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15 How is the figure for UERE derived?

16 The use of DGPS offers improved fix accuracy. Over what range would you expect tq .
DGPS data? ¢

17 Why does a GPS antenna need a ground plane?

18 Why is the C/A code generated (or held in memory) in a receiver and applieq 9
correlator?

19 Autocorrelation is used in the signal processing stages of a GPS receiver. Why is this?

20 The Russian Federation satellite navigation system, GLONASS, offers similar features
accuracy of position fixing to the GPS. Are the two systems compatible? d

snapter 6
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61 introduction

2 20th century saw many milestones in terms of nautical events and much was learnt from such
ats for the benefit of those seafarers that came afterwards. Starting with events such as the sinking
eV";he Titanic in 1912 with its impact on the Safety of Life at Sea, the use of wireless telegraphy and,
(?fntinuing throughout the century, the increasing use of electronics and satellites for navigation and
ngmunication purposes.

puring that time there was a realization for the need to set up international bodies with a view to
e parmonization, and the international recognition, of standards for ships involved in international
rading- Bodies set up during the 20th century to monitor and influence these trends included the

following.

6.1.1 International Maritime Organization (IMO)

Qriginally set up as the Inter-Governmental Maritime Consultative Committee (IMCO) in 1958, the
qame was changed in 1982. Its first task was to adopt a new version of the International Convention
for the Safety of Life at Sea (SOLAS) and this was completed in 1960. The best known of the
wesponsibilities of the IMO is the adoption of maritime legislation. About 40 conventions and
protocols have been adopted by the organization and amended as necessary to keep pace with the
changes in world shipping. The IMO has 158 member states and is based in London, England.

6.1.2 The International Standards Organization (ISO)

This is a non-governmental organization established in 1947 with a view to promoting the
development of standardization in the world, facilitating the international exchange of goods and
Services, and developing co-operation in the areas of intellectual, scientific, technological and
fonomic activity. The work of the organization results in international agreements, which are
published as International Standards. There are more than 130 countries represented within the
Oiganization which is based in Geneva, Switzerland.

813 The International Electrotechnical Commission (IEC)

EStablished in 1906, the organization has more than 50 member countries covering 85% of the world’s
%"PUIation. Standards established are used in more than 100 countries and there are approximately 200
celchﬂical Committees (TCs) of which TC80 is an important part (see Section 6.3). The IEC
OlabOTates with the ISO in matters of mutual interest and both organizations co-operate on a joint
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basis with the International Telecommunications Union (ITU). Like the ISO, the IEC jg n
governmental body while the ITU is part of the United Nations organization with governmepy .
members. The IEC is based in Geneva, Switzerland. 4

6.2 Design criteria

In the 1960s Planned Ships Bridges were available from at least one manufacturer and fitteq on <.
vessels. This was probably the first attempt to construct a bridge within design concepts that to()k
consideration the operational requirements of the vessel. Integrated navigation systems and ingg
bridge systems have evolved from those days and the concept is now accepted, with a Varje
systems available from many different manufacturers.
Certain classification societies have initiated terms of carriage requirements if particular nog
are specified for a vessel. A leading influence has been Det Norske Veritas (DNV) of ;‘;’
member of the International Association of Classification Societies (IACS). The Association
formed in 1968 and claims that ‘At the heart of ship safety, classification embodies the technicg
regulations, standards, guidelines and associated surveys and inspections covering the g
construction and through-life compliance of a ship’s structure and essential engineering and electy
systems.” More than 90% of the world’s merchant tonnage is classed by the 10 members apg
associates of TACS. TACS members include the American Bureau of Shipping (ABS), Germanjg
Lloyd and Lloyds Register of Shipping, together with societies from China, France, Italy, ju
Korea, Norway and Russia. IACS has held consultative status with the IMO since 1969 and is theg
non-government organization with observer status able to develop rules. The DNV rules for ships
as follows.

@ To reduce the risk of failure in bridge operation, causing collisions, groundings and g
weather damages and to minimize the consequences to ship and complement, should an aceig
occur.

@ To include relevant requirements and recommendations from the IMO.

e To include relevant international standards within the rules or indicating the points in which
differ.

The various classification societies have adopted different standards although discussions
establishing international performance standards for integrated bridge systems have progressed
the direction of the IEC’s Technical Committee 80 (TC80). Progress has been made on type app
and system notation.

The integrated bridge system should be designed and installed as a physical combinali0
equipment or systems using interconnected controls and displays. Workstations should pit
centralized access to all nautical information. The type of operational function carried out fro
bridge would include navigation, communications, automation and general ship 0pe
Manufacturers can provide shipbuilders and potential shipowners with computer-generated dra¥
of how a particular bridge layout would look when installed. One such diagram produced by L
Marine Systems is shown in Figure 6.1.

In the absence of any internationally-agreed operating standards, from either the IMO or N&
authorities, reliance must be placed on industry guidelines and standards which do exist for D
layout and equipment. These include the ISO standard for ‘bridge layout and ass
equipment.’
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Figure 6.1 Line drawing of an integrated bridge system. (Reproduced courtesy of Litton Marine
gystems.)

An IEC definition of an integrated bridge system states that such a system must be capable of
wrrying out at least two of the following functions:

» navigation planning

# passage execution and manoeuvring
# collision and stranding avoidance

# communications

# machinery control and monitoring
# loading and discharge of cargo

# safety and security

# management.

The integrated bridge system that meets these requirements must provide: redundancy in the event of

WSem failure; the use of standardized equipment interfacing; the centralization of all nautical data

id alarms; and the use of suitable displays to allow the monitoring of sensor data. The fact that

c“.l‘rent trends involve a reduction in manning levels suggests that the few members of a crew on the

b“_dge must be capable of interpreting and responding to the multitude of information and alarms

» cgré)resented to them. This would involve improvements in training and system documentation for
ws,

The DNV ryjes specify design criteria for particular workstations namely:

L] .
t"‘“Tlc surveillance/manoeuvring
Navigation

|




i

|

N

Integrated bridge systems 193

@ route planning rerential GPS (2)
@ manual steering ocOMPAss 2)

o STW

® safety operations A gy" 4 over ground (SOG) an((ij spied thlrodugh \;/a:er( )
: . : . ; emen
@ docking operations 5 alteration warnings and acknowledg ! ) ) .
® conning operations : o0 rrssatic safety contour checking and alarming during voyage planning andde)b;eCELLllt\lIOCns issusd o
. ; t covered by
gio”". te own electronic charts from paper charts for areas no
1 ity to crea i

In each case the tasks that have to be performed are specified and the siting of relevant instry, Tk ?lfieﬁ by official sea chart authorities.
equipment required for those tasks is defined. As an example, the workstation for na g o

Vigagjg . . , is on suitable
specified to enable the following tasks to be performed: E gition to the above functional requirements, ANTS also places great emphasis on

::C picé! d(i):eﬁir;;a ft(])(;leNT S place additional demands on certain aspects of the system. Forvexample,
e f the ship’s heading should be a value that has been corrected for any errors typical of tl?e
{he accu?;); ﬁeading input, and at least one of the gyrocompasses should bej provided with an automkatlc
sﬂurce(ic r the correction of errors caused by speed and latitude. The. steering system should alsok eeg
System ‘O track-keeping of the ship within the limits set on both sides of th.e pre-planned tra.c ar;
w - ide the capability to steer the ship along a route consisting of straight and.curved lines by
- prOVlt‘ and manual input of turn orders. The speed input should have sufficient accuracy to
4 autoﬂila ICuality of position fixing by dead reckoning. The system should be provi.ded w1.th afiltered
safeg.uard = ?he GPS receiver and when performing turns, the system should be provided Wltl:l the most
Sitlotr;ire(:;jtime position. The quality of the integrated position fixing system should be monitored and
- i ity is below an acceptable limit. .
R Sdh(;(l)lidir?{)f:r;ziil(l)fr:hlfazurﬂegnt that there has It)xien a tendency to move away from sourcing
T-hfr:;f from a variety of manufacturers and attempts to integrate disparate pieces of equipment, to
equip

@ determine and plot the ship’s position, course, track and speed;
@ cffect internal and external communications related to navigation;
@ monitor time, course, speed and track, propeller revolutions, pitch indicator and rudder angje

The following instruments and equipment should be installed within reach:

® navigation radar display and controls

@ chart table

® relevant position fixing systems (GPS and Loran-C)
@ VHF unit

@ whistle control.

Instruments, indicators and displays providing information considered essential for the safe
efficient performance of tasks at the navigation workstation should be easily readable from

f
i i j ne manufacturer. Many manufacturers, aware o
workstation. These instruments, indicators and displays should include: | ingle-sourcing a packageffof equlpriletnt Z;osrtr; r{]u:t V(;ith 2t T Tty T e
i ete

requirement, now otfer comp. ! e e o
o et angle [hiiran(tleed. The use of standard modules and interfaces, not only for navigation butl aistcc) f(i)s oy
® rudder angle indicator ﬁ:dge functions, such as communications, engine momfonng and C(?ntroll,:power :355) ZS thé, ey
. gy 10 produce cost savings and reduce the amount of e'qulpment required. aCtOITS 100 28 the reduoed
" prone nu:1ber of consoles, reduced installation and interfacing costs, more cost-effective design,
. i i o ieator | und testing requirements have to be taken into account.

@ pitch indicator (where fitted) ,
® speed and distance indicator. l

| 6.3 Standards
i i ¢ i i i g - i Id standards are the International Standards
Means to be used at intervals for securing safe course and speed in relation to other ships and safg Those organizations involved in the production of world stan A d the International
of bridge operation should also be easily accessible from the navigation workstation. Such mes Organization (ISO), the International Electrotechnical Commission (IEC), and the In
include:

Ielecommunications Union (ITU). The first two organizations work closelydtogether and, as they both
. ; iliti been amalgamated.
. . . . . . A have their headquarters in Geneva, some facilities have : d. )
® instruments and equipment installed at the workstation for traffic surveillance/manoeuvring ! 4 .o ot MO) is responsible for defining the requirements for
: i : |  The International Maritime Organization (IMO) ponsi : desien
© Internal communications equipment ‘ i i i ide sufficient specification detail for manufacturers to desig
SRS i . Marine equipment but it does not provide suffic p . Puceflities for e
¢ central navigation alarm panel (if provided) | specified equipment or for national maritime authorities to provide test and approval facili ies for t
® wipers and wash controls for the windows within the required field of vision. fquipment. Thus, the TEC and ISO standards are designed to allow the necessary specification

, - ~ - L
DNV specification for one-man bridge systems in an unbounded Voyage area, known as DNV-WiE fQuirements for design, {esiing and appove orking in specialized technical areas. The IEC
requires an Automatic Navigation and Track-keeping System known as ANTS. The specificait The IEC has several Technical Committees w g n . d Radlic cormmitication
Auires . gato . PLIIE BF . b Technical Committee 80 (IEC TC80) covers the area of ‘Marine Nav1gat199 e — )
LS niegtion of the following: Equipment and Systems’ and was formed in 1980. IEC TC80 responsibility is to concern 1tse.1f \th
. - i munication
@ Electronic Chart Display and Information System (ECDIS) | the development of international technical standards. flr 153 navxlg azloo\?eg:jdb;a?}llz gooTAS (Safety
@ automatic steering system (including software for calculation/execution of adjustments for BSE €quipment designated by the IMO for mandatory carriage on vessels
|

maintenance of pre-planned routes) Of Life gt Sea) Conventions.
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IEC TC80 currently has 10 working groups:

e WGI radar and ARPA

® WGIA  Track control

e WG4 Terrestrial position-fixing aids

@ WG4A  Global Navigation Satellite Systems (GNSS)

e WG5 General requirements

e WG6 Digital interfaces :
e WGS Global Maritime Distress and Safety System (GMDSS)

e WGBA  Automatic shipborne Identification Systems (AIS)

e WGI0 Integrated navigation systems

e WGI1 Voyage data recorders.

Until fairly recently there were two other TC80 working groups: WG7 Electronic chart diSplay ‘
information system (ECDIS) and WG9 Integrated bridge systems for ships. The latter group
responsible for the publication in April 1999 of IEC 61209 ‘Maritime navigation ang
communication equipment and systems — Integrated bridge systems (IBS) — operationg
performance requirements, methods of testing and required test results’. This document gy
features such as: data exchange, displayed information, system configuration, human factors, gjgmt
training facilities, power supplies and failure analysis. This latter point is doubly important ag jf} |
implications in other areas such as training facilities. |

6.4 Nautical safety

All aspects of bridge operation have evolved because of the requirement for the safety of the g
crew and, where applicable, the passengers. The safety philosophy is encapsulated within the ry . i
Det Norske Veritas (DNV) and the following is reproduced from the DNV rules, part 6, chapter 8 il
their kind permission.

6.4.1 Safety philosophy

To achieve optimum safety and efficiency in bridge operation the rules address the total bridge sysi
which is considered to consist of four essential parts.

@ The technical system which deduces and presents information as well as enabling the proper sel
of course and speed.

@ The human operator who is to evaluate available information, decide on the actions to be taken
execute the decisions.

@ The man/machine interface which safeguards that the technical system is designed with due I€g
to human abilities.

@ The procedures which shall ensure that the total bridge system performs satisfactorily U
different operating conditions. '

6.4.2 Scope of rule requirements

These are set out in each section of the Rules for Nautical Safety and reflect the different factos
affect the performance of the total bridge system and are intended to regulate the following
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osigh of workplace, based on the analysis of functions to be performed under various operating
’ ndiﬁons and the technical aids to be installed.
cOi dge working environment, based on factors affecting the performance of human operators.
' - nge of instrumentation, based on information needs and efficient performance of navigational

tasﬁisl')ment reliability applicable to all types of bridge equipment, based on common requirements
- psure their suitability under various environmental conditions.
SpGCiﬁC requirements to different types of bridge equipment, based on the facilities required for the
' srformance of their specific functions.
an/machine interface, based on the analysis of human limitations and compliance with ergonomic
’ rinciples.
ualifications, based on the competence required for mastering rational navigational methods and
' relevant technical systems installed on board the ship.
rating procedures, based on the work organization needed to make the bridge system function
under different operational situations.

| nformati()ﬂ on the ship’s manoeuvring characteristics, based on the manoeuvres commonly used in
| o

Jarious operational situations.
fests and trials for new ships, based on the need to ensure that technical systems perform in
secordance with their specifications before being relied upon and used in practical operation.

J Reporting system, from ships in service, on bridge instrument failures, based on the information
needed to detect their factual reliability level.

s Survey schemes for ships in service, based on the follow-up and testing required to safeguard that
pridge systems maintain their reliability.

45 Class notations

The Rules for Nautical Safety are divided into three class notations. Two class notations represent the
minimum requirements within bridge design, instrumentation and procedures whereby NAUT-C
covers bridge design and W1-OC, in addition, includes instrumentation and bridge procedures. The
third class notation, W1, extends the basic requirements for bridge design and instrumentation and
uditionally requires information on the manoeuvring characteristics of the ship and an operational
safety manual for safe watchkeeping and command of the ship.

NAUT-C covers bridge design, comprising the following main areas:

¢ mandatory and additional workstations
8 field of vision from workstations
8 location of instruments and equipment.

WI-OC covers bridge design, instrumentation and bridge procedures comprising the following main
dreas:

8 NAUT-C

‘ fange of instrumentation

: lnstmment and system performance, functionality and reliability
“Quipment installation
mOniton'ng and alarm transfer system
Procedures for single-man watchkeeping.
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W1 covers W1-OC and extensions within the following areas of W1-OC:

design of one-man workstation
field of vision astern

range of instrumentation
instrument performance
automation level
qualifications.

Also covered is information on the manoeuvring characteristics of the ship comprising the f;
main items:

@ speed at different settings
@ steering ability

@ turning ability

@ stopping ability.

There is also a requirement for an operational safety manual comprising the following majp i

@ bridge organization and responsibilities
@ watchkeeping procedures

@ system fall-back procedures

@ accident and emergency procedures.

6.6 Bridge working environment

Ships requesting class notation NAUT-C, W1-OC or W1 should comply with rules for bridge work

environment which specifies vibration levels, noise, lighting, temperature, ventilation, s
colours and the safety of personnel.

6.6.1 Equipment carriage requirements

Ships requesting class notation W1-OC are equipped with the following systems:

course information systems (two gyrocompasses or one gyro + one TMC)
steering systems (manual and automatic steering)

speed measuring system (water speed, > 40000 tons gross, dual axis)
depth measuring system (over 250 m length, two transducers)

radar systems (two radars, at least one X-band)

traffic surveillance systems (ARPA)

position fixing systems (Loran-C, GPS)

watch monitoring and alarm transfer system

internal communication systems

nautical safety radio communication systems

sound reception system (technical device to receive signals).

ec1™e
' sl - me

Qll()
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nal equipment required for class notation W1 includes:
0
40

o system with rate of turn indicator
rmation system, which should have two independent gyrocompasses

'CO d measuring system, through the water, which should provide information for traffic

’ sp eillance system
§ r\;troﬂic Chart Display and Information System (ECDIS)
le

] tOmatic Naviggtion .and Track-keeping System (ANTS)
] l;nil'lg information display

’ contral alarm panel

0 ; 5 measuring system.

62 General bridge equipment requirements

i qules specify the following:

The
nvironmental conditions

) ation and installation of equipment .

b | power supply, alarms, performance confirmation and failure protection

based systems and software quality.

¢ loc™

0 Computer‘

663 specific requirements for different types of bridge equipment

Ships requesting class notation W1-OC shall comply with specific requirements for the following
Syslﬁmsl

9 course information system (speed and latitude correction)

s steering systems (manual override control and rate of turn display)
o speed measuring system (if bottom track then up to 200 m depth)
» depth measuring system .
# radar systems (two floating EBLs, interswitch, ship track monitoring)
o taffic surveillance systems (ARPA with two guard zones)

» position fixing systems (performance standards)

# watch monitoring and alarm transfer system

¢ infernal communication systems

# nautical communication systems

# sound reception system.

- Class notation W1 requires in addition the following systems:

¢ Electronic Chart Display and Information System (ECDIS)
® Automatic Navigation and Track-keeping System (ANTS)
$ Conning information display

¥ Central alarm panel.

884 Man/machine interface

.Ships Tequesting class notation W1-OC or W1 must comply with the rules in this section. All
Strumens must be logically grouped according to their functions within each workstation, Their
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location and design should give consideration to the physical capabilities of the human Operagg,
comply with accepted ergonomic principles. The amount of information to be Presenge
conducting the various tasks, as well as the methods of displaying the information needed, shoy q fq,
consideration to the capabilities of the human operator to understand and process the 1r1f0nn

made available. The rules specify the following: %

@ instrument location and design
@ illumination and individual lighting of instruments
e requirements for the man/machine dialogue of computer-based systems.

6.7 Ship manoeuvring information

Ships requesting class notation W1 must comply with rules for manoeuvring information,

Information about the ship’s manoeuvring characteristics, enabling the navigator to safely ¢

manoeuvring functions, shall be available on the bridge. This section deals with: the Manogy

information to be provided, and the presentation of the manoeuvring information. Vr%
The provision of manoeuvring information should include:

speed ability

stopping ability

turning ability

course change ability

low-speed steering abilities
course stability

auxiliary manoeuvring device trial
man-overboard rescue manoeuvre.

The presentation of manoeuvring information should include:

@ pilot card
@ wheelhouse poster
@ manoeuvring booklet.

6.8 Qualifications and operational procedures

Class notation W1-OC specifies responsibilities of shipowner and ship operators, qualificatio
bridge procedures. Class notation W1 has extensions to responsibilities, qualifications,
procedures, and a special requirement for operational safety standards.

6.8.1 Operational safety manual
This is a requirement for class notation W1 to obey the following guidelines.
1 Organization:

@ general
@ bridge organization

Integrated bridge systems

responsibilities of shipowners and ship operators

responsibilities of the master

f responsibilities of the officer in charge of single-man watchkeeping
qualifications of bridge personnel
manning
safety systems — maintenance and training.

’

pally routines:
general
IOOk -out
Changmg of the watch
eriodic checks of navigational equipment
o log- -books

A communications and reporting.

Operatlon and maintenance of navigational equipment:
. eneral

N radars/ARPA

0 automatic pilot

o gyro and magnetic compasses

¢ echo sounder

¢ speed/distance recorder

¢ electronic position fixing aid

¢ electronic navigational chart

» automatic navigation and track-keeping system

» hydrographic publications

» emergency navigation light and signal equipment.

{ Departure/arrival procedures:
# general
# preparation for sea
# preparation for arrival in port
# embarkation/disembarkation of pilot
® master/pilot information exchange.

) Navigational procedures:
® general
8 helmsman/automatic pilot
$ navigation with pilot embarked
$ navigation in narrow waters
® Navigation in coastal waters
® Navigation in ocean areas
. Navigation in restricted visibility
¥ Navigation in adverse weather
¢ Navigation in ice
' dnchoring,

199
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6 System fall-back procedures:
general

bridge control/telegraph failure
gyrocompass failure

steering failure

auxiliary engine failure

main engine failure.

6.8.2 Contingency and emergency manual

1 Contingency and emergency organization:
@ general
@ duties and responsibilities.

2 Accident procedures:
@ general
@ collision
@ grounding
e fire/explosion
@ shift of cargo
@ loss of buoyancy/stability.

3 Security procedures:

general

sabotage threat/sabotage
hijacking threat/hijacking

piracy

local war situation

criminal act committed on board
detention/arrest.

4 Emergency procedures:

general

emergency notification

abandon ship preparations

lifeboat evacuation

helicopter evacuation

use of other evacuation equipment.

5 Miscellaneous:
@ general
dead or injured person aboard
man overboard
search and rescue actions

stowaways

political refugees

missing or lost person
documentation and reporting
press releases.
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9 gridge equipment tests
6‘

- requesting class notation W1-OC or W1 must comply with rules for equipment tests. After
s Jlation of equipment, on-board testing shall be performed in order to ascertain that the equipment,
ins! stalled, operates satisfactorily.

2 mshould be noted that reliable figures for all aspects of equipment performance/accuracy cannot be
tblish ed by the on-board testing required for classification. Hence, to ensure that equipment

esta_omlance is in accordance with specifications, shipowners are advised to choose equipment that is

Pe approved.

1y Jetailed test programme for the on-board testing of equipment should be submitted for approval
he carliest possible stage before sea trials. The following systems are tested according to general

aequirements for testing of equipment:

focompass

aummatic steering system

(udder indicator(s)

rate-of-turn indicator
o speed 108
o echo sounder

radar system
o ARPA system
o clectronic position fixing systems
o waich monitoring and alarm transfer system
o internal communication systems
o nautical communication system
¢ sound reception system
¢ computer system(s)
s Electronic Chart Display and Information System (ECDIS)
» Automatic Navigation and Track-keeping System (ANTS)
» conning display.

6.10 Examples of integrated bridge systems

A variety of manufacturers offer a range of integrated bridge systems that can be tailored to fit the
requirements of the user. Some of these systems will be described in this section. The systems selected
tome from leading manufacturers in this field.

8.10.1 Voyager by Furuno Electric Co. Ltd

Al automatic navigation system designed by Furuno to meet the requirements for one-man bridge
0Pe.l'ation and the new ECDIS standards is the Voyager Integrated Bridge System. The system was
?:Sblfned to meet the class notation W1-OC of DNV, Norway. The system is modular which allows it

Set up to meet the requirements of the user and to provide capability for future expansion of the

syitegl as necessary. The complete system requirement comes from a single supplier with the claimed
efits of:

: icreased safety

: Micreased cost-effectiveness
1 . . L -
ICreased navigation efficiency.
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Figure 6.2 Components of the Voyager integrated bridge system. (Reproduced courtesy of Furun
Electric Co. Ltd.)

The modular nature of the system components can be seen from Figure 6.2 which shows a poss
bridge layout using the Voyager system. Figure 6.3 shows one module, that of the ARPA/Radar
is module E/G in Figure 6.2.

Main functions of Voyager
There are three main functions of the system:
@ clectronic chart display and user interface

@ position calculation and track steering
@ automatic steering of the vessel.

Each of the main functions is performed using an individual processor as indicated in Figure 6.4 %
guarantees real time data processing for critical applications such as positioning and steering.
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Figure 6.3 Voyager ARPA console. (Reproduced courtesy of Furuno Electric Co. Ltd.)

The system has built-in dual displays to satisfy the requirement for separate ECDIS and conning
monitors. The ECDIS monitor provides the main display and user interface for the navigation system,
while the conning monitors display the most important navigational sensor data in a graphical form,
Ie. gyrocompass, speed log etc.

The navigation system is operated through a control panel that has dedicated function and execute
keys for fast, easy operation. The steering functions are performed on their own operation control
panel that integrates all functions for automatic steering. A block diagram that shows these control
panels and also indicates all inputs to the navigation and track-keeping processor is shown in Figure
03. Figure 6.5 also indicates the type of interface connection that exists between a particular sensor
ind the processor.

Electronic chart display and user interface

For this system the electronic chart functions are designed to meet the performance standards for the
IS as laid down by the IMO and the THO. More details on these requirements can be found in
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i ”E Figure 6.4 Block diagram of the Voyager integrated bridge system. (Reproduced courtesy of Fyry DGPS
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| b Chapter 7. ECDIS functions are performed on their own computer unit, housed in the same electry TRACK-KEEPING (Option)
cabinet, so as to optimize graphical performance and cost, especially when a second chart display ‘
i necessary. ECHO EC1162 | | 2% | PROPELLOR |
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@ capable of use with both ENC and ARCS R EED P RS422 SAT N
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@ user generated navigational safety lines which are overlaid on the radar screen GYRO 1 Synchre = IONITORING
@ user selectable chart layer presentation
@ navigational tools such as VRM, EBL, track-ball
@ display of ARPA targets GYRO 2 Synchro BWEEr ALY i STRERING
@ voyage recording to meet standards SYSTEM
@ user generated information note-books
@ display of alarms ]
® MOB and event functions ! Figure 6.5 Block diagram of Voyager automatic navigation and track-keeping system (ANTS).
@ dedicated function keys for scale up/down, standard display, TM-reset and other functions Wi Produced courtesy of Furuno Electric Co. Ltd.)

are the most often used functions.
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The option of fitting a second ECDIS computer and display, to meet the requireq bag sition receivers: up to five serial inputs (NMEA)
arrangements in case of an ECDIS failure, is available. If fitted, the second ECDIS computer i lsl o sounder: serial input (NMEA)
to the first through a local area network (LAN). ) © e¢ 1 sensor: serial input (NMEA)
' :Iuldder angle: analogue or serial (NMEA)
Position calculation and track steering ' ropellef RPM/pitch:  analogue or serial (NMEA)
. . . ) ) ' i rusters up to four analogue inputs.
The ship’s position is calculated from the position sensors using the information  fy '

gyrocompass and speed log. The position calculation is based on Kalman filter technology, Whigy ‘

ilot interface requirements are:
autop!
capable of using different types of sensors and in operator-defined configurations. ¢

Because of the need to allow for time-critical operations in position calculation and track steegjy focompass: two 1:1 synchros or high update rate serial inputs (NMEA)
a separate processor is used for these functions. The main features of this processor are: ced l0g: 200 p/nautical miles pulses or serial input (NMEA)

) ) dder order: analogue output (0.25 V/degree) or solid-state solenoid outputs
e interface to all external devices . ! eering status: galvanically isolated contacts.
@ position calculation based on Kalman filter technology o
@ position quality galculatlon and alarm , direct solenoid type of steering order is required then an optional feedback unit and solenoid drive
@ off-track calculation and alarm ffa box i ived

- ) ) [bution box is required.
@ waypoint pre-warning and waypoint alarm gist
@ graphical process and display for conning information.
E,ectrica/ specifications

Automatic steering function he following supplies are required with battery back-up in case of supply failure:
The system includes a complete radius/track controlled autopilot for safe and automatic steering of igation system 24V d.c. supply (250 W approx.)

i 8

s vessel with the functions and operations meeting the DNV-W1 requirements. The autopilot ig Jarm supply 24V d.c. supply (10 W approx.)
YR integrated into the system allowing it to be easily controlled and operated. - L onitors 230V ac. or 110V ac.

i The main features of the automatic steering system are: | disp

,H]MKHMM}I
e

‘ @ speed adaptive operation §10.2 NINAS 9000 by Kelvin Hughes
; @ radius controlled turns | . .. . : .
o direct gyro and log inputs for accurate and reliable performance Kelvin Hughes, the Na.val and Marine d.1v1s1on of Smiths Industries Aerospacg offer a fully integrated
e user selectable steering modes javigation systerp. Umt's from th§ Kglvm Hugbes Nucleus Integfated Navigation System (NINAS) are
e gyro mode (rudder limit controlled) 1sed together with anf:ﬂlary navigational equipment from specialist manufacturers.
& tadius mode: (immediate couwrse hange) The advantages claimed for the NINAS 9000 system include the following.
@ programmed radius mode (programmed course change) . i . .
e programmed track mode (position referenced course change) ¢ Any number of aux111?1ry cons@gg can be added to the basic radar and nav1gat19n displays
o precision track steering with pre-memorized waypoints ¢ The use of modules gives flexibility in the final arrangement adopted by the ship owner and ship
@ relaxed track steering with pre-memorized waypoints. i :
# The centre consoles can be adapted to accept equipment from a number of Kelvin Hughes preferred
The autopilot system has its own operation control panel for logical, simple to use operation while third party suppliers
separate operation control panels can be installed for special applications. ¥ The system is based around the proven nucleus2 6000 radar systems which are available with a

variety of antennas and transmitters.

Interface specifications Apossible bridge layout for a large passenger-carrying vessel is shown in Figure 6.6.

The Voyager has a wide and flexible interface structure that allows for the system to be easily S&& Th"j wheelhouse layout consists of a centre-line steering console, two mid-position (manoeuvring
and configured for use. Both analogue and serial digital interfaces are available. The avail :::_p‘k)t) and two enclosed bridge wing consoles. The manoeuvring and pilot stations consist of a
interfaces to other systems are: ICated radar and a dedicated ECDIS/conning display, both being type approved CRT equipment.

Centre-line station has two multifunctional LCD displays, which connect to any of three radar
@ gyrocompass: one analogue and one serial (NMEA) or two serial (NMEA) | "¢essors, for use as a remote operating station for either of the two ECDIS displays or as a remote
@ rate-of-turn gyro: analogue or serial (NMEA) :‘ °peratmg station for any other function as required. The two stations at each wing bridge perform a

@ speed log: pulse type or serial (NMEA) "Milar function to that of the centre-line station.
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T . Bl
= Tilks gar displays
o g 85 -~ | (WO radar displays are 26-inch PPI, rasterscan ARPA radar displays with 10 range scales 0.25-96
T 2% e, a1 miles presented in relative motion, true motion and centred display true motion. There is auto
2 gg ' “Bul:i ng capability for up to 50 targets with a choice of manual or auto acquisition of targets using guard
S gg B 1 or footprint acquisition. The display has as standard parallel index lines, a flexible mapping
_ {n' £2 ] 00 with a map storage capacity of 64K byte showing, for example, 100 maps of 80 elements.
¥ g § | gyt ¢ display has an interfacing capability of two RS232 bi-directional serial links and four NMEA
el | O.iSOIated inputs. The input capabilities are:
g [ GPS/Loran; waypoints; route; chart ‘puck’ position
i g jeering sequence; man overboard position; turning radius data
i ¢ °""  |ink data from navigation display.
% g ’ se]‘lal play
g
§ ' apabilities are tracker ball position and target data to ECDIS. A tracker ball and three buttons |
Quiput ¢2P . ) e et |
§ ontrol all the radar display functions with external tracker-ball capability from each bridge wing. |
i 0
- 1

» ECDIS displays

i‘he two ECDIS displays are IEC 1174 type approved 20-inch displays with the following functions.

e

" | , Operates with Windows-NT operating software with multi-window display showing S57 ed.3 ENC
vector charts and/or ARCS/NOAA (BSB) raster charts. These may be viewed simultaneously or
independently in variably sized windows.

s Graphic overlay of ownship symbol, route, waypoints, target vectors and trails on chart.

s Radar interlay of radar target echoes on chart. The interlay technique places the radar information
video plane below that of the overlay to avoid obstruction of essential information.

s The ECDIS display can also act as a slave radar display by having its own radar video processing
functions that allow independent control of the radar image on the ECDIS.

¢ North-up, course-up and head-up ENC chart presentation.

# Route safety zone function which provides a three-dimensional guard zone around own ship to
monitor ship draft against chart depths and ships air draft against chart clearances to improve safety
when on passage or route planning.

# Automatic plotting of time on chart with plot-on-demand function for special events.

# Passage calculator that allows route planning from the ECDIS screen. This allows calculation of
distances, ETA, required speed for specific ETA and other navigational computations. This may be
carried out locally or at a networked optional route planning workstation.

g1 # Planning may be carried out visually with waypoints being dragged to modify legs and to allow the

g‘“ : foute to pass around obstacles.

, # Uses ENC chart embedded database for interrogation feature, which allows the operator to request

g : pop-up window information for any buoy, light etc. Also menu selection allows ECDIS or

<
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lraditional chart symbols to be viewed for buoys and lights. There are six ENC colour palettes for
Optimal viewing in all light conditions.

¥ Continuous display of own ship heading, speed, position and depth on right side of the screen.

* Automatic Navigation and Tracking System (ANTS) interface to autopilot, allowing automated
foute sailing and constant radius turns.

@ ¥ EC.DIS display may be controlled either from the local tracker ball and three-button screen control

e Unit (SCU) or from the remote display.
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Additional functions within the ECDIS systems include a conning display, featuring the disp]

real-time vessel’s position upon the chart in use, while displaying navigational and dynamijg dari

side panels. Data displayed includes:

position

heading

speed (dual axis)

depth

wind (true and relative)
route data

engine RPM

engines and thrusters.

3 Centre line console multi-function displays
Two 20-inch LCD displays that are capable of operating in the following modes.

e Fully independent radar displays capable of controlling any one of the five maip
transmitters.

@ Remote radar displays capable of controlling any one of four main radar transmitters via apg
display (in the event of failure of the unit’s own processor).

@ Remote ECDIS/Conning display.

Additional functions that could also be allowed include:

e CCTV
@ control and command monitoring
@ alarm monitoring.

4 Bridge wing multi-function displays
Two 18-inch LCD displays that are capable of operating in the following modes.

e Fully independent radar displays capable of controlling any one of the five main
transmitters.

@ Remote radar displays capable of controlling any one of four main radar transmitters via an
display (in the event of failure of the unit’s own processor).

@ Remote ECDIS/conning display.

Additional functions that could also be allowed include:

e CCTV
@ control and command monitoring
@ alarm monitoring.

5 Route planning terminal

A 17-inch LCD display with a dedicated processor designed in the same manner as an IEC 1174
approved ECDIS display. The route planning terminal is installed as a slave unit to allow off-liné
planning at the chart table position. The unit includes dedicated interfaces to log, gyro and G
allow it to act as a back-up ECDIS in the event of failure of the main units. Features are as for the
approved ECDIS, with the exception of radar interlay and target data.
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other components of the total system include the following.

dar transmission system. This comprises a five-way interswitched X and S band system allowing
[] A dependent control of individual systems and complete interswitching of all radars.
wopilot and steering system. A system with full ANTS functionality when connected to the

1! DS The system has inputs for both gyrocompass and magnetic compass heading data.

aring the normal operating mode the headings from both gyrocompass and magnetic compass
[ roduced in the independent course monitor. In the event of a gyrocompass failure all major
recei"ers of the gyrocompass heading, such as radar, Satcomm, GPS and digital repeaters, can be
SwitChed over immediately to the heading from the magnetic compass from the course
monitor- ]

socompass system. This is a microprocessor-controlled digital system designed as a single unit

' gith control and display unit in the front cover. The control and display unit can be removed from

(he nousing and installed at a position ( e.g. a bridge console) remote from the gyrocompass. The
rocompass has an integrated TMC function, gives a rate-of-turn (ROT) output, has seven
i dependent RS 422 and NMEA 0183 serial outputs and complies with DNV-W1.
Magnetic compass. The system includes aluminium alloy binnacle, magnetic flat glass compass, a
fluxgate pick-off with an integrated sine/cosine interface, bypass arrangements, azimuth devices,
clectronic compasses, and magnetic compass autopilots (TMC). Variation correction, gyro/TMC
changeover etc. is incorporated in the gyrocompass monitor/changeover system. System uses gyro
jepeaters for indication when TMC is selected at the compass monitor.

s Dual axis Doppler log. The log is a two-axis system, the data obtained from the speed log is
longitudinal and transversal bottom-track speed and depth, and longitudinal water-track speed.
The log provides simultaneous W/T and B/T speeds of +30 knots with 0.1 knot scale and depth.
Bottom-track speed and depth are displayed from 3 to 300 m. Data from the log is transmitted
10 the log processing unit (LPU) which serves as a data concentrator/distributor in the system.
The LPU is programmed according to the geometry of the ship and the position of the
iransducer. With this information the LPU computes transversal speeds of bow and stern. The
system comprises two independent log systems each with a dedicated display at the chart table.
Log selection for output to other repeaters, integrated bridge system etc. is via a selector switch
at this position.

¢ Echo sounder. This unit can be operated as a single or dual frequency unit with up to four
transducers. The display offers five basic ranges between 0 and 2000 m. The high resolution LCD
display allows continuous observation of bottom recordings and shows all relevant navigation data.
The display includes continuous indication of digital depth and range. Bottom alarm can be set at
any required depth. The unit can store the last 24 h data together with the position so that a printout
¢an be made if required.

¥ DGPS. The receiver automatically locates the strongest transmitting beacon station and lock on in
seconds. In the case of signal loss it automatically switches over to an alternative station ensuring
dstrong signal at all times. A navtalk NMEA distribution unit is included which is fed with the
°l{tput from both DGPS receivers and supplies 10 buffered outputs. In the event of failure of the

A Pl;lmary DGPS the system automatically switches to the secondary.

. ran-‘C. The system uses the Furuno LC-90 Mk-II receiver. Full details of this receiver can be

: l‘;)l{nd in Chapter 4.
cl:sdg'e alqrm sys.tem. This is a central alarm/dead man system which meets the highest current
Switsfcat-lon society bridge alarm specifica.tion. The system is capable of handling 40 opto-isolated
% thc f:d mnputs. Alargls are managed and displayed in order of priority. It is connected interactively

€ Integrated navigation system to allow the alarms to be repeated on the ECDIS.
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6.10.3 Sperry Marine Voyage Management System — Vision Technology (VMS-VT)

The Sperry VMS-VT system, provided by Litton Marine Services, is a computer-based nay;,. -
planning and monitoring system which typically consists of two or more computer worg, -
connected by a local area network (LAN). A typical arrangement for a VMS-VT system s gp, !
Figure 6.7.
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Figure 6.7 Typical arrangement for the Voyage Management System — Vision Technology
(VMS-VT). (Reproduced courtesy of Litton Marine Systems.)

Figure 6.7 shows three workstations, providing a navigation station, a planning station
workstation designated as a conning station. The navigation station is usually located in the col
position. All VMS-VT functions are available at this station except chart digitizing and
additions.

The planning station is usually located in the chart room and has a high-resolution monil¢
printer which can provide hard copies of voyage data. Separating the planning station “-
navigation station allows an operator to effect voyage planning or chart editing at the planning 3
without interfering with conning operations at the navigation station. The display at the navie
station is also available at the planning station so that the ship’s position can be monitored at
location. A typical VMS-VT main display is shown in Figure 6.8.

W Baake eie oy fuade
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Figure 6.8 VMS-VT main display screen showing own ship’s position, heading and speed using an electronic chart. (Reproduced courtesy of

Litton Marine Systems.)
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ks conning station is usually configured to display a single page of specific navigation data as
ied by regulatory group requirements. For this arrangement a pointing device is not provided
" ihe display is non-interactive. At the conning station the screen is known as the conning
ation display (CID). Where possible the navigational and meteorological digital data is
ated on the CID screen graphically to mimic analogue instruments in order to make it easier for
r;e perator to assimilate and manage data quickly. The data presented is updated continuously and has
1ayout pattern so that particular data is always available at the same location. A similar CID

=

055 10 . e 11 & 1S often available as a large display overlay screen at the VMS-VT navigation station and
. v ' - = ; N nlng station (see Figure 6.9).
ENGINE o e | VOYAGE PLA NV on the screen displays of Figure 6.9 refers to the classification society Det Norske Veritas,
PITCH % P : \ D 1
NEXT WeT Way-

DEPTH L S WP 3 M engineering information display, as shown in Figure 6.10, can be provided as a display overlay ‘
WATER SPEED GROUND SPEED . TRK BRG g at the VMS-VT navigation station and planning station or as a full-screen display at a dedicated ‘
DIST 58 qun ifor. The system can also be configured to display other pages such as a performance monitor ‘
RAD 1 Wm oW as shown in Figure 6.11. ‘
R ETA ‘ A8 Figures 6.9-6.11 indicate, the main advantage of the VMS-VT system is its flexibility
800 ETA 7 presentmg information that can be displayed in a manner that meets the customer’s
‘ FINAL WPT @urgments
DISTE1-
ETA 08
ETA

e o 5 T e — T — 5 © ENGINEERING INFORMATION DISPLAY.
e ‘ | e g comsomnenon s i e
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€ 6.10 Example of VMS-VT engineering information display screen. (Reproduced Courtesy of

Figure 6.9 Examples of VMS-VT conning information display screens. (Reproduced courtesy ©
Marine Systems.)

Litton Marine Systems.)
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onal VMS-VT functions include:

opilot control
& 4 order control

*jay of radar target information

BRAKE POWER : dl;fv certified track keeping
o e o D pIS S-57 or digital navigational chart (DNC) display
%:3 § g:: » ﬁcerface to voyage recorder

ation and editing of charts using the digitizer or chart additions editor
roviding data to docking displays
roviding precision manoeuvring displays
overboard display
oviding data to a conning station

| % g{% A ! visplay of engine room data
‘ bt ot _ * jisplay of meteorological data.

77130
- SHAFT POWER

i
i
3

;J,', puters required for essential and important functions are only to be used for purposes relevant to

: el operation and the VMS-VT is normally configured to prevent the operator from installing or

jning any other application.

A yMS-VT application that includes some of the optional functions mentioned above is shown in

e 6.12.

Among the displays shown in Figure 6.12 is an ECDIS that uses digital chart data to produce a chart

ay (see Chapter 7 for more information on ECDIS). The VMS-VT system has the capability to

walogue and display many types of chart formats including commercially available scanned charts
wduced by official hydrographic offices and/or commercially produced vector charts. Chart formats

iffer but VMS-VT can be configured at the factory or on the ship to use the chart format specified

ﬁae;mei’k RadarSREA i onaiag RIS
o S % 5

Figure 6.11 Example of VMS-VT performance monitor window. (Reproduced courtesy of Litton:
Marine Systems.)

3 X000 Autapnsat

Basic VMS-VT functions include:

integration of data from various sensors

data sharing on a local area network (LAN)
display of real-time sensor information

display of electronic charts with ownship position
creation of a voyage plan

execution of a voyage plan

display of electronic bearing lines (EBLs)

display of variable range markers (VRMs)
comprehensive alarm and operator message system
printing of ship’s navigation data.

ETHEFRNE T 7~ FDDF

MO o MKe S3DA2E5 Lo i OPSAHIFG Dupth PLSt Wasttws
Gy IDCO; Bagpize Sounder S50 Heatio
Symoompuss o (i o oM, Swim

|
‘;_Rl‘"e 6-)12 Block diagram of the VMS-VT system. (Reproduced courtesy of Litton Marine
System S.
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by the customer. Reference to Chapter 7 will show that an ECDIS must use an electronic nayj
chart (ENC) which possesses a single universal data format and they must be ‘official® Charts ]
they are issued on the authority of a government authorized hydrographic office.
Available chart formats include: S57 charts; NIMA (National Imagery and Mapping AgenCy) '
charts; British Admiralty ARCS raster charts (BA charts); BSB format charts such as those i iSsug
the National Oceanic and Atmospheric Administration (NOAA); and digitized charts, Eleg
charts can be retrieved from CD-ROM disks or from the computer hard disk if the required Ch
been stored there.
The VMS-VT Planning Station may include a digitizer pad so that staff can create electronje o
The digitizer can also be used to edit these electronic charts when a published Notice to
updates the corresponding paper chart. The charts are stored as individual files in the VMs.
workstations. Those charts digitized at the planning station can be copied to floppy disks for py
storage and for transfer between ships. A standard 1.44M byte floppy disk can hold about 20 gq.
charts. The digitizer can also be used to create navlines with a latitude/longitude reference, Which
be transferred and displayed on the RASCAR radars.

’msat Edit m 00°00.000'N

vﬁa-cept

Sensor data integration and display
ure 6.13 Example of VMS-VT position source window. (Reproduced courtesy of Litton Marine

systems-)

A major feature of the VMS-VT system is the ability to receive sensor data from the locy .
network and from direct hardware interfaces. The primary type of sensor data processed by the gy
is navigational information, which includes:

heading

speed over the ground
speed through the water
geographic position

set and drift

course over the ground.

sy

J‘x’ﬁx

1 The VMS-VT sorts the data by type and provides a separate source window for each type of dat
display the source window for a particular data type requires the operator to select the approp
button on the main menu. Each source window lists a group of sensors appropriate to the data |
The present data from each sensor is included in the window so that the best source can be sele
from the list. As an example the position source window, as shown in Figure 6.13, is displaye — ~ i L T T :
selecting the POS button on the main menu. ‘

The position source window provides a list of all the configured position sensors along wil
present data from each sensor. The operator may select the desired source of position data fron
list or may open source windows for other types of navigational data in a similar manner.

Radar target data

The VMS-VT system allows access and display of target information from multiple ARPA radar
Litton Marine Systems RASCAR radar contains a target data logging switch for the target data l0;
option. If required, all the connecting RASCAR radars can send their target data allowing the Op
to choose the source of ARPA target information. Radar data is automatically processed into &
target list so that if two radars have acquired the same target it will be displayed as one target
VMS-VT. Symbols representing radar targets are displayed on the electronic chart. Each targetsy
includes a speed vector, history dots and an identification number (ID).

A typical bridge layout with VMS-VT installed is shown in Figure 6.14.

" 36)14 A typical integrated bridge VMS-VT installation. (Reproduced courtesy of Litton Marine
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6.11 Glossary nsman
ABS American Bureau of Shipping. KCS
AIS Automatic Identification System.
ANTS Automatic Navigation and Track-keeping System. A system which aufgy
ically keeps a ship along a safe pre-planned track. i
ARCS Admiralty Raster Chart Service. The UKHO proprietary Raster Naci
tional Chart. igy | 1€
ARPA Automatic Radar Plotting Aid. | TC80
Bridge The area from which the navigation and control of the ship is Mangg IEC
Bridge system The total system required for the performance of bridge functions, lnc] ] 0
bridge personnel, technical systems, man/machine interfage 1
procedures. :
Bridge wing That part of the bridge on each side of the wheelhouse which extends g 0
ship’s side. ’ M
CCTV Closed Circuit Television. A system that allows monitoring of Positi
remotely by using cameras and monitor screens. b 0
Coastal waters Waters that encompass navigation along a coast at a distance lesg than 15

equivalence of 30 min of sailing with the relevant ship speed. The othepy
of the course line allows freedom of course setting in any directiop f
distance equivalent to at least 30 min of sailing with the relevant Speg {
Conning position A place on the bridge with a commanding view, which provides
necessary information and equipment for a conning officer (pilot) tq g
out his functions.

iTu
LAN
LCD

Conning information A display which clearly presents the state and/or value of all sensor i MOB
display (CID) relevant to navigation and manoeuvring as well as all corresponding o Narrow waters
: to steering and propulsion systems. '

Display The means by which a device presents visual information to the navigafg

DGPS Differential Global Positioning System. Navigation

DNV Det Norske Veritas. A member of IACS.

Docking Manoeuvring the ship alongside a berth and controlling the moo NMEA
operations.

EBL Electronic bearing lines.

ECDIS Electronic Chart Display and Information System. The perform
standard approved by the IMO and defined in publications from the Manoeuvring
(Special Publications S-52 and S-57) and IEC document 1174.

ENC Electronic Navigational Chart. Those charts, manufactured for use Monitoring
ECDIS, which meet the ECDIS performance standards and are issued
on the authority of government-authorized hydrographic offices. Ocean areas

Ergonomics Application of the human factors implication in the analysis and desig
the workplace and equipment.

ETA Estimated time of arrival. ‘

GMDSS Global Maritime Distress and Safety System. PPl

GNSS Global Navigation Satellite System. The use of GPS for civ Route planning
purposes.

GPS Global Positioning System. A satellite navigation system desigi® Route monitoring
provide continuous position and velocity data in three dimensions. Rby

accurate timing information globally.
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The person who steers the ship when it is under way.

International Association of Classification Societies. Classification embod-
ies the technical rules, regulations, standards, guidelines and associated
surveys and inspections covering the design, construction and through-life
compliance of a ship’s structure and essential engineering and electrical
systems.

International Electrotechnical Commission. The organization which pro-
duces world standards in the area of electrical and electronic engineering.
A technical committee of the IEC that covers the area of Marine Navigation
and Radio Communication Equipment and Systems.

International Hydrographic Organization. A grouping of national hydro-
graphic offices responsible for promoting international standards in the
fields of hydrographic surveying and chart production.

International Maritime Organization. A specialized agency of the United
Nations and responsible for promoting maritime safety and navigational
efficiency.

International Standards Organization. A non-governmental organization
working to produce international agreements that are published as
International Standards.

International Telecommunications Union.

Local area network.

Liquid crystal display. A form of display where the display elements are
typically dark coloured alphanumerics on a grey screen. The display is
easily read even in bright light conditions.

Man overboard.

Waters that do not allow the freedom of course setting to any side of the
course line for a distance equivalent to 30 min of sailing with the relevant
ship speed.

The determination of position and course of a ship and the execution of
course alterations.

National Marine Electronics Association. An organization comprising
manufacturers and distributors. Responsible for agreeing standards for
interfacing between various electronic systems on ships. NMEA 0183
version 2.3 is the current standard.

The operation of steering systems and propulsion machinery as required to
move the ship into predetermined directions, positions or tracks.

The act of constantly checking information from instrument displays and
environment in order to detect any irregularities.

Waters that encompass navigation beyond the outer limits of coastal
waters. Ocean areas do not restrict the freedom of course setting in any
direction for a distance equivalent to 30 min of sailing with the relevant ship
speed.

Plan position indicator. A type of radar display.

Pre-determination of course and speed in relation to the waters to be
navigated.

Continuous surveillance of the ship’s position and course in relation to a pre-
planned route and the waters.

Revolutions per minute.
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Screen A device used for presenting visual information based on one or
displays. !
SOLAS Safety of Life at Sea. The International Convention for the Safety of Lifg,
Sea, Chapter V Safety of Navigation, Regulation 20, Nautical Publicati i
requires that ‘All ships shall carry adequate and up-to-date charts, ul.‘
directions, lists of lights, notices to mariners, tide tables and all other nayy

publications necessary for the intended voyage.” SOLAS does not &

universally and some vessels, such as ships of war, cargo ships of legg '\?‘
500 GRT, fishing vessels etc are exempt from the SOLAS requirementg

VRM Variable range markers.

Watchkeeping Duty undertaken by an officer of the watch. The officer of the Watch ¢
responsible for the safety of navigation and bridge operations until reliev
by another qualified officer. .

Waypoint A point entered into a computer and used as a reference pojp :
navigational calculations. Planned voyages would have a serjeg
waypoints indicating legs of the voyage. A modern computer is capapjg
storing multiple waypoints. 3

yariety of manufacturers offer a range of integrated bridge systems that can be tailored to fit the
’ e quirements of the user.

l

| 513 Revision questions

Descfibe briefly the design criteria that define an integrated bridge system.

“ Describe briefly the equipment requirements for an automatic navigation and track-keeping

2 system (ANTS).
Discuss the DNV rules for design criteria for bridge workstations and comment on the
implications of such rules in terms of the tasks that have to be performed and the siting of relevant
instruments/equipment required for those tasks.

4 What are the four essential parts that have to be considered to achieve optimum safety and
efficiency in bridge operation.

5 Discuss the rule requirements set out in each section of the DNV Rules for Nautical Safety and
comment on the different factors that affects the performance of the total bridge system.
Wwhat do you understand by class notations? Discuss the differences between the class notations

Wheelhouse Enclosed area of the bridge. NAUT-C, W1-OC and W1.
Workstation A position at which one or more tasks constituting a particular activityge§ 7 What do you understand by the term ‘general bridge equipment requirements’. What are the
carried out. | | specific requirements for different types of bridge equipment?
g Comment briefly on the rules for manoeuvring information. What type of information should be
included in the provision of manoeuvring information? What form should the presentation of
6.12 Summary ' manoeuvring information take?
| Describe the requirement for bridge equipment testing. Mention the type of equipment to be tested
@ Organizations such as the IMO, ISO and IEC have established international recognition and discuss the reasons for the requirement for testing.
standards for ships involved in international trading. | |0 Refer to one of the examples of an integrated bridge system discussed in Section 6.10 and discuss

e The integrated bridge system should be designed and installed as a physical combinatiop |
equipment or systems using interconnected controls and displays.

@ Rules from classification societies, such as DNV, specify design criteria for bridge workstatio
defining tasks to be performed and the siting of equipment to enable those tasks to
performed.

@ The IEC Technical Committee (TC80) has produced a publication IEC 61209 covering operatio
and performance requirements, methods of testing and required test results for integrated brid
systems.

@ To achieve optimum safety and efficiency in bridge operation, the classification society
address the total bridge system that is considered to consist of four essential parts, namely
technical system, the human operator, the man/machine interface, and the procedures.

@ The Rules for Nautical Safety are divided into three class notations: NAUT-C covers bridge des
W1-OC covers bridge design, instrumentation and bridge procedures; and W1 covers w1-0€
extensions within specified areas of W1-OC.

@ Equipment carriage requirements are specified for ships according to the requested
notation.

@ An operational safety manual is a requirement for class notation W1 and should obey the follow
guidelines: organization, daily routines, operation and maintenance of navigational equipi
departure/arrival procedures, navigational procedures, and system fall-back procedures. A

@ Ships requesting class notation W1-OC or W1 must comply with rules for bridge equipment €
After installation of equipment on-board testing shall be performed in order to ascertain thal

equipment, as installed, operates satisfactorily.

how the system is organized to meet the requirements for such a system as specified in Sections
6.2, 6.3 and 6.4.




Chapter 7
Electronic charts

7.1 Introduction

Ever since man first went to sea there has been a requirement for some form of recognition of the g
going environment to assist in the safe passage to the required destination. Knowledge of the coaslj.
safe channels for navigation which avoid wrecks, sandbanks etc., and tidal information al] play
part in assisting the navigator. Paper charts giving information about particular areas have been aggy, 1
for centuries and hydrographers from various countries have explored the world’s oceans to Produes
up-to-date charts which are an invaluable aid to the seafarer whether they are aboard CoOmmegreiu
vessels plying their trade around the world or leisure craft sailing for pleasure and recreation,
In 1683 an official survey of British waters was initiated by Royal Command, although the sypyeg
that were published some 10 years later were produced at the surveyor’s expense. In the 18th centun
much hydrographic work around the world was done by British hydrographers, although they still fut
to have their work published at their own expense, gaining recompense only by selling the resulyg;, :
their efforts privately. It was not until 1795 that the office of Hydrographer to the Board of Admiry
was established, the French having established their Hydrographic Office some 75 years earlier,
United Kingdom Hydrographic Office (UKHO), as it is now called, has an enviable reputation a
supplier of high quality charts and provides worldwide coverage with a folio of some 3300 charts, I}
UKHO is a member of the International Hydrographic Organization (IHO), a body set up to ¢
ordinate the activities of national hydrographic offices, promote reliable and efficient hydrograph
surveys and ensure uniformity of chart documentation.
It was in 1807 that the Office of Coast Survey was set up in the United States for the purpose:
surveying the US coast. Various name changes followed over the years, becoming the National Océ
Survey under the newly established National Oceanic and Atmospheric Administration (NOAA)
1970. In 1982 a further name change produced the National Ocean Service (NOS) which contai
an Office of Charting and Geodetic Services which was renamed as the Coast and Geodetic Suf¥
(C&GS) in 1991. C&GS disappeared in a 1994 restructuring but the former subordinate division, e
Nautical Charting Division, re-emerged as the present Office of Coast Survey (OCS), responsible
NOAA’s mapping and charting programmes. Divisions within the OCS include the Marine Ch
Division, which collects the data to enable the production of nautical charts, and the Hydrograp!
Surveys Division, which is responsible for all areas of hydrographic survey operations.
The OCS produces about 1000 nautical charts and is also a member of the IHO and, together 8
the National Imagery and Mapping Agency (NIMA) share responsibilities associated with I
membership. The THO presently consists of 67 member states. Most of these chart only their 08
waters but there are three nations that can supply chart folios of the world and two more that NS

coverage that extends outside their own waters. The IHO is a force for chart standardizalé&s

ﬂ’

d"ﬂ't the present time most hydrographic offices still operate with the paper chart as the basis of their
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ghOut the world and this is an important feature of the move towards digital production of chart
rgU

ijons. However, over the past few years electronics has moved into the sphere of charting and
oPeradigital chart data is becoming more popular and is likely to be the mainstay product of the

{0 1 raphic offices in the years to come. With this new technology the seafarer is provided with a

hy 15 of viewing a chart using a monitor that can display, in colqur, all the information present on
i ¢ chart. The chart information is contained on a memory device such as a CD-ROM and can be
i 4 on a computer hard disk. Suitable navigational software can enable the chart data to be v1ew§d
e ehe purpose of ‘safe and efficient navigation’. The electronic chart is one where chart data is
for t-ded as a digital charting system and it is capable of displaying both geographical data and text
f :;sist the navigator. An electronic chart may fall into one of two categories.

OfﬁCial’ which describes those electronic charts which are issued by, or on Fhe authority of, a
[ ational hydrographic office. The hydrographic offices are government agencies and are lgg?lly

: ple for the quality of their products regardless of whether those products are paper or dlgltal.
lslich charts are updated at regular intervals in order to conform to the SOLAS (Safety o,f Life at
Sea) requirement that charts should be ‘adequate and u.p-to—da.te for the mtended'voyage -
Non_official, which describes those electronic charts which are issued by commercial orgamza.tlons
which may use data owned by a hydrographic authority but are not endorsed by that authority.

An electronic chart may be constructed using either of two types of data, raster or vector.

71.1 Raster data

gaster data is produced by scanning a paper chart. This process produces an image that is an exact
ieplica of the paper chart and which comprises a number of linf.:s tha.t are corpposed of a large number
of coloured dots, or pixels. This technique does not recognize individual objects, such as a soundmg,
which limits its ability to conform to certain international guidelines. However, the use of what is
ermed a vector overlay, which can display specified user data such as waypoints and system data such
s radar overlays etc., can overcome this deficiency. The advantages of raster charts can be
summarized as follows.

o User familiarity since they use the same symbols and colours as paper charts.

# They are exact copies of the paper charts with the same reliability and integrity.

# The user cannot inadvertently omit any navigational information from the display.

¢ Cost of production is less than their vector counterpart. .

8 Wide availability of official raster charts. ARCS charts, for example, have near worldwide
coverage.

® By using vector overlays together with appropriate software, raster charts can be used for all
standard navigational tasks normally undertaken using paper charts. They can also emulate some
of the functions of an electronic display and information system (ECDIS).

Disadvantages of raster charts can be summarized as follows.
¥ The user cannot customize the display.

* When using vector overlays the display may appear cluttered.
$ They cannot be interrogated without an additional database with a common reference system.




IR
prpiuieg

‘l'” ii'l

226 Electronic Navigation Systems

@ They cannot, directly, provide indications or alarms to indicate a warning to the user.
@ Unless data content is the same, more memory is required to store data compared to , v
chart.

7.1.2 Vector data

Apart from the electronic navigational chart (ENC), which is compiled using raw data, vectop
may also be produced by scanning a paper chart. However, the raster image is then VeCtorizgq
digitally encoding individual charted objects and their attributes (structured encoding) and Stor -
such data, together with the object’s geographical location, in a database. The ENC is the designa J
chart for the ECDIS system and is discussed in the next section. Chart features may be g
together and stored in thematic layers that individually categorize each group. For example ‘i::i
coastline could form one layer while depth contours are found on another layer etc. The Sy; *
operator can thus optimize the display to show only that data of interest and avoid the dis L
becoming cluttered with unwanted data. The vector chart is intelligent in that it can Pl‘ov“
information that allows a warning of impending dangers to be generated. -

The process of producing vector charts is time consuming and expensive while verification Of Gl
data is more complicated than its raster counterpart. The advantages of vector charts cap ‘
summarized as follows. : | |
Chart information is in layers which allows selective display of data.

The display may be customized to suit the user.

Chart data is seamless.

It is possible to zoom-in without distorting the displayed data.

Charted objects may be interrogated to give information to the user. |
Indications and alarms can be given when a hazardous situation, such as crossing a safety confg
occurs.

@ Objects may be shown using different symbols to those used on paper or raster charts.

Chart data may be shared with other equipment such as radar and ARPA. ]

@ Unless data content is the same, less memory is required to store data compared to a ray
chart. ‘

Disadvantages of the vector chart can be summarized as follows. ‘

@ They are technically far more complex than raster charts.

@ They are more costly and take longer to produce.

@ Worldwide coverage is unlikely to be achieved for many years, if ever.

@ It is more difficult to ensure the quality and integrity of the displayed vector data.

@ Training in the use of vector charts is likely to be more time consuming and costly compared (01
needed for raster charts.

The vehicle for the delivery of electronic chart data is the Electronic Chart Display and Info
System (ECDIS) which is a navigation hardware/software information system using official V&
charts. Such a system must conform to the internationally agreed standard adopted by the Internd i0
Maritime Organization (IMO) as satisfying a vessel’s chart-carrying requirements under SOLAS.
ECDIS hardware could be simply a computer with graphics capability or a graphics workst
provided as part of an integrated bridge system. The system has inputs from other sources, nant
position sensors such as GPS or loran, course indication from the gyrocompass, speed from the SI
log etc.
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2 information is transmitted to the ECDIS using National Marine Electronics Association
EA) interfacing protocols. Radar information can also be superimposed using either raw data
a raster scan radar or as synthetic ARPA (automatic radar plotting aid) data. The ECDIS
@ re must comprise a user interface and a component that allows charts to be displayed and

(

ff0 -
oft read. T he chart data component of ECDIS is the electronic navigational chart (ENC) which
gut? comply with ENC production specifications under the IHO’s S-57 edition 3 data transfer

. More details of this system can be found in Section 7.3.

12 Electronic chart types

re are many different types of electronic charts available that use different formats, different

ols of content and attribution, and may, or may not, be official charts. As described above, all
IV ently available electronic charts are either vector or raster. For the former, the chart may be
prCSed on the IHO S-57 format or some other format. Only if the level of content and attribution of
tha: chart conforms to the THO ENC product specification and is produced by, or on the authority
o, 2 govemment authorized hydrographic office, can the chart be considered an ENC as defined
b’the IMO ECDIS performance standards.

Official vector charts issued by the relevant hydrographic offices should conform to the ENC
coduct specification based on the IHO S-57 format. Privately produced vector charts (non-official)
ay, OF May not, conform to the ENC product specification. However, the use of unofficial ENCs
will render an ECDIS non-compliant. Finally, it is possible to obtain charts that do not use the
{0 S-57 format and do not conform to the ENC product specification.

72.1 Privately produced vector charts

These are generally made from scanned hydrographic office paper charts. The image produced is
fhen digitized by tracing lines and features on the chart. This vectorization process stores chart
features in ‘layers’ which can be redrawn automatically at an appropriate size if the chart is
womed into. Categories of data, such as spot depths, navigation marks etc., can be added/deleted
a5 required. In some systems specific chart items can be interrogated to obtain more
information.

The nature of the vector display is such that the chart data is not displayed electronically as it
was compiled in its paper chart form. Most systems automatically decide on the information to be
displayed, depending on the level of zoom, to avoid the image being cluttered. Thus a new
Operational regime has to be developed to take account of the implications of:

# adding/deleting layers of data
¢ Zf)oming and seeing more/less data appear according to the level of zoom
$ displaying the chart at a larger scale than the source paper chart.

One of the principal producers of digital format electronic charts is C-MAP of Norway with

:;or{dWi.de coverage of 7500 charts on a CD-ROM. Data is coded in a System Electronic
Wigational Chart (SENC) format called CM-93/3 which is compliant with the THO S-57 format.
'MAP 93/3 displays a -U- (for unofficial) on their privately produced S-57 compliant charts.
ils of the use of a SENC in an ECDIS is discussed in Section 7.3.
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7.2.2 Official raster chart

There are two official raster chart formats.

e BSB raster charts, which contain all the data found in NOAA paper charts, with updates publigy,
weekly. These updates are available via the Internet and are in-sync with the US Coast G‘larq
(USCG), NIMA and Canadian notices. NOAA has 1000 official charts and all have been availahy,
in raster form since 1995. These raster charts are produced jointly by NOAA and Maptech Tne
under a co-operative research and development agreement. The growth of computer-bagy,
navigation systems, together with GPS and other positioning systems, has meant an increase ip the
sale of raster charts and today approximately twice as many raster charts are sold compared to Pape,
charts. The raster charts are available in CD-ROM form with each CD-ROM containing aboyg 55
charts together with other relevant navigational facilities.

@ UKHO ARCS and Australian Hydrographic Office (AHO) Seafarer both produced in the UKHO,s
proprietary hydrographic chart raster format (HCRF). ARCS is updated weekly using a CD-ROM
with the same information as the weekly Notice to Mariners used to correct paper charts. Seafarg
is updated monthly on a similar basis. ARCS has near worldwide coverage with 2700 chargg
available on CD-ROM. 1

ARCS/Seafarer charts are produced from the same process used to print paper charts, i.e. a rasterizg|
process is used either to print a paper chart or produce a raster chart. They are accurate representationg
of the original paper chart with every pixel referenced to a latitude and longitude. Where applicable
horizontal datum shifts are included with each chart to enable the chart, and any information over|
on it, to be referenced back to WGS-84. Not all available charts have WGS-84 shift information M
such charts must be used with caution when a GPS position fix is applied. Chart accuracy is discussg
further in Section 7.4.

The UKHO ARCS production system involves the use of a raster base maintenance and on-lig
compilation system (ABRAHAM) which is used to update, manage and plot navigational chart basg
The ARCS production system is integrated with ABRAHAM as is shown in Figure 7.1.

In its simplest terms ABRAHAM is all processes that are necessary to create and maintain the hig
resolution (25 /1016 dpi) monochrome raster bases from which paper charts are produced, and ARC
is all processes that turn the ABRAHAM bases into ARCS CD-ROMs including:

@ processing bases into lower resolution (200 p/127 dpi) colour images
e adding header and catalogue information
e quality assurance checks
e encrypting the data

@ ending a CD-ROM master to a pressing plant

@ checking the stock returned by the pressing plant.

The ARCS CD-ROM production can be subdivided into periodic processing cycles.

@ Weekly. Updates for all charts affected by Notice to Mariners are generated, checked and plaC
the weekly ARCS update CD-ROM. New charts and new editions published that week are ¢
included on the update CD, as is the text of temporary and preliminary Notices to Mariners:

@ Periodic. To prevent the update CD from filling up, accumulated updates are periodically M€
onto reissues of the ARCS chart CD-ROMs. This results in the production of a reissued chart
at the same time as the weekly update CD. Nominally, one chart CD requires t0 pe reissued
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e 7.1 Comparison between different raster chart types. (Reproduced courtesy of D. Edmonds of PC

pl
S’a itime, UK)
4 BSB ARCS
Feaﬂ"
Govemment authorized Yes Yes
ire catalogue always up to Yes Yes
Eﬂte to latest notice to mariner
al
Jpdate service Weekly Weekly
. ginal scan from: Stable mylar film originals used Stable colour separates used for
ong for printing paper charts printing paper charts
gean resolution 762 dpi 1016 dpi
Chart resolution 256 dpi 127 dpi
Anti_alialsing Yes Yes
\o of points used to relate the 10-20, pixel to location Pixel to position conversion is by
lhﬂrt images to Lat/Long conversions are also provided, calculation and is accurate to 1
Conversion accuracy depends on the printed pixel
1 chart
pr o s s ¥ = = & = Geodetic datum shifts Yes Yes
RC1L  North Sea and English Channe! to Gibraltar RCS,  Singapore to Japaa o tegrity checks Byte checksums are included in 32-bit CRC check on original and
it 3 and Teeland RCT Austratasia, Boraeo and Philippines . ;
:f:zt i:;ihc:’ ::f:::;::s;c&:e - RCS. Pacific Ocean : chart file updated image
RC4, Mediterranean and Black Seas RCY.  North Ameriea (east coast) and Caribbeon ' Liability US government accepts liability UK government accepts liability
RCS5.  indian Ocean (rorthern part) and Red Sea ig :? ii::,:ﬁ::;??;;;{l;;oic:::i‘::gm Lk for errors on NOAA charts on UKHO products
Figure 7.2 Regional coverage of ARCS CD-ROMs. (Reproduced with the permission of the b
Controller of HMSO and the United Kingdom Hydrographic Office.)
¢ The data is delivered in cells to provide seamless data for the task in hand. The cell structure
changes according to the data set used.
month, but the schedule varies according to the number of corrections outstanding and the num # All chart data is referenced to a global geodetic datum, WGS-84, which is the datum used by
of chart CDs in stock. . l GPS.
@ Monthly. Cross-checks are carried out against the data held on the Sales Order Processing Sys
and the Chart Information System (CIS). The data is fuyly scaleable and it only needs a viéw. area to be defined for an approprigte level .of data
(0 be automatically presented to the operator. If it is required to add/delete data then information can
The UKHO provides a near worldwide coverage with 2700 charts available as ARCS CD-ROMs. be grouped into layers and turned on/off as required. Zooming can allow the chart image to be
regional coverage of these charts is shown in Figure 7.2. enlarged to provide greater ease of use. Zqorping with a raster chart clearly §hows when an image is
Table 7.1 gives a comparison between the BSB and ARCS raster types. presented at a sca.le greater tban the cqmpllatlon scale since the text and nav1gatlongl symbols would
b¢ larger than their normal size rendering the chart unsafe for navigation. Over-scaling with an ENC
. LI ha§ the problem that the navigational symbols remain the same size regardless of the scale used and
7.2.3 Electronic navigational charts (ENC) ihis could cause a potential navigation hazard. The ECDIS is required to display an over-scale warning
These are the designated charts for the ECDIS system and they possess a single universal data fo ::‘Omatlcally if it has used zooming to produce an image beyond the compilation scale of the
Such charts use vector data based on the IHO Special Publication S-57, edition 3, THO Tr ‘I‘”'. _ . . . ‘ : . .
Standard for Digital Hydrographic Data. Some of the major points which identify the unique proj ndividual cqntour lines can be defined as ngety contours with anti-grounding warnings given
of these charts are as follows. . ced on the ship’s closeness to them_. Alarms will be generated autpmatically if th.e ECDIS detects
onflict between the vessel’s predicted track and a hydrographic feature within the ENC that
tepr p ydrograp
e They are issued by or on the authority of a government-authorized hydrographic office. TEsents a potential hazard to the vessel. .
e Items on the chart must be attribute-coded and must be able to be interrogated to P € ECDIS can offer different chart information by displaying all ENC content, a subset of the

information. C content (known as standard display) or a minimum permitted subset of ENC content (known as
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display base). The first two categories permit information to be added/deleted while the display b
cannot have information deleted since it is stipulated as the minimum required for safe naVigation
System Electronic Navigational Chart (SENC) is that database obtained by the transformation of ¢
ENC data, including any updates and data added by the user, by the ECDIS prior to display. It is
SENC that forms the basis for the display and the user decides what part of the SENC databaSe
required for the display. It is a requirement that the ENC database must remain unaltered so thag
SENC database could be reconstructed should it be debased in any way during operations.

The availability of ENCs will depend on key factors that affect the NHOs producing them, Th
factors include the following.

ple 7.2 Equivalence to the paper chart. (Reproduced courtesy of D. Edmonds of PC Maritime, UK)
Ta

produced vector charts Official raster (RNCs) ENCs

Pﬂ"ya[e[y

copy of the paper An exact replica of paper chart All data merged into cells

Generall}’ a

chart
d‘ffereﬂt image to the original
lr chart is presented at all

Ipeavels of zoom and scale

The same image as the paper No resemblence to the paper
chart is always presented. The chart

chart is more equivalent to the

paper chart than any vector chart

_ ] ) including ENCs

@ Production experience. The rate of production should increase as staff gain more experience in

; d colour vary with
production of these charts. bols an y

Symbols and colour are the same The IHO publication S—52

o ! er as the paper chart equivalent defines new col d bol
e Data quality. Software tools necessary to underpin the quality assurance of the digital databage halll manufactur pap quivalen (el lE I\?Cs w colours and symbols
to be developed to ensure compliance with S57, edition 3 requirements. This will take time, - ]
- ' . ) . . | uracys reliability _and RNCs are as accurate, reliable ENC:s should eventually be more ‘
@ Uniformity of data. There is a need for all hydrographic offices to ensure their ENC:s are progy, i AcC teness vary with and completc as the paper version  accurate and reliable than the ‘

with consistency in the interpretation of the.s'tan.dard a}nd to product specification. The yg ), ‘C:;zufactu S
reglonal we-ordinating CB0USE IS O use 'n facilitating this. 5§ : w operational regime is The same operational regime as A new operational regime is
@ Geographical cover. By concentrating on the geographical areas most used by shipping compagie f # [:fire d paper charts s followed, There required
it should be possible to deliver the required charts ahead of others. - are some changes, if only
because of screen size

paper version

[IC Technologies, for data capture work in February 2000. This is the first step in the productiop g
0| ENCs with the data sets produced by IIC to be quality assessed by the UKHO to ensure compliggg
1 with the required standards. The UKHO will also concentrate on stitching together the data set cgf
[T and matching the edges to produce a seamless ENC database. The contract is an enabling contragfgf

up to four and a half years allowing the UKHO to request data sets in tranches with continuity

Table 7.3 Chart integrity. (Reproduced courtesy of D. Edmonds of PC Maritime, UK)

PR

. Offici
production. Mfficial raster (RNCs) ENCs

The regional co-ordinating centres are an important means of distributing the ENCs to potenj

customers. The International Hydrographic Organization (IHO) proposed a system for supplyi
ENCs to be known as Worldwide ENC Database (WEND). Using this concept the world is divid
into Regional ENC Co-ordinating Centres (RENCs). At present only one RENC has been set

Produced by private companies

| q Privately produced vector charts

Unofficial

Generally no responsibility is

Produced by, or under the
authority of government
authorised hydrographic offices

Official

Quality control is government
standard

Produced by, or under the
authority of government
authorised hydrographic offices

Official

\ Responsibility is accepted for Responsibility is accepted for
. Chart Agents accepted chart data in terms of its chart data in terms of its
OFFICES SERVICE completeness and accuracy in completeness and accuracy
PROVIDERS ECDIS comparison with the equivalent
Manufacturers paper chart
l UK:O Fl’:’” Other Data Is unlikely to become legally Is unlikely to become legally Is legally equivalent to the paper
ENCe'erII:CS+ Suppliers fquivalent to the paper chart equivalent to the paper chart chart
arp— Paper Charts l It may be possible to change The chart data is tamper proof The chart data is tamper proof
- Onginal chart data
Other Service Chart . o ;
Providers SHIPPING . $ can be zoomed (i.e., the Chart zoom should be limited to Charts can be zoomed in or out
NE RENC lsplay of a single chart is a level that does not break up the  without restriction. Chart detail
Other COMPANIES zﬂg{nf.led or reduced without image. Information displayed on varies depending on the level of
s ds‘“Ct{on. Chart detail varies the chart remains unaltered zoom
fPending on the level of zoom)
Qality congrof varies with

Quality control is government
standard

Figure 7.3 RENC distribution system. (Reproduced with the permission of the Controller of HMS® Nanufacyrer
and the UK Hydrographic Office.)
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Table 7.4 Chart corrections. (Reproduced courtesy of D. Edmonds of PC Maritime, UK)

Privately produced vector charts Official raster (RNCs) ENCs

1

Charts will m

: Caty
point of sale ! th

Up-to-dateness of charts varies Charts are up-to-date at the point
with manufacturer of sale

It is difficult to determine the Chart data is maintained up-to-
up-dating policy of manufacturers date to clearly stated standards

Varies with manufacturer

Chart data is maintaineq to
clearly defined standard

On demand updates for leisure
users

Not applicable

Varies with manufacturer Subscription updates for

Subscription updates availap
commercial users 5

Varies with manufacturer Automatic integration of chart Automatic integration of

ch
updates updates 4

—

Table 7.5 Safety. (Reproduced courtesy of D. Edmonds of PC Maritime, UK)

—

Privately produced vector charts Official raster (RNCs) ENCs

Geodetic datum shift to WGS-84

—
All data is referenced to WGS-&
may not be provided

Chart data includes geodetic
datum shift to WGS-84, if known

Chart data can be removed from Chart data cannot be removed Chart data can be removeq from
the display. Significant navigation  from the display. The user cannot the display. Significant navigaljgy
information may be inadvertently inadvertently remove significant information may be inadvertemb
removed navigation information removed .

namely the Northern Europe RENC known as PRIMAR. This is a co-operative arrangement betweer
most of the national hydrographic offices in northern and western Europe. To date the hydrographi¢
offices of Denmark, Finland, France, Germany, Netherlands, Norway, Portugal, Poland, Sweden and
UK have signed the formal co-operation arrangement and other hydrographic offices have expresss
an interest in joining. PRIMAR is operated by the UK Hydrographic Office and the Norwegid
Mapping Authority’s Electronic Chart Centre.

The ENCs will be sold through a network of distributors and should be able to provide world
cover by exchange of data with other RENCs once these are established in other parts of the woil
A block diagram showing the RENC concept is shown in Figure 7.3.

Tables 7.2 to 7.5 summarize the features of each chart type in relation to each other.

7.3 Electronic chart systems
7.3.1 Electronic Chart Display and Information System (ECDIS)

There are several types of electronic chart systems available but only one performance standard 3
been approved by the International Maritime Organization (IMO) in November 1995. The I '
resolution A817(19) states that the ECDIS should ‘assist the mariner in route planning and T8
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oring and, if required, display additional navigation-related information’. The sysFem approved
ﬂnlown as the Electronic Chart Display and Information Syste‘m (ECDIS) and applies to Yessels
,v" med by Regulation V, Chapter 20 of the 1974 Safety of Life at Sea (SOLAS).conventlon. .It
;"ve jies with the carriage requirement for charts with an ECDIS system using Electronic
o ational Charts (ENCs). ECDIS is a navigational information system comprising hardware,
! software and official vector charts and must conform to the ECDIS performance standards;
9 st other aspects these performance standards govern chart data structure, minimum display
A ments and minimum equipment specifications. Chart data used in an ECDIS must conform to
rﬂqu]rectronic Navigational Chart (ENC) S-57, edition 3.0 specification and the performance standard
# El-z was agreed by the International Hydrographic Organization (IHO) in Fepruary 1996. Any ENC
forthlt)e issued on the authority of a government-authorized hydrographic office. .
st k-up arrangements for ECDIS were agreed by the IMO in November 1996, becoming Appeqdlx
E Performance Standards and allowing ECDIS to be legally equivalent to the charts required
[ thee ulation V/20 of the 1974 SOLAS convention. It is an IMO requirement that the National
v rre%phic Offices (NHOs) of Member Governments issue, or authorize the issue of, the ENCs,
i drogr with an updating service, and that ECDIS manufacturers should produce their systems in
’geﬂ:;nce with the Performance Standards. Other notable milestones leading to the ECDIS
k. cation include the following.

= =

5pg(: lfl

[HO Special Publication S-52 which specifies chart content and display of ECDIS. This.ir.lclu.des
i pendices specifying the issue, updating and display of ENC, colour and symbol specification.
i%e IHO Special Publication S-52 was produced in December 1996. ' .
[EC International Standard 61174. In this publication the International Electrotechnical Commls—
‘ sion describes methods of testing, and the required test results, for an ECDIS to comply with IMQ
requirements. The standard was officially published in August 1998 z.md is to b? useq as the basic
requirement for type approval and certification of an ECDIS which complies with the IMO

requirements.

some ECDIS definitions are summarized below.

s Electronic Chart Display and Information System (ECDIS) means a ne.wigation system which,
with adequate back-up arrangements, can be accepted as comply.mg W.lth the up—tq—date chart
required by regulation V/20 of the 1974 SOLAS Convention, by dlspla't}{mg sel.ected 1nf0rmat10n
from a System Electronic Navigational Chart (SENC) with pOSlthI.lal _ 1nf0rmat19n frgm
navigational sensors to assist the mariner in route planning, route monitoring and displaying
additional navigational-related information if required.

¢ Electronic Navigational Chart (ENC) is the database, standardized as to coqtent, structure aqd
format, issued for use with ECDIS on the authority of government-authorized hydrographic
offices. i

¥ System Electronic Navigational Chart (SENC) is a database resulting from the transformation of
the ENC by ECDIS for appropriate use, updates to the ENC by appropriate means, and other data
added by the mariner. -

¥ Standard Display means the SENC information that should be showp when a chart is f}rst
displayed on an ECDIS. The level of information provided for route planning and route monitoring
May be modified by the mariner. .

. Display Base means the level of SENC information which cannot be remove§ from the display,
fonsisting of information which is required at all times in all geographical areas and all
Circumstances.




[LLLLE]

236 Electronic Navigation Systems
The basic ECDIS requirements can be summarized as follows.

e ENC data. This is to be supplied by government-authorized hydrographic offices and
regularly in accordance with IHO standards.

@ Colours/Symbols. These must conform to the specification outlined in IHO Special Publica-
S-52. Symbol size and appearance are specified and the mariner should be able to select ol O
schemes for displaying daylight, twilight and night-time conditions. o

Pdy

e Own Ship’s Position. The ECDIS should show own ship’s position on the display. Such a Posig i

is the result of positional input data received from suitable sensors and should be Continygy

updated on the display. .
e Change Scale. The use of zoom-in and zoom-out should allow information to be displayeq el

different scales. ECDIS must display a warning if the information shown is at a scale largep ;&

that contained in the ENC or if own ship’s position is produced by an ENC at a larger scyjq , [

that shown by the display.

e Display Mode. The mariner should be able to select a ‘north-up” or ‘course-up’ mode. Ajg, i
display should be able to provide true motion, where own ship symbol moves across the diSplay )
relative motion where own ship remains stationary and the chart moves relative to the ship, 3

@ Safety Depth/Contour. The mariner can select safety depth, whereby all soundings less thap ,
equal to the safety depth are highlighted, or safety contour whereby the contour is highlighted gy
other depth contours.

e Other Navigational Information. Radar or ARPA data may be added to the display.

As emphasized earlier, one of the key requirements for ECDIS is to assist the user to plan a route g
monitor the route while under way. This and other functions are listed below.

e Route Planning. The mariner should be able to undertake the planning of a suitable roy
including the provision of waypoints which should be capable of being amended as required;
should be possible for the mariner to specify a limit of deviation from the planned route at whj
activation of an automatic off-track alarm occurs.

@ Route Monitoring. ECDIS should show own ship’s position when the display covers the a
involved. The user should be able to ‘look-ahead” while in this mode but be able to restore of
ship’s position using a ‘single operator action’. The data displayed should include continug
indication of ship’s position, course and speed and any other information, such as time-to-go, i
track history etc., considered necessary by the user. Indication/alarms should feature i
parameters set by the mariner.

@ Indication/Alarm. ECDIS is required to give information about the condition of the system
component of the system; an alarm should be provided when a condition requires urgent atteni
An indication could be visual whereas an alarm could be visual but must also be audi
Indications should include, among others, information overscale, different reference system, 0l
planned over a safety contour etc. Alarms should include, among others, system malfunct
deviation from route, crossing safety contour etc.

@ Record of Voyage. ECDIS must be capable of recording the track of an entire voyage with timi
not exceeding 4-hourly intervals. Also ECDIS should keep a record of the previous 12h @
voyage; such a record should be recorded in such a way that the data cannot be altered in any ¥
Also during the previous 12 h of a voyage ECDIS must be capable of reproducing navigational
and verifying the database used. Information such as own ship’s past track, time, position, S
and heading and a record of official ENC data used, to include source, edition, date, cell and upe
history, should be recorded at 1-min intervals. !

et T
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fFigure 7.4 Block diagram of an ECDIS. (Reproduced courtesy of Warsash Maritime Centre.)

o Back-up Arrangements. This is required in case of an ECDIS failure. The back-up system should
display in graphical (chart) form the relevant information of the hydrographic and geographic
environment necessary for safe navigation. Such a system should provide for route planning and
monitoring. If the back-up system is electronic in form it should be capable of displaying at least
the information equivalent to the standard display as defined by the performance standard.

A block diagram of an ECDIS is shown in Figure 7.4.

The production of ENCs is proceeding but it is a lengthy and costly business and it is likely that
widespread coverage will not be available for some time and certain regions may never be covered at
all. Because of the delay likely in implementing ECDIS, hydrographic offices around the world have
proposed an alternative official chart solution that uses the raster chart and is known as the Raster
Chart Display System (RCDS).

| 7.3.2 Raster Chart Display System (RCDS)

| This is a system capable of displaying official raster charts that meets the minimum standards required

by an appendix to the ECDIS Performance Standard. The raster nautical chart (RNC) is a digital
lacsimile of the official paper chart and provides a geographically precise, distortion-free image of the
Paper chart.

The THO proposed a raster chart standard that ‘should form a part of the ECDIS performance
Sandards where it would logically fit’. This was approved by the IMO’s Maritime Safety Committee
1 December 1998 as a new appendix to the existing ECDIS Performance Standard, entitled ‘RCDS
wl:)de of Operation’. It is now permissible for ECDIS to operate in RCDS mode using official RNCs

€0 ENCs are not available. The use of ECDIS in RCDS mode can only be considered providing

ere. _iS a back-up folio of appropriate up-to-date paper charts as determined by national
istrations,

R
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Raster charts for these systems have been developed in recent years by major hydrographic 0
and include the British Admiralty Raster Chart Service (ARCS) and the NOAA’s BSB raster Chart. Uy
United States started raster scanning in 1991 and evaluated a prototype of the scheme in 1992, Nom
began converting its charts to raster format in 1993 and completed the task in 1994. The Unit
Kingdom Hydrographic Office (UKHO) started the raster scanning of its Admiralty charts in 1994 N
shipboard trials of ARCS began in 1995; the service becoming commercial in 1996. Other Hatiand
have also developed their own RCDS charts. ong

Raster charts are offered as an interim measure while awaiting the arrival of the ENCj ang ,
designed to offer a performance specification that closely follows that of the ENCs and jncludfe
important requirements such as: &
@ continuous chart plotting and chart updating
@ at minimum, the same display quality as the hydrographic office paper chart
® extensive checking, alarms and indicators relating to the integrity and status of the system
@ route planning and voyage monitoring.

The IMO has drawn mariners’ attention to the fact that the RCDS mode of operation lacks
the functionality of ECDIS. Some of the limitations of RCDS mode compared to ECDIS mod
the following.

SOme of
€ Inclygy

@ The raster navigational chart (RNC) data will not itself trigger automatic alarms although sonje
alarms can be generated by the RCDS from information inserted by the user.

@ Chart features cannot be altered or removed to suit operational requirements. This could affecg the
superimposition of radar/ARPA.

@ It may not be possible to interrogate RNC features to gain additional information about charteg
objects.

® An RNC should be displayed at the scale of the paper chart and RCDS capability could be degradeg
by excessive use of the zoom facility.

@ In confined waters the accuracy of the chart data may be less than that of the position fixing sysfen
in use. ECDIS provides an indication in the ENC that permits determination of the quality of (he
data.

7.3.3 Dual fuel systems

Because of the adoption by the IMO of the amendments to the performance standards for ECDIS
include the use of RCDS, an ECDIS is now able to operate in two modes:

@ ECDIS mode when ENC data is used
@ RCDS mode when ENC data is unavailable.

Thus the dual fuel system is one that is either an ECDIS or RCDS depending on the type of chart
in use. At the present there are only few ENCs so the ability to use ECDIS is restricted. RNCS
plentiful and can provide two vital functions:

@ provide official electronic chart coverage for areas not covered by ENCs
@ provide link coverage between the ENCs that are available.
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9.4 Electronic chart systems (ECS)
1‘ ’

re a system does not conform to either ECDIS or RCDS performance standards it is classified as
whecs system. There are no official performance standards for this system. The IMO had been
i Eidering the production of advisory guidelines but at the 1998 meeting of the IMO Navigation
4 nsty Subcommittee it was decided that guidelines for ECS were not necessary and the matter will
gatebe pursued further. As a general rule, a system is an ECS if:
0

i uses data which is not issued under the authority of a government-authorized hydrographic
i

office '
gector chart data is not in S-57 format
: e system does not meet the standards of either ECDIS or RCDS performance standards.
’

ECS may not be used as a substitute for official paper charts, and ships fitted with an ECS are
il jly required to carry suitable up-to-date official paper charts. Examples of ECS include ra@ar
i ?ems incorporating video maps, stand-alone video plotters and all systems while using commercial
;:ter charts and vector charts systems.

74 Chart accuracy

Any chart is only as good as the original survey data allows and. the accuracy with which that. data is
recorded on the chart by the cartographer. A navigational. chart is referenced to two data: horizontal,
jor latitude and longitude; and vertical, for depth and height. ’ .

since the beginning of mapmaking, local maps were based on th§ earth’s sbape in that area and,
since the earth is not a perfect sphere, the shape does vary from location to location. Figure 7.5 shows
1 representation of a vertical slice through the earth. The diagram shows an uneven surface to the

Fi9ure 7.5 View of the earth’s surface showing the geoid and ellipsoid. (Reproduced courtesy of
arsash Maritime Centre.)
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earth, a dotted line representing a geoid and a solid line representing an ellipsoid. The geoid Tepra

a surface with equal gravity values and where the direction of gravity is always perpendicu]ar o
ground surface. For mapping purposes it is necessary to use a geodetic datum which is a SPECifjq
orientated reference ellipsoid. The surface of a geoid is irregular while that of an e]
regular.

Many different ellipsoids have been used to represent the best fit to the geoid in a particylg, ,
The use of an ellipsoid for positional calculations must first be referenced to the geoid gp, Ay
relationship defines what is known as a datum. The accuracy of a particular datum may be fine forha
local area for which it was intended but the accuracy may suffer as the deviation from thag the
increases. There are scores of different data such as Ordnance Survey Great Britain 1936 (0SGp;y
the European Datum 1950 (ED50), the Australian Geodetic System 1984, North Americap Datgl
1983 (NADS83), etc. Charts drawn for a particular area therefore may contain datum information H
is localized.

The use of satellite systems has involved the use of a global datum and GPS uses the y,
Geodetic System 1984 (WGS-84) which uses a model of the complete earth. The ellipsoid fop g
system is centred on the Earth’s centre of mass and, over the earth as a whole, is a better fit to the geol
than other ellipsoids, although the local datum may give a better fit within their own smy]) eo%
Ideally all charts should be referenced to WGS-84 but this is not expected to occur for many ye .
come. Reasons for the delay include:

lipsoi d

ars o

@ the time necessary to replace current charts with new versions using WGS-84 }
@ lack of data necessary to calculate datum shifts and, in some cases, the datum used for the chapyje
either unknown or poorly defined. |

As far as the UKHO is concerned, about 20% of its charts are referenced to the WGS-84 datum
further 40% use datum when the shift is known, while some 40% use unknown datum. When the g 1
to WGS-84 is known the UKHO charts have a ‘Satellite Derived Positions’ note that provides shiff
values in minutes of latitude and longitude which allows GPS-determined positions, referenced iy
WGS-84, to be correctly adjusted before they are plotted on the chart. Currently about 40% of fhe
UKHO charts contain shift values.

Electronic chart systems using raster chart displays can use the datum shift values indicated in fig"
‘Satellite Derived Positions’ note on the chart to convert the WGS-84 co-ordinates to the local datus
The shift values are mean values for the area covered by the chart but the shift variation across
chart is within manual plotting tolerance at the scale of the chart and can be ignored. However, i
quoted shift values on an adjacent chart could well be different.

For electronic chart systems using vector charts it is a requirement that the charts are referend
directly to WGS-84. Since so few official paper charts are referenced directly to WGS-84 it follof
that vector chart producers must use a mathematical model to shift the data on certain charts to WG
84. Users of the system should always check to see whether the official paper chart is referenc
directly to WGS-84. If the official chart has a ‘Satellite Derived Positions’ note giving datum Sk
values then it could safely be assumed that errors introduced by the conversion to WGS-84 will!
small at the scale of the official chart. If WGS-84 shift values do not appear on the paper chart it W0
suggest that the existing data is insufficient to establish accurate datum shifts and GPS-deny
positions cannot be used with confidence. 3

With ECDIS and the use of ENCs, all references are to WGS-84 so there should be no problem ¥
datum shifts. However, as discussed earlier, there could be a problem of geodetic datum shifts ust
paper charts, RNCs and privately produced vector charts if positional information is received ba
on one datum and such data is plotted on a chart which is based on another datum. Figuf€ '

|
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figure 7.6 World geodetic datums. (Reproduced courtesy of PC Maritime.)

llustrates the variation in latitude and longitude positions that could be derived for the same real
location depending on the datum used.

Consider another example of datum differences in the English Channel. The Admiralty charts
wvering the English coastline are in OSGB36 whereas the Admiralty charts covering the French
woastline are in ED50. The OSGB36 datum is used for charts covering the coastline of England, Wales
and Scotland while the ED50 was developed for military mapping in Central Europe. UKHO charts
tovering both sides of the channel tend to be in OSGB36. Thus if an operator working in the channel
plotted a position on an OSGB36 chart and then moved to a European 1950 chart without allowing
lora datum shift, there will be a positional error as indicated in Figure 7.7.

In some regions of the world the difference between WGS-84 and the local datum can be quite large
ind this is illustrated in Figure 7.8.

The solution to the problem is obviously to obtain positional information in WGS-84 and to apply
e published shift every time a change of paper chart is made. It must be remembered that GPS
uracy has tolerance values and any inaccuracy derived from GPS may be exacerbated by plotting
$harts of different datum. Most GPSs have built-in datum transformations so that the system can
Wlput positions in a local datum but this has certain disadvantages.

¥ Because there are no standards applicable to the transformation formulae, two different GPSs may
US¢ different formulae and give different results. The solutions produced are averaged over a wide
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Figure 7.7 An example of datum shift in the English Channel. (Reproduced courtesy of PC

Maritime.)
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Figure 7.8 An example of datum shift in the Pacific. (Reproduced courtesy of PC Maritime.

)

area and any transformation error may range from,
covered by the datum.
® It is difficult to ensure the GPS is switched to th
@ GPS positions may be fed simultaneously to othe
expect to receive data in WGS-84 co-ordinates,

® Some GPSs apply the data transformation to all waypoint positions held in memory when a dg
other than WGS-84 is selected for the display of positions.

say 25 m to much more at the fringes of the g

¢ correct datum every time a chart is changeq’

ut of GPS in WGS-84. As stated earlier, for the UKHO pap
ocal datum is printed on the chart. Any figure printed on the chy
indicates that the original survey has been referenced to WGS-84 and the published shifts can be usg
with confidence. If the chart contains no shift data then no referencing to WGS-84 has been made &

any plotted positions made must be treated with caution because of possible shift errors.

An advantage of modern charts and the use of software is that the management of datum shifts C
be automated. A system such as ARCS has the shift data included and thus an RCDS can keep tra
of the data of positions of all types, including vessel position and track, waypoints and any ofl
overlaid points on the chart, and adjust them all to the local geodetic datum as required.

7.5 Updating electronic charts

r equipment, such as ARPA, autopilot etc., whigh
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ec automatic corrections and provides cumulative updates with only thfa la}test update’ CD-
;ffo;,if;equired. The CD-ROMs are sent to chart agents who then send them to shipping companies as
0
ftquir(fA provides continuous updating to all 1000 charts using information from the USCG, NIMA
1 ¢ Canadian Hydrographic Service, and Maptech makes the necessary raster Fhart upda.tes.
.lf'd th h uses modern technology to update only those parts of a chart ld.el’ltlfled as needing correction.
Ao tec called ‘patch’ technique compares the existing chart file and its correcteq coupterpar[ on a
s St(,) _-pixel basis. A difference file is produced which can be manipulated so that it reglster's e;(agtly
pixel’hz existing raster file to which it applies. A raster chart can therefore be updated by displaying
i sitrlg the relevant CD-ROM, and using the patch file to alter the pixels on the old chart as necessary
L ons. |
:o iﬂcorpo(;zi?nfghesetcr(zfrircftlla(;rime available on subscription in January 2000. Customersl receive a
N uI;—)mail that contains a hot link to the update computer server. Clicking on t'he hot link beg.ms
N ission of the update patches to the computer; the updates in the transmission are cumulat.lve
he trans;" r all charts on a CD-ROM. Downloading takes from a few seconds to up to 5 min depending
e (())dem speed. Once the file reception is completed the charts may be correcte@ and stqred on
wie uter’s hard drive. It is anticipated that dynamic updating should soon be avallabl.e. With FhlS
[heh;?g:lpe the charts and patches are kept separate and the patch is applied to the chart in real time
E e patch.
lovine t'he u::l:iilo si:etltlzepfggllf:s r]?lr;illl(l)fiegnl()i}érﬁtlheﬂntemational standards for ECDIS where it is
Dyr?aé?rirﬁathat rr%ariners should not change the original data files. It is expected that in future smg.le
3rcgull;;dates may be made available rather than a complete CD’s worth and that the procedure will
lc,taextcnded to ENCs when they become available.

7.6 Automatic Identification System (AIS)

Automatic Identification System (AIS) is a shipborne transponder syst§m capab!e of bro.adcastlrﬁ
continuously, using the VHF marine band, information about the ship. Such information cou
include:

# ship identification data, i.e. ship name, call sign, length, breadth, draught etc.

# type of cargo carried and whether it was hazardous in nature
# course and manoeuvring data
# position to GPS accuracy limits.

Such broadcast information would be capable of reception by other AIS-equipped Sh'lpS and by shore
Slies such as Vessel Traffic System (VTS) stations within broadcast range. Data regelved by a slt)n(}; l;)Sr
shore station could be relayed to an ECS and AIS targets cogld be dl‘spl.aye.:d, ’w1th GPS or .
dCCuracy, with a velocity vector indicating speed and headlr.lg. By chckmg on a target, other
information such as ship identification data etc. could be displayed. A typical AIS scenario is
llustr. in Fi 9. .

An zxg ifarl:slszgz; system requires a GPS or DGPS receiver, a VHF tral.lsm.ltter, two VHF TDI\/{]A
Ceivers, a VHF DSC receiver and a standard marine electronic communications connection tq the
Ship’s display system. Position and timing information is derived from the GNSS (GPS) r.ecelzig

fOl'rnaltion, such as ship’s heading, course and speed over ground, is normally .broad‘cast using
0ut other information such as destination, ETA etc. could also be promulgated if available.
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A e \ The AIS transponder transmits using 9.6 kbyte GMSK (Gaussian minimum shift keying) FM
= | 7 £ - g ’_i odulation over 25 kHz or 12.5 kHz channels using HDLC packet protocols. The channel bandwidth
;% = % = ] f25 kHz is for use on the high seas and the 12.5/25 kHz channel bandwidth used as defined by the
< gg P8 Y . g ’ 2c ropriate authority in coastal waters. There are two radio channels available for transmission/
E e % ué’ 5 $§ ception that minimize RF interference, provide increased capacity and allow channels to be shifted
E B =... githout loss of communication from other ships. The ITU has allocated frequencies with AIS channel
o 2 . E - ° using 161.975 MHz (ch87B) and AIS channel 2 using 161.025 MHz (ch88B).

P Byu R B ‘$‘ 5 ¥ fach transponder self-allocates time slots for its position reports and such reports occur at time
E ggég g W 4l ,@_ f::& & . rltervals that correspond to the traffic situation. This method of communication is known as self-
== Tz gé- = e e —— g8 Jganizing time division multiple access (SOTDMA). The SOTDMA broadcast mode allows the
e ‘; GBEGEE § et Y ystem 10 be overloaded by up to 500% while still providing nearly 100% communication capacity for
2 t>f3 : / a L . l. .\ Jips within 10 nautical miles of each other in ship-to-ship mode. If system overload tends to occur,
P ; p ien targets at the longer ranges will tend to drop out of the system leaving only closer range targets,
o 1 \ yhich are the ones of greater interest to the navigator. There are 2250 time slots established every 60s
for each AIS channel; this gives a time slot duration of 26.67 ms and as each slot has 256 bits the data

[ransmISSIOH rate is 9600 bit s~
AIS stations continuously synchronize with other stations to obviate any slot transmission overlap.

slot selection by an AIS station is randomized within a defined interval and triggered with a random
imeout of between 0 and 8 frames. When a station changes its slot assignment the new location and
sssociated timeout is pre-announced, thus allowing new stations to be received.

Although the AIS concept has been around for many years and trials have taken place at many
geographical locations, there is still much work to be done to produce an internationally-agreed
qandard. Some of the detail of what has been achieved to date is listed below.

l'l”‘,!r

2
N

Wb

MO Resolution MSC.74(69). Annex 3, Recommendation on Performance Standards for a
Universal Shipborne Automatic Identification System (AIS)

The 43rd session of the IMO Navigation Subcommittee, which met in July 1997, completed a draft

performance standard on shipborne automatic identification systems (transponders). This performance

sandard describes the operational requirements for the device but does not define the tele-

communications protocol the device must use. The 69th session of the IMO Maritime Safety

| Committee formally adopted the standard without change in May 1998.

‘ A report from the Subcommittee on Safety of Navigation on its 45th session included the following
£ ifems.

7

I All ships of 300 gross tonnage and upwards (engaged on international voyages), cargo ships of 500
gross tonnage and upwards (not engaged on international voyages), and passenger ships,
irrespective of size, shall be fitted with AIS, as follows:

1.1  ships constructed on or after 1 July 2002;

1.2 ships engaged on international voyages constructed before 1 July 2002;

1.2.1 in the case of passenger ships irrespective of size and tankers of all sizes, not later than 1 July
2003;

1.2.2 in the case of ships, other than passenger ships and tankers, of 50000 gross tonnage and
upwards, not later than 1 July 2004;

1.2.3 in the case of ships, other than passenger ships and tankers, of 10000 gross tonnage and
upwards but less than 50000 gross tonnage, not later than 1 July 2005; x

1.2.4 in the case of ships, other than passenger ships and tankers, of 3000 gross topfiage and
upwards but less than 10000 gross tonnage, not later than 1 July 2006;

(RENOTE SITE
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1.2.5 in the case of ships, other than passenger ships and tankers, of 300 gross tonnagg
upwards but less than 3000 gross tonnage, not later than 1 July 2007; and y

1Y

1.3 ships not engaged on international voyages constructed before 1 July 2002, not late, e EE e aew o
{ N &
1 July 2008. W
2 The Administration may exempt ships from the application of the requirements of this Paragp, ,, \“\N\;\;:p}
when such ships will be taken permanently out of service within two years afge, P R Sy 8
implementation date specified in paragraph 1. 1 S
3 AIS shall !. | ¢ 5

3.1 provide automatically to appropriately equipped shore stations, other ships and Airerae
information, including the ship’s identity, type, position, course, speed, navigationga] Sta
and other safety-related information;

3.2 receive automatically such information from similarly fitted ships; |

3.3 monitor and track ships; and

3.4 exchange data with shore-based facilities, the requirements of this paragraph shal] nof
applied to cases where international agreements, rules or standards provide fop
protection of navigational information. AIS shall be operated taking into accoupt g !
guidelines adopted by the Organization. ]

CCGo2R2)
CCG MOBILE 1
MOBILE

ITU-R Recommendation M.1371, Technical Characteristics for a Universal Shipborne
Automatic Identification System Using Time Division Multiple Access in the Maritime
Mobile Band

I
b The International Telecommunications Union Sector for Radiocommunication (ITU-R) mey
March 1998 to define the technology and telecommunications protocol for this device. The dp
1l recommendation completed by Working Party 8B was approved by Study Group 8, which mef’
Hidsl July 1998. The recommendation was formally adopted in November 1998 and the publication
0 3,““ now available for a fee (see website www.itu.org). The International Association of Lighthoy
‘ L‘} i Authorities (IALA) has been the main organization co-ordinating the development of the Univer
Uil il AIS Transponder and a revision of this standard is being prepared by IALA for submission to
) ITU-R Working Party 8B in October 2000. If adopted it will become ITU-R Recommendati
M.1371-1.

|IEC Standard 61993-2 on AIS

In July 1998, the International Electrotechnical Commission TC80/WGS-U.AIS started work
the performance, technical, operational and testing standard for the Universal ALS Transpon
The working group is expected to meet regularly and complete its work during the year 2000
an expected publication date for the standard of December 2001. This standard will supersede:
Standard 61993—1 on digital selective calling AIS transponders. This new standard will dé
testing and interfacing requirements for AIS systems. Commercially-produced systems should I
all the three standards described above.

ICAN have developed an AIS module which is an add-on to their ‘Aldebaran’ Elecli
Charting System. The module has been developed for use with Saab TransponderTechs &
hardware for which ICAN is the exclusive Canadian agent. The AIS module enables ICAN'S &
to display broadcast AIS information on screen in InfoPanels and as overlays. A typical €&
display with this feature is shown in Figure 7.10.

Figure 7.10 Display showing AIS target information. (Reproduced courtesy of ICAN.)
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Features of the ICAN AIS module are as follows.

1 AIS Target Monitoring

Unlimited on-screen AIS targets.

AIS Tracking InfoBox sorted based on TCPA and RCPA.

Targets can be individually centred on screen.

Single target activation.

Messages can be addressed or sent via broadcast as binary or ASCII data on specific c,
Automatic (scheduled) and manual data transmissions.

Binary transmissions include: man overboard, ARPA, markers and points of interegg
waypoints, routes and zones).

Displayed AIS transponder channels.

On screen CPA display.

@ Alarms and indications based on configurable CPA properties.

anng|¢

(S

2 Long Range AIS Monitoring
@ Microsoft’s MAPI (Mail Application Programming Interface) based mail set-up.
@ Office and remote monitoring through Inmarsat terminal or service provider.
@ Filtered sender information.
@ Multiple e-mail address transmissions (single Inmarsat message).
@ Configurable gateway formats.

3 AIS Module Configuration
@ Remote target properties (shape, labels).
@ Name, call sign, ship type, MMSI, IMO no., draught, trip, destination and ETA to destinatiop
® Own ship transponder transmission information (Nav sensor, antenna location, UTC date time.
channel designation).
Distinguishable transponder characteristics (R2 vs R3 labelling).
ECS back-up positioning device (transponder GPS).
Transponder GNSS status.
Closest point of approach (time and range based).
Channel polygons.

4 Data logging and Distribution
@ Unfiltered logging of serial inputs, including AIS transponder information.
@ File-based distribution of logged data.
@ TCP/IP distribution of serial inputs.
@ Playback of recorded data.

5 ICAN ECS Environment
@ Seamless display of charts of S-57, NTX, BSB and MRE formats (other formats in develops
include ARCS and CM-93).
@ Point-of-interest feature allows constant update of range/bearing to any point, marker or wayp
(station keeping).
@ Ability to add other software modules including high resolution radar overlay, useful for coast
mapping (scanner up to 120 rpm, 8-bit radar image, raw radar data recording capable).

Information on this AIS module and other useful products offered by ICAN are available on

website www.ican.nf.net.
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e a multitude of suppliers of software suitable for implementing an electronic navigation
ier© P requiring only the hardware and suitable electronic charts to produce an ECDIS or an ECDIS
’ystecﬁlg S mode. The ‘Navmaster Professional’ from PC Maritime of Plymouth, UK is used as a basis
in hoWi“g how the software can assist the navigator in passage planning, p.osition logging and
fof fjon management, providing as it does a continuous display of vessel positions received from
g,;v/lga d plotted on official electronic charts. The minimum system requirements for Navmaster are:
C'PS aﬂuter operating with a Pentium 133, or better, processor; Windows 95/98/NT/2000; 10-Mbyte
4 c0 drive for minimum installation, CD-ROM and floppy-disk drives; 32-Mbyte RAM; and a
Wd, ¢ with 800 X 600 resolution with 256 colours or more. Input/output requirements are one serial
!ﬂomtoe parallel port. The software is supplied on a CD-ROM. The system uses electronic chart data,
anc hnis the copyright of various national hydrographic offices; chart data is protected by a security

c[hat allows access to the charts only via a user PIN number.
eonce the software has been loaded into the computer then starting with Navmaster the display will

similar 0 the one shown in Figure 7.11. . ' .

The toolbars and side panels can be moved around the screen, hidden and displayed as required. The

ain window contains the following.

_ Navmaster Electronic Navigation System
X

Title bar
The title bar displays the program control icon, the activation or active image title and the standard

‘ minimize/maximize/restore/close buttons.

- Blank Chart - NA - WG584 - NA - NA - Blank World Chart

Figure 7.11 The Navmaster start-up window. (Reproduced courtesy of PC Maritime.)




1]

250 Electronic Navigation Systems

Figure 7.12 Navmaster menu bar headings. (Reproduced courtesy of PC Maritime.)

Menu bar

The menu bar displays the menu headings as shown in Figure 7.12. These are as follows,

@ File. Contains standard menu commands for file management, printing and workspace,
charts, and opening and saving chartpoint and route databases.

e Edit. Provides standard menu commands.

@ View. Provides menu commands to select modes of operation, turn on or off the toolbars, sid
and status bar.

@ Chart. Provides menu commands to change the chart display, install chart permits and updateg
the location of charts and updates and set chart-related options. y

()pen-

€p

@ Navigator. Provides menu commands to: turn position plotting on or off and set DR Paramegen
turn position logging on or off and make log entries; upload routes and waypoints to GPS; ac N
diagnostic windows for equipment interfacing; open the Autoscroll monitor window; set POSifio

and navigation-related options.

options.

Chartpoint. Provides menu commands related to chartpoints.

Route. Provides menu commands related to routes.

Vessel. Provides menu commands to enter vessel information for use when calculating plans,
Tools. Provides menu commands to display tidal atlas and activate the Range and Bearing (g
customize toolbars and set workspace and tidal atlas options.

Window. Provides menu commands to manipulate windows.

Help. Provides Help and information on obtaining technical support.

Toolbars

The toolbars provide buttons that access some of the frequently used commands in the menus. If
command is unavailable, its button appears greyed-out. Toolbars and their button functions are show
in Figure 7.13.

Side panels

These panels represent each of the main functions of the Navmaster system, i.e. monitoring positi0
storing chartpoints and creating and calculating routes. Switching between functions is achieved
pressing a button on the display toolbar or by selecting an item in the View menu.

1 Monitor mode. In this mode it is possible to monitor and plot the vessel’s passage. The s¢ cel

consists of three main areas: the chart area, the side panel and the toolbars. The chart area prOVi.
a view of the current chart, which may be manipulated as required. A typical side panel in mOni€
mode is shown in Figure 7.14.

B

Target. Provides menu commands to Activate/Deactivate ARPA and Tender tracking and set related

l,
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Standard toolbar ARPA toolbar

Activate/ Goto Save View  Toggle

New Open Save Print Day Dusk Night Deactivate targel fargel  target  radar
t

Tender tracking toolbar

Chart toolbar

o=
m Up scale Down scale Fullchart World R&B
"

Display toolbar

Activate/ Go to Save View
Deactivate  target target target
data log

Chartpoint toolbar

m‘l Route  Target Show/Hide Sidepanel On/Off ' Chartpoint name Go to chartpoint

w " View chartpoint Sort chartpoint
Chartpoint scroll buttons attachments database

Route toolbar
Voyage toolbar

§
Route name \I;l‘ev;ome“ Route waypoint name
ment
i Route scroll buttons atta Route waypoint scroll buttons
Autopilot Autoscroll Track Logging View log Goto VI
gart voyage Go to route

waypoint

figure 7.13 Toolbars used in the Navmaster display. (Reproduced courtesy of PC Maritime.)

Applied - Chart

Figure 7.14 Navmaster monitor mode side panel. (Reproduced courtesy of PC Maritime.)
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The panel repeats the position obtained from the GPS, provides information on any datum shify
has been applied, and displays the current route name and active leg. Three tabs provide g,
information:

NMEA repeats information from electronic instruments;
to Wpt  provides calculated information from current position to the next
waypoint in the route;
Plan repeats information for the leg from the passage plan if one has been calculated.

The Autocheck box activates/deactivates automatic leg advance.

2 Chartpoint mode. In this mode it is possible to add, delete, edit or save chartpoints. A charg, .
is the latitude and longitude of a geographical position stored in a database; a chartpoint on a chagy
shown as a blue circle. Each chartpoint has database fields which allow the user to adq a ‘
information which may be of assistance. Any number of chartpoint databases can be created anq el
database can contain any number of chartpoints. To enter chartpoint mode, the chartpoint buttg, 1
the display toolbar (see Figure 7.13) is pressed and, provided side panel display is activated,
chartpoint side panel will be displayed (see Figure 7.15). The panel provides information abgyg the
current chartpoint. Each field within the panel can be edited.

pan !

1)

ERSEY SOUTH WEST '1

49710.330 002718.18w

. LA CORBIERE BRG 078 2.1
2 INwARD BOUND FOLLOW
RECOMMEMDED TRACK 095
MORTH OF BANC DE 5T

Figure 7.15 Navmaster chartpoint mode side panel. (Reproduced courtesy of PC Maritime.)

ERSEY FAOP % EOP L
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avmaster stores chartpoints in WGS-84 co-ordinates where possible and, provided a selected
oint is on the currently selected chart, it is possible to view and edit the chartpoint to match the
ot chart datum. A chartpoint can simply be used as a marker on a chart or, if used to indicate points
IOC‘; route, they are known as waypoints.
on
oute mode. This mode enables the user to create new routes, edit existing routes and copy or
se routes. A route is a sequence of waypoints built up from previously stored chartpoints or
re\/3:e d by clicking on a chart. The route is drawn on the chart for evaluation and possible amendment.
¢ at os are stored in databases and there can be many routes stored.
Ououte mode can be accessed by pressing the route button on the display toolbar (see Figure 7.13).
lzroutc side panel will be displayed, provided the side panel is switched on. Routes may be created,
edited, using waypoints from a chartpoint database or by drawing the route directly on the screen
“nd or by a combination of both methods. Whatever route method is used, each waypoint in the
ChaILiS inserted into the box on the route side panel and a line will connect the route waypoints on
rOUt:hart, This line can be adjusted depending on whether the user adds, deletes or moves waypoints
e. the route side panel.
”Slﬁiutes are stored in a route database and any number of route databases can be created, containing
any pumber of routes. A typical side panel in route mode is shown in Figure 7.16.

ALDERMEY GUERNSEY M 02
ALDERMEY

GUERMSEY north entrance

ALDERMEY GUERNSEY M

[GUERNMS

11/03/00 11:00

Figure 7.16 Navmaster route mode side panel. (Reproduced courtesy of PC Maritime.)
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Three tabs provide further information:

General enables the user to enter and display a textual note relating to the route;

Waypoints  lists the waypoints in the route and provides a means to select waypoints for amengp,
or deletion or to locate a new waypoint;

Plan gives the ability to calculate a passage plan based on the route which the user ¢y .
or view on the screen.

Other side panels, which are available but not illustrated, are Target Tracking, which Proy
information on ARPA and Tender targets, and Information which gives information on the sele
chart.

ideg
Cted

7.7.1 Installing charts

Navmaster supports the UKHO ARCS and the Australian Hydrographic Office Seafarer chartg and
will support ENC charts by the end of 2000. To install these charts the user needs:

e the floppy disk containing a licence file and chart permit file
@ one (or more) chart CD-ROM
@ one update CD-ROM with the latest chart corrections.

Each chart CD-ROM contains all the charts available for a particular region. A chart permit is a cogy
that unlocks a specific chart. Charts can be installed from the chart permit disk or by entering the chay
permit number manually. The user PIN number must be entered before a chart can be loaded g
installed. When Navmaster loads a chart it also applies any chart updates at that time. A chart can pe
displayed without its update but a warning will be displayed indicating the fact that corrections agg
missing.

The ARCS or Seafarer chart is supplied as two, independent images namely a low-resolution (LR}
image and a high-resolution (HR) image. The LR image provides an overview of the chart while the
HR image is the one recommended for navigation and is updated with Notice to Mariner correction§
Navmaster provides further zooming in and out of the LR and HR images to give five levels of displaj
for each chart.

The chart can be manipulated so that it is centred on a selected cursor position and the chart ¢
be panned by using the scroll bars at the sides of the chart window.

Table 7.6 The five levels of display for each chart

Resolution Zoom level Warning

Low resolution Zoom out (LR-out) Underscale
Normal (LR) Underscale

High resolution Zoom out (HR-out) Underscale
Normal (HR) None
Zoom in (HR-in) Overscale
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1.2 Using Navmaster

en using Navmaster the recommended sequence to follow is:

wh
create chartpoints
create a route

’ calculate a plan

' monitor by plotting track, viewing data in the Navigation Monitor panel and comparing progress

! with the plan.

ymaster is a multi-window application. Charts, the log, waypoint lists etc. all have their own
indow and windows can be tiled, cascaded or kept in the background as required. Turning on
utOSCTOH opens a dedicated window which displays the vessel’s position in the centre of a chart. For
fety T€3SONS the Autoscroll window cannot be minimized so that the user is fully aware of the
essel’s position. However, the window can be resized to allow more room for other charts, or it can
C(,Vered by a maximized window.

If the Autoscroll window is closed then Autoscroll is turned off. The remaining windows give
complete flexibility to organize the charts to suit the task in hand. For example, new chart windows
qould be opened to:

S

o look ahead by displaying the vessel’s position on a smaller scale chart than the Autoscroll chart
o view charts for other segments of the route

o view the approaches or harbour charts for intended destination

s plan new routes or chartpoints.

while the above is going on it is still possible to view a continuously updating vessel position on the
Jargest scale chart available.

The maximum number of chart windows that can be opened is limited to three plus the Autoscroll
window. The number can be increased but the default value of three is chosen to prevent users
inadvertently opening too many windows.

The Chart Information panel in Navmaster displays information on the selected chart and indicates
{he following.

¢ Chart Description. The Hydrographic Office description of the chart.

¢ Chart No. The Hydrographic Office chart number.

# Orig Scale. The scale of the paper version of the chart.

¢ Edition Date. The date the chart was first issued.

¢ Updated. The date of the last update.

® Heights In. The units of height used.

® Depths In. The units of depth used.

® Projection. The type of projection used in the production of the chart.

8 Horiz Datum. The geodetic datum of the chart. EG OSGB36 — The Ordnance Survey of Great
Britain (1936) datum.

® Depth Datum. The datum to which depths are referred.

® Height Datum. The datum to which heights are referred.

¥ Buoyage. The buoyage system in use on the chart.

¢ N/S Range. The vertical distance in nautical miles of the portion of the chart currently displayed
I the chart window.

¥ Display Resolution. The number of metres represented by each pixel on the computer display,
Which will alter depending on the zoom level of the chart.
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WayPOim detection. Choosing this option and setting a radius for the route leg to increment to the
' ext leg when vessel position enters the circle. On entry a warning is given. The position and time
f entry, and waypoint name are recorded in the log. See Figure 7.18.
asSiNg perpendicular. Choosing this option allows the route leg to increment to the next leg when
vessel position crosses a line drawn at right angles to the current leg. On passing, a warning is
(en. Position, time of entry and waypoint name are entered in a log. See Figure 7.18.
Limits of deviation. Choosing this option allows a deviation limit to be set. If the vessel position
' exceeds this limit a warning message is displayed and remains until the vessel returns inside the

Waygbint arriv %& ~thg

ing twhen the végse
enters this circle. \y 2

s

- R
.., o Tr0CKINE
. \

37
it qum;!n
180 98¢
e {29
P
inprement when tha ) %
passes this iR e AN |
My
i
------ | Figure 7.17 ARCS chart 109, River Humber and the Rivers Ouse and Trent OSGB36. (Reproduceg }
,‘ courtesy of PC Maritime.) | Figure 7.18 Use of waypoint arrival circle and passing perpendicular. (Reproduced courtesy of PC ‘
iy Vfaritime.) |
Passage plans
. . ; ; 42
Having created a route, the user can enter estimated speed, desired departure/arrival times 4
calculate for each leg of the route:
' 1

@ course to steer, allowing for variation, deviation and tidal stream (if required) |

3
@ distance " &'
7.

@ estimated time. o
£6
The user can view the plan on screen, change variables as required and then print a copy of the pld 7\
As an example of a chart overlaid with a route Figure 7.17 shows ARCS chart 109, with a 10 \
approaching the Humber River, illustrating waypoints entered for the planned route. l\
Route monitoring options can be chosen so that it is possible to:
e automatically increment route legs as the vessel passes through waypoints so that Navmas " \\

calculations on range and bearing to the next waypoint are relevant, and up-to-date informai@
sent to the Autopilot
@ monitor the vessel’s progress against the planned route.

Other options include the following.

e Automatic leg advance. Choosing this option allows the route legs to increment automatically 838 - -
vessel passes through the waypoint detection parameters set by the user. g | igure 719 Use of limits of deviation. (Reproduced courtesy of PC Maritime.)
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Figure 7.20 Passage plan for a route into Immingham on the River Humber. (Reproduced court
of PC Maritime.)
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imit. When the vessel exceeds the limit a log entry is made, with time and position. A further log
entry is made when the vessel returns inside the limit. See Figure 7.19.

Ureating a passage plan

\ passage plan can be created as follows.

prepare the route.
) Select the plan tab on the Route panel (a typical Route side panel is shown in Figure 7.16).
; goter departure/arrival time and estimated speed.
| Set any options required.
5 click on Calc.
6 click on Report to see the plan.

A typical passage plan report for the route of Figure 7.17 is shown in Figure 7.20.

Because Navmaster calculates routes almost instantly it is a simple matter to change parameters
qch as vessel speed, date and options.

The above has been extracted, with permission, from the Navmaster User Guide and only gives a
sery limited overview of the facilities available with the system. More detail can be obtained from the
manufacturers PC Maritime, Brunswick House, Brunswick Road, Plymouth PL4 ONP, UK. E-mail:
marketing@pcmaritime.co.uk and website: www.pcmaritime.co.uk.

78 Glossary

AHO Australian Hydrographic Office.

AIS Automatic Identification System, see Transponder.

ARCS Admiralty Raster Chart Service. The UKHO proprietary RNC.

ARPA Automatic Radar Plotting Aid.

Chart cell The smallest unit for geographical data. Each cell has a unique address in

memory and may possess different data volume and size characteristics.

A graphical representation of an object or characteristic.

Chart Information System.

A display where the heading of own ship is upwards on the screen and the
chart moves relative to own ship.

Chart symbol
(IS
‘Course-up’ display

CPA Closest Point of Approach.

Database A set of stored data used for a particular application which can be assessed as
required.

Datum See Geodetic datum.

DGPS Differential Global Positioning System.

ECpIs Electronic Chart Display and Information System. The performance standard
approved by the IMO and defined in publications from the IHO (Special
Publications S-52 and S-57) and IEC document 1174.

fcs Electronic Chart System. A system that, unlike ECDIS, has no obligation to
conform to the ECDIS performance standards.

Blipsoiq

A regular geometric shape which closely approximates to the shape of a geoid,
having a specific mathematical expression, and can be used for geodetic,
mapping and charting purposes.
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ENC

ETA
Geodetic datum

Geoid

GMSK
GNSS
GPS
Hardware
HCRF
HDLC

IEC
IHO
IMO
ITU-R
MMSI
NHO

NIMA
NMEA

NOAA
‘North-up’ display

Notice to
Mariners

Electronic Navigational Chart. Charts, manufactured for use with
which meet the ECDIS performance standards and are issued by
authority of government-authorized hydrographic offices.
Estimated time of arrival.
A specifically orientated reference ellipsoid requiring typically ej h
meters to define it. Two parameters relate to the dimensions of the illt' g
three parameters specify its centre with respect to the Earth’s centre 1 S0ig,
while the remainder specify ellipsoid orientation with respect to o
spin axis of the Earth and Greenwich reference meridian. Provide
datum.
An gndulating but smooth representation of equal values of ¢
gravitational field coinciding most closely with mean sea level. T
the primary reference surface for heights.
Gaussian Minimum Shift Keying.
Global Navigation Satellite System. The use of GPS for civilian pyr,
Global Positioning System. A satellite navigation system designed topOses:
?ontinuous position and velocity data in three dimensions and accurateptr'ov‘]
information globally. il
The physical part of a computer system that provides the Procesc;
capability; includes peripheral devices and cabling. sing
Hydrographic Chart Raster Format. Developed by the UKHO and yg d
them for the Admiralty Raster Chart Service (ARCS) and by the AHQ ?
Seafarer Chart Service. Other HOs are expected to adopt the format *
High-Level Data Link Control, specified by ISO/IEC 3309, 5th edition. 1993
International Electrotechnical Commission. The organization which produ'
world standards in the area of electrical and electronic engineering, 1
International Hydrographic Organization. A grouping of national hyd
graphic offices responsible for promoting international standards in the ﬁelr(:
of hydrographic surveying and chart production.
Intemational Maritime Organization. A specialized agency of the Unifed
Nations and responsible for promoting maritime safety and navigational
efficiency.
Intemational Telecommunications Union Sector for Radiocommunication. |
Marltime Mobile Service Identities. An international system of automati
identification for all ships.
National Hydrographic Office.
National Imagery and Mapping Agency.
National Marine Electronics Association. An organization comprising man
facturers and distributors. Responsible for agreeing standards for interfac
between various electronic systems on ships. NMEA 0183 version 2.3 is
current standard.
National Oceanic and Atmospheric Administration.
A display configuration where north is always in the up direction.
corresponds to the orientation of nautical charts and is the normal display
an ECDIS. ‘
A n(?tice issued by hydrographic offices, on a periodic or occasional basis
relating to matters that affect nautical charts, sailing directions, light lists and
other nautical publications.
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monitoring
Route
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Safety contour
Safety depth
SENC

Software

SOLAS
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National Ocean Service.
Office of Coast Survey.
Used to define the vessel on which the electronic chart system is operating.
Used to define the minimum performance requirements for a system to meet
the requirements of the SOLAS Convention.
An abbreviation for picture element. It is the smallest element that can be
resolved by electronic raster devices such as a scanner, display and plotter.
A series of regional distribution centres (RENCs) will be set up for the
distribution of ENCs, and PRIMAR is the first of these centres.
Raster Chart Display System. A navigation system which can be accepted as
complying with the paper version of the up-to-date chart requirements of
regulation V/20 of the SOLAS Convention, by displaying RNCs with position
information from navigation sensors to assist the mariner in route planning
and route monitoring, and if required display additional navigation related
material.
Range to closest point of approach.
Regional ENC Co-ordinating Centre.
Raster navigational chart. A facsimile of a paper chart. Both the paper chart
and the RNC are originated by, or distributed on the authority of, a government
authorized-hydrographic office.
A function required of an ECDIS whereby own ship present position can be
displayed on the chart and viewed relative to the chart data.
A function required of an ECDIS whereby the mariner can study the intended
route on a display and select an intended track, marking it with waypoints and
other navigational data.
IHO Special Publication S-52. Specification for chart content and display
aspects of ECDIS.
THO Special Publication S-57. IHO transfer standard for digital hydrographic
data, edition 3. It describes the data model and format to be used for ENCs.
The contour selected by the mariner, using the SENC data, to determine
soundings which, relative to own ship’s draught, provide safe water channels.
The ECDIS can use the information to generate anti-grounding alarms.
The depth, selected by the mariner, which defines own ship’s draught plus
under-keel clearance which can be used by the ECDIS to indicate soundings
on the display which may be equal or less than the defined value.
System Electronic Navigational Chart. This is the database produced by chart
suppliers which meets the requirements of the IHO Special Publication
S-57.
This includes all the programs that can be used on a computer. Software can be
subdivided into the operational software required for the computer to function
and the application software developed for specific user applications.
Safety of Life at Sea. The International Convention for the Safety of Life at Sea
Chapter V Safety of Navigation, Regulation 20, Nautical Publications requires
that ‘ All ships shall carry adequate and up-to-date charts, sailing directions, lists
of lights, notices to mariners, tide tables and all other nautical publications
necessary for the intended voyage’. SOLAS does not apply universally and
some vessels, such as ships of war, cargo ships of less than 500 GRT, fishing
vessels etc are exempt from the SOLAS requirements.
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SOTDMA Self-organizing time division multiple access. Used by mobile Stag
operating in autonomous and continuous mode. The protocol offers 4y, 2ol
algorithm that quickly resolves conflicts without intervention from COntr()lc‘ A
stations. l“lg
Standard display The SENC information that should be displayed when a chart is firgt ol .
by the ECDIS. The level of data contained can be customized tq Suits

£

mariner.
TCPA Time to closest point of approach.
TDMA Time division multiple access.

Transponder (AIS) A shipborne transmit/receive system which broadcasts continuously, on 'y
frequencies, details about ship’s identity, ship characteristics, type of ¢ HE

destination, course and speed. The ECDIS can be used to display AJg tairgo‘
together with their speed and course vectors. gely
UKHO United Kingdom Hydrographic Office.
USCG US Coast Guard.
UTC Co-ordinated universal time. Developed to meet the requirements of Sciengig

to provide a precise scale of time interval and navigators surveyors ang ot

o : . : h
requiring a time scale directly related to the earth’s rotation. b

VTS Vessel Traffic System. A system for managing shipping traffic in congesjeg
areas such as ports and inland waterways.
Waypoint A point entered into a computer and used as a reference point for ﬂaVigatiomﬂ

calculations. Planned voyages would have a series of waypoints indicag
legs of the voyage. A modern computer is capable of storing multipfe
waypoints.

WEND Worldwide ENC database. A model, developed by the IHO, to act ag 2
distribution network to supply ENCs to ECDIS compliant ships.

WGS-84 World Geodetic System 1984. A global datum system for horizontal dagygy
used as a standard in ECDIS. I

Zoom A method of changing the scale of the displayed chart information on fhe
screen. Zoom-in or zoom-out facilities are usually provided at the touch of:
button.

7.9 Summary

® An electronic chart is one where chart data is provided as a digital charting system capable
displaying both geographical data and text.

@ An electronic chart is ‘official’ if it is issued by or on the authority of a national hydrograpli
office. All other charts are ‘non-official’.

@ An electronic chart may use raster data or vector data.

@ Delivery of electronic chart data is via an Electronic Chart Display and Information Syst
(ECDIS) which is a navigational information system, comprising hardware, software and offié
vector charts and must conform to ECDIS Performance Standards.

@ Chart types available include privately produced vector, official raster and Electronic Navigatio
Chart (ENC). The ENC is the designated chart system for ECDIS.

@ A Raster Chart Display System (RCDS) is one that displays official raster navigational i
(RNCs).
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dual fuel system is one that operates as an ECDIS or RCDS mode according to the type of chart
Jata in use.
part accuracy may depend on local datum that may differ from that used by satellite systems
' whiCh use a global datum, e.g. WGS-84. Corrections may be necessary before a position is plotted
on @ chart.
jectronic charts are updated regularly to ensure conformity with the SOLAS requirement that
' charts should be ‘adequate and up-to-date for the intended voyage’.
gtomatic Identification System (AIS) is a shipborne transponder system that broadcasts
1 il,lformation about a ship fitted with the system. The data generated may be used by other AIS-fitted
$hips and/or shore stations and such data may be passed to an electronic charting system where AIS-
fitted ships could appear as ‘targets’ on the electronic chart. Such targets could be interrogated to
enerate information such as ship’s speed, heading and other data.
For any ECDIS system to operate, suitable software must be available to enable the function of an
ECDIS system to meet performance standards as laid down by the regulatory bodies. A particular
system examined is the Navmaster Electronic Navigation System of PC Maritime.

710 Revision questions

| What do you understand by the term ‘electronic chart’? What is the definition of an ‘official’
electronic chart?

9 Explain briefly the difference between a chart produced using raster data and one produced using
vector data. Give advantages/disadvantages associated with each type of chart.

3 Explain briefly what defines an electronic navigational chart (ENC) used with ECDIS. What are
the advantages of an ENC in terms of chart information that can be displayed?

4 Describe what you understand by the term Electronic Chart Display and Information System
(ECDIS). What are the basic requirements of an ECDIS?

5 Describe what you understand by the term Raster Chart Display System (RCDS) and state briefly
how a RCDS could be used in a dual fuel system.

6 Explain why there may be a difference between local datum used for a particular chart and the
global datum used in ECDIS. How would a position, determined from a GPS or DGPS input, be
affected if plotted on a chart based on a different datum?

7 Describe briefly the concept of an Automatic Identification System (AIS). Explain the advantages
to be gained by fitting ships and specific shore stations with AIS.

8 The Navmaster Electronic Navigation System (Section 7.7) uses on-screen side panels that
represent main functions of the system. Describe briefly the function of the following side
panels:

(a) monitor mode
(b) chartpoint mode
(¢) route mode.

9 Using the Navmaster Electronic Navigation System (Section 7.7) describe how charts may be
mnstalled in the system. What information is displayed in the chart information panel for a selected
chart?

10 Using the Navmaster Electronic Navigation System (Section 7.7) as a basis, describe the
I'ecommended sequence to be followed for route planning and monitoring. Define what is meant
by a chartpoint and describe how chartpoints could be used in route planning.
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Chapter 8
The ship’s master compass

8.1 Introduction

Of all the navigation instruments in use today, the master compass is the oldest and probably the
that most navigators feel happiest with. However, even the humble compass has not escapeq g
advance of microelectronics. Although modern gyrocompasses are computerized the princip]eg Upoy
which they work remain unchanged.

8.2 Gyroscopic principles

At the heart of a marine gyrocompass assembly is a modern gyroscope consisting of a perfe
balanced wheel arranged to spin symmetrically at high speed about an axis or axle. The wheel, g
rotor, spins about its own axis and, by suspending the mass in a precisely designed gimbals assemply
the unit is free to move in two planes each at right angles to the plane of spin. There are therefore th!!&
axes in which the gyroscope is free to move as illustrated in Figure 8.1:

@ the spin axis
@ the horizontal axis
@ the vertical axis.

In a free gyroscope none of the three freedoms is restricted in any way. Such a gyroscope is almost
universally used in the construction of marine gyrocompass mechanisms. Two other types of
gyroscope, the constrained and the spring-restrained are now rarely seen.

In order to understand the basic operation of a free gyroscope, reference must be made to some of
the first principles of physics. A free gyroscope possesses certain inherent properties, one of which!
inertia, a phenomenon that can be directly related to one of the basic laws of motion documented D
Sir Isaac Newton. Newton’s first law of motion states that ‘a body will remain in its state of rest|
uniform motion in a straight line unless a force is applied to change that state’. Therefore a spinnif
mass will remain in its plane of rotation unless acted upon by an external force. Consequently
spinning mass offers opposition to an external force. This is called ¢ gyroscopic inertia’. A gyroscop
rotor maintains the direction of its plane of rotation unless an external force of sufficient amplitué
to overcome inertia is applied to alter that direction. In addition a rapidly spinning free gyroscope ‘
maintain its position in free space irrespective of any movement of its supporting gimbals (see FIgu#
8.2). -

Also from the laws of physics it is known that the linear momentum of a body in motion 15 8
product of its mass and velocity (mv). In the case of a freely spinning wheel (Figure 8.3), it is MO8

L
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figure 8.1 A free gyroscope. (Reproduced courtesy of S. G. Brown Ltd.)

{a) {b)

Figure 8.2 The gyrospin axis is stabilized irrespective of any movement of the supporting gimbals.
(Reproduced courtesy of Sperry Ltd.)

tonvenient to think in terms of angular momentum. The angular momen?um of a particle .spmnmg
dbout an axis is the product of its linear momentum and the perpendicular distance of the particle from
lhe ax]e:

angular momentum = my X r

Where » = rotor radius.

j
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Solid cylinder of mass m

Figure 8.3 A spinning rotor possessing a solid mass.

The velocity of the spinning rotor must be converted to angular velocity (w) by dividing the linegy
tangential velocity (v) by the radius (r). The angular momentum for any particle spinning about ap axig
is now:

n’l(JL)I’2

For a spinning rotor of constant mass where all the rotating particles are the same and are concentrageg
at the outer edge of the rotor, the angular momentum is the product of the moment of inertia (f) apq
the angular velocity:

angular momentum = [

where I = 0.5 mr?.
It can now be stated that gyroscopic inertia depends upon the momentum of the spinning rotor. The
momentum of such a rotor depends upon three main factors:

@ the total mass, M of the rotor (for all particles)

@ the radius r summed as the constant K (for all the particles) where K is the radius of gyration
@ the angular velocity .

The angular momentum is now proportional to oMK?. If one or more of these factors is changed, the
rotor’s gyroscopic inertia will be affected. In order to maintain momentum, a rotor is made to have
large mass, the majority of which is concentrated at its outer edge. Normally the rotor will also poss
a large radius and will be spinning very fast. To spin freely the rotor must be perfectly balanced (it
centre of gravity will be at the intersection of the three axes) and its mounting bearings must be
friction-free as possible. Once a rotor has been constructed, both its mass and radius will re
constant. To maintain gyroscopic inertia therefore it is necessary to control the speed of the
accurately. This is achieved by the use of a precisely controlled servo system.

8.2.1 Precession

Precession is the term used to describe the movement of the axle of a gyroscope under the inﬂuem?,
of an external force. If a force is applied to the rotor by moving one end of its axle, the gyroscope W&
be displaced at an angle of 90° from the applied force. Assume that a force is applied to the rofor It
Figure 8.4 by lifting one end of its axle so that point A on the rotor circumference is push
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force of point A

Momentum
of point A
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Figure 8.4 Gyro precession shown as a vector sum of the applied forces and the momentum.

dOwnwards into the paper. The rotor is rapidly spinning clockwise, producing gyroscopic inertia
estricting the effective force attempting to move the rotor into the paper. As the disturbing force is
jpplied to the axle, point A continues its clockwise rotation but will also move towards the paper.
point A will therefore move along a path that is the vector sum of its original gyroscopic momentum
und the applied disturbing force. As point A continues on its circular path and moves deeper into the
paper., point C undergoes a reciprocal action and moves away from the paper. The plane of rotation
of the rotor has therefore moved about the H axis although the applied force was to the V axis.

The angular rate of precession is directly proportional to the applied force and is inversely
proponional to the angular momentum of the rotor. Figure 8.5 illustrates the rule of gyroscopic
precession.

82.2 The free gyroscope in a terrestrial plane

Now consider the case of a free gyroscope perfectly mounted in gimbals to permit freedom of
movement on the XX and YY axes. In this description, the effect of gravity is initially ignored. It
should be noted that the earth rotates from west to east at a rate of 15°/h and completes one revolution
ina ‘sidereal day’ which is equivalent to 23h 56 min 4 s. The effect of the earth’s rotation beneath the
gyroscope causes an apparent movement of the mechanism. This is because the spin axis of the free
gyroscope is fixed by inertia to a celestial reference (star point) and not to a terrestrial reference point.
If the free gyro is sitting at the North Pole, with its spin axis horizontal to the earth’s surface, an
apparent clockwise movement of the gyro occurs. The spin axis remains constant but as the earth
ilates in an anticlockwise direction (viewed from the North Pole) beneath it, the gyro appears to
Miate clockwise at a rate of one revolution for each sidereal day (see Figure 8.6).

The reciprocal effect will occur at the South Pole. This phenomenon is known as gyro drift. Drift
Ofthe north end of the spin axis is to the east in the northern hemisphere and to the west in the southern
bemisphere. There will be no vertical or tilting movement of the spin axis. Maximum gyro tilt occurs
ff the mechanism is placed with its spin axis horizontal to the equator. The spin axis will be stabilized
i li.ne with a star point because of inertia. As the earth rotates the eastern end of the spin axis appears
o “.lt upwards. Tilt of the north end of the spin axis is upwards if the north end is to the east of the
"eridian and downwards if it is to the west of the meridian. The gyro will appear to execute one
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Figure 8.6 (a) Effect of earth rotation on the gyro. (Reproduced courtesy of Sperry Ltd.) (b)View
This direction of precession is the same as that of the applied force. (Reproduced courtesy of SPe fom the South Pole. The earth rotates once every 24 h carrying the gyro with it. Gyroscopic inertia
Ltd.) (b) The direction of axis rotation will attempt to align itself with the direction of the axis of the ‘auses the gyro to maintain its plane of rotation with respect to the celestial reference point.
applied torque. (Reproduced courtesy of Sperry Ltd.) OWever, in relation to the surface of the earth the gyro will tilt.
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Figure 8.7 The graphical relationship between drift and tilt.

complete revolution about the horizontal axis for each sidereal day. No drift in azimuth occurs yyj,
the gyro is directly over the equator. The relationship between drift and tilt can be shown graphically
(see Figure 8.7). .

Figure 8.7 shows that gyro drift will be maximum at the poles and zero at the equator, whilst g
tilt is the reciprocal of this. At any intermediate latitude the gyro will suffer from both drift and g
with the magnitude of each error being proportional to the sine and cosine of the lat &
respectively. :

When a gyro is placed exactly with its spin axis parallel to the spin axis of the earth at any latituds
the mechanism will maintain its direction relative to the earth. There is no tilt or azimuth movemen
and the gyro may be considered to be Meridian stabilized. As the earth rotates the gyro will experig ce
a movement under the influence of both tilt and azimuth motion. The rate of tilt motion is given
as:

tilt = 15° cos latitude (degrees per hour)
where 15° is the hourly rate of the earth’s rotation. The azimuth drift is:

azimuth drift = 15° sin latitude (degrees per hour)

8.2.3 Movement over the earth’s surface

The free gyroscope, as detailed so far, is of no practical use for navigation since its rotor &
influenced by the earth’s rotation and its movement over the earth’s surface. The stabil iz
gyroscopic change in position of longitude along a parallel of latitude requires a correction for

earth’s totary motion. Movement in latitude along a meridian of longitude involves rotation b€
an axis through the centre of the earth at right angles to its spin axis. Movement of the mechanis
in any direction is simply a combination of the latitudinal and longitudinal motions. The faster

gyroscope moves the greater the rate of angular movement of the rotor axle attributable to HE
factors. '
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g The controlled gyroscope
peen stated that a free gyroscope suffers an apparent movement in both azimuth and tilt of the
Ji ¢ axis depending upon its latitudinal location. When fitted to a vessel the latitude is known and
r0‘0S equeﬂtly the extent of movement in azimuth and tilt is also known. It is possible therefore to
Y glate the necessary force required to produce a reciprocal action to correct the effect of apparent
Bl ement. A force can be applied to the gyro that will cause both azimuth and tilt precession to occur
10 osition to the unwanted force caused by the gyro’s position on the earth. The amplitude of the
i ; rocal force must be exactly that of the force producing the unwanted movement, otherwise over
nder correction will occur. If the negative feedback is correctly applied, the gyro will no longer

i K a celestial point but will be terrestrially stabilized and will assume a fixed attitude.
,-eelf the gyro is drifting in azimuth at ‘N” degrees per hour in an anticlockwise direction, an upward
e sufficient to cause clockwise precession at a rate of ‘-N’ degrees per hour must be applied
Orﬁcally to the appropriate end of the rotor axle. The result will be that the gyro drift is cancelled and
vec instrument points to a fixed point on earth. Gyro tilt movement can also be cancelled in a similar
:a by applying an equal and opposite force horizontally to the appropriate end of the rotor axle.
Although the gyro is now stabilized to a terrestrial point it is not suitable for use as a navigating

Lompass for the following reasons.

o Itis not north-seeking. Since the recognized compass datum is north, this factor is the prime reason
why such a gyro is not of use for navigation.

s It is liable to be unstable and will drift if the applied reciprocal forces are not precise.

s A complex system of different reciprocal forces needs to be applied due to continual changes in
Jatitude.

s Because of precessional forces acting upon it through the friction of the gimbal bearings, the
mechanism is liable to drift. This effect is not constant and is therefore difficult to compensate

for.

8.4 The north-seeking gyro

The gyrospin axis can be made meridian-seeking (maintaining the spin axis parallel to the earth’s spin
wis) by the use of a pendulum acting under the influence of earth gravity. The pendulum causes a
force to act upon the gyro assembly causing it to precess. Precession, the second fundamental property
ofa gyroscope, enables the instrument to become north-seeking. As the pendulum swings towards the
tentre of gravity, a downward force is applied to the wheel axle, which causes horizontal precession
10 occur. This gravitational force acting downward on the spinner axle causes the compass to precess
lorizontally and maintain the axle pointing towards true north.

The two main ways of achieving precessional action due to gravity are to make the gyro spin axis
tither bottom or top heavy. Bottom-heavy control and a clockwise rotating gyro spinner are used by
0me manufacturers, whereas others favour a top-heavy system with an anticlockwise rotating spinner.
Figure 8.8(a) illustrates this phenomenon.

With bottom-heavy control, tilting upwards of the south end produces a downward force on the
Uther end, which, for this direction of spinner rotation, produces a precession of the north end to the
West. In top-heavy control system, tilting upwards of the north end of the gyro produces a downward
YIe on the south end to causes a westerly precession of the north end. The result, for each
arra“gement, will be the same.
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Figure 8.8 (a) Methods of gravity control: bottom-heavy principal and top-heavy control. (b) Principle
of gravity control. (Reproduced courtesy of S. G. Brown Ltd.)

8.4.1 Bottom-heavy control

Figure 8.8(b) illustrates the principle of precession caused by gravity acting on the botton
weighted spin axis of a gyroscope. The pendulous weight will always seek the centre of gravi
and in so doing will exert a torque about the gyro horizontal axis. Because of the earth’s rotatid
and gyro rigidity, the pendulum will cause the gravity control to move away from the centre:
gravity. The spinner is rotating clockwise, when viewed from the south end, and therefos
precession, caused by the gravitational force exerted on the spin axis, will cause the northeast el
of the spin axis to move to the east when it is below the horizontal. A reciprocal action will 0¢€
causing the northeast end of the spin axis to precess towards the west when above the horizoni
The spin axis will always appear to tilt with its north end away from the earth (up) when (0§
east of the meridian, and its north end towards the earth (down) when to the west of the meridid
(see Figure 8.9).

This action causes the north end of the spin axis, of a gravity-controlled undamped gYyfOs8
describe an ellipse about the meridian. Because it is undamped, the gyro will not settle “'j‘
meridian. Figure 8.9 shows this action for a gyro with a clockwise rotating spinner. The ellips®
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uced will be anticlockwise due to the constant external influences acting upon the gyro. The
Pfo at of the ellipse will, however, vary depending upon the initial displacement of the gyro spin
fxf from the meridian and from the earth’s horizontal. The term ‘north-seeking’ is given to the
» darﬂped gravity controlled gyro mechanism because the northeast end of the spin axis describes
v ellipse around the North Pole but never settles. Obviously such a gyro is not suitable for use as

prGCise north reference compass aid.
i

542 The north-settling gyro

he ellipse described by the previous gyro mechanism possesses a constant ratio of the major and

nor axes. Clearly, therefore, if the extent of one axis can be reduced, the length of the other axis
yill be reduced in proportion. Under these conditions the gyro spin axis will eventually settle both

o the meridian and horizontally. If the gyro axis is influenced by a second force exerting a
darﬂping torque about the vertical axis, so as to cause the spin axis to move towards the
oriZOmalv it is obvious from Figure 8.10 that the minor axis of the ellipse will be reduced.

As the north end of the spin axis moves to the west of the meridian, the earth’s rotation will
(quse 2 downward tilt of the axis. This effect and the torque (Tv) will cause the gyro axis to meet
he earth’s horizontal at point H, which is a considerable reduction in the ellipse major axis. As
Figure 8.10 clearly shows this action continues until the gyro settles in the meridian and to the

qurface of the earth, point N.

3.4.3 Top-heavy control

\Whereas the previous compass relies on a bottom-weighted spin axis and a clockwise spinning
ofor to produce a north-settling action, other manufacturers design their gyrocompasses to be
offectively top-weighted and use an anticlockwise spinning rotor. But adding a weight to the top of
ihe rotor casing produces a number of undesirable effects. These effects become pronounced when
4 ship is subjected to severe movement in heavy weather. To counteract unwanted effects, an
apparent’ top weighting of the compass is achieved by the use of a mercury fluid ballistic
contained in two reservoirs or ballistic pots.

As shown in Figure 8.11, each ballistic pot, partly filled with mercury, is mounted at the north
and south sides of the rotor on the spin axis. A small-bore tube connects the bases of each pot
logether providing a restricted path for the liquid to flow from one container to the other. The
ballistic system is mounted in such a way that, when the gyro tilts, the fluid will also tilt and
tause a displacement of mercury. This action produces a torque about the horizontal axis with a
resulting precession in azimuth.

Consider a controlled gyroscope to be at the equator with its spin axis east west as shown in
Figure 8.12. As the earth rotates from west to east the gyro will appear to tilt about its horizontal
Wis and the east end will rise forcing mercury to flow from pot A to pot B. The resulting
imbalance of the ballistic will cause a torque about the horizontal axis. This in turn causes
Precession about the vertical axis and the spin axis will move in azimuth towards the meridian.
The right-hand side of the gyro spin axis now moves towards the north and is referred to as the
lorth end of the spin axis. Without the application of additional forces, this type of gyro is north-
eking only and will not settle in the meridian. The north end of the spin axis will therefore
describe an ellipse as shown in Figure 8.9.

As the extent of the swings in azimuth and the degree of tilt are dependent upon each other, the
810 can be made to settle by the addition of an offset control force.
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+__ thegyro commences to precess towards the west. Becauss the north
end of the gyro is east of the meridian, sarth rotation results in an

\ upward titt of the gyro.

As the north end of the gyro spin axis passes west of the meridian, the
upward tilt due to earth rotation becomes a downward tilt. The gravity
control, howsver, continues to precess ths gyro westwards. Event-
ua!{y, the north end of the gyro spin axis passes through the sarth's
horizontal at H. at which point precession to the west ceases.

Figure 8.9 Behaviour of the gravity-controlled gyro (undamped). (Reproduced courtesy of S.G.

Brown Ltd.)
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PRECESSION

& Once the gyro spin axis is below the earth’s horizontal, the gravity
T control exerts a torque in the opposite direction and precession to the

| east results. Because the north end of the gyro spin axis is still west
of the meridian, it continues to tilt downwards.

As the north end of the gyro spin axis passes east of the meridian
\ again, the downward tilt due to earth rotation becomes an upward
I tiit. The gravity control, however, continues to precess the gyro
towards the east until it is once more passing through the earth’s
horizontal. The gyro then commences to precess towards the west
again (still tilting upwards) and will eventually pass through point P.
The ellipse about North is thus completed and continues.

Figure 8.9 Continued

8.5 A practical gyrocompass

The apparent tilting of the gyroscope can be reduced by producing an offset controlling force, which
n effect creates ‘anti-tilt’ precession allowing the unit to settle in the meridian. This is achieved by
treating a force about the vertical axis to cause precession about the horizontal axis. This is achieved,
n this gyro system, by offsetting the mercury ballistic controlling force slightly to the east of the
Vertical. The point of offset attachment must be precise so that damping action causes the gyro to settle
Xactly in the meridian. A comparatively small force is required to produce the necessary anti-tilt
Precession for the gyrocompass to be made suitable for use as a navigation instrument.

Figure 8.10 shows the curve now described by the north end of the damped gyrocompass which will
*lile in the meridian. An alternative and more commonly used method of applying anti-tilt damping
S Shown in Figure 8.13.
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Figure 8.10 Behaviour of the gravity-controlled gyro (damped). (Reproduced courtesy of S.G. Browt

Ltd.)

The north end of the gyro spin axis is initially pointing at P, which ig
above the earth’s horizontal and to the east of the meridian. The
gravity control therefore exerts a torque TH about the gyro’s horizonta)
axis and. at the same time, is arranged to exert a torque about the
gyro's vertical axis. Because of the direction of rotation of the spinner,

torque T| causes the gyro to precess towards the west. Becauss the
north end of the gyro is east of the meridian, earth rotation results in
an upward tilt of the gyro but this movement is damped by the
downward precession that is dus to torque Tyy. The resuitant path
traced by the gyro spin axis is therefore Pb and not Pb’, as would be
the case without the damping torque Ty. Note that the downward
(damping) precession becomes more evident as the north end of the
gyro spin axis approaches the meridian. Note also that the minor axis
of the el lipse is decreased by the amount bb’

As the north end of the gyro spin axis passes west of the meridian,
sarth rotation causes a downward tilt of the gyro. This movement is
now in sympathy with the downward precession that is due to torque
Ty. Torque T, however, corttinues td precess the gyro westwards so
that the gyro spin axis passas through the earth’s horizontal at H, at
which point torques TH and Ty ceass. Note that the major axis of the
ellipse is considerably decreesed.

Figure 8.10 Continued
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Earth rotation continues to tilt the gyro downwards, and once the
gyro spin axis is below the earth’s horizontal the gravity control again
exerts torques TH and Ty, but this time in an opposite direction.
Torque TH now causes precession eastwards, whilst toraue Ty causss
precession upwards and thus damps the downward tilt that is due
to earth rotation. The resultant movement of the gyro causes the north
end of the gyro spin axis to pass through the meridian at a point that
reduces even more the minor axis of the ellipse.

As the north end of the gyro spin axis passes east of the meridian,
earth rotation causes an upward tilt of the gyro. This movemsnt is
now in sympathy with the upward precession that is due to torque
Ty. The north end of the gyro spin axis thus passes through the
earth’s horizontal at a point that reduces even more the major axis of
the ellipse.

EAQT .
Hs HORQQNTAL

The damping sffect of the precession due to torque Ty continues, with
the horizontal and vertical excursions of the gyro spin axis being
progressively reduced until the gyro finally settles in the meridian and
horizontal to the earth’s surface.
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Gyro case

Gyro

Mercury

Small bore ~ )
tube — Point of

attachment

Figure 8.11 A method of applying ‘offset damping’ to the gyro wheel. (Reproduced courtesy of
Sperry Litd.)

1 Initial position

2 Tilting of Earth’s horizontal plane

3 Precession in azimuth caused by
apparent tilt of gyro

4 In the meridian with maximum tilt

Note: Time interval between 1 and 4: 21 ¥4 minutes

Figure 8.12 Precession of a controlled gyroscope at the equator.
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Figure 8.13 (a) Effect of control force plus damping force.(b) An alternative method of applying
offset damping. (Reproduced courtesy of Sperry Ltd.)

Damping gyroscopic precession by the use of weights provides a readily adjustable system for
applying damping. The period of gyro damping is directly related to the size of the damping force, and
s the weight. If the weight is increased, the damping percentage will be increased. The effect of
Jlternative damping application is illustrated in Figure 8.14.

Damping Damping or
force l anti-tilt
recession
Control P
precession

)

Damping motion Control '
force g

@ Force inward
@ Motion inward

Figure 8.14 The effects of alternative damping application.
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Figure 8.15 The settling curve of a typical gyro compass with a 75-min period.

The amount of damping required depends upon the rate of tilt of the gyro axle and as such wjj| be
affected by latitude. As has been shown previously, tilt is a maximum at the equator. It folloy
therefore, that damping should also be a maximum at the equator. However, the damping period Wili
always remain constant, at approximately 86 min for some gyros, despite the change of amplitude g
successive swings to east and west of the gyro axle. All gyrocompasses therefore require time to seg
Figure 8.15 shows a typical settling curve for a gyro possessing a damping period of greater thyy
80min. The time taken for one oscillation, from Al to A3 is termed the natural period of the
compass.

8.5.1 The amount of tilt remaining on a settled gyro

The settling curve traced by the north end of the gyrospin axis illustrated in Figure 8.10 assumes tha
the gyrocompass is situated at the equator and will, therefore, not be affected by gyro tilt. It is more
likely that a vessel will be at some north/south latitude and consequently drift must be taken info
account.

It has been stated that for a gyrocompass in northern latitudes, the gyrospin axis will drift to the east
of the meridian and tilt upwards. For any fixed latitude the easterly drift is constant. Westerly
precession, however, is directly proportional to the angle of tilt of the rotor axle from the horizontal;
which itself is dependent upon the deviation between it and the meridian. At some point the easterly
deviation of the north end of the spin axis produces an angle of tilt causing a rate of westerly
precession that is equal and opposite to the easterly drift. The north end, although pointing to the east
of the meridian, is now stabilized in azimuth.

As the north end moves easterly away from the meridian both the rate of change of the tilt angle
and the angle itself are increasing. The increasing angle of tilt produces an increasing rate of
downward damping tilt until a point is reached where the upward and downward rates of tilt cancek
The north end of the axle is above the horizontal although the rotor axle is stabilized. Figure 8.16
shows that the gyrocompass has settled, at point 0, to the east of the meridian and is tilted up-

The extent of the easterly and northerly (azimuth and tilt) error in the settled position is determil?ed
by latitude. An increase in latitude causes an increase in both the easterly deviation from the merididl
and the angle of tilt above the horizontal. It is necessary therefore for latitude error, as the discrepancy
is called, to be corrected in a gyrocompass.
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E: Rate of westerly movement of
meridian caused by turntable
movement of the Earth’s surface

F: Rate of westerly precession of
the gyro caused by the north
end having tilted upwards

G: Rate of upward tilt of notth H: Rate of downward precession
end of spin axis due to gyro of north end of spin axis due
setting to east of meridian to damping (anti-tilt) precession
Figure 8.16 A curve showing error to the east and tilt caused by latitude on a settled gyrocompass.
Xis the angle away from the meridian and Y is the angle with the horizon (tilt). (Reproduced
courtesy of Sperry Ltd.)

As latitude increases, the effect of the earth’s rotation becomes progressively less and consequently
ilting of the rotor axle becomes less. It follows, therefore, that the rate of damping precession needed
oo cancel the rate of tilt, will also be less.

8.6 Follow-up systems

A stationary gravity-controlled gyrocompass will adequately settle close to the horizontal and near to
the meridian, provided that it has freedom to move about the horizontal and vertical axes. However,
if the gyrocompass is to be mounted on a ship, the base (phantom) ring needs to be capable of rotating
through 360° without introducing torque about the vertical axis.

Freedom about the vertical axis is particularly difficult to achieve without introducing torque to the
system. The most common way of permitting vertical-axis freedom is to mount the gyro in a vertical
iing with ball bearings on the top and base plates. Obviously the weight of the unit must be borne on
the lower bearing, which can create considerable friction and introduce torque. A number of methods
hlave been developed to eliminate torque about the vertical axis. These include the use of high tensile
lrsion wires and buoyancy chambers, as described for each compass later in this chapter.

87 Compass errors

The accuracy of a gyrocompass is of paramount importance, particularly under manoeuvring
Mluations where the compass is interfaced with collision-avoidance radar. An error, either existing or
Moduced, between the actual compass reading and that presented to the radar could produce
Wientially catastrophic results. Assuming that the compass has been correctly installed and aligned,
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the static compass errors briefly listed below, should have been eliminated. They are, however, Wo
of a brief mention. Tth

8.7.1 Static errors

An alignment error can be:

@ an error existing between the indicated heading and the vessel’s lubber line
@ an error existing between the indicated lubber line and the fore and aft line of the vesse],

Both of these errors can be accurately eliminated by critically aligning the compass with the gp;-,
lubber line at installation. Ps

Transmission error

An error existing between the indicated heading on the master compass and the heading produceq b
any remote repeater is a transmission error. Transmission errors are kept to a minimum by the yge of
multispeed pulse transmission.

Variable errors

Variable compass errors can effectively be classified into two groups.

@ Dynamic errors that are caused by the angular motion of the vessel during heavy weather ang
manoeuvring.
@ Speed/latitude errors that are caused by movement of the vessel across the earth’s surface.

The magnitude of each error can be reduced to some extent as shown in the following text.

8.7.2 Dynamic errors
Rolling error

The gyrocompass is made to settle on the meridian under the influence of weights. Thus it will also
be caused to shift due to other forces acting upon those weights. When a vessel rolls, the compassis
swung like a pendulum causing a twisting motion that tends to move the plane of the sensitive element
towards the plane of the swing. For a simple explanation of the error consider the surge of mercury
caused in both the north and south reservoirs by a vessel rolling. If the ship is steaming due north or
south, no redistribution of mercury occurs due to roll and there will be no error (see Figure 8.17):

But with a ship steaming due east or west, maximum lateral acceleration occurs in the north/soutl
direction causing precession of the compass. However, rolls to port and starboard are equal, producing
equivalent easterly and westerly precession. The resulting mean-error is therefore zero, as illustrated
in Figure 8.18.

If the ship is on an intercardinal course the force exerted by the mercury (or pendulum) must be
resolved into north/south and east/west components (see Figure 8.19).

The result of the combined forces is that precession of the compass occurs under the influente
of an effective anticlockwise torque. Damping the pendulum system can dramatically reduce rollife

error. In a top-heavy gyrocompass, this is achieved by restricting the flow of mercury between €
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~~~~ ~.._ Mercury
" pots

Figure 8.17 A ship steaming due north or south produces no roll error.

Excess
§ Rolt mercury

North heavy causing ¢ South heavy
easterly precession causing westerly precession

figure 8.18 Precession rates created by a rolling vessel on an east/west course are equal and will
cancel.

Anticlockwise
couple

Anticlockwise
coupie

i N : . . .
'Jure 8.19 For a vessel on an intercardinal course, rolling produces an anticlockwise torque.
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two pots. The damping delay introduced needs to be shorter than the damping period of
compass and much greater than the period of roll of the vessel. Both of these conditions are eagi 8
achieved. Sily
Electrically-controlled compasses are roll-damped by the use of a viscous fluid damping the gray;
pendulum. Such a fluid is identified by a manufacturer’s code and a viscosity number. For eXam !
in the code number 200/20, 200 refers to the manufacturer and 20 the viscosity. A higher ey €,
number indicates a more viscous silicon fluid. One viscous fluid should never be substituted .
another bearing a different code number. Additionally since roll error is caused by lateral acceleray I
mounting the gyrocompass low in the vessel and as close as possible to the centre of roll wil] rg, duc’
this error still further. ¢

Manoeuvring (ballistic) error

This error occurs whenever the ship is subject to rapid changes of speed or heading. Because of i
pendulous nature, the compass gravity control moves away from the centre of gravity whenevyer the
vessel changes speed or alters course. Torque’s produced about the horizontal and vertical axig b
manoeuvring cause the gyro mechanism to precess in both azimuth and tilt. If the ship is steaming due
north and rapidly reducing speed, mercury will continue to flow into the north pot, or the Erayity
pendulum continues to swing, making the gyro spin axis north heavy and thus causing a precessioy
in azimuth.

In Figure 8.20 the decelerating vessel causes easterly precession of the compass. Alternatively if g
ship increases speed the compass precesses to the west.

Ship slows Sesulltam~
down eceleration
error

i
i
!
1

Figure 8.20 Resultant easterly error caused by the vessel slowing down.

Latitude (damping) error

Latitude error is a constant error, the magnitude of which is directly proportional to the earth’s rotation
at any given latitude. It is, therefore, present even when the ship is stationary. As has previously beel
stated, a gyrocompass will always settle close to the meridian with an error in tilt. To maintain the gyf0
pointing north it must be precessed at an angular rate varying with latitude. At the equator the earth’s
linear speed of rotation is about 900 knots and rotation from west to east causes a fixed point 10
effectively move at 900 X cos (latitude) knots in an easterly direction. For any latitude (\) the rate of
earth spin is ® = 15°h™". This may be resolved into two components, one about the true vertical atd
given latitude (o sin \) and the other about the north/south earth surface horizontal at a given Jatitude
(w cos \) as illustrated in Figure 8.21.

The component of the earth’s rotation about the north/south horizontal may be resolved further ini®
two components mutually at right angles to each other. The first component is displaced a° to the eas!
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figure 8.21 Apparent movement of a gyro. (Reproduced courtesy S. G. Brown Ltd.)

if the meridian producing a rate of spin ® cos \ sin a°, whilst the other is 90 — a® to the west of north
0 produce a rate of spin w cos \ cos a°.

Correction for latitude error requires that a torque be applied to precess the gyro at an angular
fite, varying with latitude, to cancel the error. This will be an external correction that can be either
Mechanical or electronic. For mechanical correction, a weight on the gyro case provides the
lecessary torque. The weight, or ‘mechanical latitude rider’, is adjustable thus enabling corrections
0 be made for varying latitudes. Another method of mechanical correction is to move the lubber
e by an amount equal to the error. Latitude correction in a bottom-weighted compass is
thieved by the introduction of a signal proportional to the sine of the vessel’s latitude, causing
e gyro ball to precess in azimuth at a rate equal and opposite to the apparent drift caused by
Hith rotation.
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sly the ship’s speed is very much less than the earth’s surface velocity therefore:

V cos (course)

Speed and course error JovioV

If a vessel makes good a northerly or southerly course, the north end of the gyro spin g5

1 wil| tan 6 =

apparently tilt up or down since the curvature of the earth causes the ship to effectively tilt boy, .
or down with respect to space. Consider a ship steaming due north. The north end of the spin aXiss~ 900 cos (latitude)
upwards causing a westerly precession of the compass, which will finally settle on the merj dian il » angle 0 may be approximately expressed in degrees by multiplying both side of the equation by
some error in the angle, the magnitude of which is determined by the speed of the ship. On 5 Car(r“ factor of 60. Now:
course due east or west, the ship will display a tilt in the east/west plane of the gyro and no tiltinl ) ¥ 6. (coumsE)
the gyro axle occurs — hence no speed error is produced. The error varies, therefore, with the Cog‘() approximate error in degrees = ———————
of the ship’s course. Speed/course gyrocompass error magnitude must also be affected by latitUdeSme 15 cos (latitude)
will produce an angle of tilt in the settled gyro. Hence latitude/course /speed error is SOmegy ;n
referred to as LCS , e
errot 88 Top-heavy control master compass
8.7.3 Use of vectors in calculating errors oduced before the move towards fully sealed gyro elements, the Sperry SR120 gyrocompass (Figure
323) is a good example of an early top-heavy controlled system. The master compass consists of two
With reference to Figure 8.22, n;ain assemblies, the stationary element and the movable element.
N
o
Earth’s true surface velocity = 900 cos (lat) b Vsina
Figure 8.22 Use of vectors in calculating errors
V = ships speed in knots
Vsin a = easterly component of speed
o = ships course
V cos a = northerly component of speed §
angle acb = angle dcb
angle abc = angle bdc = 90°
-
angle bac = angle cbd = 0 = error ] -
. Figure 8.23 A south elevation sectional view of a Sperry master compass . Key:1. Stepper transmitter;
In triangle abc: 2.Support ball bearings; 3. Ballistic pots; 4.Rotor (encased); 5.Rotor case; 6. Damping weight;
V cos (course) ‘ T Suspension wire; 8. Cover; 9.Compass card; 10.Slip rings; 11. Main support frame; 12. Phantom ring
Error in degrees = angle bac = 6 = tan™! = - SUpport assembly (cutaway); 13. Follow-up primary transformer; 14. Follow-up secondary transformer;
900 cos (latitude) + V sin (course) 15. Follow-up amplifier; 16. Latitude corrector; 17. Spring/shock absorber assembly.




