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A Study on the Design and Arrangement of Coastal Ship's Bridge

on the Basis of Ergonomics Concept

Weon-jae Ha

Department of Maritime Transportation Science,

Graduate School of Korea Maritime University

Abstract

With the advancement of technology, the reliability and efficiency of marine
instruments have been greatly improved over the years. However, the
advancements in technology have yet to have much of an impact on reducing
human errors which is the biggest contributing factor in the marine accidents.
The ship safety is by no means an exception in this regard as the recent studies
have found that the cause behind approximately 80% of all marine casualties can

be directly or indirectly traced to human errors.

In order to devise feasible methods to prevent marine casualties caused by the
human errors, this study will focus on the seldom-studied area among the human
element - the ergonomic bridge design and arrangement of equipment on the
bridge. The study will especially focus on the bridge design and the arrangement
of equipment on the bridge of Korean coastal ships which constitute more than

90% of all marine casualties in Korea.
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The International Maritime Organization(IMO), in the 2000 amendments to
1974 SOLAS, introduced  Principles relating to bridge design, and arrangements
of navigational systems and equipment and bridge procedures as Regulation 15,
Chapter V. To support provision of the revised regulation V/15 of the SOLAS
Convention, the Maritime Safety Committee(MSC), at its seventy-third session,
adopted the MSC/Circ.982 'Guidelines on Ergonomic Criteria for Bridge
Equipment and Layout' . However, as parts of MSC/Circ.982 are ambiguous or
incomplete, member Governments are currently faced with the difficulties of

adopting it into their national legislation.

Although it is well known that human element is behind approximately 80%
of all marine casualties, it is difficult to find any conclusive statistics indicating
the exact ratio of accidents caused by the faulty bridge design and arrangement
of equipment on the bridge. Additionally, even in the marine casualty
investigations, the focus is often on the officers' navigational errors rather than

on the faulty bridge design and arrangement of equipment on the bridge.

Despite the fact that no conclusive statistics are readily available, it can be
assumed that many accidents are direct or indirect result of not considering the
ergonomics element in the bridge design and arrangement of equipment on the
bridge. Although it is very difficult to prove such assumption in a quantitative
manner, there is no doubt that the ergonomic bridge design and arrangement of

equipment on the bridge play important role in preventing marine casualties.
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In this study, the definition of bridge and its progression of change over time,
the role and function of bridge, the definition of ergonomics and the grafting of
ergonomics and bridge design were reviewed. Additionally, the studies and
reviews undertaken by IMO on human eclement, and the ergonomic approach
methodology and rules for bridge design developed by International Association
of Classification Societies (IACS) and International Organization for
Standardization (ISO) were confirmed. Furthermore, the result of studies
undertaken by IMO, TACS, ISO and ATOMOS project were compiled to propose
fundamental principles related to the bridge configuration and arrangement,

workstation, location of console and man/machine interface, etc.

As a final step, the drawing review, questionnaire survey and field study on
the bridge size and equipment, the arrangement of equipment and the bridge
environment, etc. of Korean coastal ships - which constitute a large percentage
of marine casualties - were carried out to examine and analyze problematic
areas. Using such data as a basis, the type of equipment required on board and
the number of consoles required to house such equipment were determined. Next,
the determined equipment and consoles were compared with the total area of
bridge to propose the totally enclosed bridge which encloses the bridge wing.
With respect to the arrangement of consoles, three standard models of integrated
console were chosen. The three consoles were then subjected to the expert
opinion survey and questionnaire survey of expert panel to figure out advantages
and disadvantages associated with each model. Upon completion of the survey,

most appropriate configuration of bridge and arrangement of console were
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proposed.

On the basis of opinions given by the panel of expert, the protruding front
configuration of standard bridge were not considered for this study because it
would hinder on deck cargo operations on small-sized ships like coastal ships

presently operating in Korea.

For the installation of integrated console, taking the width of bridge and the
length of console into consideration, this study found that ships between 500 to
3,000 gross tons should enclose bridge wing to secure necessary area. As for the
ships of 3,000 gross tons and over, the study found that it is not necessary to
enclose bridge wing since the width of bridge is usually large enough to
accommodate the integrated console. Concerning the arrangement of console, the
study has found that it is better to install the console one meter from the front
window of bridge rather than installing it right against the front window, as this
arrangement would allow for superior lookout, monitoring of activities on deck
directly below and field of vision of 360°. The study also found that in order
to eliminate the inconvenience of going around the console to check the
navigational information during the lookout activity at the front window of
bridge, the 1/3 of integrated console should be separated to create an opening

passage of 800mm in width which would reduce the moving distance.

Finally the author wishes this study would help to enhance the safety of

Korean coastal ships.
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<Table 1-1> Number of reductions in human errors by bridge automation

unctions
\ Perception Info. Info. Handling | Others Total
Task processing | storage
Voy.
. 1 27 2 0 0 30
Planning
Voy.
. 19 65 4 0 0 88
Execution
Communic
) 2 4 0 0 0 6
ation
Monitoring
0 28 9 0 1 38
Tasks
Total 22 124 15 0 1 162

Source : H. Schuffel, “The ship wheelhouse of nineties”, Journal of Navigation Vol. 42, No.1
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<Table 2-1> Navigational equipment to be installed according to the ship’s gross tonnage

Ships

Equipment

All ship

- a properly adjusted standard magnetic compass

- a pelorus or compass bearing device

- means of correcting heading and bearings

- nautical charts and nautical publications

- a receiver for a global navigation satellite system
- less than 150 gross tonnage, a radar reflector

- when the ship’s bridge is totally enclosed sound

reception system,

- means to communicate heading information to the

emergency steering position, if provided.

All ships of 150 gross
tonnage and upwards
and passenger ships
irrespective of size

- a spare magnetic compass interchangeable
- a signalling daylight lamp,

All ships of 300 gross
tonnage and upwards
and passenger ships
irrespective of size

- an echo sounding device

- a 9 GHz radar

- an electronic plotting aid

- speed and distance measuring device

- a properly adjusted transmitting heading device

All ships of 500 gross
tonnage and upwards

© a gyro compass
 a gyro compass heading repeater, or other means,

to supply heading information visually at the
emergency steering position if provided;

* a gyro compass bearing repeater, or other means,

to take bearings, over an arc of the horizon of 360
degrees

- rudder, propeller, thrust, pitch and operational

mode indicators

- an automatic tracking aid

All ships of 3,000 gross

tonnage and upwards

- a 3 GHz radar or where considered appropriate

by the Administration a second 9 GHz radar

- a second automatic tracking aid

All ships of 10,000 gross

tonnage and upwards

- an automatic radar plotting aid
- a heading or track control system

All ships of 50,000 gross

tonnage and upwards

- a rate of turn indicator
- a speed and distance measuring device

Source : SOLAS Chapter V Regulation 19

_15_




J

H

]

A
&

5

7ol ot
RE R

E o
T
2 %

[©)

o

1

A W kel 500
o= 1 gA o

T
T
E o

T

300
o #eldel F-7H7]

-

R

A9 A4
o ]

& ok
=

=

[e)

dloly stw/de] A 10 7 o]

1) 9 GHz dleld :
SOLAS 20004 7§74

2k,
U

_,
N
el

H) o] A5 7]F2Res. MSC.64(67), -5 4o %] Uth

3) A&EAYA

)

ox

.
o
<
B
el

ol X
=

WS

ZFa] 2 A
Aol 2 A w27}

-

T

}

9
pal

_(‘)4

boh 2Eiv 500% PRk Adube] A

p 4

<

300% - 500 Alol ¢
o of

AN

(e}

-

T

R

o]
H

B

~
oR

arL
[}

Al

] = o of

19l 272 Res. MSC.116(73)o A=< 9t

to] A7) A7 25E HYAR

PAY, 224

S

—

0

0

oF

=0

&+

e

H

Eiass

A X

bol po] 7w 27}

17 9%

]

o =
871 v

_16_

64(67),



=

3,000

1

10,000 ©]7&¢]

ok
=1

ol A

l

1

T

J o)
E o

A
L

3,000

=

[¢)

1

-

of Az

ko3
T

o

.

=2

Felev SOLAS 20000 7174 4
Q)

°

&fof of

S

]

2t 8.9+
A

=

=

#lolH
2t o]

=

o2 ZstEo], 2002. 7. 1

ZIRRS

5) 3 GHz #eoly =+ ¥ WA 9 GHz doly :
o

I

=),
¥

o

=]
A

P
Y
o]

‘]

R = T o om o - i %
X E- I v = o =
W g u w T P = ® @oq b R
i YT o < o X
) © = o- %! 5
o i T B mr oo —_ - N
5 B X - W A < " —~ J)
J X .
0 —~ T ) 4_O| En_ ) ji E o f iy
T Do < X ™ T
K RN < g oo o &g
" oof W T F & T T EA
T I 4 5 ©
R j of W oy X T X o
X B X° z_.o 5 ~ Y ~
s — 2o b T T o o 3 T
ﬂuo%uﬂﬂ %%iﬂd@ nMuWﬁ
z —~ 5 2L i A
Tro_ws NG T F =5 F o
S % T e T o TOT
T o . wooop e T o Do o=
ao T A eOEOM o e o~ B
é_: 1_,_Al Zl 1uw_| Wi L o° N ,.* :i HT N o W
A= o po £ ~+ W . frod) mwy M,__. o) 0
—_ _ —~ o
= n_Al‘._ X Ny e n_w _,i o) W@ Xx_ ﬂ
OC N i o o - LIL
ST TR W X e R oy M o M i
™oT T K % o ) o X0 o
no2 A " -~ = K N MR T e
- O T TR R B
k3 WM = ° w.lr« N 5 B ® ~ S Mﬁ T2
X v o = . TS
R I O O = g
o T S 5 ¥ T O g ow R o o)) oo
E Et = S = Eo ) —  — =0 Ee
v o T g T OB mlﬂ = X N W Mu ==
FER o muwEZedes TR
lars (@] v — 0 %) 1o 7o
= o) w X W,WAE KH % HL o_e _ﬂe " = =
© . R X < 105 s <R o 2 B N T
H o B N ol ™ W we E ~ -

-17 -



2
N
i,
k1
J
=]
o2l
ol
k]
%0,
o
i

AARA LR ZA =] gl AR o

5ol

A% slolel drin Brh Fad daduE

o1z W FANAT Ao AFES the <E 2-2>5 gk

<Table 2-2> IMO performance standards for navigational eguipment

Equipment

IMO Resolution

Magnetic Compass

- Res. A.382(X)

Gyro Compass

- Res. A.424(XI)

Gyro Compass for
high speed craft

- Res. A.821(19)

TMHDs

- Res. MSC.86(70) Annex 2

valid for equipment installed on or after
1 January 2000

Automatic pilots

- Res. A.342(IX)

valid for equipment installed before
1 January 1999

Automatic steering aids
(automatic pilots) for
high-speed craft

- Res. A.822(19)

Heading control system

- Res. MSC.64(67) Annex 3

valid for equipment installed on or after
1 January 1999

Track control system

- Res. MSC.74(69) Annex 2

valid for equipment installed on or after
1 January 2000

Navigational Radar Equipment

- Res. A.222(VII)

valid for equipment installed before
1 September 1984

Radar Equipment

- Res. A.477(XII)

valid for equipment installed between
1 September 1984 and 31 December 1998

- To be continued -

_18_

AA] FomE o]




Equipment

IMO Resolution

Radar Equipment

- Res. MSC.64(67), Annex 4

valid for equipment installed on or after
1 January 1999

Navigational radar
equipment for high-speed
craft

- Res. A.820(19)

Electronic chart display
and information systems

- Res. A.817(19)

Amended by MSC.86(70), Annex 4
: valid for equipment installed on or after 1
January 2000

Automatic radar plotting
aids

- Res. A.422(X])

valid for equipment installed before
1 January 1997

Automatic radar plotting
aids

- Res. A.823(19)

valid for equipment installed on or after
1 January 1997

ECDIS Back-up
requirements

- Res. MSC.64(67), Annex 5

valid for equipment installed on or after
1 January 1999

World-wide radio
navigation system

- Res. A.815(19)

Shipborne receivers for use

with differential Omega

- Res. A.479(XII)

Shipborne Decca
navigator receivers

- Res. A.816(19)

Shipborne Loran-C and
Chayka receivers

- Res. A.818(19)

Shipborne global
positioning system
receiver equipment

- Res. A.819(19)

Shipborne GLONASS
receiver equipment

- Res. MSC.53(66)

Shipborne DGPS and
DGLONASS maritime
radio beacon receiver

- Res. MSC.64(67), Annex 2

valid for equipment installed on or after
1 January 1999

equipment
Shipborne combined - Res. MSC.74(69), Annex 1
DGPS/DGLONASS valid for equipment installed on or after

receiver equipment

1 January 2000

- To be continued -
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Equipment

IMO Resolution

Echo-sounding

equipment

- Res. A.224(VII)

Echo-sounding

- Res. MSC.74(69), Annex 4

cquipment valid for equipment installed on or after
qup 1 January 2001
Speed and distance _ Res.. A'478(XID .
indicators valid for equipment installed before
1 January 1997
Speed and distance - Res.. A'824(19? .
indicators valid for equipment installed on or after
1 January 1997
- Res. A.526(13)
Rate-of-turn indicators valid for equipment installed on or after
1 September 1984
Radar beacons and * Res. A.615(15)
transponders
Survival craft radar
transponders for use in .~ Res. A.802(19)
search and rescue
operations
Radar reflectors - Res. A.384(X)
Integrated bridge system - Res.. MSC'M(Q) ’ A@ex !
(IBS) valid for equipment installed on or after
1 January 1999
Shipborne voyage data _ Res.. A'861(20? .
recorders (VDR valid for equipment installed on or after
ecorders (VDRs) 27 November 1997
. . - Res. MSC.74(69), Annex 3
Universal automatic . . .
identification system (AIS) valid for equipment installed on or after
Y 1 January 2000
D - Res. MSC.86(70), Annex 3
Integrated navigation . . .
system (INS) valid for equipment installed on or after
Y 1 January 2000
- Res. MSC.86(70), Annex 1
Sound reception systems valid for equipment installed on or after

1 January 2000

Source @ IMO publication IMO-977E, Contents page v - vii
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<Table 3-1> Analysis of paragraph 1 of regulation 15 of SOLAS chapter V

Tasks required by
paragraph 1

Details of task

Identification of basic
tasks to be
performed

- Route planning

- Navigation

- Traffic surveillance

- Manoeuvring

- Docking

- Manual steering

- Conning

- Safety operations

- Internal and external communication related to the

tasks to be performed

Distribution of tasks
for different bridge
manning

- Watch officer :

- Navigation

- Traffic surveillance

- Manoeuvring

- External and internal communication related to
safety in bridge operation

- Rating, assisting the watch officer :

- Visual look out

- Navigator, assisting the watch officer (or watch officer

assisting the captain) :
- Navigation

- Rating, replacing the automatic heading control :

- Manual steering

- Pilot assisting in safe navigation :

- conning and determination of heading and speed

Indication of bridge
manning under
different operational
conditions

- Examples of bridge manning for various conditions:

Normal:  Day: Watch officer =~ Night: + Rating

Irregular:  Watch officer + assisting navigator

Abnormal: Watch officer + assisting navigator +
look-out (+ helmsman)

- Emergency: Captain + watch officer + assisting

navigator + look-out (+ helmsman)

(+ chief engineer/chief officer)

- To be continued -
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Tasks required by
paragraph 1

Details of task

Definition of
operational
conditions and
situations

- Normal condition:

- Irregular condition:

- Abnormal condition:

- Emergency situation:

- Distress situations:

When all shipboard systems and equipment related to
primary bridge functions operate within design limits,
and weather conditions or traffic, do not cause
excessive operator workloads

When external conditions cause excessive operator
workloads.

When internal technical system failures require
operation of basic back-up systems or when they
occur during an irregular operating condition, or
when the officer of the watch becomes unfit to
perform his duties and has not yet been replaced by
another qualified officer.

When failure of internal ship systems, not affecting
the ability of navigation or manoeuvring, or fire
incidents occurs which need to be controlled and
managed from the bridge.

When the ship has lost the navigating or manoeuvring
capability

Source : IACS CG/BDEA Working Paper, "Clarification and Considerations”
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<Table 3-2> Identification of essential information and controls required by the watch officer

Task Details
- Determine and plot the ship’s position, course, track and
speed
- Effect internal and external communications related to
navigation

- Monitor time, course, speed and track, rudder angle,
propeller revolutions and propeller pitch (when applicable)

- Adjustment of pre-planned route during the voyage.

- Analyse the traffic situation

- Decide on collision avoidance manoeuvres

- Alter course

- Change speed

Navigation . .
task & - Carry out a change of operational steering mode

- Effect internal and external communications related to
performance

manoeuvring

- Monitor time, course, speed, track, propeller revolutions,
thrust indicator (if equipped with thrusters), pitch indicator
(if equipped with pitch propeller), rudder order, rudder
angle and rate of turn

- Monitor all alarm conditions on the bridge.

- Monitor the ship’s performance in relation to the waters and
the pre-planned route on the electronic chart display

- Carry out changes of input data to the navigational system

- Monitor the performance of the automatic navigation in
narrow waters by means of radar.

- To be continued -
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Task

Details

- Equipment providing essential information

Gyro repeater

Rudder angle indicator

Depth indicator

Clock

Propeller RPM indicator

Pitch indicator (when provided)
Speed indicator

Rate-of-turn indicator.

Navigation
task
performance

- Equipment to be operated

Navigation radar display and controls

Chart table and ECDIS back-up arrangement when
provided

Relevant position-fixing systems (GPS, GLONASS Loran-C)
VHF unit

Whistle push button

Device for acknowledging watch monitoring
warnings/alarms

Central alarm panel

Distance indicator

Traffic
surveillance/
collision
avoidance
task
performance:

- Equipment providing essential information

Propeller RPM indicator

Thrust indicator (when provided)

Pitch indicator (when provided)

Speed indicator

Wind direction and speed indicator (when provided)
Rudder angle indicator

Rudder order indicator (if the steering system is a
follow-up system)

Rate-of-turn indicator

Gyro repeater

Depth indicator

Clock

Conning information display (when provided)
Alarm indicators (colours)

Means for reception of external sound

- To be continued -
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Task Details

- Equipment to be operated
- Radar display and controls
- Automatic radar plotting aid (ARPA)
- Electronic chart system/ECDIS, when provided
- Propulsion control

Traffic - Heading control or track control system (as required)
surveillance/ - Manual steering with tiller override control

collision - Steering mode selector switch

avoidance - VHF unit

task - Whistle push button

performance: - Internal communication equipment

- Emergency stop for propulsion machinery

- Emergency stop for thruster(s) (when provided)

- Device for acknowledging watch monitoring
warnings/alarms

- Central alarm panel.

Source : IACS CG/BDEA Working Paper, "Clarification and Considerations”
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<Table 3-3> Automated functions, its components and systems of bridge
Function Contents
- Steering a set course
- Plotting ships position in an electronic chart system
Automated | - Steering along a planned route governed by ships position
functions - Adjusting the speed according to ships position and preset
values
- Manoeuvring operations (Joystick)
- Heading control unit
- Satellite positioning-fixing unit (GPS)
Integrated - Electronic chart display unit (ECDIS)
components | - Radar display unit
- Track control unit
- Speed control unit
- Track control system
Systems o
- Integrated navigation system
- Positive indication when functioning in accordance with
planned operations and system specifications:
- Visual observations of key values
Indication - No warning or alarm
of relevant | - Early warning:
operational - Reduced accuracy
status - Reduced reliability of performance
- Alarm conditions:
- System failure
- Display freeze

Source : IACS CG/BDEA Working paper Clarification and considerations
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<Table 3-4> Contents of 1ISO 8468

Contents
Bridge - Field of vision
Configuration - Windows
Bridee - Location and interrelation of workstations
5 - Location of instruments and equipment

Arrangement . . . .

- Configuration and dimension of consoles

- Bridge equipment

- Instruments
Bridge - Navigating
Equipment - Manoeuvring

- Communication

- Illumination and individual lighting of instruments

- Good working condition for bridge personnel
- Uncomfortable levels of vibration shall be avoided

- Noise
Bridge Working | - Alarms
Environment - Lighting
- Heating and ventilation
- Surface
- Interior
Safety of : gﬁ?ﬁt R hazar‘dcsi he bridge shall be clearl
Personnel y equipment carried on the bridge shall be clearly

marked

Source : ISO 8468
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<Table 4-1> Kinds of workstations used for various navigational conditions

Waters
Operational .
Condition Ocean areas | Narrow Pilot waters Harbours
Coastal water waters General Confined
| Wi+ | witwas
Normal W1 WI1+W2 WI1+W2 W8 Wa
W1+W2+ W1+W2*+ W1+W2+ W1+W3+
+
Irregular W1+W2 W3 W3 W3+W8 Wa
Abnormal W1+W2+ W1+W2+ W1+W2+ W1+W2+ W1+W2+
W3 W3+W8 W3+W8 W3+W8 W3+W4
Ermersency | WIFWBIHW6| WIHWB)+ | WIHWI)r | WIH(W3)+ | WI+Wa+
BENCY 1wy WE+W7 | WB+W6+W7| WS+WE+W7| WA+W6+W7

* Used by pilot

WS = 91z 28o] A

W1 @ &aff % 24 $ja2HeolA

W2 @ ZHA] 91z 2ol A

W3 : F5xE JaxygolA

W4 @ Het §ja e oA

W5 Alg YazdolA

W6 @ Qb ]~ oA

W7 : &4 fazHoelA

W8 : &4 (Conning position)

Source : IACS CG/BDEA, “Draft IACS Standard for Bridge design and equipment

arrangement”, Ver. 2.0, p.10.
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[Fig. 4-8] Example of function areas
Source : MSC/Circ.982
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<Table 4-2> Equipment for navigation and manoeuvring workstation

JEo w2

N5

Fiol skl 19743 SOLAS9]

F3hd

Hn:

5ol

Tkl 2

Equipment and means

Tasks/Purpose Equipment | Indicators |Related equip Remarks
Mandatory All ships
Y Readable
Check heading | Magnetic comp.” from WS for
manual
steering
Pelorus
Take optical Egifgcstir?f Magnetic Arc of 360°
bearings cung compass
heading and
bearing to true
Positioning GPS
- manual Paper charts
. Chart table .
- electronic” ECDIS w/backup 'Optional chart
arr.' system.
. . All ships w/
gurvsillarce by | Sound reception. | Sound_ fotally nciosed
& Y brldge
) To
emergency
Communicate steermg
heading " ’Main gyro | ?Optiona
- manual | Telephone optlonag Gyro repeater
- automatic” (located in
steering gear
comp.)

- To be continued -
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Mandatory

Ships >150gt

Spare comp.

Interchangeable
magn. compass

Stored in bridge
area

Communicate
ship/shore

Signalling lamp

Readily available

Compulsory
Externall vur telephone (SOLAS Ch
IV/4-1 + 17(f)
T r af f i c| Radar w/
surveillance electr. plotting 9 GHz
Navigation aid (EPA)
Check keel Echo sounding
clearance device
Check speed & | Speed & distance Speed through
distance measuring device the water

Transmlitting
heading "

Transmitting
heading device

Y Trans. to
Radar/EPA and
AIS

% Gyro req. for
ships >500 gt.

S h i p

identification, AIS Ref. Reg.19.2.4
tracking
Mandatory Ships >300gt.
Traffic Radar w/
surveillance electr. plotting 9 GHz
Navigation aid (EPA)
Check keel Echo sounding
clearance device
Check speed & | Speed & distance Speed through
distance measuring device the water
Y Trans. to
Transmit’ging Transmitting , i?g ar/EPA and
heading " heading device ? DG
yro req. for
ships >500 gt.
Ship
identification, AIS Ref. Reg.19.2.4
tracking

- To be continued -
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Mandatory

Ships >500gt.

D Also available

Determine Gvro to WS for
heading” heya din monitoring
Transmitting Gyro compass re eategr Trans. to
heading P Radar/ATA and
AIS
: 2 gyro Y Location
Takaerc %%%Emgs bearing | Main gyro | bridge wings.
repeaters )
Supply heading Gyro Y Located at
info to emerg. heading Main gyro | emerg. steering
steering pos. repeater position
Readable also
from WSs for
Rudder e
. monitoring +
Mané)guvrmg . angle manual steering
) rlio gﬁeinfe:xezs Propeller Readable also
~ Fhrl?ster force revs from WS for
+ (Pitch) monitoring
direction Thruster
- operational settings
mode Actual When
mode of equipment offers
use diff. modes
gllﬁxf/feifllance ATAY Radar Y Replaces EPA
Mandatory Ships >3,000gt
Traffic 3GHz or 9GHz
surveillance Radar w/ ATA (Add a second
Navigation radar w/ATA)
Mandatory Ships >10,000g.t.
Traffic Automatic radar ! Replaces one
surveillance ?X}EE& %ld Radar ATA
Automatic Heading or track
steering control system

- To be continued -
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Mandatory Ships >50,000gt.

To be read from
WSs for
monitoring +
manual steering

Monitor ship’s

turn Rate-of-turn

Measure speed

& dist. fwd + 2-axis speed log Over ground
athwart

Chapter
Internal com. Auto tlph.

External com. VHEF tlph.

Source : IACS CG/BDEA, "Draft IACS Standard for Bridge design and equipment
arrangement”, Ver. 2.0, pp.15-16.

2) A1 A zH ol A
T <E 4-3>2 FA Azl Y5e FAs)e) dash dw

o] t}.

<Table 4-3> Equipmentt for monitoring workstation

Equipment and means
Tasks/Purpose Equipment Indicators |Related equip Remarks
Monitor Steering gl};fi%gre%?gleg Main gyro See WS for
Rate-of-turn nav/man
Speed See WS for
Monitor Speed Eﬁvs. main Speed log %i‘éﬁnllfa n
& relevant
Monitor time Clock
Give sound .
signals Whistle control
Acknowledge Watch
watch alarms Ackn. button monitoring

- To be continued -
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Equipment and means

Tasks/Purpose

Equipment

Indicators

Related equip

Remarks

Monitor alarms
and warnings

Alarm panel

Internal com.

Telephone

External com.

VHEF telephone

Ctrls. for window

Monitoring wipers, washing
environment & heating
Binoculars
Source IACS CG/BDEA, "Draft IACS Standard for Bridge design and equipment

arrangement”, Ver. 2.0, p.17.

3) FExE YALE oA
O <X 44> F5XE YazdHolAdd

dnjeltt.

es TR 22

<Table 4-4> Equipment for manual steering workstation

Equipment and means
Tasks/Purpose Equipment Indicators |Related equip| Remarks
Operating -
steering device Wheel - tiller
Monitoring }(Egar?i}ijﬁ Magnetic
compass Gvro & compass
heading re}li)eater Main gyro
Communicate Handsfree
bridge wings talkback tlph.

Source IACS CG/BDEA, "Draft IACS Standard for Bridge design and equipment

arrangement”, Ver. 2.0, p.17.
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<Table 4-5> Equipment for docking workstation

Equipment and means
Tasks/Purpose Equipment Indicators |Related equip Remarks
Main engine ctrl.'
Manoeuvring : 1 Tr¢ s
operations Steering ctrl. If installed
Thruster ctrl.'
Gyro
. repeater
Determine Speed
manoeuvring Rudder
- Heading angle
- Speed, Main gyro
- Steering, fer‘(])feller Speed log
- Propulsion Pitch if
relevant
Monitor external Wind force
conditions & direction
Communicate i—al?ﬁbiscgree
wheelhouse t
elephone
Communicate . Ref. SOLAS
tugs/ pilot boats VHEF (point) Ch. IV/17(f)

Source : IACS CG/BDEA, “Draft IACS Standard for Bridge design and equipment
arrangement”, Ver. 2.0, p.17.

5) AY H A} flAsH oA
o <

F 4-6>2 AR B A fazHelAdY e syl 2
3 Adujo|t},
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<Table 4-6> Equipment for planning and document workstation

Equipment and means
Tasks/Purpose Equipment Indicators |Related equip Remarks
GPS
Paper chart
Route plannlng Chart table
Electr. chart Optional

Source

arrangement”,

IACS CG/BDEA,

Ver. 2.0, p.18.

6) td Aol

“Draft IACS Standard for Bridge design and equipment

e <F 4-7>8 obAd 9z rgolAde 750 48la7]o s A
ot}
<Table 4-7> Equipment for safety workstation
Equipment and means
Tasks/Purpose Equipment Indicators |Related equip Remarks
Remaining
alarm
Display alarm ﬁ:)cllcators
conditions available at
WS for
nav/man.
Provide Remaining safety iﬂfio’sabs(:fl;t
information, controls not . sIt)ems an(}:i
ctrls. and available at WS antingency
ggflélt};,m. for for nav/man. plan to be
management Internal telephone ?ﬁ]eaﬂ‘?vbsle at
Source IACS CG/BDEA, “Draft IACS Standard for Bridge design and equipment

arrangement”,

Ver. 2.0, p.18.
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<Table 4-8> Eqguipment for communication workstation

Equipment and means

Tasks/Purpose Equipment Indicators |Related equip| Remarks

To be specified
GMDSsS in relation to
trading area

Public
correspondence

Source : IACS CG/BDEA, “Draft IACS Standard for Bridge design and equipment

arrangement”, Ver. 2.0, p.18.
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[Fig. 4-9] Design of console for standing position
Source : ISO 8468
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Collision Avoidance
Data Data Data
L . . Total
Aquisition Handling | Interpretation
Radar & Grease pencil 3 15 7 25
ARPA 3 3 6 12
Voyage Planning
Radar & Grease pencil 1 9 6 16
ARPA 1 9 6 16
Track Keeping
Radar & Grease pencil 1 6 1 8
ARPA 0 0 0 0

Source : Dr. Thomas. F. Sanquist, Evaluating Shipboard Automation p.4.
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<Table 5-1> Numbers of marine accidents according to the ship's gross tonnage (1997 - 2001)

GT | Less 20100 | 100500 | 50100 | 1,000-500 5180805 o Ok
Year 20 on Ton Ton Ton Ton 1%(())30 n

1997 | 316 | 409 | 117 3 63 10 % | 55 |1,027
1998 | 318 | 357 92 29 62 16 15 | 47 | 936
199 | 378 | 34 | 102 24 58 11 27 | 47 [108
2000 | 254 | 318 7 31 62 10 12 | 21 | 780
2001 | 276 | 289 o4 B 61 12 % | 9| 79
Total [1542 | 1767 | 447 159 306 59 104 [179 |4563
%) | 338 | 387 938 35 67 13 23 |39 | 100

Source : Korean Maritime Safety Tribunal, "Maritime Accident Statistics, 2002”

L <3 5204 RHiE ule} o] Q1A Q Ao oF Alae]l tE A 4

i B 5 Qe FEALY 49, FES S00E oo Mub 4487 F FE
4 500%E~5000% Auto] 334H 0% o] mg 75%0] o] &t}.

<Table 5-2> Numbers of collided ships acoording to the ship's gross tonnage (1997 — 2001)

GT|Less than| 20~ | 100~ | 500~ | 1,000~ %ore U
20 100 500 1,000 5,000 505‘(% n I‘Ln Total

Year Ton Ton Ton Ton Ton f 0

on

1997 68 69 43 2 55 28 6 291
1998 75 7 51 2 43 16 6 285
1999 64 76 26 19 39 29 8 261
2000 50 69 45 17 37 19 3 240
2001 48 61 36 26 54 2 2 249
Total 305 347 201 106 228 114 25 1,326
(%) 23.0 26.1 152 8.0 172 8.6 19 100

Source : Korean Maritime Safety Tribunal, "Maritime Accident Statistics, 2002”
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<Table 5-3> Numbers of marine accidents according to the causes (1997 - 2001)

tional E
Ause Operational Errors Bad
Not observance of gen engin | Force | 5.,
Breach of Colreg, eral principles of navi Other| € |majeu €l Total
Not observance of |gation like lookout. po| =" ;™" | contr | re S
Year \ [statutory reg. sition, heading, course, ol
etc..
1997 36 0 12 3 - 3 | 144
1998 33 85 4 1 6 12 | 14
1999 32 95 2 - 1 1 | 131
2000 30 82 3 1 - 4 | 120
2001 36 75 5 1 3 2 | 122
Total 167 427 26 6 10 22 | 658
(%) 254 64.9 40 | 09 | 15 | 33 | 100

Source : Korean Maritime Safety Tribunal, "Maritime Accident Statistics, 2002”
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<Table 5-4> The average breadth of bridge by gross tonnage
Class GT L B D Bridge(L) Bridge(B)
500 Ton 499 66.6 115 6.1 3.5 4
Class 499 51.45 9.8 4.4 3.6 54
507 56.0 9.8 4.7 3.9 5.0
510 45.1 12.0 53 7.3 51
510 60.0 10.0 4.45 51 5.6
Mean 55.83 10.62 4.99 4.68 5.02
1,000 Ton 999 62.83 13.0 5.75 4.8 5.1
Class 1,017 63.6 13.0 41 3.0 4.1
999 69.26 11.8 5.7 4.55 7
999 72.01 12.0 5.6 4.5 7.2
999 69.26 11.8 57 4.55 7.0
Mean 67.39 12.32 5.37 4.28 6.08
3,000 Ton 3,000 90.03 14.0 8.7 4.0 5.5
Class 3,012 84.9 15.6 8.0 5.95 7.5
3,013 89.5 17.0 6.5 4.5 7.0
2,994 92.7 15.8 9.85 6.5 8.6
3,016 77.93 15.52 6.95 5.0 7.0
Mean 3,007.00 87.01 15.58 8.00 5.19 7.12
5,000 Ton 4,988 110.09 18.2 8.5 5.8 7.0
Class 5,004 914 17.0 12.0 4.5 7.0
5,043 106.0 17.0 10.0 7.0 10.5
5,106 113 18.4 9.0 5.5 7.5
4914 105.3 18.2 8.7 6.7 9.0
Mean 105.15 17.76 9.64 5.90 8.2
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<Table 5-5> Number of responses

Total

13

20

12

55

5,000 -

14

12

500 - 1,000 {1,000 - 3,000|3,000 - 5,000

4

26

GT

Officer

Captain

Chief Officer

Second Officer

Third Officer

Others

Total
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<Table 5-6> Navigational equipment installed onboard ship

GT 1,000 - 3,000 -
Equipment 500 - 1,000 3,000 5,000 5,000 - Total
No. of responses 26 12 3 14 55
Radar 26 12 3 14 55
ARPA 8 6 3 14 31
ECDIS 7 0 10
GPS Plotter 20 11 0 33
Other ENC 2 0 0 2
GPS 23 11 3 12 12
Gyro 22 11 3 14 51
Magnetic Compass 25 12 3 14 54
Day Light Signal 20 12 3 13 48
Nav. Light Panel 25 11 3 14 53
Log 10 6 3 13 32
NAVTEX 20 10 2 11 43
Weather Fax 17 10 3 13 43
Echo Sounder 19 10 3 14 46
Sat. EPIRB 16 10 3 13 42
Radar Transponder 18 10 3 12 43
Auto. Nav. Sys. 9 7 2 9 27
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<Table 5-7> Indicators installed onboard ship

Indicator = 500 - 1,000 1&?880_ 3’5(,)(())(())0_ 5,000 - Total
No. of responses 26 12 3 14 55
Barometer 24 12 3 14 53
gﬁ‘jﬁi}r’fed and 24 12 3 14 53
Rudder Angle 25 11 3 13 52
RPM 26 11 3 13 53
Clock 25 11 3 14 53
Clinometer 21 8 3 14 46
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<Table 5-8> Communication equipment installed onboard ship

500 - 1,000 130880 350880 5,000 - Total
No. of responses 26 12 3 14 55
VHF 26 11 3 14 54
Telephone 25 11 3 14 53
Public Add. Sys. 22 12 3 14 51
GMDSS Equipment 16 10 2 12 40
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<Table 5-9> Safety equipment installed onboard ship

GT 1,000 - 3,000 -
Equipment 500 - 1,000 3,000 5,000 5,000 - Total
No. of responses 26 12 3 14 55
Cargo Tank 12 9 2 5 28
onitoring
Fire Detection 14 1 3 14 42
Panel

6) 71#xF

(¢}

g 2% Al BE Ad 3E5oz J@Fdsiddoe] opd Ao F
71 g ATl W EAAE gl 9% A A= Adaed] A E o

Aers HolFETh

<Table 5-10> Engine controls installed onboard ship

GT 1,000 - 3,000 -

Equipment 500 - 1,000 3,000 5,000 5,000 - Total
No. of responses 26 12 3 14 55
Telegraph 22 7 3 13 45
Main Eng. and

Gen. Monitoring 22 1 3 10 46
Emerg. Fan Stop 18 9 3 11 41
Emerg. Pump Stop 15 9 3 9 36
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<Table 5-11> Other facilities provided onboard ship
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<Table 5-12> Shape of bridge front
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<Table 5-13> Opinion on the

equipment arrangement in the bridge

Arrangement ! 2?0000 15’)(,)880 3;?880 5,000 - Total
No. of responses 26 12 3 14 55
Yes 8 0 4 17
Moving Partly Yes 5 1 3 10
distance is Little 7 2 3 12
long No problem 4 0 3 12
Sub total 24 11 3 13 51
Yes 4 2 0 1 7
Location of | Fartly Yes 4 0 0 1 5
indicator Little 7 2 1 2 12
inappropriate | \r. o oblem 9 7 2 7 25
Sub total 24 11 3 11 49
Yes 2 0 1
Not Partly Yes 0
iﬁgcffm Little 1 16
vision No problem 2 20
Sub total 24 10 3 13 50
Yes 3 1 1 5
Size of Partly Yes 0 0 3
console is Little 0 2 4 12
big No problem 14 9 0 6 29
Sub total 23 10 3 13 49
Yes 5 4 0 0 9
Area of Partly Yes 7 6 1 4 18
bridge is Little 5 1 3 9
small No problem 6 1 6 14
Sub total 23 11 3 13 50
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<Table 5-14> Opinion on the bridge environment

GT 500 - 1,000 - 3,000 -
System 1,000 | 3000 | 5000 | >000- | Total
No. of responses 26 12 3 14 55
o Yes 17 7 3 11 38
Lighting No 5 4 0 2 11
controllable
Sub total 22 11 3 13 49
) Installed 19 10 3 12 44
Air c.ond. & Uninstalled 4 1 0 1 6
Heating
Sub total 23 11 3 13 50
o Installed 9 2 17
Humidity Uninstalled| 12 6 0 9 27
control
Sub total 21 10 2 11 44
Installed 15 8 3 2 28
Ventilation Uninstalled 6 3 0 9 18
Sub total 21 11 3 11 46
Yes 15 3 34
Un.comfortable No p 0 -
noise
Sub total 21 11 3 11 46
Yes 15 3 11 37
U.ncomfortable No 5 0 1 10
vibration
Sub total 21 11 3 12 47
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[Fig. 5-4] Various safety panels installed on the wall without ergonomic concept
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[Fig. 5-5] Various GMDSS equipment without ergonomic concept
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54.2 98 Z&9 F

<Table 5-15> Number of consoles according to the ship’s gross tonnage

Console ot 500 - 1,000 | 1,000 - 3,000 | 3,000 - 5,000 5,000 -
Radar Console ©) @) @) @)
Conning Inf. @) ©) O O
Communication O O O O
Nav. Light ° ° © °
Steering Console o © O O
Others* @) O @) @)
Chart Table A A A A
ARPA(ATA) A A 0 ©)
ECDIS (GPS Plotter) A A A A
Engine Monitoring A A A A
Total 7 7 8 8

A 1 Recommended to install

* Others : Speed log, Echo sounding device, Fog signal, Weather

facsimile, etc.
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Bridge configuration and console layout type B

[Fig. 5-8]
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[Fig. 5-9] Bridge configuration and console layout type C
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<Table 5-17> List of vibration ranges which should be avoided

Range Effect

01 ~ 05 Hz

particularly ca. 0.25 Hz Motion sickness

1.5 ~ 30 Hz

particularly 10 ~ 25 Hz Vision blur

Involuntary increase in muscle tone,
10 ~ 20 Hz leading to difficulty in controlling
posture and movement

dA : 0 ~ 30 Hz Magnitude of effects depends upon
Major source of problems vibration amplitude

Source : DNV, Rules for Nautical Safety Section 3, July 1991
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<Table 5-18> Recommended illumination of bridge

Place

Colour/illumination

Bridge adjacent
offices, Day

White, continuously variable from 0 to at least 500
Lux

Bridge, night

Red, continuously variable from 0 to 20 Lux

Adjacent corridors
and rooms for noisy
equipment, night

White, continuously variable from 0 to at least 300
Lux

Adjacent corridors
and rooms, night

Red, continuously variable from 0 to 20 Lux.
Automatic door switches should be fitted

Obstacles

Red, spotlight, continuously variable from 0 to at least
20 Lux

Chart table, day

White, floodlight, continuously variable from 0 to 1,000
Lux,

White, spotlight, continuously variable from 0 to 100
Lux

Chart table, night

Combined red and white, floodlight, with each colour
continuously variable from 0 to 20 Lux,.
Combined red and white, spotlight, with each colour

continuously variable from 0 to 20 Lux,.

Source :

ISO 8468 paragraph 7.5
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<Table 5-19> Recommended color codes for system functions

Function Color code
Danger, Alarm, Emergency, Stop, Off Red
Attention, Abnormal condition, Warning Yellow
Safety, Start, On Green
Indication Blue, Grey, White

Source : DNV, Rules for Nautical Safety Section 3, July 1991
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