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Preface

In recent years the marine transportation system has come under increasing
attention. Among the concerns are its safety and efficiency, prevention of
and response to ship-caused pollution, and the use of vessels for inimical
purposes, ranging from simple lawbreaking (such as smuggling) to serving
as a vehicle or target for terrorist acts. Over the past two decades, automatic
identification systems (AIS) have been developed in response to these con-
cerns, and much work has been done to define AlS technical and communi-
cation requirements. These efforts have resulted in worldwide mandatory
carriage requirements for AIS aboard vessels that must comply with the
International Convention for the Safety of Life at Sea (SOLAS) and in dis-
cussions about non-SOLAS vessel carriage requirements in the United States.
However, despite these efforts, little has been said about shipboard display
of AIS information, a topic addressed in this report.

Because of the lack of standards and requirements for shipboard display
of AIS information, the United States Coast Guard (USCG) requested that
the National Research Council's (NRC'’s) Transportation Research Board
(TRB)/Marine Board examine the technical and human factors aspects of
shipboard display of AIS information. This effort was to include an assess-
ment of the state of the art in AIS display technologies, an evaluation of cur-
rent system designs and their capabilities, and a review of the relevant
human factors aspects associated with operating these systems. In the course
of the study, the committee was to consider

« The impacts of changing technology, security, economics, operational
considerations, and human factors design principles on display of ship-
board AIS systems;

« How a range of tasks to be supported by AIS will drive display require-
ments;

« The impacts of different operational environments and qualification and
skill requirements on shipboard display of AlS information;

« How changes in existing and evolving technology, equipment/technical
integration, international standards harmonization requirements, manu-
facturers’ and standards bodies’ requirements, and economics affect ship-
board display of AIS information; and
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+ Lessons learned and best practices from relevant domestic and interna-
tional AIS programs.

The mariner’s need for better and real-time information about waterway
conditions has increased with a number of factors, including the size of
ships, traffic density in key areas, and the like. Transmission of such infor-
mation by voice radio has been repeatedly cited by mariners as burdensome,
and during the past decade other mediums have been actively sought.
Understanding mariners’ information needs and how they vary, therefore, is
an important first step in developing requirements or standards for ship-
board display of AIS information.

AlS information can be used by mariners in different ways—for vessel
identification, navigation, maneuvering and collision avoidance, and tasks
required by the practice of good seamanship. AlS information can be pre-
sented to mariners in many different ways—visually, aurally, haptically
(i.e., through touch), and redundantly, for instance. Processes for under-
standing what AlS information should be presented to the mariner, and how
it should be presented, are the focus of this report. Decades of human fac-
tors, systems engineering, and information systems research have focused
on how to present task-relevant information to decision makers in various
operational settings. That research is summarized in this report, and guide-
lines to consider in developing requirements for shipboard display of AIS
information are suggested. A process that USCG should follow in develop-
ing standards and requirements for shipboard display of AIS information is
recommended. The process includes research, requirements development,
analysis, design, and implementation elements. It is intended to assist regu-
lators with domestic and international carriage requirement responsibilities
and members of the international community faced with global mandates for
shipboard display of AlIS information.
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Executive Summary

Over the next several years, commercial vessels worldwide, operating on the
high seas and in coastal and inland waterways, will begin to carry new tech-
nology, known as automatic identification systems (AIS), that promises to
enhance the safety of navigation and allow traffic managers to do their jobs
more safely and effectively. AIS is essentially a communications medium that
automatically provides vessel position and other data to other vessels and
shore stations and facilitates the communication of vessel traffic manage-
ment and navigational safety data from designated shore stations to vessels.
The onboard “AlS unit” (which consists of a VHF-FM transceiver, an assem-
bly unit, and a communications transceiver) continuously and automatically
broadcasts identification, location, and other vessel voyage data, and receives
messages from other ships and shore stations.

Three functions have been identified by the International Maritime
Organization (IMO) for AIS: (a) to serve as a collision-avoidance tool while
the system is operating in the vessel-to-vessel mode, (b) to provide infor-
mation about a vessel and its cargo to local authorities who oversee water-
borne trade, and (c) to assist those authorities engaged in vessel traffic
management. As AlS technology and its applications evolve, additional use-
ful and beneficial functions of AIS will most likely also evolve.

Over the past few years, IMO, working through the International Tele-
communication Union and other organizations, has published technical and
operational standards for AlS; however, these standards do not address ship-
board displays, except for aminimum alphanumeric presentation. For inter-
national shipping, AlS equipment requirements, including an implementation
schedule, have been established through an amendment to the International
Convention for the Safety of Life at Sea (SOLAS). In the United States, where
AlS technology is in the early stages of implementation and just beginning
to become available within certain port and waterway regions, the U.S. Coast
Guard (USCG) has the responsibility for establishing carriage requirements
for AIS equipment aboard vessels in U.S. waters and aboard U.S.-flag vessels.
USCG is in the process of developing rulemaking to ensure compliance of

1



2 SHIPBOARD AUTOMATIC IDENTIFICATION SYSTEM DISPLAYS

SOLAS vessels in U.S. waters and concurrently developing carriage require-
ments for non-SOLAS vessels operating in U.S. waters. The initial SOLAS
carriage requirements for oceangoing vessels do not specify any shipboard
display for use by the mariner except for minimal basic numerical data.

Because USCG has the responsibility in the United States for determining
whether and what requirements should be established for shipboard AlS dis-
plays, it asked the Transportation Research Board (TRB)/Marine Board to
undertake an investigation and analysis of the key issues affecting the design,
development, and implementation of shipboard AlS displays. TRB convened
a committee to address USCG's request for guidance. Specifically, USCG
asked the committee to assess the state of the art in AIS display technologies,
evaluate current system designs and their capabilities, and review the rele-
vant human factors aspects associated with operating these systems.

The challenges associated with shipboard display of AIS information are
addressed in this report. However, this does not cover the full spectrum of
AlS challenges. For example, AIS complements traditional navigational aids;
it does not replace them, nor does it substitute for good judgment or replace
the need to use all available means appropriate to the prevailing circum-
stances and conditions to establish vessel position. Therefore, government
and industry need to address the challenge of integrating existing navigation
aids and, in the process, encourage the appropriate use of technology.

The introduction of onboard displays of AIS information represents an
opportunity for significant improvements in available knowledge and aware-
ness of waterway and vessel traffic situations for all mariners. It is intended
to result in safety and efficiency benefits. If AlS displays are thoughtfully
introduced aboard ships so that mariners’ needs are met and they are not
overburdened with unnecessary information, the benefits may be con-
siderable. However, there are dangers and limitations associated with this
technology that could overshadow such benefits. The committee is both
encouraged at the prospects for major improvements for vessel operations
with the proper display of AIS information and cautious about problems that
could result from poor display of AlS information.

ESTABLISHING A SYSTEMATIC IMPLEMENTATION PLAN

It is important to have a plan and schedule for any process as complex and
multifaceted as that for implementing AlS and their displays aboard vessels—
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especially when there is some urgency to put needed improvements into
effect. In the past, USCG has sponsored and conducted pilot tests of AIS in
selected regions and has supported the introduction of AlS technology to
enhance vessel traffic management and safety. However, USCG does not
have a systematic plan for implementation of AlS shipboard displays in U.S.
waterways or aboard U.S. vessels.

A systematic implementation plan is needed, for example, because assump-
tions are being made about particular types of equipment that are on board
and with which the AIS will need to be integrated. While this is somewhat
true for SOLAS vessels, it is not true for inland and coastal vessels. In turn,
requirements for integrating AIS information with information from other
onboard electronic navigation systems have not been developed. This s crit-
ical because AIS and other navigation aids may provide the same type of
information (e.g., another vessel's location) but the information may conflict
(e.g., the other vessel's location identified by the AIS is different from the loca-
tion for that vessel identified by radar). Thus, when AIS displays are integrated
with other bridge displays, the information must be presented to the mariner
in such a way that it is clear, unambiguous, and accurate. Additional work
is required to determine how to best integrate existing and new systems, and
this will affect the entire process of introducing AlS displays aboard vessels.

Finally, USCG needs an AlS display implementation plan, schedule, and
process to ensure that the underlying research will be accomplished to
demonstrate the viability of the AIS display requirements and that the result-
ing system will meet the needs of the mariners who use it.

Recommendation 1: USCG should establish an implementation plan
and schedule for AIS shipboard display standards in consultation
with stakeholders. Key elements of the plan should include

« Research in technical and human factors,

« Requirements determination and analysis, and

+ Development of international and domestic standards.

ESTABLISHING REQUIREMENTS FOR
SHIPBOARD DISPLAYS
An important challenge for achieving a functional AIS is the timing and

applicability of carriage requirements. Not all vessels will carry AlS, and AlS
carriage requirements will be phased in over time. Thus, especially in the
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short term, most, if not all, vessels in a typical waterway may not be visible
to (i.e., locatable) or identifiable by AIS technology. AIS requires a func-
tioning and reliable transmitter on every vessel that is part of the system
and thus requires each carrier of AlS to participate and cooperate with the
protocol.

While displays are the means by which AIS data are converted into use-
ful information for the operator, little has been done to define the informa-
tion needs and priorities that would establish display parameters. And
ultimately, the information needed by the vessel should determine what data
are transmitted, which, in turn, should drive display requirements. During
the introduction of AlS in both domestic and international settings, the ini-
tial emphasis has been on the shipboard transponder and the system to
ensure accurate identification and location transmissions; only recently has
much attention been given to shipboard display issues. Consequently, much
development work remains to be done in the form and display of both ship-
and shore-originated AIS messages.

Different types of information require different display strategies. The
design of an AIS display interface needs to consider appropriate strategies
for delivering information to the mariner in a readily cognizable form. For
example, there are many different operating environments in which AIS
information will be displayed: rivers and inland waterways, high-density
ports with mixed traffic, coastal waterways, urban harbors with scheduled
ferry and passenger vessel operations, and major commercial ports accom-
modating large deep-sea vessels. The mixed nature of carriage requirements
for AIS, therefore, can create challenges in developing final recommenda-
tions for shipboard display of AlS information.

Because of the variety of operating environments, one AlS display may not
fit all situations, particularly in domestic operations, and implementation
plans need to reflect that reality. For example, the operating environment
will greatly affect the configuration of displays that are appropriate as well
as the operator training that is adopted. And, unlike large oceangoing ves-
sels, many smaller domestic vessels may not carry all of the equipment (such
as gyrocompass or heading indicator) with which an AIS needs to interface
for proper operation. These interface issues will also affect shipboard display
requirements.

The AIS international carriage requirements for oceangoing vessels
that came into force during 2002 refer to equipment that is designated as
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“Class A.” The international bodies have defined two other classes that
would be designated for other uses: (a) “Class A derivatives,” which are
portable units similar to the carry-aboard equipment now generally used by
pilots in several U.S. ports and waterways; and (b) “Class B” units, which
have less stringent requirements and are intended for use by domestic,
inland, and coastal vessels (e.g., towboats, passenger ferries).

The Class A derivative units have received the most attention in the
United States because of their similarity to those that pilots have used as
carry-aboard units. The definition, role, and display requirements for Class
B and Class A derivative units are incompletely specified at the present time,
and this will affect display requirements for such units. More analysis of
Class A derivatives and Class B AIS units will be necessary before specific
display requirements for these units can be established.

Display standards are intended to ensure that designs meet user needs,
that key requirements are understood, and that a proper certification process
can be instituted for all operational units. Standardization of AIS displays is
critical to the safety of navigation and the facilitation of commerce because
shipping is an international business and it is essential that mariners find
similar information displayed wherever they sail.

The process of setting standards for AIS equipment in general is under
way within international bodies for Class A units, and a similar process has
begun for display systems, including the issuance of IMO interim guidelines.
However, the display standards process lags the carriage requirements
schedule, and much remains to be done. For example, much of the effort on
shipboard displays has focused on target data in ship-to-ship use for colli-
sion avoidance, with little attention to shore-to-ship data relating to traffic
management.

Upon examination of existing standards and guidelines for AIS displays
published by the international bodies associated with AlS and other related
organizations, many gaps were found. Thus, supplementation or revision of
these standards and guidelines will be needed to ensure adequate display
designs. New requirements should be based on a more comprehensive and
rigorous analysis as a basis for identifying operator needs and ascertaining
the adequacy of displays and controls to meet those needs.

The international carriage requirements for Class A AIS units for SOLAS
vessels do not specify any shipboard display except for a minimal numer-
ical system known as MKD (minimum keyboard and display). MKD is
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inadequate to address minimal information needs of different mariners
in different operational settings such as those prevailing in U.S. waters.
However, because MKD is the only approved equipment, it poses the dan-
ger of becoming, by default, the accepted display until something better is
approved. The committee concludes that using MKD as a shipboard display
not only does not provide adequate information for the mariner but also, in
some cases, could be detrimental to safe vessel navigation. It is important,
therefore, to establish new minimal display standards before MKD becomes
the default standard for U.S. operations.

Because AlS shipboard displays will be introduced over time and for many
different operating situations as well as vessel classes, USCG needs a process
for establishing requirements for shipboard displays that will accommodate
these variables and provide effective leadership for the maritime community.
The committee has concluded that this can be accomplished by clearly estab-
lishing minimum requirements for U.S. waters and for U.S. vessels first, fol-
lowed by work with appropriate international bodies to ensure compatibility
with international requirements where necessary. The committee also con-
cluded that USCG should institute a process that recognizes the evolving
nature of AIS display technology and the need to accommodate future
improvements and growth.

Recommendation 2: USCG should establish requirements for ship-
board display of AIS information in U.S. navigable waters by

+ Defining mariner information needs,

« Defining key functions for AIS displays aboard different types of
vessels and in different operating environments,

+ Developing appropriate requirements for each major vessel class
that take into consideration the wide differences in operating
environments,

« Involving the key stakeholders in the entire process, and

» Developing a new requirement for minimum information display
of AIS.

USCG should take a leadership role in establishing display require-
ments for AIS information and work with appropriate international
organizations in this process to ensure compatibility with interna-
tional requirements.
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Recommendation 3: USCG should recognize the evolving nature of
AIS display technology in its requirements process and allow for
technological change, growth, and improvements in the future.

HUMAN FACTORS IN THE DISPLAY DESIGN PROCESS

For AIS to meet its stated objective of promoting safe vessel navigation, an
effective onboard interface with the vessel’s operator is essential. To provide
an effective interface, the focus of the design process must be on the best
means to exchange information between the person and the AlS. Although
the term “display” is usually used in this report in referring to this interface,
it should be noted that, from the perspective of the human operator, the
“interface” includes both display and control mechanisms that allow the
exchange of information between the operator and the rest of the system.
The interface includes not only the display of information through such
means as a cathode ray tube, graphics, and auditory warnings, but also data
entry and control elements such as keyboards or switches. Development
of an effective human interface for the AIS requires a systematic process
that considers the capabilities of users and the demands of the operating
environment.

Three core elements make up a typical design process with human factors
as a focus: understanding, design, and evaluation. The process begins with
development of an understanding for the operational demands and the needs
of the mariner. This provides the basis for the initial design, which is then
evaluated. The process is iterated as new factors and inevitable changes are
recognized.

Within the element of understanding is the notion that advanced tech-
nology can increase errors and risk even when appearing to be benefi-
cial. This reinforces the need for attention to the human interface. It is also
clear that AIS data need to be translated into decision-relevant information
for the mariner. Thus it is important to understand how each task of the
mariner is performed and how AIS data can support that task and, in turn,
overall performance. There are substantial operating differences among the
range of vessels that may be equipped with AIS, and it is clear that interface
design needs to reflect that variation if it is to adequately support operator
needs.



8 SHIPBOARD AUTOMATIC IDENTIFICATION SYSTEM DISPLAYS

The second element, design, follows from the first and begins with incor-
poration of the large body of knowledge about human factors interface
guidelines that already exists. The committee identified 13 human factors
principles that are particularly relevant to AlS interface design, including
ensuring that system behavior is completely visible to the operator, avoid-
ing interface management tasks during high-tempo situations, and realizing
that the representation of AIS data (e.g., graphic versus numeric) can greatly
affect interpretations.

Finally, the evaluation element represents the step that tests a design and
its performance and leads to either initial adoption or redesign to correct a
problem. Heuristic evaluation with multiple evaluators is a very useful ap-
proach in identifying design problems. In addition, usability testing and
operational evaluation are complementary approaches in identifying prob-
lems. Operational evaluations are a critical aspect of this process because
important display issues cannot be anticipated and are often only detected
when the system is evaluated in the operating environment.

Selection of an effective design process will have a large impact on how
well a shipboard display and control system provides the promised benefits
and avoids unexpected consequences. A combination of design, process, and
performance standards is needed to ensure effective designs. Maritime tech-
nology and AlS applications will always be difficult to predict. Thus, design-
ers must have the freedom to adapt to changes as they occur or are identified.
USCG needs to allow for this in its standards-setting process.

Recommendation 4: In its standards, USCG should specify that
design, process, and performance standards be used in combination
to promote adequate shipboard AIS display design.

SYSTEM LIMITATIONS

For a shipboard display to function adequately and provide necessary infor-
mation to the mariner, the overall AlS and supporting infrastructure must
also function reliably and accurately. However, current systems are not fail-
safe. In addition, the integrity of the data supplied by the carrying vessel is
not always assured for a variety of reasons. For example, there can be erro-
neous input from ship sensors, or the data that are manually entered by an
operator can be changed or contain errors.
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Several infrastructure issues also affect the display of AIS information:
transponder coverage and the spacing of shore-based repeater stations, the
adequacy and accuracy of digital charting in a given waterway, the avail-
ability of existing vessel instrumentation, and the need for standardized
interfaces between existing equipment. In many U.S. waterways, surveys
need to be updated to prepare accurate charts, and real-time environmental
and hydrological data are inadequate for providing accurate waterway fore-
casts. International standards development efforts have inadequately con-
sidered such infrastructure issues and have not considered the impact of
infrastructure issues on shipboard display of AlS information.

In addition to infrastructure, it is important to consider shipboard oper-
ating environments that will shape shipboard display of AIS information. For
example, display designs will depend on such factors as the range of data that
will be received by ships from shore stations; the areas and routes used by
vessels with AlS; the work environment, tasks, and workload of the ship-
board bridge watchstanders; and the skill levels and training of individuals
using the AIS displays.

These and other operating parameters affect AIS performance in general,
and especially the design and implementation of shipboard displays. For
example, a potential problem with the use of AIS displays aboard vessels is
that the human interfaces can, in some cases, mislead operators into believ-
ing that a complex system is well represented by a simple display. Some of
this risk can be addressed by good display design. However, the general
problem suggests that operator training may be needed in communication
systems, AIS capabilities and limitations, and AIS operations. These and
other factors suggest that the identification of skill requirements and con-
comitant AIS training needs will be an important consideration.

Recommendation 5: USCG should identify critical AIS limitations
and infrastructure requirements and coordinate them with display
requirements. USCG should establish a mechanism to inform all
users about system limitations if they cannot be readily corrected.

Recommendation 6: USCG should work with stakeholders to develop
appropriate training and certification guidelines for AIS users that
will lead to effective use and an understanding of system functions
and limitations.
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NEED FOR ONGOING RESEARCH ON
HUMAN INTERFACES

The development of AIS display and control requires a full consideration of
human interface attributes that affect what information to display, how to
present it to the operator, how to integrate other displays or other bridge
information systems, and how to give the operator what is most needed to
perform critical tasks. The term “AlS display” connotes a visual presenta-
tion of data; however, there are other methods of providing effective human
interfaces that may be appropriate for shipboard use. Continuing evolution
in the form and function of technology also suggests a range of presenta-
tion options for AIS information that may be appropriate in different ship-
board settings.

AIS interface design should be subject to further analysis and critical
investigation. For example, the system image and its physical representation
may determine its use. A key consideration is whether AIS data will be pre-
sented to the operator separately or will be integrated with other existing
equipment and information flows. This is a key research area and has
received little attention to date. On board certain vessels, AlS units need to
fit within existing bridge configurations to remain within the mariner’s
peripheral vision while not interfering with his or her view of the outside or
other equipment. This condition might suggest that different types of AlS
interfaces could be adopted, such as wearable computing devices, enhanced
binoculars, or a mix of tactile and auditory devices. In addition, AlS inter-
faces could consider multimodal approaches in order to adequately address
competing attention demands. Aboard smaller vessels, AlS visual displays
will need to balance the need to be large enough to convey the necessary AIS
information and small enough to fit unobtrusively among other equipment.
Another consideration aboard small inland vessels is the ambient noise level
in the wheelhouse that might interfere with audio signals. This effect of
ambient noise on the hearing of auditory signals is not, however, limited to
inland vessels.

Another area of necessary research relates to whether and how mariners
need to input data into the AIS during the normal conduct of vessel opera-
tions and how this might interfere with other duties. Some mariners may
have limited opportunities to input data into the system, given competing
demands for operational task performance and decision making, particularly
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on board smaller vessels with one-person wheelhouses. Different types of
information may require different data input strategies.

Symbology for visual displays is a fertile area for research and develop-
ment. While some display symbology requirements have been articulated by
international bodies, they have not been harmonized across different ship-
board electronic navigational displays, nor across different operating envi-
ronments (e.g., from inland waterways to coastal waterways to open ocean).

There are several human factors interface research topics that are partic-
ular to the operation of smaller inland and coastal vessels, including the eval-
uation of competing operator attention demands on board vessels with one
operator, high noise levels, multiple communications links, and needs for
multiple operational tasks. Furthermore, there is little commonality in bridge
layouts, even for vessels of the same class, and this lack of bridge layout stan-
dardization affects potential shipboard displays of AIS information. This
leads to the need to consider specific display requirements for specific oper-
ating environments rather than universal display requirements for all vessels.

The process of determining the proper shipboard display of AIS informa-
tion will be dynamic and reflect the needs and requirements of different
operating areas. Integration requirements for shipboard display of AlS infor-
mation raise questions about appropriate task and function allocation
between technology and people. For example, designers must strike the right
balance between human integration and information processing and auto-
mation support for each key task.

A research program could address these questions about AlS display and
control design and support. The research should be part of the iterative
design process that would allow for improvements and inevitable future
change without detracting from the urgent tasks of implementing initial
requirements for use of AIS in U.S. waters.

Recommendation 7: USCG should establish an ongoing research
program to investigate information displays and controls that might
be appropriate for AIS. The research program should consider AIS
use with other navigational and communication technologies. The
research program should include

« Human factors aspects of interface design and the subsequent
process of determining requirements, setting standards, and
evaluating performance;
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« Evaluation of multimodal interfaces (tactile, auditory) that could
effectively support mariners’ needs for attention management;

« Allowance for technological change and leverage of lessons
learned from other fields (such as aviation) and related applica-
tions of similar technology; and

« Investigation of trade-offs between information requirements and
the associated cost for shipboard display of AlS.

CONTINUED OPERATIONAL
TESTING OF AIS DISPLAYS

USCG and other authorities have conducted a number of operational tests
of AIS and transponder-based technology in the United States and abroad.
Anecdotal reports from most of these tests have identified benefits and lim-
itations of the equipment and shown the operators how it might be used
within their operational environments. However, none of the tests with dis-
plays has resulted in evaluations of performance measured against specific
standards. Also, few of the tests on displays have been performed on AIS
equipment that was built to IMO standards.

International standardization has occurred late in the AIS development
process, and this has caused difficulties in producing functional and reliable
systems that provide information the mariner can use with ease. It has also
hindered operational tests of AIS displays because no consistent perform-
ance standards have been developed against which to measure results.

The committee reviewed several operational tests of shipboard AIS
displays. Most of these tests have not resulted in evaluation reports that
clearly and critically document the functioning and usefulness of displays.
Anecdotal reports from certain operations using AlIS displays suggest that
operators have gained confidence in the systems and used them successfully
as navigational aids. From this experience, it appears that the whole com-
munity would benefit from more rigorous operational testing with clear
functional requirements against which to measure performance, followed by
critical evaluations.

Recommendation 8: USCG should sponsor continuing operational
tests, evaluation, and certification of new display and control technol-
ogy in consultation with stakeholders and prepare test and evaluation
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reports. To conduct tests and evaluations, USCG should develop stan-
dards for human performance with display and control technology. It
should use heuristic evaluation, where multiple designers assess how
well a design conforms to human factors rules of thumb or heuristics.
It should also incorporate usability tests and operational evaluations
as complementary approaches to assess how well AlS displays and
controls support mariner performance.

SUMMARY

The introduction of AIS technology with effective displays aboard vessels
can enhance the safety of vessel operations and the prudent management of
waterway traffic. The benefits to the maritime community and the nation as
a whole will depend on how well the industry, government authorities, and
mariners work together to design effective systems, establish comprehensive
standards and guidelines, and implement technologies that provide useful
tools for the vessel operator. USCG should take specific actions to ensure an
implementation process that meets safety improvement goals. These actions
include preparing an implementation plan, establishing requirements for
displays and their functions, including human factors in the display design
process, addressing system limitations and shortfalls, developing train-
ing guidelines, establishing human performance standards, establishing a
focused research program, and conducting operational tests and evaluations
of display systems.

USCG cannot ensure that this new technology will bring the promised
benefits to all without the involvement and cooperation of all the stake-
holders, and without formal evaluation of such systems. Manufacturers,
mariners, and the maritime industry as a whole need to be a part of the
process to develop effective systems and to successfully implement this
technology. While the focus of this report is on shipboard display of AIS
information, the process of implementation and the use of human factors
principles have wider application to many systems used aboard vessels
operating in U.S. waters.






Introduction

Automatic identification systems (AIS) technology has been under develop-
ment for well over a decade and has had at least two major driving forces
behind it. First, mariners are interested in effective, reliable, and automatic
vessel identification for a number of practical reasons:

+ Toeliminate the need to blindly call a vessel on VHF with a message seek-
ing to identify another vessel (e.g., “northbound ship on my port bow™),

« Toeliminate or reduce the hazard of making collision avoidance arrange-
ments with the wrong vessel, and

« To identify a rogue ship holding on in contravention of the rules of the
road.

Second, governmental agencies of coastal states that are responsible for
the prevention of and response to marine pollution incidents, conservation
of natural resources, vessel traffic management, maritime security, and law
enforcement are interested in vessel identification as well as in monitoring
certain vessel activities and movements. Until AIS and similar technologies
came into use, such monitoring required physical sighting and identification
of the vessels of concern, voluntary reporting by such vessels, or, in the prox-
imity of a coast, use of radar or other active surveillance. All of these meth-
ods have significant drawbacks, not the least of which is cost.!

In addition to these two principal driving forces, commercial interests
have motivated AlS development. Commercial interests include port author-
ities, vessel operators, and pilots, all of whom seek to improve safety and
facilitate commerce through improvements in the availability and timeliness
of the information available to mariners. AIS can contribute to such improve-
ments unobtrusively without reliance on voice communications. Of these

L There is a wealth of literature detailing the application and development of such monitoring. For
example, a useful snapshot of practices in the early 1990s is provided by HMSO (1994). Related issues
were also addressed by Marine Board committees of the National Academies (NRC 1994; NRC 1996;
NRC 1999).

15
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forces, however, governments for the most part have led in shaping the tech-
nology and its applications.

The mariners’ requirement for vessel identification could have been met
by shipboard installation of transponders similar to those in common use in
aircraft. When triggered by the receipt of radar impulses, such transponders
respond in a manner that “paints” the name and call sign of the carrying ship
next to the target as shown on the querying radar. However, there are limits
to the amount of information that can be provided by such transponders—
positional information provided by such transponders is relative to that
of the querying ship, and its accuracy is determined by the radar used.
Therefore, early marine transponder developments (i.e., before 1990) led to
a second type of transponder system termed automatic dependent surveil-
lance (ADS), which consists of a radionavigation receiver utilizing systems
such as the Global Positioning System (GPS), Differential GPS (DGPS), or
Loran-C coupled to a communications device capable of transmitting posi-
tion and other predetermined information to a suitably equipped receiver.
The advantages of this approach over a radar-based system, which is used in
aircraft, include greater positional accuracy, longer ranges (depending on
the communications medium used), and an ability to transmit a greater
volume of data.?

Over the last 10 years transponder-based systems have been used in a vari-
ety of applications. For example, one system is used to identify fishing ves-
sels as a tool in fisheries management (Zamora 1999). In the United States,
other applications include a vessel traffic management system developed for
the Tampa Bay waterways (see Chapter 3), ferry systems that use it to mon-
itor ferry movements, and rescue tugs that are coordinated for marine emer-
gency response in Puget Sound using AlS.

Standardization of these AlS developments is critical because shipping is
an international business and it is essential that mariners find the same infor-
mation environment wherever they sail. Over the past few years, the Inter-
national Maritime Organization (IMO), working through the International
Telecommunication Union (ITU) and other organizations, has published
technical and operational standards that must be met for equipment to

2For a summary of early ADS capabilities and cost, see Volpe National Transportation Systems Center
(1990).
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be called “AlS.” All other applications are usually designated merely as
“transponder-based systems.” However, international efforts to develop stan-
dards for AIS took place after many systems were already in use throughout
the world, which has led to difficulties for those who have developed such
systems as well as for those who have already purchased them.

The “universal” AlS as defined by IMO standards is based on the so-called
“ship-ship, ship-shore” transponder developed by a Swedish—Finnish team
(IALA 2001), a broadcast system operating in the VHF maritime mobile
band. The shipboard component is capable of sending information such as
a vessel's identification, position, course, and speed to other ships and shore
stations. Shore stations can also transmit a variety of “safety-related” mes-
sages, the scope of which is discussed elsewhere in this report.

OVERVIEW OF AIS CAPABILITIES AND APPLICATIONS

The IMO Performance Standards for AIS [IMO Resolution MSC.74(69)]
(IMO 2002b) require that the systems be capable of functioning

« In the ship-to-ship mode, to assist in collision avoidance;

+ In the ship-to-shore mode, as a means for littoral states to obtain infor-
mation about a ship and its cargo; and

« In the ship-to-shore mode, as a vessel traffic service (VTS) tool.?

While the introduction of AlS for commercial ships and many other types
of vessels has been under way for several years, the primary focus of most
initiatives has been to provide improved ship-to-shore identification mainly
for enhanced traffic management. VTS in many major ports and waterways
has relied on radar surveillance, when available, for identifying and locating
vessels, but AlS technology holds the promise of providing more accuracy
and reliability while reducing the need for radio communications among
ships and shore stations.

3 Although MSC.74(69) (IMO 2002b) uses the language “Vessel Traffic Service tool,” this application
is being interpreted more broadly by IMO in Resolution A.917(22) and by IALA (2001) as a general
vessel traffic management tool useful even in areas where there is no VTS.
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AlS is intended to enhance: safety of life at sea; the safety and efficiency of nav-
igation; and the protection of the marine environment. SOLAS* regulation
V/19 requires that AIS exchange data ship-to-ship and with shore-based facil-
ities. Therefore, the purpose of AlS is to help identify vessels; assist in target
tracking; simplify information exchange (e.g., reduce verbal mandatory ship
reporting); and provide additional information to assist situation awareness.
In general, data received via AlS will improve the quality of the information
available to the OOW [Officer of the Watch], whether at a shore surveillance
station or on board a ship. AIS should become a useful source of supplemen-
tary information to that derived from navigational systems (including radar)
and therefore an important “tool” in enhancing situation awareness of traffic
confronting users. (IMO 2001a)

The three identified functions set the boundaries for AIS functionality. In

general, AlIS provides a means of exchanging a precisely defined range of data
between ships, and between ships and shore facilities under the oversight of
“competent authorities.” It is not, for example, a precision navigation device
itself but a tool for exchanging navigation and other data. Nor is it a general
correspondence messaging system. AIS not only suffers from limitations
imposed by current standards, but it is also subject to the shortfalls common
to all transponder-based tracking technology:

The systems are not fail-safe. If the equipment is not operating, the car-
rying vessel simply disappears from the surveillance picture without
notice.

The systems require the cooperation of the vessels being tracked. A deci-
sion not to carry the required equipment, or to disable or otherwise turn
it off, removes the vessel from those tracked.

The integrity of the static data is not assured. Static data, including data
showing the identity of the carrying vessel, are manually entered by an
operator. The entries can therefore be changed at will or can have errors.

Within VTS areas of responsibility, transponder-based tracking must be
supported by an active surveillance capability and a “sorting” process,
which can correlate vessels identified by transponder with those detected
by other means.

“4International Convention for the Safety of Life at Sea.
5“Competent authority” is a term used in much of IMO’s documentation and is generally construed to
mean the national-level agency responsible for maritime safety.
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» Not all vessels will be equipped with AlS.

« AIS information may be subject to misinterpretation.

There is concern in the maritime community that anyone with an appro-
priate receiver could obtain transponder-transmitted data, which might
allow competitors to gain business-related advantages from the information
available or criminals to use such information in their crimes. In addition,
some are concerned that businesses such as marine exchanges could be
adversely affected by the general availability of vessel movement informa-
tion or that the increasing visibility of ship operations and movement will
lead to more regulatory action.

Since the focus of this report is AlS shipboard displays, a full description
of the underlying AIS technology is beyond its scope. Many sources provide
such a description, and they may be consulted to obtain a detailed under-
standing. However, a basic sense of the AIS communications scheme is
essential to an appreciation of the factors affecting displays. Such a descrip-
tion is provided below.

Each AlS-equipped station (either a ship or shore facility) broadcasts and
receives AIS messages to and from all stations within VHF radio range. To
prevent transmissions from AlS-equipped ships and stations from interfer-
ing with each other, AlS uses a self-organizing time-division multiple access
(SOTDMA) protocol to synchronize multiple data transmissions from many
users on a single narrowband channel. The SOTDMA protocol divides each
minute of time into 2,250 time slots. An AlS report fits into one or several
of the 2,250 time slots, which are selected automatically on the basis of cur-
rent and projected data traffic on the network. Time slots and time-out peri-
ods® are selected randomly. When a station changes its slot assignment, it
announces its new location and time-out for that location to all other sta-
tions within range. This allows each station to continually update its inter-
nal “slot map” to reflect changes in occupied slots and time-outs. Provisions
are made for automatic conflict resolution in the event that two stations
occupy the same time slot. The key to SOTDMA is the availability of a highly

6“Time-out” is defined as an event that occurs when one network device expects to, but does not, hear
from another device within a specified period of time. The resulting time-out usually results in a
retransmission of information or the outright dissolving of the communication link between the two
devices.
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accurate standard time reference, which is supplied by the precise timing sig-
nal used by the radionavigation system. The radionavigation system thus
not only performs the position component of shipboard messaging but also
provides the universal time reference.

The area within which its AlS messages can be received is called the sta-
tion’s “cell,” the size of which varies. For example, in areas of high traffic
density a small cell might be preferable. If the number of AIS messages begins
to overload the network, the system can automatically shrink its cell size by
ignoring weaker stations further away in favor of those nearby. The size of
AIS cells can be varied to reflect the volume of vessel traffic and the types and
extent of “safety-related” messages transmitted by shore stations. Also, in
areas of high traffic density and high volume of messaging, consideration of
cell size may affect the configuration of the shore-based AlS infrastructure—
the number and locations of shore-based AlS sites serve to determine cell
size. The more stations and the less distance between them, the greater the
volume of traffic that can be accommodated.

In general, the range of AIS coverage is similar to other VHF applications:
it depends on the height of the antenna. AIS propagation is slightly better
than radar because of its longer wavelength, so it is possible to see around
bends and behind islands if the land masses are not too high. This is a major
advantage in some waterways. At sea, a typical range for coverage is expected
to be about 20 nautical miles. With the use of shore-based repeater stations,
the coverage range can be increased (USCG 2001a).

AlS data transmissions use a robust 9.6-kbps FM/GMSK (Gaussian min-
imum shift keying) modulation technique.” ITU has designated two dedi-
cated frequencies for AIS: 161.975 MHz (marine band Channel 87B) and
162.025 MHz (Channel 88B). In the United States those frequencies are not
available, and alternative frequencies have been designated. Each ship sta-
tion is equipped with two independent VHF receivers, which are normally
tuned to the two AIS frequencies. The ship station is also equipped with
a single VHF transmitter, which alternates its transmissions back and forth
between the two frequencies. The shipboard system can also be retuned

7See ITU Recommendation M.1371-1 (ITU 2001).
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to other frequencies when, for example, it operates within the area of re-
sponsibility of a VTS. The retuning can be accomplished either manually or
remotely by an AlS shore station.

The shipboard component of AlS consists of three elements: a communi-
cations medium, an assembly “black box” that takes the various inputs and
organizes them into AIS message format, and a display that presents in-
coming data to the shipboard user. The elements are shown graphically in
Figure 1-1.

Within the current IMO standards for AlS, the only display that is speci-
fied is known as the “minimum keyboard and display” (MKD) (IMO 2001b).
Although it is not shown in Figure 1-1, the MKD is used for monitoring the
performance of the AlS unit and inputting required data elements. The lim-
itations of the MKD are discussed in Chapter 4.

IMO and other bodies have also established a series of AlS international
standards governing system performance, technical characteristics of the
system, frequency allocation for the VHF communications medium, and

Display Assemble Communicate

ARPA Laptop HDG

Displaysincoming Gather s vessel movement Initiates and controlsthe

vessel information on information and assembles | flow of data sentences

a suitable device it into an AlS-compliant between participating units
data sentence

FIGURE 1-1 Elements of shipboard AIS. ARPA = automatic radar
plotting aid; COG = course over ground; GPS = Global Positioning
System; DGPS = Differential GPS; ECDIS = electronic charting
and display information systems; ECS = electronic charting
systems; HDG = heading. (Source: USCG 2001b.)
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TABLE 1-1 Applicable International AlS Standards

Standard Organization That Issued the Standard Issue Date
Functionality International Maritime Organization, MSC 74(69) May 1996

Technical International Telecommunication Union, ITU-R M.1371 November 1998
Certification International Electrotechnical Commission, IEC 61933-2 February 2002
Applicability International Maritime Organization, SOLAS Chapter V December 2000
Compliance? International Maritime Organization, SOLAS Chapter V July 2002 to July 2006

Communications ~ Channel 87B / 88B—World Radio Conference, [TU-A S18  May 1997

a“Compliance” may be interpreted as the “requirement to carry and use.”
Sources: USCG 2001a; IMO 2001a; IMO 2001b.

equipment test standards. They are summarized in Table 1-1. The three key
standards are identified below:

IMO Resolution MSC.74(69), Annex 3, Recommendation on Performance
Standards for a Universal Shipborne Automatic Identification System (AIS)
(IMO 2002b): This standard defines the basic performance require-
ments for AIS equipment and was used by ITU and the International
Electrotechnical Commission (IEC)® in developing technical and test
standards.

ITU-R Recommendation M.1371-1, Technical Characteristics for a Universal
Shipborne Automatic ldentification System Using Time Division Multiple
Access in the Maritime Mobile Band (ITU 2001): This standard defines in
detail how the AIS works and is the primary AlS standard. The ITU Sector
for Radiocommunications formally adopted this standard in August 2001
and gave to the International Association of Aids to Navigation and
Lighthouse Authorities (IALA) the responsibility of maintaining techni-
cal guidelines for AIS design.

IEC 61993-2 Ed.1, Maritime Navigation and Radiocommunication
Requirements—Automatic Identification Systems (AIS)—Part 2: Class A Ship-
borne Equipment of the Universal Automatic Identification System (AIS)—

81EC is the global organization that prepares and publishes international standards for all electrical,
electronic, and related technologies; it also promotes international agreements on electrotechnical stan-
dardization.
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Operational and Performance Requirements, Methods of Test and Required
Test Results (IEC 2001): This standard defines the certification test
requirements for Class A shipborne AIS equipment. IEC formally adopted
this standard in November 2001.

In addition to the international performance and technical requirements
shown in Table 1-1, the United States has established certain specific stan-
dards of its own. They are shown in Table 1-2. These standards are still
evolving and, to date, do not cover any shipboard display issues.

Ship-Originated AIS Messages

AIS messages need to be updated and retransmitted every few seconds
because the usefulness of some data, particularly data applying to the posi-
tion and movement of vessels, decays rapidly as a function of time. For
vessel position and movement data to be useful, the update rate must be
sufficient to develop a cohesive representation of the transmitting vessel’s
position and track. In the case of vessels operating at higher speeds or
maneuvering, the data must be refreshed more often. In consideration of
this, the standards provide for updates that vary with the transmitting ves-
sel's movements. Typical vessel movement conditions and the correspon-
ding reporting intervals are shown in Table 1-3.

TABLE 1-2 Applicable U.S. AIS Standards

Standard Organization That Issued the Standard Issue Date
Certification U.S. Coast Guard, 46 CFR 159 December 2001
Applicability U.S. Coast Guard, 33 CFR 164.43 July 2001
Compliance U.S. Coast Guard, 33 CFR 161 July 2001
Communications Channel 228—Federal Communications

Commission, 47 CFR 80.371(3) July 1996

Channel 87—U.S. Coast Guard,

Memorandum of Understanding March 2001

Channel 288—National Telecommunications
Information Agency July 2001

Source: USCG 2001a.
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TABLE 1-3 Vessel-Transmitted AlIS Update Rates

Ship’s Maneuvering Condition Nominal Reporting Interval
At anchor or moored and not moving at more than 3 knots 3 minutes

At anchor or moored and moving at more than 3 knots 10 seconds

Under way, moving at 0-14 knots 10 seconds

Under way, moving at 0—14 knots and changing course 3.3 seconds

Under way, moving at 14—23 knots 6 seconds

Under way, moving at 14-23 knots and changing course 2 seconds

Under way, moving at more than 23 knots 2 seconds

Under way, moving at more than 23 knots and changing course 2 seconds

Sources: IMO 20014a; IALA 2001, Table 2-1.

Table 1-4 identifies vessel-originated AIS data and their source under
three general headings: static, dynamic, and voyage-related. For oceangoing
vessels, static data are pertinent to the particular vessel and typically would
not change from voyage to voyage. However, static data for inland tows
would change frequently. Voyage-related data change each time the vessel
prepares to depart for another port. Dynamic data change from second to
second as the vessel makes its way to its destination. In addition to these
required data, discretionary data may be transmitted as desired by the vessel
master, and optional data may be transmitted if appropriate sensor equip-
ment is installed and properly connected to the AIS unit for compilation into
the AIS message format and timely transmission.

From the perspective of the mariner, the data conveyed by ship-to-ship
AIS can provide a heightened level of awareness of other vessels and their
movements in a waterway. While there is an ongoing debate about the pro-
priety of relying on AlS for collision avoidance, it holds the promise of serv-
ing this purpose when it is fully developed. Rule 7 of the International
Regulations for the Prevention of Collisions at Sea states: “Every vessel shall
use all available means appropriate to the prevailing circumstances and con-
ditions to determine if risk of collision exists. If there is any doubt such risk
shall be deemed to exist.” Thus, it seems logical that AIS will, with the impo-
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TABLE 1-4 Vessel-Originated AIS Data
(Required, Discretionary, and Optional)

Data Data Source

Static information: Every 6 minutes and on request of competent authority

Vessel name Set on installation

Call sign/mobile maritime service ~ Set on installation
identity (for VHF DSC—equipped

vessels only)

Length and beam Set on installation

Type of ship Set on installation from preinstalled list
IMO number Set on installation

GPS antenna location Set on installation

Height over keel Set on installation

Dynamic information: Dependent on speed (see IALA 2001, Table 1-1)

Ship position with accuracy Automatic update from position course sensor
indication and integrity Accuracy indication better or worse than 10 meters
Position time stamp Automatically updated from main position sensor
Course over ground Automatically updated from main position sensor
Speed over ground Automatically updated from main position sensor
Heading Automatically updated from main position sensor
Navigational status Manually entered by the officer of the watch

Under way by engine

At anchor

Not under command

Restricted in ability to maneuver
Moored

Constrained by draft

Aground

Engaged in fishing

Under way by sail

Rate of turn (ROT) Automatically updated from ship’s ROT sensor or derived
from gyrocompass

Note: Provisions are made for input from external sensors of additional information where available
(angle of heel, pitch, roll, etc.).

(continued on next page)
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TABLE 1-4 (continued) Vessel-Originated AlS Data
(Required, Discretionary, and Optional)

Data Data Source

Voyage-related information: Every 6 seconds, when data amended or on request

Ship’s draft Entered at start of voyage, updated as required
Hazardous cargo (type) Entered at start of voyage

Destination and estimated Entered at start of voyage, updated as required
time of arrival

Route plan Entered at start of voyage, updated as required
Number of persons on board Includes crew; entered at start of voyage

Short safety-related messages:
As required

Free format short text messages
manually entered as required

Note: DSC = digital selective calling.
Sources: IMO 2001a; IALA 2001, Table 3-1.

sition of carriage requirements, be one of the “available means.” In fact, AIS
overcomes two important limitations of radar when that sensor is used for
collision avoidance: (a) the raw radar echo targets do not normally represent
the real dimensions of a target, and (b) significant delays occur in providing
a true representation of a turning target.® The data must be properly dis-
played if AlS is to adequately support navigation.

When AIS is called on to serve a function such as collision avoidance,
shipboard display becomes critical. The display of ship-to-ship data, specif-
ically the dynamic data that deal with vessel movement, has developed faster
than the display of other types of data. For example, IMO Resolution
MSC.74(69), Annex 3 (AIS) (IMO 2002b), Paragraph 6 specifies that the
minimum information to be displayed will consist of

« Position,

« Course over ground,

9For a detailed discussion of these radar limitations, see Chapter 4 of the IALA Guidelines (IALA 2001).
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+ Speed over ground,
« Heading, and

« Rate of turn or direction of turn as available.

IMO (2001b) has published recommended standards for the display of
ship-to-ship data, including the symbology that should be used to display
vessel targets.'® The display of shipboard AlS information is the subject of
this report.

Shore-Originated AlS Messages
Shore-originated AlS messages can encompass a broad range of subjects:

+ Information about aids to navigation, including such details as whether
they are working properly and environmental conditions at an aid’s station;

» Meteorological or hydrological data;

+ Information about pseudoaids to navigation, providing the location and
identification of specific geographic reference points;

« The identity, position, and dimensions of offshore structures;

« VTS waypoints or route plans used by a VTS to advise ships of the way-
points or route to be used. Such plans may consist of up to 12 waypoints
or a route specified by a textual description. If waypoints are transmitted,
a recommended turning radius can be included for each one; and

« Shore-based radar target information from a vessel traffic center. The radar
images would be converted and retransmitted to AlS-equipped vessels,
where they could be displayed as pseudo-AlS targets.

In addition to the above, IALA (2001, Section 7.4) has suggested that AIS
use in pilot waters can ultimately be broadened to “provide a bird’s eye view
of a docking operation with tugboats connected or pushing including infor-
mation such as bollard pull, direction of pull and even issuing the commands
to tugboats.”

The sheer volume of the information messaging possible suggests that dis-
plays may be used for a wide variety of purposes. Displays, for example, may
be considered as the means by which AIS data are converted into informa-

10See Chapter 4, IALA Guidelines (IALA 2001).
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tion that the mariner can readily assimilate and use in decision making. For
example, if the VTS waypoints/route plan are conveyed from VTS to the
mariner as a series of latitude—longitude coordinates, the data must be plot-
ted onachart in order to be useful. If, however, the route is displayed graph-
ically on an electronic charting system that also displays own ship and other
vessel positions, it is immediately available without adding to bridge man-
agement workload. The requirements for a display are thus also dependent
on what data are provided from shore. The volume of data that will be trans-
mitted from shore affects the extent of the shore-based infrastructure. Close
coordination is therefore needed between the carriage requirements for dis-
plays and the development of shore infrastructure. Standardization of what
data are transmitted from shore is also critical to ensure a common operat-
ing environment between ports and regions.
IALA (2001) is considering a three-tiered structure that would provide

« International applications controlled by IMO;

« Regional applications controlled by organizations such as the European
Union; and

« Local applications controlled ether by national competent authorities or
local groups—ports, pilot organizations, and so forth.

Such an approach, however, could significantly complicate display require-
ments.

CURRENT DISPLAY DESIGNS
AND THEIR CAPABILITIES

Shipboard AIS displays can take many forms. Several design concepts are
available and have been used in a number of applications. Portable units in
the form of laptop computers employing AIS or similar transponder-based
technology are now in common use by ship pilots in the St. Lawrence Seaway
and in several U.S. ports such as New Orleans, Tampa, and Delaware Bay.
For existing vessels, AlS displays could be either portable or fixed units and
could be either separate or integrated with other displays such as electronic
charts. For new vessels, the opportunity exists to design and install any num-
ber of stand-alone or integrated systems that may be part of a modern inte-
grated bridge navigation complex.
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Shipboard AIS display technologies span a significant range of sophisti-
cation, complexity, functionality, and cost. While the technologies and their
application and marketing are constantly evolving, it is still worthwhile to
consider the basic types of AlS display devices available and being put into
service aboard ships. These devices range from the simple minimum three-
line alphanumeric displays to robust integration of AlS information into
electronic chart displays and radar systems. Depending on a particular ves-
sel's need or ability to accommodate varying levels of AIS display sophisti-
cation, the most appropriate installation can be implemented. Because the
display is the primary interface between the AIS and the human operator
(i.e., master, pilot, etc.), it is important to maximize the effectiveness of this
information exchange. The following four general types of AIS displays are
currently available:

1. MKD. This is the most elementary AIS display concept, incorporating
a three-line alphanumeric display screen, typically a backlit mono-
chrome liquid crystal display (LCD) device. Alphanumeric text con-
veying the basic AlS information scrolls across the display, allowing the
operator to read the information. A simple keyboard or keypad is pro-
vided to allow limited operator input and control of the display device.
Because it is limited to three scrolling lines of alphanumerics, this
device does not lend itself to conveying the graphical images that are
so often considered to possess much greater information density.

2. lconic display. This is a relatively simple AlS display concept incorpo-
rating a display screen on which simple icons representing AlS targets
are plotted. Along with the graphical representation of the vessel traf-
fic environment, AlS information such as bearing, target angle, speed,
and so forth are displayed for each icon. Although this type of display
provides more information quickly to the operator than does a mini-
mum three-line display, iconic displays are still typically monochrome,
low-resolution devices. The information displayed is also a very sim-
plified and limited representation of the actual traffic situation. lconic
displays are only capable of displaying dedicated AIS information and
thereby serve only a single bridge function.

3. Computer display. A more sophisticated AlS display concept uses a
full-color, high-resolution computer display screen. These screens pro-
vide the benefits of bright vibrant color, excellent resolution, large size,
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and good contrast and can be traditional cathode ray tubes, plasma
screens, or LCD flat panels. They can even be projection devices, in the-
ory. Desktop personal computers, laptops, or notebook computers typ-
ically included in carry-aboard AlS pilot packs use these display devices
and include full keyboards for data entry. A possible variation on this
concept includes use of handheld computing devices with built-in
display screens. Computer devices are typically adjustable for color,
brightness, contrast, and other attributes and can easily be adapted to
service in various ambient conditions, from bright sunlight to fluores-
cent work light to night darkness.

. Electronic charting systems (ECS)/electronic charting and display in-

formation systems/radar/automatic radar plotting aid integration.
Arguably the most sophisticated AlS display technology today involves
the integration of AIS information with other bridge navigation and
information systems, such as ECS and radar. Through the use of dedi-
cated display devices intended for ECS, radar, or other established pur-
poses, AIS information can be provided to the operator in the form of
complex iconic plots representing each AIS target and associated
details of the target, such as bearing, heading, and speed. Successful
integration with an accurate electronic chart could allow for increases
in the value of AIS information for navigation and safety purposes.
However, many technical, logistical, political, and psychological issues
related to such integration of bridge equipment remain to be resolved.

STATUS OF U.S. AND INTERNATIONAL
IMPLEMENTATION OF AIS

Carriage Requirements

The 2000 Amendment to Chapter 5 of SOLAS, as amended at IMO'’s Dip-
lomatic Conference of December 2002, requires that AlS be fitted aboard all
ships subject to the convention and of 300 gross tons (GT) and upwards
engaged on international voyages, cargo ships of 500 GT and upwards not
engaged on international voyages, and passenger ships irrespective of size
built on or after July 1, 2002. Cargo ships of 500 GT and upwards not en-
gaged on international voyages must fit AIS not later than July 1, 2008. The
implementation schedule is as follows:
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+ Passenger ships: not later than July 1, 2003;

« Tankers: not later than the first survey for safety equipment on or after
July 1, 2003; and

« Ships, other than passenger ships and tankers, of 300 GT and upwards but
less than 50,000 GT: not later than the first safety equipment survey after
July 1, 2004, or by December 31, 2004.

U.S. rulemaking to implement the SOLAS requirements and perhaps
extend carriage requirements to other vessels not affected by SOLAS is under
development. The specific form and implementation schedule may reflect
requirements of the Department of Homeland Security, particularly the pro-
visions of the Maritime Security Act of 2002. In general, however, it appears
that certain vessels not covered by SOLAS will be among those required to
carry some form of AIS in the future and will be those subject to the Bridge-
to-Bridge Radiotelephone Act.

In December 2002, the U.S. St. Lawrence Seaway Development Corp-
oration and the Canadian St. Lawrence Seaway Management Corporation,
in cooperation with the U.S. Coast Guard (USCG) and the Canadian Coast
Guard, issued a mandatory AlS carriage requirement for all oceangoing and
lake vessels transiting the seaway beginning March 25, 2003. The seaway
authorities are arranging for vendors to rent or lease AIS units to vessels
without permanent AIS equipment that transit the seaway after March 25,
2003.

Long-Range AIS

In January 2002 the United States proposed to IMO that the implementation
of AIS be accelerated and that means be developed to extend its range to
200 miles (IMO 2002a). In February 2002 the Maritime Safety Committee
(MSC) Intersessional Working Group on Maritime Security agreed to rec-
ommend acceptance of the proposed revision to the May 2002 meeting of
the committee (MSC 75) (IMO 2002a). The final decision was made by a
Diplomatic Conference on Maritime Security in December 2002.1* It is by no
means certain that technical and schedule changes will be adopted, and the
changes necessary to extend AlS range may take significantly more time than
now envisioned. International acceptance of such an application, while by

1 IMO undated newsletter.
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Nno means assured, is supported by many coastal states with related inter-
ests.’? In its submission to IMO, the United States suggested that other long-
range communication systems such as International Maritime Satellite might
be better used for this purpose than AIS (IMO 2002a).

There is no IMO requirement that addresses communications systems for
long-range applications for AIS Class A mobile systems (IALA 2001, Chap-
ter 20). In principle, any long-range communications system can be used if
it is suitable for data transmission. Using existing onboard high-frequency
and satellite-based communications systems may prove difficult because of
the problems associated with connecting the AlS unit to alternate commu-
nication systems. The physical connection, testing, and fail-safe changeover
from the AIS’s VHF connection to another (or parallel) system on entering
the United States exclusive economic zone (EEZ)* may not prove reliable.
As newer systems are deployed (e.g., low-earth-orbit satellite transceivers),
planning may enable AlS-compatible preinstalled connectors and appropri-
ate software applications to manage the interface and transmission of AlS
data over long-range systems. Except as it may affect the overall AlS imple-
mentation schedule, the long-range application of AIS for security purposes
should not affect shipboard display issues.

Long-range AIS communications are based on an interrogation—response
system that effectively limits the ship-related data transmitted to one or more
of three “long-range data formats” shown in Table 1-5. It should be noted
that the long-range queries and responses are designed for automatic han-
dling involving no additional workload for shipboard personnel.

Development of AIS for Non-SOLAS Vessels

Several nations, including the United States, are planning to extend AIS
implementation to vessels not covered by the current SOLAS requirements
discussed above. Vessels affected would range from those used in a harbor

2For expression of representative surveillance needs, see HMSO (1994).

13 The United Nations Convention on the Law of the Sea (United Nations 1982) delineated three areas
within which coastal states can exercise one or more forms of jurisdiction. The following are simpli-
fied definitions: territorial seas, immediately adjacent to the coast, are subject to the sovereignty of
coastal states; contiguous zones, extending not more than 24 miles offshore, are areas wherein national
jurisdiction can be exercised to enforce customs, immigration, or sanitary laws; and exclusive economic
zones, extending not more than 200 miles offshore, are areas where the sovereignty of the coastal states
is limited to the jurisdiction necessary for the preservation and protection of the marine environment.
Limited sovereignty is also granted over some matters related to natural resources.
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TABLE 1-5 Long-Range Data Formats
Data IEC 61162-1 Sentences

MMSI of responder LR1—long-range response, Line 1
MMSI of requestor

Ship’s name

Ship’s call sign

IMO number

MMSI of responder LR2—long-range response, Line 2
Date and time of message composition

Position

Course over ground

Speed over ground

MMSI of responder LR3—long-range response, Line 3
Destination and ETA

Draft

Ship/cargo

Ship’s length, breadth, and type

Number of persons on board

Note: MMSI = merchant marine station identifier; ETA = estimated time of arrival.
Source: IALA 2001, Table 20-2.

environment (tugs, pilot vessels, service vessels, etc.) to those used on the
high seas, such as small commercial vessels, fishing vessels, and pleasure
craft. All inland navigation vessels are also potential users of AlS. Within
ITU, two classes of AIS have received the most attention and discussion:
Class A systems designated for vessels under the SOLAS regulations, and
Class B systems to be designated for non-SOLAS vessels.'* These two classes
are described by ITU (2001) as follows:

Class A Shipborne Mobile Equipment will comply with relevant IMO AIS car-
riage requirements.

Class B Shipborne Mobile Equipment will provide facilities not
necessarily in full accordance with IMO AIS carriage requirements.

14 Although they are not now within official ITU discussions, other AIS classes have received attention
and may be designated in the future. These include systems for use by search and rescue aircraft, sys-
tems to be installed on aids to navigation, and systems to be installed at AlS base stations.
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In general, the Class B AlS designated for non-SOLAS vessels differs from
the Class A system in the following ways:

« It has a reporting rate less than a Class A (e.g., every 30 seconds at speeds
under 14 knots, as opposed to every 10 seconds for Class A).

« It does not transmit the vessel's IMO number or call sign.

« It does not transmit estimated time of arrival or destination.

« It does not transmit navigational status.

« Itis only required to receive, not transmit, text safety messages.

« Itisonly required to receive, not transmit, application identifiers (binary
messages).

« |t does not transmit rate-of-turn information.

+ It does not transmit maximum present static draft.

In addition to the above, a third class of units, referred to as “Class A
derivatives,” is not presently dealt with in detail by any of the AlS-related
documentation (IMO, ITU, IEC, IALA) but is discussed in a general way in
the IALA Guidelines (IALA 2001). Class A derivatives are intended to serve
particular groups of users (IALA 2001, Section 12.6). The examples de-
scribed are systems of inland and coastal navigation, personal pilot units®®
(PPUs), and the use of AIS in harbors for service vessels such as tugs and
pilot boats. Class A derivatives are intended to have the same functionality
and reporting rate as Class A stations on the VHF data link message level,
but all of the mandatory components of Class A stations will not be required.

The IALA Guidelines (IALA 2001, Section 1.6) identify European plans
for a Class A derivative for use on inland waterways, with particular focus
on areas where there is a mix of seagoing and inland vessels. This equip-
ment would be based on and behave like the Class A shipborne mobile
equipment but fall outside the purview of SOLAS. A digital selective calling
component would not be included, and there may be other as yet unspeci-
fied differences.

15The personal pilot unit is also known as a personal pilot pack, portable pilot pack, portable pilot unit,
and so forth.
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The use of a Class A derivative as a PPU has been discussed with two vari-
ations. In one, the unit is essentially self-contained, with its own portable
AIS combined with a laptop computer as a pilot workstation. In the other,
the unit is a portable laptop workstation, which connects to the pilot port
connector of an onboard AlS.

In general, PPUs are self-contained and are used primarily to provide
pilots with their own capability in boarding vessels not fitted with AlS.
According to the IALA Guidelines (IALA 2001), it is essential that such units
be fitted with a heading sensor if the pilot pack is to be used in waters requir-
ing frequent course alterations. IALA (2001) has concluded that without
a heading sensor the PPU will not provide sufficient information to other
vessels in the vicinity.

The standard shipboard AIS will be fitted with a pilot/auxiliary input/out-
put port, which will allow the pilot to plug in his or her own workstation
and receive more frequent “own ship” navigational information. In this
way the pilot will also receive all other AIS information at the standard AIS
rate and be able to forward information to other vessels in the vicinity or to
aVTs.

A PPU may also be equipped with a display capability different from that
installed on the ship. This would facilitate providing pilots with waterway-
specific information beyond that which might be manageable with a typical
shipboard display. Such use appears to be recognized by the IALA Guidelines
(IALA 2001, Section 12.6.2).

Security Issues

Security issues associated with shipboard display of AIS information were
considered by the committee. One question was how security concerns
might affect display requirements; another was how additional display
parameters for security purposes might add to the mariners’ workload. Other
security issues and the overall need to improve security in the nation’s ports
and waterways are not covered in this report.

The use of AIS to provide information about vessels within national
waters is an extension of AlIS's basic function to provide information to
coastal states. No additional shipboard requirements will be imposed pro-
viding the data transmitted are limited to those already incorporated in the
IMO requirements.
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A number of past efforts have defined the need to prevent waterborne
terrorism under the term maritime domain awareness (MDA). In simple
terms, MDA is defined as having “effective knowledge of all activities and
elements in the maritime domain that could represent threats to the safety,
security or environment of the United States or its citizens” (Loy and Ross
2002). The term was used in USCG’s 1999 Strategic Plan (USCG 1999).16
The area encompassed by the “maritime domain” is considerable, consist-
ing of the United States EEZ and, judging by recent actions [e.g., Brosnan
(2002)], the nation’s inland waterways. The maritime domain thus con-
sists of the 3.4 million square miles of the nation’s EEZ and an estimated
25,000 miles of inland waterways. There is no exact definition of MDA's
appropriate level of “effective knowledge,” but some tools include “real-
time cargo, people, vessel tracking systems” (Loy 2001). The vessel-
tracking requirements might encompass many types of vessels within a
variety of waterway situations—most likely those regions where AIS will be
used in the future. Conceptually, MDA can include surveillance, reporting
of voyage/cargo/passenger/crew—related data, enforcement, data collection,
and decision support.

AlS clearly supports the surveillance component, and the United States
has made clear its intention to use AIS in that capacity. It is attractive for
this purpose because it can piggyback on a carriage requirement that will
be imposed for other reasons and because it provides a solution to U.S.
inability to unilaterally require reporting of position and movement by all
foreign-flag vessels operating within one of the areas of major interest, the
EEZ outside U.S. territorial waters. As a surveillance tool, the basic auto-
matic messaging will probably provide the necessary data without the
requirement for additional input and without affecting the shipboard dis-
play of AIS information. The second component, reporting of voyage/
cargo/passenger/crew—related data, may fit technically within the capabil-
ity of ships to transmit short safety-related messages via AlS, depending on
the data requirements imposed. Until those requirements have been estab-
lished with respect to both data content and frequency, the effect on
mariner workload and shipboard display requirements remains a matter of

16 The relevant portion states, “The Coast Guard will achieve the ability to acquire, track, and identify
in real time vessels and aircraft entering America's maritime domain.”
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conjecture. The remaining MDA components do not appear to affect ship-
board operations or displays.

In November 2002, the Maritime Transportation Security Act of 2002 was
signed into law, with the following provisions dealing with AlS:

8§ 70114. Automatic identification systems
(a) SYSTEM REQUIREMENTS.—

(1) Subject to paragraph (2), the following vessels, while
operating on the navigable waters of the United States,
shall be equipped with and operate an automatic identi-
fication system under regulations prescribed by the
Secretary:t’

(A) A self-propelled commercial vessel of at least
65 feet overall in length.

(B) A vessel carrying more than a number of passengers
for hire determined by the Secretary.

(C) A towing vessel of more than 26 feet overall in
length and 600 horsepower.

(D) Any other vessel for which the Secretary decides
that an automatic identification system is necessary
for the safe navigation of the vessel.

(2) The Secretary may—

(A) exempt a vessel from paragraph (1) if the Secretary
finds that an automatic identification system is not
necessary for the safe navigation of the vessel on the
waters on which the vessel operates; and

(B) waive the application of paragraph (1) with respect
to operation of vessels on navigable waters of the
United States specified by the Secretary if the
Secretary finds that automatic identification systems
are not needed for safe navigation on those waters.

(b) REGULATIONS.—The Secretary shall prescribe regulations
implementing subsection (a), including requirements for the

7The “Secretary” is the Secretary of the Department within which USCG operates, which in 2002 was
the Department of Transportation. In March 2003, USCG was transferred to the Department of Home-
land Security, and in times of “national emergency” it moves to the Department of the Navy.
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operation and maintenance of the automatic identification sys-
tems required under subsection (a).

§ 70115. Long-range vessel tracking system
The Secretary may develop and implement a long-range automated
vessel tracking system for all vessels in United States waters that are
equipped with the Global Maritime Distress and Safety System or
equivalent satellite technology. The system shall be designed to
provide the Secretary the capability of receiving information on ves-
sel positions at interval positions appropriate to deter transporta-
tion security incidents. The Secretary may use existing maritime
organizations to collect and monitor tracking information under
the system.
(e) PHASE-IN OF AUTOMATIC IDENTIFICATION SYSTEM.—
(1) SCHEDULE.—Section 70114 of title 46, United States
Code, as enacted by this Act, shall apply as follows:
(A) On and after January 1, 2003, to any vessel built
after that date.
(B) On and after July 1, 2003, to any vessel built before
the date referred to in subparagraph (A) that is—
(i) a passenger vessel required to carry a certifi-
cate under the International Convention for
the Safety of Life at Sea, 1974 (SOLAS);
(ii) atanker; or
(iii) a towing vessel engaged in moving a tank
vessel.
(C) On and after December 31, 2004, to all other ves-
sels built before the date referred to in subpara-
graph (A).

The committee briefly considered the potential for use of AIS “safety-
related” messaging to provide emergency notification of security-related
events or instructions. Such use might require incorporating the capacity for
alerting mariners to the receipt or transmission of urgent messages into ship-
board AIS displays. Such an alerting capability may have wider application
than just security.
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APPROACH

This report provides a critical examination of the technical and human fac-
tors aspects of shipboard display of AIS information. This examination has
resulted in recommendations that USCG can use in the development of
domestic requirements and in its participation in international rulemaking
and standards development.

In conducting its examination, the committee considered the following
factors and prepared analyses or evaluations of each:

« Evolving technology, security, economics, operational considerations,
and human factors design principles will all affect the display of shipboard
AIS. The technologies that have been used in early stages of AIS develop-
ment aboard vessels as well as related systems in use in other fields, such
as aviation, were reviewed; and data about vessel operational situations
were obtained from numerous presentations, field visits, and vessel tran-
sits. This information is presented in Chapter 2 on operational envi-
ronments and in Chapter 5, where the application of human factors
principles to display design is described.

« The impact of differing operational environments is presented in Chap-
ter 2, and skill requirements of operators who will use the AlS shipboard
displays are described in Chapter 5. These factors should be taken into
consideration early in the requirements process in order to meet operat-
ing and operator needs. Chapter 2 presents an assessment of the types of
vessels that will use AIS and their operating parameters (including a
description of integration with other bridge information systems), and
alternative methods that might be considered when data must be col-
lected, transmitted, and transformed are suggested.

+ How the range of tasks to be supported by AIS will drive display
requirements is reviewed in Chapter 4. AlS functions and shipboard
tasks should be matched to the requirements that may be established
for displays, and preliminary task analyses on board vessels that might
carry AlS displays were conducted to illustrate a systematic approach
for setting display requirements. The requirements analysis process
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that should be used to develop AIS display requirements is described
fully in Chapter 4.

« How changes in existing and evolving technology, equipment/techni-
cal integration, international standards harmonization requirements,
manufacturers’ and standards bodies’ requirements, and economics
may affect shipboard display of AIS information is also described in
Chapters 2 and 5. These factors were taken into consideration by
reviewing relevant U.S. and international literature; convening an AlS
display workshop where designers and other technical experts, manu-
facturers, operators, and human factors experts were invited to make
presentations and engage in discussions of key issues; visiting officials
and operational sites in key foreign countries where important AIS
development work has been under way; examining recent experiences
from relevant domestic and international AIS programs; and reviewing
reports of test and evaluation programs. A summary of the workshop
can be found in Appendix A, and a summary of the site visits can be
found in Appendix B.

« Human factors considerations for AIS display systems, including the
mariners themselves and their capabilities and training, are discussed in
Chapter 5. The operating environments within which these systems will
be used and the matching of technology with human factors requirements
are included in the discussion.

As a result of its reviews, examinations, and analyses, the committee pre-
pared findings and recommendations that address the types and organiza-
tion of information important for shipboard display of AlS information. The
recommendations also address the application of human factors design prin-
ciples to the development of shipboard AlS displays and consider the impact
of such displays on future systems and programs.

This report addresses the challenges associated with shipboard display of
AIS information but does not cover the full spectrum of AlS challenges. For
example, AlS is a complement to traditional navigational aids; it does not
replace them, nor does it substitute for good judgment or replace the need
to use all available means appropriate to the prevailing circumstances and
conditions to establish vessel position. This principle is a basic tenet of this
report.
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Variability in Operations

The purpose of a shipborne automatic identification system (AIS) display,
stated briefly, is to present AlS-transmitted data in a form that is useful to
mariners in decision making. Present-day display technology, combined
with advances in computer capabilities, provides the capacity to satisfy that
purpose by presenting AlS-transmitted data in many different forms. The
types of operating environments in which AIS will be deployed and the dis-
play impacts of those environments are described in this chapter.

TYPES OF VESSELS AND OPERATING PARAMETERS

Since the onboard AIS display must function with the other components
from which a mariner draws information, an understanding of the environ-
ment into which such displays must fit is critically important. The commit-
tee considered four types of vessels and their shipboard display impacts:
SOLAS vessels—Ilarge oceangoing vessels engaged in international trade that
are governed by the Safety of Life at Sea (SOLAS) convention; non-SOLAS
vessels—those vessels engaged in the U.S. domestic trade that are not gov-
erned by the SOLAS convention; offshore industry vessels; and public vessels.
Each of these vessel types is considered in turn.

SOLAS Vessels

Large oceangoing ships—containerships, tankers, and bulk carriers—are
one type of operating environment where AlS will be deployed. Oceangoing
vessels are built and operated under the SOLAS treaty, which mandates the
carriage of not only AIS but also gyrocompass, radar, automatic radar plot-
ting aid (ARPA), and other equipment that may be required to interface with
AIS. At sea, typically one officer and a helmsman are on watch in the wheel-
house, monitoring the transit and keeping lookout. When approaching
pilotage waters, the officer of the watch (OOW) is normally joined by the
master, then by the pilot and possibly another mate. Thus, aboard large
oceangoing vessels there may be more than one person on the bridge of the

43
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ship in pilotage waters. A schedule for phasing in AlS carriage requirements
for SOLAS vessels was described in Chapter 1.

The United States is one of the largest trading nations in the world, and
large ships of every variety carry import and export cargoes to and from its
major ports and waterways on all of its coasts. The four major categories of
oceangoing ships are petroleum tankers, container carriers, bulk cargo ships,
and passenger ships. While the ships that carry domestic cargo (from one
U.S. port to another) are all registered under the U.S. flag, most of the ships
in international trade are registered under a foreign flag, and these are by far
the largest segment of the oceangoing fleet operating in U.S. waters. These
foreign-flag ships are governed by the SOLAS convention, which means that
most of the SOLAS vessels operating in U.S. waters will be required to carry
AIS. The U.S. regulations will apply to vessels in U.S. waters regardless of
flag, and since vessels in international trade will generally be required by
SOLAS to carry AlS, U.S. domestic regulations must be compatible to avoid
the need to change equipment for entry into U.S. waters. This underscores
the necessity that the United States work with other nations and interna-
tional bodies to ensure harmonization of standards for the technology and
for training and certification of operating personnel.

The SOLAS ships that will carry AIS will operate in all major U.S. ports.
The largest and most sophisticated of these vessels represent significant cap-
ital investments, and it can be expected that operators will readily incorpo-
rate systems that promise safety improvements. In addition, because the
United States is such a large trading nation, almost all owners of major ships
in the international trade will consider using their vessels in U.S. trade at
some point in their lifetime. Thus the world fleet of more than 25,000 major
merchant ships, registered in dozens of countries, will begin carrying AIS
over the next several years and will be candidates for AIS displays as well.

Non-SOLAS Vessels

Non-SOLAS vessels are those vessels engaged in U.S. domestic trade that are
not governed by the SOLAS convention. The vast majority of these vessels
operating in the United States domestically that are likely to carry AIS units
are shallow-draft tugboats, towing vessels, and passenger vessels of various
sizes. This holds true even in the busiest ports. Specifically, four types of
vessels in the United States will probably be required to carry AIS by a
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domestic carriage requirement: commercial vessels exceeding 20 meters, ves-
sels carrying more than 50 passengers, commercial towing vessels exceed-
ing 8 meters, and dredges and floating plants. A recent analysis by the U.S.
Coast Guard (USCG) indicates that on the order of 8,000 non-SOLAS ves-
sels falling within those four categories will be required to carry AIS (USCG
2003). Included in this figure are 2,697 passenger vessels and 4,191 tow/tug
boats. The exact number of non-SOLAS vessels affected will not be finalized
until completion of the rulemaking process now in progress. Most of these
vessels are one-person wheelhouses, with that one person acting as helms-
man, mate on watch, pilot, and master. Thus, in the wheelhouses of non-
SOLAS vessels in the domestic trade, there is usually only one person on
watch. Clearly, then, a domestic carriage requirement for AIS must meet the
needs of the large fleet of smaller non-SOLAS vessels.

After fishing vessels, towing vessels make up the largest segment of the
U.S. commercial vessel industry. About two-thirds of towing vessels are
involved in the transportation of hazardous materials and petroleum prod-
ucts (NTSB 1998). Towing vessels, or tugboats, and coastal integrated
tug/barges operate in coastal waters and along the U.S. intracoastal water-
ways, rivers, harbors, bays, sounds, and the Great Lakes on a system encom-
passing some 25,000 miles of inland waterways. These vessels operate in all
weather conditions, 24 hours per day, 365 days per year. Towboats push
flotillas of barges called tows. Tows vary in their number of barges and tow
configuration. The area of operation and the size and power of the towing
vessel determine the number of barges and how they are arranged to form
the tow. A tow may consist of a towboat and 1 or 2 barges or a towboat with
50 barges. The larger tows with their accompanying larger and more pow-
erful towing vessels are found in an area of the U.S. inland waterways known
as the Mississippi River System but historically designated as the “Western
Rivers.”

Passenger vessels represent a huge variety of vessels, equipment, routes,
and applications. Within the passenger vessel fleet there is a segment of large
ferries, overnight cruise vessels, and high-speed vessels that tend to have a
sophisticated array of electronic equipment. However, most passenger ves-
sels are small and travel on very short routes with only the most basic equip-
ment appropriate for their operation and operating area. The latter group
includes charter fishing vessels, whale watchers, dinner boats, and excursion
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boats. For many of these small passenger vessels, there is little variation in
route or schedule. In many ports in the United States, frequent users of the
waterway know that the dinner boats sail at 7 p.m., are off Point Aat 8 p.m.,
off Point B at 8:30 p.m., and back at their dock at 9:30 p.m., for example.

Offshore Industry Vessels

Several thousand boats are engaged in the support of offshore marine in-
dustry. These vessels are sleek, highly maneuverable, powerful, and often
equipped with the latest navigational and communication equipment. They
operate in both inland and offshore environments. In U.S. ports and harbors
their voyages require interaction with both shallow-draft non-SOLAS vessels
and deep-draft SOLAS vessels. They also interact with SOLAS vessels in
international waters. The size and power of offshore industry vessels are dic-
tated by their particular function. Generally, these vessels fall into one of
three categories: crew boats, offshore supply vessels, and utility vessels.

Crew boats are fast and used primarily to transport offshore oil rig crews
and light supplies to and from offshore rigs. These vessels range from 30 to
100 feet in length.

Supply boats carry all the supplies that an offshore rig or platform needs
to operate—drilling equipment, mud, tubulars, cement, auxiliary machin-
ery, oil and lubricants, and sufficient food and water for the workers on the
platform. They are equipped to operate in all weather conditions. They are
typically shaped like a tug with a high foredeck and are powered by two
strong diesel engines. Many of these vessels will also double as towing/
anchor-handling vessels and are used to move the rig when the need occurs.
Most supply vessels are between 300 and 500 gross tons and can be as long
as 800 feet.

Utility vessels are generally between crew boats and supply boats in size.
They are the less sophisticated and lower-powered members of the supply
boat family and are used to transport rig crews and supplies to and from an
offshore oil field. They work with pipe-laying barges, shuttling fresh tubu-
lars out from the shore or attending the operations of divers or subsea engi-
neers. They also serve as standby or emergency evacuation vessels.

Public Vessels

SOLAS exempts warships, naval auxiliaries, and ships owned or operated by
governments for public rather than commercial uses from the requirement
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to carry AIS. In the United States the largest number of vessels in this
category are military vessels.

U.S. military vessels are owned and operated by the United States gov-
ernment as public vessels. Every service of the armed forces owns or oper-
ates waterborne vessels of some type. They range from small outboard
motorboats to the largest Navy aircraft carriers. As part of the military fleet,
these vessels are largely exempt from SOLAS convention agreements. How-
ever, Navy and other services’ policy guidance requires compliance with all
SOLAS and other International Maritime Organization (IMO) requirements
to the extent possible. Accordingly, although there are currently no legal
obligations for military vessels to carry and use AlS, the benefits of doing so
are being investigated and recognized by the military leadership.

AlS is considered to provide vital safety and operational information that
should be at the disposal of the public ship operator and shared with other
shipping traffic in nonhostile, piloting navigation situations. Public vessels
are an integral, and in many localities not an insignificant, component of ves-
sel traffic. Thus, the inclusion of public vessels into the overall AlS field of
vision can only increase the utility and effectiveness of AlS for all users.

AIS, when installed on military vessels, and particularly on the larger,
newer, high-value military vessels, can be interfaced with electronic chart
display information systems (ECDIS), ARPA, voyage data recorders, and
other bridge equipment making up an integrated bridge system. Require-
ments addressing which specific vessels will ultimately need to carry AlS,
and when, are still being developed. To the extent consistent with their mis-
sions and without adversely affecting their operational capabilities and readi-
ness or compromising force protection requirements, military vessels should
be identified by AIS. Within the Navy, the Office of the Navigator of the Navy
is working closely with USCG to develop policies and procedures to this end.

Potential issues and concerns identified to date by the military in the
course of deliberations on AlS are not unique or very different from those
expressed by other segments of the maritime population and include the
following:

« Security and force protection concerns arising from open, unrestricted
broadcast of AlS data;

» Costs associated with implementation, regardless of the benefits;
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« The accuracy and reliability of the system and the information conveyed;
and

« The degree to which operators can control and manipulate AIS data and
the potential for misuse.

Efforts to fully understand the implications of these issues and concerns
within the military context are continuing.

TYPICAL BRIDGE OPERATIONAL ENVIRONMENTS

While there are good arguments for finding the optimal configuration for
AIS display, in reality the existing wheelhouse or bridge environment will
have a large impact on display design and effectiveness. For smaller vessels,
which will make up the bulk of AlS-equipped vessels, this means that the
size, placement, and configuration of the AlS equipment must conform to
tight quarters. The wheelhouses of inland towing vessels vary in size and
configuration and may be as small as 50 square feet. Some of the wheel-
houses on larger river vessels may be several hundred square feet. In this
space fits the non-SOLAS vessel's radar, radios, steering mechanism (com-
monly referred to as “sticks”), a swing meter, compass, and other equipment
such as a fax machine, computer, and electronic chart unit.

AIS units will need to fit within this space and remain in the mariners’
peripheral vision while not interfering with their view of the outside or other
equipment. AIS visual displays will need to find a balance between being
large enough to convey the necessary information and small enough to fit
unobtrusively among other equipment. In some cases, vessel operators will
find it advantageous to combine AlS with other charting and radar equip-
ment. In other cases, operators may simply add AlS to an already existing
piece of equipment. This is likely to be dictated by individual needs and
existing onboard equipment.

One consideration that must be factored into AIS display issues is the lim-
ited opportunities available for mariners to input data into the system.
Towing vessels and most other inland vessels operate a one-person wheel-
house. The vessel operator will of necessity have at least one hand occupied
steering the vessel. (See Figures 2-1, 2-2, and 2-3 for pictures of three types
of wheelhouses.) This will make it impractical and perhaps unsafe to require
the operator to type information into the AIS unit. Any system that requires
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FIGURE 2-1 Wheelhouse of a small towing vessel. (Photo courtesy of
Kirby Corporation.)

the operator to scroll through information or search through data fields may
also be impractical.

Passenger vessels cover a wide range of technology, service, manning, and
training. From the sophisticated high-speed ferry (see, for example, Fig-
ure 2-3) to a vessel with the simplest of equipment (see, for example, Fig-
ure 2-1), the application of AIS will pose a challenge to the operator as well
as the regulator and the designer. Domestic regulations for small passenger
vessels take into account their sizes and unique operations.

Unlike the larger oceangoing vessels, many domestic vessels are not
required to carry much of the equipment with which AIS would need to
interface for proper operation. For small passenger vessels, the only naviga-
tion equipment required under U.S. regulations is a radar and a magnetic
compass. An electronic position-fixing device is only required for vessels
with an oceans route endorsement. A ferry on an inland river or a vessel on
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FIGURE 2-2 Wheelhouse of a medium towing vessel. (Photo courtesy of
Kirby Corporation.)

a short, restricted route can be exempted from the requirement to be fitted
with a radar (46 CFR 121). Thus, AIS carriage requirements for domestic,
non-SOLAS vessels should consider the range of operating conditions, avail-
able space, and available electronic equipment likely to be encountered on
different vessels.

In the bridge or wheelhouse environment of a non-SOLAS vessel, audible
alarms of AIS activities, such as approaching vessels or potential meeting
situations, are of limited value. The background noise of the non-SOLAS ves-
sel, combined with radio monitors and the proliferation of cellular tele-
phones, would all compete with audible alarms. In addition, every vessel
meeting situation in any congested port or river is a potential collision, and
alarms could sound so often as to be ignored or turned off.

In critical situations, text messages sent to operators of non-SOLAS ves-
sels via AIS could negatively affect vessel safety, especially if the mariner
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FIGURE 2-3 Wheelhouse of the Victoria Clipper, a high-speed ferry.
(Photo courtesy of David Natali, Clipper Navigation, Inc.)

were required to respond. For instance, a number of vessel information sys-
tems are currently used by inland vessel operators. Most have a function that
allows for text messaging between the vessel and shoreside offices. In gen-
eral, vessel operators are encouraged to respond to these text messages only
when they are not busy with other tasks.

NEED FOR EFFECTIVE SHIPBOARD AIS DISPLAYS

As an important source of navigational information, AlS displays should be
tailored to facilitate operator use of the transmitted information in decision
making. Several major areas of concern have been identified,* two of which
are discussed below.

1See Lee (2002) for a representative discussion of the issues in professional journals.
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“The seduction of safety” is a phrase apparently coined by the Interna-
tional Electrotechnical Commission (IEC) and used as early as 1999 as a
shorthand means to express the sometimes false sense of precision and com-
pleteness conveyed to mariners by electronic navigational displays. Prob-
lems described by this phrase stem from such things as failure to appreciate
errors inherent in such systems, which causes what is depicted to be accepted
as reality without cross-checking with other sources of information. The
resulting dangers were recognized, for example, in the investigation follow-
ing a 2000 collision between two ships in Canadian waters, as shown by the
following quotation from the subsequent report (Transportation Safety
Board of Canada 2000).

Given the immediate goal of passing the “LADY SANDALS,” the OOW focused
on the apparently precise representation of the area provided by the ECS sys-
tem, and did not appreciate the variance between its representation and the
visual cues.

The NTSB (1997) report on the Royal Majesty provides another example
of this.

Another potential area of concern is the issue of “stand-alone presenta-
tion of information,” which refers to the present-day situation in which
mariners must draw and correlate data from a number of independent
sources to develop information for decision making—typically a combina-
tion of visual cues, one or more radars, paper and electronic charts (ECDIS
or ECS), conventional instruments such as compass, speed log, communi-
cations, machinery, instrumentation, and alarm panels. Mariners must not
only correlate the data provided by these diverse sources but also resolve the
differences between the various inputs and determine what is valid within a
safety- and time-critical period.

This difficulty is compounded by the lack of commonality in bridge lay-
outs of commercial vessels, even those of the same class. A typical layout of
the bridge of an 8- to 15-year-old tank ship is shown in Figure 2-4. As can
be seen, not only is there a variety of instrumentation, but also the locations
are such that the OOW must constantly move between locations to receive
all of the data provided.

Such movement is distracting and can introduce delays in decision mak-
ing, particularly when a pilot is unfamiliar with the bridge layout. The prob-
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FIGURE 2-4 Typical wheelhouse layout of older ships. (GMDSS =
Global Maritime Distress and Safety System.)

lem is well recognized worldwide. For example, a 1991 Finnish study
(Haapio 1991) reported that pilots, who in the course of their duties may
be responsible for several ships a day, find it particularly difficult to adapt
to the many different types of equipment on and layout of ships’ bridges.?
lll-considered placement can also contribute to stress during operations in
close quarters or low visibility and can increase fatigue. These problems may
be exacerbated by the lack of instrumentation standards, particularly in the
layout of controls for critical equipment such as radars, DGPS receivers, and
the like. The literature dealing with marine accidents contains many exam-
ples of the casualties that result.?

Bridge layout standards have been developed by individual nations and
classification societies,* but those standards have yet to be applied on an
international scale to new construction or retrofitted on existing ships. For
the past several years IMO has been in the process of developing integrated
bridge standards. Unlike aircrews, whose equipment certifications are
related to specific types of aircraft, marine pilots and shipboard personnel

2For a more recent discussion of this and related problems see the report of an interview of the presi-
dent of the International Maritime Pilots Association (Professional Mariner 1997).

3There are many supporting investigation reports. MSA MAIB (1993, 12-13) reports a typical exam-
ple in which a watchstander, unfamiliar with the clutter controls of a radar, set that feature in a way
that precluded detection of an anchored vessel and subsequently collided with it. In another case, a
collision of the Ever Decent, a containership operated by Evergreen Marine, and the Norwegian Dream,
a 2,400-passenger cruise ship, took place in clear visibility and light winds in the English Channel 20
miles from Margate. The proximate cause was inattention of the cruise ship’s watch officer, and the
probability is that he was distracted by an “administrative task.”

4Examples include Ship’s Bridge Layout and Associated Equipment; Requirements and Guidelines (British
Standards Institution 1995).
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are not licensed for specific vessel models.> Consequently, pilots and ships’
officers may be assigned to ships in which they have no experience. Under
those circumstances nonstandard bridge layouts impede the familiarization
process.

The need to bring order to this chaotic condition has long been recog-
nized, but it was not until July 2000 that IMO (2000) moved to establish a
work item “to harmonize the presentation of navigational information” in
such a way as “to avoid confusion in the display of such information.” It is
noteworthy that the IMO action was triggered by the new carriage require-
ment for AlIS. IEC has established a Working Group (WG13) to develop spe-
cific standards. The group’s approach appears to be governed by several
general principles (Lee 2002):

« The present arrangement, under which information is distributed among
numerous sources, is unsatisfactory.

« Information overload is dangerous.

» Co-locating information on a single display can lead to cluttered results,
and performance can be degraded by displaying information in a manner
that masks or obscures it.

Unfortunately, the results of the IEC working group are still several years
away. In addition, it must be recognized that a significant number of inter-
national standards already apply to shipboard displays, which must also be
considered in specifying AlS display requirements.

With respect to AlS, the shipboard operating environment is shaped by a
number of factors, among which are®

» The range of data that will be transmitted, particularly the safety-related
elements transmitted by shore stations to ships;

« The areas or routes used by the vessels equipped with AlIS displays;

« The work environment, tasks, and workload of the shipboard bridge
watchstanders charged with the safety of navigation;

5Unlike aircraft, ships are usually constructed individually to a custom design. Marine licensing tends
to be categorized by vessel tonnage, area of operation, and type of carriage, or some combination
thereof.

6The listing is not in order of importance.
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« The skill level of the shipboard personnel who will use the AIS displays,
and the training and qualifications required to use the displays effectively;

+ The role technology should play, given prevailing and anticipated ship-
board workload and skill levels, in converting AIS data into useful and
timely information (this factor incorporates consideration of the limits of
current “off-the-shelf” display technology);

» The benefits derived from mandated displays in comparison with the cost
of fitting and maintaining the displays, including associated personnel
costs (which encompass training); and

« The size of the crew and the number of bridge team members.

The issue of displays is also made more complex by the present stage of
AIS development. The current body of work published by IMO and the
International Association of Aids to Navigation and Lighthouse Authorities,
among others, addresses in detail the data to be provided and transmitted by
vessels via the AIS medium. The same cannot be said for the shore-to-ship
data flow. Absent clear definition, including specification of which shore-to-
ship data sets will be in mandatory use for maritime safety, display require-
ments will remain in a state of flux. Considerable effort is necessary to define
the shore-to-ship data flow to the same degree of precision as now exists for
ship-originated data. Since those data will play a role in determining display
requirements, early resolution is required before definitive requirements for
displays can be generated. A related issue is the necessity for oversight and
control by national-level “competent authorities” of those shoreside entities
generating AlS-transmitted data to ensure consistency among the various
waterways and that required shipboard components are not overburdened.

COST CONSIDERATIONS

One of the realities affecting the imposition of AIS displays through a car-
riage requirement is cost, in terms of both the overall impact of the require-
ment on the national economy and the affordability of the requirement by
the individual user. From the U.S. regulatory standpoint, the rulemaking
process must include an analysis of the economic and any other relevant
consequences of each of these alternatives (USDOT 1980). In terms of the
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national interest, the cost—benefit analysis requirement is broadly stated as
follows:

Analyses should include comprehensive estimates of the expected benefits and
costs to society based on established definitions and practices for program and
policy evaluation. Social net benefits, and not the benefits and costs to the
Federal Government, should be the basis for evaluating government programs
or policies that have effects on private citizens or other levels of government.
Social benefits and costs can differ from private benefits and costs as measured
in the marketplace because of imperfections arising from: (i) external economies
or diseconomies where actions by one party impose benefits or costs on other
groups that are not compensated in the market place; (ii) monopoly power that
distorts the relationship between marginal costs and market prices; and (iii)
taxes or subsidies. (OMB 1992)

In terms of the individual user—vessel owner, operating company, and
so forth—the benefits of having a specified AlS display should outweigh the
cost of acquisition, installation, operation, and maintenance. Operating costs
encompass training and staffing issues as well as supplies, electrical power,
and so forth.

The issue of cost raises a number of concerns, the primary one stemming
from the fact that increased capability imposes escalating costs. With respect
to AIS unit cost, USCG is using $10,000 for both SOLAS and domestic instal-
lations through 2003. However, for 2007, the estimated AIS unit cost for
SOLAS vessels is $8,000 to $10,000, and for non-SOLAS vessels it is $3,000.
However, this is not the cost of an AIS display. Separate display costs have
not yet been estimated by USCG. The upper range of costs may be viewed as
prohibitive for some vessel classes or particular routes where such capabili-
ties are either not needed or amount to “overkill.”

SUMMARY

Many types of vessels operate on U.S. waters, and even within a class of ves-
sels, there is a lack of commonality in operating environments, bridge
designs and layouts, equipment, and mariner experience and capabilities.
Display designs and operator needs will vary for the near and the long term
and from vessel to vessel, waterway to waterway, and traffic situation to traf-
fic situation. Standards and guidelines for display technology must recognize
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the variability and complexity of the system and provide adequate flexibil-
ity over time.

The overall characteristics and operating environments for four generic
types of vessels that might carry AlS displays when in U.S. waters—SOLAS
vessels, coastal and inland vessels, offshore vessels, and public vessels—
were reviewed. The overwhelming majority of SOLAS vessels that are sub-
ject to IMO carriage requirements are engaged in U.S. international trade
and are registered under foreign flags. The prevalence of these vessels in
U.S. waters underscores the need to work with international bodies to har-
monize standards and guidelines for displays. Inland and coastal vessels
represent the largest numbers of U.S.-registered vessels and are subject only
to USCG regulation. Thus, USCG must develop standards and guidelines
for AIS displays that meet the unique needs of these operators. Vessels in
the offshore industry will need to be considered in the future when they
operate in regions where AIS coverage and participation become important
for traffic management and control. Finally, public vessels are mostly mili-
tary, and decisions about their use of AIS will be made by the military.
However, coordination with USCG and other waterway users will be nec-
essary to ensure the safety of all waterway users and to gain other security
benefits of AlS.

Cost issues were considered only briefly because of lack of data. It is clear,
however, that the cost of AIS displays will be a factor, especially for many
inland and small vessel users. USCG is keenly aware of this factor and is
required to consider cost impacts in any future rulemaking process.
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Recent Experience with
Automatic Identification Systems and
Shipboard Displays

Despite the fact that carriage requirements for automatic identification sys-
tems (AIS) are recent, there is significant experience relevant to the display
of AIS data aboard ship. The committee reviewed this experience by investi-
gating a number of AIS operational testing programs and pilot projects in the
United States and abroad to better understand requirements for AIS displays.
The programs investigated generally fit into two categories: those evaluating
or using systems that meet the ITU-R M.1371-1 standard for AIS (ITU 2001),
the International Maritime Organization (IMO) universal AlS standard
(referred to as 1371 standard AIS) (IMO 2002); and non-1371 standard
AIS (referred to as “transponder systems”). Only the 1371 standard is appli-
cable to the committee’s work, but few operational tests of the universal AlS
are extant. The committee therefore reviewed operational experiences and
tests of both 1371 and non-1371 standard AIS programs and projects in its
work.

None of the trials and projects examined were rigorously structured to
permit evaluation of data and display needs. Therefore, much of the infor-
mation in this chapter is anecdotal, and preferences expressed may be local
rather than global. The limitations of taking user preferences into account
in developing display designs without careful evaluation must be recognized
because incorporation of user preferences may or may not translate into
enhanced user performance.

The committee investigated a number of existing applications and bene-
fited from the experience of three of its members in the development and
use of such systems in the lower Mississippi River, Tampa Bay, and San
Francisco. In examining current projects, the minutiae of display technol-
ogy were avoided, and the focus was on broader lessons that might apply.
Although they were outside the committee’s charter, the experiences with
symbology, display colors, arrangements of controls, and so forth may well
become germane and can be applied at the proper stage of the display design
process.
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Perhaps the single most important lesson learned from examination of
existing applications is that the technology is gaining acceptance by mariners,
with commonality developing concerning both the basic information that
should be presented and the form it should take. As mariners become accus-
tomed to the technology and to the benefits of accurate, real-time naviga-
tional data, skepticism appears to diminish rapidly. In the lower Mississippi,
for example, local mariners now recognize AlS technology as a tool that
vastly improves the quality of navigational information available to them,
simplifying the retrieval of that information in the process.

One of the most frequently cited issues is information overload. Mariners
are concerned about the sheer volume of data becoming available to them,
and the problems of extracting from that data in a timely manner the infor-
mation needed in a form directly applicable to decision making. This sug-
gests the introduction of filtering technology, the imposition of limits on the
data flow from the vessel, or a combination of the two.

The operational tests and pilot projects underscore the need for clear indi-
cators of when systems are functioning properly so that mariners recognize
and understand the inherent limitations in both the data and the systems
generating and displaying them. This touches on two critical factors: educa-
tion and standardization. Both of these areas require considerable research,
particularly in evaluating the degree to which AlS-related skills need to be
incorporated into the provisions of the Standards for Training, Certification,
and Watchkeeping. While standardization is actively being pursued with
respect to the display of navigational information, an effort to standardize
the details of the information itself may become necessary as an adjunct to
the vast increases in data flow made possible by AlS.

Although it is still in progress, the European initiative to develop a “river
information system,” which will enhance the effectiveness of inland water-
way transportation, may offer significant information about the use of AIS
for vessel traffic management and the safety of navigation. As envisioned by
the project, AlS is an essential element in an information system designed to
maximize the effectiveness of water transport with the goal, among others,
of limiting the rate of growth of cargo transport by road. Under sponsorship
of the European Union, the river information system intends to apply AlS
both autonomously for vessel safety and in combination with shore-based
facilities for lock queuing and regulating passage of waterway restrictions.
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TABLE 3-1 Existing Systems Considered

System Type
International Tug of Opportunity System Transponder
Lower Mississippi VTS Transponder
Panama Canal Transponder
San Francisco Bay Transponder
Tampa Bay Transponder
British Columbia AIS Evaluation Program Transponder
St. Lawrence Seaway AIS

Swedish Maritime Administration AIS
Warnemunde VTS AIS
European River Information System AIS

Note: “AIS” systems are fully compliant with ITU Recommendation M.1371.1. “Transponder” systems use similar
technology but are not fully M.1371.1 compliant. VTS = vessel traffic service.

The project is well documented, and it is expected that the results of opera-
tional testing will be similarly available.r

The case studies from which the information in this section was drawn
are shown in Table 3-1. Both ITU-compliant 1371 standard AIS programs
and non-1371 standard transponder programs were reviewed. Each proj-
ect is discussed in the following sections, and key results are provided, if
available.

1371 STANDARD AIS PROGRAMS

St. Lawrence Seaway AlS Project

In 2001, the St. Lawrence Seaway implemented an AIS project integrated
with the seaway’s traffic management system. A team that includes the
U.S. Saint Lawrence Seaway Development Corporation, the Canadian
St. Lawrence Seaway Management Corporation, and marine transportation

LAn entry point for information about the project is “INDRIS—The Final Report,” which is available
at europa.eu.int/comm/transport/extra/final_reports/waterborne/Indris.pdf. INDRIS is the acronym for
“Inland Navigation Demonstrator for River Information Services.”
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interests is conducting this ongoing project, which was formally inaugurated
on September 5, 2002. The AIS was developed by the U.S. Volpe National
Transportation Systems Center and reached initial operational capability in
July 2002. The necessary shoreside communications stations were installed,
signal coverage areas were determined, and transmission frequencies were
obtained. AIS transponders will be mandatory on all commercial vessels
transiting through the seaway traffic sectors from St. Lambert (Montreal) to
mid-Lake Erie beginning with the seaway opening on March 25, 2003, in
advance of the IMO International Convention for the Safety of Life at Sea
(SOLAS) schedule (Great Lakes St. Lawrence Seaway System 2001).

Through agreements with the Canadian Shipowners Association and the
Shipping Federation of Canada, the cost of implementing AlS is being shared
equally by commercial carrier users and the two seaway management cor-
porations, Canadian and American. Shipowners will contribute $0.06 Cdn
per gross registered tonne, applied to transits of the four segments of the
seaway—upbound Montreal/Lake Ontario section, downbound Montreal/
Lake Ontario section, upbound Welland Canal, and downbound Welland
Canal. All ships have been required to pay this levy beginning May 1, 2001.
The maximum annual contribution per ship is $5,000 Cdn (Great Lakes
St. Lawrence Seaway System 2001).

Final testing and initial operational capability of the AIS were completed
in July 2002. Two evaluations of the St. Lawrence Seaway AlS project are
currently scheduled—one a comparison of AIS use and electronic chart dis-
play and information system (ECDIS) use on the seaway and the other a
study of the technical, organizational, and safety impact of AlS implementa-
tion on the seaway. Both studies began in July 2002 and involved nine Great
Lakes vessels from four participating shipping companies and four AIS
manufacturers—Japan Radio Company, Ltd., Marine Data Systems, Saab
TransponderTech AB/ICAN, Ltd., and Transas USA. Nine fixed AIS units
were installed aboard participating vessels, and two portable AIS units
for deep-sea vessels transiting the seaway were procured in July 2002. Data
gathering for both operational tests began in August 2002, and reports of the
evaluations are scheduled in 2003 (St. Lawrence Seaway Development
Corporation, personal communication, July 11, 2002).

European AIS Experiences

Several countries in Europe have conducted operational tests of AlS, the
most notable of which are Germany and Sweden. In 2002, the German
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Waterways and Shipping Directorate in Kiel completed a series of conform-
ity trials on 1371 AIS Class A and Class B units from a number of equipment
suppliers. These tests were done to evaluate how well the equipment con-
formed to the specifications and requirements established by international
standards and how the systems operated within the AIS environment in
German coastal waters. However, the tests did not include any evaluation of
shipboard displays beyond the minimum keyboard standard.

The German Federal Hydrographic and Maritime Agency in Hamburg is
also in the process of conducting laboratory certification tests of Class A AlIS
shipboard equipment in preparation for issuing certificates for carriage on
German-flag vessels, but again, no shipboard displays are involved in the
tests. AIS equipment is installed on some vessels that regularly transit
German coastal waters, however, and German shore-based vessel traffic con-
trol centers have experience with shore displays of AlS signals. Even though
this work does not include shipboard displays, such shore-side experience
may be useful to take into account. In addition, German researchers are
investigating the feasibility and operability of integrating radar and AIS
vessel-tracking information on one shipboard display. Research on how to
best display this information is under way, with results expected in the near
future. Appendix B summarizes information gathered from a visit by a small
group of the committee to the German Waterways and Shipping Directorate
in Kiel, Hamburg, Warnemunde, and the Kiel Canal.

The committee also received useful information from the Swedish Mari-
time Administration during its New Orleans Workshop (see Appendix A)
and from a visit with Capt. Pettersson, Senior Nautical Advisor, on board
coastal ferries in Sweden. About 150 of these passenger vessels in Sweden
are fitted with AIS units, and most include shipboard displays. Operational
tests of these systems have resulted in reports of beneficial use by Swedish
mariners, but the reports are mostly anecdotal, with few analytical evalua-
tions available for use to help determine design requirements.

Mariners involved in Swedish tests have preferences with regard to the type
of data presented and the format in which they are presented (Pettersson
2002). For example, the preference for electronic charts over alphanumeric
displays is almost universal. Also, most mariners want an accurate heading
sensor on AlS displays because heading is quite possibly the most important
part of a navigational message. Most also agree that heading needs to be sent
at a high update rate and is more useful than rudder angle information,
which can be misleading or ambiguous. These views have been expressed by
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many who have witnessed the test operations and could be used in the future
to provide expert input to design requirements.

NON-1371 STANDARD AIS PROGRAMS

Panama Canal AIS Project, 1998

In 1998, the Panama Canal began an AlS project designed to evaluate the
utility of AIS information to traffic controllers and shipboard personnel tran-
siting the canal. The AIS units were developed by the U.S. Volpe National
Transportation Systems Center. Two hundred sixty Panama Canal pilots and
many vessels participated in the AlS evaluation project. The Panama Canal
authority made available portable AIS units for vessels, because there was no
carriage requirement for AIS in effect at the time of the test. As a result of the
evaluation, which began in October 1998, the Panama Canal authority will
mandate carriage of AIS units for passage through the canal coincident with
the IMO SOLAS carriage requirement schedule. Permanent installation of an
AIS unit will be required, as will a three-prong, 20-volt AC pilot plug, which
is mandated to be installed at the primary pilot station for use by pilots with
carry-aboard AlS (St. Lawrence Seaway Development Corporation, personal
communication, July 11, 2002).

British Columbia Operational Tests

The Canadian Coast Guard and three Princess Cruises’ ships participated in
anon-1371 standard AlIS evaluation project that was partially funded by the
Western Marine Community’s Pacific Coast Marine Review Panel in the
summers of 1999 and 2000. The objective of the project was to gain opera-
tional experience with AIS and to formulate recommendations on ways
to integrate AIS into bridge team operations in British Columbian waters.?
The transponders used in the test were made by Meteor Communications
Corporation of Kent, Washington; the transponders sent out updates every
30 seconds. All observations were of ship-to-ship communications.

Despite interference from cliffs 200 or more meters high in Seymour
Narrows that impeded radar detection, initial AIS position updates were being
received more than 1 hour before rendezvous at a range of 30 to 40 nautical

2Most of the information in this section is derived from www.uais.org/AlISEvaluationVersion2_1.htm.
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miles. All participants were receiving updates at a regular 30-second inter-
val about 30 minutes before rendezvous at a range of 14 to 16 nautical miles.

Bridge teams in the summer 1999 tests expressed a preference for receiv-
ing reliable AIS updates about 30 minutes before time of closest point of
approach (TCPA), irrespective of the speed of the target. Although there was
no consensus as to how to label AIS targets in these trials, all bridge teams
agreed that the labels should be short to minimize on-screen clutter. One of
the bridge teams preferred to use some of the ECDIS screen to show an AlS
target's rate of turn, if available, followed by P or S (port or starboard), par-
ticularly for targets with TCPAs of less than 10 minutes. Most bridge teams,
however, preferred to avoid this clutter. The option to curve the course over
ground (COG)/speed over ground (SOG) vectors emanating from an AlS tar-
get to reflect its rate of turn was rejected by project participants mostly
because bridge teams felt uncomfortable with curved vectors.

Bridge teams in the British Columbia project also believed that AlS infor-
mation superimposed on an ECDIS being used for route planning would
provide information that was too unreliable to be worth cluttering the
ECDIS screen. To reduce clutter on an active ECDIS screen, bridge teams
preferred three levels of information about AlS targets:

+ Onanormal active working ECDIS screen: An AlS target icon includes posi-
tion, course, and speed vector. For target tracking and to assist with con-
tacting vessels by VHF radio, AlS targets were labeled with their call signs
or a short abbreviation of their name in small print.

 Target highlights: By clicking on the label of a target on the active ECDIS
screen, a small new window was opened, preferably on a part of the
ECDIS screen not being used by the active chart, with the course, speed,
range, bearing, CPA, TCPA, rate of turn, ship type, overall length, and full
name, as well as a “more” button.

« Target particulars: Clicking on the “more” button provided target high-
light information including voyage data such as destination, estimated
time of arrival (ETA), draft, hazardous cargo information, unusual maneu-
vering limitations, towed barge information, and so forth, and the vessel's
own particulars.

Bridge teams in the British Columbia project thought it would not be
appropriate to dead reckon an AIS target to place it on the screen in its
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most likely position for more than just a few seconds from its last reported
position, COG, SOG, and rate of turn. In addition, to reduce screen clutter,
bridge teams preferred that automatic radar plotting aid (ARPA) A, ARPA B,
and AlS icons of the same target be consolidated into a single icon. To avoid
operator error, rule-based automatic consolidation was generally preferred
over manual selection of icons to be consolidated.

Finally, intership electronic mail was tested in summer 1999. Mariners
could pick from a list of short, traffic situation—oriented messages (“intend
to pass you port-to-port™) that appeared in a window as soon as an AlS
target was selected with a mouse click. Messages were preformatted and did
not require keyboard entry to select or send. Messages were sent to AlS
target ships as soon as one of the messages was selected and the selection
confirmed.

Blinking circles around the icon of the e-mail sender were used to indi-
cate arrival of an incoming traffic message from an AIS target. Clicking
within this circle sent a confirmation of receipt to the sender and opened
both the message and the pick list of standard replies (*OK”). Standard
replies appeared on a pick list depending on the nature of the original mes-
sage. Replies referenced the original message. Standard messages were used
in this test of intership e-mail, and replies were not customizable so as to
avoid “chat.”

Bridge teams in the summer 1999 British Columbia project believed that
intership e-mail might reduce the need for intership and ship-to-VTS report-
ing VHF communications. However, bridge teams unanimously believed
that the use of e-mail messaging could not be allowed to distract the officer
of the watch (OOW) from accomplishing required tasks. Bridge teams also
noted that adding another task to the duties of an already-busy OOW was
undesirable.

Bridge teams believed that it would be useful to display new hazards, out-
of-place buoys, and demarcation of traffic separation zones on screen. These
“stationary icons” were recommended to be of a different type and to be
identified as such on the ECDIS screen. Bridge teams also believed that AlS
should be used to provide them with real-time visibility and wind data as
well as currents observed at surface in critical passes. Bridge watch teams
believed that ECDIS should show a special type of icon where actual real-
time conditions are available.
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In follow-up tests in summer 2000, participants in the British Columbia

project made the following recommendations concerning AlS displays:

To minimize clutter on an active screen, unselected targets, be they radar
or AlS, should not be labeled and should not have a vector emanating
from them.

Unselected radar targets should be represented by the echo of the target,
as should consolidated ARPA/AIS targets for boats smaller than 20 meters
in overall length that have a TCPA of more than 5 minutes. The OOW
should be able to select whether the latter should be displayed as an echo
or as a diamond.

Targets to be monitored for collision avoidance purposes should be select-
able individually and by setting a guard zone. Selected AlS and consoli-
dated targets should be displayed in the same fashion as unselected
targets. Again, depending on the preferences of the OOW, icons for tar-
gets representing boats smaller than 20 meters in overall length that have
TCPA of more than 5 minutes should be suppressed.

The predicted path over ground should be displayed for selected targets.
A maximum of 10 characters should be used to label each target. The label
should default to the first 10 characters of the full name but should be
editable.

Collision avoidance forms, target information forms, own ship collision
avoidance forms, and own ship information forms, with required infor-
mation types, were defined and recommended by test participants.

Test participants developed traffic control display recommendations.

Display preference profiles were recommended that would allow in-
dividual users to set and edit their own display preferences in a profile
document.

SOLAS ships should have a fail-over capability, meaning that dual
transponders should be carried and operational. If the primary trans-
ponder were not performing properly, an alarm should be sounded auto-
matically on the bridge and a switchover accomplished to the backup
transponder.®

3 See www.uais.org/AlSRecommendations.htm.
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In general, bridge teams in both the 1999 and 2000 British Columbia AIS
project were pleased with AIS performance. Bridge teams noted differences
in range and bearing between AIS and ARPA targets of the same ship, which
reinforces the need for consolidation and avoidance of screen clutter. AIS
“really shone,” however, when it came to filling in the many radar blind
spots in Alaskan and British Columbian waters (Pot 2000).

AIS on the Lower Mississippi River

The U.S. Coast Guard (USCG), in cooperation with local mariner organiza-
tions and pilots, sponsored a project on the lower Mississippi River to intro-
duce AlS shipboard transponder systems into the maritime operations in the
region beginning in 1998 and continuing through 2002. The project was part
of an overall effort to upgrade and modernize vessel traffic systems on the
lower Mississippi, and the operational experience with the shipboard units
was used by USCG to help with the development of international standards
for AIS. The shore-based component of this AlS was implemented by USCG
through a task order with Lockheed-Martin in 1998. Also, in 1998, USCG
issued a task order to Ross Engineering for the supply of 52 shipboard AlS
transponders. USCG established formal agreements with local mariner and
pilot organizations in the region to use these transponders and the AIS dur-
ing their normal operations. The AIS operational test bed with this system
was completed in mid-2002.4

Although no formal evaluation report is available concerning the lower
Mississippi River tests of AlS, anecdotal information was collected by com-
mittee members through informal discussions with mariners who are famil-
iar with the operations. Impressions and views from those discussions are
presented in this section.

When AIS was first introduced in the lower Mississippi, it was met with
skepticism among local mariners, who were concerned that the new tech-
nology would only add a level of complexity to an already complex system.
However, as mariners became accustomed to the technology and the bene-
fits of accurate, real-time navigational data, the skepticism diminished. For
example, mariners recognize the value of AIS technology in improving the
quality of navigational information and simplifying the retrieval of that infor-

4Personal communications with Sandra Borden, USCG Procurement Division, Sept. 19, 2002.
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mation because much information was automatically relayed to them. They
also learned that AIS technology does not reduce the importance of such
existing navigational tools as radio, ARPA, radar, and simply looking out the
window.

Mariners on the Mississippi have noted that AIS technology improves
bridge resource management and enhances safety and efficiency. For exam-
ple, AlS can provide a real-time visual representation of the entire relevant
waterway system, not just a particular vessel’s immediate vicinity, and this
can enhance knowledge of traffic situations over a wide region as well as help
with more efficient use of the waterway. As more vessels participate in the
overall system, mariners foresee even more operational advantages.

In addition to praise for the benefits of AlS, mariners also voiced some
concerns about the new technology. One is that of information overload,
because with so much data readily available, mariners must learn how to rec-
ognize priority information without being distracted by peripheral “chatter.”
They must know how to effectively use the data provided to enhance bridge
resource management. They must know who should monitor what equip-
ment and what information to relay to whom. It is also vital that mariners
learn to recognize when the system is fully functional and when to verify
data. For example, it was determined in this study that the AIS targets based
on the Global Positioning System (GPS) are considerably more accurate than
radar targets. The tendency, therefore, would be for mariners to rely heavily
on AlS data to the exclusion of other sources. However, AIS data quality suf-
fers when satellite contact is lost and the system switches into memory
mode. The mariner might then be unknowingly relying on extrapolated
rather than real-time positioning data.

Mississippi River mariners have noted that they must also be able to
screen out information at various times, quickly and easily. For example,
while AIS can generate a picture of the entire waterway system, mariners
are generally more concerned with events and conditions in their immedi-
ate vicinity. They also need a way to filter out various alarms that do not
require their immediate attention.

These mariners also voiced some concern about education and standard-
ization. Since AIS data must be presented in a “common language” of sym-
bols, colors, and sounds that is readily understood, all mariners who use the
system must learn that common language, and education is necessary to
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improve the skill level of all AIS users. Not only do mariners need com-
monality of available information, they also need instrumentation and data
readouts that “speak a common language.” Information overload is only
exacerbated if the information is presented in different ways at different
times on different vessels.

Mariners trained on IMO-standard charts reported confusion when con-
fronted with non-IMO chart products. There was almost universal agree-
ment that colorization on electronic charts, AlS target and information
symbology, and information retrieval procedures should be standardized
according to guidelines established by IMO. Local pilots also suggested that
pilot carry-ons use symbology and color codes that match a vessel's onboard
system.

Mississippi River mariners also expressed a preference for having all nav-
igational equipment, including AlS, situated close together so that critical
information is conveniently available. This is especially important in situa-
tions where the mariner must verify information from several redundant
sources and for vessels carrying minimal keyboard displays. These alpha-
numeric displays are roughly the size of a shoebox and could easily be tucked
in an obscure location, which would present difficulties for manual plotting
and cause delays during critical times.

Mississippi River mariners generally agree that AlS should not be used to
convey additional communications messages because that would overtax the
system and distract the mariners from critical navigational alerts. They agree
that text messaging in general would be most appropriately relegated to a
separate, parallel system, operating concurrently with AlS but focusing on
important nonnavigational data such as cargo and crew list. Regardless of
the technology used, text messaging will require some kind of policing, per-
haps with locally defined, allowable text messages.

The mariners involved in the lower Mississippi River AlS tests have con-
cluded that several issues need to be addressed before the full value of the
technology can be realized. For example, a common language of symbology,
chart colorization, and alarms needs to be established, and existing elec-
tronic charts must be resurveyed to reflect accurate data. Radar accuracy in
general needs to be improved. Equipment standards and procedures need to
be established, and bridge personnel need formal training so that they can
make use of all available tools.
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While these results have neither been formalized nor compiled in a com-
prehensive evaluation report, they will be useful in informing future designs.
However, considering the extensive AlS testing that has been done on the
lower Mississippi River with a large segment of the mariner community, the
committee believes that it would be appropriate to capture these observa-
tions in an overall evaluation and prepare a report on lessons learned.

Tampa Bay Vessel Traffic Information System with
Shipboard/Carry-Aboard Displays

The transponder-based pilot carry-aboard units incorporated into the Tampa
Bay Vessel Traffic Information System (VTIS) provide another example of
a display of AlS-type data tailored to the user’s needs that can be used to
inform the development of future standards and guidelines. Tampa Bay is a
large body of shoal water about 30 by 7 miles. The dredged main channel
extends from the entrance over 40 miles to the Port of Tampa and varies in
width from 400 to 700 feet. The channel is well marked, but navigational
safety is frequently impaired when ranges and buoys are obscured by low
visibility. Thunderstorms often occur, which generate high winds that affect
ship handling and reduce visibility to near zero in heavy rain. In addition,
rain can block most radar. The narrowness of the channel also requires plan-
ning of transits to avoid meetings in narrow reaches of the waterway.

In the 1980s the Tampa Bay Pilots Association considered using portable
precision navigation equipment to assist navigation during low visibility. In
1995, the state of Florida established the Tampa Bay VTIS Consortium, and
steps were taken to implement a concept with state-provided funding. The
consortium worked with a manufacturer and developed pilot carry-aboard
units, which combined electronic chart displays with transponder-based ves-
sel positioning and identification. The system was intended to assist pilots
with the navigational challenge presented by low visibility and with passage
planning.

The carry-aboard unit consists of a VHF-FM transceiver, a Differen-
tial GPS (DGPS) receiver, a battery power pack with integral “universal”
charger, an antenna, and a laptop PC. The antenna must be positioned on an
external portion of the ship, free from interference. The charger will accept
input from a variety of voltages, and the battery pack provides for about
6 hours of use.
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The operator may select a series of different screens for display on the lap-
top, each conveying somewhat different information. An intermediate-scale
display provides a general overview of the immediate area. One portion of
the screen depicts the channel boundaries, and a pointer indicates the ship’s
relationship to the channel centerline. There is also a digital readout of the
distance left or right of the centerline. Other information displayed includes
distance to the next significant navigational point, own ship’s course and
speed over ground, geographic position in latitude and longitude, and data
about the DGPS positioning used. Data about the closest other ship appears
ina box in the lower right of the screen. Provision is also made for the trans-
mission and display of data from the area’s Physical Oceanographic Real
Time System, which is available from the National Oceanographic and At-
mospheric Administration.

Experience and lessons learned from this program in Tampa Bay could
provide valuable information for the development of future standards and
designs of shipboard AIS displays.

San Francisco Bay AlS Project

In 1998, the state of California provided the San Francisco Marine Exchange
with funds for a research project to develop new technologies to improve
regional navigation and environmental safety. San Francisco Bay was se-
lected as the test area because of its unique mix of navigational challenges
such as varying weather patterns, high winds and fog, strong currents, and
a moderately large tidal range. It has open water approaches, a relatively
large bay, and many miles of narrow channels and rivers that require preci-
sion navigation and present diverse vessel traffic situations.

The project began by establishing a Joint Planning Partnership with rep-
resentatives of ferryboat operators, tug companies, barge operators, con-
tainer and tanker vessel operators, and the San Francisco Bar Pilots to
oversee administration. Two committees were responsible for establishing
the scope of work and project development and making periodic progress
reports. The San Francisco AlS committee set up the criteria for acceptance
of participants for the AlS evaluation. It identified a cross section of local port
stakeholders and included those most active in both transits and geographic
scope. Twenty-three vessels were designated to evaluate AlS in the follow-
ing five areas of interest: vessel traffic management, vessel navigation safety,
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reduced visibility/night navigation, bridge resource management, and over-
all vessel operations. Tug escort vessels, ship assist tugs, several high-speed
ferries, a high-capacity passenger tour boat, a large commercial tanker, a
large tug and tank barge, and an oil spill recovery vessel were included in
the test.

The San Francisco committee’s primary focus was to evaluate the effec-
tiveness of AIS as an aid in the practice of pilotage. Four units from different
manufacturers were evaluated, and their individual strengths and weak-
nesses as a tool for the pilot were identified. Eight San Francisco Bar Pilots
were designated to conduct the evaluations and submit their findings and
recommendations.

Participants in the project concluded that the technology, although in its
infancy, has the potential to develop into an effective navigational tool.
“Universal AlS standards” were basic standards, or a starting point from
which the AIS and linked technology could be developed on a regional or as-
needed basis. Vessels at sea and vessels coasting have requirements different
from those of vessels transiting port areas. Dissimilar vessel types and those
in different services may also have particular requirements. The informa-
tional needs of pilots controlling large, deep-draft vessels in pilotage waters
are different from those piloting other vessels and indeed may differ between
pilotage districts. International, national, and regional regulatory agencies
and other shoreside entities also may have requirements that could be met
through the use of AIS and related technology. A concern of the mariner is
the potential overload of the system with administrative information that
could be transmitted by other means, which would negatively affect its use
as a bridge information navigational tool.

The most common AlS features found useful by the San Francisco proj-
ect evaluators were the following (in order of priority):

. Radar target identification,

. Position in traffic lane or narrow channel,

. Vessel target information (i.e., speed and course),
. Route planning,

. Ability to make navigation decisions earlier,

. Target destination, and

. Ability to see around corners.

~N O O B WDN
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The San Francisco mariners involved in this project also had a number of
common criticisms of the AIS they were using: the night screen was too
bright, not all vessels were participating, there was screen clutter in areas of
congestion, the system failed too often, and the navigation charts were poor.

A focus group of the AIS users was convened to discuss the usefulness of
AIS and how it might affect the operation of their vessels or their particular
area of interest. The group listed five goals for the development of AlS as a
mature tool for the mariner and suggested topics to achieve each.

Goal 1. Vessel traffic management: To achieve this goal, the group de-
cided that it would be necessary to integrate the system with
radar, improve electronic charts, develop better icons, and de-
velop an improved night screen.

Goal 2. Vessel navigation safety: To achieve this goal, the group sug-
gested improvements in electronic charts, night screens, true
heading displays, and illuminated keyboards.

Goal 3. Reduced visibility/night navigation: To achieve this goal, the
group also suggested improvements in night screens, radar in-
tegration, and target vector features, and suggested that more
vessels participate.

Goal 4. Bridge resource management: The group suggested that radar tar-
get integration would be the key improvement needed to achieve
this goal.

Goal 5. Overall vessel operations: The group suggested many of the same
improvements as above to achieve this goal.

Selected members of the San Francisco Bar Pilots tested four portable pilot
units, each manufactured by a different company. The evaluators were asked
to appraise the units and AIS in the same interest areas as the AIS group
(i.e., vessel traffic management, vessel navigation safety, reduced visibility/
night navigation, bridge resource management, and overall vessel operations)
and to submit the same evaluation report. A synthesis of the comments indi-
cated that the units need further development before they become a reliable
tool in which the San Francisco Bar Pilots can have complete confidence.
The following are the minimum requirements that these evaluators thought
necessary for portable pilot units in the future:
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+ The vessel's true heading must be displayed.
« They must weigh less than 10 pounds.

« Electronic charts must be much more accurate to support the accurate
positioning technology.

+ The units must interface with the vessel AlS source information (position,
course, speed) through a “universal plug.”

« The units should include a wireless Internet access to receive local mete-
orological, hydrological, and other notices of interest to the mariner.

« Nautical software developers should work with local mariners to incor-
porate features to meet their needs. Such features as route planning, con-
tinuous calculations of ETA at waypoints and selected locations, and
position and time of meeting between selected vessels should be included.

The focus group unanimously agreed that continuing development of AIS
and related technology should be strongly encouraged in the future. The
results of this test and evaluation program provide many useful insights and
can benefit the development of AIS display standards and guidelines.

SUMMARY

A number of public and private organizations in the United States, Canada,
and Europe have conducted operational tests and evaluations of AIS, many
of which have included experience with shipboard displays. These tests were
reviewed in order to understand how they might inform decisions about
future requirements for displays aboard all types of vessels in U.S. waters.
Most of the tests were part of research or pilot projects and used nonstan-
dard versions of systems, usually known as “transponder systems.” Only a
few of the tests used systems that met the IMO 1371 standard. Nevertheless,
the results provide a general notion of how mariners have used shipboard
displays and what benefits they might bring to a variety of operational and
geographical situations.

In general, the tests did not use rigorous procedures to measure system
performance on the basis of predetermined standards or requirements.
Rather, the test results were mostly anecdotal; the comments by test partic-
ipants reflected local views and applied to local conditions. Therefore, the
tests are not suitable for analytical evaluation of display design performance,
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but they do offer useful insights into mariner needs, preferences, and con-
cerns about systems they have used in operational situations.

Mariners in a variety of U.S. port regions such as San Francisco, New
Orleans, St. Lawrence Seaway, and Tampa Bay have gained considerable con-
fidence from this recent experience as well as a degree of enthusiasm for the
potential of AlS. Their initial skepticism diminished as they became accus-
tomed to the technology and realized the benefits of accurate, real-time
navigational data from AIS displays. In the lower Mississippi River tests of
pilot carry-aboard AlS units, skepticism about the technology among local
mariners diminished sharply after they became accustomed to the system
and recognized the benefits that it offered. Similar results were noted among
participants in the San Francisco Bay research project. The evaluation group
from these tests strongly encouraged continuing development and noted the
promise of future benefits. Across the Atlantic, extensive operational testing
of shipboard AIS displays in Sweden resulted in enthusiastic support of
further development within many international forums. These conclusions
indicate that AIS can bring benefits that are recognized by mariners, espe-
cially when user needs are integrated into the design and development
process.

The test results discussed in this chapter have also shown that designers
must carefully consider such factors as reduction of information overload,
effective integration of multiple bridge displays, training, and standardiza-
tion. For example, information overload concerns were common among
mariners who participated in test projects at all locations. The large volume
of data that is typically available from multiple sources can be overwhelm-
ing, and all tests showed that excessive time is needed to extract pertinent
information in a form applicable to decision making. This common problem
supports the application of human factors principles by first considering the
capabilities and needs of users and then designing and integrating all sys-
tems to meet those needs. Many of the test projects also showed that train-
ing and standardization are critical factors leading to successful outcomes.
Both the Mississippi River and the Tampa Bay tests were used by USCG to
help develop international standards for AlS.

To date, it appears that all AlS trials have been conducted in local areas
by skilled operators with a common language and culture. Most have been
done in pilotage waters where the operators are already familiar with the area
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and traffic patterns. Thus, there is inadequate experience to predict how
multilingual, multicultural crews with the lowest acceptable standards of
training will react to AIS information.

The experience with all of the test projects, in general, shows that ship-
board AIS displays can now enter the next phase of development with con-
fidence that the technology can bring safety and operational benefits to
mariners if it is properly designed and implemented. The projects also show
that the next phase of development would benefit from more rigorous oper-
ational evaluations using lessons from these tests.
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Determining Requirements for Shipboard
Display of Automatic Identification
System Information

Displays fulfill different purposes depending on the operators who use them
and the displays’ operational settings. The purposes are often identified by
display designers and developers in requirements documents that define the
functionality, services, and support that must be provided by a display.
Requirements are derived from many sources—a display’s users, customers,
designers, regulators, developers, and operating and technical environment.
Each source may provide a different view of the functionality, services, and
support required of a display. Requirements documents, thus, are the aggre-
gate of those views, identified by source, and prioritized to reflect a com-
posite view of what a display must do or provide.

Existing requirements for shipboard display of automatic identification
system (AIS) information are described in this chapter, and an analysis of the
requirements inventory with respect to three types of conceptual AlS is
given. A catalog of existing requirements for shipboard display of AlS infor-
mation is provided in Appendix C.

DETERMINING REQUIREMENTS FOR SHIPBOARD
DISPLAY OF AIS INFORMATION

System design and development processes have evolved considerably over
the past 50 years and generally follow the steps outlined in Figure 4-1.
Problem and requirements analysis is a traditional first step in system design
and development. Next, conceptual or logical models of the system are
developed. The conceptual models are then compared with, or mapped to,
the requirements to identify any needed changes. Improvements to the con-
ceptual models are identified, and physical prototypes or designs are devel-
oped. The design is then developed into a system, implemented, maintained,
and supported, as seen in Figure 4-1.

These steps are followed in the design and development of new displays,
as well as in analysis, design, or review of existing displays such as AlS.
Following such a process with an existing display can provide insights about
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FIGURE 4-1 System design and development process.

missing, conflicting, or infeasible requirements, and can identify disconnects
between requirements for the display and existing designs. Improvements
or modifications of existing designs and requirements may result from these
analyses.

The core elements of the human factors design process—understand the
user and the demands of the operational environment, design a system on
the basis of human factors principles, and evaluate the system to ensure that
it meets the needs of the user—are outlined in Chapter 5. These human fac-
tors design activities are integral elements of the overall system design and
development process, as shown in Figure 4-1. Comprehensive system design
and development processes incorporate system and human factors design
activities to design and develop robust, effective, and useful systems.

The committee performed an inventory of existing AlS display require-
ments (Step 1 in the design process). Requirements for high-level conceptual
models for AIS display—Class A, Class B, and Class A derivative AIS—have
been articulated by the International Electrotechnical Commission (IEC)
(IEC 2001) and other standards bodies. These were the conceptual designs
utilized in Step 2 of the design process. The inventoried AlS shipboard dis-
play requirements were then mapped to the AIS conceptual designs (Step 3),
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and insights resulting from the analysis provided input to committee delib-
erations about shipboard display of AIS information (Step 4).
Following such a process offered a number of advantages:

« An aggregate view of existing AlS display requirements was developed.

« The process provided a mechanism for determining missing, conflicting,
overlapping, or infeasible requirements, as well as patterns and similari-
ties in requirements and conceptual designs.

» Because the steps and the outputs associated with the process are stan-
dardized, the process is replicable, which suggests that the reliability of
the analysis and results may be enhanced.

« Finally, the process provides a mechanism to trace changes in require-
ments over time. This is particularly useful when system requirements are
changing and when many parties provide input to the design of a system,
as in the AIS development process.

Performing an inventory of existing AIS display requirements provided
an archive of articulated AIS display needs. Identifying sources for those
requirements enhances auditability and accountability, so that changes in
AIS display requirements and their sources can be tracked over time.
Analysis of AIS display requirements with respect to AIS conceptual designs
permits consideration of the importance of different requirements in differ-
ent operational settings [e.g., International Convention for the Safety of Life
at Sea (SOLAS) and non-SOLAS vessel use of AIS]. Missing, needed, infeasi-
ble, costly, or unresponsive requirements could thus be identified.

The use of conceptual or logical AlS display models assists in identify-
ing the adequacy of display requirements for different conceptual designs
(e.g., Class A, Class B, and Class A derivative AlS) rather than the adequacy
of a particular manufacturer’s display. The use of conceptual display models
broadens the generality of the recommendations and allows those recom-
mendations to extend beyond the current suite of AIS displays to future sys-
tems by considering interface, display, and control options independent of
existing physical displays.

The committee did not independently develop requirements for ship-
board display of AIS information, but rather surveyed existing requirements
to determine their adequacy. Although international standards bodies and
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manufacturers, among others, have developed AIS displays and require-
ments for those displays, there is need to supplement, revise, and reconsider
the existing requirements as well as to develop new requirements.

Computer-aided software engineering (CASE) tools are useful in display
design and development as electronic repositories for system requirements,
as well as for logical and physical design models. The use of CASE tools
promises to improve the quality of the designs and systems developed,
increase the speed of design and development, improve the ease and integrity
of analysis and modeling through automated checking, and improve the
quality and completeness of system documentation (Hoffer et al. 2002).
Moreover, CASE tools allow reuse of frequently utilized requirements,
standards, and models. Thus, capturing system requirements and models
electronically is a desirable goal, particularly for regulatory agencies with
technology development and management responsibilities. The use of CASE
tools can significantly reduce requirements, data, and model redundancy;
permit requirements and model analysis across different vessel types, hard-
ware, and software platforms; improve the economy of system models and
requirements determination; and encourage component and system reuse.
The U.S. Coast Guard (USCG) should utilize CASE tools in future require-
ments and standards specification activities.

INVENTORY OF EXISTING AIS REQUIREMENTS

The existing AlS display requirements, listed in Appendix C, are grouped
into six categories:

+ Information and task requirements—requirements that define the nature
and type of information to be handled by the AIS display and the tasks to
be supported by that information. Requirements in this category identify
the nature, type, volume, and size of information to be displayed; mini-
mum information requirements are included. The category also describes
target discrimination and message requirements.

+ Operational and organizational requirements—shipboard display require-
ments that result from the operating environment, culture, and expecta-
tions within which the AIS display will be used. Requirements for display
of different port or waterway information, traffic management or ves-
sel traffic service (VTS) information, and information to satisfy any re-
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gulations or security requirements in effect are included. The category
includes requirements to provide display support for different types
of waterway users—for example, deep-sea ships and inland vessels.
Another example in this category would be differing requirements for
display of security, privacy, and safety information in different operational
settings. The category includes organizational requirements—those re-
quirements related to needs of the AIS host or parent environment and
requirements related to local, state, national, or international policies and
procedures.

Technical display requirements—display requirements dictated by AlS dis-
play and control technologies: hardware, software, databases, networks,
storage, and processing requirements. This category includes require-
ments for display performance, accuracy, reliability, maintainability,
availability, integrity, loading, and clutter. The category also includes
requirements for future AIS displays.

Display format requirements—requirements for the appearance and config-
uration of AIS displays. Visual presentation, display options, symbology,
display synchronization, presentation priority, and alarm requirements
are included in this category. The category also includes requirements for
display location (in X-Y space or superimposed), color, dimensionality
(planar versus perspective, mono versus stereo), motion, intensity (dis-
play brightness), coding (color, size, and shape; analog and digital cod-
ing; analog and graphics versus text), modality (vision versus audition),
contrast, and labeling (Wickens et al. 2003). The category covers require-
ments to support user expectations, user control, user help and error sup-
port, display customizability, and user interaction styles (e.g., menus,
links, dialog boxes). Formats for navigation displays include require-
ments for route lists or command displays, chart legibility and clutter,
position representation, chart orientation and scale, and support for plan-
ning and visualization (Wickens et al. 2003).

Physical layout requirements—requirements for physical engineering and
appearance of the display, including numbers and types of displays and
display surfaces; display integration; display controls; and requirements
for display lighting, sound and noise, thermal conditions, heating, and
ventilation, for example.

Environmental requirements—requirements for robustness of AlS display
packaging with respect to environmental conditions. Requirements for



Determining Requirements for Shipboard Display of AIS Information 83

displays to pass packaging, emission, vibration, humidity, temperature,
ruggedability, pollution, and contamination tests are included.

Four types of information about the requirements are contained in
Appendix C:

A categorization of the type of requirement (information and task, oper-
ational and organizational, etc.);

+ A description of the requirement;

« An operationalization or definition of the requirement in the form, “The
AIS display shall . . .”; and

« An indication of the source of the requirement.

Each display requirement described in Appendix C is numbered
sequentially and is identified by source, which provides identification,
traceability, and auditability for the requirements (Wiegers 1999).
Traceability is helpful because the AIS display requirements were inven-
toried from several sources. A bibliography of sources is provided in the
references to the requirements table in Appendix C. The AIS display
requirements describe the functionality and information to be provided by
different types of AIS displays, as well as the context and constraints
within which the displays will operate. The following section contains an
analysis of those requirements.

REQUIREMENTS ANALYSIS

The inventory of requirements for shipboard display of AIS information was
analyzed with respect to three AIS conceptual designs:

» Class A SOLAS vessel displays,

+ Class A derivative displays [e.g., personal pilot units (PPUs)], and
+ Class B (non-SOLAS vessel) displays.
The purpose of the analysis was to assess the adequacy of existing require-

ments for shipboard display of AIS information, which is discussed in the
following sections.
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Information and Task Requirements

Information and task requirements define the nature and type of informa-
tion to be handled by the AIS display and the tasks to be supported by that
information. Requirements in this category identify the nature, type, vol-
ume, and size of information to be displayed; minimum information require-
ments are included. The category also describes target discrimination and
message requirements.

Some of the information to be transmitted by AIS may be available in
existing navigational equipment aboard the bridges of ships. Thus, deter-
mining the information requirements for AIS displays is an important first
step in developing effective displays. Future activities for the determination
of AIS information should consider the overlap in available information
among existing and future navigational equipment and appropriate integra-
tion or information allocation strategies.

Functional Requirements

Displays of AlS information are to be used to assist in collision avoidance, to
provide information about the vessel and its cargo, and to assist in vessel traf-
fic management. As described previously, at a minimum, three types of core,
representative information are to be displayed by AIS: static information,
dynamic information, and voyage-related information.

Static information is the relatively permanent information that pertains to
a particular vessel—its name, call sign, merchant marine station identifier
(MMSI) number, type of ship, and so forth. Static information can be used
for identification [vessel name, call sign, MMSI number, type of ship,
International Maritime Organization (IMO) number, etc.], for collision
avoidance (length, beam, antenna location), and for vessel traffic manage-
ment (length, beam, antenna location) (see Figure 4-2).

The AIS information transmitted can support several functions; for
instance, vessel length and beam information can be used for identification
as well as for collision avoidance. Moreover, static, dynamic, and voyage-
related information may be categorized differently in different operational
settings. For instance, in inland waters, “static” information such as vessel
length, beam, or cargo may change by port call, thus becoming “dynamic”
information. As a result, assumptions about the nature and type of static,
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FIGURE 4-2 Representative AlS data elements, functions, and information.

dynamic, and voyage-related information may be different in different oper-
ational settings.

Dynamic information provides the vessel and waterway context that per-
mits the mariner to maintain orientation in the harbor, accurately fix and
track the vessel's position, understand other vessels’ movements and tracks,
appreciate how other vessels’ characteristics can affect maneuvering or
a transit, and understand and anticipate the dynamic characteristics of the
environment. Dynamic information can be used for vessel identification
(cargo), collision avoidance (course, heading, speed, position, length/beam,
rate of turn), and vessel traffic management (navigational status, weather)
(see Figure 4-2).

Voyage-related information is acquired before and during a particular
transit. It includes data on the vessel, the environment, the waterway, and
their interactions under the conditions of a specific transit. Voyage-related
information can be used for identification (cargo), collision avoidance
(draft), and vessel traffic management [hazardous cargo, draft, estimated time
of arrival (ETA), and route plan]. The use of these three types of informa-
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tion is essential to ship navigation (Huffner 1978; Farnsworth and Young
1988; Hutchins 1995; Grabowski and Wallace 1993; Grabowski and
Sanborn 2001).

Other information may also be transmitted as required by a port or water-
way or by prevailing circumstances that require transmission of important
information to the mariner, in addition to the static, dynamic, and voyage-
related information just described. Other AIS information, such as real-time
weather, environmental, and surface data, as well as local port security
notices, is currently ill defined. This information may be particular to a port,
waterway, environmental condition, or a port state, and further definition is
needed.

Table 4-1 summarizes the inventory of AIS requirements. As indicated in
Table 4-1, eight functional requirements for Class A AlS information were
identified: a Class A AIS is intended to provide identification, navigation
information, and vessel’s current intentions to other ships and to shore. As
such, the AIS must autonomously and continuously provide ship-to-ship
collision avoidance information, as well as positional and maneuvering
information at a data rate adequate to facilitate accurate track-keeping.
Class A AIS units must be capable of sending ship information such as identi-
fication, position, course, speed, ship length, draft, ship type, and cargo
information to other ships and aircraft and to the shore. They must also
be able to receive and process information from other sources, including
information from a competent authority and from other ships. Class A AIS
units must respond to high-priority and safety-related calls with a mini-
mum of delay. No functional requirements for Class B were identified by the
committee.

Two functional requirements for Class A derivative AIS were identified,
but the requirements are lacking: Class A derivatives are not clearly defined
in any of the AlS-related documents. Class A derivatives may be the result of
any local or international development of AlS for particular uses—for exam-
ple, in inland and coastal navigation, in PPUs, and in harbors for service ves-
sels such as tugs, buoy tenders, hydrographic ships, and pilot vessels. Class
A derivatives are intended to use the same functionality and reporting rate
as the Class A stations on the VHF data link (VDL) message level. The main
difference between Class A and Class A derivative AIS is that not all manda-
tory components of Class A AlS stations must be included. However, these
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TABLE 4-1 Requirements by AIS Class

Requirement Type Class A Class B Class A Derivative
1.0 Information and Task Requirements

1.1 Functional X(8) X(2)
1.2-1.4 Minimum keyboard and display X (27) X(2) X(3)
1.5 Target discrimination X(3)

1.6 Additional information X (5)

1.7 Messages X(2)

1.7.1 Short safety-related X(7)

1.7.2 Aids to navigation X(3)

1.7.3 Advice to VTS/route plan X(3)

1.7.4 Class B

2.0 Operational and Organizational Requirements

2.1 Operational X(8)
2.2 Security

2.3 Privacy

2.4 Port/waterway

2.5 Organizational

2.6 Regulatory

3.0 Technical Display Requirements

3.1 Display performance
3.2 Display accuracy

3.3 Display reliability

3.4 Display maintainability
3.5 Display availability
3.6 Display integrity

3.7 Display loading

3.8 Display hardware, software,
networks, etc.

3.9 Future displays—growth

(continued on next page)
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TABLE 4-1 (continued) Requirements by AIS Class

Requirement Type Class A Class B Class A Derivative
4.0 Display Format

4.1-4.3 Visual presentation X (15) X(1) X(2)

4.4 Display options X(18)

4.5 Symbology X (5)

4.6 Display synchronization X (1)

4.7 Presentation priority X (6)

4.8 Display alarms X(3)

4.9 Display location

4.10 Use of sound and color
4.11 Display dimensionality
4.12 Display motion

4.13 Display intensity

4.14 Display coding

4.15 Display modality

4.16 Display contrast

4.17 User interaction style
4.18 User help and error support
4.19 Display labeling

4.20 User control

4.21 User expectations
4.22 Display customizability
4.23 Chart legibility

4.24 Chart decluttering
4.25 Position representation
4.26 Chart orientation

4.27 Chart scale

4.28 Visualization support

4.29 Planning support
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TABLE 4-1 (continued) Requirements by AIS Class

Requirement Type Class A Class B Class A Derivative

5.0 Physical Layout Requirements
5.1-5.2 Display integration X (6) X (1)

5.3 Display lighting

5.4 Display and control surfaces
5.5 Sound and noise

5.6 Thermal conditions

5.7 Screen display

6.0 Environmental Requirements

6.1 Packaging
6.2 Emission

6.3 Vibration

6.4 Humidity

6.5 Temperature
6.6 Ruggedability
6.7 Contamination

6.8 Pollution

requirements are silent on the type of information and functionality that is
to be provided by Class A derivative displays.

Thus, information and functional requirements for Class B and Class A
derivative AIS displays need to be defined. This is an important first step for
Class B and Class A derivative AlS displays; absent a definition of their func-
tionality, it is difficult to develop additional display requirements for them.

Minimum Display Requirements

Twenty-seven Class A minimum keyboard and display (MKD) requirements
were identified, as shown in Table 4-1. Class A AlS units must present a min-
imum of three lines of 16 alphanumeric characters sufficient to obtain a tar-
get vessel's identity and position, using target bearing, range, and ship name.
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Class A AIS minimum displays must also indicate alarm conditions and pro-
vide a means to view and acknowledge alarms. Other ship data can be dis-
played on Class A minimum displays by horizontal scrolling, but scrolling
of bearing and range is not permitted; vertical scrolling can also show other
ships known to AlS. Class A minimum displays are also required to indicate
state/condition changes, display safety-related messages, and indicate when
safety-related messages have been received. Class A minimum displays are
required to be able to initiate or cancel a reply to long-range interrogation
(LRI), to respond to and acknowledge LRI automatically or manually, and
to indicate when LRI is in automatic or manual mode.

Class A minimum displays are required to display Global Positioning
System (GPS) position when the internal Global Navigation Satellite System
(GNSS) receiver is operating as the backup position source for AlS report-
ing and to continuously display GPS position when the internal GPS is used
for position reporting. Class A minimum displays may be used to input
voyage-related information, such as cargo category, maximum preset static
draft, number of persons on board, vessel destination, ETA, and navigational
status. They may also be used to input static information such as MMSI num-
ber, IMO number, ship’s call number, ship’s name, length and beam, posi-
tion reference points for GNSS antenna, and type of ship. Class A minimum
displays may be used to input safety-related messages, change the AIS unit
mode of response to LRI, and control AIS channel switching. Class A mini-
mum displays may be password protected.

Few Class A derivative (three) or Class B (two) MKD requirements were
identified. Class B or Class A derivative MKDs may not be required, and non-
SOLAS vessels can use the Class B or Class A derivative AIS as a black
box connected to a more or less sophisticated display [e.g., electronic chart-
ing systems, electronic charting and display information systems (ECDIS)],
or as another external system for special applications to see and present own
position and other AIS targets in relation to the environment. Both Class B
and Class A derivative MKDs must have at least one means to program the
units with static data. The Class A MKD units may not be required on Class
B vessels or on pleasure craft.

The MKD requirements, by definition, contain a limited amount of infor-
mation. However, the committee believes that the size and limited nature of
the text-only display, coupled with the operator manipulation and informa-
tion transposition required (e.g., the requirement for operators to transpose



Determining Requirements for Shipboard Display of AIS Information 91

text information from the MKD into spatial information for decision mak-
ing), render the MKD inadequate to meet the needs of mariners in different
operational settings. As a result, USCG should determine such needs and
revise the minimum display requirements accordingly.

Target Discrimination Requirements

Three target discrimination requirements for Class A AIS displays were iden-
tified. Class A AlS units require target discrimination: target data from radar
and AlS should be clearly distinguishable as such, and if more than one tar-
get is selected, the source of the data (e.g., AlS, radar) should be clearly indi-
cated. Furthermore, correlation between primary radar targets and AlS
targets is likely to be required. No target discrimination requirements for
Class B or Class A derivative AIS were identified; such requirements are
needed for both.

There are unresolved issues in target discrimination between radar and
AIS targets, particularly with target swap in close waters. In some cases, radar
or AlIS targets can “drop” from the display, sometimes without notice to the
operator. Radar manufacturers should be encouraged to address this diffi-
culty by increasing radar accuracy, and the development of data fusion tech-
nigques required to resolve open target discrimination, target swap, and target
drop issues should be encouraged. USCG's display standards should resolve
discrimination errors between radar and AlS targets.

Message Requirements

Thirteen Class A and two Class B AIS message requirements were identified.
No Class A derivative AlS message requirements were identified by the com-
mittee; thus, such requirements need to be identified. Seven short safety-
related Class A message requirements were identified. These messages can
be used as an additional means to broadcast maritime safety information,
and they can either be addressed to a specified destination (i.e., MMSI) or
broadcast to all AIS ships fitted in the area. They can include up to 160 six-
bit ASCII characters but should be kept as short as possible. They can be
fixed or free-form text messages and should be relevant to the safety of nav-
igation. Operator acknowledgment of short safety-related messages may be
requested by a text message. No Class B or Class A derivative short safety-
related message requirements were identified.
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There are three Class A aid to navigation message requirements. Aid to
navigation messages can provide information on the location and identifi-
cation of hazards and marks used for navigation, as well as information of a
meteorological or oceanographic nature. They can also provide information
on the operational status of aids to navigation. No Class B or Class A deriv-
ative aid to navigation message requirements were identified.

There are three Class A advice to VTS waypoints/route plan message re-
guirements and no such requirements for Class B or Class A derivative AlS.
Thus, in general, message requirements for Class B and Class A derivative
AIS displays need to be defined, and message requirements for Class A AIS
displays need to consider the range and type of operating conditions that
different vessels will encounter. In general, more work is needed to define
message requirements for all classes of AlS displays.

In addition, the concept of safety-related messages for any class of AlS was
ill defined. Thus, in its standards-setting process, USCG should define
requirements for safety-related messages. Avoiding overload of AIS with
safety-related messages that might better be sent through alternative media
is a desirable goal. USCG should consider the appropriateness of different
modes and media for transmission of safety-related information. In addition,
USCG's standards-setting process should consider the importance of local
information in safety-related messages in a particular port or waterway.
Short safety-related messages have the potential to distract operators from
their primary duties. USCG should consider appropriate message traffic
types, levels, loading, and communication requirements associated with
transmission of safety-related messages.

Operational and Organizational Requirements

Operational display requirements that affect shipboard display of AlS infor-
mation include requirements that result from the operating environment,
culture, and expectations within which the AlS operates. They include dis-
play requirements for different port or waterway settings or for any regula-
tions in effect; security and privacy requirements; and company, union, or
other organizational requirements for shipboard display of AIS information.
Eight Class A operational requirements for AIS displays have been defined:
AIS shall operate autonomously and continuously and shall provide infor-
mation without involvement of ship’s personnel. AlS should always be in
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operation unless the master believes, in sea or in port, that continued oper-
ation of AIS might compromise the ship’s safety or security, at which point
the AIS may be switched off. If the AIS is switched off, static and voyage-
related data should be retained. Finally, if the gyro fails to provide data, the
AIS should automatically transmit a “data not available” value.

Operational display requirements for the other classes of AlS should be
defined for various operational environments. USCG should develop such
requirements for different waterway operators and all classes of AIS displays
in consultation with appropriate stakeholders. Privacy and security require-
ments for shipboard display of AIS information should be identified, as
should any port or waterway and any organizational or regulatory display
requirements.

Technical Display Requirements

Technical display requirements for shipboard display of AlS information
include requirements dictated by AlS display and control technologies: hard-
ware, software, databases, networks, storage, and processing requirements.
They include requirements for display performance, accuracy, reliability,
maintainability, availability, integrity, and loading. They also include require-
ments for future AIS displays.

Although a number of AIS displays are produced by various manufactur-
ers, the committee found no specific AIS technical display requirements for
any class of AlS in its inventory of existing AlS requirements. In addition, no
discussions of future capabilities or growth of AIS displays, such as trends
toward smaller, lighter, embedded, and wearable computer interfaces (MIT
2002), or of future energy sources and processors (Rifkin 2002), were found.
AlS technical display requirements are needed for all classes of current and
future AlS, in varying operational settings; such requirements should accom-
modate future growth in technologies, displays, controls, and interfaces.
USCG should develop technical display requirements for shipboard display
of AIS information as part of its standards-setting process.

Display Format Requirements

Display format requirements include requirements for the appearance and
configuration of AIS displays, including visual presentation, display options,



94 SHIPBOARD AUTOMATIC IDENTIFICATION SYSTEM DISPLAYS

symbology, display synchronization, presentation priority, and alarms, as
well as requirements to meet user expectations, user control, user help and
error support, display customization, and user interaction styles (e.g., menus,
links, dialog boxes). They also include requirements for display location
(in X-Y space or superimposed), color, dimensionality (planar versus per-
spective, mono versus stereo), motion, intensity (display brightness), cod-
ing (color, size, and shape; analog and digital coding; analog and graphics
versus text), modality (visual, auditory, haptic, etc.), contrast, and labeling
(Wickens et al. 2003). Display formats for navigation displays include re-
guirements for route lists or command displays, chart legibility and clutter,
position representation, chart orientation and scale, and support for plan-
ning and visualization.

Forty-eight Class A display format requirements, 1 Class B display format
requirement, and 2 Class A derivative display format requirements were
identified. Most (36) were visual presentation and display option require-
ments. Additional display format requirements are needed, especially those
that reference or follow existing international standards and guidelines for
visual display terminals (ANSI 2002). No international standards or guide-
lines were referenced by existing AIS documentation and standards. As can
be seen in Table 4-1, display format requirements for all classes of AlS dis-
plays are needed. USCG should develop display format requirements for
shipboard display of AIS information after its assessment of mariner infor-
mation needs, referencing existing international human factors and display
format standards where applicable.

Visual Presentation Requirements

Fifteen Class A visual presentation requirements were identified. They state
that if Class A AlS information is presented graphically, at least the follow-
ing information shall be provided:

+ Vessel position,

« Course over ground,
 Speed over ground,
« Heading, and

« Rate of turn (or direction of turn).
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Moreover, Class A AlS visual presentation requirements state that if Class
A AlS information is presented graphically on a radar display, radar signals
should not be masked, obscured, or degraded. The graphical properties of
other target vectors must be equivalent to those of the AIS target symbols,
and the type of vector presentation (radar plotting symbols or AIS symbols)
should be selectable by the operator. Active display modes on Class A AIS
units should be indicated on graphical displays, and a common reference
point for superimposition of AIS symbols with other information on the
same display and for calculation of target properties [i.e., closest point of
approach (CPA), time to CPA (TCPA)] should be utilized.

Class A AIS positional information must be displayed relative to the
observing vessel, and indications should be provided if own AIS is out of
service or switched off. More capable Class A displays are encouraged in the
requirements because of the greater functionality provided by such displays,
but selection of display types is dependent on the user requirements and
options offered by manufacturers. Visual overloading of AIS display screens
is to be avoided.

Other visual presentation requirements for Class A shipboard AIS displays
are needed. For instance, although requirements exist for the transmission
of waypoint data from shore stations to ships, there are as yet no require-
ments for the visual presentation of that information. Visual presentation
requirements for Class A AIS units should be defined following completion
of USCG's assessment of mariners’ information needs for shipboard display
of AIS information.

Two Class A derivative requirements for visual presentation exist. First,
there is no requirement for Class A derivative AIS units to carry the same
presentation interfaces as Class A stations. Second, the position information
for Class A derivative stations may be derived from the internal (D)GNSS
receiver. These are clearly inadequate requirements for visual presentation
of Class A derivative AlS information. Similarly, a single Class B AlS visual
presentation requirement was identified: there may be other equipment on
board non-SOLAS vessels with interfaces that are noncompliant with IEC
61162-1 standard (i.e., RS-232). Thus, there is also a need to develop visual
presentation requirements for shipboard display of AIS information for
Class B and Class A derivative AlS. These requirements should be defined
after completion of USCG's assessment of mariners’ information needs for
shipboard display of AIS information.
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Display Option Requirements

Eighteen Class A display option requirements but no Class B or Class A
derivative display option requirements were identified. On Class A AlS units,
operators may choose to display all or any AlS targets for graphical presen-
tation. When they do so, the mode of presentation should be indicated. If
color fill is used in display of AIS target symbols, no other information
should be masked or obscured. On Class A units, AlS symbols for activated
targets may be replaced by a scaled ship symbol on a large scale/small range
display. Furthermore, means should be provided to select a target or own
ship for display of its AIS information on request, and if more than one tar-
get is selected, the relevant symbols, corresponding data, and source of the
data (e.g., AlS, radar) should be clearly identified.

If zones or limits for automatic target acquisition for Class A AlS are set,
the requirements state that they should be the same for automatically acti-
vating and presenting any targets, regardless of their source. In addition, the
vector time set should be adjustable and valid for presentation of any target,
regardless of its source. If radar plotting aids are used for display of AlS infor-
mation on Class A units, they should be capable of calculating and display-
ing collision parameters equivalent to the available radar plotting functions.

Class A AIS display option requirements also state that if the calculated
CPA and TCPA values of an AlS target are less than the set limits, a target of
concern symbol should be displayed. Means to recover data for a number of
last acknowledged lost targets may be provided; preferably, the ability to
recover data for targets may be applied to any AlS target within a certain dis-
tance. Class A AlS units should permit operators to make reasonable changes
to the default parameters of automatic selection criteria, and means should
be provided to display alarm messages from own AlS stations.

Further display option requirements are needed. Display option require-
ments for Class A, Class B, and Class A derivative AIS should be defined after
completion of USCG's assessment of mariners’ information needs for ship-
board display of AIS information.

Symbology Requirements

Class A AIS symbology requirements are simply stated: if AIS information is
graphically presented, the symbols described in the appendix to IMO SN/
Circular 217 (IMO 2001) and repeated in the Appendix 4-1 of the Interna-
tional Association of Aids to Navigation and Lighthouse Authorities (IALA)
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AIS guidelines (IALA 2001) should be applied. However, no Class A deriv-
ative or Class B AIS symbology requirements were defined. If the intent is to
extend Class A AIS symbology requirements to Class A derivative or Class B
AIS units, or both, that extension should be made explicit. If exceptions to
the Class A AIS symbology requirements are to be made for Class A deriva-
tive and Class B AlS units, those exceptions should also be so noted. In any
event, further work is required to define symbology requirements for all
classes of AlS.

The committee identified symbology requirements for ship targets dur-
ing its inventory, but not symbology requirements for other types of AIS
information—uvessel tracklines, for instance. IEC Technical Committee 80
Working Group 13 (IEC 2001), among others, is working on the develop-
ment of additional AIS symbology, and much work in chart and map sym-
bology has been done in other domains. AIS symbology requirements should
leverage this earlier and ongoing work as requirements for shipboard display
of Class A, Class B, and Class A derivative AlS information are developed.

USCG should participate in international discussions on developing stan-
dards for AIS symbology. USCG should integrate standards as guides to
developing symbology requirements for shipboard display of AlS informa-
tion in different operational environments. These symbology requirements
should conform to international and other standards for symbology. USCG
should leverage earlier work in symbology development and follow interna-
tional procedures [i.e., ISO TR 7239 (I1SO 1984)] in developing symbology
requirements.

Display Synchronization, Presentation Priority, and Alarm Requirements

One display synchronization, six presentation priority, and three alarm re-
quirements were identified for Class A AlS, but no such requirements were
identified for Class B or Class A derivative AlS units. The single Class A AIS
display synchronization requirement states that if AIS information is graph-
ically displayed on a radar, the equipment should be capable of appropriately
stabilizing the radar image and the AIS information.

Six Class A presentation priority requirements were identified. The pre-
sentation of AIS target symbols, except for sleeping or lost targets, should
have priority over other target presentations within the display area. Auto-
matic display selection functions may be provided to avoid presentation of
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two target symbols for the same physical target. If target data from AIS and
radar plotting functions are available and the automatic selection criteria are
fulfilled, then the activated AlS target symbol should be presented. In con-
trast, if target data from AIS and radar plotting functions are available and
the automatic selection criteria are not fulfilled, the respective symbols
should be displayed separately. The Class A AlS requirements further spec-
ify that mariners should be able to select additional parts of information from
AlS targets, such as ship’s identification (at least the MMSI); those additional
parts of information should be presented in the data area of display. An indi-
cation should be given if the additional information from AIS targets is
incomplete.

The three Class A AIS alarm requirements identified indicate that alarms
should be provided if the calculated CPA and TCPA values of an AlS target
are less than the set limits, as well as when the signal of an AlS target of con-
cern is not received for a set time. Means should be provided to acknowledge
alarm messages from own Class A AlS.

No Class B or Class A derivative requirements for display synchroniza-
tion, presentation priority, or alarms were identified. Thus, such require-
ments must be developed. In addition, alarm requirements for all classes of
AlS displays should be reviewed, because existing requirements for AlS dis-
play alarms focus on the visual and auditory senses. USCG should consider
alternative modes for alarms and consider alarm design in the context of
existing alarms and ambient noise on the bridges of ships in different oper-
ational settings. Target discrimination, display synchronization, presentation
priority, and alarm requirements for all classes of AlS should be developed
by USCG.

The committee did not find any requirements for configuration of AlS dis-
plays, including display location, color, dimensionality, motion, intensity,
coding, modality, contrast, user expectations, user control, user help and
error support, user interaction style, or display customizability. Further-
more, display format requirements for navigation displays, such as chart
legibility or decluttering, position representation, and chart orientation and
scale, and for support for visualization and planning were not found. These
requirements are well-known needs for display format and need to be devel-
oped for all classes of AlS displays (Wickens et al. 2003; ANSI 2002). Thus,
USCG should develop requirements for all of these display format items for
all classes of shipboard AlS.



Determining Requirements for Shipboard Display of AIS Information 99

Physical Layout Requirements
General

Physical layout requirements include requirements for physical engineering
and appearance of the display, including numbers and types of displays and
display surfaces; display integration; display controls; and requirements for
display sound and noise, lighting, thermal conditions, heating, and ventila-
tion, for example. Only six display integration requirements for Class A AIS
and one Class A derivative display integration requirement were found. No
other physical layout requirements for shipboard display of AlS information
were identified. Thus, USCG should develop physical layout requirements,
including display integration requirements, for all classes of AlS.

Display Integration Requirements

The Class A AlS integration requirements stipulate that AIS displays should
be integrated with one of the existing graphical displays on the bridge or pre-
sented on a dedicated graphical display. Ideally, AlS would be displayed on
the ship’s radar, ECDIS, or a dedicated display. Per existing integration
requirements, Class A AlS display integration options may include connec-
tions to external GNSS/DGNSS equipment and sources of navigational
information from ship’s equipment. The shipboard AlS is required to be con-
nected to a power source, an antenna, and a variety of shipboard equipment,
or to the integrated navigation system.

Class A derivative AlS units are described in the IALA AIS guidelines as a
pilot workstation combined with portable AIS that is used primarily to pro-
vide marine pilots with the capability to carry on board an AlS station when
they are piloting vessels not fitted with an AlS. Such a pilot pack contains
GNSS/DGNSS, AIS (optional), heading sensor, and a workstation. Class A
derivatives were considered to be portable AIS units carried aboard a vessel
for the purpose of meeting the vessel's AIS carriage requirements, while
PPUs brought aboard vessels for a pilot's personal use, not to satisfy an AlS
carriage requirement, were not considered to be covered by requirements for
Class A derivatives.

There is a proliferation of stand-alone electronic navigation equipment
aboard the bridges of modern vessels. Under such conditions, operators
must integrate information from different sources, scales, and sensors, and
they must make decisions on the basis of that information in time-critical
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situations. Equipment randomly placed in available space on the bridge can
increase mariners’ difficulty in accessing needed information and can add to
operator distraction. International committees are currently exploring stan-
dards and guidelines for integrated bridge systems. These trends highlight
the need to identify and consider mariners’ information needs in different
operational settings when display integration requirements are developed.
Such requirements are needed; USCG should develop them.

Environmental Requirements

Environmental requirements include requirements for robustness of AIS
display packaging with respect to environmental conditions. Requirements
for displays to pass packaging, emission, vibration, humidity, temperature,
ruggedability (i.e., robustness), pollution, and contamination tests are in-
cluded. No such requirements exist; thus, USCG should develop them for
all classes of shipboard display of AIS information.

SUMMARY

Table 4-1 summarizes the inventory of existing requirements for shipboard
display of AlS information by class of AlS. The table indicates that some in-
formation and display format requirements have been developed for Class A
AIS, but much work remains to be done. The committee did not independ-
ently develop requirements for shipboard display of AIS information. Instead,
it surveyed existing requirements, standards, and guidelines to determine
whether they are adequate to cover all aspects of design and meet the needs
of a display user. Although international standards bodies and manufactur-
ers, among others, have been developing AlS displays and requirements for
them, most need to be supplemented, revised, or reconsidered. In addition,
new requirements for shipboard display of AlIS information are needed for
different vessel classes and operating environments.

In the analysis, CASE tools that are useful in display design and develop-
ment were identified. CASE tools provide an electronic repository for sys-
tem requirements, as well as for logical and physical design models. The use
of CASE tools can significantly reduce requirements, data, and model redun-
dancy; permit requirements and model analysis across different vessel types,
hardware, and software platforms; improve the economy of system models
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and requirements determination; and encourage component and system
reuse. USCG could also use CASE and other electronic requirements and
modeling tools in its requirements and standards specification activities.

Some of the information to be transmitted by AIS may be available in other
existing navigational equipment aboard the bridges of ships. Thus, de-
termining the information requirements for AIS displays is an important
first step in developing effective displays. This indicates that USCG can also
consider the overlap in available information among existing and future nav-
igational equipment and develop appropriate integration or information
assignment strategies in its standards-setting process.

The MKD requirements, by definition, contain a limited amount of infor-
mation. However, the committee believes that the size and limited nature of
the text-only display, coupled with the operator manipulation and informa-
tion transposition required (e.g., the requirement for operators to transpose
text information from the MKD into spatial information for decision mak-
ing), render the MKD inadequate to meet the needs of mariners in different
operational settings. These limitations, and others, suggest that USCG should
determine such needs and revise or reevaluate the minimum display require-
ments accordingly.

There is also a need to develop visual presentation requirements for all
classes of shipboard AIS displays. For example, although requirements exist
for the transmission of waypoint data from shore stations to ships, there are
no requirements for how that information is to be presented visually. In the
same manner, there is a need to develop display option requirements for
shipboard displays.

International bodies have been working on the development of additional
AIS display symbology. In addition, much work in chart and map symbol-
ogy has been done in other domains. However, symbology requirements for
shipboard display of Class A, Class B, and Class A derivative AlS informa-
tion are not now completed, and much more work is needed. USCG could
participate in international discussions on developing standards for AIS
symbology. It could also integrate standards as guides to developing symbol-
ogy requirements. Symbology requirements should conform to interna-
tional and other standards. USCG could leverage earlier work in symbology
development and follow international procedures in developing symbology
requirements.
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Existing requirements for alarms and alerts for shipboard display of AlS
information focus on the visual and auditory senses only. A body of work
outside the marine field has investigated and applied alternative human
interface modes (e.g., by utilizing senses other than, or in addition to, the
visual and auditory senses). USCG could consider alternative modes for
alarms and consider alarm design in the context of existing alarms and ambi-
ent noise on the bridges of ships in different operational settings.

Another important topic is display integration requirements. Stand-alone
units of electronic navigation equipment are proliferating aboard the bridges
of modern vessels. Under such circumstances, operators must integrate
information from different sources, scales, and sensors, and they must make
decisions on the basis of that information in time-critical situations. Equip-
ment randomly placed in available space on the bridge can increase the dif-
ficulty in accessing needed information and can add to operator distraction.
International committees are currently exploring standards and guidelines
for integrated bridge systems. These trends highlight the need to identify
and consider mariners’ information needs in different operational settings
when integration requirements for shipboard display of AIS information are
developed.

There is a need to define requirements for safety-related messages more
carefully to avoid overload of AIS with messages that might better be sent
through other media. USCG should consider the appropriateness of different
modes and media for transmission of such information. USCG's standards-
setting process should consider the importance of local information in
safety-related messages in a particular port or waterway. Short safety-related
messages have the potential to distract operators from their primary duties,
and therefore USCG should consider appropriate message traffic types,
levels, loading, and communication requirements.

Information may be categorized differently in different operational set-
tings. For instance, in inland waters, “static” information such as vessel
length, beam, or cargo may change by port call. Thus, assumptions about
the nature and type of static, dynamic, and voyage-related information may
be different in different operational settings. Some of the information to be
transmitted by AlS may be available in other existing navigational equipment
aboard the bridges of ships. Thus, determining the information requirements
for AIS displays is an important first step in developing effective displays.
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Given these factors, USCG activities for the determination of requirements
for AIS information should consider the overlap in available information
among existing and future navigational equipment and appropriate integra-
tion or information assignment strategies.

No current or future technical display requirements were found for any
class of AIS. AIS technical display requirements also include requirements
to accommodate future interfaces, displays, and technology. AlS technical
display requirements are needed for all classes of AIS and for different oper-
ational settings. Thus, USCG should develop technical display requirements
as part of its standards-setting process. USCG should investigate future dis-
play requirements as part of its research program. USCG standards-setting
and requirements processes should be flexible in order to accommodate and
adjust to future capabilities, displays, controls, and technology.

Finally, no display format, physical layout, or environmental display
requirements for shipboard display of AIS information for any type of vessel
or class of AlS exist. Therefore, such requirements are needed.
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Human Factors Considerations for
Automatic Identification System
Interface Design

From the perspective of the human operator of automatic identification sys-
tems (AIS), the “interface” is defined as the display and control mechanisms
that enable the exchange of information between the person and the AlS.
The interface includes not only the display of information, such as cathode
ray tube graphics and auditory warnings, but also data entry and control ele-
ments, such as a keyboard or switches.

Developing an effective AIS interface requires a systematic process that
considers the capabilities of the users and the demands of the operational
environment. Although several researchers have investigated mariner colli-
sion avoidance and navigation strategies and information needs, no one has
systematically evaluated how AIS can support these and other information
needs (Hutchins 1990; Laxar and Olsen 1978; Lee and Sanquist 1993; Lee
and Sanquist 2000; Schuffel et al. 1989). To date, neither the design of AIS
controls nor the information needs of the mariner and the method of dis-
playing that information have been defined and evaluated sufficiently well.
Thus, a focus on human factors considerations for AlS interfaces is needed.

Once a system has been designed, manufactured, and put in service, it
must be maintained. The goal of human factors in maintenance, as in design,
is to enhance safe, effective, and efficient human performance in the system.
In recent years it has become apparent that human factors methodology
has as much to contribute to maintenance as it does to design. In the avia-
tion and process control industries, for example, structured human factors
methods (e.g., Maintenance Error Decision Aid) are being applied to main-
tenance with some success (Johnson and Prabhu 1996; Maurino et al. 1998;
Reason and Maddox 1998). According to the National Aeronautics and
Space Administration (NASA 2002), four primary activities are undertaken
in maintenance human factors: (a) human factors task/risk analysis, (b) pro-
cedural improvements, (¢) maintenance resource management skills and
training, and (d) use of advanced displays (to clarify procedures and to make
information resources more accessible without task interruption). Because
of the changing nature of the workplace and required tasks, especially given

105



106 SHIPBOARD AUTOMATIC IDENTIFICATION SYSTEM DISPLAYS

the increasing use of automation in maintenance, workers in these jobs
must acquire new skills for tasks that will not necessarily reduce their work-
loads. In addition, issues of software version control and data maintenance
(e.g., updated chart information, updated cargo information) may require
special procedures and training as well as more specialized personnel. As will
be seen in the discussion below, many of these types of activities are relevant
to AIS shipboard displays. Although maintenance issues are important and
merit consideration and comprehensive evaluation before implementation
of a specific AlS, these system-level (not display-specific) issues were beyond
the scope of this report.

Some of the key human factors considerations important in interface
design are outlined in this chapter. A description of the human factors design
process is given first. How the three stages of understand—-design—evaluate
might be applied to the design of AIS interfaces is then discussed. A number
of human factors guidelines that can assist in the design of current and future
AlS interfaces are also provided.

CORE ELEMENTS OF THE HUMAN
FACTORS DESIGN PROCESS

Human factors design activities are an integral element of the overall systems
analysis and design process described in Chapter 4. The focus of human fac-
tors design is on the interaction between the design and the human. Thus,
human factors design processes can be simplified into three major phases:
understand the user and the demands of the operational environment, design
a system on the basis of human factors engineering principles and data, and
evaluate the system to ensure that the system meets the needs of the user
(Woods et al. 1996) (see Figure 5-1). These steps are mapped to the systems
analysis and design framework outlined in Chapter 4 and shown in Fig-
ure 5-2. To begin with, a task or work analysis can be used to provide the
initial data to understand the user and the demands of the operational envi-
ronment (Kirwan and Ainsworth 1992; Vicente 1999). This understanding
and the requirements that result are combined with human factors engi-
neering guidelines and principles to create initial design concepts. As shown
in Figure 5-1, design often begins by building on findings from the evalua-
tion of an existing system rather than by starting with a blank slate. This is
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FIGURE 5-1 Iterative cycle of system development. (Adapted from Woods
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true also for AIS. AIS design will occur in the context of previously devel-
oped navigation, communication, and planning aids. After these initial
concepts are developed, designers conduct heuristic evaluations and
usability tests with low-fidelity mock-ups or prototypes (Carroll 1995).
Usability evaluations in realistic operational contexts are particularly use-
ful because they often help designers better understand the users and their
needs.

AIS deployment may result in mariners using the technology in ways that
were not anticipated during the initial design. For this reason, analysis of
how mariners interact with prototypes is critical to a better understanding
of system requirements. This enhanced understanding can then be used to
refine design concepts. When the system design becomes more defined, it
may be placed in an operational environment for comprehensive testing and
evaluation. This final evaluation can be considered to be the final step of sys-
tem development. It can also be considered as the first step in developing a
better understanding of the user for the next version of the prototype or
product. For this reason, it is important to consider AIS design and the asso-
ciated standards and certification development as a continuous process that
evolves as more is learned about how mariners use AlS and how AlS affects
the maritime industry. This continuous cycle is reflected in the link between
evaluation, which ends one iteration, and understanding, which begins the
next iteration of the design cycle. Some of the more critical elements of each
of these three phases are described in the remainder of this chapter.

The most obvious focus of the design process is the physical display and
controls that make up the operator interface. However, with complex tech-
nologies such as AlS, training and documentation also represent impor-
tant elements of design. Ignoring documentation (manuals, instruction
cards, help systems) and training can lead to errors, poor acceptance, and
ineffective use of the system.

UNDERSTANDING THE NEEDS OF THE OPERATOR

New technology can change demands on the bridge crew dramatically. If
they are properly developed, technological advancements should make oper-
ators more efficient and safe. Under proper conditions, workload declines
and performance improves with the introduction of new navigation tech-
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nology, even when the number of crew members declines (Schuffel et al.
1989). Other studies, however, have shown significant performance declines
with the introduction of new technology, particularly under medium- and
high-stress conditions (Grabowski and Sanborn 2001). Studies in other
domains suggest that poorly designed automation may reduce workload
under routine conditions but can actually increase workload during stress-
ful operations (Wiener 1989; Woods 1991). One possible explanation for
these apparently contradictory findings has been suggested by Lee and
Sanquist (2000), who point out that the evaluation of modern technologies
often addresses only routine performance and does not consider more stress-
ful and nonnormal conditions where new technology can actually impair
performance. (A fuller discussion of automation-related issues and their
potential impact on operator performance is given in the section “Human/
Automation Performance Issues.”)

In addition, new technology can introduce new cognitive demands, such
as the need to monitor more ships during collision avoidance, to form men-
tal models of the new technology, and to perform complex mental scaling
and transformations to bridge the gap between the data presented and the
information needed by the operator. Although problems abound, properly
implemented technology (such as AIS) promises to enhance ship safety as it
eliminates time-intensive, repetitive, and error-prone tasks. To realize the
promise of new maritime technology requires a clear understanding of the
needs of the operator.

Historical data concerning shipping mishaps indicate that many naviga-
tion errors result from misinterpretations or misunderstandings of the sig-
nals provided by technological aids (NTSB 1990). Moreover, Perrow (1984)
notes that poor judgment in the use of radar contributes to many maritime
accidents. In some situations the mariner may receive so many targets and
warnings that it may be impossible to evaluate them, and that display may
be ignored. In addition, production pressures could force mariners to use the
devices to reduce safety margins and operate their vessels more aggressively.
The demands and pressures that new technology can place on mariners can
induce unanticipated errors. These findings suggest that poorly designed and
improperly used technology may jeopardize ship safety. In addition, AIS may
eliminate many tasks, make complex tasks appear easy at a superficial level,
and lead to less emphasis on training and design. AIS may also introduce new
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phenomena that affect mariner decision making, such as automation bias
and overreliance on a single source of information to guide collision avoid-
ance and navigation. In this situation, if the display fails to contain the infor-
mation necessary to specify operator actions, errors will result (Rasmussen
1986; Vicente and Rasmussen 1992). This is particularly problematic with
AIS because it may provide information on only a subset of the vessels the
operator must consider in navigating a safe course. Thus, it is clearly impor-
tant to understand the cognitive tasks involved with AlS to guide design and
training.

As a demonstration of this process, the committee conducted a prelimi-
nary task analysis using observations of a towing vessel representative of
those that operate on the upper Mississippi River and its tributaries. This
type of inland towing operation involves transiting locks and relatively long
voyages. This compares with fleeting vessels, which operate in a relatively
small area of the river, and vessels operating on the lower Mississippi, which
may rarely encounter locks. Although towing vessels on the lower Missis-
sippi might not encounter locks, they tend to have a much larger cargo and
are likely to interact with deep-draft vessels. The towing vessel observed was
also a technological leader that already uses electronic charts. Although
many towing companies have adopted electronic charts, many smaller com-
panies have not. The towing industry includes many types of vessels and
operations, which may lead to different applications of AlS, particularly com-
pared with the application of AlS for deep-draft vessels. To understand the
nature of these differences, preliminary observations and a task analysis were
conducted. Similar analyses should be performed for other classes of vessels
as well.

A simple way to organize observations of navigation and communication
activity is according to information, functions, and events (see Figure 5-3). A
complementary approach would be to address the underlying constraints of
the work domain on behavior (Vicente 1999). Both approaches would be
useful in a comprehensive analysis of how AIS could support mariners.
Information refers to categories of information that the pilots and captains
use to guide their actions. In some cases, such as “lock ticket,” the informa-
tion is contained on a piece of paper, but the information could be in the
form of radio communications that update this information, so “lock ticket”
represents more than the physical piece of paper. For each information
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FIGURE 5-3 Towing vessel meeting example.

category, Table 5-1 shows the different activities and their descriptions,
including a source for the activity, such as radio communication or visual
observation. Functions are the information transformation processes that
achieve system goals. These capture what people and technology do in the
pilothouse. As shown in Figure 5-3, each function takes information as an
input and generates it as an output. The functions are triggered by events
and they also initiate events. Events are the triggers that initiate functions and
the state changes that are a consequence of the information transformation
and activities associated with a function. Table 5-1 shows a sample of repre-
sentative information, functions, and events.

An example of the relationships between functions, events, and informa-
tion can be seen in the towing vessel meeting diagram shown in Figure 5-3.
In this example, a towing vessel meeting another vessel experiences at least
two events—hazard detection (e.g., fixed-object hazards) and vessel threat
detection. The two events result in functions being performed aboard the
towing vessel: communication, meeting planning, establishment of a planning
agreement, vessel speed and position control, hazard monitoring, and posi-
tion establishment. Those functions result in another event—identification
of a meeting point. Figure 5-3 also shows that the information being used
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TABLE 5-1 Representative Information, Functions, and Events

Activity Description

Type of Activity: Information

Event log Documents progress along the river, anomalies, and crew
changes. This information is stored and communicated using a
computer, note pad, and formal paper log.

Lock ticket Data needed to coordinate lock passage (e.g., 600- versus
1,200-ft locks). Tow configuration, length, draft, cargo,
barge numbers and types. This information is stored and
communicated using paper ticket and note pad; changes
are communicated by radio.

Vessel/tow configuration Information that affects safe passage through channels, locks,
and bends. This information includes draft readings, leaks and
water in barges, tow length (visual inspection, notes).

Equipment calibration Depth estimated by second vessel, physical state of depth
gauge, confirmation with vessel/river interaction. This
information is communicated by radio, visual observation,
vessel response.

Lock waiting location Array of vessels stopped along bank before lock. This
information is communicated by radio.

Informal chart data Addresses lack of detail in charts. Fleeting areas, location of
private docks, steepness of bank, type of bank and bottom,
eddies. Critical for picking an appropriate place to stop and
identifying upcoming river hazards (visual confirmation, local
knowledge, general river knowledge, radio communication,
e-mail).

Dynamic chart information Addresses changing features of the river. River height, sandbars,
current, lock status, obstacles, and hazards. This information is
stored and communicated using daily USCG updates on the
radio, e-mail, and radio communication with other boats.

Traffic situation Number, distance, and distribution of approaching boats. This
information is communicated and tracked using radio and visual
and radar targets.

Estimated meeting location Point where vessels are likely to pass on the basis of estimated
speed and distance. This information is communicated using
radio and a chart.
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TABLE 5-1 (continued) Representative Information, Functions, and Events

Activity

Description

Meeting conventions

Meeting constraints

Immediate river/vessel interaction

Lock coordination

Southbound has right-of-way, Ohio River convention for south-
bound vessel to take outside of curve. Subsequent vessels of a
sequence follow the first. Opposite for lower Mississippi. This
information is communicated by radio.

Space available for passage, intended track, mechanical prob-
lems of vessel. This information is stored and communicated
using the charts and radio.

Depth of water below barges, response of tow to control
input. This information is based on the actual compared with
the expected rate of turn, behavior of lead barges, cavitation,
speed/rpm relationship, and current. This information is
communicated through visual cues, haptic cues (vibration),
and auditory cues.

Configure tow, loading to match lock capacity. Share tow infor-
mation and any changes with lock manager to establish lock
type and order.

Type of Activity: Functions

Meeting planning

Establishing passing agreement

Fleeting area and service coordination

Speed and position control

Identify waiting location

Stopped at riverbank

Hazard monitoring and detection

Broadcast position and intention to identify relevant forward
vessels (northbound responsibility). Use estimated speed,
distance, and location of hazards to establish a meeting
location.

Agreeing where and how the vessels will pass (port-to-port or
starboard-to-starboard).

Plan for support services, such as maintenance personnel
boarding and fleet boats.

Moment-to-moment control of the vessel course through
the water.

Determine availability and suitability of places where tow can
be temporarily stopped against the riverbank.

Stopped, waiting for fog to lift or for turn through lock.

Scanning the river to identify hazards, which include other
vessels, upcoming turns, sandbars, and recreational boaters.

(continued on next page)
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TABLE 5-1 (continued) Representative Information, Functions, and Events

Activity Description

Type of Activity: Events

Hazard detected Detection that a hazard is present.

Upcoming vessels detected Realizing that other vessels are in the vicinity.

Meeting point identified Determining location at which vessels will meet.

Passing agreement made Agreement made between vessels as to where and manner in

which they will meet.

Lock delay identified

Change in river height Changes in water depth.
Lock approached
Lock passed Have gone through the lock.

for the functions includes dynamic chart information, traffic situation infor-
mation, estimated meeting locations, meeting conventions, meeting con-
straints, and immediate river/vessel interaction information, among other
items. This simple example provides an idea of the relationships between
information, functions, and events in a towing vessel meeting situation. Note
that the relationship between events and functions is sequential: events trig-
ger functions, and functions result in changes in events. Note also that infor-
mation is a critical input to functions; information is needed for functions
to occur.

The relationships between information, functions, and events can be mod-
eled in a variety of ways: for instance, by using data flow diagrams (Hoffer
etal. 2002), the Unified Modeling Language for object-oriented software and
hardware (Kobryn 1999), data modeling (DATE 2002), transition matrices,
and input/output matrices. Computer-aided software engineering tools, as
described earlier, are electronic repositories for each of these different types
of models that can be used for analysis, design, and development activities.
Each of these models and approaches focuses on the use of information
to facilitate activities in response to and in order to successfully execute
or anticipate events in a domain. The patterns evidenced by different
events, information, and functions in a domain provide important clues
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as to appropriate technology design and development strategies to assist
human operators.

The variety of functions that AIS might support and the variety of in-
formation sources demonstrate the challenge of integrating AlS into the
mariner’s decision-making process. The variety of information, events, and
functions also demonstrates the vessel- and operation-specific nature of AIS
display design. While some of the elements of navigation, communication,
and planning tasks remain constant across different types of vessels and
operating environments, others change.

Thus, systematic analysis of the information, functions, and events that
describe mariner activities is needed to derive AIS display and control re-
qguirements. The results of this analysis might include a transition matrix
that identifies the potential challenges that might interfere with the functions
occurring. This can also identify the interface strategies that could help AIS
in supporting these transitions (e.g., separate alarms versus integration with
other displays). Another result could be an input/output matrix that de-
scribes the information flow between functions and whether the information
is an input or an output of each function, as well as the data entry and data
flow requirements. Unneeded data entry should be avoided, and data output
should be organized to avoid overwhelming the operator. An input/output
matrix can help identify how AIS outputs can be integrated, combined, and
formatted to support the functions with minimal data entry and cognitive
transformations. An input/output analysis can also result in specific strate-
gies for supporting efficient manipulation and use of the information and can
identify potential breakdowns in information flows and functions. For
instance, the initial observation of towing operations identified several con-
siderations for AlS implementation in the inland towing industry:

« Combining a radar overlay may clutter the electronic chart and require
substantial adjustments to avoid inconsistencies in electronic chart ori-
entation. AIS information can further complicate these tasks if it is not
carefully integrated.

« Geographic constraints make meeting point coordination an important
task for inland towing.

+ The variable speed and intention of other vessels make meeting location
estimation for towing vessels difficult. Any AIS implementation should
consider how to address this challenge.
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« The preview of some electronic charts, as commonly used by inland oper-
ators, is only 3 miles and may make transit planning difficult. AIS displays
should consider the planning horizon of the mariner.

+ Current, imperfect radio communication due to intentional silence, fail-
ure to hear due to ambient noise, and being on a different channel present
important opportunities for AIS to improve the mariner's knowledge of
his or her domain.

« Data must be entered in the time available (e.g., picking up a radio is eas-
ier than navigating a menu system). AlIS may be most effective as a sup-
plement to radio communication rather than as a replacement.

+ Many vessels have computers on the bridge, which can pose a distraction.
AlS could exacerbate this risk.

« Updating vessel status and configuration data could be a substantial task
and is potentially subject to high risk of error. For example, towing ves-
sel length and beam measurements change as cargo is picked up and
delivered. Some of this data entry could be eliminated if the data were
linked to the locking ticket.

+ Information that is static for deep-draft vessels may be dynamic for tow-
ing vessels (e.g., adding barges changes “vessel” length).

These preliminary observations do not represent a comprehensive set of
considerations for AlIS implementation but instead demonstrate why a task
analysis can be helpful in identifying display requirements for AlS.

Integration of AIS with Other Bridge Systems

A strong tendency in technology development in the maritime industry is to
create stand-alone systems that require the mariner to integrate the infor-
mation from each system to make decisions. One strategy for AIS develop-
ment is to treat AlIS as a separate system that is independent of the automatic
radar plotting aids (ARPA), electronic chart, radio, and other communica-
tion and navigation equipment. A stand-alone AIS simplifies the AIS design
process but may place a substantial burden on the mariner and severely
undermine the utility of the AIS. The mariner may be forced to mentally inte-
grate the information—a process that can be effortful and subject to error.
In addition, the mariner may need to resolve differences in data about the
same fixture—target vessel and so forth—presented by different instruments
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or displays. Only people can make judgments, and the information should
be configured in a way that supports judgments.

Another strategy is to integrate AIS information into the displays and con-
trols of existing bridge equipment. The design must consider the type of
judgments the mariner must make and the type of constraints under which
the mariner must operate; the display needs to support these judgments and
make the constraints visible. The specific integration of information and
controls depends on a deep understanding of the demands and constraints
of the maritime environment and the capabilities of various sensor and data
sources. The development of an integrated system faces technological and
display design challenges but could dramatically enhance the benefits of
the AlS.

Frequently, new systems are developed without careful consideration of
how they integrate with current capabilities. For example, navigation aids
are installed on ships (Lee and Sanquist 2000), functions are added to flight
management systems (Sarter and Woods 1995), and medical device displays
are combined (Cook et al. 1990a), often without careful attention to how the
information from these systems should be integrated. The general concept
of functional integration has significant potential for enhancing human—
system performance. Functional integration involves analysis of the in-
formation required by each function and the information produced by
each function. The information inputs and outputs of the various system
functions define links between functions that can either be identified and
supported by designers or discovered and accommodated by operators.
Operators who are forced to “finish the design” (i.e., to provide necessary
links between functions) may experience increased cognitive load, frustra-
tion, and dissatisfaction with the system. Without careful consideration, AIS
may be poorly integrated and may subject users to the task of finishing the
design, which is laborious and prone to error.

As an example, problems can exist with personal pilot units that have the
“attitude display” of own ship when only one antenna is used or there is no
connection to the ship’s source of true heading (from gyro or Differential
Global Positioning System). In this circumstance, own ship’s attitude trans-
mitted to other ships will be in the direction of movement of the ship’s
center of gravity, not its true compass heading. This mistaken display of
heading gets worse as ship speed slows or cross-channel winds or currents
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affect own ship’s movement so that it has to “crab” its way down the chan-
nel. While those on the bridge of the ship will probably be aware of this,
mariners on bridges of other ships receiving this display of attitude will get
faulty information for such a target vessel. This is particularly problematic
because some ships will have gyro heading information and will broadcast
the actual ship orientation, and other ships that do not have gyros will broad-
cast heading information that does not match their actual heading.

Graphics are frequently used to document information flows and identify
how systems can be integrated. However, graphics of complex systems are
often incomprehensible and at best provide only a qualitative description
of the system. Typically, each function is represented by an ellipse labeled with
the function name. Information flows are usually designated with arrows.
These graphics provide a visual representation that can sometimes promote
intuitive insight; however, as they become more complex, they grow harder
to draw effectively and to comprehend. Alternatively, an information flow
may be represented as a matrix in which information flows between functions
are summarized as functions arrayed against functions. In each instance
where information flows from one function to another, the cell in the matrix
contains a “1,” otherwise it contains a “0.” A benefit of the matrix approach
is that it easily scales to accommodate increasingly complex systems, in con-
trast to graphical representations, which can quickly become unmanageable.
A matrix representation makes possible a range of mathematical analy-
ses that can reveal relationships that may not be obvious in graphic repre-
sentation. This representation makes it possible to apply well-established
graph theory techniques developed to study engineering systems and social
networks (Borgatti et al. 1992; Luce and Perry 1949; Wasserman and Faust
1994) and optimize engineering design (Kusiak 1999; Lee and Sanquist
1996). The complex set of navigation, planning, and communication tasks
that AIS may support makes it important to consider systematic approaches
to integrate AIS with existing bridge technology.

Translating Data into Information

New technology has the potential to overload people with data. AlS is no
exception. To avoid this danger AlS design must carefully evaluate the tasks
and decisions AlS is to support and then integrate, transform, and present
data in a form that is most cognitively consistent with the tasks it is meant
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to support. If the AIS design does not address these considerations, the
mariner will need to mentally integrate and transform the data. This bur-
den may lead to errors and misunderstandings. For example, the minimum
keyboard and display (MKD) forces mariners to translate numeric data con-
cerning the latitude and longitude of surrounding vessels into a visual rep-
resentation and assessment of collision hazard.

Mariners have developed successful strategies that rely heavily on repre-
senting the data in a format that makes perceptual judgments of collision
potential possible (Hutchins 1990; Hutchins 1995b). For example, relative
motion vectors of ships on a collision course point toward the mariner's ship.

Also, a well-designed AIS display should provide attentional guidance to
mariners by, for example, highlighting changes and events (such as changes
in the status or behavior of a nearby vessel), which may otherwise be missed
as they appear in the context of a dynamic data-rich display. Data need to be
put in context and presented in reference to related data to transform them
into meaningful information. For example, simulations of possible avoid-
ance maneuvers on the screen are useful only if they can be viewed in the
context of a map depicting surrounding land masses or water depths.
Finally, not all AIS information may be required at all times. Depending
on task and task context, the information that is presented may change
automatically, or, in a more human-centered design, mariners should be
enabled to tailor the information content and display to their changing needs
(Guerlain and Bullemer 1996).

Operational Differences and Implications for
AIS Interface Design

AIS may be used in a range of operational environments and vessel types.
The ideal AlS interface for an oceangoing tanker may be quite different from
an interface for a towing vessel on an inland waterway. The operational dif-
ferences have implications for the way in which AIS may be integrated with
other bridge systems and how data are combined into useful information.
For example, AIS for a towing vessel on inland waterways that have numer-
ous locks should consider the information that needs to be transferred and
the vessel coordination associated with locks. AlS for these vessels must also
consider the demands of coordinating passing situations in narrow channels.
To maximize the utility of AIS, the human interface must be designed for the
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particular demands of each operational environment. A useful AlS interface
for oceangoing vessels may not be the same as a useful interface for inland
towing vessels.

HUMAN/AUTOMATION PERFORMANCE ISSUES

Automation such as AlS has tremendous potential to extend human per-
formance and improve safety. However, recent disasters indicate that it is not
uniformly beneficial. In one case, pilots failed to intervene and take manual
control even as the autopilot crashed the Airbus A320 they were flying
(Sparaco 1995). In another instance, an automated navigation system mal-
functioned and the crew failed to intervene, allowing the Royal Majesty
cruise ship to drift off course for 24 hours before it ran aground (Lee and
Sanquist 2000; NTSB 1997). On the other hand, people are not always will-
ing to rely on automation when appropriate. Operators rejected automated
controllers in paper mills, which undermined the potential benefits of auto-
mation (Zuboff 1988). As information technology becomes more prevalent,
poor partnerships between people and automation will become increasingly
costly and catastrophic (Lee and See in press). For this reason it is important
to consider the problems with automation that might also plague AIS if it is
not implemented with proper concern for supporting the mariner.

Such flawed partnerships between automation and people can be described
in terms of misuse and disuse (Parasuraman and Riley 1997). Misuse refers
to the failures that occur when people inadvertently violate critical assump-
tions and rely on automation inappropriately, whereas disuse signifies fail-
ures that occur when people reject the capabilities of automation. Misuse
and disuse are two examples of inappropriate reliance on automation that
can compromise safety and profitability. Understanding how to mitigate dis-
use and misuse of automation is a critically important problem for AIS devel-
opment. When it is first introduced, AlS is likely to suffer from disuse
because mariners may be hesitant to trust it. After several years mariners may
come to depend on AlS and AIS may suffer from misuse as mariners trust it
too much and become complacent about potential failures.

Several more specific problems that underlie the general problems of mis-
use and disuse have been identified (Bainbridge 1983; Lee and Sanquist
1994; Norman 1990; Sarter and Woods 1994; Wickens et al. 1997; Wiener
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and Curry 1980). The following are specific problems with automation that
seem relevant to AIS development and implementation:

« Trust calibration,

« Configuration errors,

- Workload,

« Skill loss and training, and

+ Disrupted human interactions.

In the following sections each of these issues will be described briefly, its
connection to AIS identified, and considerations for interface design and
training identified.

Trust Calibration

Trust has emerged as a particularly important factor in understanding how
people manage automation (Lee and Moray 1992; Lee and Moray 1994). Just
as trust guides delegation and monitoring of human subordinates, trust also
guides delegation and monitoring of tasks performed by an automated sys-
tem (Sheridan 1975). Trust has been defined as the attitude that will help
achieve an individual’s goals in a situation characterized by uncertainty and
vulnerability (Lee and See in press).

Trust in automation is not always well calibrated: sometimes it is too
low (distrust), sometimes too high (overtrust) (Lee and See in press;
Parasuraman and Riley 1997). Distrust is a type of mistrust: the person fails
to trust the automation as much as is appropriate. For example, in some cir-
cumstances people prefer manual control to automatic control, even when
both are performing equally well (Liu et al. 1993). A similar effect is seen
with automation such as AlS that enhances perception. People are biased
to rely more on themselves than on automation (Dzindolet et al. 2002).
The consequence of distrust is not necessarily severe, but it may lead to in-
efficiency. In the case of AlS, distrust may lead mariners to ignore the AlS
and therefore fail to benefit from the technology.

In contrast to distrust, overtrust of automation, also referred to as com-
placency, occurs when people trust the automation more than is appropri-
ate. It can have severe negative consequences if the automation is imperfect
(Molloy and Parasuraman 1996; Parasuraman et al. 1993). When people per-
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ceive a device to be perfectly reliable, there is a natural tendency to cease
monitoring it (Bainbridge 1983; Moray 2003). As AIS becomes common-
place and mariners see it work flawlessly for long periods, they may develop
a degree of complacency and fail to monitor it carefully.

Configuration Errors

Another problem with automation, and one that is likely to plague AlS use, is
configuration errors. Configuration errors occur when data are entered or
modes are selected that cause the system to behave inappropriately. The
mariner may incorrectly “set up” the automation. As an example, nurses some-
times make errors when they program systems that allow patients to admin-
ister periodic doses of painkillers intravenously. If the nurses enter the wrong
drug concentration, the system will faithfully do what it was told to do and give
the patient an overdose (Lin et al. 2001). With AIS a similar problem could
occur if the mariner entered the wrong length for the vessel. The AIS might
then indicate a meeting point as being safe even though it is not. To combat
this problem, data entry should be minimized, and the entered data should
be displayed graphically so that typographical errors are easy to identify.

Workload

Automation is often introduced with the goal of reducing operator workload.
However, automation sometimes has the effect of reducing workload during
already low-workload periods and increasing it during high-workload peri-
ods. In this way, clumsy automation can make easy tasks easier and hard
tasks harder. For example, a flight management system tends to make the
low-workload phases of flight (such as straight and level flight or a routine
climb) easier, but it tends to make high-workload phases (such as maneu-
vers in preparation for landing) more difficult; pilots have to share their
time between landing procedures, communication, and programming the
flight management system (Cook et al. 1990b; Woods et al. 1991). AIS may
be prone to the same problems of clumsy automation, particularly if there
is a high level of text messages during the already high-workload periods
associated with transiting restricted waters or coming into a port. Clumsy
automation can be avoided by minimizing data entry and configuration re-
quirements and reducing the number of adjustments the mariner might need
to make in high-workload periods.
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Skill Loss and Training

Errors can occur when people lack the training to understand the automa-
tion. As increasingly sophisticated automation eliminates many physical
tasks, complex tasks may appear to become easy, leading to less emphasis
on training. The misunderstanding of new radar and collision avoidance sys-
tems has contributed to accidents (NTSB 1990). One contribution to these
accidents is training and certification that fail to reflect the demands of the
automation. An analysis of the examination used by the U.S. Coast Guard
(USCGQG) to certify radar operators indicated that 75 percent of the items
assess skills that have been automated and are not required by the new tech-
nology (Lee and Sanquist 2000). Paradoxically, the new technology makes
it possible to monitor a greater number of ships, which enhances the need
for interpretive skills such as understanding the rules of the road and the
automation. These are the very skills that are underrepresented on the test.
Furthermore, the knowledge and skills may degrade because they are used
only in rare, but critical, instances (Lee and Sanquist 2000). Training pro-
grams and certification that consider the initial and long-term requirements
of AIS can help combat potential problems of skill loss and the additional
demands that AIS may put on mariners.

Disrupted Human Interactions

Crew interactions and teamwork are critical for effective navigation. In the
aviation domain many problems have been traced to poor interactions
between crew members (Helmreich and Foushee 1993). There are many cir-
cumstances in which subtle communications, achieved by actions or voice
inflection, convey valuable information. Sometimes automation may elimi-
nate these information channels. A digital datalink system is being developed
that shares several similarities to the AlIS. Datalink is proposed to replace air-
to-ground radio communications with digital messages that are typed in and
appear on a display panel that will eliminate informal information that is cur-
rently conveyed by voice inflection (Kerns 1991). Controllers may no longer
be able to detect stress and confusion in a pilot’s voice, nor will pilots be able
to hear the sense of urgency in the tone of a controller’s voice commanding
immediate compliance (Wickens et al. 1997). In addition, the physical inter-
action between the crew members and the equipment can enhance commu-
nication and error recovery. In maritime navigation the way the position is
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plotted can indicate its accuracy (Hutchins 1995a); this indication may be
lost with AIS, where every target is plotted with apparently the same accu-
racy. The physical movements of team members, such as reaching for a
switch, can communicate intentions. Automation can eliminate such com-
munication by channeling multiple functions and activities through a single
panel (Segal 1994). To counteract these potential problems, it might be use-
ful for AIS design to consider the joint information of the interacting crew
in addition to the needs of each individual crew member.

SKILL REQUIREMENTS

The successful introduction of AlS depends on understanding the capabili-
ties and training requirements. While AIS has certain unique features and
operating functions, it is one of many tools intended to assist the mariner in
accomplishing a myriad of ship operational tasks. As such, it should be
treated as part of the total bridge navigational system in deciding how best
to provide operator training. Operator training is a complex subject in itself,
and the committee has not fully investigated it, but its importance is clear.

Most of the deep water mariners who will be using AlS will not be subject
to U.S. flag jurisdiction. Thus, their capabilities and training will be overseen
by international agreements or the national regulations of the flag of the ves-
sel. In contrast, as previously noted, the majority of the U.S. inland mariners
who will be expected to use AIS are those who are employed aboard U.S.-
flag commercial towing vessels, coastal traffic and tug/barges, passenger ves-
sels, ferryboats, and offshore supply vessels, which are subject to USCG
regulations. The capabilities and training needs among all of these mariners
are as varied as the vessels they operate. However, because they share the
same waterway, there are certain basic training principles concerning the use
of AIS that may be common and may be important to consider.

For example, a number of chart display units are in active use on U.S.
ports and waterways, and the experience of the mariners who use these sys-
tems is a reasonable gauge of the level of training needed to operate AIS
units. Electronic chart systems are in general use on a number of vessel
types. AlS-like units have been in use in New Orleans, Tampa, and San
Francisco; AlS are being used on the St. Lawrence Seaway as well.

Because commercial towing vessels and other inland waterway vessels
are equipped with modern radar, VHF/FM radios, magnetic compasses, and
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rate-of-turn indicators, current operators must receive adequate training
with these systems. Many are also fitted with one or more of the following:
GPS, chart plotters, or electronic charting systems (ECS). Interestingly, as
more mariners use this equipment in day-to-day operations, it may be that
the addition of AIS will not present too large a burden of additional training
so long as the display is appropriate and the operator has adequate skills with
existing systems. The particular training requirements will depend on the
functionality of the AIS display.

Under present USCG regulations, masters and mates of towing vessels
over 26 feet are required to attend radar training as a condition of licensing.
Refresher training is required on a 5-year cycle. Because of this requirement,
the addition of AIS training might be considered as an adjunct to the ra-
dar endorsement. In the past, certification examinations have not always
changed to reflect the introduction of new technology (Lee and Sanquist
2000). It would be useful to review all vessel operator training and certifica-
tion requirements to see how the introduction of AlS might be used to mod-
ify present standards rather than introduce new ones.

There will undoubtedly be a phase-in period to facilitate AIS carriage
requirements; this period could also be useful to phase in any new require-
ments for training. Any AlS-specific training could be synchronized with the
mariner’s normal radar training cycle. For example, mariners could satisfy
AlS training requirements concurrently with the first renewal of a radar cer-
tificate, following the implementation of the carriage requirements. This
approach would allow mariners to better meet carriage requirement dead-
lines and ease the burden on examination centers. While the committee
believes that training will always be an important factor in the successful
introduction of AIS displays, it also believes that a training program will be
most useful when it is integrated with a regular, comprehensive operator
training program.

DESIGNING THE AIS INTERFACE USING
HUMAN FACTORS PRINCIPLES
While it will be important ultimately to tailor the AIS interface design to

its intended uses, users, and context, certain general principles should be
applied to its design and evaluation. For example, Smith and Mosier (1986)
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offer 944 such guidelines, Brown (1988) discusses 302 guidelines, and
Mayhew (1992) includes 288 guidelines. Probably the most widely recog-
nized usability heuristics are those based on a factor analysis of 249 usability
problems by Nielsen and Levy (1994), which resulted in a concise list of 10
heuristics. This large body of guidelines can help direct AlS interface design,
but some are more critical for AlS design than others. In the following sec-
tions human factors design principles that appear to be particularly critical
for AIS design are identified, and recent trends in information representation
that may complement the traditional reliance on visual displays are discussed.

Human Factors Considerations for AlS Interface Design

The following paragraphs briefly discuss some of the best-known and widely
accepted heuristics and design principles (from Nielsen and Levy 1994;
Shneiderman 1998; Wickens et al. 1997) that should, at a minimum, be
applied to the evaluation of proposed AlS shipboard interfaces. The ship-
board environment presents several critical considerations that differentiate
it from typical desktop and control room situations in which the following
human factors guidelines are typically applied. Shipboard displays must con-
sider illumination so that they can be operated in both day and night, and
their displays must be visible but not excessively bright at night. Shipboard
interfaces should also be designed so that they are operable in heavy seas,
wet conditions, and high-vibration situations. The physical layout of the
bridge should also influence shipboard design. The shipboard operator is not
likely to be monitoring displays constantly, and the placement of shipboard
displays relative to other navigation and communication aids may influence
their utility. Beyond these general considerations, the following 13 specific
interface principles should be taken into account in AlS design:

« Ensure visibility of system status and behavior: The system should always
keep the user informed about its status and activities through timely and
effective feedback. This heuristic is essential to a user-centered design par-
adigm and vital for effective coordination and cooperation in a joint
human-machine system. Yet, it is one of the most frequently violated
principles. Many current interfaces focus on the presentation of status
information but fail to highlight changes and events. They are often char-
acterized by data availability rather than system observability, under
which the machine plays an active role in supporting attention allocation
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and information integration. In the context of AlS, for example, it has
been proposed that in the event of system overload, some targets will drop
out. It will be important to provide clear indications of such changes in
display mode.

+ Create a match between the system and the real world: The system should
speak the user’s language. It should follow conventions in the particular
domain and use words, phrases, and concepts that are familiar to the
mariner rather than system- or engineering-oriented terms. This will
reduce training time because it avoids the need for mariners to adapt to
the system, and it will help avoid errors (e.g., formatting errors in data
entry) and misunderstandings between the system and the mariner. This
also means that menu options and error messages should use terms that
are meaningful to the mariner rather than terms that are familiar to the
software developers. This requires a high degree of familiarity with the
tasks and existing navigation tools of the mariner. The developers should
identify and use the measurement units of the mariner.

 Support user control and freedom: Users sometimes choose system func-
tions by mistake. In those cases, they need a clearly marked “emergency
exit” to leave the unwanted state without having to go through a lengthy
dialogue. For example, the system should support the easy reversal of
actions through “undo” and “redo” functions. This will be especially
important in the context of high-tempo operations. However, in general,
it will be important to adhere to this design principle to ensure that the
mariner’s attentional focus is not on operating the system rather than per-
forming the task at hand. In other words, attention should be focused on
vessel navigation, not on how to use or interact with the device being used
to send or receive information. Such inappropriate attentional fixations
have been observed in other domains, where they have contributed to
incidents and accidents. The need to support user control and freedom
also concerns the changing conditions the mariner faces and the need to
allow the mariner to adjust the features of the AlS to accommodate these
conditions. One simple example is the need to adjust the display to reflect
the changes in lighting from day to night.

« Ensure consistency: This principle calls for the use of identical terminol-
ogy for menus and help screens and for the consistent use of colors and
display layout. Users should not have to wonder whether different words,
situations, or actions mean the same thing, and where they can find infor-
mation or controls. Instead, designers should attempt to capitalize on user
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expectations that are derived from learned patterns. Compliance with this
heuristic requires not only consideration of each individual display but
also of the environment in which it will be used. Users learn certain color-
coding schemes or symbols, and it is likely that they will transfer their
interpretation of information from known to new displays. As mentioned
in Chapter 4, one problem with proposed AlS designs that has been iden-
tified already is that symbology requirements have not yet been fully har-
monized across different electronic navigation platforms. Using accepted
approaches to symbol development could make AIS symbols more visible
and interpretable (ISO 1984).

« Supporterror prevention, detection, and recovery: For many years, the focus
in design has been on error prevention through training and design. More
recently, it has been acknowledged that, despite the best intentions, errors
will continue to occur and that it is critical to support operators in detect-
ing when an error has been made, why the error occurred, and how it can
be corrected. Systems can support these three stages of error management
by various means, such as (a) expressing error messages in plain language
(no codes); (b) clearly indicating the nature of, and reasons for, the prob-
lem; and (c) suggesting promising solutions to the problem.

« Require recognition rather than recall: The designer should place explicit
visible reminders or statements of rules and actions in the environment
so that they are available at the appropriate time and place. This principle
helps reduce the need for memorization and is essentially a rephrasing of
Norman's (1988) call for “putting knowledge in the world rather than the
head” of the user. One example where this principle applies in the con-
text of AIS is the need for officers to enter manually information related
to the navigational status of the ship. In the absence of external reminders,
this requirement can easily be forgotten by the officer who faces a wide
range of competing attentional demands.

« Support flexibility and efficiency of use: Flexibility and efficiency of use can
be supported by enabling experienced users to employ shortcuts or accel-
erators (that may be invisible to the novice user), such as hidden com-
mands, special keys, or abbreviations. While this principle suggests that
the user should be allowed to tailor the interface for frequent actions, it
is important to note that this principle does not apply in all contexts.
Support for tailoring can create difficulties in collaborative environments
(i.e., environments where several operators use the same piece of equip-
ment, such as on a ship’s bridge), where it can lead to misunderstandings
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and confusion and should be used sparingly. Thus, an analysis of the
appropriate level (or levels) of AIS display flexibility and efficiency may
be warranted.

 Avoid serial access to highly related data: In many cases, operators need
to access and integrate related data to form an overall assessment of a
problem or situation. It is desirable to avoid requiring that these data be
accessed in a serial fashion because this imposes considerable memory
demands on the part of the operator. This principle calls for the integra-
tion of AIS information with existing related information on the bridge
[such as the electronic charting and display information systems
(ECDIS) display].

« Apply the proximity compatibility principle: If two or more sources of in-
formation must be mentally integrated to complete a task, they should
be presented in close display proximity. In contrast, if one piece of infor-
mation should be the subject of focused attention, it should be clearly
separated from other sources of information. Proximity can be created
by spatial proximity or through configuring data in a certain pattern or
by using similar colors for these elements. This principle is related to
the heuristic of minimizing information access costs. Frequently
accessed sources of information should be positioned in locations where
the cost of traveling between them is minimal. In other words, the user
should not be required to navigate through lengthy menus to find
information.

« Avoid new interface management tasks at high-tempo, high-criticality times:
A common problem with many automated systems is that they require
operators to enter or access data at times when they are already very busy.
This has been referred to as “clumsy automation”—automation that helps
the least or gets in the way when support is needed the most. In the con-
text of AlS, for example, it can be problematic to expect the officer of the
watch to update information on the navigational status of the vessel when
the change in status also requires the execution of other actions more
directly related to safety.

« Support predictive aiding: Many tasks require the anticipation of future
states and events. A predictive display can aid the user in making predic-
tions and reduces the cognitive load associated with performing this task
in an unaided fashion. Humans have difficulty combining complex rela-
tionships of dynamic systems to predict future events, particularly when
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there are delays in feedback (Brehmer and Allard 1991). For this reason,
AIS should support mariners in simulating and thus evaluating possible
evasive maneuvers by visualizing them as part of a graphic AIS display or
as part of an integrated AIS-ARPA/ECS/ECDIS/radar interface.

« Create representations consistent with the decision to be supported: Opera-
tor decision making often depends on the visual representation of infor-
mation. In particular, graphical integration of data makes it possible
for people to see complex relationships that might otherwise be over-
looked (Vicente 1992). Relative and absolute motion vectors illustrate the
power of representation. Relative motion vectors make potential colli-
sions obvious, whereas absolute vectors show the same information but
make collisions more difficult to detect. Understanding the format of the
information presented by a given display and how that information must
be considered is essential for it to be useful in decision making. Text dis-
play of position and motion vector data would make collision detection
extremely difficult. Some graphical representations, such as misaligned
maps, however, can also be misleading and induce errors (Rossano and
Warren 1989). Graphical displays that show position information with
precision that exceeds the resolution of the underlying data can easily
be misinterpreted. Thus, the resolution of the display should match the
precision of the underlying data. The MKD demonstrates a mismatch
between display representation and the decision to be supported. Anec-
dotal information from active mariners who have used MKDs suggests
that using the MKD digital readouts of latitude and longitude to make
hazard assessments and collision avoidance decisions is much more dif-
ficult than using an appropriate graphic display of these data.

+ Consider the principle of multiple resources: The proposed introduction of
new systems and interfaces to highly complex and dynamic environ-
ments, such as the modern ship bridge, has raised concerns about possi-
ble data overload. One promising approach to facilitate the processing of
large amounts of data is to distribute information across multiple modal-
ities (such as vision, hearing, and touch) rather than rely increasingly and
almost exclusively on presentation of visual information. This principle
is discussed in more detail in the following section.

Multimodal Shipboard AIS Displays

The introduction of computerized systems to a variety of domains has in-
creased the potential for collecting, transmitting, and transforming large
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amounts of data. However, the ability of human operators to digest and inter-
pret those data has not kept pace. Practitioners are bombarded with data, but
they are not supported effectively in accessing, integrating, and interpreting
those data. The result is data overload. One of the main reasons for observed
problems with data overload is the increasing, almost exclusive, reliance on
visual information presentation in interface design. The same tendency can
be observed in the development of proposed AlS displays. Presenting infor-
mation exclusively on a dedicated visual display or integrated with existing
visual interfaces may create difficulties for the mariner, whose current tasks
already impose considerable visual attentional demands.

Multimodal information presentation—the presentation of information
via various sensory channels such as vision, hearing, and touch—is one
means of avoiding resource competition and the resulting performance
breakdowns. The distribution of information across sensory channels is a
means of enhancing the bandwidth of information transfer (Sklar and Sarter
1999). It takes into consideration the benefits and limitations of the various
modalities. For example, visual representation seems most appropriate for
conveying large amounts of complex detailed information, especially in the
spatial domain. A related advantage of visual displays is their potential for
permanent presentation, which affords delayed and prolonged attending.
Sound, in contrast, is transient and omnidirectional, thus allowing informa-
tion to be picked up without requiring a certain user location or orientation.
Since people cannot “close their ears,” auditory presentation is well suited
for time-dependent information and for alerting functions, especially since
urgency mappings and prioritization are relatively easy to incorporate in this
channel (Hellier et al. 1993).

Auditory alerts and warnings are the most commonly developed auditory
display, but recent research suggests that sound can be used in other ways.
Sonification contrasts with traditional auditory warnings in that it can con-
vey a rich array of continuous dynamic information. Examples include the
static of a Geiger counter, the beep of a pulse oxymetry meter, or the click
of a rate-of-turn indicator. Several recent applications of sonification demon-
strate its potential. It has reduced error recovery times when tied to standard
user interface elements (Brewster 1998; Brewster and Crease 1999). Soni-
fication has also aided in understanding how derivation, transformation, and
interpolation affect the uncertainty of data in visualization (Pang et al. 1997).
More generally, sonification has shown great potential in domains as diverse
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as remote collaboration, engineering analyses, scientific data interpretation,
and aircraft cockpits (Barrass and Kramer 1999). These applications show
that sonification can convey subtle changes in complex time-varying data
that are needed to promote better coordination between people and auto-
mation. Because sound does not require the focused attention of a visual
display, it may enable operators to monitor complex situations. Just as
with visual displays, combining sounds generates a gestalt from the inter-
action of the components (Brewster 1997). The findings support a theo-
retical argument that sonification can be a useful complement in visual
displays.

Another sensory channel that is still underutilized is the haptic sense. The
sense of touch shares a number of properties with the auditory channel.
Most important, cues presented via these two modalities are transient in
nature and difficult to miss, and thus are well suited for alerting purposes.
The advantage of tactile cues over auditory feedback is their lower level of
intrusiveness, which helps avoid unnecessary distractions. Also, like vision
and hearing, touch allows for the concurrent presentation and extraction of
several dimensions, such as frequency and amplitude in the case of vibro-
tactile cues. The distribution of information across sensory channels is not
only a means of enhancing the bandwidth of information transfer; it can sup-
port the following additional functions:

« Redundancy, where several modalities are used for processing the same
information. Given the independence of error sources in different modal-
ities, redundancy in human-computer interaction can support error
detection and reduce the need for confirmation of one’s intention, espe-
cially in the context of safety-critical actions. For example, the AlS could
have a redundant auditory alert for important warnings that are displayed
on the screen.

« Complementarity, where several modalities are used for processing dif-
ferent chunks of information that need to be merged. It has been sug-
gested that such a complementary or synergistic use of modalities is in
line with users’ natural organization of multimodal interaction.

« Substitution, where one modality that has become temporarily or per-
manently unavailable is replaced by some other channel. This may be-
come necessary in case of technical failures or changes in the environment
(e.g., high ambient noise level). For example, the AIS could read text
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messages to the mariner, making it possible for the mariner to keep
watching the surrounding vessels rather than reading messages on the
display.

In summary, the design of a multimodal AlS interface may be a means of
avoiding problems related to data overload. It may allow a reduction in com-
petition among attentional resources and thus support effective attention
allocation. For example, a graphic representation of the traffic situation can
be combined with speech output or other AlS-specific auditory and tactile
alerts that capture the officer’s attention in potential traffic conflicts or other
critical events that may be missed because visual or auditory attention is
focused on other tasks. In addition to creating multisensory system output,
it will be desirable to consider different modalities for providing input to AlS.
For example, in some circumstances, the use of a keyboard for AIS data entry
may not be possible or desirable. In those cases, voice input or a touch screen
could serve as alternatives.

Thus, the benefits and limitations of the combined use of input and out-
put modalities should be explored, as well as the need for the adaptive use
of modalities. An adaptive approach to the design of multimodal interfaces
may be appropriate for various reasons. Factors that vary over time and that
may require a shift in modality usage include the abilities and preferences
of individual mariners, environmental conditions, task requirements and
combinations, and degraded operations that may render the use of certain
channels obsolete. For example, the responsiveness to different modalities
appears to shift from the visual to the auditory channel if subjects are in a
state of aversive arousal (Johnson and Shapiro 1989). Also, modality expec-
tations and the modality shifting effect play a role.

The feasibility of multimodal interfaces also needs to be carefully evalu-
ated. If a person expects information to be presented via a certain channel,
on the basis of either agreements or frequency of use, then the response to
the signal will be slower if it appears in an unexpected channel. If people
have just responded to a cue in one modality, they tend to be slower to re-
spond to a subsequent cue in a different modality (Spence and Driver 1997).
Environmental conditions also affect the feasibility or effectiveness of using
a certain modality. For example, high levels of ambient noise may make it
impossible for the mariner to use the auditory channel and thus require a
switch to a different modality that would otherwise be less desirable.
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Human factors design principles and promising multimodal display alter-
natives may help define useful AIS displays and control designs; however,
no research has addressed specific design parameters for AIS. Likewise,
multimodal display alternatives seem promising, but research is needed to
verify their effectiveness in conveying AlS information.

EVALUATION

Heuristic Evaluation of AlS Interface

Heuristic evaluation, first proposed by Nielsen and Molich (1990), is a low-
cost usability testing method for the initial evaluation of human-machine
interfaces. The goal of heuristic evaluation is to identify problems in the early
stages of design of a system or interface so that they can be attended to as
part of an iterative design process. Heuristic evaluation involves having a
small set of evaluators examine the interface and judge its compliance with
recognized usability principles (the “heuristics”). Each evaluator first in-
spects the interface independently. Once all evaluations have been com-
pleted, the evaluators communicate and aggregate their findings. Heuristic
evaluation does not provide a systematic way to generate fixes to the ob-
served problems. However, because heuristic evaluation aims at explaining
each observed usability problem with reference to established usability prin-
ciples, many usability problems have fairly obvious fixes as soon as they have
been identified.

Interestingly, a typical human—-computer interface expert will identify
about a third of the problems with a particular interface using this technique.
Another expert, working independently, will tend to discover a different set
of problems. For this reason, it is important that two to four experts evalu-
ate the system independently. Heuristic evaluation tends to catch common
interface design errors but may neglect more severe problems associated
with system functionality. For this reason, usability tests are needed to eval-
uate whether the system is actually useful.

Heuristic evaluation relies on design principles that tend to be formulated
in a context-independent manner. Thus, while it is important to ensure that
anew system interface meets those general guidelines and common practices
for human—computer interaction, some problems cannot be uncovered with-
out examining device use in context (Woods et al. 1994). As suggested by
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Norman (1991, 1): “Clumsiness is not really in the technology; clumsiness
arises in how the technology is used relative to the context of demands and
resources and agents and other tools.” Thus, it is critical to understand that
heuristic evaluation is a necessary but not a sufficient first step in the evalu-
ation of any new system.

Usability Tests and Controlled Experiments

Although heuristic evaluations can identify many human interface design
problems, testing and experimentation are required to understand how peo-
ple actually use the system. This is particularly true with AlS because it has
the potential to substantially change the operators’ tasks in ways that cannot
be predicted. In addition, relatively little research has addressed AlS inter-
face design. Usability testing has become a standard part of the design pro-
cess for many major software companies, and the safety-critical nature of AIS
makes it important for usability testing to be a part of AlS design.

Operational Test and Evaluation

Usability testing typically involves relatively few people using relatively few
functions in a controlled environment. These limits mean that important
design flaws may go unnoticed until the system is deployed on actual ships.
For this reason, operational test and evaluation is a critical element of the
design and evaluation process. Operational test and evaluation places the AIS
interface in an actual operational environment to assess how it supports the
operator in the full range of conditions that might be encountered. The com-
mittee did not identify many examples of operational test programs for AlS
interfaces; thus, such operational test and evaluation programs are needed.

ENSURING GOOD INTERFACE DESIGN:
DESIGN, PROCESS, AND PERFORMANCE STANDARDS

Good interface design can be guided by three general types of standards:
design, process, and performance. Design standards specify the range or
value of design parameters. These might take the form of very specific guid-
ance concerning the color and size of display elements or more general
guidelines, such as the 13 human factors design principles described above.
Although design standards are attractive because they can specify equipment
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precisely, they can also be vague and conflicting, which could lead to poor
designs (Woods 1992). Adherence to design standards does not guarantee a
good design.

Process standards define the required design and evaluation process but
do not define any of the features or characteristics of the device. For AIS
interface design, process standards might mandate a process that begins with
a task or work domain analysis, involves the application of human factors
guidelines during design, and culminates in an operational evaluation.

Performance standards define the required efficiency of the human-AIS
interface and do not specify the interface features or the design process.
Performance standards require a comprehensive test and evaluation pro-
cess that evaluates how AIS supports the operator in a variety of situations.
Performance standards can be complex and costly to administer and may not
guarantee a good design because it is impossible to test all possible use
scenarios. No one type of standard will guarantee an acceptable AlS inter-
face. A combination of design, process, and performance standards may be
necessary to promote effective AlS displays and controls.

SUMMARY

Human factors considerations of AIS span a broad range that includes
standards development, operational testing, training and certification, and
research and development. The rapid pace of navigation technology devel-
opment and the limits of traditional design standards make it likely that
process and performance standards could be useful mechanisms to address
the human factors considerations of AlS display development. Performance
standards require operational test and evaluations. These evaluations pro-
vide useful information that can help refine process and design standards.
Too frequently system design focuses on the physical system and its opera-
tion and fails to consider training and certification programs as part of the
overall system design. Training and certification can have an important effect
on overall system performance and should be considered with the same care
as the development of display icons and color schemes.

Shipboard navigation and communication technology is changing quickly.
In addition, there are many different operating environments, each with
unique requirements for the AlS interface. More important, AIS may be used
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in a variety of novel ways that cannot be anticipated until mariners start
using it. For these reasons, it is critical to remain flexible and not to mandate
a single interface standard. At the same time, the success of AIS depends on
developing interfaces that are compatible with the capabilities of the opera-
tor and the demands of the operator’s tasks. These factors all argue for a con-
tinuing process of understanding the user, design, and evaluation that
continues after the initial deployment of AlS. A combination of design stan-
dards, process standards, and performance standards is needed to ensure
adequate interface design without interfering with the ability of designers to
create effective AlS interfaces in the context of rapidly changing technology.
These standards should evolve as the mariners’ use of AlS changes over time.
Currently, the effect of AIS on the mariner is not well understood. General
guidelines, such as the 13 heuristics described above, can help guide design,
but research into the following issues is needed:

« Design, process, and performance standards for the human factors con-
siderations of AlS;

+ The potential benefits of multimodal interfaces to support mariner’s atten-
tion management;

« How technology development and trends in other fields, such as aviation,
might influence AIS design; and

» How interface design can help address the trade-off between information
requirements and the associated cost of complex shipboard displays of
AIS information.
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Conclusions and Recommendations

Automatic identification systems (AIS) technology, which has been under
development for almost two decades, provides a means of exchanging a
precisely defined range of data between ships and between ships and shore
facilities under the oversight of competent authorities. It holds the promise
of providing accurate and reliable data while reducing the need for radio
communications among ships and shore stations, but there are also the
possibilities of misuse and unintended negative consequences. Although
the implementation of International Convention for the Safety of Life at Sea
(SOLAS) carriage requirements has already begun for oceangoing vessels,
the requirements do not specify any shipboard display parameters for use by
the mariner beyond minimal basic numerical identification data.

In this chapter, the committee’s conclusions and recommendations
derived from its investigations and analyses of the key issues affecting
the design, development, and implementation of shipboard AlS displays are
presented. The conclusions and recommendations address the U.S. Coast
Guard's (USCG's) request for guidance about how to proceed with the AIS
regulatory process for AlS displays aboard ships and how to ensure that these
displays, when they are developed, will provide sufficient benefits to all
mariners and enhance navigational safety and effectiveness in general. They
also address the process that USCG will need to follow and the display-
related technical and human factors aspects of producing and implementing
an effective system aboard vessels.

NEED FOR A SYSTEMATIC IMPLEMENTATION PLAN

USCG has sponsored and conducted pilot tests of AIS in selected regions and
has supported the introduction of AlS technology to enhance vessel traffic
management and safety. However, USCG does not have a systematic plan for
implementation of AIS in U.S. waterways or AlS displays aboard U.S. vessels.
Such a plan is needed because there are important steps in the process that
depend on each other to ensure that the vessel operator will derive the ex-
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pected benefits from an onboard AlS and its display. For example, many of
the requirements for shipboard display of AlS information focus on vessels
with existing integrated navigation systems, sophisticated hardware, and
electronic suites. Requirements for shipboard display of AlS information for
small inland and coastal vessels are not well defined and need more analy-
sis. In addition, integration requirements for AIS information with other
electronic navigation systems information such as radar, automatic radar
plotting aids, electronic charts, and so forth have not been well developed.
Additional work in display integration is required to determine how to best
integrate existing and new systems.

While AIS display requirements in support of vessel maneuvering and
collision avoidance are under development, additional work is required
before they can be fully adopted. For example, it has been difficult to
integrate AIS displays with other bridge displays in a way that presents
clear and unambiguous data to the mariner. In addition, AIS display re-
quirements need further development to support the practice of good
seamanship in multiple vessel collision avoidance and other emergency
conditions.

Finally, USCG needs an AlS display implementation process to ensure
that the underlying research will be accomplished to demonstrate the via-
bility of the display requirements and that the resulting system will meet the
needs of the mariners who use it.

Recommendation 1: USCG should establish an implementation plan
and schedule for AIS shipboard display standards in consultation
with stakeholders. Key elements of the plan should include

+ Research in technical and human factors,
+ Requirements determination and analysis, and
« Development of international and domestic standards.

AIS AND ITS RELATIONSHIP
TO SHIPBOARD DISPLAYS
In the United States, AlS (as experimental or prototype technology) is in the

early stages of implementation and is just beginning to become available
within certain port and waterway regions. At the same time, international
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shipboard carriage requirements for oceangoing vessels under SOLAS have
begun to be adopted for the world fleet of merchant vessels. The initial car-
riage requirements for SOLAS vessels, in the United States and worldwide,
will not specify any shipboard display for use by the mariner except for min-
imal basic numerical identification data. Thus, the implementation schedule
for true AIS shipboard displays is uncertain.

The introduction of onboard displays of AlS information represents an
opportunity for significant improvements in available knowledge and aware-
ness of waterway and vessel traffic situations for all mariners, which should
bring safety and efficiency benefits. If AlS displays are introduced carefully
and thoughtfully so that the needs of mariners are met without overburden-
ing them with inessential information, the benefits may be considerable.
However, the dangers and limitations of this technology could overshadow
such benefits, and users and authorities must guard against them. The com-
mittee is both encouraged at the prospects for major improvements for ves-
sel operations with the use of AIS and cautious about the problems that
could result from less than careful planning.

Even though this report addresses only shipboard displays and not the full
AlS, the committee understands that the challenge of AlS displays is but one
of several facing AIS development in general. For example, while AlS, and
displays in particular, complements traditional aids to navigation, it does not
replace the need for them. With today's technology, the prudent mariner
should never rely on AlS alone. AlS does not substitute for good judgment
or replace the need to use all available means appropriate to the prevailing
circumstances to establish vessel position.

Not all vessels will carry AlS, which will hinder its effectiveness. Thus, in
a typical waterway with mixed traffic, all vessels cannot be located or iden-
tified by AIS technology. The unique nature of AlS is that it requires a func-
tioning and reliable transmitter on each target that is part of the system
and thus requires each carrier of AlS to participate and cooperate with the
protocol.

To the extent that AIS provides additional valuable information to the
mariner, it will be useful. The current capabilities of AIS provide for the sup-
port of three specific functions as defined by a resolution of the International
Maritime Organization (IMO): (a) to assist in collision-avoidance while the
system is operating in the ship-to-ship mode, (b) to provide information
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about a ship and its cargo to local authorities who oversee waterborne trade,
and (c) to assist authorities engaged in vessel traffic management. As AlS tech-
nology and its applications evolve, they will become capable of additional
support for vessel navigation and operations.

At the current state of development, each of the three broad functions of
AIS noted above will affect shipboard display requirements differently. To
assist in collision avoidance, an AlS display would be necessary as a direct
tool feeding information to the mariner for use while maneuvering in close
quarters or planning a meeting and passing situation. With regard to the sec-
ond function—providing ship and cargo information to local authorities—
a shipboard display probably would have little use. With respect to the third
function—assisting vessel traffic management—a shipboard display may
have a significant role, depending on the nature and design of specific traf-
fic management systems. For example, shore-based data could be trans-
mitted to vessels in a given waterway and then displayed as a means of
communicating overall traffic situations and data concerning specific vessels
within the area.

While the introduction of AlS in both domestic and international settings
has been based on these three functions, the initial emphasis has been on
the shipboard transponder and the system to ensure accurate identification
and location transmissions. Only recently has much attention been given to
shipboard display issues. Consequently, much development remains to be
done in the form and display of both ship- and shore-originated AlS mes-
sages. Although displays can be considered the means by which AIS data
are converted into useful information for the operator, little has been done
to define the information needs and priorities that would establish display
parameters.

Different types of information require different display strategies. The
design of an AIS display interface needs to consider appropriate strategies for
delivering information to the mariner. AIS information will be displayed in
many different operating environments: rivers and inland waterways, high-
density ports with mixed traffic, coastal waterways, urban harbors with
scheduled ferry and passenger vessel operations, and major commercial
ports accommodating large deep-sea vessels. In the United States, by far the
largest segment of operators who may be required to use AlS are tugs, tow-
ing vessels, passenger ferries, and other non-SOLAS vessels.
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Because of the variety of operating environments, one AlS requirement
will not fit all situations, particularly in domestic operations, and imple-
mentation plans need to reflect that reality. The operating environment will
greatly affect the configuration of displays that are appropriate as well as the
operator training that is adopted. And, unlike large oceangoing vessels, many
smaller domestic vessels may not carry all of the equipment (such as gyro-
compass or satellite navigation) with which an AIS needs to interface for
proper operation.

The AIS international carriage requirements for oceangoing vessels
that came into force during 2002 refer to equipment that is designated as
“Class A.” The international bodies have defined two other classes that
would be designated for other uses: (a) “Class A derivatives,” which are
portable units similar to the carry-aboard equipment now generally used by
pilots in several U.S. ports and waterways; and (b) “Class B” units, which
have less stringent requirements and are intended for use by domestic,
inland, and coastal vessels (e.g., towboats, passenger ferries).

The Class A derivative units have received the most attention in the
United States because of their similarity to those that pilots have used as
carry-aboard units. The definition, role, and display requirements for Class
A derivative units are incompletely specified at the present time, and this
affects display requirements for such units. Carry-aboard AIS units could be
used to fill the gap for vessels that do not have permanently installed AlS
equipment. Therefore, there is a near-term need to develop Class A deriva-
tive display requirements before full implementation of AlS. Class B units,
which are intended for coastal and inland vessels, are also not well defined,
and the information display requirements for these units have not been spec-
ified. Much more analysis will be necessary on Class A derivatives and Class B
before specific display requirements for these units can be established.

Recommendation 2: USCG should establish requirements for ship-
board display of AIS information in U.S. navigable waters by

+ Defining mariner information needs,

« Defining key functions for AIS displays aboard different types of
vessels and in different operating environments,

« Developing appropriate requirements for each major vessel class
that take into consideration the wide differences in operating
environments,
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« Involving the key stakeholders in the entire process, and
« Developing a new requirement for minimum information
display of AlS.

USCG should take a leadership role in establishing display require-
ments for AIS information and work with appropriate international
organizations in this process to ensure compatibility with interna-
tional requirements.

DEVELOPMENT OF DOMESTIC
AND INTERNATIONAL STANDARDS

Display standards are intended to ensure that designs meet user needs, that
key requirements are understood, and that a proper certification process can
be instituted for all operational units. Standardization of AlS equipment is
critical to the safety of navigation and the facilitation of commerce, because
shipping is an international business and it is essential that mariners find the
same information displayed wherever they sail.

International standardization has come late in the development process
for AIS. Efforts to standardize technology have been undertaken after many
stand-alone systems were already in use throughout the world. This has
caused difficulties in producing functional and reliable systems that provide
information the mariner can use with ease. In addition, the evaluation of
operational tests of AIS equipment has been hindered because no consistent
performance standards are available with which to measure results.

The process of setting standards and certifying AlS equipment is under way
within international bodies for the Class A units specified in current carriage
requirements for SOLAS vessels. However, no such standards-setting process
has begun for AIS displays either internationally or in the United States.

Recommendation 3: USCG should recognize the evolving nature of
AIS display technology in its requirements process and allow for
technological change, growth, and improvements in the future.

HUMAN FACTORS IN THE DISPLAY DESIGN PROCESS

For AIS to meet its stated objective of promoting safe vessel navigation, an
effective onboard interface with the vessel’s operator is essential. To provide
an effective interface, the focus of the design process must be on the best



Conclusions and Recommendations 149

means of exchanging information between the person and the AlS. Although
the term “display” is usually used in this report in referring to this interface,
it should be noted that, from the perspective of the human operator, the
“interface” includes both the display and control mechanisms that allow
the exchange of information between the operator and the rest of the sys-
tem. The interface includes not only the display of information through
such means as a cathode ray tube, graphics, and auditory warnings, but also
data entry and control elements such as keyboards or switches. Develop-
ment of an effective human interface for AIS requires a systematic process
that considers the capabilities of users and the demands of the operating
environment.

Three core elements make up a typical design process with human factors
as a focus: understanding, design, and evaluation. The process is circular and
continues from one element to the next as new factors and inevitable
changes are recognized.

Within the element of understanding is the notion that advanced tech-
nology can increase errors and risk even when appearing to be beneficial.
This reinforces the need for attention to the human interface. It is also clear
that AIS data must be translated into decision-relevant information for the
mariner. Thus it is important to understand how each task of the mariner is
performed and how AlS data can support that task and, in turn, overall per-
formance. There are substantial operating differences among the range of
vessels that may be equipped with AIS, and it is clear that interface design
needs to reflect that range of variation if it is to adequately support operator
needs.

The second element, design, follows from the first and begins with in-
corporation of the large body of knowledge about human factors inter-
face guidelines that already exists. Thirteen human factors principles are
particularly relevant to AlS interface design. Among them are ensuring that
system behavior is completely visible to the operator, avoiding interface
management tasks during high-tempo situations, and realizing that the rep-
resentation of AlS data (e.g., graphic versus numeric) can greatly affect inter-
pretations. Multimodal display alternatives should be considered in addition
to graphics and text.

Finally, the evaluation element represents the step that tests a design
and its performance and leads to either initial adoption or redesign to
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correct a problem. Heuristic evaluation with multiple evaluators is a very
useful approach in identifying design problems. In addition, usability test-
ing and operational evaluation are complementary approaches in identify-
ing problems.

Selection of an effective design process will have a large impact on how
well a shipboard display and control system provides the promised benefits
and avoids unexpected consequences. A combination of design, process, and
performance standards is needed to ensure effective designs. Maritime tech-
nology and AlS applications will always be difficult to predict. Thus, design-
ers must have the freedom to adapt to changes as they occur or are identified.
USCG needs to allow for this in its standards-setting process.

Recommendation 4: In its standards, USCG should specify that
design, process, and performance standards be used in combination
to promote adequate shipboard AIS display design.

SYSTEM LIMITATIONS

For a shipboard AIS display to function adequately and provide necessary
information to the mariner, the overall AIS and supporting infrastructure
must also function reliably and accurately. The following are some of the
limitations in current systems:

« The systems are not fail-safe. If the equipment is not operating on board
a carrying vessel, it can disappear from the surveillance picture without
notice.

« The systems require the cooperation of the vessels being tracked. A deci-
sion not to carry the required equipment or to disable it or otherwise turn
it off removes the vessel from the display.

» The integrity of the data that must be provided by the carrying vessel is
not assured. Some data, including data identifying the carrying vessel, are
manually entered by an operator and so can be changed or could contain
errors.

« Multiple shipboard sensors (e.g., radar and AlS) can result in multiple dis-
plays of single targets. The resulting target ambiguity needs to be resolved
through a sorting process, which has not yet been fully developed.
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The available system capacity for transmitting messages of varying prior-
ity and time sensitivity is another factor that may need attention in the over-
all AIS context because of its effect on shipboard displays. Although AIS has
substantial messaging capability, it is not infinite, and the shore-based infra-
structure needs to be designed to match traffic volume, message demands,
and messaging priorities. Additional message demands due to mariner needs
for AIS information could be a key factor in overall system design.

Several other infrastructure issues also affect the display of AlS information:
transponder coverage and the spacing of shore-based repeater stations, the
adequacy and accuracy of digital charting in a given waterway, the availabil-
ity of existing vessel instrumentation, and the need for standardized interfaces
between existing equipment. International standards development efforts have
inadequately considered such infrastructure issues and have not considered
the impact of infrastructure issues on shipboard display of AlS information.

In addition to infrastructure, it is important to consider shipboard oper-
ating environments that will shape shipboard display of AIS information,
particularly in terms of

« The range of data that will be transmitted, especially the safety-related ele-
ments transmitted by shore stations to ships;

« The areas or routes used by vessels equipped with AIS displays;

« The work environment, tasks, and workload of the shipboard bridge
watchstanders charged with the safety of navigation;

« The skill levels of shipboard personnel using the AIS displays and the
training and qualifications required to use the displays effectively;

« The role technology should play, given prevailing and anticipated ship-
board workload and skill levels, in converting AIS data into useful and
timely information (this factor incorporates consideration of the limits of
current “off-the-shelf” display technology); and

« The benefits derived from mandated displays compared with the cost of
fitting and maintaining the displays, taking into consideration training
and other associated personnel costs.

These and other operating environment factors affect AlS performance in
general, and especially the design and implementation of shipboard displays.
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For example, a potential problem with the use of AIS displays aboard ves-
sels is that the human interfaces can, in some cases, mislead operators into
believing that a complex system is well represented by a simple display
(sometimes referred to as “the seduction of safety”). Some of this risk can be
addressed by good display design. However, the general problem suggests
that operator training may be needed in the theory of communication sys-
tems, AIS capabilities and limitations, and AlS operations. These and other
factors suggest that specific AlS training will be needed and that stakehold-
ers, such as vessel operators, equipment manufacturers, and vessel traffic
managers, should be involved in developing training guidelines.

Recommendation 5: USCG should identify critical AIS limitations
and infrastructure requirements and coordinate them with display
requirements. USCG should establish a mechanism to inform all
users about system limitations if they cannot be readily corrected.

Recommendation 6: USCG should work with stakeholders to develop
appropriate training and certification guidelines for AlIS users that
will lead to effective use and an understanding of system functions
and limitations.

NEED FOR ONGOING RESEARCH
ON HUMAN INTERFACES

The development of AIS displays requires a full consideration of human
interface attributes that affect what information to display, how to present it
to the operator, how to integrate other displays or other bridge information
systems, and how to give the operator what is most needed to perform crit-
ical tasks. The term “AlS display” connotes a visual presentation of data;
however, there are many different methods to provide an effective human
interface for information that is vital to the mariner.

AIS interface design should be subject to further analysis and critical
investigation. For example, the system image and its physical representation
will determine its use. A key consideration is whether AlS data will be pre-
sented to the operator separately or will be integrated with other existing
equipment and information flows. This is a key research area and has re-
ceived little attention to date. On board certain vessels, AlS units need to fit
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within existing operational configurations to remain within the mariner’s
peripheral vision while not interfering with his or her view of the outside or
other equipment. This condition might suggest that different types of AlS
interfaces could be adopted, such as wearable computing devices, enhanced
binoculars, or a mix of tactile and auditory devices. In addition, AlS inter-
faces could consider multimodal approaches in order to adequately address
competing attention demands. Aboard smaller vessels, AlS visual displays
will need to balance the need to be large enough to convey the necessary AlS
information and small enough to fit unobtrusively among other equipment.
Another consideration aboard small inland vessels is the noise level in the
wheelhouse that might interfere with audio interfaces.

Another area of necessary research relates to whether and how mariners
need to input data into the AIS during the normal conduct of vessel opera-
tions and how this might interfere with other duties. Some mariners may
have limited opportunities to input data into the system, given competing
demands for operational task performance and decision making, particularly
on board smaller vessels with one-person wheelhouses. Different types of
information may require different data input strategies.

Symbology for visual displays is a fertile area for research and develop-
ment. While some display symbology requirements have been articulated by
international bodies, they have not been harmonized across different ship-
board electronic navigational displays. This is especially critical for smaller
inland and coastal vessels. Furthermore, little work has been done in differ-
entiation of symbols for Class A from Class B and Class A derivatives. The
integration of radar and AIS symbols also needs attention and evaluation.

Another research area is the cost-benefit trade-off associated with
AIS: whether the benefits associated with improved identification and
maneuvering/collision avoidance information are worth the cost. For exam-
ple, do the decision-making and human performance advantages associated
with AIS outweigh the human costs in terms of mariner attention manage-
ment, workload, and vigilance? Studies are also needed to define the infor-
mation needs for maneuvering and collision avoidance that can be fulfilled
by AIS technology.

There are several human factors interface research topics that are partic-
ular to the operation of smaller inland and coastal vessels, including the eval-
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uation of competing operator attention demands on board vessels with one
operator, high noise levels, multiple communications links, and needs for
multiple operational tasks. This leads to the need to consider requirements
for specific operating environments rather than universal requirements for
all vessels. A challenge for shipboard display design is to find the appro-
priate balance between the amount of information needed to inform the deci-
sion maker in a way appropriate to the decision without overloading the
information-handling capabilities of the mariner.

The process of determining the proper shipboard display of AlS informa-
tion will be dynamic and reflect the needs and requirements of differing
operating areas. Integration requirements for shipboard display of AlS infor-
mation raise questions about appropriate task and function allocation
between technology and people. For example, designers must strike the right
balance between human integration and information processing and auto-
mation support for each key task. In addition, shore-based AlS information
transmission should be directly linked to the identified mariner needs for
that information. There is little commonality in bridge layouts, even for ves-
sels of the same class, and the lack of standardization affects potential ship-
board displays of AlS information. Locating shipboard AlS information on a
single display can lead to cluttered results, and the value of that information
can be degraded by masking or obscuring relevant navigational information.

Recommendation 7: USCG should establish an ongoing research pro-
gram to investigate information displays and controls that might be
appropriate for AlS. The research program should consider AlS use
with other navigational and communication technologies. The
research program should include

« Human factors aspects of interface design and the subsequent
process of determining requirements, setting standards, and
evaluating performance;

« Evaluation of multimodal interfaces (tactile, auditory) that could
effectively support mariners’ needs for attention management;

« Allowance for technological change and leverage of lessons
learned from other fields (such as aviation) and related applica-
tions of similar technology; and

« Investigation of trade-offs between information requirements and
the associated cost for shipboard display of AlS.
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NEED FOR CONTINUED OPERATIONAL
TESTING OF AIS DISPLAYS

USCG and other authorities have conducted a number of operational tests
of AIS technology in the United States and abroad. Most of these tests have
demonstrated benefits and limitations of the equipment used and shown
the operators how it might be used within their operational environments.
However, none of the tests with displays has resulted in clear evaluations of
performance measured against specific standards. Also, few of the tests on
displays have been performed on AIS equipment that was built to IMO stan-
dards, and no other standards are available.

The committee reviewed several operational tests of shipboard AlS equip-
ment. Most of these tests have not resulted in evaluation reports that clearly
and critically document the functioning and usefulness of displays. Anec-
dotal reports from certain operations using AlS displays (e.g., Sweden and
Tampa Bay, Florida) suggest that operators have gained confidence in the
systems and used them successfully as navigational aids. From this experi-
ence, it appears that the entire maritime community would benefit from
more rigorous AlS operational testing with clear functional requirements
against which to measure performance, followed by critical evaluations.

Recommendation 8: USCG should sponsor continuing operational
tests, evaluation, and certification of new display and control technol-
ogy in consultation with stakeholders and prepare test and evaluation
reports. To conduct tests and evaluations, USCG should develop stan-
dards for human performance with display and control technology. It
should use heuristic evaluation, where multiple designers assess how
well a design conforms to human factors rules of thumb or heuristics.
It should also incorporate usability tests and operational evaluations
as complementary approaches to assess how well AlS displays and
controls support mariner performance.

SUMMARY

The introduction of AIS technology with effective displays aboard vessels
operating in U.S. waters can enhance the safety of vessel operations and the
prudent management of waterway traffic. The benefits to the maritime com-
munity and the nation as a whole will depend on how well the industry,
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government authorities, and mariners work together to design effective sys-
tems, establish comprehensive standards and guidelines, and implement
technologies that provide useful tools for the vessel operator. USCG should
take specific actions to ensure an implementation process that meets safety
improvement goals. These actions include preparing an implementation
plan, establishing requirements for displays and their functions, including
human factors in the display design process, addressing system limitations
and shortfalls, developing training guidelines, establishing human perform-
ance standards, establishing a focused research program, and conducting
operational tests and evaluations of display systems.

USCG cannot ensure that this new technology will bring the promised
benefits to all without the involvement and cooperation of all stakeholders,
and without formal evaluation of such systems. Manufacturers, mariners,
and the maritime industry as a whole need to be a part of the process to
develop effective systems and to successfully implement this technology.
While the focus of this report is on shipboard display of AlS information, the
process of implementation and the use of human factors principles have
wider application to many systems used aboard vessels operating in U.S.
waters.



Appendix A

Workshop to Explore Automatic Identification
System Display Technology and
Human Factors Issues

Sponsored by the
TRB/Marine Board Committee for
Evaluating Shipboard Display of
Automatic ldentification Systems

April 3-4, 2002, New Orleans, Louisiana

The Committee for Evaluating Shipboard Display of Automatic Identifica-
tion Systems (AIS) sponsored a workshop on April 3-4, 2002, to solicit
detailed information from experts and stakeholders about human factors
and technical aspects of shipboard display systems. The workshop explored
a number of issues related to future guidelines for AIS shipboard display
parameters. It stressed the collection of current and accurate information
and included suppliers, researchers, and ship operators with experience
in using AIS or related systems. Each participant presented relevant views
and expertise. The committee used the information and the subsequent
discussions among participants to help analyze the problem and report
results.

The presentations and discussions at the workshop are summarized in the
following sections. Emphasis is given to the major points related to oppor-
tunities for use of AIS displays aboard vessels and limitations of the tech-
nology and human factors.

The workshop agenda with presenters and moderators identified, a list of
workshop attendees, and a list of vendors who exhibited their equipment are
provided at the end of this appendix.

INTRODUCTORY REMARKS

Martha Grabowski, committee chair, introduced the committee and staff
and presented an overview of the study goals and plans as well as the goals
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of the workshop. The workshop was organized to make maximum use
of invited experts and their experience to inform the committee members
about the state of the art in technology for AIS displays, experience in
previous tests and operations, related work in other fields, and pertinent
studies and analyses.

Jorge Arroyo, from the U.S. Coast Guard (USCG), sponsor of this study,
presented the group with a background of USCG's development of AlS and
its regulatory process for specifying carriage of AlIS aboard vessels in U.S.
waters. He pointed out that a notice of proposed rulemaking for AIS was
under development and would be issued during summer 2002. So far no
standards have been developed for AIS shipboard displays.

PANEL I, TECHNICAL FACTORS: SUMMARY POINTS

Panel | consisted of three presenters with committee member Robert Moore
acting as facilitator:

 Holger Ericsson, Director of Marketing, Saab Transponder Tech AB (STT);

« George B. Burkley, Head, Applied Research Department at the Maritime
Institute of Technology and Graduate Studies (MITAGS); and

+ William Nugent, U.S. Navy Space and Naval Warfare (SPAWAR) Systems
Center, San Diego, California.

The purpose of Panel | was to acquaint the committee with the limitations
of AIS and display technology. To help the presenters focus on those limita-
tions, they were each provided with a list of questions and areas of commit-
tee interest before the meeting. The material presented by Mr. Burkley and
Mr. Nugent generally addressed the questions; Mr. Ericsson focused on the
products offered by Saab. Mr. Moore stated at the start that AIS as now envi-
sioned is a vehicle capable of transmitting a great deal of information and it
is likely that its messaging capability will grow to fill its capacity. He asked
the group to help focus the discussion on what needs the shipboard display
of this information should meet and what displays would be the most bene-
ficial to the mariner.

Mr. Ericsson stated that there are limits to AIS messaging capacities even
though they are large. The preferred method of accommodating those lim-
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its is to subdivide geographic regions into “cells,” each of which is served by
an AlS “base station.” Of the three internationally agreed functions of AIS
[ship-to-ship for collision avoidance, awareness by coastal states of vessels
within their areas of interest, and use by a vessel traffic service (VTS) as a
traffic management tool], the most data intensive is VTS use for traffic man-
agement. That information permits a conclusion that a major determinant
of shipboard display requirements is the data intended to be provided shore-
to-ship within a VTS area of responsibility. Mr. Ericsson concluded that
there are implementation schemes for AIS that can protect against or com-
pensate for the known limitations of AIS messaging capacity and that STT
has significant experience with such implementations. Mr. Ericsson also pre-
sented a real-time demonstration of vessel situations in Swedish waters pro-
jected on an electronic charting and display information systems (ECDIS)
chart to show one display option now available.

Mr. Burkley’s presentation focused on the differences between radar
[specifically, automatic radar plotting aid (ARPA)] and AIS technologies as
they relate to display issues. A conclusion supported by his material is that
the integration of AIS data in an ARPA display increases the possibilities of
confusion and misinterpretation, and he did not indicate that such integra-
tion would be desirable. Mr. Burkley concluded that AlS information should
not be displayed on a radar screen because it would be more confusing than
helpful to the mariner. Portable piloting units for AIS displays, separate from
other shipboard displays, have become common and useful, even though
Mr. Burkley believes that AIS and ARPA are not compatible.

Mr. Nugent presented many of the inherent capabilities of display tech-
nologies. The capabilities generally exceed those desirable for use aboard
commercial vessels. He emphasized the need to focus on simplicity and
clarity in order to limit training requirements and avoid the necessity for
increased staffing. Mr. Nugent's accounting of the Navy's experiences proved
that any level of complexity that is desired can be had and that there are sit-
uations in which added capabilities, at the cost of complexity, might be jus-
tified. He also provided information on display techniques and practices to
be avoided, as learned from Navy and other military experiences. Mr. Nugent
concluded that significant research work already exists on the topic of dis-
play design and that the integration of display technology with human fac-
tors, within the context of the intended application, is critical.
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During the discussion session after the first panel presentations, several
general points were made by presenters and participants:

« Even though AIS has high capacity for data exchange, limits are needed
with regard to large geographical areas and large numbers of vessels that
might participate.

» There is a need to manage the data on a display so that information will
not overwhelm the operator—the use of overlays and lessons from the
Navy’s symbology work may be valuable.

« Displays can handle certain combinations of system inputs, such as ECDIS
and AlS, while other combinations may be problematic (ARPA and AlIS).

« Any future requirements for AIS displays that might be contemplated
need to be considered in the light of what other displays are required (or
not required—such as ECDIS).

« AIS displays must be designed to meet end users’ needs.

« A variety of AIS user need categories must be sorted out—navigation,
collision avoidance, situation awareness, voyage planning, vessel traffic
management, and so forth.

» At present most AIS manufacturers are striving to meet International
Maritime Organization standards with the addition of small graphical dis-
plays with minimal complexity.

« The AIS in any given waterway will be affected by the total capability of
the traffic management system in that waterway.

PANEL 11, HUMAN FACTORS: SUMMARY POINTS

Panel Il consisted of three presenters with committee member John Lee act-
ing as facilitator:

+ Nadine Sarter, The Ohio State University;
« Kim Vicente, University of Toronto; and

« Edwin Hutchins, University of California, San Diego.

The purposes of Panel 1l were (a) to explore a range of human factors
research and development work that might be applied to the problem of AlS
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displays and (b) to acquaint the committee with human factors information
relevant to shipboard and related bridge operations, the types of information
systems used, and typical operator needs and capabilities. The panel was
asked to comment on lessons from process control, cockpit information, and
air traffic control situations that might apply to AlS. Questions included,
What are recent findings related to interface alternatives (e.g., tactile vibra-
tion or sonification)? What human information processing limits might
be critical to consider? What considerations with regard to the organization
and combination of information might be useful to include? How should
organizational, social, or teamwork considerations influence AlS interface
designs?

Nadine Sarter presented highlights of her recent research in human fac-
tors in airline operations. She emphasized that any display should alert the
operator to updated information and indicate where to find it. She also noted
that many options are available for other than visual displays and that some
of them may be preferable, especially for occasional warnings. The options
include auditory displays, tactile channels (vibrations on skin) for getting
the attention of the operator, and peripheral vision channels. These options
may be especially useful for mode change detection. She concluded that
there are automation and mode transformation lessons to be learned from
aviation experience.

Kim Vicente presented relevant information from his research on in-
tegrated system designs for power plants and other control stations. He
pointed out that too many detailed rules get in the way of sensible operator
functions. When the operator must work to the rule, nothing gets done.
Control systems must be designed for adaptation. Another point was that the
biggest threats to safety are the unfamiliar and the unanticipated. He stressed
that human cognitive ability is very adaptive and that complexity is in the
eye of the beholder. His main conclusion was that tests and task analyses of
which systems work best under real operating conditions shed much light
on how to select an optimum design, and designers should not always dis-
play raw data but rather should develop the most useful interpretation of
data. He also stressed that how people manage attention (when to look at
what) has a huge impact on display design.

Ed Hutchins presented information on how human factors research can
improve the design and safe operations of all systems. Key factors that must
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be considered include how to monitor system status; what alerts work best;
how to avoid skill atrophy; how to avoid overreliance on electronic displays
when other, more direct, information is available (look out the window);
how to avoid complacency; and how to build trust in the most accurate infor-
mation. Another point is that the display designer must know what level of
precision is needed for an operator to do a specific task—not what precision
is possible. A final remark was that AlS should only provide information that
an operator cannot get in another way.

PANEL 111, CASE STUDIES: SUMMARY POINTS

Panel 111 consisted of three presenters with committee member Elizabeth
Gedney acting as the facilitator:

+ Lee Alexander, University of New Hampshire;
« Jeff McCarthy, San Francisco Marine Exchange; and

o Tom Hill, Master Mariner, SeaRiver Maritime.

The purpose of Panel 111 was to acquaint the committee with case studies
involving AIS equipment and with successes and failures of tests or related
systems developments. The last presenter discussed real operational factors
on existing vessels on the basis of experience with AIS equipment that did
not have any shipboard display. Information was sought from the presenta-
tions concerning how designs were selected and implemented, how user
needs were evaluated, and what technical and human factors aspects were
included.

Lee Alexander recommended that the committee take advantage of a
number of past studies, tests, and reports that illustrate the gradual devel-
opment of AIS technology and operations over a number of years. He
emphasized that navigation and other important functions that AlS can facil-
itate should be addressed separately and with the end use in mind. For exam-
ple, in ship-to-ship collision avoidance, AIS can supplement other data
available to the mariner but must be tempered with knowledge about what
vessels participate and what traffic management systems are in force. With
regard to symbols that can be used on displays, standards (i.e., for ECDIS)
have already been set for certain areas and situations. Therefore AlS can be
and has been incorporated with ECDIS in some areas. For example, in the
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St. Lawrence Seaway, AlS trials are beginning in July 2002, and several man-
ufacturers will participate in these trials with three types of AlS and three
types of ECDIS.

Mr. Alexander discussed his view of what factors are the most important
for a suitable AIS display from the mariner’s perspective. He stated that the
display should have a single background color scheme; it should be simpli-
fied in presentation, with only the critical information shown; the designer
should strive for the most information with the least clutter; and the user
should be able to select what information is important for the task at hand
and set the display to provide that information.

The next presenter, Jeff McCarthy, described the history and lessons
learned from an extensive AlS testing program over several years in the San
Francisco Bay area.

The final presenter was Tom Hill, an experienced ship’s captain who has
sailed worldwide for over 25 years on tankers for Exxon Shipping and now
for SeaRiver Maritime. He described his experience from the standpoint of
navigational equipment that he has used and how that experience might help
in the selection of an AIS display system for the future. He has seen the rate
at which new technologies become available accelerate in recent years, but
the new technologies do not always increase operational effectiveness. He
noted that radar does not usually work well when overlaid on ECDIS, and
therefore operators shy away from that combination. He thinks that AIS has
a better potential to overlay on ECDIS and provide more information. He
thinks that AIS has the potential to do things that radar cannot (see around
corners, improve target acquisition).

Captain Hill made the following observations in his presentation:

« AIS displays should have simple graphics and be easy to read—especially
considering the aging mariner labor pool.

« Displays should filter out information that is not needed.

 Pilot carry-aboard equipment adds no benefit to the ship’s crew because
it is not usually available to the rest of the bridge team.

« Too many mode changes are confusing and can lead to inoperability.

« Alarms must be integrated into the rest of a ship’s systems. New types of
alarms (tactile) may be useful because they do not just add to the multi-
tude of audible alarms that tend to all go off at once.
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Most ships are old and equipment is added piecemeal—it is hard to find
the right place for everything.

Reliability and simplicity are most important. If a system is too complex,
it will not be used.

Regulations and technology often are not compatible. Some equipment
might help operations but not help meet regulations (ships with ECDIS
still must keep hand records on paper charts to satisfy regulators).

During the question and answer session for this panel, several issues were

discussed.

Many participants believe that AIS must be better designed to meet user
needs and designers must better understand what information and dis-
plays will most improve overall safety of navigation.

The notion of not having an AlS display was discussed. The questions that
should be addressed are, How much should AlS be relied on? How specif-
ically does USCG need to require a system?

AlS is needed the most when conditions are bad and looking out the win-
dow is not the best option.

Simplicity of operation and display should be stressed, and the impor-
tance of operator training should be recognized.

PANEL 1V, OPERATIONS: SUMMARY POINTS

Panel 1V consisted of four presenters with committee member Douglas Grubbs
acting as the facilitator:

Benny Pettersson, Swedish Maritime Administration and Passenger Vessel
Pilot;

Allison Ross, Bay Pilot with the Association of Maryland Pilots;
Mark Stevens, Inland Barge Operator with Ingram Barge, Inc.; and

Jorge Viso, Pilot with Tampa Bay Pilots Association.

The purpose of this panel was to present and discuss the needs of various

operators for AIS displays to aid in making the best navigational decisions.
The participants were asked to discuss pitfalls that should be avoided, les-
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sons that have been learned from recent tests and operations, and how over-
all vessel operational tasks might change with the introduction of AIS. The
panel members include mariners from key industry sectors who will be
directly affected by the introduction of AlS displays aboard vessels.

Captain Pettersson described the status of AlS usage in Europe, especially
Sweden. He stated that AIS does not replace existing navigation inputs
(radar, etc.). However, AlS can give more accurate data than can radar, and
it can give some data that radar cannot. In some modes, radar gives the
wrong information, especially with regard to turning vessels and their head-
ing, and this can be corrected by AlS. In Swedish tests it has been shown that
minimal symbols on an electronic chart can give intuitive information about
ship position in a turn. Over a few years of Swedish tests and operations with
AIS, the pilots and mariners have become comfortable with the technology
and confident of the information provided to them. This trust is hard to gain
but is a highly important factor.

Captain Ross indicated that in Chesapeake Bay, security concerns are fast
changing the pilots’ operational procedures and the way all technologies
(including AlS) are being used. She stressed that the best AlS display should
present the basic data in a simple way and in one place so that the mariner
need not go from place to place on the bridge to get information. There is
too much ARPA and other clutter already on most bridges, and that should
not be increased.

Mark Stevens presented the inland waterways situation and its unique
needs for AlS-type data and displays. He stated that it is important to have
an easy-to-operate system that can be integrated into currently used systems.
Inland tug operators do not usually have radar, do not plot charts, and do
not need latitude and longitude information. However, AIS displays should
integrate easily into electronic charts that are in use with minimal clutter of
data. Systems must also work on all 25,000 miles of inland waterways and
on 4,500 operating vessels. Designers must recognize that inland vessels are
confined in available space and have limited time to make navigational deci-
sions. Some electronic charts are problematic because of frequent water level
changes. Operators also need very simple displays directed to their operat-
ing environment.

Captain Viso described the recent test usage of AIS in Tampa Bay by ship’s
pilots, other vessel operators, and traffic managers. Pilots have used carry-
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aboard units since 1998. The system displays a chart with own-ship and
other vessel data overlaid. The vessel traffic system can pick up ships up to
70 miles offshore. Environmental data (PORTYS) is also displayed as a pop-
up on the AIS. Text messages can be sent between vessels. AlS has been a
useful tool for traffic management in Tampa Bay, which has a long, narrow,
and restricted channel. In their 3.5 years of experience Tampa pilots have
verified the usefulness of AIS and now can trust the equipment in fog and
storms. Most pilots now use it to look over the entire bay—not just in a pass-
ing situation. They have verified what information is most important to
transmit and display, and they have become strong proponents of its bene-
fits. Captain Viso stressed that AIS has proved most useful as a planning tool
for meeting situations. He noted that an important future improvement
would be harmonization of formats with other systems.

WORKSHOP CONCLUDING COMMENTS

Committee Chair Martha Grabowski led the concluding discussion of
all participants at the workshop. The USCG representative noted that USCG
is in the process of rulemaking on AIS carriage requirements and that
the public can bring any concerns to its attention through its website: www.
uscg.mil/vtm.

Several comments were made in general to the committee and all other
participants. One was that the committee should carefully separate policy on
early AIS development from that needed to implement an up-to-date system.
Another pointed out that all affected nations should work together on inter-
national standards rather than implementing individual national standards.
Another participant noted that committee members should see some actual
systems in operation.

Some concluding main points from the workshop follow:

« Auvailable AIS units can display a large range and amount of information,
including target IDs, traffic situations, navigation predictions, and depic-
tions. They have been integrated with ECDIS in several tests. However,
integration with ARPA displays appears to be problematic.

« Portable AIS units have been most widely used (by pilots) in the
United States, and they have not been integrated with any existing bridge
systems.
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* Significant research by the U.S. Navy on display systems can inform future

design of AIS displays and most appropriate symbols.

* There is no universal agreement on the amount of information that
should be included in an AlS shipboard display. There is general concern
about too much information or clutter that would make for operator con-
fusion and inhibit interpretation. Display information should be matched
to the mariner’s tasks and to the operational needs for navigation safety

or other appropriate functions.

WORKSHOP AGENDA
National Academy of Sciences
Transportation Research Board

COMMITTEE FOR EVALUATING SHIPBOARD DISPLAY OF
AUTOMATIC IDENTIFICATION SYSTEMS

Hyatt Regency
New Orleans, Louisiana

April 3-4, 2002
Meeting Objectives

« Receive panel presentations relative to the committee’s charge
« Examine AIS display systems being developed by
various manufacturers

OPEN SESSION
Wednesday, April 3, 2002

8:00-8:30 a.m. Introduction and Welcoming Remarks
Martha Grabowski, Chair
Beverly Huey, Study Director
« Introduction of Committee Members
and Staff
+ Overview of Study
« Workshop Goals
« Overview of Agenda
8:30-8:45 a.m. Remarks on U.S. Coast Guard'’s
Expectations and Needs
Jorge Arroyo, USCG
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8:45 a.m.—noon Panel I: Technical Factors
Facilitator: Robert Moore, Member

Holger Ericsson, SAAB
George Burkley, MITAGS
Bill Nugent, SPAWAR Systems Center UCDT

Noon-2:00 p.m. Lunch and AIS Manufacturer Exhibits

2:00-5:00 p.m. Panel Il: Human Factors
Facilitator: John Lee, Member

Nadine Sarter, The Ohio State University
Kim Vicente, University of Toronto
Edwin Hutchins, University of California,

San Diego
5:00-6:30 p.m. AIS Manufacturer Exhibits
7:00-9:00 p.m. Reception
Thursday, April 4, 2002
8:00-10:00 a.m. Panel I11: Case Studies

Facilitator: Elizabeth Gedney, Member

Lee Alexander, University of New Hampshire

Jeff McCarthy, San Francisco Marine
Exchange

Tom Hill, SeaRiver Maritime

10:30 a.m.—12:30 p.m.  Panel 1V: Operations
Facilitator: Douglas Grubbs, Member

Benny Pettersson, Swedish Administration
Jorge Viso, Tampa Bay Pilots

Allison Ross, Association of Maryland Pilots
Mark Stevens, Ingram Barge

12:30-12:45 p.m. Closing Remarks
Martha Grabowski, Chair

12:45 p.m. Adjourn



Workshop to Explore AIS Display Technology and Human Factors Issues 169

WORKSHOP ATTENDEES

COMMITTEE FOR EVALUATING SHIPBOARD DISPLAY OF

AUTOMATIC IDENTIFICATION SYSTEMS

Hyatt Regency
New Orleans, Louisiana

April 3-4, 2002

Committee and Staff
Martha R. Grabowski, Chair
LeMoyne College and Rensselaer
Polytechnic Institute

Carl E. Bowler, Member
San Francisco Bar Pilot

Elizabeth J. Gedney, Member
Clipper Navigation, Inc.

Douglas J. Grubbs, Member
Crescent River Port
Pilots Association

Don K. Kim, Member
M. Rosenblatt & Son, Inc.

John D. Lee, Member
University of lowa

Sponsor

Jorge Arroyo
U.S. Coast Guard

David DuPont
U.S. Coast Guard

Speakers

Lee Alexander
University of New Hampshire

Robert G. Moore, Member
Coastwatch, Inc.

Roy L. Murphy, Member
Kirby Corporation

Nadine B. Sarter, Member
The Ohio State University

Beverly Huey, Study Director
TRB, National Research Council

Peter A. Johnson, Sr., Staff Officer
TRB, National Research Council

Edward LaRue
U.S. Coast Guard

Mike Sollosi
U.S. Coast Guard

George B. Burkley
Maritime Institute of Technology
and Graduate Studies



170

SHIPBOARD AUTOMATIC IDENTIFICATION SYSTEM DISPLAYS

Holger Ericsson
Saab Transponder Tech AB

Tom Hill
SeaRiver Maritime

Edwin Hutchins
University of California, San Diego

Jeff McCarthy
San Francisco Marine Exchange

Bill Nugent
SPAWAR System Center

Benny Pettersson
Swedish Administration

AIS Manufacturers

Butch Comeaux
Tideland Signal Corporation

Larry DeGraff
Transas Marine USA, Inc.

Michael Martinez
Tideland Signal Corporation

Allen Mitchener
Tideland Signal Corporation

Haruki Miyashita
JRC, Japan Radio

Other Attendees

Jack H. Anderson
Crescent River Port
Pilots Association

Scott Banks
ICAN

Allison Ross
Association of Maryland Pilots

Nadine Sarter
The Ohio State University

Mark Stevens
Ingram Barge Company

Kim Vicente
University of Toronto

Jorge Viso
Tampa Bay Pilots

Rudy Peschel
Speschel Interest Group/SAAB

Mark Pfeiffer
Avitech Aviation Management
Technologies GmbH

Doug Sprunt
Tideland Signal Corporation

Morne Stamrood
Tideland Signal Corporation

Emile J. Borne, Jr.
Tower Technology, Inc.

Christopher R. Brown
Crescent River Port
Pilots Association



Workshop to Explore AIS Display Technology and Human Factors Issues

171

Peggy Browning
L-3 Communications

John Burke
New Orleans Service
Information Technology

Nick Caruso
L-3 Communications

Anthony Casale
L-3 Communications

Norm Davis
Washington State
Department of Ecology

Mark Delesdernier 11
Crescent River Port
Pilots Association

Joe Fogler
Sperry Marine

A. J. Gibbs
Crescent River Port
Pilots Association

Bill Gray
Intertanko

John E. Harrington
Planning Systems Incorporated
Engineering Center

Kenneth Hines
Raven Software Systems, Inc.

John J. Kelly 111
Model Software Corporation

Barbara Lamont
Network Teleports, Inc.

Alex Landsburg

Maritime Administration

Peter Lauridsen

Passenger Vessel Association

Ted Lillestolen
NOAA Ocean Service

Jim McCarville
Port of Pittsburgh
L-3 Communications

Kenneth Mills
U.S. Coast Guard VTS
Lower Mississippi River

Michael Morris
Houston Pilots

LTC Franklin Morrison

USACOE, Liaison to USCG

Steve Nicoulin

New Orleans Steamboat Co.

Mike Nesbitt
Maritrans, Inc.

Scott Nesbitt

Quiality Positioning Services, Inc.

Nick Van Overdam

Kongsberg-SIMRAD, Inc.

Charles Parker
Raven Industries

George Petras
U.S. Coast Guard VTS
Lower Mississippi River

Ken Prime
Lockheed Martin



172

SHIPBOARD AUTOMATIC IDENTIFICATION SYSTEM DISPLAYS

Bob Schneida
Affiliated Computer Services

David Shira
Crescent River Port Pilots
Association

Carol Short
University of New Orleans

Darrell Smith
University of Southern Mississippi

Tom Stakelum
Navtronics, Inc.

Sandy Swinney
Network Teleports, Inc.

John P. Vogt Il
Crescent River Port Pilots
Association

Ken Wells
AWO

Bradford Wheeler
SIU-ASTI

Bill Wilson
New Orleans Steamboat Co.



Appendix B

Report on Committee Subgroup Trip to Europe,
July 25-August 4, 2002

Two members of the committee and one staff member visited locations in
the United Kingdom, Germany, and Sweden between July 25 and August 4,
2002. The members were Douglas Grubbs and Bob Moore, and the staff
member was Peter Johnson. All three took part in site visits and meet-
ings with officials in northern Germany for 3 days—July 29, 30, and 31. Bob
Moore had meetings with Captain C. K. D. Cobley, Secretary-General of
Comité International Radio-Maritime (CIRM); Mr. Michael Rambaut, Dep-
uty Secretary-General of CIRM; and Mr. C. Julian Parker, Secretary of the
Nautical Institute, in London before this visit. Doug Grubbs went on to
Sweden after the German trip.

Discussions with Captain Cobley and Mr. Rambaut focused on the goals
and progress of International Electrotechnical Commission Working Group
13 and the pros and cons of establishing parameters for data transmitted by
automatic identification systems (AIS). The latter discussions included com-
ments about the work of the International Association of Aids to Navigation
and Lighthouse Authorities (IALA) Vessel Traffic Service (VTS) Committee
and the results of their work as published in IALA’s Guidelines.

It was clear that manufacturers would seek to incorporate unique features
in their shipboard AIS displays but that both industry and maritime users
would benefit by regulatory measures that established the limits, or meets
and bounds, for the AIS data to be transmitted—particularly by shore sta-
tions. By implication, efforts such as those of Working Group 13 and estab-
lishment of AIS data parameters would drive displays toward a commonality
of presentation that would improve safety.

The chief topic discussed with Mr. Parker was the AIS seminar held in
London jointly by the International Maritime Organization (IMO) and IALA
in July 2002. The discussion included a review of comments submitted to
the Nautical Institute about the seminar by various individuals.

On the basis of the discussion and the written comments reviewed,
it seems clear that active mariners have little knowledge of AIS or of
the intentions of governmental agencies for its use, particularly as a vessel
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traffic management tool. As a result, there had been little input from users
concerning the data to be transmitted by AIS or traditional data sources that
should not be changed. There appeared to be some feeling that implemen-
tation of AlS beyond ship-to-shore applications should be delayed until data
content and display requirements were established.

FACILITIES VISITED AND MEETINGS HELD
WITH GERMAN OFFICIALS

«+ In Kiel at the Waterways and Shipping Directorate for Baltic and North
Sea coastal areas and ports and river entrances (for Kiel, Kiel Canal,
Travemunde, Warnemunde, Rostock, Hamburg and River Elbe, Bremen
and Bremerhaven); with Jan-Hendrik Oltmann, deputy head of divi-
sion, and Hendrik Eusterbarkey, engineer. Had presentations on the or-
ganization of the waterways agencies and their mission, the recent AIS
conformity trials in the Baltic Sea, issues and concerns about AlS imple-
mentation in Germany and the development of the complete system, and
the status of AIS implementation in Germany.

+ In Warnemunde at the entrance to Rostock harbor. Visit to the newest
German vessel traffic center (VTC) under the waterways and shipping
directorate in Warnemunde. Had presentations on the operation of the
VTS and integration of AlS data with radar data from certain vessels on
traffic monitoring and control; had discussions with operators.

+ In Warnemunde at ship training simulator center for the new institute
there under the Wismar University of Technology. Saw demonstrations
of the simulators and training technology. Presentations by Dr. Christoph
Felsenstein, director of the institute, described simulator technology and
training programs.

« In Hamburg at the German Federal Hydrographic and Maritime Agency
(BSH), the agency that oversees the approvals of shipboard technical
equipment (AIS and displays) to meet IMO standards and that experiments
with shipboard technology improvements. (This agency also incorporates
the equivalent of the National Oceanic and Atmospheric Administration
Ocean Survey.) Presentations by Dr. Ralf-Dieter Preuss and staff addressed
AIS equipment testing by this office, work on integrating radar (ARPA)
with AlS displays, and philosophy regarding overall approach to bridge
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navigational displays. Also visited the laboratory where AlS equipment
undergoes type testing.

In Brunsbuttel at the VTC for managing traffic in the Kiel Canal. A
presentation by Mr. Heesch described the new system incorporating AlS
technology being developed and implemented by Kiel Canal traffic
management. All vessels will carry AlS; those not equipped with it will
be lent a unit for canal transit. Visited traffic center under existing
operation and discussed new system with operators.

MAJOR ISSUES AND POINTS RELATED
TO AIS DISPLAY STUDY FROM GERMAN VISIT

Regarding AlS introduction in general, there are concerns about total sys-
tem integration, the integrity of all units on board vessels and on shore,
and the need for repeaters and knowledge on message conformity.

At present there are no plans in Germany to require anything other than
minimal IMO onboard display.

German waterways now have extensive radar coverage; AIS will supple-
ment but not replace radar—total system facilitates traffic and efficiency.

Germany plans to use AlS to enhance traffic monitoring.
German VTS operation now has no problem with voice communications.
Pilots are used within VTCs and aboard vessels.

With AIS, there are concerns about the fact that the receiver of informa-
tion has no control over the quality of information sent; therefore, VTC
must monitor integrity of all transmitted information.

There is a need to design the entire AIS with attention to source, sink, and
links; much work is needed to complete system implementation.

At Warnemunde VTC modern radar coverage is available, and AlS signals
can be integrated within radar displays.

At long distances (20 miles) there is a significant difference between radar
and AIS location.

At BSH, the laboratory performs tests and certification of all AIS devices
(type approval) with the manufacturer contributing the equipment for
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these tests and covering the cost of the tests. It is not clear whom the
U.S. Coast Guard will use to perform similar approval work in the United
States.

* The position of the German authorities is that the minimal IMO display
is not suitable for shipboard navigation or other functions but is useful
only for checking the operability of the system. For any navigation or col-
lision avoidance function, a more sophisticated display will be necessary.

* The BSH authorities believe that AIS is usually displayed in electronic
chart format because that is the easiest solution at present. However, for
a display to be useful to the mariner, it should be either a close-in colli-
sion avoidance device or a longer-range strategic voyage-planning device.
Two displays may be best (one for each purpose). The close-in display
might integrate ARPA and AIS data to show other vessel locations, 1D,
tracking, and so forth. The strategic display might incorporate electronic
charts with long-range traffic data.

* BSH is now experimenting with techniques for integrating AIS and ARPA
data in one display.
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Shipboard Display of Automatic
Identification System Requirements

Requirement
Number Operationalization Source

Requirement Type: Information and Task Requirements (Requirement No. 1.0)

111 Description: Class A Functional Requirements

1.1.1.1 The shipboard AlS is designed to provide identification, IALA AIS Guidelines,
navigation information, and vessel’s current intentions to Oct. 31, 2001, 2.4
other ships.

1112 AIS shall provide ship-to-ship collision avoidance information.  IALA AIS Guidelines,

Oct. 31, 2001, 1.2.2

1.1.1.3 AIS shall receive and process information from other IALA AIS Guidelines,
sources, including that from a competent authority and Oct. 31,2001, 1.2.2
from other ships.

1114 AIS shall respond to high-priority and safety-related calls IALA AIS Guidelines,
with @ minimum of delay. Oct. 31, 2001, 1.2.2

1.1.15 AIS shall provide positional and maneuvering information at ~ IALA AIS Guidelines,
a data rate adequate to facilitate accurate track-keeping. Oct. 31, 2001, 1.2.2

1.1.1.6 AIS shall be capable of sending ship information such as IALA AIS Guidelines,

identification, position, course, speed, ship’s length, draft, Oct. 31,2001, 1.2.2
ship type, and cargo information to other ships and aircraft
and to the shore.

1.1.17 AIS can have an aid to navigation transmit its identity, its IALA AIS Guidelines,
state of “health,” and other information such as real-time Oct. 31, 2001, 3.3.3
tidal height, tidal stream, and local weather to surrounding
ships or back to the shore authority.

1.1.1.8 AIS can convert radar target information from a VTS center IALA AIS Guidelines,
and retransmit it to AlS-fitted vessels in the area as Oct. 31, 2001, 3.4.2
pseudo-AlS targets.

(continued on next page)
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Requirement
Number

Operationalization

Source

11.2

Description: Class A Derivative Functional Requirements

1121

1122

Class A derivatives are not defined in any of the AlS-related
documents (IMO, ITU, IEC, IALA). Class A derivatives may
be the result of any local or international development for
particular groups of users. Examples are inland and coastal
navigation, development of personal pilot units, and the
use of AIS in harbors for service vessels like tugs, buoy
tenders, hydrographic ships, pilot vessels, and so forth.

Class A derivatives are intended to use the same function-
ality and reporting rate as Class A stations on VDL mes-
sage level. The main difference between Class A and

Class A derivatives is that not all mandatory components of
Class A stations must be included.

IALA AIS Guidelines,
Oct. 31, 2001, 12.6

IALA AIS Guidelines,
Oct. 31, 2001, 12.6

1.2

Description: Minimum Display Requirements—Class A

121

122

1.2.3

124

1.25

1.2.6

1.2.7

The AIS display shall provide at least three lines of 16
alphanumeric characters, sufficient to obtain the target
vessel’s identity and position.

The minimum mandated display provides not less than
three lines of data consisting of bearing, range, and name
of a selected ship.

The minimum keyboard and display indicates alarm
conditions and means to view and acknowledge the alarm.

When the minimum keyboard and display AIS unit gives an
alarm, the display indicates to the user that an alarm is
present and provides a means to display the alarm.

When an alarm is selected for display on the minimum key-
board and display, it is possible to acknowledge the alarm.

Other data of the ship can be displayed on the minimum
mandated display by horizontal scrolling of data, but
scrolling of bearing and range is not possible.

Vertical scrolling on the minimum mandated display will
show all other ships known to AlIS.

IECTC 80
Test Standard
IEC 61993-2,
June 2001

IALA AIS Guidelines,
Oct. 31, 2001, 4.2

IALA AIS Guidelines,
Oct. 31,2001, 12.4.4

IALA AIS Guidelines,
Oct. 31, 2001, 12.4.4

IALA AIS Guidelines,
Oct. 31,2001, 12.4.4

IALA AIS Guidelines,
Oct. 31, 2001, 4.2

IALA AIS Guidelines,
Oct. 31, 2001, 4.2
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Requirement
Number

Operationalization

Source

1.2.8

129

1.2.10

1211

1.2.12

1.2.13

1.2.14

1.2.15

1.2.16

1.2.17

1.2.18

The unit will be fitted with, at least, a minimum keyboard
and display or a dedicated dynamic display that interfaces
with the AIS.

A dedicated dynamic display that interfaces with the AIS
shall display the unit’s operational status (which should be
regularly checked).

A dedicated dynamic display that interfaces with the AIS
shall display target information.

The minimum keyboard and display shall indicate the
state/condition change inside the AIS and provide a means
to view the state/condition change message.

The minimum keyboard and display may be used to input
voyage-related information, such as cargo category, maxi-
mum preset static draught, number of persons on board,
destination, ETA, and navigational status.

The minimum keyboard and display may be used to input
static information such as MMSI number, IMO number,
ship’s call number, ship’s name, length and beam, position
reference points for GNSS antenna, and type of ship.

The minimum keyboard and display displays safety-related
messages. The minimum keyboard and display will indicate
to the operator when a safety-related message has been
received and display it on request.

The minimum keyboard and display may be used to input
safety-related messages. It is possible to input and send
addressed (message 12) and broadcast (message 14) safety-
related messages from the minimum keyboard and display.

The minimum keyboard and display may change the AIS
unit mode of response to long-range (LR) interrogations.

The minimum keyboard and display sets the AIS to
automatically or manually respond to LR interrogations.
The mode (LR or default) the AIS unit is in will be
displayed where appropriate.

The minimum keyboard and display indicates LR inter-
rogations when in automatic mode and provides a means
to acknowledge these indications.

IALA AIS Guidelines,
Oct. 31, 2001, 4.1

IALA AIS Guidelines,
Oct. 31, 2001, 4.1

IALA AIS Guidelines,
Oct. 31, 2001, 4.1

IALA AIS Guidelines,
Oct. 31, 2001, 12.4.4

IALA AIS Guidelines,
Oct. 31, 2001, 12.4.4

IALA AIS Guidelines,
Oct. 31,2001, 12.4.4

IALA AIS Guidelines,
Oct. 31, 2001, 12.4.4

IALA AIS Guidelines,
Oct. 31, 2001, 12.4.4

IALA AIS Guidelines,
Oct. 31, 2001, 12.4.4

IALA AIS Guidelines,
Oct. 31,2001, 12.4.4

IALA AIS Guidelines,
Oct. 31, 2001, 12.4.4

(continued on next page)
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Requirement
Number

Operationalization

Source

1.2.19

1.2.20

1221

1.2.22

1.2.23

1.2.24

1.2.25

1.2.26

1.2.27

The minimum keyboard and display indicates LR interroga-
tions when in manual mode.

The minimum keyboard and display provides a means to
initiate a reply or cancel a reply to an LR interrogation.

When in manual mode to an LR interrogation, the minimum
keyboard and display will indicate that the system was LR
interrogated until the operator has replied to the interroga-
tion or canceled the reply.

The minimum keyboard and display may be used to control
the AIS channel switching.

Itis possible to change the AIS operational frequencies and
power settings from the minimum keyboard and display.

The minimum keyboard and display displays GPS position
when the internal GNSS receiver is operating as the backup
position source for the AIS reporting.

When the AIS is using the internal GPS for position report-
ing, that position must be continuously displayed.

The AIS unit has an option where it uses the internal GPS
receiver position information for position reporting. When in
this mode, the position that is transmitted by the AIS will be
available on the minimum keyboard and display.

Some of the above minimum keyboard and display func-
tions can be password protected.

IALA AIS Guidelines,
Oct. 31,2001, 12.4.4

IALA AIS Guidelines,
Oct. 31, 2001, 12.4.4

IALA AIS Guidelines,
Oct. 31, 2001, 12.4.4

IALA AIS Guidelines,
Oct. 31, 2001, 12.4.4

IALA AIS Guidelines,
Oct. 31, 2001, 12.4.4

IALA AIS Guidelines,
Oct. 31,2001, 12.4.4

IALA AIS Guidelines,
Oct. 31, 2001, 12.4.4

IALA AIS Guidelines,
Oct. 31, 2001, 12.4.4

IALA AIS Guidelines,
Oct. 31, 2001, 12.4.4

13

Description: Minimum Display Requirements—Class B

131

132

The minimum keyboard and display unit, as on Class A sta-
tions, may not be required on pleasure craft. They may use
the Class B station as a hlack hox (to be seen) or con-
nected to a more or less sophisticated display (e.g.,
ECS/ECDIS) to see and present own position and other AIS
targets in relation to the environment.

The minimum keyboard and display for Class B stations
must have at least one means to program the station with
static data during the configuration.

IALA AIS Guidelines,
Oct. 31,2001, 12.4.4

IALA AIS Guidelines,
Oct. 31,2001, 12.4.4
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Requirement

Number Operationalization Source
14 Description: Minimum Display Requirements— Class A Derivative Stations
141 The minimum keyboard and display for Class A derivative IALA AIS Guidelines,
stations may not be required. Oct. 31, 2001, 12.6
1.4.2 Non-SOLAS vessels can use the Class A derivative station IALA AIS Guidelines,
configured as Oct. 31,2001, 12.6
* Ablack box (to allow the vessel to be seen only),
= Connected to a more or less sophisticated display
(i.e., ECS/ECDIS), or
» Other external system for special applications to see and
present own position in relation to the environment.
143 There must be at least one means to program Class A IALA AIS Guidelines,
derivative stations with static data. Oct. 31, 2001, 12.6
15 Description: Target Discrimination Requirements
151 Target data derived from radar and AIS should be clearly IMO SN/Circ 217,
distinguishable as such. July 11, 2001, 2.1.7;
IALA AIS Guidelines,
Oct. 31, 2001, 4.7.6
15.2 If more than one target is selected, the source of the data IMO SN/Circ 217,
(e.g., AIS, radar) should be clearly indicated. July 11, 2001, 2.1.8;
IALA AIS Guidelines,
Oct. 31, 2001, 4.7.7
153 Correlation between primary radar targets and AlS targets IMO SN/Circ 217,
is likely to be required. July 11, 2001, 2.1.13
1.6 Description: Additional Information Requirements
1.6.1 If an AIS target is marked for data display, related data IMO SN/Circ 217,
from other target sources may be available for display upon ~ July 11, 2001, 2.2.6
operator command.
1.6.2 Mariners should be able to select additional parts of IMO SN/Circ 217,

information from AIS targets.

July 11, 2001, 2.1.4;
IALA AIS Guidelines,
Oct. 31, 2001, 4.7.3

(continued on next page)
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Requirement

Number Operationalization Source
1.6.3 Additional parts of information available from AIS targets IMO SN/Circ 217,
should be presented in the data area of display. July 11, 2001, 2.1.5;
IALA AIS Guidelines,
Oct. 31, 2001, 4.7.4
1.6.4 Additional parts of information should be available from IMO SN/Circ 217,
AIS targets and should include the ship’s identification (at July 11, 2001, 2.1.5;
least the MMSI). IALA AIS Guidelines,
Oct. 31, 2001, 4.7.4
1.6.5 If the additional information available from AIS targets is IMO SN/Circ 217,
incomplete, this should be indicated. July 11, 2001, 2.1.5;
IALA AIS Guidelines,
Oct. 31,2001, 4.7.4
1.7 Description: Message Requirements
171 Description: Short Safety-Related Message Requirements
1.7.1.1 Short safety-related messages can be either “addressed” IALA AIS Guidelines,
to a specified destination (MMSI) or “broadcast” to all AlS- Oct. 31, 2001, 2.3
fitted ships in the area.
1.7.1.2 Short safety-related messages can include up to 160 six- IALA AIS Guidelines,
bit ASCII characters in the text of the message but should Oct. 31, 2001, 3.2.7
be kept as short as possible.
1.7.1.3 Short safety-related messages can be fixed- or free-format ~ IALA AIS Guidelines,
text messages. Oct. 31, 2001, 3.2.7
1714 Short safety-related messages should be relevant to the IALA AIS Guidelines,
safety of navigation (e.g., an iceberg sighted or a buoy not Oct. 31,2001, 3.2.7
on station).
1.7.15 Operator acknowledgment of short safety-related messages ~ IALA AIS Guidelines,
may be requested by a text message. Oct. 31, 2001, 3.2.7
1.7.1.6 If operator acknowledgment of a short safety-related IALA AIS Guidelines,
message is requested, a Binary Acknowledgement Oct. 31, 2001, 3.2.7
Message will be used.
1.7.1.7 Short safety-related messages are an additional means to IALA AIS Guidelines,

broadcast maritime safety information.

Oct. 31, 2001, 3.2.7
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Requirement
Number

Operationalization

Source

1.7.2

Description: Aid to Navigation Message Requirements

1721

1.7.2.2

1.7.2.3

Aid to navigation messages can provide information on the
location and identification of hazards and marks used for
navigation.

Aid to navigation messages can provide information of a
meteorological or oceanographic nature of benefit to the
mariner.

Aid to navigation messages can provide information on the
operational status of the aid.

IALA AIS Guidelines,
Oct. 31, 2001, 3.2.7

IALA AIS Guidelines,
Oct. 31, 2001, 3.3.3

IALA AIS Guidelines,
Oct. 31, 2001, 3.3.3

1.7.3

Description: Advice of VTS Waypoints/Route Plan Message Requirements

1.7.3.1

1.7.3.2

1.7.33

IFM 18 (Advice of VTS Waypoints/Route Plan Message) is
used by a VTS center to advise ships of the waypoints and
route plans used in that particular VTS area.

When transmitting the Advice of VTS Waypoints/Route Plan
Message, the VTS center can include up to 12 Advised
Waypoints, if available, and a route specified by textual
description.

If waypoints are transmitted in the Advice of VTS
Waypoints/Route Plan Message, a recommended turning
radius can be included for each waypoint.

IALA AIS Guidelines,
Oct. 31, 2001, 3.3.3

IALA AIS Guidelines,
Oct. 31, 2001, 3.4.4

IALA AIS Guidelines,
Oct. 31,2001, 3.4.4

1.7.4

Description: Class B Message Requirements

1741

1.7.4.2

The following messages or usage of messages are optional
for Class B stations:

= Send and receive hinary message,

= UTC and date inquiry and response,

« Send and receive safety-related messages, and

« Interrogate other vessels.

The following messages shall not be sent from Class B stations:

* Message 1, 2, 3: Position reports for Class A; and

* Message 5: Ship static and voyage-related data for Class A.

IALA AIS Guidelines,
Oct. 31, 2001, 3.4.2

IALA AIS Guidelines,
Oct. 31,2001, 12.4.4

(continued on next page)
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Requirement
Number Operationalization Source

Requirement Type: Operational and Organizational Requirements (Requirement No. 2.0)

2.1 Description: AIS Operational Requirements
211 AIS shall operate in autonomous and continuous modes. IALA AIS Guidelines,
Oct. 31,2001, 1.2.2

212 AIS shall provide information automatically and continu- IALA AIS Guidelines,
ously without involvement of ship’s personnel. Oct. 31,2001, 1.2.2

2.1.3 AIS should always be in operation. IALA AIS Guidelines,

Oct. 31,2001, 4.2.1

2.1.4 Whether the ship is at sea or in port, if the master believes IALA AIS Guidelines,
that continued operation of AIS might compromise the Oct. 31,2001, 4.2.1
ship’s safety or security, the AIS may be switched off.

2.15 If the AIS is switched off, the equipment should be reactivated ~ IALA AIS Guidelines,
as soon as the source of the danger has disappeared. Oct. 31,2001, 4.2.1

2.16 It may be necessary to switch off the AIS or to reduce the IALA AIS Guidelines,
transmission power during some cargo-handling operations. ~ Oct. 31, 2001, 4.2.1

2.1.7 If the AIS is shut down, static data and voyage-related IALA AIS Guidelines,
information remain stored. Oct. 31, 2001, 4.2.1

2.1.8 If no sensor is installed or if the sensor (e.g., the gyro) fails IALA AIS Guidelines,
to provide data, the AIS automatically transmits the “not Oct. 31,2001, 4.2.1
available” data value.

2.2 Description: Security Requirements

2.3 Description: Privacy Requirements

Requirement Type: Technical Display Requirements (Requirement No. 3.0)

Requirement Type: Display Format Requirements (Requirement No. 4.0)

4.1 Description: Visual Presentation Requirements—Class A

411 If AIS information is made available for graphical display, at MO SN/Circ 217,
least the following information shall be provided: vessel July 11, 2001, 2.1.1;
position, course over ground, speed over ground, heading, IALA AIS Guidelines,
and rate of turn (or direction of turn). Oct. 31, 2001, 4.7

412 AIS positional information is displayed relative to the IALA AIS Guidelines,

observing vessel. Oct. 31, 2001, 2.3
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Requirement

Number Operationalization Source
413 If AIS information is graphically presented on a radar IMO SN/Circ 217,
display, radar signals should not be masked, obscured, July 11, 2001, 2.1.2;
or degraded. IALA AIS Guidelines,
Oct. 31,2001, 4.7.1
414 Whenever graphical display of AIS information is enabled, IMO SN/Circ 217,
the graphical properties of other target vectors should be July 11, 2001, 2.1.3;
equivalent to those of the AIS target symbols. IALA AIS Guidelines,
Oct. 31, 2001, 4.7.2
415 Whenever graphical display of AIS targets is enabled, the IALA AIS Guidelines,
type of vector presentation (radar plotting symbols or AIS Oct. 31, 2001, 4.7.2
symbols) may be selectable by the operator.
4.1.6 Whenever graphical display of AIS targets is enabled, the IALA AIS Guidelines,
active display mode should be indicated. Oct. 31,2001, 4.7.2
4.1.7 A common reference should be used for superimposition of ~ IMO SN/Circ 217,
AIS symbols with other information on the same display. July 11, 2001, 2.1.6;
IALA AIS Guidelines,
Oct. 31, 2001, 4.7.5
418 A common reference should be used for the calculation of IMO SN/Circ 217,
target properties (i.e., TCPA, CPA). July 11, 2001, 2.16;
IALA AIS Guidelines,
Oct. 31,2001, 4.7.5
419 Indication should be given if own AIS is out of service or IMO SN/Circ 217,
switched off. July 11, 2001, 2.2.7;
IALA AIS Guidelines,
Oct. 31, 2001, 4.8.7
4.1.10 Greater functionality will be provided by a more capable dis-  IALA AIS Guidelines,
play, but selection of the type of display is dependentonthe ~ Oct. 31, 2001, 2.3
user requirement and options offered by manufacturers.
4.1.11 The danger of overloading the screen would need to be IALA AIS Guidelines,
considered. Oct. 31, 2001, 2.3
4.1.12 AIS vessels can view all VTS-held radar targets and AIS tar-  IALA AIS Guidelines,

gets as well as those tracks held on their own radar(s) using
a proven application of AlS, variously termed “radar target
broadcasting” or “VTS footprinting” (the process of converting
radar target information from a VTS center and retransmitting
it to AIS-fitted vessels in the area as pseudo-AlS targets).

Oct. 31, 2001, 3.4.2

(continued on next page)
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Requirement
Number

Operationalization

Source

4.1.13

4.1.14

4.1.15

IFM 18 (Advice of VTS Waypoints/Route Plan Message) is
used by a VTS center to advise ships of the waypoints and
route plans used in that particular VTS area.

In order to avoid a situation whereby AlS-fitted vessels
incorrectly believe that a VTS authority is receiving data
being transmitted via the AIS, all VTS authorities will need to
publish by appropriate means their status in respect of AlS.

Where possible, the date on which a VTS authority intends
to incorporate AlS should be promulgated well in advance.

IALA AIS Guidelines,
Oct. 31, 2001, 3.4.4

IALA AIS Guidelines,
Oct. 31, 2001, 8.8

IALA AIS Guidelines,
Oct. 31, 2001, 8.8

4.2

Description: Visual Presentation Requirements—Class A Derivatives

421

422

There is no mandatory requirement for Class A derivative
stations to carry the same presentation interfaces as
Class A stations.

The position information for Class A derivative stations may
be derived from the internal (D)GNSS receiver. In this case,
the position information may be displayed and used outside
the AIS station for external applications.

IALA AIS Guidelines,
Oct. 31, 2001, 12.6

IALA AIS Guidelines,
Oct. 31, 2001, 12.6

4.3

Description: Visual Presentation Requirements—Class B

431

There may be other equipment on board non-SOLAS
vessels with interfaces that are noncompliant with [EC
61162-1 standard (ie., RS-232).

IALA AIS Guidelines,
Oct. 31, 2001, 12.6

44

Description: Display Option Requirements

441

442

443

The operator may choose to display all or any AlS targets
for graphical presentation.

When operators choose to display all or any AIS targets for
graphical presentation, the mode of presentation should be
indicated.

If color fill is used in display of AIS target symbols, no other
information should be masked or obscured.

IMO SN/Circ 217,
July 11, 2001, 2.1.9

IMO SN/Circ 217,
July 11, 2001, 2.1.9;
IALA AIS Guidelines,
Oct. 31, 2001, 4.7.8

IALA AIS Guidelines,
Oct. 31, 2001,
Appendix 4-1
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Requirement

Number Operationalization Source
444 If the display of AIS symbols is enabled, removing a dan- IMO SN/Circ 217,
gerous target should only be possible temporarily as long July 11, 2001,
as the operator activates the corresponding control. 2.1.10; IALA AIS
Guidelines, Oct. 31,
2001,4.7.9
445 The AIS symbol for an activated target may be replaced by IMO SN/Circ 217,
a scaled ship symbol on a large-scale/small-range display. July 11, 2001,
2.1.11; IALA AIS
Guidelines, Oct. 31,
2001, 4.7.10
446 If the COG/SOG vector is shown, the reference point should IMO SN/Circ 217,
be either the actual or the virtual position of the antenna. July 11, 2001,
2.1.12; IALA AIS
Guidelines, Oct. 31,
2001, 4.7.11
447 Means should be provided to select a target or own ship for ~ IMO SN/Circ 217,
the display of its AIS information on request. July 11, 2001,
2.1.13; IALA AIS
Guidelines, Oct. 31,
2001, 4.7.12
448 If more than one target is selected, the relevant symbols, IMO SN/Circ 217,
corresponding data, and source of the data (e.g., AlS, radar) ~ July 11, 2001,
should be clearly identified. 2.1.13; IALA AIS
Guidelines, Oct. 31,
2001, 4.7.12
449 If zones or limits for automatic target acquisition are set, IMO SN/Circ 217,
they should be the same for automatically activating and July 11, 2001, 2.2.1;
presenting any targets, regardless of their source. IALA AIS Guidelines,
Oct. 31, 2001, 4.8.1
4.4.10 The vector time set should be adjustable and valid for pres-  IMO SN/Circ 217,
entation of any target regardless of its source. July 11, 2001, 2.2.2;
IALA AIS Guidelines,
Oct. 31, 2001, 4.8.2
4411 If radar plotting aids are used for the display of AIS infor- IMO SN/Circ 217,

mation, they should be capable of calculating and display-
ing collision parameters equivalent to the available radar
plotting functions.

July 11, 2001, 2.2.3;
IALA AIS Guidelines,
Oct. 31, 2001, 4.8.3

(continued on next page)
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Requirement

Number Operationalization Source
4.4.12 If the calculated CPA and TCPA values of an AIS target are IMO SN/Circ 217,
less than the set limits, a dangerous target symbol should July 11, 2001, 2.2.4;
be displayed. IALA AIS Guidelines,
Oct. 31, 2001, 4.8.4
4.4.13 The preset CPA/TCPA limits applied to target data derived IMO SN/Circ 217,
from different sensors should be identical. July 11, 2001, 2.2.4;
IALA AIS Guidelines,
Oct. 31, 2001, 4.8.4
4.4.14 Means to recover the data for a number of last acknowl- IMO SN/Circ 217,
edged lost targets may be provided. July 11, 2001, 2.2.4;
IALA AIS Guidelines,
Oct. 31, 2001, 4.8.5
4.4.15 Preferably, the ability to recover data for targets may be IMO SN/Circ 217,
applied to any AIS target within a certain distance. July 11, 2001, 2.2.5;
IALA AIS Guidelines,
Oct. 31, 2001, 4.8.5
4.4.16 An automatic display selection function may be providedto ~ IMO SN/Circ 217,
avoid the presentation of two target symbols for the same July 11, 2001, 2.2.5;
physical target. IALA AIS Guidelines,
Oct. 31, 2001, 4.8.6
4.4.17 The operator should have the option to make reasonable IMO SN/Circ 217,
changes to the default parameters of automatic selection July 11, 2001, 2.2.6
criteria.
4.4.18 Means should be provided to display alarm messages from IMO SN/Circ 217,
own AlS. July 11, 2001, 2.2.6
45 Description: Symbology Requirements
451 If AIS information is graphically presented, the symbols IMO SN/Circ 217,
described in the Appendix to SN/Circ 217, July 11, 2001 July 11, 2001, 2.2.7
(repeated in IALA AIS Guidelines, Oct. 31, 2001,
Appendix 4-1) should be applied.
452 Whenever graphical display of AlS information is enabled, IMO SN/Circ 217,

the type of vector presentation (radar plotting symbols or
AIS symbols) should be selectable by the operator.

July 11, 2001, 2.1.2;
IALA AIS Guidelines,
Oct. 31, 2001, 4.7.1
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Requirement

Number Operationalization Source

453 If the calculated CPA and TCPA values of an AIS target are IMO SN/Circ 217,
less than the set limits, a dangerous target symbol should July 11, 2001, 2.1.3
be displayed.

454 If the signal of a dangerous AlS target is not received for a IMO SN/Circ 217,
set time, a lost target signal should appear at the latest July 11, 2001, 2.2.4;
position. IALA AIS Guidelines,

Oct. 31, 2001, 4.8.5

455 The lost target symbol should disappear after the gener- IMO SN/Circ 217,

ated alarm has been acknowledged. July 11, 2001, 2.2.5;
IALA AIS Guidelines,
Oct. 31, 2001, 4.8.5

4.6 Description: Display Synchronization Requirements

46.1 If AIS information is graphically displayed on a radar, the IMO SN/Circ 217,
equipment should be capable of appropriately stabilizing July 11, 2001, 2.2.5
the radar image and the AIS information.

4.7 Description: Presentation Priority Requirements

471 The presentation of AlS target symbols, except for sleeping ~ IALA AIS Guidelines,
or lost targets, should have priority over other target Oct. 31, 2001, 2.3
presentations within the display area.

472 If an AIS target is marked for data display, the existence of IMO SN/Circ 217,
the other source of target data may be indicated. July 11, 2001, 2.1.4;

IALA AIS Guidelines,
Oct. 31, 2001, 4.7.3

4.7.3 An automatic display selection function may be provided to IALA AIS Guidelines,
avoid the presentation of two target symbols for the same Oct. 31, 2001, 4.8.6
physical target.

474 The operator should have the option to make reasonable IALA AIS Guidelines,
changes to the default parameters of the automatic selec- Oct. 31, 2001, 4.8.6
tion criteria.

475 If target data from AIS and from radar plotting functions are ~ IMO SN/Circ 217,

available, then the activated AIS target symbol should be
presented, if the automatic selection criteria are fulfilled.

July 11, 2001, 2.1.4;
IALA AIS Guidelines,
Oct. 31, 2001,
4.7.3,4.8.6

(continued on next page)
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Requirement

Number Operationalization Source
4.7.6 If targeted data from AIS and from radar plotting functions  IMO SN/Circ 217,
are available and the automatic selection criteria are not July 11, 2001, 2.2.6;
fulfilled, the respective symbols should be displayed IALA AIS Guidelines,
separately. Oct. 31, 2001, 4.8.6
4.8 Description: Alarm Requirements
481 If the calculated CPA and TCPA values of an AlS target are IMO SN/Circ 217,
less than the set limits, an alarm should be given. July 11, 2001, 2.1.5;
IALA AIS Guidelines,
Oct. 31, 2001, 4.7.4
48.2 If the signal of a dangerous AIS target is not received for a IMO SN/Circ 217,
set time, an alarm should be given. July 11, 2001, 2.2.4;
IALA AIS Guidelines,
Oct. 31, 2001, 4.8.5
483 Means should be provided to acknowledge alarm mes- IMO SN/Circ 217,

sages from own AIS.

July 11, 2001, 2.2.5;
IALA AIS Guidelines,
Oct. 31, 2001, 4.8.7

Requirement Type: Physical Layout Requirements (Requirement No. 5.0)

51

Description: Display Integration Requirements—Class A

5.11

512

513

514

AIS should be integrated to one of the existing graphical
displays on the bridge or a dedicated graphical display.

Ideally, AIS would be displayed on the ship’s radar, electronic
chart display and information system, or a dedicated display.
This would provide the greatest benefit to the mariner.

AIS has the facility to send its information to an external
display medium such as radar, electronic chart display and
information system, or an integrated navigation system.

Most of the vessels that are piloted will be fitted with AIS
according to the SOLAS convention. The onboard AIS has a
pilot/auxiliary input/output port that provides the facility to
forward the own vessel’s GNS/DGNSS information, head-
ing, and (optional) rate of turn continuously, independently
of (i.e., faster than) the standard AIS reporting rate.

IMO SN/Circ 217,
July 11, 2001, 2.2.7

IALA AIS Guidelines,
Oct. 31, 2001, 2.3

IALA AIS Guidelines,
Oct. 31, 2001, 2.3

IALA AIS Guidelines,
Oct. 31, 2001, 7.5
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Requirement
Number Operationalization Source

515 Options for AIS may include connection to external IALA AIS Guidelines,
GNSS/DGNSS equipment and sources of navigational infor- ~ Oct. 31, 2001, 2.4
mation from ship’s equipment.

5.1.6 The shipboard AlS is connected to a power source, an IALA AIS Guidelines,
antenna, and a variety of shipboard equipment, or to the Oct. 31, 2001, 4.1
integrated navigation system.

5.2 Description: Display Integration Requirements—Class A Derivatives

521 A pilot workstation combined with portable AIS is used pri- IALA AIS Guidelines,

marily to provide marine pilots with the capability to carry Oct. 31, 2001, 7.5
on hoard an AlS station when piloting vessels not fitted with

AIS. Such a pilot pack contains GNSS/DGNSS, AlS,

(optional) heading sensor, and a workstation.

5.3 Description: Display Lighting Requirements

5.4 Description: Display and Control Surface Requirements
55 Description: Sound and Noise Requirements

5.6 Description: Thermal Condition Requirements

Requirement Type: Environmental Requirements (Requirement No. 6.0)
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bility studies and engaged in preliminary, contract, and detailed ship design,
including circular of requirements and specifications development. Mr. Kim
has provided engineering technical support to NAVSEA 03 technical codes,
the DDG 51 construction program, the AOE 10 contract design effort, the
LPD 13 conversion program, the Program Executive Office for Aircraft
Carriers, and is currently the MR&S Program Manager for the Uniform
National Discharge Standards program. He also has an interest in total ship-
board automation and human systems integration. Seven of the 13 years of
experience that Mr. Kim has in the marine engineering industry have
involved program management and project leadership.

John D. Lee is Associate Professor of Industrial Engineering at the Univer-
sity of lowa. He has a background in engineering and psychology, with a
Ph.D. in mechanical engineering from the University of lllinois at Urbana—
Champaign. He has 10 years of research and consulting experience aimed at
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systems. Before moving to the University of lowa, Dr. Lee was a research sci-
entist and deputy director at the Battelle Human Factors Transportation
Center. His research interests include interface design, human adaptation to
technological innovation, and human performance modeling. This research
addresses human error and performance in a broad range of application
domains, from process control and the maritime industry to driving. His cur-
rent research projects address modeling driver behavior, understanding and
mitigating the distraction potential of in-vehicle technology, and trust in
automation. He is the author of approximately 100 journal articles, book
chapters, conference papers, and technical reports.

Robert G. Moore is the President of Coastwatch, Inc., a maritime consult-
ing firm specializing in government and industry projects to improve safety
and vessel operations as well as other coastal zone work. He has more than
40 years of experience in maritime and international affairs. He is a master
mariner and a retired Coast Guard officer with special expertise in ship oper-
ations and marine navigation. Captain Moore served as military readiness/
operations program manager in the Coast Guard, represented the United
States at foreign conferences, managed multinational navigation systems,
and was public safety advisor for the Agency for International Development
to the Government of Somalia. His consulting assignments and publications
cover subjects such as coastal defense missions of the Coast Guard, vessel
traffic management, command and control systems, and surveillance. Cap-
tain Moore served as a member of the Marine Board Committee on Maritime
Advanced Information Systems. He has a B.S. in Engineering from the U.S.
Coast Guard Academy and received continuing education at the Naval War
College and the Industrial College of the Armed Forces.

Roy L. Murphy is the Director of Corporate Training for Kirby Corporation.
Kirby Corporation operates the largest tank barge fleet in the world. He has
more than 25 years of experience instructing and directing maritime train-
ing programs. Mr. Murphy is the former Director of Training at the National
River Academy of the United States. He is certified to teach a number of
nautical science courses, including Radar Observer (Unlimited), Tankerman
PIC (Barge) Dangerous Liquid, Mate, Towing Vessel, Navigation and Pilot-
ing, and Fire Fighting (Barge). Mr. Murphy holds a U.S. Coast Guard Masters’
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license, a Radar Observer (Unlimited) certification, and a Tankerman PIC
(Barge) Dangerous Liquid endorsement. He has served as a member of
numerous government and industry committees and subcommittees, in-
cluding the Merchant Marine Personnel Advisory Committee and the Towing
Safety Advisory Committee. Mr. Murphy earned a B.S. in education from
Arkansas State University.

Nadine B. Sarter received her Ph.D. in Industrial and Systems Engineering
from the Ohio State University in 1994. From 1996 to 1999 she was an
Assistant Professor in the Institute of Aviation at the University of Illinois at
Urbana—Champaign, where she held coappointments with the Departments
of Psychology, Mechanical and Industrial Engineering, and the Beckman
Institute. In 1999, she joined the faculty in the Department of Indus-
trial, Welding, and Systems Engineering and the Institute for Ergonomics
at the Ohio State University, where she also holds a joint appointment
with the Department of Psychology. Her research interests include human-
automation communication and coordination (primarily in high-risk, event-
driven domains such as aviation), multimodal human-machine interfaces/
interaction, error prevention and management, and attention and interrup-
tion management.



	Shipboard Automatic Identification System Displays : Meeting the Needs of Mariners
	National Academy of Sciences
	Committee for Evaluating Shipboard Display of Automatic Identification Systems
	Preface
	Contents
	Executive Summary
	1 - Introduction
	OVERVIEW OF AIS CAPABILITIES AND APPLICATIONS
	CURRENT DISPLAY DESIGNS AND THEIR CAPABILITIES
	STATUS OF U.S. AND INTERNATIONAL IMPLEMENTATION OF AIS
	APPROACH

	2 - Variability in Operations
	TYPES OF VESSELS AND OPERATING PARAMETERS
	TYPICAL BRIDGE OPERATIONAL ENVIRONMENTS
	NEED FOR EFFECTIVE SHIPBOARD AIS DISPLAYS
	COST CONSIDERATIONS
	SUMMARY

	3 - Recent Experience with Automatic Identification Systems and Shipboard Displays
	1371 STANDARD AIS PROGRAMS
	NON-1371 STANDARD AIS PROGRAMS
	SUMMARY

	4 - Determining Requirements for Shipboard Display of Automatic Identification System Information
	DETERMINING REQUIREMENTS FOR SHIPBOARD DISPLAY OF AIS INFORMATION
	INVENTORY OF EXISTING AIS REQUIREMENTS
	REQUIREMENTS ANALYSIS
	SUMMARY

	5 - Human Factors Considerations for Automatic Identification System Interface Design
	CORE ELEMENTS OF THE HUMAN FACTORS DESIGN PROCESS
	UNDERSTANDING THE NEEDS OF THE OPERATOR
	HUMAN/AUTOMATION PERFORMANCE ISSUES
	SKILL REQUIREMENTS
	DESIGNING THE AIS INTERFACE USING HUMAN FACTORS PRINCIPLES
	EVALUATION
	ENSURING GOOD INTERFACE DESIGN: DESIGN, PROCESS, AND PERFORMANCE STANDARDS
	SUMMARY

	6 - Conclusions and Recommendations
	NEED FOR A SYSTEMATIC IMPLEMENTATION PLAN
	AIS AND ITS RELATIONSHIP TO SHIPBOARD DISPLAYS
	DEVELOPMENT OF DOMESTIC AND INTERNATIONAL STANDARDS
	HUMAN FACTORS IN THE DISPLAY DESIGN PROCESS
	SYSTEM LIMITATIONS
	NEED FOR ONGOING RESEARCH ON HUMAN INTERFACES
	NEED FOR CONTINUED OPERATIONAL TESTING OF AIS DISPLAYS
	SUMMARY

	Appendix A - Workshop to Explore Automatic Identification System Display Technology and Human Factors Issues
	PANEL I, TECHNICAL FACTORS: SUMMARY POINTS
	PANEL II, HUMAN FACTORS: SUMMARY POINTS
	PANEL III, CASE STUDIES: SUMMARY POINTS
	PANEL IV, OPERATIONS: SUMMARY POINTS
	WORKSHOP CONCLUDING COMMENTS

	Appendix B - Report on Committee Subgroup Trip to Europe, July 25–August 4, 2002
	FACILITIES VISITED AND MEETINGS HELD WITH GERMAN OFFICIALS
	MAJOR ISSUES AND POINTS RELATED TO AIS DISPLAY STUDY FROM GERMAN VISIT

	Appendix C - Shipboard Display of Automatic Identification System Requirements
	Study Committee Biographical Information



