter the water
to save a MOB casualty at sea' in these circumstances. This process was repeated for

each of the 100 selected possible scenarios, and a survey form was created.
4.5.3 Determination of absolute positive and negative attributes

Attributes that are always acceptable and never acceptable have been identified. These
attributes are named as absolute positive attribute and absolute negative attribute.
These attributes were determined at the individual meetings stage. Attributes that are
always at an acceptable level are called absolute positive attributes. These attributes
do not change the main decision. But they leave the decision to other variables and
their attributes. Attributes that are never acceptable are called absolute negative
attributes. These attributes change the main decision. No matter how positive the other
variables and their attributes, if the scenario has only one absolute negative attribute,
the decision is considered negative.

If there is an absolute positive attribute in the scenario, the main decision may be
negative or positive and this decision is determined by other variables. If there is an
absolute negative attribute in the scenario, the main decision is always negative. An
example is, very rough seas that is 7 beaufort and above is always unacceptable and

makes the decision as negative.

Absolute positive and negative attributes were excluded from the model. After this
removal, some variables were left with one attribute. Since there are no option in these
variables, they were excluded from the model also. These variables were only removed

from the model, but they were employed in the final decision process.
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One other variable ‘Presence of Sharks’ was also excluded from the model. As stated
in Section 2.4, this variable was mentioned in course books and applied in the equation.
But further examination of this variable revealed that sharks barely pose hazard or
presents a very low level of risk to MOB casualties (URL-31; Midway et al., 2019).
After these removals, number of possible MOB scenarios in the model were reduced
to 854. Final states of the variables were explained in Section 4.6.2.

4.6 Survey

Survey form consist of 100 possible MOB scenarios. Experts state their decision
according to each scenario whether they let another to seafarer to enter the water to
save a MOB casualty or not. 100 decisions were made by each expert for 100 different
MOB scenarios. For each expert participating in the study, the conditions of being a

ship captain and having served as a captain were sought.

The survey form was filled by 29 participants in total and the demographic information
of the participants is given in Table 4.2. All the experts are ship captains with an

average of 9.1 years of experience as a captain.

Table 4.2 : Demographic information of the participating experts.

Experience of Participants Mean Std. Dev. Min. Max.
Experience as a ship captain 9.1 8.63 1 27
Total experience in the maritime sector 235 8.97 9 40

Workshop: In the second stage, a workshop was held. At this stage, At this stage,
experts didn’t only fill the survey form, they also expressed their thought about the
study.

Surveys: Afterwards, the survey form was given to the individual participants and they
were asked to fill in the form after necessary written and verbal explanations were

made.
4.6.1 Survey through workshop

At this stage, each scenario was explained to the participants collectively. A total of
five experts, one of whom was a seafarer training medical doctor, attended the
workshop, but the medical doctor only expressed his opinions but did not actively
participate. Other participants were a pilot captain, two ship captains, a vessel traffic
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service operator. Expert opinions were acquired and initial survey was conducted with
the aforementioned survey form. Each scenario was explained to the participants
collectively but expert made their own personal decision for each scenario and
answered individually. In some circumstances, the medical doctor participant also
expressed his opinions. During and after the workshop, the participants expressed their
ideas and suggestions about the study.

4.6.2 Individual survey studies

The survey was carried out for the first time in the workshop. In individual survey
study stage, each expert completed the survey form individually. Information about
the purpose of the study, how to fill out the form and similar issues were explained to
the experts in writing and orally. Experts who wanted to express additional opinions

added their opinions and suggestions to the form in writing.

4.7 Analysis
Statistical analysis carried out with BLR and GLM models by using SPSS Version 22.

By using the BLR method many possibilities were tried to detect the most significant
correlation. According to BLR analysis results, Var. 4, Var. 5 and Var. 9 were removed
from the model. Because they both had no effect on the model and reduced the
explanatory power of the model. These variables didn’t make a statistical change in
the decision of the captain. In other words, these variables do not make any noticeable

change or any change at all in the decision process.

Without the Var4, Var 5 and Var 9 in the model, remaining variables had an
explanatory power ratio of 78.8%. The final state of the variable had 96% predictive
power consistency. Table 4.3 shows the statistical analyze results of the variables

according to BLR method.

Table 4.3 : Results of BLR analyze.

Variables B S.E. Wald df  Sig. Exp(B)
Constant -35.269 10.188 11.985 1 .001 .000
Sea State 3.429 1.330 6.649 1 .010 30.852
SW Temp. 3.797 1.188 10.206 1 .001 44,549
Surface Current 1.402 .823 2.904 1 .088 4.062
Lighting Condition 5.579 1.929 8.368 1 .004 264.924
Collision Risk 3.733 1.209 9.536 1 .002 41.796
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B: ‘B’ value is basically coefficient of the variables. It specifies how much the
multiplicative result of the variable increases the odds. While a positive ‘B’ value
increases the odds, a negative ‘B’ value decreases the odds. The increase and decrease

of the odds according to ‘B’ value is limited to the variable, not the model.

S.E.: S.E. is short form of ‘Standard Error’ in statistics. It is the average error of the
regression model compared to units of the response variable. The smaller this value,
the better the result because it indicates that the difference between the observations

and the fitted line is relatively small.
Wald: ‘Wald’ is test results of the model. Formula of the Wald test is:
(B/S.E.)2 = Wald

Wald value tests significance of the coefficients and determines statistical significanty

of (independent) variables in the model.

df: ‘df* stands for Degree of Freedom. In statistics, the number of degrees of freedom
Is the number of values in the final calculation of a statistic that are free to vary (URL
32).

Sig.: ‘Sig.” value does not determine how significant each variable is. It determines if
the (independent) variable has significant effect on the model or not. Similar to S.E.
value the smaller this value, the better the result.

Exp(B): In general, change in the (independent) variable changes the results. More
specifically, one unit increase in the independent variable, changes the dependent

variable in a specific amount. This specific amount is equal to Exp(B) value.

For every variable, a dummy attribute is chosen and GLM analyzes the attributes
within their own attribute groups. Analysis results determine the importance of each
attribute compared to its own group and its impact on the main decision. Table 4.4

describes the mentioned importance and impact of each variable.
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Table 4.4 : Results of GLM analyze.

95% Wald
Confidence
Interval Hypothesis Test
Wald
Std. Chi-

Variables and Attributes B Error Lower Upper Square df Sig.
(Intercept) .264 .0282 .209 .319 87.579 1 .000
[Consciousness State = Conscious] -.022 .0222 -.066 .021 1.024 1 312
[Weather State = 0-2] .029 .0186 -.007 .066 2.467 1 116
[Sea State = 0-2] .081 .0214 .039 123 14.482 1 .000
[SW Temperature = 26.7°C and above] .091 .0347 .023 .159 6.827 1 .009
[SW Temperature = 10°C and below] -.182 .0201 -.221 -.143 82.338 1 .000
[Surface Current = 0-0.5 knot] .027 .0211 -.015 .068 1.604 1 .205
[Surface Current = 1-2 knot] -.088 .0255 -.138 -.038 11.893 1 .001
[Visibility = 6 and Above] -.018 .0184 -.054 .019 .904 1 .342
[Lighting Condition = Adequate

(w/Daylight or Artificial)] .209 0171 175 .242 150.004 1 .000
[Collision Risk = None] 169 .0193 131 .207 77.068 1 .000
[Collision Risk = With 2 or More Ships] -.078 .0202 -.118 -.039 15.075 1 .000
(Scale) .006P .0009 .005 .008

Table 4.5 shows the model summary of the statistical analysis. The same data set was
analyzed with both BLR and GLM models by using software program SPSS. Unlike
BLR model, GLM model does not provide statistical results such R-squared values
(URL-33). However, the results in Table 4.5 are also valid for the GLM analysis, as
the same data set was examined with both BLR and GLM models. Both Cox & Snell
R Square and Nagelkerke R Square are referred as Pseudo-R-squared. R square values
measure the usefulness of model in predicting the outcome. In other words, proportion
that outcome of the model is predictable by (independent) variables.

Table 4.5 : Model summary for the statistical analysis.

Summary Cox & Snell R Square Nagelkerke R Square BLR Prediction
Constant 461 .788 .96

Cox & Snell R Square: is an alternative index of goodness of fit related to the R2 value
from linear regression (URL 34). And Nagelkerke R Square: provides a correction to
the Cox and Snell R2 so that the maximum value is equal to 1 (URL 34). BLR
prediction is predictive power consistency of the model. This value for the model in
this study is 0.96 which very close to 1. All results showed that the statistical analysis

was consistent and reliable.

4.8 Analysis Results

The analyzes made within the scope of the study regarding the decision-making

procedure are explained in this section.
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4.8.1 Survey results

A data set was created by combining the decisions of all experts participating in the
study. Decisions made according to 100 possible MOB scenarios were ‘enter the water'

and 'not enter the water'.

‘Enter the water' decision was made for 16 MOB scenarios. Average mean value for
this decision is 68.75% and all probabilities for this decision is shown in Figure 4.2.
The black vertical lines show the percentage of consensus that each ‘enter the water'
decision was made. The horizontal red line shows the average of the ‘enter the water'

decision.
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Figure 4.2 : ‘Enter the Water’ decision probabilities and mean overall.

‘Not enter the water' decision for 84 MOB scenarios were made. Average mean value
for this decision is 76.48% and all probabilities for this decision is shown in Figure
4.3. The black vertical lines show the percentage of consensus that each 'not enter the
water' decision was made. The horizontal red line shows the average of the 'not enter

the water' decision.

67



120

100

80

60

40

20

EE Probabilities for “Not Entering the Water” Decision

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82

e Probability of Overall Mean 'Not Enter the Water' Decesion

Figure 4.3 : ‘Enter the Water’ decision probabilities and mean overall.

4.8.1.1 Results of BLR analysis

When the model was first established, there were 11 independent variables in the

model. Before BLR analysis was performed on the model, there were 8 independent

variables in the model. The independent variables available before the BLR analysis
are Var. 4, Var. 5, Var. 6, Var. 7, Var. 8, Var. 9, Var. 10 and Var. 11 (See Section
4.5.1). After the BLR analysis, Var. 4, Var. 5 and Var. 9 were removed from the model

and 5 independent variables remained in the model. The final version of the variables

in the model is shown in Table 4.6.

Table 4.6 : Final state of the independent variables in the model.

Variable Effect on the Use of the Ranking of
\ﬁ;' Description Model Model Importance
1 Training Status Inconsequential Prerequisite 0
2 PPE Status Inconsequential Prerequisite 0
3 Presence of Sharks Inconsequential General Reminder 0
4 Consciousness State  Unexpressive Removed -
5 Weather State Insignificant variable  Removed -
6 Sea State Significant variable In Use 4 (B=3.429; p<0.01)
7 SW Temperature Significant variable In Use 2 (B=3.797; p<0.01)
8 Surface Current Significant variable In Use 5 (B=1.402; p<0.1)
9 Visibility Insignificant variable  Removed -
10 Lighting Condition Significant variable In Use 1 (B=5.579; p<0.01)
11 Collision Risk Significant variable In Use 3 (B=3.733; p<0.01)

According to BLR analyze, final state of the equation is:

D = - 35.269 + (3.429%V/6) + (3.797*V7) + (1.402*V8) + (5.579*V/10) + (3.733*V11)
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Final decision has two possible values as ‘to enter the water’ and ‘not to enter the

water’.
Enter the water decision is given if D=1
Not enter the water decision is given if D<1
Final states of each independent variable in the model:

Var. 1: ‘Training Status’ variable was removed from the model. This variable had two
attributes and when one of the attributes was removed as an absolute negative attribute,
the variable was left with only one attribute. The variable was not included in the
survey form as it did not constitute an option, but it was included as a prerequisite

(obtained training) in the decision-making procedure.

Var. 2: ‘PPE Status’ variable was also removed from the model. This variable had two
attributes and when one of the attributes (not equipped) was removed as an absolute
negative attribute, the variable was left with only one attribute. The variable was not
included in the survey form as it did not constitute an option, but it was included as a

prerequisite (equipped) in the decision-making procedure.

Var. 3: ‘Presence of Sharks’ variable was removed from the model. Additional
research has revealed that sharks are not a major danger to MOB survivors, as is
covered in maritime education resources (See Section 2.4). But unlike Var. 1 and Var
2., this variable was removed from the model but employed in the final decision

process as a general reminder.

Var. 4: ‘Consciousness State’ variable was unexpressive, therefore removed from the
model and the decision process. This variable didn’t make any change in the experts’

decisions.

Var. 5: “Weather State’ variable was both removed from the model and the decision
process. Analysis result indicates that this variable has no effect on the model. Weather
state describes the wind speed. According to analysis results, experts do not consider

the wind speed as factor when making such a decision.

Var. 6: ‘Sea State’ variable significantly effects the decision according to statistical
analysis. This variable was both employed in the model and decision process. Sea state

variable is the forth variable according to order of importance. Sea state is the
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description of wave height and its nature. This variable is important because it directly
determines the sea condition to which the casualty and responder will be exposed.

Var. 7: ‘SW Temperature’ is the second important variable in the model and employed
in the final decision process. The SW Temperature variable is a significant variable

because it determines the time that both the victim and rescuer can spend at sea.

Var. 8: ‘Surface Current’ variable has been both employed in the final decision and
the model. This variable is significant according to analyze results but ranked fifth in
order of importance. The surface current determines how fast the victim will drift and

how difficult it will be to swim for the responder.

Var. 9: “Visibility’ variable was both removed from the model and the decision process
just like weather state variable. This variable didn’t make any change in the experts’

decisions therefore it was removed from both the model and the final decision.

Var. 10: ‘Lighting Condition’ variable is very expressive and ranked one in the order
of importance. This variable stayed in the model and took part in the final decision
process. This ranking revealed that sighting or to be able to sight the casualty and the

responder is a very factor for the captains.

Var. 11: ‘Collision Risk’ variable is the third variable according to order of
importance. This variable was both employed in the model and decision process. This
variable had an impact on the decision as it determined the maneuvering area and

maneuverability of the ship.

4.8.1.2 Results of GLM analysis

First, BLR analysis was performed on the model and the final version of the model
was created. After, GLM analysis was also performed in order to determine the effects
of individual attributes. The statistical results of the analysis are given in Table 4.4.
The same variables analyzed by the BLR method were also analyzed by the GLM
method. However, only the variables included in the final decision procedure are
explained in detail below.

Var. 6 ‘Sea State’: ‘3-4’ attribute is chosen as dummy. If sea state variable’s attribute
changes from ‘3-4’ to ‘1-2’ the odds of making ‘enter the water’ decision by the
captains increases. The change is significant (f=0.081; p<0.01) according to statistical

results. This change can be interpreted as follows, as the sea conditions become more
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moderate, the probability of the captains to make decision as ‘enter the water’

increases.

Var. 7 ‘SW Temperature’: ‘10°C to 26.7°C’ temperature interval attribute is chosen as
dummy. Increase in the sea water temperature from ‘10°C to 26.7°C’ to ‘26.7°C and
Above’ (f=0.091; p<0.01) the odds of decision resulting as ‘enter the water’ increases.
As the opposite, if the sea water temperature decreases from ‘10°C to 26.7°C’ to ‘10°C
and Below’ (p=-0.182; p<0.01) the odds of decision resulting as ‘enter the water’
decreases. In addition, the change of this attribute has a considerable effect on the main
decision. However, the effect of low seawater temperature on the decision is superior

to the effect of high seawater temperature on the decision.

Var. 8 ‘Surface Current’: ‘0.6-1.0 knot’ attribute is chosen as dummy. When this
dummy attribute changes to ‘0-0.5 knot’ (p>0.05) the probability of decision to ‘enter
the water’ increases but the change is not significant. When this dummy attribute
changes to ‘1-2 knots’ (p=-0.088; p<0.01) the probability of decision to ‘enter the
water’ significantly increases. The decision made if the surface current is lower is less

dominant than the decision made if the surface current is higher.

Var. 10 ‘Lighting Condition’: 'Inadequate’ attribute is chosen as dummy. Change of
this attribute from inadequate to 'Adequate (w/Daylight or Artificial)' (f=0.209 and
p<0.01) increases the odds of making ‘enter the water’ decision of the captains. In

addition, this change has a statistically high rate.

Var. 11 ‘Collision Risk’: ‘Collision Risk with 1 Ship’ attribute is chosen as dummy. If
collision risk increases from collision risk with 1 ship to collision risk with 2 or more
ships (=-0.078; p<0.01), the odds of decision resulting as ‘enter the water’ decreases.
If collision risk decreases from collision risk with 1 ship to no collision risk (=0.169;

p<0.01), the odds of decision resulting as ‘enter the water’ increases.

With the BLR analysis, variables that are important for the captains in such a decision
and their order of importance have been determined. The results of the GLM analysis
revealed whether the captain prioritized the casualty or the responder while making a

decision and it is the responders that the captains are giving priority.
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4.9 Outcomes of the Procedure Proposal Study

A detailed study was conducted on the response model that another seafarer enters the
water in order to save a MOB casualty. Expert opinion, statistical analysis results and
all other data obtained from the research were examined in detail. By evaluating all

study data, the following results were obtained regarding the intervention in question:
« A seafarer may enter the water to save a MOB casualty.

« Variables effecting this decision are determined.

« Effects of attributes within their own groups (variable) are determined.

* There are some absolute negative conditions (attributes of variables) that completely
revokes this decision.

» Model of this decision is established and statistically explained.

* A decision proposal is prepared as an educational material is prepared to be used in

maritime training for MOB accidents.

* A simpler version of the procedure is prepared and proposed to be used on scene as

a reminder.

This proposed procedure and its simpler form are at an early stage. This procedure
cannot be used onboard ships as an official ship procedure since it hasn’t gone through
official approval process. Also, safety equipment to be used in this rescue has to be
identified. In final step, seafarers have to go through the specific training in order to
be appointed as the responder. Like safety equipment, training procedure has not been
established and approved. However, as stated in the previous parts of the study, from
time to time, seafarers come to the stage of making this decision. In some cases, they
make this decision and enter the water without sufficient safety equipment or any plan.
This study is the first study on the subject, and the most important outcome of the study

is the procedural proposal.

4.10 Proposed Emergency Decision-Making Procedure

This study is the first study on the subject and its use in maritime education will be
beneficial. However, in a real accident, this decision making over a computer program

or equation will not be practical. Therefore, the procedure has been transformed into a
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simple flowchart. The procedure, which has been converted into a flow chart, can be
hung like a safety poster on different parts of the ship, especially on the bridge. In this
way, the decision maker can evaluate the procedure and make his own decision much
more quickly in a real emergency. Variables that are both prerequisite and have effect
on the decision are included in the flowchart version of the decision procedure. The
order in the flowchart is as follows. The prerequisite variables were first listed, and the
variables that had an effect on the decision followed in order of importance. Flowchart
also includes countermeasures for the risks that the responder will encounter. Main
purpose of this decision-making procedure is to guide the decision maker in a real
MOB event, drill or during a training to throughout the decision process. Flowchart

version of the proposed procedure can be seen in Figure 4.4.
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Figure 4.4 : Proposed decision flowchart for training use.

In a challenging MOB response, events can develop very quickly. The captain may
need to make a decision in a very short time. Or if the decision has already been made,
only important things may need to be reminded before the decision is implemented.

For these and similar conditions, a simplified version of the flowchart has been



prepared. Figure 4.5 shows simplified version of the decision process which is more

applicable for practical use.
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© Check the shark zones map
s
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Figure 4.5 : Proposed decision flowchart for practical use.
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5. OPTIMIZATION BY EQUIPMENT PROPOSAL

This section includes the recommended equipment optimization study for MOB
response. Figure 5.1 shows the outline of the process of the equipment optimization

propose.

5.1 Definition of The Problem

Casualty of a MOB accident must be found at sea and rescued from the water.
Naturally, one phase of MOB accident response is Search and Rescue (SAR)
operation. Many scientific studies emphasize the importance of time in SAR
operations (Ali, et al., 2021; Cai, et al., 2020; Benz, et al., 2021; Zhou, et al., 2020).
Xiong et. al. (2020) states that shortening the response time in SAR operations reduces
the loss of life. Since other factors such as sea water temperature and sea state cannot
be changed, this study aims to shorten the response time and thus increase the chance

of survival of the casualty.

The aim of the study may be to reduce the response time, but all response actions still
have to be carried out. While some of these response actions are carried out by pressing
a button, others may take some time and prevent the responder to maintain overall
command of the rescue operation. Responders may even failure to maintaining eye
contact with the casualty if it is established priorly. Given that survival chance of the
casualty is 6.1 times higher if continuous eye contact with the casualty is maintained
(Cicek and Gonel, 2020), time used for carrying out response actions should be used

for maintaining eye contact and other factors.

As a result, the time factor is very important in the emergency response to be carried
out after the MOB accident. The most crucial part of the response is the first stage of
the response which is named initial response in this study. It determines the course of
the following stages of the response operation and is the most important stage that
determines the outcome of the response operation. In summary, the time factor is very

important in the initial response phase of the MOB response operation. Since response
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actions that need to be executed cannot be abandoned, the time allocated to these

response actions should be minimized.

5.2 Purpose of the Proposed Equipment

In the previous section, it was mentioned how important time is in MOB response. The
main purpose of the proposed response equipment is to shorten the response time. The
main function of the emergency response equipment is to automatically perform
response actions in the initial response phase. Response equipment not only shortens
the response time, but also provides many additional benefits such as proper execution

of response actions.

5.3 Outline of The Equipment Proposal Study

Outline of the equipment proposal study is shown in Figure 5.1. Initially, ‘MOB
Emergency Checklist’ of different shipping companies were collected. Emergency
actions in these checklists were gathered in a cumulative list. The response to a MOB
accident was divided into four phases, in which one is 'Initial Response’.

Problems occurring during a MOB response were identified. Optimum solution in
order to address these problems were determined and a autonomous MOB response

equipment proposal is made.

Data acquired from the experimental study was used in two different simulations in
accordance with the proposed response equipment. Simulations were compared and
results are shared. This part of the study was carried out in a multi-stage process. For
this reason, the subtitles of the study do not proceed in the same order as the flow chart
of the study.
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Figure 5.1 : Outline of equipment optimization process.
5.4 Emergency Actions Data

MOB emergency checklist of different shipping companies and different sources were
collected. Checklists were chosen randomly without using any method or any
requirement. Every response action in these checklists were collected in a cumulative

list. The cumulative list can be thought of as the common set of emergency action lists.
The whole process of the response to a MOB accident was divided into four phases:

« Initial Response

* Pre-Rescue Response

* Rescue Operation

* Post Rescue

All response actions in the cumulative list were distributed to these four phases with
assistance of an expert (Asmali, O., 2022). After the distribution, list of 'Initial
Response Actions’ was created. Initial response actions can be seen in Table 5.1.
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Table 5.1 : Initial response actions.

No Code Initial Response Action
1 Al Switch to hand steering
2 Turn the steering wheel on side where the person fell to the sea (commence rescue
manoeuvre)
3 A3 Sound general alarm
4 A4 Call master
5 A5 Release lifebuoy with light and smoke
6
7
8
9

A6 Inform engine room and place engines on stand by

A7  Record the vessel’s position & time of incident

A8  Use ship’s whistle (three prolonged blasts)

A9  Activate MOB position on navigational aids (GPS, DGPS, ECDIS etc.)
0 Al10 Use public addresser
1 A1l Broadcast VHF warning (Inform ships and shore stations in range)

5.5 Experimental Study

Experimental study was conducted with the participation of 10 people, in which only
the response actions in the 'Initial Response' stage were carried out. At the end of this
study, timing data (See Section 5.6.1.2) and response data (See Section 5.6.1.1) were
obtained. Timing data was used in preparation of two different discrete event

simulation.
5.5.1 Common practice

Common practice is once the initial response commences, responder starts carrying
out all actions in random order. There are no rule, regulation or directive were found
that puts these response actions into order. But recommended practice is usually
expressed as; first ‘switching to hand steering’ and secondly ‘turn the steering wheel
on side where the person fell to the sea’. This is basically expressed as first two things
to do in order to protect the casualty from the propeller of ship which. But there are no

recommendations to be followed after these two actions.
Number of possibilities in which initial response are performed in random order:

RA1 (A1, A2, ... A11), RA2 (Al, A2, ... A1l except RA1), RA 3 (Al, A2, ... All
except RA1, RA2), ... RA1l

11x10...x 1 =11!=39916800 possible orders

Number of possibilities in which initial response are performed according to

recommended practice:
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RA1 (A1), RA2 (A2),RA 3 (Al, A2, ... All except Al, A2), ... RA1l
1x1x9x8...x1=9!=362880 possible orders.

An: Action n, in which n = 1 to 11 as indicated in Table 17. (i.e.: ‘A4’ is response

action 4 and it is: ‘call master’)

RAmM: Response Action m, in which m = 1 to 11 as it is the order of executed initial

response action.

Carrying out these 11 actions can be carried out at least in 362880 different orders only
if carried out according to recommended practice. There is no study that tries to find
the best order to shorten the response time or increase the general effectiveness of the
response could be found. Optimizations can be carried out in two different aspects:

« Finding the fastest order to shorten the response time,
* Finding the optimum order that makes the most effective response.

Also, it must be considered that all bridge layouts and equipment are different from
each other, optimizations will be not be generic for all ships.

Since optimization of the order of response actions is not very practical and time
saving, this study aims to carry out most of the actions simultaneously. This solution

both saves time and makes the response more efficient.
5.5.2 Setup for experimental study

All participants were watch keeping officers and no further requirement was asked.
Study took place in bridge simulator of Istanbul Technical University Maritime
Faculty. Participants of experimental study were firstly given briefing about the aim
of the study. The bridge and the equipment were introduced to participants and after
they were given free time to get familiarized with bridge. After the training and
familiarization of the participants are complete, participants were asked to keep watch
as normal practice. In a random time, they were alerted of a MOB accident.
Participants responded to accident on their own. At the end of the study, participants
were asked to fill a questionnaire. Data was driven from footage in a later time in order

to be more precise on timing.
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5.6 Experimental Study Data

Two set of data were driven from experimental study; quantitative timing data
consisting of execution times of response actions and qualitative data consisting of

response effectiveness of responders.
5.6.1 Response data

At the end of the experimental simulation each participant were asked to fill the survey

form. Answers to these questions are given in Table 5.2.

Table 5.2 : Survey after experimental study.

No Question Yes No
1.1 While responding to the accident, did you feel you were running out 8 0 2
of time?
1.2 If you felt running out of time, do you think that affected your
response?
2 Did you have to check the emergency checklist when responding? 1 4 5
3 Did you perform the actions in an order that you set in your mind? 7 3
4 When executing the actions, did you follow the order in the 0 0 10

emergency list?

5 Have you felt that your control of the actual operation has decreased
while performing long time-consuming intervention actions (VHF 6 2 2
announcement, internal announcement)?

6 Is it possible to do all the actions completely and to have a general
command of the intervention?

Also, additional data was driven by observing the performances of participants. As can
be seen Table 5.3. completion ratio of emergency actions and checklist usage are

presented.

Table 5.3 : Completion ratio and checklist usage.

Participants 1 2 3 4 5 6 7 8 9 10  Ave.
Completion Ratio (%) 81.8 818 727 63.6 100 81.8 90.9 100 100 72.7 845
Checklist Usage No No No No Yes No No No No No -

Participants 1 2 3 4 5 6 7 8 9 10  Ave.

5.6.2 Experimental study timing data

The information on how much time it takes to perform each emergency action is shown
in Table 5.4. (See Table 5.1 for description of the actions). ‘Lowest’ is the minimum
and ‘highest’ is the maximum times that participants performed each action. ‘Mean’ is

average time of response actions carried out by all participants.
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Table 5.4 : Timing data (all times are given in seconds).

Action 1 2 3 4 5 6 7 8 9 10 11

Lowest 1 1 1 4 4 12 7 2 2 4 17
Highest 5 6 13 23 8 26 17 11 21 21 48
Mean 23 26 52 14 57 17 12 74 57 13 33

5.7 Autonomous MOB Device Proposal

Former studies (Gonel and Cicek, 2019; Gonel and Cicek, 2020; Cicek and Gonel,
2020) and previous sections of the study (Section 5.1 and Section 5.6.1.1) revealed
that there is a time constraint that may adversely affect the outcome of the response.
Time can be considered as the primary issue in a MOB response. Also, some problems
related to MOB accident response were identified by using same sources. Some of
these problems:

« Incomplete or incorrect execution of some response actions,
« Failure to carry out some of the response actions entirely,
« Time delays due to thinking response actions or checking emergency action list,

« Incomplete or incorrect broadcasts of VHF call and ship internal announcement due
to excitement and other reasons. (Failure to broadcast whole message and make it

understood by the receivers),

« If there is eye contact with the casualty, loosing eye contact, if there is no eye contact
with the casualty, difficulty to establish eye contact,

In order to intervene more effectively in the MOB accident, the time problem and other
problems mentioned above need to be solved. If the existing problems are thought to
occur within the current system, an additional system will be needed to solve the
problems. If the human resource potential on the bridge is also taken into account,
these problems can only be solved with an autonomous system. Only then the

responder may mainly focus on casualty.

An autonomous MOB response equipment has been proposed to eliminate the time
constraint and improve response outcomes. Details of the autonomous response

equipment is explained in Section 5.9.
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5.8 Discrete Event Simulation

Timing data acquired from experimental study is processed in two different discrete
event simulation models according to standard response method and response with the
proposed system. The timing data acquired from experimental study is used in both
simulation models. Arena Simulation (Rockwell) version 13 is used as the simulation

program.
5.8.1 Discrete event simulation with conventional system

This simulation model has been created in such a way that 11 emergency response
actions are performed without exception. No actions such as ‘skip’, ‘delay’ or similar
Is used. The simulation has processed 1000 individual event (1000 entry resulted with
1000 dispose). With every entry, all 11 actions are carried out. Average time these 11
emergency actions are performed is found as 118 seconds (See Table 5.5). Simulation
was programmed only to calculate maximum, minimum and average time to carry out

all actions. Order of actions is not taken into account.
5.8.2 Discrete event simulation with proposed system

Autonomous response DES was prepared in accordance with the proposed system.
Actions 1 and 2 (Table 5.1) carried out by responder and actions from 3 to 11 are
carried out autonomously (See Section 5.9.1). Al and A2 carried out by responder

followed by action of system activation.

RAL: Al, RA2: A2, RA3; activation of proposed system. Total 3 response actions, 3

in fixed order.

The simulation has processed again 1000 individual event (1000 entry resulted with
1000 dispose). With every entry, all three actions are carried out. Average time these

three emergency actions are performed is found as 15.6 seconds (See Table 5.5).
5.8.3 Comparison of response times

According to numerical simulations, results indicate that response with the proposed
system takes 87.46% less time according to average timings of both models. See Table
5.5 for details.
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Table 5.5 : Timing data (all times are given in seconds).

Lowest Highest Average

Conventional Response Times 87.7 159.5 124.1
Autonomous Response Times 5.3 28.7 15.6
Parentage of Response Times 6.01% 17.98% 12.54%
Time Saved 82.4 130.8 108.5
Percentage of Time Saved 93.99% 82.02% 87.46%

5.9 Proposed Response System

In this part of the study, the working principle, features and benefits of the equipment

proposal are explained.
5.9.1 Specifications of proposed system

In the simplest terms, the proposed system is a response aid that automatically
performs initial response actions that must be performed while responding to a MOB
accident. Initial response actions are listed in Table 5.1. According to the expert
opinions received, initial response actions 1 and 2 should definitely not be performed
by the system as they require human experience and decision. However, other response
actions 3, 4,5, 6, 7, 8,9, 10 and 11 can be performed by the system. Basically, when
the system is activated, system carries out all emergency response actions that can be
handled over to system. System also has auxiliary systems that will assist responders
during MOB response (See Section 5.9.2).
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Figure 5.2 : Use-Line diagram of the proposed system.

Proposed system is activated by pressing one of two or both ‘Activation Buttons’

according to side of the vessel that accident has occurred. Once the system is activated,
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system commence commanding or interfering with sub-components. For simple tasks
such as alarm, relays are used. For standard tasks such as making internal
announcement and informing engine room, interference units are used. For more
complex tasks that require data transfer such as VHF announcement, interference units

with communication protocols are used. See Table 5.6. for details.

Table 5.6 : Activation methods of subsystems.

Resp. Action 3 4 5 6 7 8 9 10 11
Relay Int.Unit Relay Int. Unit Int. Unit Relay Int. Unit Int. Unit Int. Unit
Data Flow No Yes No Yes Yes No Yes Yes Yes
One One Two One One Two
Flow Type N/A Way N/A Way Way N/A Way Way Way
Data Process No No No No No No No No Yes

If ‘Port’ activation button is used, port side lifebuoy with light and smoke is released
and announcements are made as the accident has occurred from port side. If
‘Starboard’ activation button is used, starboard side lifebuoy with light and smoke is
released and announcements are made accordingly. If it is unclear that which side of
the ship that accident has occurred or for some other reasons ‘Both’ activation buttons
are used simultaneously, announcements are made without referring a side. In this

activation type, predesignated choice of lifebuoy with light and smoke is released.

One of the important benefits of the proposed system is that it performs all initial
response actions at the same time. In the current system, these actions are performed
by the officers one by one, but the proposed system performs these actions
simultaneously. Thus, both the total response time is shortened and the actions are
carried out earlier. In addition, the proposed system is planned to be customizable

according to the characteristics of the ship to which it will be applied.
5.9.2 Extra benefits of the proposed system

Proposed system does not function to assist the responders only during initial response
stage. System does not carry out autonomous actions after initial response stage but
provides assistance. Also, there are some actions that are not addressed in checklists.

Some of these extra benefits:

* Reminding response actions that required to be carried out during ‘Pre-Rescue

Response', ‘Rescue Operation’ and 'Post Rescue' phases,
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* Proving drift predictions,

» Showing contact details of nearest RCC center (not only GMDSS channels and

frequencies but also phone number and mail information),
« Offering search patterns and best approach according to circumstances,

» Making recommendations for the post rescue phase according to the circumstances

(sea water temperature, ‘time’ that casualty spent in water),

* Powering search lights and other lights for areas such as gathering stations and rescue

craft.
» Displaying time passed after the accident has happened.

This system has an adaptable structure and is proposed to be customized for each ship.
Integration can be made into additional detection systems (Section 3.1.4) that may be
applied to ships in the future. Since the proposed system has an adaptable and

customizable structure, the system can provide additional benefits to future needs.
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6. DISCUSSIONS

This part of the study includes important findings obtained within the scope of the
study, important issues required to be discussed and contributions of the thesis to
academia, maritime education and maritime sector. The findings and discussions in
this section are explained in detail and referenced in the thesis study and previous
studies prepared within the scope of the thesis study. In order to avoid repetition,

detailed explanations and references are not given in this section.

The importance of occupational safety has increased in many sectors, including the
maritime sector, and concepts such as 'safety culture' and 'security awareness' have
emerged over time. Along with this concept, regulations, academic studies, and newly
invented work safety equipment have been created. Although there are reductions in
occupational accidents for the general workforce, the decrease in the occupational
accidents experienced by seafarers lags far behind the general workforce. In fact, it
should also be discussed why seafarers are exposed to more accidents than the general
workforce. However, since this discussion is not within the scope of this thesis, this
issue has only been mentioned in a few parts of the thesis but mentioned in the future
works section of the study (Section 7.3). To be more precise, it can be thought that
national and international rules, company procedures and ship equipment developed
over the years are optimized to provide the highest level of protection. However, when
both general accident statistics and individual accidents are examined in detail, it is
seen that there are still deficiencies and improvements are needed in many aspects.
MOB accidents are at the forefront of work accidents waiting for seafarers.
Occupational accidents and especially MOB accidents still pose a great danger to
seafarers. Therefore, MOB accidents should be examined and different solutions
should be proposed. But unlike other marine accidents, MOB accidents consist of
different stages, the response time can vary greatly, may even extent to days and there
are many factors affecting the outcome of the accident. Since the response to the MOB
accident is a very complex process, it has been considered that an optimization made

from a single aspect will not be sufficient. For this reason, this study aims to examine
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MOB accidents in detail to fully understand it and discuss the findings of the study in
order to find the optimum response methods.

6.1 Contributions of the Thesis Study

Within the scope of the study, general and MOB accident statistics, hundreds of MOB
accident investigation reports, academic studies, regulations and many different
sources were examined. As a result of these investigations, it has been determined that
there are many deficiencies in the prevention and response stages of MOB accidents.
One finding of this thesis study is, there are still many things to be improved regarding
the response to MOB accidents. To be clearer, it can be thought that national and
international rules, company procedures, ship equipment and every safety related issue
developed over the years are optimized to provide the highest level of protection for
seafarers. However, there are many aspects of maritime accidents and especially MOB
accidents need improvement. In this study, it is aimed to optimize the response to MOB
accidents from different aspects and thus to improve the results of the accident.

This thesis study constitutes an example in terms of examining a single maritime
accident type in great detail. In addition, the time model of the response to the type of
accident examined was prepared. If the impact factor of the outputs of these studies is
evaluated, the same studies should be carried out for different maritime accidents using

the same methods.

A decision-making procedure that may occur depending on the maritime accident,
which is the subject of the study, has been numerically analyzed as a result of very
detailed analyzes. Detailed statistical analysis also provided correlation control of the
factor affecting the occurrence and the results of the MOB accident. The resolved
decision logic was not left as a formula, but transformed into a decision-making
procedure. Since the prepared procedure will be difficult to use in a short time and
under challenging conditions, the same procedure has been simplified and turned into
a reminder poster that will help in the decision-making process. Both outputs of this
study are presented as procedural proposals. In addition, a single analysis method was
not used to examine the data at the procedure proposal stage. While a single analysis
method is generally preferred in variable analysis, both the results were checked and
the attributes of the variable were evaluated within themselves by using a second

analysis method.
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Within the scope of the thesis, not only a procedural suggestion was made regarding
the response to the MOB accident, but also an equipment suggestion was made. In the
equipment proposal stage, only the need for this equipment and the features of the
equipment were not mentioned. In addition, a simulation has been prepared in order to

check the benefits of the proposed equipment depending on its purpose.

In this thesis study, it has been tried not only to identify the deficiencies related to its
subject, but also to produce different solutions for the deficiencies it has identified. In
addition, the contributions of this thesis study are not limited to the outputs provided
within the scope of the thesis. Moreover, this study contributes to the academia,
maritime sector and maritime education due to the above-mentioned differences such
as using different methods, testing the usefulness of the equipment proposal with

simulation and many other benefits.

6.2 Findings and Discussions about MOB Accidents

The most important finding regarding the numerical analysis of MOB accident
numbers is that MOB accidents have a very high fatality rate. Mortality rate of MOB
accidents in Turkey, Ireland, USA and Hong Kong are 78.6%, 97.4%, 47.7% and
54.5% respectively. In Ireland, 49.7% of the maritime accident fatalities are related to
MOB and in USA waters, 79.5% of the MOB deaths are result of drowning. USA is
the only source, shares the cost of MOB accidents and average cost is calculated as
565.7%. The issue to be discussed regarding maritime accidents and MOB accidents
figures is the inconsistency of statistical information and the inaccessibility of these
data on a global scale. Accidents terms like, ‘accident’, ‘incident’ and 'event' are used
differently in most countries and also there are many other differences in data

collection and sharing methods. There is no source that shares global accident figures.

The major issue in the statistical analysis of maritime accidents is to examine only the
number of accidents and death rates. However, the most important thing is to
determine the probability of accident during the working period of the seafarers.
During the literature review phase, very rare studies were identified, and the relevant
study referenced in this study covers the years 1990-1994. According to this
calculation logic, the probability death as of a seafarer working on a ship for 1 year is
up to 1/0.00173 depending on the nationality.
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100 MOB accident investigation reports were examined with 113 item form. The data
obtained as a result of this detailed research are very different from those that are
customary and sometimes even used in maritime training. Contrary to popular belief,
overboard accidents happen when the casualty is accompanied by someone, during the

daytime in working hours and when there are no adverse weather conditions.

It can be expected that experienced seafarers are less exposed to MOB accidents.
However, experienced seafarers are more exposed to MOB accidents. In all revised
MOB drills, captain commands an underway ship. But 38% of the MOB accidents
occur when the ship is not underway and, in some cases, captain falls overboard. It
may be considered that ship procedures need to be reviewed. Most high-tonnage
merchant ships have equipment and procedures to transfer casualties by helicopter. In
the reports examined, it was determined that the probability of evacuation of the
casualty from the ship to another vessel is higher than evacuation with helicopter. For
this and similar cases, in addition to the procedure revision, the safety equipment on

board should also be revised.

Also, there are some important findings that are required to be discussed to be included
In maritime training. A significant portion of seafarers who die as a result of MOB
accident die after rescue. The training curriculum for the treatment of survivors
rescued from the water should be revised. In most of the accidents examined in detail,
it was determined that the safety procedures were not followed, the forms that had to
be filled were either not filled at all or were just filled on paper. These results show
that the purpose and seriousness of the occupational safety rules are not fully

understood and training curriculum should be revised accordingly.

The most important outcome of examination of the accidents in detail is carrying out
correlation analysis. Correlation analysis has many benefits in accident analysis,
especially in finding the root cause of accidents. It was found that there was a linear
correlation between the rescue of the survivors from the water in favorable and
unfavorable weather conditions, but no correlation between the execution of the drills

and the rescue and survival of the survivors.

Not only statistical analysis data were driven from accident investigation reports, but
also each report was examined in great detail. As a result of these examinations, very

important information was obtained and these results were also discussed.
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Investigating accidents only statistically is definitely an inadequate process and may
cause many important findings to be overlooked. In a MOB event, since the ship had
a workboat she had exemption from rescue boat. Due to high freeboard of the rescue
craft, casualty couldn’t be recovered. This is a very important finding but it should
only be revealed by examining the accident investigation form. Identifying some
findings is not enough. These findings should be discussed and the most appropriate
solution should be found by studying on them. For example, in some incidents,
equipment such as ship cranes and life jackets were tried to be used in rescue
operations. Whether the use of such equipment will be beneficial can only be found by
after studying and discussing.

MOB accidents are also studied in seafarer training books. Unfortunately, it has been
seen that the course resources used in seafarer training contain questionable
information at least about MOB accidents. It is seen that some of the information in
these sources is based on customary knowledge, not academic or experimental studies.
Best example is, in eight of the ten examined maritime safety book, 'being pulled by
the propeller' and/or 'cut by the propeller' has been cited as one of the first risks
awaiting the MOB survivor. While such a risk is not entirely impossible, it is highly
unlikely unless absolute conditions are met. At least, no such event was observed in

any of the accident investigation reports examined within the scope of the study.

The procedures prepared for the ships to use both in MOB drills and in a real MOB
event are examined. Unfortunately, many problems have been identified with these
procedures. Spelling errors, translation errors, incomprehensible articles and other
similar problems show that not all of these forms were prepared with care, were not

checked and corrected after they were prepared.
6.3 Findings and Discussions about Procedure Proposal

Under certain conditions, responder can enter the water to save a MOB casualty. The
factors affecting this decision positively and negatively were determined, the decision-
making model is numerically analyzed and presented as a procedural proposal. With
the proposed procedure, rational decisions can be made instead of instant emotional

decisions.

The difference of this study from many other similar academic studies is that the study

outputs are not limited to the academic level. In addition to academic explanations, the
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study outputs have been converted into a procedure both for use in the maritime
education and in a real MOB accident. In addition, the outputs of the study were
explained in order to reach wider audiences. With these features, this part of the thesis

study set an example and contributed to the academy.

The use of the outputs of this study and the procedural proposal in maritime training
will lead to better assimilation of such events by the future to be decision makers.
Learning the effects of variables with their attributes in the decision-making process
will enable them to think in detail and make more rational decisions when making
decisions in other emergency situations. With this benefit, this study also contributes
to maritime education (Gonel and Cicek, 2022).

An important issue identified in this study that requires discussion and even updating
maritime training curricula is the use of incorrect temperature reference values to
determine the survival time of MOB casualties at sea. Data on 'survival time at certain
temperature values' are referenced to determine the status of survivors at sea and even
plan the rescue. However, evaluations can never be made according to these periods.
Because the casualty will not be able to use their hands much sooner, later then
casualty will lose consciousness. But during all this time, casualty will not be able to
help himself or the responders.

The results of the study show that the most important factor for a captain when making
a decision about the proposed rescue operation is lighting conditions. When making a
decision in such a risky situation, the captains want to see the casualty and the
responder. For this reason, additional searchlights can be placed at different points of
the ship, and the use of more reflective tape on seafarers' work safety clothing should
be considered. The lighting systems added to the ships can be equipped with a tracking
system, allowing the casualties to be followed automatically. However, in order for
this tracking system to work efficiently, seafarers must constantly carry a transmitter
with them.

The second most important factor is sea water temperature. If it is considered only on
the basis of sea water temperature, the probability of the captains to make the decision
as enter the water decreases as the sea water temperature decreases. However, since
the responder will use thermal protective equipment, he will not be affected by the sea

water temperature, but the need for rescue of the casualty at sea will be increased.

94



When making such a decision, second, third, forth and fifth variables in order of
Importance are sea water temperature, collision risk, sea state and surface current. On
the other hand, statistical analysis results show that, consciousness state, wheather state

and visibility state variables have either an indefinite or no effect on the decision.

Collision risk variable also affects the decision of captains as revealed in the results of
this study. There are also academic studies on the risk of collision and its effects on
the maneuverability of the ships (Ugurlu and Cicek, 2022). The aforementioned
studies related to collision risk and ship maneuverability can be combined with
emergency decision making while responding to the MOB accident. The results of the
study will reduce the workload and support the decisions of the captain, who must both
respond to the emergency and rescue the casualty from the water and make avoidance

maneuvers for the ships with collision risk.

After the MOB accident, many different issues may need to be decided. This study is
about only one of the decisions that can be made. However, this study shows that a
decision to be made in an emergency can be analyzed numerically. The decision-
making logic has been resolved and the results can be used in the relevant emergency
on the ship as well as in maritime training. In addition, this analysis and resolution sets

an example for other accident types.

The results of the analysis revealed that the captains make their decisions by
considering the safety of responder more than the safety of the casualty at sea.
Responder and casualty are subject to the same risks. However, the responder who is
equipped with appropriate safety equipment and thermal protectors and is connected
to the ship, it can be considered that the responder is less likely to be affected by the
same risks. This decision of the captains should be examined in detail and if there is a
misperception, it should be added to the necessary procedures and even the training

curriculum.

It could be argued that the decision of entering into water to save a MOB casualty puts
the responder at risk. However, in other response procedures for different accident
types, seafarers are also involved in the rescue operation by being exposed to different
risks with the decision of the captain. For example, in case of fire, the fireman of the
ship equipped with the necessary safety equipment enters the comparments unde fire.

Similarly, to rescue a seafarer from a confined space, another seafarer enters an area
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that is too narrow or contains toxic gases to save the casualty with appropriate safety
equipment. Likewise, with appropriate safety precautions, a seafarer can enter the

water to save a MOB casualty at an acceptable risk level.

The responder may enter the water either from the ship or from the rescue craft for the
purpose of rescuing the casualty. But in both cases the responder will be exposed to
the same risks. For this reason, the response operation was not divided into two
different subcategories: 'entering the water from the ship' and ‘entering the water from
the rescue craft'. Also, making such a distinction may cause the ‘entering the water

from the rescue craft’ option to be perceived as a lower risk level.

This procedure only includes identified variables and should always be considered that
unpredictable variables may occur. Before making such a decision, it must be
determined if there is any other risk that are not specified in the procedure. This
proposed procedure is intended to assist in decision making and regarding to presence
of any additional risk, the final decision should always be made by the master.

6.4 Findings and Discussions about Equipment Proposal

'‘Optimization’, 'machine learning’, 'automation’, 'autonomous' and similar concepts that
foresee the use of artificial intelligence and advanced machines are increasingly
important concepts today. In many fields of study, new systems have started to replace
conventional methods for very different purposes. This study proposes to replace the
classical response in an emergency on ships with an autonomous response. With this
feature, the study sets an example for the creation of autonomous response systems for
different maritime accidents, and with this feature, it sets an example for both the
maritime sector and the academy. In addition, if autonomous or semi-autonomous
response systems are developed for other emergencies in the future, it will be very

beneficial to combine all systems.

The study started with the prediction that an autonomous response system would
benefit the officer responding to the MOB accident. However, not only the numerical
results of the study, but also the survey results answered by the officers participating
in the study that they had difficulties during the intervention and that such a system
would be very useful. Similarly, the participants who stated that they felt under
pressure during the survey completed the experimental study in a longer time with

more deficiency.

96



Proposed system saves 87.46% of the time compared to conventional response.
Considering time is the most important factor during SAR operations, saved time can
increase survival chance of the casualty. It might be claimed that time that is saved by
proposed system may not be long. But since this time is saved at the very first moments
of the accident, saved time is can change the outcome of the whole SAR operation.
The 87.46% time savings is the lowest the system can provide. Because as
environmental conditions deteriorate, such as adverse weather conditions, heavy
marine traffic, the conventional response time will increase, but the autonomous
response time will remain constant. As a result, as environmental conditions

deteriorate, the time savings provided by the autonomous system will increase.

One other major benefit of the system is making more clear announcements throughout
VHF and public addresser. Many factors such as lack of experience and language

issues can be easily eliminated.

In the conventional response method to the MOB accident, the responder carries out
all the initial response actions one by one. For this reason, responder cannot perform
another action without finishing the previous action. However, with this system, all
emergency actions can be performed at the same time withou delay. This not only
reduces the total response time, but also avoids delays in any of the initial response

actions.

10 watch keeping officers participated in the experimental simulation. Only two of
them carried out all response actions and average completion rate of all participants
were found as 84.5%. While it is very likely that not all response actions will be
performed during conventional response, all response actions are carried out by
autonomous system. Survey after experimental study clearly states that responders felt

stress during response. Proposed system also relieves the pressure on responders.
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7. CONCLUSIONS

The last part of the thesis includesfinal conclusions and suggestions for future studies.
7.1 Conclusions of the Thesis Study

Within the scope of the study, very detailed studies were carried out on man overboard
accidents. Results of the statistical researches indicate that both occurance and death
rate of man overboard accident is very high. Man overboard accidents have also been
examined in many aspects apart from statistical data. Maritime education textbooks,
training procedures of ships and hundreds of man overboard accident investigation
reports were examined in detail and a literature review was made. In all of the
examined issues, many major deficiencies or issues that need improvement have been
identified. It has also been cleared that these deficiencies can be eliminated Most
importantly, solutions have been produced to for some of the identified problems.
Finally, this study has been an example for other studies to find problems and produce
solutions for man overboard accident and other accidents.

7.2 Suggestions for Future Studies

The statistical information obtained within the scope of the study shows that seafarers
suffer more fatal accidents compared to the general workforce, and MOB accidents
come first among these accidents. In future studies, first of all, the cause of this
problem should be determined and of course, studies should be carried out to eliminate
this problem. In this study, MOB accidents were examined in detail and time modeling
was done. However, the outputs of the study are only aimed at improving the response
after the MOB accident has already occurred. Future studies may aim to prevent the

accident from occurring.

Within the scope of the study, very detailed studies were carried out on the MOB
accident. Data collection, analysis methods and multi-stage intervention procedures
were developed only for this study. It would also be very beneficial to adapt and apply
these methods, procedures and all other contributions mentioned in the previous

section to other accident types.
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