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The Cape Egmont Lighthouse was built in 1884 and is the
same design as the Wood Islands Lighthouse and the Cape
Bear Lighthouse (also located on Prince Edward Island).
It is the only light on the coast along the 46 mile stretch
between West Point and Seacow Head. Serious erosion
of the 33 foot cliff led to the tower being moved in 1998
(Source: various sources from the Internet).

For the mariners - List of Lights #1024; Light Characteristics:
Flash 1.5 seconds, Eclipse 3.5 seconds; Focal Height
19.86m; Nominal Range 12.5NM; GPS Location
46°24°6.642"N, 64°8'2.435"W (Source: CCG List of Lights).

[Editor’s Note: Image bas been digitally edited removing
a large skeleton tower located beside the separate white
building for presentation purposes.]

Cape Egmont Lighthouse
Cape Egmont, Prince Edward Island

Photograph credit: Department of
Fisheries and Oceans, Bedford Institute of
Oceanography, Dartmouth, Nova Scotia
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Editor’'s Note / Note

This is Lighthouse; Canada’s hydrographic journal. Issue 68 is the spring edition and the companion to CHC2006. It
contains articles from a spectrum of hydrographic professionals. The autobiography of Mike Easton, C.M. scientist
emeritus of the Canadian Hydrographic Service, is presented alongside the work of graduate students from one of
the most prestigious of schools in the realm of hydrographical science and geodesy. In addition, we are proud to
reprint an article from one of our corporate partners from across the waters, a Hydroservice piece that first appeared
in Hydro International. The renowned John Hughes Clarke was good enough to let us include an advance look at
an article that will soon appear in the Hydrographic Journal. This magazine attempts to find a balance between the
technical and the humanistic. Also, it looks to promote the best works of hydrography while still providing a stage for
the emerging professionals and all in the spirit of adventure and wonder.

Two of the goals of the CHA are to promote hydrography and the professional development of Canadian hydrographic
professionals. The latter is well addressed by this issue and the 67 others before it, and hopefully, by the hundreds to
follow. The former goal, while still being addressed, is more illusive. It is illustrative that the spell checker has yet to
believe that there is even a word ‘hydrography”, much less a considering it a household word.

Lighthouse is a volunteer driven publication. Its continuance is a testament to the past members like Earl Brown and
Paola Travaglini and the current CHA crew of Andrew Leyzack, Jim Weedon, Fred Oliff, Brian Power and many others.
There is no magazine without their dedication and willingness to expend their energy and skills to make each issue
as sharp as possible.

Moreover, this publication cannot be realized without the kind support of our advertisers. That the likes of Kongsberg
and Knudsen advertise in our publication of hearty but not unlimited circulation is homage to their support of
hydrography as much as their desire to tell the world of their newest and best products. They deserve our continued
thanks and respect for helping to ensure our mission continues.

Lastly, and most importantly, our thanks are directed at our patrons whose membership makes this publication possible
and worthwhile. It survives by their will and their proud efforts. They spread the word that hydrography is essential
to navigation, trade, science, safety and security. It will be with us until the oceans run dry or people turn their back
on the sea. Neither of which is likely to happen soon. Please share this issue with your peers and friends. They are
as welcome as you are to send along your comments, suggestions and items for inclusion. It is with your continued
enthusiasm that Lighthouse shall last as long as hydrography and we will be the better professionals for it and, just
maybe, help make hydrography a household name.

Craig Zeller

www.hydrography.ca
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Message from the National President

_—

CHC2006 is here and I tip my hat to the organizing committee for pulling together this event in a relatively short time frame.
Having been involved with the organization of past conferences I can attest to the amount of work involved with making one
of these events happen. There’s an additional challenge when efforts are made to select papers to develop a technical program
around the conference theme. That theme, Bridging Disciplines, is most topical to our profession as users are discovering many
non-traditional uses for hydrographic services. Much to their credit, the organizers have selected topics which are relevant to a
recent THO circular announcing the first World Hydrography Day (WHD).

The United Nations General Assembly have taken notice of the contributions of Hydrography and have passed a resolution under
the Oceans and law of the sea agenda to declare June 21 World Hydrography Day. Resolution A/60/30, adopted on November 29,
2005 includes the statement, “World Hydrography Day”, [is] to be celebrated annually on 21 June, with the aim of giving suitable
publicity to its work at all levels and of increasing the coverage of hydrographic information on a global basis, and urges all States
to work with that organization to promote safe navigation, especially in the areas of international navigation, ports and where there
are vulnerable or protected marine areas”. The IHO has requested its Member States to help communicate the “recognition of the
WHD and through this the significance of the IHO and its Member States Hydrographic Offices contribution to safety of navigation,
protection of the marine environment, development and security”.

The theme for this first WHD is “85 years of the IHO contributing to worldwide safety to navigation” and both the CHA and the
Canadian Hydrographic Service have planned events to recognize the occasion. I am proud to say that our association has, over its
history, built a number of memorials to help bring public attention to the contributions of Hydrography. In recognition of WHD,
we can look back on initiatives such as Central Branch’s Admiralty Launch Surveyor, Guardian of Elevations established by Quebec
Branch, and the plaque placed by our Pacific Branch in honor of the CSS William ]. Stewanrt.

While the THO is marking its gsth anniversary, we too have a reason to celebrate as it has now been 40 years since the CHA was
founded. Therefore my wish for this organization’s 40th is that we can continue to practice the intent of our founders through the
promotion of Hydrography to the public and in the professional development of our members.

Je leve mon chapeau au comité organisateur de la CHC2006 pour la réalisation de cet événement en un laps de temps relativement
court. Ayant déja été impliqué dans l'organisation de conférences, je peux témoigner de la quantité de travail requis pour que de
tels événements se réalisent. Les efforts fournis pour sélectionner les articles du programme technique représentant le théme de
la conférence comportent un défi additionnel. Ce theme, « D’une rive a l'autre », est des plus représentatifs de notre profession
car les usagers découvrent plusieurs utilisations non traditionnelles aux produits dérivés de I'hydrographie. Les organisateurs, a
leur grand mérite, ont sélectionné des sujets lesquels sont pertinents a la récente lettre circulaire de 'OHI annongant la premiére
Journée Mondiale de 'Hydrographie (JMH).

LAssemblée générale des Nations Unies a pris acte des contributions de I'’hydrographie et a passé une résolution a 'ordre du jour
sous les océans et le droit de la mer pour déclarer le 21 juin Journée Mondiale de I'Hydrographie. La résolution A/60/30, adoptée
le 29 novembre 2005 inclut 'énoncé suivant: « la Journée Mondiale de I'Hydrographie» sera célébrée annuellement le 21 juin, ayant
pour objectif de publier adéquatement ses travaux a tous les niveaux, daccroitre la couverture de I'information bydrographique
au niveau international et d’inciter tous les pays de coopérer avec cette organisation dans le but de promouvoir une navigation
sécuritaire, particulierement dans les zones de navigation internationale, dans les ports et la oil existent des zones maritimes
vulnérables ou protégées ». LOHI a demandé a ses pays membres de l'aider a transmettre la « reconnaissance de la JMH, et se faisant,
la signification de I'OHI et de la contribution des Bureaux hydrographiques de ses pays membres a la sécurité de la navigation, d
la protection de l'environnement marin, au développement et a la sécurité.

Le theme de cette premiere JMH est « POHI : 85 ans de contribution a la sécurité de la navigation mondiale » et ensemble, I'Association
canadienne d’hydrographie et le Service hydrographie du Canada ont planifié des activités pour reconnaitre cet événement. Je
suis fier de mentionner que notre Association a, depuis ses débuts, construit des rappels commémoratifs pour attirer l'attention du
public sur les contributions de I'hydrographie. En reconnaissance a la JMH, nous avons derrieére nous les accomplissements tels
que la baleiniere de sondage Surveyor de la section Centrale, du Gardien des Altitudes de la section du Québec et de la plaque
commémorative en 'honneur du CSS William J. Steward de la section du Pacifique.

Alors que 'OHI souligne son 85¢ anniversaire, nous aussi avons une raison de célébrer puisque cela fait 40 ans que 'ACH a été
fondée. Par conséquent, mon voeux en ce 40€ anniversaire de notre organisation est que nous continuions de poursuive le but de

nos fondateurs par la promotion de 'Hydrographie auprés du public et par le développement professionnel de nos membres.

Andrew Leyzack
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Canada’s Offshore:

Jurisdiction, Rights, and Management
Bruce Calderbank, Alec M. MacLeod, Ted L. McDorman, and David H. Gray

The last few years have seen major changes to the laws
governing the offshore created by international agreements,
Canadian legislation, and court decisions. This is the first
Canadian book to deal comprehensively and systematically
with these important issues pertaining to the jurisdiction,
rights, and management in Canada’s offshore.

The laws dealing with Canada’s offshore have undergone
considerable change and this book brings together various
streams to provide an understandable overview.

This book covers the following:

¢ International practices, customs, laws, and treaties
concerning the oceans, and their effects on Canada.

e (Canada’s responses to international ocean-related
events through Canadian legislation, regulations and
practices.

e International treaties and conventions, Canadian court
decisions, and the result of arbitration decisions
concerning Canada, with specific emphasis on the
resulting ocean boundary delimitations.

e The mechanics of describing and determining ocean
boundaries, and interpreting ocean-related Canadian

e legislation.
8.25"x 10.75" 352 pages e Practical issues related to Canada’s offshore oil and gas
ISBN 1-4120-7815-6 B&W illustrations C$ 65 industry.

ISBN 1-4128-7816-4 Colour illustrations C$ 170
Extensive faotnotes, bibliography

About the Aathors )

Bruce Calderbank, Editor in Chief, has worked in the offshore since 1978. Alistair (Alec) M. MacLeod is the Legislative Advisor
to the Surveyor General of Canada Lands. Ted L. McDorman is a Professor at the Faculty of Law, University of Victoria, Victoria,
British Celumbia. David H. Gray, now retired, was the Geodesy, Radio Positioning and Maritime Boundary Specialist for 25 years at
the Canadian Hydrographic Service.

About the Centributors

Dr. Susan Nichols, P.Eng., is a professor and manages the Land and Coastal Studies Program in the Department of Geodesy and
Geomatics Engineering at the University of New Brunswick (UNB). Sam Macharis Ng’ang’a, is a part time lecturer and Land and
Coastal Management Researcher for the Centre for Property Services at UNB. Dr. Michael Sutherland is a Post Doctorate Fellow
at the University of Ottawa. Sara Gockburn, an attorney and an M.Sc.Eng (Geodesy and Geomatics Engineering), is a Project
Manager-Special Projects (Marine) for CARIS.

T: 613-723-9200 ' - .
F: 613-723-5558 For purchase on line at:

- _ W: www trafford.com
W: www.acls-aatc.ca PUBLISHING

Association of Canada Lands Surveyors
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A Universal Hydrographic Database

In Search of the “Holy Grail”

By:  Andrey Dmitriev and Eivind Eik Mong, Hydroservice A/S, Norway

Editor’s Note: This paper previously appeared in the October 2005 edition of Hydro International. Reprinted with

permission.

The idea of a Universal Hydrographic Database (UHD) is well known within the hydrographic community.
After years of discussions and attempted implementations, a UHD has become an attractive goal for those
who strive to improve quality of navigational products with help of the newest technology — the Holy
Grail of hydrography that will be able to resolve all outstanding problems. Being among the supporters
of the UHD idea, the authors dare to put forth requirements for such a database, as well as to analyze

approaches to UHD implementation.

Requirements to Universal Hydrographic

Database

The main task for an HO is to provide for safe navigation
within its zone of responsibility, as stated in regulation 9 of
SOLAS Chapter V. All other tasks are just incremental steps
toward fulfilling this main objective: survey, production
and maintenance of navigational charts — paper as well
as electronic, production and maintenance of navigational
publications, exchange of relevant information with other
governmental institutions (home or foreign) are all aimed
at providing safe navigation.

Therefore, a real Universal Hydrographic Database should
be a tool applied to all HO activities and any product
produced by an HO (e.g. a navigational chart) should
simply be a “subset” of information stored in the database
— in other words, such a database should be the single

source for all HO products. And the UHD must guarantee

that a product derived from it is fully compliant with
various national and international laws, standards and
requirements, because navigational products among other
properties possess legal responsibilities.

In theory, such a database should be capable of storing
and maintaining:
e Raw survey materials and processed bathymetry,

e Navigational aids information,

e Other hydrographic entities used in vector
electronic charts,

e Cartographic and typographic entities used in
paper charts and books,

e NtM source and meta data,
e Raster data.

The database must also guarantee data consistency
and security, it must allow a product to be retrieved

with minimal efforts and time; it must guarantee that a
product is correct, complete and current; it should provide
interfaces for external information systems. To make it all
work, all of the above must be coupled with traceability
and workflow management. And of course the database
must be reliable to the highest degree to guarantee
fulfilment of the main objective — safe navigation.

For a user, it is not really important how data technically is
organized within the UHD; what is important is the ability
of the database as a production system to produce the
safest possible product with less effort and complexity.

Source
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Figure 1: The Universal Hydrographbic Database
idea.

These requirements lead to the conclusion that the
Universal Hydrographic Database is much more than
just a data storage system or, regardless of computational
power it delivers, a database engine. It is a complex of
task specific tools, methods of using these tools and a
management system that guarantee the generation of safe
navigational products.
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Nature of Hydrographic Data

To be a single source for all products including ENC,
the database must contain a single, complete model of
hydrographic reality — preferably in terms of S-57.

The nature of hydrographic data is such that all entities
are naturally divided into 2 groups — the ones that possess
identical spatial characteristics in all products and the ones
that change their shape depending on the scale of the
product (this is true for all possible products — ENC, AML,
paper chart, etc.). First group comprises features such as
aids to navigation, traffic schemes, some special areas and
state boundaries. Second group comprises seabed, land,
coastline and bathymetry in general.

With entities of the first group — scale-independent features
— everything is really simple, such features either are in a
product with no change or are not in at all.

The rest — scale dependent features — must be generalized
before they can be used in a product (it goes without
saying that the UHD stores such features at the best
achievable accuracy, meaning at the largest scale).

Approaches to Universal Hydrographic

Database Implementation
Today we can see two main approaches to UHD
implementation.

1. “All-in-one” approach

2. “Tool-for-the-purpose” approach

All-in-one UHD

The “all-in-one” approach is based on the idea that a UHD
should be built as one physical database, provided that
a powerful enough database engine can be employed.
Supporters of this approach say: “Let us utilize the newest
data exchange standards, let us take the newest database
engine available, let us utilize the powerful data tracking
methods of this engine and this will fulfil all requirements
for HO production. Each hydrographic feature will be
stored in the database just once and it will easily go into
various products made out of the same source.”

However, although the “all-in-one” approach looks
extremely attractive as it combines the natural desire for
a simple solution with a common belief that powerful
technology is able to solve all issues, difficulties arise from
the very beginning — with scale-dependent features.

In hydrographic practice, generalizing is a semi-automatic
procedure where “good cartographic judgement” is
unavoidable. To accommodate this fact, a UHD must be
structured into scale bands and one feature description
will have multiple geometry links. From a hydrographic
perspective this generates multiple models of reality
because some features may disappear in some scale
bands. Technically there cannot be too many scale bands;
consequently the generalized geometry will correspond to

Management

Universal
Hydrographic
Database

Tools Technology

Figure 2: The Universal Hydrograpbic Database
Elements.

several “standard” scales only. Thus the idea of a single
source for all products changes into a “single-source-for-
all-products-in-a-scale-band” idea — still not bad, but less
“Holy Grail-like” than before.

Let us analyze an ENC cell product (provided the database
is S-57 based, this is the simplest case scenario). Among
other requirements, the ENC Product Specification
contains some not directly connected with hydrography:
chain-node topology, clipping areas and lines at cell
boundaries and unique feature IDs.

When a cell is generated, due to clipping, the source
database features must be modified and one feature
may turn into several features with different shapes
— each one with a unique ID. A product may even
require manual editing — for instance, when a cell’s scale
gets in between two database scale bands and more
generalizing is necessary. For products like paper charts
or NtM booklets editing after extraction is unavoidable.
Thus there are several instances of the same real-world
feature — each scale level and each product contains its
own instance and they may not be fully identical! As a
result, to maintain a product, the product must be stored
in UHD as a separate entity.

To conclude, the all-in-one database idea now looks like
this:
e Database contains a set of models of hydrographic
reality made at fixed scales.

e Products derived from those scale bands must also
be stored in the database.

e Information in the database naturally multiplies, it
is impossible to have just one instance of a scale
dependant feature and hence changes must be
done several times.

e Product extraction may require manual operation.

One must also keep in mind that to extract a single product
an HO has to set up, deploy and populate the database;
there is no step-by-step implementation. Introduction of
the all-in-one UHD is really a revolution at an HO because
it requires a total restructuring of the organization.

8 LIGHTHOUSE
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Tool-for-the-purpose UHD
The tool-for-the-purpose approach is based on the
following premise: a continuous coverage of S-57 cells
works as a hydrographic database. This is so because:
e S-57 cells are organized in scale levels, each level
is seamless (no data overlap).

e Each cell is complete and suitable for safe
navigation.

e From software point of view, it is a matter of
a query engine where to search for data — in a
database or in a set of cells; the user will get the
same result.

Accepting this idea, one will see two immediate benefits
compared to the “all-in-one” approach:
1. No complicated extraction is required, cells
are ready products that can be distributed and
maintained directly.

2. Cells can be used as source for highly automated
paper chart production.
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Figure 3: Tools-for-the-purpose Universal
Hydrographic Database.

As we have seen, the idea of a single source does not
really work even for an all-in-one UHD. Therefore, we
have to accept this fact and minimize the complexity
of the solution by breaking the whole database into
specialized tools, responsible for a certain HO product.
Each tool can be used independently, but when combined
into a common environment and working together, the
tools will form the Hydrographic Database that meets the
requirements for an UHD.

These tools are:

e a feature database for scale-independent features
(Feature Object Database) — the source for scale-
independent ENC features and for Light List
bOOk;

e file-based database (Archive) that stores S-57 cells,
survey data, raster and paper charts;

e a database that keeps and processes source
information for changes in hydrographic reality
(Source Message Database); these changes initiate
cell updates, paper chart corrections and NtM
production;

e software interfaces between the tools and
interfaces to the outer world — GML, web-based
publishing and so on;

e a workflow management system that organizes
and monitors the production process according
to existing HO guidelines.

The resulting UHD will possess the same functionality as
an “all-in-one” database with the following advantages:
e Modular structure, an HO is using just the parts
it really needs and there is no need to install and
deploy all parts at once.

e More reliable operation, because the information
is maintained in the same form it will be used on
board a ship.

e Product quality is achieved with less effort,
because there is no need for complicated product
extraction routines.

e Less data duplication, because hydrographic
database storage and product storage is the
same.

e Easier expansion, as there is no need to modify
the main database structure if a new product is
not S-57 compatible.

Conclusion

The main function of a Universal Hydrographic Database
is its capability to produce safe navigational products.
A technical solution selected for UHD implementation
must achieve this goal using the safest and most reliable
methods. In this respect the “tool-for-the-purpose”
implementation approach is preferred over the traditional
“all-in-one” database organization. [l

About the Authors:

Andrey Dmitriev is Production Manager of
HydroService AS in St. Petersburg, Russia. He
takes part in all development projects including
dKart Office production system and dKart
Inspector.

Eivind Mong is a Technical Support Engineer
at HydroService AS, based out of Toronto,
Canada. He is involved in dKart Office support,
installation, training and S-57 and S-58 standards
development and implementation.
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Improved Definition of Wreck Superstructure
Using Multibeam Water Column Imaging

By:  John E. Hughes Clarke and Steve Brucker, Ocean Mapping Group, Department Geodesy and
Geomatics Engineering, University of New Brunswick
Kal Czotter, Canadian Hydrographic Service - Pacific Region, Institute of Ocean Sciences, Sidney, BC

[Editor’s Note: An expanded discussion of this topic will
appear in a forthcoming edition of The Hydrographic
Journal and will also be presented as a paper at CHC
2006]

A major priority in navigational hydrography is the reliable
delineation of the least depth in an area. In regions with
significant anthropogenic debris (sunken vessels, offshore
engineering structures etc.), that least depth is routinely
found on submerged man-made features rather than the
longer wavelength natural geomorphology.

Multibeam sonar has been widely adopted as the de-facto
tool for hydrographic survey and provides previously-
unobtainable resolution of natural geomorphic relief such
as sand waves, rock ridges and reefs. Such multibeam
sonars, however, have to achieve bottom detection at non-
specular angles and thus must reliably track the seabed,
even in the presence of sidelobe echoes and mid-water
scatterers such as fish.

In order not to frequently mistrack on false echoes,
bottom detection algorithms tend to have spike filters and
optionally range-gating. Those filters and gates, however,
tend to reject the discontinuous distribution of scatterers
observed around man-made features like wrecks. Thus
there is a trade off between having “clean” bottom
tracking, and reliable delineation of discontinuous, but
possibly real, targets.

The example images shown here demonstrate the
improved efficacy of using the water column imaging
capability available with the latest generations of
multibeam sonars. In the examples shown, the real-time
bottom tracking (yellow dots) [see Editor’s Graphic Note ]
is locking on to just a single target (the strongest, or the

most like the adjacent) at a given beam-forming angle,
whereas, due to the finite beam-width and the presence of
sidelobes (Hughes Clarke, 2006), there are often multiple
possible echoes at that elevation angle.

In the examples shown, a 60m long wreck in 22m of water
is imaged at 8 knots using an EM3002, pinging at 10 Hz.
The wreck (the G.B. Church) was deliberately sunk for
recreational diving and was photographed extensively as
she settled. The exact position and size of all protruding
features are thus well known. The water column imaging
(processed using the OMG/UNB SwathEd software),
clearly reveals all the protruding features including masts,
davits, spars and ribs over the hold. The real-time bottom
tracking algorithm does not reliably pick up all these
targets. By altering the bottom tracking filter settings (to
wide open), a greater density of true targets is revealed,
but at the expense of false echoes as well (Hughes Clarke,
et al., 20006).

By using the water-column imaging, the hydrographer is
able to quality assure the spurious outliers in the vicinity
of a man-made feature with increased confidence. It is
hoped that such an approach will remove the need for
routine wire or bar sweeping still performed by many
hydrographic agencies. [T]
References:
Hughes Clarke, J.E., 2006, Applications of Multibeam
Water Column Imaging for Hydrographic Survey: The
Hydrographic Jounal, April Issue, in press.

Hughes Clarke, J.E., Lamplugh, M. and Czotter, K., 2000,
Multibeam Water Column Imaging : Improved Wreck
Least-Depth Determination: Canadian Hydrographic
Conference, Halifax., June 2006.
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Example images demonstrating the improved efficacy of using the water column imaging capability available
with the latest generations of multibeam sonars.

[Editor’s Graphic Note: The image has been presented in grayscale due to printing requirements. The yellow dots referenced in the
paper are shown as distinct white dots on the example images.]
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The Good Fortune of a Sextant Surveyor

By: Mike Eaton, Canadian Hydrographic Service, Atlantic Region, Retired

Mike Eaton joined the Canadian Hydrographic Service (CHS) in 1957 in Ottawa and moved to the Bedford
Institute in Dartmouth in 1963 shortly after it opened. In 2005 he was made a member of the Order of Canada
for his work on the development side of the CHS. This is his brief autobiography.

Beginnings

I was born a doctor’s son in North Ferriby, near Hull, on
the muddy banks of the Yorkshire side of the Humber
estuary (all points to be read in England, not in Quebec
or Newfoundland!). Both my parents enjoyed walking, so
I learned my favourite recreation early. As a teenager I
was sent to a so-called ‘public school” (meaning a private
boarding school) in Scotland, and I spent my school
holidays working on a farm in the village to help the war
effort. I had always liked messing about in small boats and
so as soon as I finished school in 1945 I joined the British
Navy, and spent the next 12 years as a bridge officer. Right
away I found I was spending more time on big ships than
in small boats, so as soon as I was through the extended
initial training I specialized in surveying and spent much
of the following five years in a sounding boat.

The Navy has been charting the world for over 200 years
(viz. Capt. Cook’s surveys of the 1760s, which about
doubled the size of Newfoundland) and I worked on
the coasts of England, Scotland, Persian Gulf, Zanzibar,
Borneo, Malaya, learning the dual trades of bridge officer
and hydrographic surveyor. I started with a sextant for
positioning by horizontal angles on shore marks, but I
also got involved in the new Decca radio-positioning
navaid used for the Normandy landings as it came into
use for general navigation. But even in the surveying
service the traditional naval duties played a significant
part, so I decided to look for work outside the navy
where T could concentrate on surveying. I preferred a
cool climate, and Canada was an open-minded country
with a good international reputation so I applied to the
CHS for a job.

In Canada

In coming to Canada in 1957 I had three strokes of good
fortune. First, the CHS just happened to be looking for staff
with my background of mariner combined with surveyor
at that time. Second, that Canada was in an optimistic and
self-confident mood and the government was willing to
spend money on new developments which promised to
improve the life of Canadians. There was a good future
for those working in technology development.

As a Dutch colleague once said “If T had stayed in Holland
I would have mapped a town; I came to Canada and I

mapped a continent”. If T personally had stayed in the
UK I might have ended up on revision surveys of a
muddy estuary. In Canada I was lucky enough to start
by surveying in Hudson Bay and then in the Arctic for
five years developing towed echo-sounding for charting
in open leads by helicopter. Next I took an education
break to get a Physics degree and afterwards worked on
testing, calibrating and implementing new radio navaids
for hydrographers and oceanographers, and for general
navigation as well. Finally, I took part in the biggest
improvement in navigation for 50 years - the Electronic
Chart.

Radio-Positioning Nav-Aids

In the 30 years from the 1950s, which marked the end
of positioning chart surveys by sextant on shore marks,
up to the early 1990s when Navstar Global Positioning
System (GPS) satellites provided worldwide coverage,
hydrographic surveyors used a variety of radio-positioning
nav-aids with shore-based transmitters. The manufacturers
of these systems seldom tested them beyond the factory
bench, where of course they worked fine. We found that
things were often very different out in the real world of
transmitting through the atmosphere over rough terrain
and across the water.

This applied particularly to Loran-C, whose coverage was
being expanded over Canadian waters in the 1970s. The
propagation velocity of the radio wave must be known
accurately if a navaid is to be used for surveying or to be
latticed on the chart, and for the long range, low frequency
‘groundwave’ transmissions of Loran-C this velocity varies
widely depending on the conductivity of the surface
over which the radio wave is propagated. The earlier
European Decca chains set up along concave coastlines
to cover narrow seas had avoided this problem by laying
out medium range chains with the transmitters on the
coastline and the propagation paths almost entirely over
sea-water, which has a constant conductivity and hence
a constant and well-known propagation velocity. But
such a layout just does not fit the generally convex east
coast of North America. To get adequate coverage with
reasonable fix geometry at sea the Loran-C transmitters
had to be located inland and they had to transmit over far
longer ranges than Decca. There was little real knowledge
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instead of increasing as they should have!
What was probably happening was that the
direct signal from the transmitter was being
attenuated by rough terrain between us and
the transmitter whilst we were getting a strong
signal reflected back from the hilltop in the
opposite direction. Syledis was intended for
use in coastal waters where our test situation
could arise, perhaps by having an island
between the launch and the transmitter
attenuating the direct signal while strong
reflections were being received from a cliff
in the opposite direction. So we had to be
aware that such a problem might occur.
Another ranging system, Miniranger, detected
two signal paths, one direct and one reflected
from the surface of the water and the two
sometimes cancelled each other out, either
giving false ranges or ‘range-holes’ with no

Mike Eaton receives bis bonary lifetime membership in the CHA from
Atlantic Branch Vice-President Andrew Smith.

of the propagation velocity over land beyond the fact that
it varied widely depending on the ground conductivity,
and this became a serious problem in putting an accurate
lattice on the charts.

We realized that we would have to calibrate the computed
lattice at sea, augmented by less expensive land calibration
along the coast. We obviously could not calibrate the
entire coverage, and to extrapolate by force-fit of the
predicted lattice to limited calibration from a small sample
of calibration points would be asking for trouble. So,
with the help of Paul Brunavs and Dave Gray of Nautical
Geodesy, we went back to the basic prediction model
in order to adjust the ground conductivity to give the
correct propagation velocity that fitted the calibration
measurements. The problem here was that a standard
Loran receiver measures the TIME DIFFERENCE between
the arrival of the master signal and the signal from each
of the secondaries, whereas we needed to measure the
actual TRAVEL TIME from each transmitter separately.
Fortunately the solution was available in the form of a
‘tho-rho’ range-measuring Loran receiver incorporating an
atomic clock which could be set to simulate the instant at
which the master station transmitted. At Bedford Institute
of Oceanography (BIO), Steve Grant programmed this
in machine language, allowing us to measure the travel
time of each transmission to each calibration position.
Nick Stuifbergen then calculated the land conductivity,
and hence the land-path correction, for all points on that
bearing from the transmitter.

Another aspect of this work was testing the performance
of survey systems, such as Decca Hi-Fix, Motorola Mini-
Ranger, Sercel Syledis, etc. I remember testing Syledis by
driving the calibration truck up a hill directly away from
the transmitter, and finding that the ranges decreased

ranges at all. Terrestrial radio systems are also
strongly affected by weather. At long range,
the UHF Syledis that we tested would go
down at the approach of a storm coming up
the coast from the USA, long before the weather forecasts
gave warning.

The Electronic Chart

My third stroke of good luck was the arrival of the enabling
technology for the Electronic Chart (i.e. computer chart-
making and satellite navigation) at the stage in my career
when I could take full advantage of it.

The Electronic Chart is an entirely new way of navigating
ships in confined waters. It is arguably even more
important in the history of navigation than the invention
of radar. The paper chart is an edited record of all the
information gathered on a hydrographic survey. Plotting
the ship’s position on a paper chart by radar, bearings on
shore marks, or radio-positioning takes time and is not
very accurate, and so can only be used to direct the ship
when there is plenty of sea-room. On the much more
powerful Electronic Chart the ships position is shown
continually and very accurately by the GPS satellite
receiver, so the Flectronic Chart is ideal for directing
the ship in real time in close-quarters situations such as
entering a harbour and docking.

It is surprisingly easy to get lost at sea. I got lost once
myself in my early years, on watch on a survey ship off the
west coast of Scotland. T had failed to keep a good ‘dead
reckoning’ of the ships position and T didn’t know where
we were until I called the more experienced navigation
officer and he put us back on the chart again.

Even close to land, where it matters most, it is virtually
impossible to know exactly where the ship is. While
all ports and seaways have buoys, lights, marks in line
on shore and so on, and all ships carry radar, the shore
marks seldom give an exact position and may be lost in
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fog, and it is not always easy to say exactly what part
of the shoreline, or which buoy, the radar is seeing. For
example, a few years back the tanker Exxon Valdez ran
aground off Anchorage, polluting a large part of the
Alaskan coastline. The officer on the bridge apparently
got lost and by the time he called the captain the ship was
aground. It is inconceivable that this accident could have
happened if that ship had been using an Electronic Chart
which showed on the display exactly where the ship was
and where the rocks lay ahead of her, plus the time she
would hit them if no avoiding action were taken.

The principle of the Electronic Chart is simple: digitize
the chart and display it on a screen, and put the ship on
the chart display in the position provided by GPS (which
is so precise that it is sometimes more accurate than an
old chart). This gives the mariner a real time picture, a
bird’s eye view of the situation, continually updated and
providing an accurate forecast of where he will be in
6 minutes time, 12 minutes time, etc., unless, he does
something to change the ship’s course and speed. This
is a huge benefit to the mariner, reducing the stress of
ship-handling enormously. One time, as I watched a ship’s
captain on the bridge easing a bulk carrier alongside a
dock considerably smaller than his ship, and getting a
headrope out long before I thought the bow was level
with the wharf, the Captain said to me “I cannot think
how I managed to do this in the days before we had
the Electronic Chart!” And I remember another occasion
during trials on a US Coastguard ship when we were
hustled off the crowded bridge and sent down below to
watch docking on the Electronic Chart in the blind plotting
centre. At the moment we saw the ship get alongside on
the display, we felt the slight bump as she touched the
wharf! Very impressive.

So the term “Electronic Chart” does not really do full
justice to this new development. The paper chart is a
static archive of hydrographic information. The Electronic
Chart is a dynamic real-time tool for navigation, which
combines on one display the chart and two other critical
sources of information:
1. radar overlay to verify the satellite positioning
(“Never rely on one positioning method alone” is
a vital maxim),

2. the Automatic Identification System (AIS, automatic
inter-ship sharing of GPS position and velocity
vectors), to overlay the location and velocity vector
of other ships (thus adding collision avoidance to
grounding avoidance).

In the early 1980s, thanks to Tim Evangelatos, the CHS was
one of the first hydrographic services in the world to be
developing methods of handling the large amount of data
from hydrographic surveys by computer. Every year at that
time a list of development topics was posted, and when
in 1982 I saw ‘Electronic Chart’ on that list I recognized
that due to my combined mariner’s and hydrographer’s
background I was perhaps the CHS member best qualified

for the job. Somewhat unwillingly, I took it on, and within
a year it had gripped my imagination and I continued
working on it for the next 20 years, well after I had
officially retired in 1988.

At the start, Hugh Astle, of Universal Systems Ltd (now
‘CARIS’), developed an Electronic Chart Testbed for us,
and we used this on a small ship in Halifax Harbour to
investigate the capabilities of the Electronic Chart and find
out what developments were needed to make it effective
and safe. Later, other hydrographic offices became
interested, and in 1988 we took our Testbed to join several
commercial Electronic Charts, including the Vancouver
Offshore Systems Limited version then under development
for the Port aux Basques ferry, on the Norwegian “North
Sea Project”. This was the first major seagoing test to
“Demonstrate and analyze the usefulness of the Electronic
Chart”. The CHS Testbed was the only system to have a
radar overlay and to use official hydrographic office data
(a later requirement for IMO acceptance).

From then on the Electronic Chart had worldwide
acceptance, and I was involved as a Canadian technical
adviser in standards being developed by the International
Maritime Organization (IMO) and the International
Hydrographic Organization (IHO) to define the Electronic
Chart Display and Information System (ECDIS), a
standardized form of Electronic Chart internationally
accepted as a replacement for the paper chart.

As usual, it soon became clear that “the devil is in the
details” and the most significant of these from the mariners’
point of view was the design of the chart display. So to
help sort this out I chaired the THO Colours & Symbols
Working Group on developing the details of the core unit
- the mariners’ display - from its inception in 1989.

This display design project had three aims:
1. to ensure that the display is clear and
unambiguous,

2. to ensure that there is no uncertainty over the
meaning of the symbology,

3. to establish an accepted pattern for the ECDIS
display that becomes familiar to,

4. the mariner so that he can take in the navigational
situation at a glance.

Aim 1. - maintaining a clear display - was our main concern,
and we had good advice from human perception institutes
in Holland, Canada and Germany on how to achieve this.
One of the complicating factors in maintaining a clear,
i.e. un-cluttered, display is the need to show radar and
AIS on the screen as well as chart information, and as
Swedish pilot Sven Gylden wrote wisely in “Seaways” of
Aug.’86: “Even the most experienced and well-trained
navigators can make a mistake when forced to handle too
much information at the same time”. So we provided the
means for the manufacturer to give the mariner full control
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over what information appears on the display, so that the
navigator can reduce what he sees to the essentials. For
the structure to carry all these symbolization instructions
we went to Germany, the original proponent of object-
coded versus symbol-coded hydrographic data, and at
the Hamburg sea-school Gert Buttgenbach, now head of
7Cs GMBH, developed the very effective IHO Colours &
Symbols Presentation Library.

Manufacturers complain that the rigidity of the standards
inhibits the development of ECDIS, but I believe that it
is essential to have a uniform system for this big-ship,
international trade, version of the Electronic Chart.
Remember that the IHO was set up by the world’s HOs
almost 100 years ago to standardize the paper chart for
similar reasons, and the mariner has benefited from that.
Manufacturers of the unregulated version of the Electronic

Chart, officially known as the ECS, are free to innovate,
and there are probably 50 times more ECS in the world
than ECDIS. But most importantly, I also believe that the
official ECDIS must be kept flexible enough to adapt to
new requirements and to pick up improvements tested on
the ECS. If the ECDIS doesn’t do this, it will die.

Working on the IHO Colour & Symbol Specifications
gave me 15 post-retirement years of hard slog, but it was
extremely interesting work, mostly in Canada through
contracts with CARIS and NDI and CHS Central Region,
but also working with HOs in Norway, Holland, Germany
and Australia, plus the THO in Monaco. My emphasis
throughout was on what the mariner needs, not necessarily
what the cartographer or the ECDIS manufacturer would
like to see. [ly]
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LIGHTHOUSE

Spring / Summer \L Printemps/Eté 2006



BOOK REVIEW

CHARTING

NORTHERN
WATERS

Essays for the Centenary
of the Canadian
Hydrographic Service

Edited by William Glover

Launched at CHC2004 for the centenary of the Canadian
Hydrographic Service, Charting Northern Waters is a
collection of essays published by the Canadian Nautical
Research Society.

The editor, William Glover, has compiled 10 essays
chronicling the French, Spanish, British, German, Russian,
Canadian and American contributions to “northern”
hydrography. What was interesting to note was that, in
most cases the hydrography was done in Canada, but

not by Canadians. The title Charting Northern Waters

may be misleading to some and the expectation might
be that the Arctic would be the main focus of the book.
This is not the case and, in my opinion, northern is a
relative term and it is dependent on the position of the
reader. The target audience is more than likely to be
found somewhere in southern Canada and, in this case,
northern is appropriate for the majority of the essays focus
on waters to the north.

Being somewhat of a keen amateur historian, I was
fascinated to read of the early explorations and
contributions of Alejandro Malaspina, a Spaniard of
Italian birth; Spanish names such as Tofino, Galiano and
Malaspina are still found on the modern charts.

v : : CHARTING NORTHERN WATERS
Edited by William Glover

Review contributed to Lighthouse by Fred Oliff

Published by McGill-Queen’s University Press, Montreal, 2004
ISBN: 0773527109 Hardcover, 276 pages

Equally interesting was the wartime hydrography collected
by German submarines for the war effort against the
Allies in WWII. It is just coincidence but a hydrographic
survey of the St. Lawrence River has just located perhaps
the first ship, the S§ Nicoya, sunk by the Germans in the
Battle of the St. Lawrence. It was a lot more interesting
than the recounting of mileages and costs associated with
the Russian hydrographic studies of the first 40 years of
the 20 century. The same cannot be said of the Ret'd
Admiral Steve Ritchie’s Labrador surveys. This essay
chronicled some of the trials and tribulations of cold
weather hydrographic surveying before the inclusion of
Newfoundland into Confederation. Everyone who has
surveyed in modern day cold weather can appreciate
the trying conditions, without the marvels of recent
innovations in cold climate clothing, which the British
were faced with in the years 1932-34.

Anyone interested in the nautical history of Canada, or
in the foundations of the CHS, should read this book.
It is indeed a valuable contribution to any library of
Canadiana.
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The CHC 2006 Conference Crossword

&
Z 3 4 5 &
7 ]
E 10 1
1z 13
i
15 T3 72 15
S5 |40 19 .
20 ZZ 23
25 z6 .
Z8 29 30 31
5 34
56
Across Down
2 acronym — UN aplenty 1 Diamonds are seducers but these wreck
3 The business end of the sounder transducers
7  Store bought software; or beds 4 Morning
9  Canadian coin that bears the Bluenose 5  Pleasure craft, a jet .
12 Dedication, desire and .. 6 To employ (an object)
13 The body and not the herb 8 A Canadian hero - ..... Dave Osborne
14 Maclean:"The devil’s only friend”. Bad news on 9  Of the nation - not around the farm
ships. 10 The boss and our client
15  Loran correction 11 Sounding of the sea, simply stated
17  Ships and guitars have one 12 This is for boats; draught is for hydrographers
18  West Coast CHS hydrographer or mammal akin to a 16  This can crease a chart
bunny 17 A crew replacement conveyance
20  The consequence of built bridges 18 The wheel
22 Some folks really dig it 19  Early spring can often be this
24 To get it done 21 Singular bug, seldom found on their own
26 Exhibitor at CHC 2006 23 acronym — out of position
28  Cardinal direction; down but not south 25 The line not the first
31 Radio call, less urgent than some 27  Sailors clothes
32 A sticking point; no spot for the towed array 29  Hydrographers used to wear one to dinner
35 A local hero — the tugboat and not the goalie 30 Good to ward off scurvy but better with tequila
36  Measuring the earth 34  Titantic’'s bane
39  Made for single use 37 Local time zone in the winter months
38 An aeolian lady?
40  An expression of surprise

Solution may be found elsewhere in this edition of Lighthouse.
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Usage of Oceanographic Databases in Support
of Multibeam Mapping Operations Onboard

the CCGS AMUNDSEN

By:  Jonathan Beaudoin and John Hughes Clarke, University of New Brunswick, Fredericton, NB
Jason Bartlett, Canadian Hydrographic Service, Burlington, ON

Introduction

In 2003, through a joint Canadian Foundation for
Innovation (CFD), National Sciences and Engineering
Research Council (NSERC) funded program, the
decommissioned 1200 class icebreaker Sir Jobhn Franklin
was brought back into service as a multidisciplinary
science platform for research in the Canadian Arctic
(Figure 1). Renamed the CCGS Amundsen, the ship was
equipped with a variety of acoustic and supporting survey
instruments to make her capable of state-of-the art seabed
mapping. The 98-metre vessel is equipped with a 30
kHz Kongsberg-Simrad EM300 multibeam echosounder,
which is a shallow to mid-ocean depth system (nominally
10m - 5000m). Further information about the mapping
capabilities of the CCGS Amundsen is covered in Bartlett,
Beaudoin, Hughes Clarke, (2004). The Amundsen plays
an integral role in the ArcticNet program, a Network of
Centres of Excellence of Canada (NCE) that studies the
impact of climate change in the coastal Canadian Arctic
(ArcticNet, 2006). Of the many research areas covered by
the ArcticNet program, seabed mapping falls under Project
1.6 -- The opening NW Passage. The ArcticNet proposal
lists one of the goals of Project 1.6 as building “a precise

Figure 1: CCGS Amundsen after deploying scientists for
surface ice sampling on the Arctic pack ice in
the Beaufort Sea.

bathymetry for the Northwest Passage and other areas
of the Canadian Arctic, using the state-of-the-art EM300
multi-beam echo-sounder”. The word “precise” implies
that due care must be taken to ensure that all soundings
are as accurate as possible.

For the sake of brevity, a full discussion of the sources
of errors in multibeam echosounding is avoided. Errors
in orientation and position of the vessel are dealt with
through adequate instrumentation: Applanix POS/MV 320
for orientation, heave and heading, and CNAV differentially
corrected GPS for horizontal positioning. Vertical control
is addressed by Hughes Clarke, Wert, Dare, Beaudoin
(2004). The remaining, and most worrisome, of all sources
of error onboard the Amundsen is sound speed. Surface
sound speed errors were a problem in 2003, but they
have since been dealt with in post-processing (Beaudoin,
Hughes Clarke, 2004). The focus of this paper is the
variation in sound speed throughout the water column,
which causes refraction of the acoustic ray path and
introduces systematic errors in the depth and horizontal
position of soundings.

Problem

The Amundsen is equipped with several sound speed
profiling instruments, one of which is a moving vessel
profiler (MVP) from Brooke Ocean Technology, specifically
the MVP 300. The MVP was not used during the 2003
transit for fear of ice damage. It was successfully deployed
for the first half of the 2004 field season. However,
mechanical wear rendered it inoperable for the second
half. Unfortunately, it was lost in 2005 while surveying in
the Labrador Sea. Without the MVP, sound speed profiles
must be performed while the ship is stationary; this is
accomplished with a conductivity, temperature and depth
(CTD) profiling instrument.

During ship transit, a tight schedule constrains the amount
of time available for the collection of stationary sound
speed profiles along the ship’s track. Profiles are collected
intermittently, though not frequently enough to resolve
oceanographic boundaries, leading directly to systematic
biases in the multibeam depth measurements. Given the
lack of MVP data and the few opportunities for stationary
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profiles while transiting, there are two round trips from
Quebec city to the Beaufort Sea for which there is little
to no sound speed information available for the mapping
data collected during transit (Figure 2).

Proposed Solution

It is necessary to investigate the usage of other sources
of sound speed information instead of limiting the post-
processing to the few profiles collected during transit.
Since the speed of sound in water is a function of pressure,
temperature and salinity, oceanographic databases of
temperature and salinity values may be used to infer sound
speed. Itis the purpose of this preliminary work to assess
the suitability of the World Ocean Atlas 2001 (specifically
the %4° grid) as a source of sound speed information for
undersampled sections of ship transit.

The World Ocean Atlas 2001 contains temperature and
salinity data for 1° and 5° grid (Figure 3). The grids, which
cover most of the vertical extent of the world’s oceans, are
resampled from profiles from the World Ocean Database
2001 data. A %4° grid of temperature and salinity, generated
using the same methods as the 1° and 5° grids, is also
available (Boyer Levitus, Garcia, Locarnini, Stephens, and
Antonov, 2005). The %4° dataset (referred to as WOAO1
from this point on) is available as a set of yearly, seasonal
and monthly averages; these grids may prove useful as
sources of sound speed calibration in the absence of
CTD and MVP profiles. Since the WOAO1 grids represent
average conditions (and are based on sparse datasets),
there is a need to assess the robustness of the grids for ray
tracing purposes, this being the subject of this work.
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Figure 4: Comparison of actual sound speed profiles versus

profiles extracted from WOAOI for Amundsen
Gulf and Hudson Bay. Note that WOAOI vertical
resolution decreases with depth.

Assessment of WOAOI grid robustness
Discrepancies (or errors) in sound speed profiles have
non-intuitive effects on depth and positioning error.
Figure 4 shows an example of the discrepancies between
actual sound speed profiles and profiles from WOAOL.
A simple way to assess WOAO1 is to use it for ray
tracing and compare the results to a “true” dataset. An
experiment was performed in which parallel ray tracing
solutions were computed using (a) 362 actual sound speed
profiles collected during the Amundsen’s 2004/2005 field
seasons (considered the “true” dataset), and (b) sound
speed profiles corresponding to the 2004/2005 profile
times/locations extracted from WOAO1. The steps of the
experiment are further described below.

Comparative ray tracing solutions were computed using
each profile pair (“true” profile and corresponding WOAO1
profile) with depression angle ranging from 30° to 90°. For
each depression angle encountered during the ray tracing,
the discrepancy between the two solutions was monitored,

Figure 5: Illustration depicting a comparative
raytracing solution between an actual
sound speed profile and a WOAO1 sound
speed profile for a given depression
angle. Varying the depression angle from
30° to 90° allows for the investigation of
the error bebaviour across the nominal

swath width of the EM300 as installed on
the CCGS Amundsen.

with the CTD profile generating a “true” solution against
which the WOAO1 ray tracing solution was compared
(Figure 5). The worst case discrepancy encountered over
the range of depression angles was reported as the result,
sample results from one of the profiles are shown in
(Figure 6). This generated a dataset of 362 assessments
of the worst-case scenario errors incurred through usage
of WOAO1 profiles for ray tracing.

Results

The maximum observed errors due to WOAOL1 ray tracing
for the 362 CTD profiles used in the experiment were less
than 1% of water depth for depth and 2% for horizontal
position, for 95% of the cases (Figure 7). Several trends
are apparent when the data are examined geographically
(Figures 8 and 9). For example, the western Arctic WOAO01
profiles perform more than adequately most of the time,
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Figure 2: Shiptrack of the CCGS Amundsen over the 2003, 2004 and 2005 field seasons (in red, green and
blue, respectively). After travelling north in 2003, the Amundsen overwintered in Franklin Bay in
the western Amundsen Gulf and returned to Quebec city in 2004. The 2005 field season was the
Jirst round-trip to the Arctic accomplisbed in one year.

Sea surface salinity, *4% e
August E 2

—_— A .|

Figure 3: Sea surface salinity and temperature for the month of August, extracted from WOAOI. Spatial
resolution is Y4° in botb latitude and longitude. Fluctuations in surface salinity are largely due to
the presence of pack ice, which is quite variable from one season to the next.
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Figure 6: Sample resulls from comparaltive raytracing

demonstrating variation in borizontal and
depth error across the swath. As expected,
errors are at their worst at the outer edges of
the swath (corresponding to a 30° depression
angle, far left on the x-axis). These results
pertain to a profile collected in the eastern
Amundsen Gulf.

giving errors less than 1% of water depth in almost all
cases. Lancaster Sound and Smith Sound suffer more
horizontal error, though the depth error is quite tolerable.
Hudson Bay, on the other hand, is likely the area of
poorest applicability of the WOAO1 profiles, though errors
are still surprisingly small.

Interpretation

This approach has two saving graces: (i) the surface
sound speed is measured continuously, and (i) for the
most part, the WOAO1 profiles agree remarkably well
with 2004/2005 profiles below the surface mixed layer.
As observed by Dinn, Loncarevic, Costello (1995) and
Cartwright, Hughes Clarke (2002), ray tracing algorithms
tend to recover gracefully when faced with outdated sound

-speed profiles that converge to reality at depth as long as

one preserves the ray parameter (Snell’s constant) through
the measurement of the surface sound speed with a probe.
By fixing the ray parameter at the surface, the true and
computed ray paths will become parallel once the variable
surface layer is passed. This is due to the fact that the
ray parameter will maintain the correct departure angle
at the deepest portion of the layer of surface variability
regardless of the intervening sound speed structure in the
water column. An error in depth and across-track distance
is introduced due to the poorly matching surface portion
of the WOAO1 profiles. However, this error is constant and
becomes increasingly insignificant with depth, especially
in the case where the thickness of the variable surface
layer is small with respect to the entire water column
(Cartwright et al., 2002). This is likely why the largest of
errors (expressed as a percentage of water depth) are seen
in Hudson Bay, a bay that is considerably shallower than
the Amundsen Gulf and Lancaster Sound.

Conclusion

The forecasted errors in this simulation suggest that
WOAO1 can be used for ray tracing in the absence
of MVP/CTD profiles without seriously impacting on
sounding accuracy. The worst performance is realized in
Hudson Bay, whereas the grid proves to be quite suitable
for ray tracing purposes in most of the western Arctic.
The results obtained in this work are, of course, subject
to several caveats:

(1) They apply only to the geographic areas of CTD
sampling in the 2004/2005 field seasons. A “leap of faith”
is required to expand the conclusions drawn in this study
to the areas between sampling stations.

(2) They apply only to electronically beam-formed
multibeam systems that measure the surface sound speed
continuously. The same simulation was performed without
surface sound speed matching between profiles; results
were, as expected, very poor with errors approaching and
occasionally surpassing 10% of water depth.

(3) They are limited to multibeam systems with a 120°
angular sector. The angular sector of the Amundsen’s
EM300 is limited to +/-60° due to the transducers being
recessed in the hull for protection against ice (refer to
Bartlett, 2004 for more details). The minimum depression
angle examined was thus limited to 30° and a wider swath
system should expect larger errors in the outer portions
of the swath.

Distribution of Depth and Horizontal Error Due to Raytracing with WOAO01
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Figure 7: Histogram of results from comparative

raytracing for all 362 profiles in the dataset.

Of all errors, 95% are less than 1% and 2%

of water depth for depth and borizontal

components, respectively.

Future work

Future sampling schemes onboard the Amundsen can
focus on undersampled geographic areas to improve this
assessment of WOAO1 ray tracing performance in said
areas. In areas where WOAOI performed poorly (e.g.
Hudson Bay), it would be useful to investigate the usage
of the ArcticNet CTD profiles to improve the grid.
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There is a need to incorporate WOAO1 into ArcticNet
multibeam post-processing. Based on this work, it
is feasible that sound speed profiles, collected over
several years of ArcticNet operations, can be used in
conjunction with WOAO1 to provide a reasonably correct
approximation of the water column. For ray tracing
purposes, spatial-temporal decision algorithms must be
designed that intelligently choose amongst existing CTD
profiles, and then fall back to the database when no CTD
profiles exist within the search area/time.
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Go F.I.G.ure
by Andrew Leyzack

This regular feature provides information and current
news from the International Federation of Surveyors (FIG)
with empbasis on FIG Commission 4 (Hydrography).

Working Week 2005 and the 8" International Conference
on the Global Spatial Data Infrastructure (GSDI-8), Cairo,
were well attended by several Canadian delegates. Canada
(Edmonton) placed 2™ in a 3-way bid for the 2010
Congress, losing out to Sydney Australia. The strength
of the Australian bid could be attributed to a large
show of support from the Asia-Pacific region’s member
associations. We have however thrown our hat into the
ring to serve as a backup venue for Working Week 2007
should security issues compromise Israel’s ability to host
this conference.

2006 is a year of transition for FIG as the working groups
will be concluding their activities by the time we hold
the FIG Congress this fall and new work plans for 2006~
2010 are being formulated. The FIG office has circulated
limited copies of their Annual Review and the Commission
4 2004-5 CD to various stakeholders including the CHA
both publications summarize our work over the past two
years.

Commission 4 work group structure:

4.1- Strategic Partnerships, Adam Kerr

4.2- A Vertical Reference Surface for Hydrography, Ruth
Adams and Dr. Ahmed El-Rabbany

4.3- Administering Marine Spaces (Coastal Zone
Management), Dr. Michael Sutherland

Additionally, we maintain a standards liaison within the
FIG Standards Network and have been cooperating with
the THO in its Capacity Building initiative. The IHO First
Edition, Manual of Hydrography (IHO M-13) is the product
of their Capacity Building initiative. A copy has been
burned onto the Commission 4 CD or you can download
it free of charge from the ITHO web site:
btp://www.ibo.shom. fr/

Then select > Publications > Catalogue > M-13.

As for standards activities, Commission 4 performed a
review of ISO TC211 CD 19130.2 Geographic information-
Sensor data models for imagery and gridded data and
reported back to the FIG Standards Network on those
sections relevant to Hydrography. Industry contacts were
solicited to help assess the impact of a recommended
vessel reference system.

Working Group 4.1 has brought forward Memoranda
of Understanding with the International Hydrographic
Organization (IHO) and the International Federation of
Hydrographic Societies (IFHS). Working Groups 4.2 and
4.3 have been progressing towards final publications of
their work and most recently, WG 4.3- Administering
Marine Spaces held a workshop at the FIG regional
meeting in Accra, Ghana, last March.

Through our recent agreements with the THO and the
IFHS we now have an opportunity to cooperate with these
organizations to shape a change in direction for our future
working groups. We believe our sister organizations can
help us fulfill of our mission to develop guidelines and
standards that will assist Hydrographers in the provision
of their services. To this end, our outlook for the next 5
years will include continued involvement with the THO
in the areas of Capacity Building and standards.

A first call for input into our 2006-2010 work plan was
initiated last March but I encourage you to take this
opportunity to contact us and share your thoughts on
the technical and/or policy issues of concern to you or
your organization. If you are interested in learning more
about FIG or specifically Commission 4, please contact
your local CHA branch office for a copy of the 2004-5
Review or Commission 4 CD or log on to www fig.net for
more information.

Andrew
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