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REVIEW ARTICLE

Adopting the audible alert system for the electronic chart display and 
information system for improvement of early navigational situation awareness
Inchul Kim a, Soyeong Leeb and Ikhyun Youna

aDivision of Navigation and Information Systems, Mokpo National Maritime University, Mokpo Korea; bDepartment of Maritime 
Transportation System, Graduate School of Mokpo National Maritime University, Mokpo Korea

ABSTRACT
The Electronic Chart Display and Information System (ECDIS) with adequate back-up arrange-
ments has become one of the most useful navigational equipment since ECDIS was accepted as 
complying with the paper charts required by the International Convention for the Safety of Life 
at Sea (SOLAS) 1974, as amended. When a ship is approaching a dangerous situation, ECDIS 
serves as an appropriate alarm to warn the watch officer to prevent marine accidents on the 
ship’s bridge. However, it has been reported that watch officers who believe that frequent 
mechanical alarms are causing fatigue and interfering with the watchkeeping are ignoring or 
turning off the alarm. Alarms are used in a situation requiring attention. In this context, the 
study examined the advantages and disadvantages of the abstract sound, the auditory icon, 
and the voice output as an audible alert to watch officers who are in a complicated situation to 
focus on. In addition, watch officers’ response time was measured according to the alarm types. 
As result, a new type of alarm set that combines the abstract sound that gains more attention 
and the speech output that directly expresses information concerned is proposed for the 
improved ECDIS audible alert recognition by navigation officers. Additionally, amendments 
to the relevant ECDIS performance standards were also proposed.

ARTICLE HISTORY 
Received 2 October 2020  
Accepted 10 November 2020 

KEYWORDS 
ECDIS; audible alert; abstract 
sound; auditory icons; voice 
output

Introduction

The ship is a huge “Human-Machine Interface System,” 
and the interface is also formed on the ship’s bridge, as 
shown in Figure 1 (DNV GL 2017).

The interaction between operators and the system 
affects work performance and efficiency. The informa-
tion delivered in improper ways could make operators 
misunderstand or hinder working appropriately. Thus, 
display units, including alarms, should be designed to 
provide correct information for early perception and 
recognition (Yang et al. 2005).

The purpose of alarms is, firstly, to notify operators 
to acknowledge the danger caused by malfunction or 
misuse of equipment or installations. Secondly, it pro-
vides information about the probability and severity of 
the danger from the misuse of equipment or installa-
tions. Thirdly, it informs operators of a way to reduce 
the probability and severity of the danger. Lastly, it 
awakens operators to a sense of danger, for example, 
the most vulnerable time and space. Therefore, alarms 
make operators change their behavior from doing 
something wrong or doing nothing, and ergonomic 
considerations are required at the design stage to 
perceive and acknowledge alarms (Sanders and 
McCormick 1987).

ECDIS became one of the most useful navigational 
equipment in the vast majority of ocean-going ships 

from 2018. ECDIS, with adequate back-up arrange-
ments, was accepted as complying with the paper 
charts required by SOLAS 1974, as amended 
(International Maritime Organization 2017). 
Nowadays, mariners perform route planning, route 
monitoring, and the ship’s position plotting on ECDIS 
monitors instead of paper charts. Essential equipment 
connected to ECDIS is the ship’s position fixing system, 
the gyrocompass, and the speed and distance measur-
ing device. Additionally, most ECDIS displays can be 
used for the display of ARPA radar, which provides 
tracked targets and AIS information. Accordingly, it is 
vital for mariners to use ECDIS expertly and 
adequately.

ECDIS alarms or indications are initiated with regard 
to the malfunction of the system or information con-
cerned for securing the system reliability or reducing 
the mariner’s workload (1996). Reminding that there 
are many kinds of equipment and installations on the 
bridge, and the equipment and installations produce 
its alarms or indications. They need to be harmonized 
to promote uniformity of type, location, and priority. 
Hence, the International Maritime Organization (IMO) 
adopted the “Code on Alarms and Indicators” in 1995 
(IMO 1995), and it was revised once in 2009 (IMO 2009).

Alarms on the bridge are activated to announce 
abnormal situations and conditions requiring the 
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watch officer’s attention. If it is ignored, it may be 
connected to marine accidents. However, if the watch 
officer thinks the alarm is too frequent, it can cause the 
side effect of ignoring or underestimating the alarm.

Alarms as a machine sense of abnormality are 
a straightforward way of communicating with human 
operators. Due to its simplicity, alarms have been used 
extensively in a variety of applications. However, even 
a cursory review of the scientific and technical literature 
revealed the following list of ills with computer-mediated 
alerting systems (Obermayer and Nugent 2000):

There could be many risky factors near waypoints 
which are generally designated beside isolated rocks, 
the edge of an island or a cape, or a fixed or floating aid 
to navigation in coastal waters. When a ship 
approaches a waypoint in coastal navigation, a series 
of ECDIS alarms such as “area with special conditions,” 
“deviation from route” can be initiated and repeated. 
The watch officer, located between the navigation 
console and the front window of the bridge may 
decide to keep watchkeeping insight at the same posi-
tion for ordering to steer the ship to the next course 
while aiming at the visual target instead of checking 
why the alarm sounded. Conclusively, the watch officer 
ignored the alarms without confirming the 
information.

For the improvement of the unsafe practices, it is 
worthy of considering a way not only for notifying the 
risky situation but also for providing the information 

promptly. Various auditory signals as well as visual 
signals occur in the bridge. However, only a few studies 
have been performed related to human recognition to 
alarm systems on the bridge.

In this study, precedent researches on abstract 
sounds like “beep, beep,” auditory icons like environ-
mental sound, and speed output were reviewed and 
analyzed to find and suggest an effective alarm system 
of ECDIS for preventing unsafe practices.

ECDIS

Concept and carriage requirement of ECDIS

ECDIS was developed for presenting electronic charts 
and publications by computer technology. It became 
compulsory navigational equipment by SOLAS. In 
accordance with paragraph 2.1.4 of regulation V/19 of 
SOLAS, ECDIS is equivalent to nautical charts, which 
are to plan and display the ship’s route for the 
intended voyage and to plot and monitor the ship’s 
positions throughout the voyage (IMO 2017). 
Therefore, ECDIS should have operational reliability to 
display all the information of the nautical chart and 
publications published by official hydrographic autho-
rities for safe and efficient navigation.

Ships should equip with ECDIS according to para-
graph 2.10 of regulation V/19 of SOLAS, as shown in 
Table 1.

Figure 1. The “Human-Machine Interface System” concept of the Ship’s bridge system (DNV GL 2017).
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The phased carriage requirement of ECDIS is com-
pleted in 2018. Watch officers, including all ships’ mas-
ters, navigation officers, and operators, are more and 
more dependent on ECDIS for planning and monitor-
ing ship’s routes. Accordingly, ECDIS became the most 
important navigational equipment on the bridge for 
safe navigation.

Performance standards

IMO developed performance standards of ECDIS in co- 
operation with the International Hydrographic 
Organization (IHO). The standards were adopted on 
23 November 1995 at the 19th Assembly of the IMO 
as resolution number 817 (IMO 1996). It was revised on 
5 December 2006 at the 82nd meeting of the Maritime 
Safety Committee (MSC) of the IMO as resolution num-
ber 232 (IMO 2006). However, the revised version did 
not revoke the previous version. If ECDIS equipment is 
installed on or after 1 January 2009, the ECDIS should 
conform to performance standards not inferior to the 
revised standards; and if installed on or after 
1 January 1996 but before 1 January 2009, it should 
conform to performance standards not lesser to those 
detailed in the Annex to Resolution A.817(19), as 
amended by resolutions MSC.64(67) and MSC.86(70).

ECDIS is compulsorily connected to various naviga-
tional systems such as Global Navigation Satellite 
System (GNSS), gyrocompass, and speed log for 
ship’a position, heading and speed information, 
respectively. It is voluntarily connected to navigational 
equipment such as radar, as shown in Figure 2. ECDIS is 

widely used for route planning, route monitoring, 
automatic ETA calculation, and electronic chart updat-
ing for the sake of enhancing safe navigation and 
easing watch officers’ workload. So it became the 
most effective and useful navigational equipment for 
the watch officer to get comprehensive information 
that is displayed on a monitor.

ECDIS training and Port State Control

Mariners as watch officers should pass a formal training 
course described in the IMO model course 1.27, which 
is based on STCW Code A, Table A-II/1, Table A-II/2, and 
Table A-II/3. An example of STCW Codes is shown in 
Table 2. Many institutes approved by governments 
conduct the ECDIS course for five days extensive 
course for masters and officers who are scheduled to 
embark ships fitted with ECDIS, and deck cadets who 
completed a year training at sea.

Hence, Port State Control Officers (PSCO) of most 
port authorities focus on competence for navigation 
officers and the Knowledge of the capability and lim-
itations of ECDIS operations.

Ship’s alarm system

IMO alarm regulations

IMO adopted the “Code on Alerts and Indicators” on 
2 December 2009, as Assembly resolution A.1021(26). 
This resolution revoked the previous resolution, 
A.830(19). The purpose and scope of the code are to 

Table 1. Phased carriage requirement.
Type Gross tons New build Existing build

Passenger Vessels >500 By July 2012 By 2014 (Built before 1 July 2012)
Tankers >3000 By July 2012 By 2015
Cargo Vessels >10,000 By July 2013 By 2018 (Built before 1 July 2013)
Cargo Vessels >3000 By July 2014 -
Cargo Vessels >50,000 By 2016 -
Cargo Vessels >20,000 By 2017 -

Figure 2. General connection to navigational equipment.
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deliver general design guidance and to improve coher-
ency of location, type, and priority for those alerts and 
indicators which are required by the international con-
ventions for maritime safety, security or environment 
protection, and related IMO instruments. The code 
directly indicates the Performance Standards for 
a Bridge Navigational Watch Alarm System (BNWAS); 
the Standards for Vapour Emission Control Systems 
(VEC); the Guidelines for Inert Gas Systems (IGS), and 
the Revised Performance Standards for Integrated 
Navigation Systems (INS). On the other hand, it does 
not refer to ECDIS directly, but it states that “in order to 
achieve identical coherency, the Code also provides as 
guidance for alerts and indicators included in IMO 
instruments other than those referred to the above.” 
Thus, it can be induced reasonably that the ECDIS 
alarm also follows the Code. In addition, Appendix 5 
“Alarms and Indicators” of ECDIS Performance 
Standards admits of holding the Code on Alarms and 
Indicators.

Paragraph 3 of the Code on Alerts and Indicators 
defines “alert” as announcing abnormal situations and 
conditions requiring attention. Alerts are divided into 
four priorities: emergency alarms, alarms, warnings, 
and cautions. Paragraph 4.2 of the Code explains that 

all required alerts should be indicated by both audible 
and visual means, except the emergency alarms of 3.2 
of the Code which should be indicated primarily by 
a signal.

ECDIS alarm regulations

Appendix 5 of the ECDIS Performance Standards sum-
marized the alarms and indications, which was 
explained in the body of the Standards, as shown in 
Table 3.

ECDIS should detect and provide alarms or indica-
tions at the areas such as traffic separation zone, 
inshore traffic zone, restricted area, caution area, off-
shore production area, areas to be avoided, user- 

Table 2. Example of the minimum standard of competence for the watch officer.
Table A-II/1. Specification of the minimum standard of competence for officers in charge of a navigational watch on ships of 500 gross tonnages or more

Column 1 Column 2 Column 3 Column 4

Competence
Knowledge, understanding, 

and proficiency Methods for demonstrating competence
Methods for demonstrating 

competence

Use of ECDIS to 
maintain the safety 
of navigation

Navigation using ECDIS 
Knowledge of the capability 

and limitations of ECDIS 
operations

Examination and assessment of evidence obtained from (1) 
approved training ship experience (2) approved ECDIS 
simulator training

Monitors information on ECDIS 
in a manner that contributes 
to safe 

navigation

Table 4. Audible signals and call waveforms.
Audible 
code Waveform Remarks

1.a 
1.b

General emergency alarm.

2 Continuous until silenced or acknowledged.
3.a 
3.b

Optional waveforms to provide a distinction 
between alarms 

Pulse frequency between 0.5 Hz and 2.0 Hz.3.c
3.d

Table 3. Alarms and indicators.
Section Requirements Information

11.4.3 
11.4.4 
11.4.5 
11.4.8 
11.4.9 
11.4.10 
13.2 
5.8.3 
6.1.1 
6.1.2 
7.3 
8.5 
10.5 
11.3 4 
11.3.5 
11.4.6 
13.1

Alarm 
Alarm or Indication 
Alarm 
Alarm 
Alarm 
Alarm 
Alarm or Indication 
Indication 
Indication 
Indication 
Indication 
Indication 
Indication 
Indication 
Indication 
Indication 
Indication

Crossing safety contour 
Area with special conditions 
Deviation from route 
Positioning system failure 
Approach to critical point 
Different geodetic datum 
Malfunction of ECDIS 
Default safety contour 
Information overscale 
Larger scale ENC available 
Different reference system 
No ENC available 
Customized display 
Route planning across safety contour 
Route planning across specified area 
Crossing a danger in route monitoring mode 
System test failure

In this Performance Standard, the definitions of Indicators and Alarms provided in the IMO resolution A.830(19) “Code on Alarms and Indicators, 1995” 
apply. 

Alarm: An alarm or alarm system announcing by audible methods, or audible and visual means, a condition requiring attention. 
Indicator: Visual indication providing relevant information about the condition of a system or instrument.
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defined areas to be avoided, military practice area, 
seaplane landing area, submarine transit lane, ancho-
rage area, marine farm/aquaculture, Particularly 
Sensitive Sea Area (PSSA), and so on. ECDIS produces 
more alerts than any other navigational equipment 
does because it deals with comprehensive information 
delivered by connected equipment. However, the alert 
management for suitable alarms or indications with 
respect to the information displayed or malfunction 
of the equipment is not specified in the standards. 
Hence, it needs to refer to the Code on Alerts and 
Indicators. Waveforms of the audible signals made by 
audible devices such as whistle, siren, bell, klaxon, 
horn, and buzzer are shown in Table 4, which implies 
that the audible signals are not speech output but 
mechanical sounds like “beep, beep.”

Paragraph 4.7 of the Code indicates that the gen-
eration and managing of alarms, warnings, and cau-
tions indicated on the navigation bridge should 
perform the requirements of module C of resolution 
MSC.252(83) where applicable to ships with Integrated 
Navigation Systems (INS) and with the requirements of 

a ship’s bridge alarm management system. So it also 
needs to check the module C.

To sum up, the Performance Standards for INS, it is 
devised to get “added value” by combining and inte-
grating functions and information for the operator to 
plan, monitor, and control the safety of navigation and 
progress of the ship (IMO 2007). Simply, INS is a kind of 
work stations which provide multifunctional displays 
integrating at least functions of route monitoring and 
collision avoidance and may provide manual and auto-
matic navigation control functions, so that ARPA radar 
and ECDIS are essential equipment to INS. According 
to module C of INS Performance Standards, there are 
three priorities: alarms, warnings, and cautions.

Alarms and warnings require attention and action. 
Cautions require attention. When an alarm or 
a warning condition is detected, (a) initiate an audible 
signal, accompanied by the visual announcement; (b) 
provide a message of sufficient detail to enable the 
bridge team to identify and address the condition; (c) 
may be accompanied by speech output, such as dan-
gerous CPA and target lost, presented at least in 

Figure 3. Planned (red dash) and actual routes (black dot) (1315–1415 (LT)).

Figure 4. Activated alert history of T/S Segero (1310–1440 (LT)).
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English. In case of a caution condition, it should be 
indicated by a steady visual indication. No acknowl-
edgment should be necessary for a caution.

Most INS, including ECDIS, provides alarms or warn-
ing signals by mechanical sounds. The function of 
mechanical sounds needs to be analyzed in terms of 
complying with the purpose of “Grouping and 
Aggregation of Alerts and Indicators” of the Code on 
Alerts and Indicators. It states three purposes on the 
navigation bridge (1) for gaining full attention to the 
navigation; (2) for identifying any condition or abnor-
mal situation; and (3) for avoiding distraction by alerts 
that require.

Frequency of ECDIS alarms

Figure 3 shows the actual track of the training ship 
“Segero” on 9 September 2020. The ship veered off 

from a planned waypoint no. 18. Figure 4 shows the 
activated alert history of the Furuno Model FMD-3200 
ECDIS at the route.

Many alerts are found while approaching the way-
point. Alerts are maintained until they are acknowl-
edged, and the visual indications of individual alerts 
remain until the fault is corrected. If an alert is initiated 
and a second fault occurs before the first is rectified, 
the audible signal and visual indication could be 
repeated.

Frequent audible alarm

According to “Basic principles for Navigational Watch” 
issued by the IMO and the rule 5 of Convention on the 
International Regulations for Preventing Collisions at 
Sea (COLREG), 1972, every ship shall at all times main-
tain an adequate look-out by visual and audible 

Figure 5. Navigational watchkeeping (T/S Segero).

Figure 6. Display of ECDIS and ARPA radar at night.
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methods as well as by all available means appropriate 
in the prevailing circumstances and conditions.

In practice, watch officers, as far as practicable, rely 
mainly on eyesight since they learned that sighting 
could provide the most reliable information for making 
an appraisal of the situation. Watch officers should be 
on the bridge in accordance with the International 
Convention on Standards of Training, Certification 
and Watchkeeping for Seafarers (STCW) Code A, but 
watch position on the bridge is not fixed (IMO 2012). It 
depends on not only the layout of the bridge but also 
officers’ preference cause by the usual practice. It is 
known that most watch officer carries out watchkeep-
ing in front of the main navigation console, which is 
installed to monitor sensors to determine the speed, 
position, and the ship’s condition, and to control the 
navigational equipment such as the autopilot, engine 
telegraph. On the other hand, some watch officers 
prefer the space between the foremost window of 
the bridge and the navigation console. In particular, 
the space between the fore window and the console is 
preferred by the watch officer and crew at night to 
secure a proper sight and avoid temporary night blind-
ness caused by instrument panel lights of the naviga-
tion console, as shown in Figures 5 and 6.

When an alarm sounds, the watch officer who is in 
front of the fore window of the bridge will change his 
position to the front of the console to check or silence 
the alarms. These shifting and acknowledgment of the 
alarm need time to move and understand the situa-
tion. If alarms occur from several types of equipment 
simultaneously or an alarm sounds repeatedly, the 
audible signals could make mariners feel fatigued. 
Sometimes, the mariners become insensible to the 
alarms. The same goes for officers maintaining watch 
in front of the navigation console. Watch officers, in 
some cases, turn off all audible alarms in ECDIS except 
visible alarms to avoid or reduce frequent audible 
alarms from various navigation devices.

In order to reduce alarm fatigue and draw watch 
officers’ attention continuously, the effectiveness of 
the alarm should be analyzed.

Reviews on effect of ECDIS alarm system

Types of auditory signals

Human beings are known to receive the majority of 
information from sight and hearing. Navigation or 
communication equipment on the bridge mostly 
adopts visual display and auditory sensory display for 
the delivery of information. The auditory sensory dis-
play can provide effective information when the signal 
source consists only of sound, the message is about 
a current event, and the sound or message requires 
immediate action (Sanders and McCormick 1987). 
Auditory signals convey important information or 

alert operators who are currently focused on visual 
attention. Accordingly, improperly designed auditory 
alarm display could have the potential to have 
a negative effect on performance when operators per-
form their duties (Ahlstrom 2003).

The auditory signals can be classified into a speech 
alarm, an abstract sound alarm, and an environmental 
sound alarm suggested as an auditory icon. Icons are 
small objects composed of pictures to visually represent 
the results of various events or actions that occur in the 
process of operating a computer. Gaver (1997) pro-
posed the concept of “auditory icon” as one of the 
strategies for mapping the meaning and sound of an 
object in an auditory interface. In other words, a specific 
sound is reproduced based on the sound commonly 
heard in everyday life, and mapping with information 
as a similarly emerging meaning is performed.

Researches on such an auditory alarm display have 
been conducted in various fields such as nuclear insti-
tutes, aircraft industry, and hospitals, and an auditory 
alarm in the form of auditory icons different from the 
existing auditory alarms was proposed (Yang et al. 
2005). Auditory icons are designed to instantly recog-
nize the situation when an auditory alarm goes off. For 
example, when a risk of a ship collision occurs, the 
bridge team hears an auditory alarm, which is 
a recorded sound of the actual collision, so that the 
bridge team immediately recognizes the situation 
when the auditory alarm goes off.

Briefly, these are known to have the following 
characteristics.

● Speech output is suitable for conveying complex 
information that does not need to be learned, but 
speech output can be cut off when the surround-
ing noise level is high. The delivery of speech 
messages is necessary when it requires 
a relatively long time.

● The abstract sound is rarely blocked by the sur-
rounding noise and has the potential to deliver 
information more quickly. However, it is difficult 
to learn and memorize the alarm sets, so it is 
suggested in sizes of five to eight sets.

● Finally, the environmental sound has the poten-
tial to be used as another type of auditory alarms. 
It is a different type of sound from abstract non- 
voiced sound and is suggested as an auditory 
icon. This auditory icon shares the advantages of 
abstract sound, but the size and amount that can 
be learned are not limited. However, Lawrence 
and Banks (1973) showed that the memory capa-
city of environmental sounds could not be 
exceeded for the 194-item set.

Table 5 shows the type of alarm sound and the level of 
an alarm situation, and the implementation method 
(Ha, Park, and Kim 2010)
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Effect of hearing

Regarding the auditory alarms, researchers played speech 
outputs, abstract sounds, and auditory icons, respectively, 
for a specific event in the experiment, and checked the 
number of trial times and error times until they responded 
correctly. As a result, there was no meaningful difference 
between the speech output and the auditory icon, but it 
was reported that there was a meaningful difference 
between the speech output or the auditory icon and the 
abstract sound (Leung et al. 1997).

Two similar experiments were conducted on those 
persons with maritime experience. The first experi-
ment was conducted for eight cadets of the Mokpo 
national maritime university of Korea, who completed 
a year of onboard training (Lee et al. 2005). In 
the second experiment, 35 mariners with no vision 
and hearing problems among the mariners holding 
a deck officer certificate (class 1 ~ 3) were selected to 
participate in the experiment. However, ten mariners 
over 50 years of age were excluded from the analysis of 
the results of the experiment because the reaction 
time and probability of correct answer were signifi-
cantly lower due to inexperience in using PC. The 
average experience of the mariners participating in 
the experiment was 7.6 years at sea, and the average 
age was 40.6 years (Ha, Jang, and Kim 2012).

The first experimental result was a comparison and 
evaluation of the general mechanical sound (beep), 
referred to as the abstract sound, and the auditory 
icon, a meaningful sound we hear a lot in our daily 
life. Through the experimental results and question-
naire, it was derived that the auditory icon was more 
easily recognized than the abstract sound and that the 
auditory icon was easier to distinguish the situation. 
The result is consistent with the study of Leung et al. 
(1997).

In the second experiment, there was no significant 
difference between the auditory icon and the speech 
output. In addition, it was found that there was 
a significant difference between the abstract sound 
and the other two sounds. Thus, it can be summarized 
that abstract sound has the slowest cognitive reaction 
time and that the participants have difficulties in 
recognizing the abstract sound.

Response time

A simple experiment was conducted on six cadets 
of a maritime university to measure the difference 
of response time between hearing an abstract 
sound and hearing a voice output. Participants stu-
died the planned route, but no information was 
given to the participants on the alarm. Each parti-
cipant was positioned between the fore window of 
the bridge and the navigation console, as shown in 
Figure 7. Subjects were asked to simply listen to the 
alarm and take appropriate action. Each alarm was 
“BEEP, BEEP, BEEP” and “CROSSING SAFE CONTOUR,” 
and the time taken for appropriate action was 
measured.

When the abstract sound went off, the cadet moved 
from the first position to the front of the ECDIS for 
understanding why the alarm sounded and ordered 
rudder to portside. In the different circumstance, when 
the speech output was heard, they ordered the rudder 
to portside without moving to the ECDIS.

As a result, it took an average of 8 seconds, which 
could be a meaningless or meaningful difference 
according to the situation. It would be a meaningful 
room for avoiding imminent collision or grounding or 
reducing damages.

Alarm fatigue

What is even more important and problematic is not 
the case of reacting to the alarm, as in the above case, 
but the case of not responding to the alarm. 
Researches on alarm fatigue have been extensively 
conducted in the medical field. Alarm fatigue, which 
jeopardizes safety, is due to sensory overload caused 
by an excessive number of alarms, and it is known to 
lead to insensitivity to alarms and result in alarm- 
related death (Sendelbach and Funk 2013; Ruskin and 
Hueske-Kraus 2015).

Although the watch officers are not suffering from 
hundreds of alarms per shift like healthcare profes-
sionals do, it is known that the watch officer some-
times ignores or turns off the alarm of navigational 
equipment because they think that frequent alarms 
interfere with proper look-out when they need to con-
centrate. As a result, it can be said to be a similar case 
to the medical world in terms of inducing critical 
problems.

Alarms are intended to attract attention, and the 
person in charge goes through a procedure to find out 
what caused the alarm to sound. However, if the alarm 
itself tells the cause, the work process can be shor-
tened, and the attitude of the person in charge of the 
alarm can be different. Therefore, it is considered that 
the desired result can be obtained by introducing 
a method of initiating the abstract sound to draw 

Table 5. Alarm type and implementation method.
Situation Alarm type

Situation
Abstract 

sound Auditory icon Voice output

Fire The sound of firewood burning “Fire”
Steering 

gear
the sound of turning the rusty 

steering wheel
“Steering 

failure”
Electricity the sound of the machine going 

out of power
“Low power”

Collision The strong sound of waves “Warning 
collision”

Engine The sound of the engine 
shutting off

“Engine 
failure”
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attention, and sounding voice output to express the 
cause of the alarm.

Discussion and conclusion

The ship is considered as a complex huge man- 
machine system. Its performance depends on the 
degree of interaction between the operator and the 
system. It can increase or decrease the performance 
effectiveness of the task. Therefore, the display system 
of the ship should be designed to deliver accurate 
information to the operator as quickly as possible.

To this end, this study examined the advantages 
and disadvantages of the three-alarm systems, such 
as the abstract sound, the auditory icon, and the 
speech output. In the case of ECDIS as an essential 
piece of navigational equipment for route monitoring, 
it produces more alerts than any other navigational 
equipment does. Most manufacturers adopted the 
abstract sound as alarms of ECDIS.

As a specific example, in a situation where the 
watch officer needs to pay visual attention, such as 
changing a course near a waypoint, it is necessary to 
shorten the response time to the alarm or prevent the 
alarm from being ignored. For this purpose, the speech 
output as an alarm can shorten the response time of 
the watch officers because it can quickly deliver more 
accurate information, and reduce alarm fatigue by 
changing the watch officers’ work process. However, 
speech outputs are relatively vulnerable to being dis-
turbed by surrounding voices or noise, so it is neces-
sary to compensate for this. The abstract sound can be 
used together with the speech alarm to take advan-
tage of both alarms because the abstract sound is 
rarely blocked by the surrounding voices or noise.

This paper proposes an appropriately combined 
alarm. It would be necessary to add speech outputs 
that express information directly to the abstract 
sounds that are currently adopted by most ECDIS 
manufacturers. For a prompt application of the alarm 

Figure 7. Staffing for the course change.

Table 6. Alarms and indicators.
Section Present requirements Revised requirements Speech output

11.4.3 
11.4.4 
11.4.5 
11.4.8 
11.4.9 
11.4.10 
13.2 
5.8.3 
6.1.1 
6.1.2 
7.3 
8.5 
10.5 
11.3 4 
11.3.5 
11.4.6 
13.1

Alarm 
Alarm or Indication 
Alarm 
Alarm 
Alarm 
Alarm 
Alarm or Indication 
Indication 
Indication 
Indication 
Indication 
Indication 
Indication 
Indication 
Indication 
Indication 
Indication

Alarm with speech output 
Alarm with speech output or Indication 
Alarm 
Alarm 
Alarm 
Alarm 
Alarm or Indication 
Indication 
Indication 
Indication 
Indication 
Indication 
Indication 
Indication 
Indication 
Indication 
Indication

Crossing safety contour 
The area with special conditions 
Deviation from route 
Positioning system failure 
Approach to the critical point 
Different geodetic datum 
Malfunction of ECDIS 
Default safety contour 
Information overscale 
Larger scale ENC available 
Different reference system 
No ENC available 
Customized display 
Route planning across safety contour 
Route planning across a specified area 
Crossing a danger in route 
monitoring mode 
System test failure

JOURNAL OF INTERNATIONAL MARITIME SAFETY, ENVIRONMENTAL AFFAIRS, AND SHIPPING 185



set, it is necessary to revise the “alarm” to “alarm with 
speech output” in Appendix 5 of the ECDIS 
Performance Standards, as shown in Table 6.

As a further study, it needs to examine to what 
extent the new alarm set will change the watch offi-
cer’s work process. It should include time to not only 
hear the alarm sound from each type of alarms, check 
the information on the console, but also go back to the 
original position for visual watchkeeping.
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