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Shipboard Technology

• Radar/Arpa• ECDIS • GPS/DGPS/• LRIT •  VDR

• Loran 

• Gyro compass 

• Echo sounder

• Speed/distance indicator 

• Rudder angle indicator 

• Propeller direction/RPM indicator

• Rate-of-turn indicator 

• Alarms 



Shipboard Technology-Radar

ÅRadar was first used during  WW2, for 
military purposes

ÅAfter WW2, it was introduced on merchant 
ships. It was believed that it would mean 
the end of collisions at sea, but 
unfortunately, it wasn’t the case



Radar Assisted Collision

The first radar assisted collision of the liner “Stockholm” and 
the “Andrea Doria” on 25 July 1956 in heavy fog 
Investigation found that the wrong radar range scale was 
used by the OOW of the Stockholm just prior to the collision

Andrea Doria Stockholm



Modern Shipboard Technology

ÅThe last decades many other electronic 
navigation aids have been introduced 
(Radar/Arpa•ECDIS •GPS/DGPS/•LRIT 
•VDR)

ÅThe purpose of the use of technology, is to 
assist in navigation, to reduce the risk of 
accidents, to reduce workload and for 
better efficiency in marine traffic 



Modern Shipboard Technology

ÅNevertheless, accidents still occur - Every 
new advance in navigation has brought with 
it a number of accidents

ÅTechnology can contribute to the 
occurrence of accidents caused by human 
error and hence defeat the purpose for 
which it was introduced(Lutzhoftand 
Dekker 2002)



ECDIS assisted grounding

ÅCapt. Steve Clinch, Chief Inspector of 
MAIB/UK in his foreword to a MAIB report 
on a tanker grounding in 2013, wrote:

Å"This is the third grounding investigated by 
the MAIB where watchkeepers' failure to 
use ECDIS properly has been identified as 
one of the causal factors" 







ECDIS safety settings:
All display mode on a coastal scale band ENC 
1.8m - Wreck displays fine



ECDIS safety settings: Standard display mode-
The wreck no longer displays



ECDIS safety settings: Standard display mode
With 5m safety contour-
Wreck and shoal disappear



Wreck detected by alarm



ECDIS assisted grounding

Key safety factors identified were:
ÅThe passage plan was unsafe as it passed directly over 

the a Bank. It had been prepared in ECDIS by an 
inexperienced and unsupervised junior officer and 
was not checked by the master before departure
ÅThe OOW followed the track shown on the ECDIS 

display but had such poor situational awareness that 
it took him 19 minutes to realize the vessel was 
aground.
ÅECDIS safety settings were not appropriate to the local 

conditions and the audible alarm was disabled; after 
the accident, the historical track could not be 
recovered from the system.



ECDIS assisted grounding

ÅThe passage plan had the vessel pass directly over an area of 
water with less depth than the draught of the vessel.

ÅThe passage plan was not properly checked for navigational 
hazards using the ECDIS ‘check-route’ function, nor was it 
verified by the Master.

ÅWhen taking over the watch, the OOW did not check the ship’s 
intended track relative to any dangers to navigation that would 
be encountered on his watch. Additionally, the OOW monitored 
the vessel’s position solely against the intended track. 
Consequently, his situational awareness was poor.

ÅAlthough the lights from the cardinal buoys marking the shallow 
water were seen by the lookout, they were not reported.

ÅThe ECDIS audible alarm was inoperative. Although the crew 
were aware of this defect, it had not been reported.



VHF assisted collision

ÅFailure to use VHF properly has been identified as 
one of the causal factors in a number of collisions

ÅThe term "VHF assisted collision" is used when an 
OOW negotiates actions to avoid a collision with 
another vessel over the radio rather than 
following the Colregs, but ends up colliding with 
the vessel, usually because of miscommunication 
or agreement to maneuver the vessels in a 
manner contravening the Colregs



AIS assisted collision

ÅIn  2014 a MAIB/UK report of a collision 
found that: The OOW was alone on the 
bridge and he did not see the other ship. He 
did not keep a visual lookout or monitor the 
radar. Instead, he relied solely on AIS 
information for collision avoidance, which 
the other ship was not transmitting 
Therefore he may had noticed other ships, 
but not the ship with which collided



GPS assisted grounding

ÅThe accuracy and availability of GPS data can lead 
to an over reliance that leaves users unprepared 
to cope when  it fails

ÅNavigators are more willing to follow higher risk 
routes closer to known hazards because they feel 
confident in the use of GPS



GPS assisted grounding

ÅAccident investigation report of a grounding 
found that a  factor was that the OOW 
relied solely on the  GPS to monitor the 
vessel’s position and therefore he did not 
notice that  the vessel departed from the 
intended route , due to the waypoint 
selected as the destination in the GPS vessel 
deferred from those detailed in the passage 
plan



Accident Investigation Reports

ÅIn accident investigation reports, designers and 
navigation technology are not investigated as 
carefully as the navigators 

ÅTotal responsibility for the accident is attributed 
to the navigators, while unreliable, incorrectly 
designed or incorrectly mounted navigation 
technology, as well as the constructors, 
manufacturers and technical expertise behind it, 
are not investigated



Human error

ÅHuman error causes between 80 and 90% of 
maritime accidents 

ÅCauses of 1/3 of accidents are associated 
with shipboard navigation technology

ÅIn 1/2 of 1/3,  inadequate equipment design 
was one of the main contributing factors 

(Study by Faculty of Maritime Studies Rijeca2017)



Human error

Human error from two perspectives:

ÅErrors made by navigators 

ÅErrors made by designers and 
manufacturers of shipboard navigation 
technology



Errors made by navigators

Errors made by navigators are attributed 
to:
ÅTraining & Experience in using 
Shipboard Technology
ÅMRM & procedures
-Assessing and planning 
-Communicating and coordinating 
-Monitoring/checking/documentation 



Training & Experience
Investigations of groundings involving ECDIS often involve:

ÅIncorrect safety depth/contour settings

ÅInadequate anti-grounding settings

ÅInadequate display settings

ÅIncorrect chart scale being used

ÅOver-reliance on ECDIS

ÅAutomation bias

ÅAttentional tunneling

ÅLoss of situation awareness

Such deficiencies indicate that the navigator was not 
competent



Training & Experience

AIS
Investigations of collisions involving AIS often involve:

ÅAIS incorrectly programmed

–Incorrect or incomplete basic information (wrong 
information concerning the name of the ship, call sign, IMO 
number, etc.)
–Incorrect or incomplete voyage information
–Incorrect or incomplete dynamic information. (information  
concerning the vessel’s speed, course, position, etc.)

ÅLack of understanding that AIS use is not universal  non-
SOLAS vessels etc.

Such deficiencies indicate that the navigator was not 
competent



Training & Experience

VHF
Investigations of collisions involving VHF often 
involve:

ÅMiss-identification of the target vessel

ÅProblems of understanding

Such deficiencies indicate that the navigator was 
not competent



MRM & Procedures

ÅSMS mandated checks are often neglected, 
a common example being gyro compass 
checks

ÅChecklists are often completed ineffectively, 
suggesting that there is a tick box culture

ÅAIS used as primary navigational system

Such deficiencies indicate that SMS 
procedures were poorly enforced



Errors made by designers and 
manufacturers 

Errors made by designers and 
manufacturers of shipboard navigation 
technology are attributed to:

ÅErgonomics & Design



Ergonomics & Design

Inadequate Navigation Equipment Design

ÅHighly complex systems

ÅLayout of workspaces and arrangement of 
controls and displays may be inadequate 

ÅBrightness and loudness of important 
alarms and displays may not be enough to 
warn the navigator about important 
changes, such as automatic or inadvertent 
mode transition



Ergonomics & Design

ÅPoor ergonomically bridge design on human 
performance

ÅOn the other hand, ergonomically efficient bridge 
design was one of the contributing factors to the 
grounding of the GC M/V “Fri Ocean” due to the sole 
OOW who felt asleep (MAIB 2013b). The bridge layout 
was designed to enable a watchkeeper to monitor the 
vessel’s position and adjust the vessel’s course while 
seated in the port bridge chair. An opportunity to 
conduct much of the watch sitting down increased the 
potential for a fatigued officer to fall asleep. 



System Performance:

The total bridge system consists of two primary parts: 

Å(1) the Navigator(s) and

Å(2) the Technical system and

Two secondary parts which are of equal importance: 

Å(1) the human / machine interface which makes the 
two primary parts an integrated system; and 

Å(2) the procedures which ensure that the whole 
system in its entirety performs as it should, under 
different operating conditions i.e. the system must be 
capable of assisting in high stress situation as well as 
low ones (Lutzhoft, 2004)



System Performance:

Using technology to help make automation part of 
the Bridge team:

Åreducing workload 

Åformation of better teamwork 

ÅTime - use of technology in the automation 
process to assist in teamwork, should allow extra 
time to become available, to complete tasks in 
dynamic and changing situations  

ÅTime to make more informed decisions



Synergy

ÅSynergy is the key, as total system 
reliability, demands that, the 
whole system is greater than the 
sum of the parts (Czaja& Nair, 
2006) because after all it does not 
matter which part of the system 
fails if the consequences are the 
same (Larsen, 1990)



Recommendations

ÅHuman-centered design

ÅReliability (If they are not reliable, we 
don’t need them)

ÅBetter alarm management 



Recommendations

ÅElectronic technology should never be the sole 
method of collision avoidance

ÅDouble-checking ship’s position and targets 
with other instruments and 

ÅLook out of the front window



Recommendations

ÅVirtual reality technology could be used to 
improve safety  in navigational training

ÅStandardization (There are 35 different 
manufacturers of ECDIS)



Recommendations

ÅIn accident investigation reports, 
navigators and shipboard navigation 
technology, should be  treated equally 
and the people behind the 
technologies shall also be scrutinized
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