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PORTABLE SPARKER SYSTEM
-for-

OF BOTH WORLDS
FORMANCE · PRICE ·

NEAR SHORE ENGINEERING SURVEYS

The INNERSPACE Model 431
Acoustic Release
•
•
•
•
•
•
•
•
•
PROVIDES HIGH RESOLUTION SEISMIC PROFILES
• Marine foundations surveys
• Hazard surveys
• Submarine pipeline surveys
• Pre-dredge investigation
• Sand and gravel inventory
• Bedrock contours
• Mineral prospecting
• Bore hole tie In
Ultra small size and light weight.
Can be used on very small boats.
Product data plus sample recordings sent upon request.
SALE AND LEASE

Reasonable price.
Many codes (80 codes max.).
Secure coding.
Small size (28" long - 5W' Dia.).
Light weight (6 lbs. in water).
Safe, no exploding devices.
Inexpensive, replaceable batteries.
Optional rope canister.
Optional load multiplier.

The Model 431 is designed spt!cifically for
shallow water applications (to 1000 ft.) for
the recovery of in situ instruments - trans·
ponders, current meters,lapsed time cameras
and is ideal for relocating underwater sites
- well heads, valves, cables, submersibles, etc.

THERMAL DEPTH SOUNDER RECORDER
FOR PRECISION MARINE SURVEYS
FIXED HEAD THERMAL PRINTING- NO STYLUS
CLEAN, QUIET, ODORLESS
SCALE LINES/DEPTH ARE PRINTED SIMULTANEOUSLY
ON BLANK PAPER
ONLY CHART SCALE SELECTED IS PRINTED
• Chart Paper - 8'12 inches x 200 feet (blank thermal paper).
• Depth Ranges- 0·320 feet/fathoms and 0·145 meters (7
phases).
• Frequencies (2)- 200kHz; with 40kHz, 33kHz, 28kHz or 24kHz.
• Data Entries- Digital thumbwheels for speed of sound, tide and
draft.
• Annotation Generator- Numerically prints speed of sound, tide
and draft on chart.
• Custom Logo ROM- Prints customer logo and name on chart.
• Precision Depth Digitizer- Auto Track Model 441 -features
auto bottom tracking gate, auto selection of recorder depth
range. BCD output plus optional RS232C or IEEE488-GPIB
outputs.
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1/NNERSPACE TECHNOLOGY, INC.

ONE BOHNERT PLACE • WALDWICK, NEW JERSEY 07463
(201) 447-0398 TWX 710-988-5628

n

,

(j' ••

,,

·•=: . ;_ . , • •
~

ti

··~H

MODEL 440 TDSR

•
Fast, portable, battery operated systems- For inshore operation at depths to
400 ft. with RTT-1000A Survey System, or depths to 620
meters with DSF-600 Dig ita I
Survey Fathometer®. Both
systems are portable, battery operated and provide a
flexible, low-cost source for
both high resolution bathymetry and sub- bottom profiling. Bottom triggered
fJ TVG eliminates falsetriggering .from low frequency no1se.

J.
Speedy channel depth
surveys- The Channel
Sweep System DE-719CSS is significantly
faster than the barsweep method of channel depth survey. This
portable system operates in most vessels,
with only one operator. Multiplexed 200 KHz transducers provide overlapping sonic beams to
the recording fathometer to provide sweeping and post-dredging
sounding at the same time.

All systems reflect the sophistication gained through 70 years of
technological innovations in the field of sonar by Raytheon. For
complete technical information contact Raytheon Ocean Systems
Company, Westminster Park, Risho Avenue, East Providence, Rl
02914, U.S.A. (401) 438-1780.

Quick, clear profiling printouts- Raytheon's deep water bathymetric system
can be as simple or sophisticated as your
surveying needs. The basic system consists of Line Scan Recorder LSR-1811,
precision PTR-105 Sonar Transceiver and
an appropriate high power transducer for
bottom or sub-bottom profiling. Precision
Depth Digitizer PDD-200C converts analog
data to digital for direct computer access
or tape storage. CESP signal enhancement
assures maximum record clarity.

FOR THE BOTTOM LINE
The DGI HY·NAV is a fully
automatic navigator and data
logger in a single unit
Fully automated navigation and
data logging is now available for
operators of smaller motor launches
using the DGI HY-NAV hydrographic
navigation and data acquisition
system. A single microprocessor
based unit provides for navigation
along preplan ned su rvey lines or to
known survey points. Navigation
inputs are accepted from a variety
of rad io positioning systems and
corresponding depth from an
onboard depth sounder. Position is
computed in UTM co-ordinates and
displayed on a highly visible CRT
monitor along with the depth and
steering information. Simultaneously,
a hard copy printout of position and
depth is provided for later analysis.

Wide range of inputs under
software control

HY-NAV is designed for
severe environments

The system is microprocessor based
and accepts a wide variety of input
formats, keyboard selected by the
operator, corresponding software
instructions are factory programmed
into the microprocessor. The correct
input format for each system is
simply selected by entering a two
digit code.
Typical inputs which can be accepted
by current software include the
fol lowing depth sounders:
a. Ross Labs
b. Raytheon
c. Atlas Echo Sounder
d. Kelvin Hughes
Compatibl e range data inputs
include the fol lowing:
a. Motorola Miniranger I and Ill
b. Del Norte Trisponder

The HY-NAV hydrographic navigation
system is self-cont ained and fully
waterproof with covers in place. In
normal operation, with covers
removed, the unit is weather and
splash proof. The case is intended
for extreme open boat environments
including high levels of vibration
and shock. The small size and
convenient single unit package
al lows easy transfer of t he system
from vessel to vessel.
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DG Instruments Ltd.
308 Leg get Drive, Kanata . Ontario . Canada
Tel : 16131 592·3141
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~arinav
Now represen ted in Canada by Marinav Corpo ration,
1140 Morr ison Dr., Ottawa, Ontario (613) 820·6600,
in UK by Marinav Ltd., 100 Wandswort h High St .,
London 01 870 0151 , TX 51 926523
and in USA by Marinav Inc. , 1814 West Belt Drive
No rt h Houston Texas, 77043; Tel: (713) 932·8590.
TX 0092795

Internav LC-404
For surveying,
navigating,
signal monitoring,
or suchlike tasks,
we quite unabashedly
call it the most accurate
and most sensitive Loran C receiver in the world.
Ho Hum. More superlatives. And we aren't exactly known
for being bashful, either.

Mer all, where else can you find a Loran C receiver which
provides less than 20 nanoseconds error over a 60 dB
signal differential (or less than 100 nanoseconds error
over a 11 OdB signal range) and tracks with a three meter
antenna at two microvolts/metre?

The LC-404 can also be master independant. If the
master signal is lost, independant tracking loops allow the
secondary-to-secondary time differences to be used to
derive hyperbolic lines of position. There's also an
RSS 232 output for data recording, and options like
Range/Range (with an external frequency standard),
or a dual unit package for redundancy or cross-chain
work. Interfaces for·our IL remote readout and our CC-2
coordinate converter are standard equipment.

The LC-404 acquires master and all secondaries and
tracks them, via high resolution loops, with zero lag at
constant velocity. Its dual display provides seven digit
TO's plus an eighth diagnostic status code digit.

And all this comes in a box about a half cubic foot in
volume, weighing 17 pounds, requiring just 20 watts of
power (15 watts in monitor mode), and a pretty attractive
price tag.

You can read out SNR in dB's, and you have "instant
entry" of up to five present positions for future recall at
the touch of a button. And the LC-404's non-volatile
memory retains chain, secondary, and logged position
data after you turn it off.

Our spec. sheet tells a lot more - and we'll gladly send
you one - but we should add that LC-404' s are in
current production, with quantities already delivered to
US and Canadian Coast Guard, and other orders
pending.

Still, we really do think our LC-404 is something special.

For monitoring via a VHF or other data link, each LC 404
can be assigned a unique identification number and can
then be individually polled to provide GRI, TD' s being
tracked, their SNR's, their diagnostic status, and a tracking
warning alarm. Individual LC.404's can then be commanded to cease tracking a given secondary, to initiate
search, to enable or disable cycle selection, and to track
up or down in ten microsecond increments. (And for
dedicated remote monitoring tasks - in buoys, vehicles,
even icebergs - our small low power LC 403 package no display, no controls - offering similar performance to
the LC 404, can be a cost effective solution.)

Let's face it. Did we ever say we were bashful?

Sydney, Nova Scotia B 1P 6K3

902-539-0660
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SENSOR INTERFACE ADAPTERS
The SENSOR INTERFACE ADAPTER--- a stand-alone microprocessor controlled product line provides rapid interfacing of positioning systems and a convenient means of general data collection in the
marine industry.
Whatever the interface problem---- from microwave positioning instruments to acquisition of analog
data---- aSIA represents the most cost effective solution.
-

"off the shelf" interfaces for most Navaids
and forms of raw data.
complete self diagnostic capabilities
interface instruments to any terminal, mini
or micro computer

-

standardized communications protocol using
only ASCII printable characters
field maintenance by module replacement.

JMR Instruments Canada Ltd.
#8,- 6320- 11 St. S.E. Calgary, Alberta, Canada T2H 2L7
Tel: (403) 255-6667
Telex: 03-825895

fo surveycapability
•
•
•
•
•
•

10 knot survey speed
High sea state operation
Wide swathe search
Rapid investigation
Precise measurement
High definition

Hydrosearch meansAn efficient attack on survey

backlogs.
Maximum utilisation of sea time.
Far greater return on ship
investment.

Wreck of M2 submarine in Lyme Bay, United Kingdom

The speed of data is such that all future models are to be supplied with
computerised target data analysis, thus even further reducing the time
required to complete a given survey task.

Marketing Department,
The Grove, Warren Lane, Stanmore, Middlesex HA7 4LY, England.
Telephone: 01 -9542311 Telex: 22616 Telegrams: SPADEF Stanmore.

Why \00 Should Integr_ate
Magnavox Ex_pepence into
'YOur M:iss1ons.

So much depends on getting
all the data the first time and
getting it right. That's why oceangoing missions have relied on
Magnavox experience for integrated navigation, mission control, and data gathering equipment
ever since the first Transit
satellites went up.
Magnavox is a single, reliable
source for your turnkey system.
We've proven the ability to integrate the hardware and software
required for any geophysical,
oceanographic, or hydrographic
mission, anywhere in the world.
Whatever your mission requirements- multiple-reference
navigation, coordinated automatic
Steering, SeiSmiC ShOt COntrOl,
multiple sensor arrays, on-board
0211• B

data processing, or special capabilities- Magnavox can deliver an
integrated system to handle
them all.
We also assure that your system
can advance with the state of
the art. Sensible, modular design

means simple, cost-effective
integration of future generations
of data gathering, control and
satellite navigation equipment.
As a further safeguard for your
investment, reliable Magnavox
integrated systems are supported
by a responsive, worldwide service network.
Put our experience to work for
you. For details, contact Marine
Systems Division, Magnavox
Advanced Products and Systems
Co., 2829 Maricol?a Street,
Torrance, California 90503 U.S.A.
Telephone (213) 328-0770. Telex
696101. Cable MAGNAMAR.

ll\lla g
Magnavox Advanced

na"o~
Products and Systems Company

Number One In Satnav

ATLAS-DESO 20~. the Qrogrammable
sutVe'L sounder.
Hands off operation.
e Two-way interface with the
system computer.

e

Choice of the electrica I or
opto coupling.

e

Programming of important
functions by the system
computer:

-------------------1 ~
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0 Selection of
sounding frequency.
0 Interrogation rate.
0 Selection of basic or phased
.
measunng range.
0 Control of paper feed.
0 Recording of 4 different
markers, as desired.

e
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Plus proven ATLAS-DESO 20
standard features.

ATLAS-DESO 20 - opt for
·experience and know-how.

IJKRUPP
Fried. Krupp GmbH
KRUPP ATLAS-ELEKTRONIK
P.O.Box 448545 · D-2800 Bremen 44 · Phone {421) 4570 ·Telex 244890
For further details please contact: Marinav Corporation, Ottawa, Phone 0613-820-6600, Telex 053-4117

ATLAS-DESO 20, a sound S'l_stem.

More mission days at sea with the
heave compensator ATLAS-HECO 10.
e Gyro controlled platform with
accelerometer provides heave
output of up to +I- 5 m.

e Optionally roll/pitch output.
e Real time compensation of
analogue presentation and
digital data output.

-----------------lll
~
c

e Accuracy better than
+I- 5 p.c. of

OY.Z~

measured heave.

e Plug-in interface for
heave compensator:
0 Can also be used for
automatic draught or
tide input.

-Z\

0 Can be connected to existing
DESO 10 survey sounders.
ATLAS-DESO 20 - opt for
experience and know-how.

mKRUPP
Fried. Krupp GmbH
KRUPP ATLAS-ELEKTRONIK
P.O.Box 448545 · 0-2800 Bremen 44 · Phone (421) 4570 ·Telex 244890
For further details please contact: Marinav Corporation, Ottawa, Phone 0613-820-6600, Telex 053-4117

5.36

5.32

5.1U

5.11

5.22
5.
5.32
5.32
5.28

5.32
5.30

5.711

4.7. .. 4.0

1{.96

5.20

5.31&

5.81
5.70

~-w

5.07
5.10

5.31&

0

M

>(/)

5.26

~

"(

5.21{

5.87

47.50 ~

5.211
5.20

8.02

5.28

~

....c

5.22
5.15
5.llf
5.llf

8.92

.1:::

~

\J

Q)
V)
V)

~

5.17
5.77
5. 71{

7../lS

0I...

5.21{

c..
\J

5.88

7..~

c

8.08

0
\J

8.911

4.7. .. 35

Q)

0..

7.25

47.45 ~

7.""

_y'

7.55

u

0

7.07

.;:
>-

~

:::l
V)

0

5.57
5.56
5.55
5.51&

N->

M: 1:

1000

0

0

7.39

\J

7.01l

....c

15..
Q)

7.31

0

W:

60

G:

0.050

0.050

N:

90.200

el:

47.300

Many suJVeying systems rely on
ATLAS-DESO 20 features- and naturalv, so do
our SUSY-SYSTEMS ATLAS-SYSY 20, 3'0, 41, 45.

e Your application determines the choice of sensors,
periphereals, processor and software.
eWe offer systems with our own computer
(the KRUPP EPR 1100} or with HP calculators 98 series.

e Our speciality is highly accurate determination of position
by dead reckoning using Doppler sonar.

0 We do not just take the
heading data - we use the
complete mathematical
model of the gyro for
position calculation.

0 This method is so accurate

CJ

that we even apply it to
inshore navigation, with laser
range-finder updating using
only passive reflectors on ·
shore.

ATLAS-SURVEY-SYSTEMS,
opt for experience and
.
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Fried. Krupp GmbH
KRUPP ATLAS-ELEKTRONIK
P.O.Box 448545 · D-2800 Bremen 44 · Phone (421) 4570 ·Telex 244890
For further details please contact: Marinav Corporation, Ottawa, Phon~ ,0613-820-6600, Telex 053-4117
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_Oceanographic instruments
Positioning systems
Pipeline survey systems - -~Seismic 'syste_ril.s_ -~ _
PHILLYSTRAN mooring lines
Marine hardware and cable
Aquatic samplers
Water quality analyzers - -

'~
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m.s.e. engineering systems ltd.
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265 can arctic drive, downsview, ontario,
canada M3J 2N7
(416) 661-5646 telex 065-23982
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·15Q0m (SQOOft.):depth
month life

-

The Hydrographic Society
Membership is international and broadly based, in order to unite surveyor, equipment
manufacturer and client. Members, from over forty countries, represent the areas
of hydrography, oceanography, geophysics and civil engineering at all levels of
expertise. Organisations represented include contract survey companies; port
authorities; government, military and public service authorities; petroleum companies;
research and educational institutions; professional bodies and societies; engineering
consultants; post and telecommunications organisations; acoustic and electromagnetic instrumentation manufacturers; oceanographic and land survey instrument
manufacturers; dredging and salvage contractors, and surveyors of all fields of private
practice.

Services:

The Hydrographic Journal • Information
Sheet • International Symposia • Technical
Workshops • Exhibitions • General Meetings •
Regional Meetings • Special Publications •
Employment Advice •

Membership:

Individual: £2 joining fee & £12 p.a.
Corporate: £20 joining fee & £60 p.a.
Branch Corporate: no joining fee. £30 p.a.
Overseas Members receive The Hydrographic Journal
and Information Sheet by Air Mail.

For further information
or
Application for
Membership
apply to :

Honorary Secretary,
The Hydrographic Society,
North East London Polytechnic,
Forest Road,
London E17 4JB England.
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EDITORIAL
The historical origin of hydrographic surveyors as mariners on the
one hand, and surveyors on the other hand, gives some difficulty
when it comes to professional affiliation. In Canada the majority of
hydrographic surveyors, at least those working for the Federal Government, tend to be more associated with the survey profession
than the marine. This is not the norm, as in most countries hydrographic surveying is a specialization within the navy. Furthermore,
even in the civilian domain of hydrography the majority of technical personnel are originally merchant officers. Returning to Canada, there is much talk these days of the future direction of the survey
profession. The direction proposed by many writers is towards
land information management and perhaps hydrographers should
ask if this is really the way they see their branch of surveying going.
In a recent published collection of papers on the modernization of
the survey profession in Canada, hydrographic surveying seems to
not have been mentioned. Interpreting between the lines, it may be
that the era of the great topographic land mapping of our country
is coming to a close and our dry-footed colleagues are now more
concerned with boundaries and parcels of land. Although these
last two matters are now as of great concern for the wet land as for
the dry land, the fundamental task of defining the shape of the
topography beneath the sea is still a long way from completion.
While our dry land oriented colleagues may now be diverting their
attention from measurement to management, the function of measurement remains predominant in sea surveying. True, that data
management is as critical at sea as it is anywhere else but it is in
hydrographic surveying that the real excitement exists in improving measurement techniques with respect to both speed and
accuracy.
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a Canadian Company with ~ fl}Otal_ly i~tegrated offshore survey and
engineering capability off~ng the following:

SERVICES

EQUIPMENT

• Hydrographic, oceanographic,
oil rig, pipeline and cable route
surveys

• Navigation Systems - Argo,
Syledis, Maxiran, Trisponder,
Artemis, Satellite/Loran C

• Offshore engineering and high
resolution geophysical surveys

• Precision Sonar - Side Scan,
Profilers, Echosounders

• Contract position fixing services

• Integration - Autoplot, Data
Acquisition, Data Logging,
Track Guidance

• Design development and
manufacture, marine systems
• Cartographic, pre and post plot
services and data processing
• Satellite survey services

• Logistic Support - Thermoelectric Generators,
SSB/VHF Communications
• Marisat Satellite Communications Terminals

Representing : • Magnavox • Del Norte • Edo Western • Krupp Atlas • DG Instruments • Global Thermoelectrics
Head Office: 1140 Morrison Drive, Ottawa, Ontario K2H 8S9 Telephone 613-820-6600 Telex 053-4117
Western Regional Office: 1-3530-llA Street N.E., Calgary, Alberta T2E 6M7 Telephone 403-276-5887 Telex 038-27588 - - - - - - - - - '
European Office: 100 Wandsworth High Street, London SW18 4LA, England Telephone 01 -870-0 151 Telex 926523
U.S.A. Office: 1814 West Belt Drive North, Houston, Texas 77043 Telephone 713-932-8590 Telex 792795
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Pavlov's Hydrographers
A. D. O'Connor
Pacific Region
Canadian Hydrographic Service
Sidney, British Columbia

In 1976 a compact hydrographic data logging system was introduced into production surveys in Pacific Region. PHAS (Portable
Hydrographic Acquisition System) is a microprocessor based data
logging system designed to log hydrographic data in small survey
launches, it also has the potential to provide navigation information
from incoming positioning data. Parameters concerning the quality
and acceptability of data to be logged can be input to PHAS via a
front panel keyboard. PHAS uses these parameters to monitor the
data incoming from different sensors, sounder, positioning system,
magnetometer, and gravimeter, and activate an alarm if the data
exceed the set parameters. PHAS will also provide event mark
pulses as required to different recorders.
In 1977 PHAS was chosen as the data logging system for the
multi-discipline cruise of M. V. Pandora II to the Western Arctic.
Except for sounding digitizing problems, caused by aeriation,
PHAS successfully logged all positioning, sounding, and magnetics data on that cruise. Figure 1 shows the data collection station
on Pandora II. An underestimated side effect of this automated
data monitoring and logging procedure was the extent to which
the duties of the hydrographer on watch were reduced.
In 1978, PHAS with modifications suggested by 1977 operations
was again chosen as the data logger for the Western Arctic multidisciplinary cruise. Students were employed as watchkeepers on
this cruise to free hydrographers for more demanding assignments
on other surveys. PHAS again handled all data monitoring and
logging chores while the watch keepers kept track of position and
monitored PHAS. One point, first made in 1977 and reinforced in

1978, was that the survey parameters input to PHAS, such as acceptable rate of change of depth or position, or, allowable time
without a depth or position, are decided upon after careful consideration of all factors pertaining to the survey. If these parameters
are exceeded the decision on corrective action cannot be taken at
the watchkeeper level and the senior hydrographer must be consulted. The watch keepers duties are therefore reduced to annotating recorders and waiting for PHAS to provide an alarm at which
time the hydrographer is called.
The idea of replacing the watchkeepers entirely with PHAS had
been put forward in both 1977 and 1978, over those years PHAS
had demonstrated its reliability as a data monitor/logger. An FM
radio paging system was acquired (Fig. 2) this system consists of
an encoder, a transceiver, and a number of pagers. When a survey
parameter is exceeded, PHAS, in addition to activating an alarm,
could trigger the paging system thereby alerting the hydrographer
in possession of the pager. Ships officers on the bridge were to be
given a lattice or boat board and assume responsibility for running
the identified survey lines. The officers would also keep a 15 minute log of the positioning system coordinates. PHAS would provide
event mark pulses to the echo sounder and magnetometer recorders, the echo sounder event mark was coded, 1 strike of the
stylus at 5 minutes, 2 at 15 minutes, and 3 at 30 minutes. Annotation of the graph would be handled manually on a casual basis.
The 1980 cruise of Pandora II to the Western Arctic was planned as
outlined above, no watchkeepers were employed. Four hydrographers including the Hydrographer-in-Charge, made up the

Decca 6f
Digitizers

PHAS

1·

Magnetometer

Echo Sounder
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party. One hydrographer was employed daily in a survey launch
while the other three were responsible for the management, planning, and control of the survey, the collection of survey data (24
hours per day). and the processing, verification and plotting of
these data. During the day the lab was manned and PHAS was
monitored normally. At meal times and during the evening the
"duty" hydrographer carried the pager and was responsible for the
data collection. The reaction of a "duty" hydrographer to a 3 a.m.
page suggested the title for this piece. One problem that surfaced
was that of the echo sounder paper tearing and leaving us with an
unverifiable digital record of the depth. The seaman on watch was
conscripted to keep a frequent eye on the recorder paper.
During the 1980 season, 7501 linear miles of sounding and 5906
linear miles of magnetic profiles were collected using this full y
automated system. Torn sounding paper was responsible for the
loss of 5 miles of sounding data. Most of the alarms concerned the
loss of bottom lock by the digitizer, th is problem is not new and
hopefully will be solved by acquisition of the new generation of
"smart" d igitizers.
The system described above can release the hydrographer from
the sometimes tedious task of watch keeping on a shipborne survey
for assignment to the more labour intensive launch surveys.
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Atelier de travail
sur I'Hydrographie
canadienne Quebec
2-4 fevrier 1982

Canadian Hydrographic
Workshop
Quebec
2-4 February 1982

L'atelier de travail sur l'hydrographie canadienne, parraine conjointement par le Service hydrographique du Canada et !'Association
canadienne d'hydrographie, se tiendra a Quebec, les 2, 3 et 4
fevrier 1982.

The Canadian Hydrographic Workshop, jointly sponsored by the
Canadian Hydrographic Service and the Canadian Hydrographers'
Association , will be held at the Loews Le Concorde, Quebec City,
on February 2, 3 and 4, 1982.

Le but de !'atelier est d'informer et d'oncourager une discussion
constructive parmi les differents groupes de travail du Service hydrographique du Canada.

The aim of the Workshop is to inform the participants by encouraging a constructive discussion among the various working groups of
the Canadian Hydrographic Service.

M. Ronald Saucier a accepte Ia presidence de !'atelier et son comite
est compose de Jean-Marie Gervais (finance), Jean-Paul Racette
(programme technique), Denis Trudel (programme social et servi. ces speciaux) et Richard Sanfa<;on (information et publications).
Nous leurs souhaitons Ia meilleure des chances.

Mr. Ronard Saucier has accepted chairmanship of the Workshop
and the committee is composed of Jean-Marie Gervais (finance),
Jean -Paul Racette (Technical Program) , Denis Trudel (social program and special services) and Richard Sanfa<;on (information and
publications). We wish them the best of luck.

L'atelier de travail est une nouvelle formule pour une convention du
S.H.C. L'atelier ne sera pas une convention comme les
precedentes. Seuls les employes du S.H.C. et les membres de
I'A.C.H. y participeront. II n'y aura pas d'etalage commercial. L'atelier de travail est different d'une conference en ce sense que Ia
presentation du sujet a etre discute sera courte afin de consacrer le
plus de temps possible a Ia discussion en groupe. Chaque session
sera menee par un president qui verra a ce que Ia discussion ne
s'eloigne pas du sujet. II notera egalement les principaux points
souleves et contribuera a formuler des recommandations lorsque
necessaire.

The 1982 Workshop is a departure from the usual format of the
Hydrographic Conference in that there will only be C.H.A. and
C.H.S. personnel attending and there will be no commercial exhibits. The format will consist of a short presentation of the subject
matter to be discussed, allowing the major portion of the time for
group discussion. The Chairman will ensure that the discussion
stays on the subject matter. He will identify the main points
brought out in the discussion and help formulate recommendations when necessary.

Un amenagement particulier des salles a ete propose pour encourager Ia participation de toute l'assemblee. Grace a Ia traduction
simultanee, un sujet a Ia fois sera discute. II y aura des microphones installes sur les tables et les sessions d'atelier seront probablement enregistrees.

The particular layout of the room will encourage participation of
the whole assembly. Since simultaneous translation will take place,
there will be but one subject matter discussed at one time. There
will be microphones set up on the tables and the workshop sessions will probably be recorded.

Deja, des chambres on ete reservees a I'hotel La Concorde ou nous
aurons egalement Ia toujours si populaire suite hospitalite.

At this point, rooms have been reserved at the "Le Concorde" Hotel
where we will also have the ever so popular hospitality suite.

Le repute Carnaval d'hiver de Quebec debutera le 4 fevrier et nous
suggerons a ceux qui prevoient rester pour Ia fin de semaine d'en
avertir R. Saucier, president de !'Atelier, le plus tot possible afin
qu'il prolonge les reservations des chambres. Les prix des chambres son! de $54. (occupation simple) et $59. (occupation double).
Ce prix inclut le petit dejeuner. De plus, un programme special
(incluant visites et sports d'hiver) sera prepare pour les epouses
des participants.

The well-known Quebec winter carnival commences on February 4
and I would suggest if people plan to stay over the weekend that
they inform R. Saucier, Workshop Ctlairman, well in advance in
order that he may extend the reservations on the rooms. Costs of
the rooms have been established at $54. -single and $59. -double.
This cost includes breakfast. Also, a special program including
visits and winter sports) is going to be organized for spouses of the
attendants.

Le programme des ateliers est presentement en preparation. Le
succes d'un atelier du travail depend directement de Ia qualite des
sujets et le president et son comite vous remercient pour les nombreuses suggestions interessantes qui ont ete soumises.

The workshop program is presently being organized. The success
of a workshop directly depends on the quality of the topics, and the
chairman and his committee thank you for the numerous interesting suggestions.

Le vice-president de I'A.C.H., branche de Quebec, Richard Sanfa<;on , a propose qu'un montant d'argent soitmis apart pour Ia
participation de I'A.C.H. a I'Atelier. Suite a cette premiere demarche
de Ia jeune branche, un support financier particulier pour I'A.C.H.
Quebec a ete discute durant un appel-conference avec le president
national, M. Tony O'Connor, et les autres representats des differentes branches. Chaque branche, de meme que I'Executif national, contribuera financierement a !'atelier.

The C.H.A. Vice President of the Quebec Branch, Richard Sanfa<;on, proposed that an amount of money be set aside for the
participation of the C.H.A in the Workshop. Following that first
move from the youthful branch, a particular financial support for
C.H.A. Quebec Branch was discussed at a conference call with
National President, Mr. Tony O'Connor, and the other C.H.A.
Branch representatives. Each branch and the National Special Account will financially contribute to the Workshop.

Richard S. Sanfa<;on
(information)

Richard S. Sanfa<;on
(information)
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Improving the Performance of the Motorola MRS
M. J. Casey
Canadian Hydrographic Service
Central Region
Burlington, Ontario

The author has been an enthusiastic user of the Motorola Mini
Ranger System (MRS) since 1972. He has used the system on a
variety of vessels and surveys and under diverse conditions. He
feels that small, portable easy to use systems such as the MRS
have revolutionized hydrographic surveying of inshore areas.
There are some idiosyncrasies to the system however that have
remained largely unknown and which can lead to serious range
error problems. During the 1980 Lake Erie Survey the author conducted a number of experiments designed to study some of these
vagaries. A paper describing the experiment and its results was
presented at the 20th Annual Canadian Hydrographic Conference
in April, 1981. This article contains some of the more important
aspects of that paper.
The style is unusual for a technical paper. The author's intention is
to try to explain certain puzzling incidents which have occurred
during sounding operations. Scenes are presented which outline a
particular problem in a setting which should be familiar to hydrographers. These scenes serve as the motivation for some analysis
which follows.

Unfortunately, that will lead to a seemingly never ending series of
adjustments up and down which serve only to exasperate our
friend.
The alternative is equally unattractive. By not correcting the machine Mickey is, in effect, ignoring a significant source of error -so
he's not happy.
What Mickey lacks is another piece of information to go along with
his range readings. One that will give him an idea of the quality of
the range measurement and hence tell him when he should calibrate and, most importantly, when he should not. A built-in signal
strength indicator is ideal for this task. The signal strength data will
give him an explicit measurement of the pulse shape quality and
we will see later why this is important.
Before examining the details of the relationship between range
quality and signal strength we should first consider some characteristics of the signal strength data alone.
From the well established Radar Equation (Laurila, 1976)

SCENE I
(Scene: The Canadian Survey Ship Jubilee is tied up alongside the
quay in Ducks Harbour. The brilliant orange flag on the calibration
station hangs loosely from its mast only metres away from the
white hull of the ship. On board in the hydrographic plotting room
Mickey Fenn, the ship's hydrographer, is seated in front of a large
rack of equipment. His eyes are fixed on the flashing red display
numbers of one of the instruments - a Mini Ranger Ill.)

(Aside) Mickey: Well here we go again. The bloody thing is out'
Fifteen metres too long - both channels!
(He begins to write something in his note book. Moments later the
First Mate appears at the door)

PtGt
t 4r.R2
P; the intensity of the radiated power
Pt the peak power
Gt the gain of the antenna
R the distance from the transmitter to the receiver

P'=--

where

we see that the intensity of radiated energy varies inversely as the
square of the distance from the source. Therefore, we should expect that signal strength should drop off with increasing distance
from the transponder. Our test data confirmed this. Figure 1 sh ows
a graph of the observed signal strength readings recorded as our
launch steamed directly away from the transponders.

Mate: What's up Mickey- everything ok?
Mickey: Not quite. She's out again - fifteen metres too long. I don't
understand it since we just checked it last night and it was right on.
Mate: Yes, well last night was clear as a bell and today's right misty
- that must have an effect on it- it certainly affects any radar.

h...,. · 4 . 6rn
hr • 2 .lm

-- Y ·~

Mickey: I'm sure it affects the maximum range alright but I'm not so
sure that it would cause a range error.

.(; •

. OJI

,§ • . 201

(after a slight pause)
Mickey: I'm not sure what I should do - should I correct the
ranges now so that they'll read correctly or leave them as they are?
It could be a legitimate range error caused by some timing shift in
the machine - in which case I should dial it out.
Don't touch that dial Mickey- you 'll only make matters worse!
Mickey does have cause for dismay however. After all he had just
invested time and energy into calibrating the system the night before and now he finds he has a significant ranging error. It would
be a simple thing to just shrug it off and dial in the correction.
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The fitted curve is of the form

DISTRIBUTION OF THE SIGN OF THE RANGE ERROR
f

CODE " T "

8

y=--'-(ax + (3)2

RANGE 4159m

6

where y is the signal strength
X is the distance in kilometres
0

So here we have very strong evidence that signal strength data
indeed also varies inversely with the square of the distance.
Signal strength is also affected by other factors as well, such as the
horizontal and vertical beam widths of the transponder and R/T
units and destructive interference of signals due to multi-path effects. Another factor which strongly affects signal strength is the
atmospheric condition. Signal attenuation occurs when the signal
path crosses areas of high particle density such as mist, fog or
smog. Although the other factors such as distance, pointing and
cancellation have a greater effect, this factor is the most devious
since it is uncontrollable and difficult to quantify. This is likely the
factor giving Mickey his problem.

u+u
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Figure 3

AVERAGE RANGE ERRI.lM VS S1<JNAL ST R£ttGTH - CODE " T"

Signal strength information alone of course does not help us unless we know what to do with it. Fortunately a very strong functional relationship exists between signal strength and range error.
Figure 2 shows a graph of signal strength vs. range error for a
subset of the data we collected.
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This graph shows a strong exponential increase in the range error
due to decreased signal strength. Note that the graph shows that
the range errors are equally distributed in sign for signal strength
values greater than some value- about 9 in this case. Below this
value the range error increases exponentially and is positive in
sign.
Figure 3 shows the frequency distribution of the range error. Large
errors here are exclusively positive. The reason for this is that
signal strength is in a way a quantitative measure of the pulse
shape quality. The machine has difficulty in discriminating the leading edge of the pulse when signal strength is low. Consequently·
the timing tends to be long in marginal situations and this manifests itself in ranges which are too long.

'

SIGNAL

'

'

S T RENGTH

Figure 5

Figures 4 and 5 show the range error vs. signal strength for Codes
"2" and "T".* T he error function is shown as discontinuous. At a
particular signal strength level (8 in this case), which I call the
Critical Strength Threshold (CST), the function changes abruptly.
Above the CST the system behaves well with the errors being
normally distributed about some constant value. Below the CST
the error function is a negative exponential. Figures 6 and 7 show
the linear relation after a log:_ transformation. The 95% confidence
limits for the mean value of Z; = n (6 R;) are also shown.

1

November, 1981

Page 6

the variance of the range errors also increases with a decreasing
signal strength Mickey could not have the same degree of confidence in these corrected readings unless he had some form of real
time smoothing of the range data. The range averaging option is
one solution - albeit a not very sophisticated one.

Lll { RANGE ERROR I VS SIGNAL STit£NG'fti - COOE "2"

There is another way in which signal strength can be adversely
affected and which has nothing to do with the prevailing atmospheric conditions. This concerns the effect low battery power has
on the transponder efficiency.

e
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Figure 6
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Figure 8
Figure 8 shows the change in range readings vs. transponder input
voltage for codes S and T. It shows no significant (95% level)
change until a value of 24 volts is reached. Below this voltage
significant range changes occurred until threshold levels were
reached at whic h point the transponder ceased to transmit. So it
appears that there is high level voltage protection or regulation but
either inadequate or non-existent protection at low levels.
10

Figure 7
• Our range consoles were modified in-house to allow two new
codes, "S" and "T", to be defined. These codes correspond to
exclusive pulse spacings of 161 and 174 micro seconds respectively. This ensured interference free operation in an area occupied by other MRS users. More details can be found in (Casey,
1981).
We can formally define the range error distribution as follows:
let E; be the range error
(SS); be the signal strength
be the CST

o

then
N(Jl, a2) for (SS);

>o

E-1

N(f3e a(SS)i, Var (E;)) for (SS);

<£

that is, above the CST the errors are normally distributed with
mean Jl and variance a2 and below the CST the errors have a Log
Normal distribution.
Mickey's problem then boils down to this. He is trying to recalibrate the system under poor conditions. If his MRS was
equipped 'l)lith a signal strength indicator he would see that explicitly. This is the likely cause of the 15 m range shift he is seeing and
if he leaves every1hing as it is then chances are, if the weather
improves, the range readings will return to where they belong.
Furthermore, if he had signal strength readings recorded along
with his ranges and had confidence in his error function estimates
(&, ~) then he could correct his range readings. Since, however,
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This result is important since, for logistic reasons, it is common
practice to leave power supplies out unattended until the batteries
are exhausted. Our tests show that the transponders continue to
transmit down to their th reshold levels but at the cost of an increasing systematic error. There are several ways to avoid this. One
solution adopted by the Canadian Hydrographic Service is to add
extra circuitry to shut down the transponder when the voltage falls
below some reasonable threshold (say 22 volts). A clock is also
included so that a program of on/ off times can be set up to extend
the useful battery life. Various other devices such as photo-cell
switches, solar panels or portable windmill generators can be used
fcir this same purpose.
SCENE II
(Scene: late at night in the hydrographic plotting room aboard the
survey vessel CSS Jubilee. The hydrographer on watch, Mickey
Fenn, has just recorded and plotted a fi x on his plotting board. His
eyes scan the racks of instruments before him and catch the fluttering light on the Mini Ranger. Moments later a voice booms over the
intercom.)
Mate: Hey Mickey are you there? We're losing that damn range
again.
Mickey: Roger. Let's hold our course for a few minutes to see if we
lose it for good.
(Five minutes later) .
Mickey: OK Mate, I don't think its coming back. Can we alter to 270
and head over to the next line?
Mate: Roger 270 Mickey, but the last time we were out here she
started booming in just after we altered course - perhaps if we
had gone on just a bit farther .

(Mickey felt the slight roll of the vessel as Jubilee swung into her
new course. His eyes were locked onto the status light of the Mini
Ranger which had been off for some time now. Sure enough moments later the light fluttered once or twice and then burned
continuously).

This is clearly a substantial gain and it shows that there is definitely
a preferred direction to the omni antenna. Evidence of this effect
can be seen in Figure 11 (Mortimer 1g72) . This is the polar radiation pattern for a Trisponder system's omni directional antenna
and it clearly shows this same bias.

Mate: Damn! There it is again! We should have held our course
Mickey, then we could have taken another fix or two on that line
instead of having to come back later sometime to finish it off.

SIGNAL STRENGTH VS R/T ELEVATION
CODE "T"
STATION #1

12

Mickey: There's definitely something odd here.
(aside) It's as though the machine works better when we're steaming at goo to the signal path. But that's impossible since we're using
an omni directional antenna- very strange.
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Figure g shows a plot of signal strength vs. R/T elevation angle for
one oi the codes. Two things are apparent from this diagram . For
one, the signal strength decreases as the elevation angle increases
and for another, the directions oo, 180° are much more sensitive to
the elevation changes than are the goo and 270° directions. This
suggests a preferred direction to the "omni" antenna.
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Strange perhaps but quite explainable. The problem as Mickey
suspects is with the "omni" antenna, but the real problem is with his
interpretation of that term. An omni antenna will receive signals
from all directions- that fact qualifies it for the name. The catch
however is that it does not receive equally well from all directions
and this is precisely the root cause of the frustration our two heroes
are suffering. The omni-directional antenna has a preferred direction and this fact can be exploited by well prepared hydrographers
to maximize their coverage.

',•
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ELEVATION

The following diagrams should make this clearer. Figure 10 shows
frequency plots of observed signal strength and rotation angle.
Note that these values were recorded over a series of elevation
angles and rotational settings* and are not meant to represent the
distribution of signal strength readings for each of the settings.
What is important is the proportion of high (>8) readings. The
go-270 pair had 71% in this range whereas the 0-180 had only 21%.

Angle

(degree)

Figure 9

• The R/T unit was rotated about its vertical axis and readings
recorded at oo, goo, 180° and 270°. At each of these settings the
unit was elevated from 0° to ±45° in 15° increments.

o•
10

x. =

5.6

SIGNAL
R/T

x,10 .. a. 4

STRENGTH

ROTATION

AND

-

S'£A'riON #1

x,.

~

8. 6

6.2

180'

Figure 10

November, 1981

Page 8

Figure 11

Since Jubilee's R/T unit was fixed in place to face forward the
signal from the transponder was received along the units poor
plane when she was running lines shoreward. Once the signal
strength fell below the threshold level the "signal" was lost and the
line terminated. However once Jubilee swung over onto an orthogonal course the signal was enhanced by being received along
the good plane, the threshold level was surpassed and the "signal"
regained.
Now if Mickey could repaint his R/T unit so that he was always
receiving the signal along the good plane he could increase the
usable range of his system by a considerable amount. A remote
controlled rotator such as used for pointing television antennas
might be an ideal solution. In this way pointing would be optimized
and Mickey would be assured that once the signal was lost, maximum range had indeed been reached and he was not being
plagued by some sinister force which was trying to ruin his survey!
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Charting the Beaufort Sea
R. W. Sandilands
Canadian Hydrographic Service
Pacific Region

Victoria, B.C.

With the major field effort of the Canadian Hydrographic Service
(CHS) being directed towards surveys in the Beaufort Sea this
year, it is timely to look at the history of the exploration and hydrographic surveys in that area.

The intended rendezvous between Franklin and Beechey did not
take place as Franklin turned back at Return Reef six days before a
boat from Blossom reached Cape Barrow, some 160 miles to the
west.

The history of the exploration of the Beaufort Sea is an integral part
of the history of the search for the north-west passage. This search
for a shorter sea route to the Pacific from Europe was a dream of
seafarers for centuries.

In 1826 the Hudson's Bay Company decided to send out two of its
experienced men, Peter Dease and Thomas Simpson, to complete
the coastal survey of the mainland coast. After a 2,000 mile overland journey from Fort Garry (Winnipeg) on the Red River, Dease
and Simpson reached the mouth of the Mackenzie and pushed
westward along the coast past Return Reef until stopped by ice at
Cape Simpson, this Cape being named after George Simpson,
Governor of all the HBC Territories (6). From Cape Simpson,
Thomas Simpson set out on foot with a small group and reached
Point Barrow on foot on 4 August 1837.

Initially the search was motivated by commercial interests, but in
the nineteenth century the motivation swung from the merchants
to the scientists in an aspiration to explore and investigate the
complexities of the north.
The Beaufort Sea lies on the south side of the Arctic Ocean on the
north coast of Alaska and northwest coast of Canada. It is defined
by Prince Patrick Island, Canada, at the northeast end, and Point
Barrow, Alaska, at its western end (1 ). This wedge shaped area,
lying as it does at the western end of a northwest passage, became
the goal of the explorers from the east and later the starting point
for explorers attempting a west to east passage.
To place the immensity of the area in perspective, it is somewhat
larger than the combined area of the five Great Lakes with Great
Slave and Great Bear Lakes thrown in for good measure (2) .
It was named in 1826 by Sir John Franklin, R.N., for his friend
Captain (later Admiral) Sir Francis Beaufort, Hydrographer of the
British Admiralty (1 ), the same Beaufort who gave us the Beaufort
wind and weather scale and who was "one of the greatest figures in
the history of the navigational sciences" (3).
By the mid-eighteenth century a succession of fai lures from the
east to find the north-west passage had discouraged further efforts,
and it fell to Sir John Barrow, Secretary of the British Admiralty,
supported by Sir Joseph Banks of the Royal Society, to rearouse
interest in the passage in the early nineteenth century. This interest
was scientific rather than exploratory, and in the period 1818-1849
a number of expeditions produced more knowledge of the Arctic
than had been achieved heretofore (4).
The first major expedition to the Beaufort Sea was headed by
Captain John Franklin, R.N., accompanied by Lieutenant Back,
R.N., Dr. Richardson, and Mr. Kendall. This was Franklin's second
expedition to the Arctic and it left U.K. in 1825, returning in 1827.
Their objective was continued exploration of the coast from Coppermine to Icy Cape, Alaska, where Captain Beechey's HMS Blossom was expected (5).
The party travelled to New York , hence overland to Fort Chipewyan and followed the Mackenzie River to its mouth, arriving there
on 18 August 1825. They wintered at Fort Franklin on Great Bear
Lake, and the following year Franklin and Back went west from the
Mackenzie delta to Return Reef, Gwydyr Bay, Alaska, while Richardson and Kendall, in the boats Dolphin and Union, journeyed
east to Coppermine and thence to Fort Franklin on foot (5).
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Thus the mainland coastline of the Beaufort Sea from Cape Barrow
to Cape Bathurst was completed.
In 1845 the Admiralty mounted the Franklin expedition to attempt
the navigation of the north-west passage. It was realized that the
passage was of negligible commercial value, but nonetheless, considerable prestige would accrue from its successful navigation.
Moreover, the learned societies in England welcomed and supported the opportunity of obtaining extensive Arctic observations
and a considerable quantity of scientific instruments was aboard
the ships of the expedition. The expedition was equipped for a
three year stay in the Arctic, so that serious concern for it was not
felt until1849. T hen public interest began to mount and numerous
relief expeditions were launched until 1859, when definite news
was discovered to explain the fate of the Franklin party. Although
the principal object of the voyages launched during this period was
the search for Franklin, they added an immense amount of new
knowledge to the cartog raphy of the Canadian Arctic (7).
T he expedition was last sighted making for Lancaster Sound on 26
July 1845, and in 1848 a search was begun.
The 1848 expeditions included HM ships Herald (Captain Kellett),
and Plover (Commander T. Moore), which were sent to survey Bering Strait and to send boats eastward to search for Franklin. Boats
from Plover under Lieutenants Pullen and Hooper left Wainwright,
Alaska, in July 1849 and reached the Mac kenzie Delta in September of that year. They wintered at Fort Simpson and the following year reached Cape Bathurst.
After the unsuccessful search expeditions of 1848, a further six
search parties were sent out in 1850, including, to the west, by the
way of the Straits of Magellan, the Pacific Ocean and Bering Strait,
HM Ships Enterprise (Captain Collinson) and Investigator (Commander McClure). HMS Plover (Captain Kellett) remained in Bering Strait to serve as a depot ship for the expedition.
From the time Collinson's two ships passed Icy Cape, Alaska, nothing was heard of this expedition till1853.
On passage the Enterprise and Investigator became separated in
the Pacific. McClure reached Bering Strait a scant week ahead of
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Collinson and pressed on into the Arctic. He coasted to Cape
Bathurst and then headed northeast and was beset in Prince of
Wales Strait. Spring sledge parties surveyed the northeast coast of
Banks Island. The ship was released from the ice in July 1851 but
was unable to proceed farther north through Prince of Wales Strait,
and so McClure came south and west about Banks Island, reaching the north shore of Banks Island in September, where the ship
was frozen in permanently in Mercy Bay. McClure sledged to Winter Harbour on Melville Island in April 1852, and there he left a
message which eventually saved him. The ship was iced in all that
year and scurvy broke out. As the crew was about to abandon ship
and sledge out to the east, Lieutenant Pim of HMS Resolute, one of
the search ships which came in from the east, arrived. The Investigator was abandoned and the crew evacuated to the Resolute and
thence eastward to England, thus accomplishing the north-west
passage, albeit partly on foot Despite claims and counter-claims,
McClure and his crew were awarded the Admiralty prize of £10,000
for the discovery of the north-west passage.
Thus by 1852 the remaining unsurveyed coastline of the Beaufort
Sea was that of Prince Patrick Island.
That year the British Government set out its last and greatest
search expedition under the command of Sir Edward Belcher, a
Canadian. The objectives were twofold, primarily the expedition
was to continue the search for Franklin, and secondly, to search for
Collinson and McClure, for whose safety there was mounting anxiety. HM Ships Resolute and Intrepid under Captain Kellett, lately
of HMS Plover were to proceed to Winter Harbour, Melville Island,
but due to ice only got as far as Dealy Island. During the fall of 1852
Lieutenant Meecham, while laying down caches for spring surveying and search parties, discovered McClure's message, giving his
location on Banks Island, which eventually saved the crew of
Investigator.
In the spring of 1853, Meecham, on a sled journey of 1,006 nautical
miles, became the first European to set foot on Prince Patrick
Island and charted the island south about to Discovery Point.
Lieutenant McClintock of the same party, on an epic sled journey
of 1,200 nautical miles, travelled north about the island as far as the
northwest point, Cape Leopold McClintock.
By 1859 the Franklin search had for all practical purposes come to
an end and the period of intensive surveying of the Canadian Arctic
also ended. Most of the firsts had been achieved, and in particular,
the Beaufort Sea coastline had been almost completely charted.
McClure had proven the existence of a north-west passage, but at
that time its commercial application was worthless and no further
major expeditions were outfitted. However, the challenge of making the passage by ship remained for the explorer, and in 1903
Roald Amundsen sailed from Norway in a forty-seven ton herring
boat, the Gjoa and eventually completed the passage in 1906.

large ice floe about 180 miles off the Alaskan coast, and for six
months drifted in the Beaufort Sea, returning to land in November.
These expeditions by Steffansson and Storkerson disproved the
existence of any land in the Beaufort Sea.
There was little activity in the Beaufort Sea between World War I
and II, though Tuktoyaktuk Harbour was surveyed in 1930-32, and
some reconnaissance sounding was done between Herschel and
Pullen Islands in 1933.
During World War II the Royal Canadian Mounted Police schooner
St. Roch (Sergeant H. A. Larsen), completed the northwest passage from west to east on a duty patrol, completing the voyage in
two years, and in 1944 the same ship and master made the return
voyage from Halifax to Vancouver in a single season.
The US Coast and Geodetic Survey began detailed hydrographic
surveys of the Arctic coast of Alaska in 1940 and completed this
work in 1952.
The first deep-draught ship to make the north-west passage was
the Canadian icebreaker HMCS Labrador (Commodore Robertson), which in 1954 made the west to east passage, and, incidentally, became the first vessel to circumnavigate the North American
continent (10).
From information provided by masters in the Hudson Bay Company service, the CHS published several large scale charts of the
more important harbours and anchorages in use in the early
1950's.
This slow approach to charting the Beaufort Sea was quickly
changed in 1955 when military considerations of the defence of the
North American continent dictated construction of a defence warning system across the Arctic. The Distant Early Warning (DEW) line
sites had to be built and supplied, and the inadequacy of existing
charts necessitated prompt action.
The main impetus was American, and in addition to the USHO
teams which surveyed the approaches to the DEW line sites, the
USS Requisite and USCGS Storis sounded the proposed shipping
route from Herschel Island east to Shepherd Bay at the southwest
end of the Boothia Peninsula (8).
By 1957 the charts of the Beaufort Sea showed a safe shipping
track west from Point Barrow and the CHS had completed a two
season standard survey of Tuktoyaktuk Harbour.
In 1960 the Canadian icebreaker CCGS Camsell commenced operations in the western Arctic and hydrographers onboard added
to the charts of the Beaufort Sea wh ile the ship carried out her
ice-breaking duties in support of the supply ships. However, in
1962, the CHS commissioned their own ship, CSS Richardson for
work in the Arctic. For the first time the CHS had their own vessel
from which to conduct hydrographic surveys, and no longer had to
depend on other agencies providing sh ip time on an opportunity
basis.

During the period 1913 to 1918 the Canadian Arctic Expedition
under the leadership of Vilhjalmur Stefansson set out from Collinson Point, Alaska, late in March 1914. The party made a 96 day
journey on sea ice and eventually reached shore near the northwest extremity of Banks Island. From their landfall they travelled
south and en route corrected many errors of McClure's chart. They
wintered neqr Cape Kellett, Banks Island. The following spring
they struck out over the ice again and reached latitude 76° 30'N.,
longitude 133°W., before returning east to reach Prince Patrick
Island, where they surveyed the gap between Discovery Point and
Cape Leopold McClintock thus closing the final gap in the Beaufort Sea coastline.

Mention must also be made of the efforts of the Polar Continental
Shelf Project (PCSP) which was established in 1959, and wh ich
developed methods of sounding through ice in areas inaccessible
to ships and also pioneered the use of hovercraft as sounding
vehicles where its advantages in working on exposed coasts, subject to frequent changes in weather and ice cover, made it an ideal
craft (9).

Due to illness Stefansson had to leave the expedition in 1917, and
the following spring Starker Storkerson and a party camped on a

The passage of the supertanker Manhattan, from the east to the oi l
fields of the A laskan slope to test the feasibility of the com mercial
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use of the north-west passage, heralded yet another era of activity
in surveying the Beaufort Sea. Her escort, the Canadian icebreaker
Sir John A. MacDonald discovered a previously uncharted shoal in
the Beaufort Sea, which had until then been considered a safe area
for normal draught vessels. This shoal, or pingo-like-feature (PLF)
was later named the Admirals Finger and its impact on charting the
Beaufort Sea was immense and called for a complete re-eva luation
of the existing charts . In 1970 the CHS mounted a major surveying
effort in the area. The Parizeau and Baffin with their nine launches,
worked offshore north of the Tuktoyaktuk Peninsula and found
many more PLF's in the course of their work. This program continued with the Parizeau alone working out of Victoria each year for
the 1971, 72 and 73 field seasons.
In 1976 Parizeau was damaged by ice prior to reaching the Beaufort Sea and in 1977 her place was taken by Pandora II on charter
to CHS . She has undertaken the western Arctic program of the
Pacific Region in the 1977, 78 and 80 seasons though due to ice
conditions and the configuration of the Decca Chain the 73, 77 and
78 seasons were mainly spent in Amundsen Gulf.
The culmination of this work is th is year's program of charting a ten
mile wide corridor through 170 miles of the PLF area of the Beaufort Sea.
Oceanographic and Natural Resource charting was also undertaken during this period, commencing in 1970 when the Hudson,
on the final leg of her historic Hudson 70 cruise, worked the Beaufort Sea. The honour of the first circumnavigation of the American
continent fell to her on this cruise.
Modern technology has eased the task of the navigator, hydrographer, and scientific e~plorer in the Arctic. Satellite navigation,
electronic survey positioning systems, ice reconnaissance flights,
weather reports, radio communication, and the work-horse of the
Arctic, the helicopter, are standard requisites for most work. But
the isolation, the logistics problems, the rapidly changeable
weather, and ice conditions, still have to be met and conquered.
The scientific exploration of the Beaufort Sea is not yet completed,
though many of its mysteries have been revealed . We upon whom
the task of completing the work falls must never forget the men
whose names appear in this brief history, and who have passed on
to us a heritage of courage and devotion to duty in the face of
immense tribulations wh ich we today, with our modern equiment
and facilities, find hard to imag ine.
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The Marine Arctic Route Reconnaissance System
G. Macdonald and J. Medendorp
Bayfield Laboratory for Marine Science and Surveys
Burlington, Ontario

PROLOGUE

Introduction

It's cold out, -30° C for weeks on end. The water is ice-covered, and
will be for most of the year. Nature's elements combine to exert
their particular form of persuasion. But an exploration company
has discovered oil in the Arctic and, in order to get the product to
market, underwater pipelines need to be built and ships need to
penetrate further than ever before into poorly charted areas.

For many years now the Canadian Hydrographic Service has been
conducting Arctic surveys. A short working season, changing ice
conditions, wind and extreme cold, all present a unique challenge
for the hydrographer. The Arctic environment affects the operation
of both the surveyor and his equipment.

It's mid winter, a Hercules aircraft lands and a Cat-train is unloaded
onto the Arctic ice. The electronic gear on-board the train moves
along the proposed pipeline crossing, stopping every so often to
collect information that will provide a detailed continuous bottom
profile of the sea floor.
The pipeline crossing completed, the train moves on to survey the
harbour approaches. so that large tankers can safely load their
cargo. This time a search for navigation hazards is more important
than complete and precise bottom coverage. The electronic gear
on- board the Cat-train is designed to handle this aspect of the
survey as well.
The data is processed on board the Cat-train and, when the surveyors are sure the job is complete and accurate, the Hercules
arrives and returns the party to civi lization. Then the information
can be quickly distributed to the interested parties, and details of
the next foray can be planned.

The broadening search for oil and minerals in the Arctic in recent
years, has meant that hydrographers must increase activities in the
north to provide safe passage for vessels that are helping to push
back Canada's frontiers in their attempt to retrieve our northern
wealth.
Many of the present charts are based on spot soundings collected
through the ice from helicopters or tracked vehicles. Though satisfactory for providing an overall general picture of the bottom, this
technique does not provide adequate coverage in critical areas
where shoals may affect shipping lanes or where bottom detail is
required to lay oil and gas pipelines.
In an attempt to fill this void, the Marine Arctic Route Reconnaissance System (MARRS) was proposed by industry as a cost and
time efficient method of conducting Arctic hydrographic surveys.
The proposal suggested that a sonar array could be lowered
through the ice, and a steerable 'pencil beam' cou ld be rotated
horizontally through 360°. and vertical ly through 90°. to provide
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Figure 1: Survey Train (from MARRS Unsolicited Proposal)
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completed bottom coverage. The range was predicted to be ten
times the depth to a maximum of 1000 metres for a mud bottom
and 1800 metres for a rock bottom.
The complete system would be installed in a survey train consisting of a tracked vehicle to tow the train, an instrument van, an
accommodation car and a fuel sled (see Figure 1). The train would
be deployed and supported by aircraft, and could operate as long
as there was an ice platform. A visual CRT display would be used
to locate hazards during reconnaissance surveys of shipping
channels. By recording the echo returns on magnetic tape, post
processing could provide high density bathymetric data in areas,
such as pipeline crossings, where accurate and complete cover is
important.

The underwater transducer array consists of two transducers, each
about 160 em long, mounted perpendicular to each other. The
transmitting transducer lies horizontally, and sends a signal with a
one degree horizontal beam width, and with a vertical beam width
of 30 degrees (see figure 3).

MARRS Contract

The MARRS proposal was received in May 1976. In October, 1977
a contract was let to Marinav Corporation, Ottawa, to build and test
a prototype MARRS sonar system. The design, manufacture and
initial testing was sub-contracted to C-Tech Limited in Cornwall.
The design specifications were:
Operating range
Radius of precise coverage
Radius of reconnaissance coverage
Angular resolution and accuracy
Slant range resolution and accuracy

> 1 kilometre

Figure 3: Transmitted Beam

The receiving transducer hangs below the transmitting transducer
in the vertical plane, and has a one degree vertical beam width. It
electronically scans 16 degrees up and down, by phase shift, to
cover 32 degrees vertically in one degree steps (see Figure 4) .

> 1.5 x depth
> 10 x depth
1 degree
1 metre

By the end of 1977 the study phase of the contract was completed,
and Marinav recommended a dual frequency system - 68kHz for
the precise coverage and 30 kHz for reconnaissance coverage. A
study of the dual frequency approach concluded in mid-1978. Due
to high costs, the Canadian Hydrographic Service opted to proceed with the construction of a 71 kHz single frequency system.
The MARRS equipment was operational in June, 1979. The contract was brought to a close when the system was field tested in
Bedford Basin, near Halifax.
Survey Method

The MARRS is based on a three-dimensional concept. A small
'pencil beam' scans the bottom, measuring the slant range signal
times for each one degree in elevation. The two-way travel times
are converted to slope distances and the vertical angle is used to
compute horizontal range and depth. On the ice surface, the position and pointing (azimuth) of the array are measured, to give a
range-azimuth position for each depth (see figure 2).

Figure 4: Receiver Beam

The overlap of the transmit and receive beam patterns forms a
square one degree by one degree beam. When the centre line of
the transmitted beam is pointing 15 degrees from the vertical, the
receiver scans the bottom from directly below the transducer to 30
degrees away. Mechanical steps aim the transmitted beam at 15, 45
and 75 degrees from the vertical, for complete bottom coverage
along one pointing (see Figure 5).

Figure 5: MARRS Bottom Coverage

DEPTH

Complete bottom coverage is achieved by rotating the array, in one
degree horizontal steps, through 360 degrees.
Equipment Description

Figure 2: Three-dimension MARRS Concept

Page 15

November, 1981

The two transducers, transceiver, and Tektronix CRT display were
supplied by C-Tech Limited. Their description has been extracted
from the 'Engineering Evaluation Report' prepared by C-Tech as
part of the MARRS Final Report.

Transmitting Transducer (Projector)

The projector is constructed of an aluminum frame work that
houses the transducer elements. The frame work is supported
within a heavy wall aluminum tube. The active elements are exposed through an elongated slot in the tube. The assembly is completed with the mounting of two hard anodized aluminum end caps
and the active portion is covered by a rubber tube (boot) which is
banded to the end caps to make it water tight. Electrical connections to the projector are via a single, multi-conductor cable passing through a gland in one end cap.

tape and digitizes the recorded signal for post-processing by a
computer. The unit is 13 em high, 43 em wide and 23 em deep.
Array Deployment System

The transducer deployment system (see figures 6 and 7) was built
by the Engineering Services Section of Environment Canada at the
Canada Centre for Inland Waters. The above ice portion of the
structure is a 1.2 metre high tripod. The vertical support is a 10 em
diameter aluminum pipe in various lengths. A survey theodolite is
mounted on top of the pipe for measuring horizontal angles and
pointing the transducer array.

The array consists of 372 ceramic elements mounted on stave bars;
each element has its own front mass which couples to the water via
the rubber boot. The array is designed and built symetrically about
its central axis and the elements are wired in groupings to provide
optimum shading to reduce lobes when driven from 10 transmitting sources. Each half of the array has five different groupings of
elements (for a total of 10). The assembled projector is 7.94 em in
diameter by 160 em long with 15.2 metres of cable. The assembled
weight is 17 kilograms in air.
Receiving Transducer (Hydrophone)

The construction of the hydrophone is similar to that of the projector. The noteable exceptions are the use of 4 electrical cables and
124 active elements.
Each of the 124 active elements are connected through an impedance matching transformer to a pair of conductors in a cable. By
this means all 124 elements are connected to the preamplifiers in
the transceiver. This technique allows the formation and steering of
the receiving beams. The completed hydrophone is 7.94 em in
diameter by 162 em long with 4 cables 15.2 metres long. The assembled weight is 35 kilograms in air.
Electronics Transceiver

The electronics transceiver is of solid state construction, utilizing a
modular concept made up of 55 printed circuit assemblies, 10
transmitter modules and associated power supplies. The electronics are housed in a cabinet that is 134 em high, 57 em wide, and 44
em deep. The transceiver weighs 104 kilograms. The transceiver
contains the preamplifiers, the beamformer, the phasing and suming circuits. the transmitter, the power supplies and the timing,
scanning and sweep deflection circuits for the real time display.

Figure 6: MARRS Deployment System Tripod

Visual Real Time Display

The display is a Tektronix model 613 variable persistence display
that utilizes the "A" and "Y" deflection outputs from the transceiver.
The "Z" axis is intensity modulated by the echo information. The
display is 28 em high by 33 em wide by 53 em deep and weighs
19.5 kilograms.
Tape Recorders

The magnetic tape recorder obtained through the MARRS contract
is a Sangamo Sabre VII , 7 track, reel to reel system. It uses 1.3 em
tape on a 38 em reel. There are seven record/ replay speeds. It
measures 66 em high, 48 em wide and 30 em deep and weighs 50
kilograms.
The magnetic tape recorder used for the Arctic tests is a Hewlett
Packard 3960A Portable Instrumentation Recorder. It has four
tracks and uses 0.64 em tape on an 18 em reel . The unit measures
48 em by 38 em and is 19 em high. It weighs 23 kilograms.
Figure 7: Transducers Deployed
Pre-recording/Data Processing Unit

The pre-recording/data processing unit was built by Marinav Corporation. It provides tilt and azimuth information to the tape recorder through manually operated front panel switches. The tilt
data is also sent to the CRT display. The data processing section of
the unit deciphers the tilt, azimuth and timing information from the

System Accuracy

The MARRS was designed to have an operating range of more
than one kilometre with an angular resolution and accuracy of ±
one degree and a slant range resolution and accuracy of ± one
metre.
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The system was designed to operate from a tracked vehicle. The
self-noise level of the MARRS plus the vehicle is an unknown parameter, but Marinav considers that it is below the noise level of a
25 knot wind over shorefast one-year ice. Marinav lists calculated
maximum slant ranges at 71 kHz, for different bottom types and
grazing angles, in Progress Report 5. Figure 8 shows the results
graphically. A lower noise level should theoretically increase the
slant ranges.
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Another source of error, when taking soundings with the transducer pointed anywhere but straight down, is ray-bending. Because the velocity of sound through water changes with depth, the
beam is refracted, upward when velocity increases, and downward
when velocity decreases.
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Arctic ice-covered waters are nearly iso-thermal. Velocity increases
of 10 m/sec over a 200 metre depth range are common under
non-melting conditions and are mainly caused by salinity. Figure
11 shows the ray-bending effect at a depth of 100 metres for various vertical angle transmissions. The sound velocity ranges from
1436 m/ sec at the surface, to 1443 m/ sec at a depth of 100 metres.
Looking back at the effects of a one degree error in tilt angle,
(figure 10), it is evident that ray-bending errors are considerable,
even in the Arctic.
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Figure 8: Maximum Slant Ranges

The minimum slant range is at the near-field/far-field interface, the
point at which the one degree beam is properly formed. For the
MARRS this distance is 104 metres. Data can be collected over
shorter ranges, but beam width and beam pattern are uncertain.
The angular accuracy and resolution are the major precision
drawbacks of the system. One degree is 17.5 metres wide at one
kilometre. This problem is compounded by the shallow grazing
angles at long ranges. A 1000 metre slant range beam, intersecting
a flat bottom at ten degrees, would cover an area 100 metres long
by 16.6 to 18.4 metres wide (see Figure 9). The depth would be 174
metres. The MARRS could receive a possible 130 returns from this
area, but all are considered to be right on the centre line of the one
degree beam. The bottom would appear to be sloped at ten degrees, with the first returns shallowest.

The accuracy and error graphs show large inaccuracies in the
reconnaissance sector (between grazing angles of 0 and 30 degrees). Unfortunately, most of the MARRS survey area is covered
by shallow grazing angles (see figure 5). The 5 to 30 degree sector
covers 44 times the area of precise coverage (between 30 and 90
degrees).
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The depth accuracy due to the ± 1 degree vertical angle resolution
is limited to ± 17 metres. The positional accuracy would be ± 21
metres, made up of a vertical angle component (3 metres), a slant
range component (1 metre) and a horizontal angle component (17
metres) . Figure 10 shows the depth and position accuracy limit
caused by the ± one degree verticle angle specification. On a
rough bottom, shoaling gives larger grazing angles, but does not
improve depth accuracy. The accuracy problem may be compounded even more depending on the ability to precisely point the
array.
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The design limit of the system is a grazing angle of five degrees,
because of limited signal return at grazing angles less than five
degrees. The use of a ten degree minimum grazing angle, rather
than five degrees, reduces the survey area by 75% in water depths
less than 100 metres. So it is obvious that the feasibility of the
system depends on the usefulness of the shallow grazing angle

data. Figure 12 shows the radius of coverage at different depths
with the grazing angle or design maximum slant range as limits.
The maximum slant range can vary considerably with bottom type
and grazing angle. A small section of the graph is shaded where
the system depth accuracy would meet Canadian Hydrographic
Service Standing Order specifications of 1% of depth in water
greater than 100 metr~s deep.
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Bedford Basin Field Test
In M<1rch 1979, Marinav conducted a conventional hydrographic
survey in Bedford Basin, near Halifax, in the area surround ing a
test barge belonging to the Defense Research Establishment,
Atlantic (DREA). The survey was plotted at a scale of 1: 2500 with
line spacing of 25 metres (see figure 13) . Range-range positions
were obtained from a Del Norte Trisponder system. The survey
launch and crew, and an Edo 9040 echo sounder were made available to Marinav from the Canadian Hydrographic Service, Atlantic
Region.
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Figure 13: Conventional Survey Surrounding DREA Barge Scale
1:2500

Figure 14: MARRS Data Corrected for Ray-bending Scale 1:2500
The MARRS equipment was field tested by Marinav and C-Tech
personnel on July 1, 1979. The transducer array was lowered three
metres into the water below the DREA test barge, and data
collected every ten degrees of azimuth. The same azimuths were
scanned on each of the three tilt angles of 15, 45 and 75 degrees
from the vertical. A round of 36 paintings (one tilt angle) took
· anywhere from one to four hours to complete, with each
subsequent round taking less time than the first, as the operators
became familiar with the equipment. The 16 by 30 metre barge was
securely moored, and the observed position of the sonar array only
varied up to half a metre from the mean position. The barge
orientation changed by up to 1.2 degrees from the mean azimuth.
Pitch and roll, which could have a significant effect at shallow
grazing angles, were not measured.
Al l the depths had tide reductions and sound velocity corrections
applied. The sound velocity varied from 1494 m/sec at the surface
to 1455 m/sec at 40 metres deep, causing large ray-bending errors
for the smaller grazing angles. The CRT display showed the
bottom rising to the surface at a slant range of 250 metres. After the
ray-bending corrections had been applied during post-processing,
there were still large depth differences between MARRS data and
the conventional survey (compare Figure 13 and Figure 14). There
was no evident pattern to the differences. The error spread in the
precise coverage area (up to 70 metres away from the barge) was
from one to five metres; the discrepancies in the remaining MARRS
data were from one to 18 metres. The MARRS data was consistently shallower, so Marinav decided to adjust all the tilt angles by
3.5 degrees to get deeper soundings, from which they produced a
second sounding plot (see figure 15). This resulted in depths that
varied from 8 metres too shallow to 10 metres too deep, but again
there was no apparent pattern when compared to the conventional
survey data. It was impossible to compare the data on the second
plot directly with the data on the first MARRS plot, since a different
set of data points were selected for plotting. The maximum slant
range obtained with the MARRS during the test was 250 metres.
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The MARRS test area (see Figure 17) was six kilometres west of
Resolute in an area that had been surveyed in detail at a large scale
by CHS, Atlantic Region in 1976. This provided a good comparison
for data collected with the MARRS. Line spacing was 50 metres,
plotted at a scale of 1:5000. (See Figure 18).

CORNWALLIS
ISLAND

(> ALLEN
BAY

RESOLUTE

*

Test*
Site

MARRS POSITION
Figure 15: MARRS Data Adjusted by 3.5° Tilt Scale 1:2500

The Bedford Basin test was inconclusive. Because of the limited
water depth, the maximum range of the system could not be
evaluated. Discrepancies between MARRS data and conventional
survey data could be attributed to a number of factors; the nonhomogeneous nature of the water, the inability to accurately
measure the tilt and azimuth of the array (hence the arbitrary 3.5
degree 'fix'), and the near-field effect. Observers on both sides felt
that to bring the test to its logical conclusion, the MARRS had to be
tried in the Arctic, under the conditions for which it had been
designed. No one knew exactly what to expect from the close
proximity of ice and transducer.
Arctic Field Test

In April, 1981, the Canadian Hydrographic Service conducted
MARRS field tests near Resolute, NWT. Before the MARRS could
be shipped north it required inspection, repairs and testing at CTech Labs in Cornwall. During the tests, excessive nose entered
the MARRS when the SAbre VII tape recorder was connected to
record test data. The noise could not be eliminated or
distinguished from real data returns, so the recorder was replaced
by a Hewlett Packard 396A four-track recorder for the Arctic tests.

Figure 17: MARRS Test Site Scale 1:250,000

A Modified Bombardier SV 301-D tracked vehicle was used for the
tests. It is powered by a four cylinder Perkins diesel with a fourspeed manual transmission. An auxiliary generator provides 110
volt power. The overall length of the vehicle is 4.1 metres. It is 2.3
metres wide, 2.9 metres high and weighs 5000 kilograms. The
vehicle has a two-man cab in front and a lab, 2.5 metres long, 1.9
metres wide and 1.9 metres high, in back.
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Four Canadian Hydrographic Service personnel arrived in
Resolute on April 11. Meals and accommodation were provided by
the Polar Continental Shelf Project (PCSP) of the Department of
Energy, Mines and Resources (see Figure 16).
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Figure 16: PCSP Camp in Resolute
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Figure 18: Portion of Field Sheet Showing Test Site Scale 1:5000

Equipment was transported to the test site in the tracked vehicle
(see Figure 19) while a PCSP helicopter was used to recover horizontal control and put the Mini-Ranger Ill positioning system on
the air. The wooden stations, erected in 1976, were found near
each control point, and made recovering control easier than
anticipated.

Figure 21: MARRS Tripod and Theodolite
Figure 19: Tracked Vehicle Near Test Site

The test site was three kilometres offshore, over 80 metres of water,
where the ice was 1.6 metres thick. A 70 em diameter hole was
drilled in the ice and the MARRS tripod erected and bolted to the
ice over the hole. A winch was used to lower the transducer assembly through the ice (see Figure 20), to a depth of 3.4 metres.
The transducer array was leveled with a carpenter's level, and
aligned using the theodolite mounted on top of the MARRS tripod
(see Figure 21). A long house tent covered the hole and heat lamps
were used to keep the hole froni freezing over. The array was 1.8
metres below the ice.

Transducer cables were connected to the transceiver, which was
housed in the lab on-board the tracked vehicle (see Figure 22).
When all the equipment was connected and the power turned on,
the CRT filled with noise. When the transducer was fired, no bottom trace was discernable from the noise on the screen.
Many attempts were made to eliminate the noise problem, but the
only one that worked was to connect the four receiver cables in the
wrong order.

Figure 22: Transceiver On-board the Tracked Vehicle

Figure 20: Transducer Assembly Being Lowered Through the Ice

The system appeared to work, so the transmitted power level was
adjusted to receive as little noise as possible without eliminating
bottom returns (or what were thought to be bottom returns) using
the CRT display as a reference. The power level adjustment was
very sensitive; a tiny adjustment would produce far too many or far
too few returns. Once a reasonable setting was established, data
was recorded for each of the three mechanical steps, measured at
19, 46 and 76 degrees.
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To record data for every degree horizontally would have taken ten
hours, so the paintings were spaced to give adequate coverage at a ·
scale of 1:5000, the same scale as the existing field sheet. The time
required to complete one round of 13 paintings was eight minutes;
one round of 61 points took 30 minutes. Photos of the CRT for
some paintings are shown in Figure 23. Each pointing was
scanned twice to check the repeatability of the system. What were
thought to be bottom returns at a ti lt of 76 degrees (Figure 23c)
turned out to be scattered noise.
Array- '

Transducer

,....

Bottom

~·

~

The MARRS was moved to a second location, 250 metres away
from the first test hole. A target was lowered through the first hole
to a depth of 34 metres so that pointing, tilt angle and effective
beam width could be tested from the second hole. The target (a 30
em cube) could not be detected by the system. The following day
an attempt to record MARRS data at the second test site was
thwarted. Noise was present on all scanning beams displayed on
the CRT, regardless of the order in which the receiver cables were
connected. The source of the noise was traced to the transceiver,
but could not be isolated in the field, bringing an end to the
MARRS tests.
Test Results
MARRS data was processed by the Canadian Hydrographic Service in September, 1981. A Zilog 80 microcomputer development
system, which had a sixteen bit data port necessary to receive data
from the Marinav data processing unit, was used to transfer recorded MARRS data to floppy disc. Data was then transferred to a
PDP 11/34 processing system where it was edited and corrected to
compensate for ray-bending using the formulae supplied in Marinav's Progress Report 10. The slant-range time and corrected tilt
angle were converted to horizontal distance and depth, and
MARRS depth trace plots were produced. The depth profile from
the 1976 field sheet is shown as a solid line.

.. -·

.... ......'iii""'
·•... -

Return

The transducer array was lowered to th ree metres below the bottom of the ice to try to improve the results, but this had a negligible
effect. The depth to which the array cou ld be lowered was limited
by the length of the transducer cables, which had to reach the
tracked vehicle parked outside the tent, and by the length of pipe
that the transducers could be suspended from and still remain
stable.

~~
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Figure 23a: CRT Display- Tilt 19°
Transducer Array-""-

The MARRS depth traces include data from each of the three tilt
angles. Refer back to Figure 18 for the origin of the field sheet
depth profile.
Obviously the MARRS data points should all fall close to th is line,
and they do at the lower end of the 19 and 46 degree tilts. They are
even fairly accurate (within a couple of metres) directly below the
transducer array. How, then, do we explain the rest of the data in
particular that data collected on the 76 degree tilt which seems to
be just so many random points?

..

There were obvious receiver problems, since we cou ld not hook up
th.e receiving transducer in the proper order. Hooking it up in other
orders made no difference to the displayed bottom profile, which
could be seen on the CRT between the noise, for various combinations. Order seemed to have no effect, but presumably it should
have.

.....Figure 23b: CRT Display - Tilt 46°
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Figure 23c: CRT Display - Tilt 76°
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Another problem was that the one degree beam had not properly
formed in the near-field (ranges less than )>4' metres). Echoes received from outside the presumed one degree beam cannot be
separated from good data. As the transmitting transducer is
pointed closer to the bottom of the ice (closer to horizontal), the
chance of receiving data from ice, instead of the bottom, increases.
This is mot likely what happened at the 76 degree tilt, to produce
such scattered and unusable results. Naturally this wou ld reduce
the effective range of the system. In this case it was reduced to less
than 120 metres, when slant ranges in the order of 800 metres were
expected.
Conclusions
In areas where the one degree beam has time to form (deeper than
104 metres) there is less of a requirement for a precise system. It is
somewhat inconsistent that the system should function more accurately in deeper water. It is the shallow areas (less than 100 metres)
where a system of this type would most often be required, such as

Jo 4-

for surveying harbours, bays and narrow channels. For precise
coverage in shallow areas the MARRS is unable to produce satisfactory results.

experienced while moving over the ice. All this travelling at five
kilometres per hour. Luckily there were no pressure ridges to
traverse.

The electronics in the transceiver and CRT are too delicate for
prolonged use in a field environment. Too big for a helicopter, it
must be transported by tracked vehicle. The ride can at best be
described as cruel, for men and equipment alike. This factor may
have affected the MARRS performance.

The method of deploying, leveling and aligning the MARRS transducers, although effective, was crude. Considerable effort would
be required to produce a working system.

The usefulness of tracked vehicle trains in the Arctic appears to
have some limitations. The train is too large for a twin Otter or
similar aircraft. It would need to make long over ice voyages or
travel in a Hercules to arrive at the survey area. Ground travel over
long distances is slow, uncomfortable and provides a number of
logistics problems. A Hercules does not just land anywhere.
Even if the tracked vehicle trains could be easily deployed, there is
the constant punishment to men and equipment, including the
train, to consider. The vehicle and equipment would require constant maintenance. During the Arctic test the tracked vehicle made
a round trip of 12 kilometres a day for eight days. In that short time
it had three flat tires and threw the right track once. The engine quit
three times and the vehicle had to be towed home once. The generator suffered cracked fuel lines and a broken fuel pump. These
mechanical problems were attributed to the thumps and vibrations

A continuous bottom profiler for Arctic Surveys is not only desirable but necessary for detailed large scale surveying. The concept
of achieving complete bottom coverage through one hole in the ice
is feasible, but the present MARRS configuration does not meet
our requi rements. To be useful, a system would have to be less
bulky, more durable and easily deployed.
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·A Review of Digital Terrain Modelling
Applied To Hydrographic Charting Activities
Dr. Pam Sallaway
Dept. of Computing Science
University of Victoria

INTRODUCTION
The requirement of a digital terrain model (DTM) is that of providing a mathematical representation of any single valued 2-variable
function. Often, one wishes to model the earth's surface with particular emphasis being placed on the ocean depths. A DTM should
be capable of estimating the surface value at positions not directly
input to the model.

iii) Dense grid data. Applying automated photogrammetric techniques, the surface can be sampled at constant intervals
along equi-spaced lines.

A basic problem exists. Mathematical methods are very difficult to
apply to entities as unpredictable as the earth's surface. For example, it takes much more than mathematical knowledge of the
earth's surface in the prairies of Canada to predict either the Rocky
Mountains or the Canadian Shield. While the earth's surface is
continuous, overhanging cliffs present areas where it is not single
valued. In addition, the surface has many areas which could not be
described as smooth. Given much information on near points, it is
not possible to predict, with definite accuracy, the elevation of
intermediate points. This gives rise. to the question of whether any
estimating activity, other than the most basic, is justified.

v) Line data with crossties. This form of data is obtained by
sampling the surface at intervals along many parallel lines in
one direction, and a few lines (crossties) which cross them.
Typically, the spacing of readings along each line is significantly smaller than the spacing between lines. It is also often
the case that the X, Y values to be associated with each reading are not exact. If this is a possibility, procedures are required to correct errors by comparing crosstie data with the
line data.

DTMs that do not use sophisticated means of mathematical analysis tend to yield unacceptable angular surface representations. The
question that arises is how much mathematical analysis should be
used to honor the integrity of the data yet produce an acceptable
representation.
Digital Terrain Models- Overview
The requirements for terrain modelling by various branches of
science can be considered as falling into two distinct groups:
•

the modelling of continuous 3-dimensional surfaces often referred to as digital elevation models;

•

the modelling of 2-dimensional areas with attributes, variously
referred to as thematic, spatial or geographical modelling.

While most application areas tend to favour one of these varieties
of models, many require capab ilities in both.
This document is primarily concerned with the 3-dimensional
models. The developing of contouring capabilities, digital charts
and automatic terrain navigation require a 3-dimensional
representation.
3-Dimensional Models
Digital terrain models can be generated from various forms of input
data, including:
i) High information surveyor data points. A knowledgeable surveyor can choose precisely the data points needed to subdivide the area of interest into smooth surfaces. Inherent in this
data would be the definition of the areas. This type of input
has many advantages but is only possible when the surface
under consideration is visible, i.e. can be seen and analysed.
ii) Sparse grid data. A 2-dimensional mesh can be theoretically
placed over the area of interest. The surface is sampled at, or
as close as possible to, the resulting mesh intersections.
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iv) Contour lines. By using photog ram metric techniques, or digitising already existing contour maps, X, Y positions which
have constant elevation can be input.

Whichever means of supplying data is used, a large number of
points are generated, usually with a minimal knowledge of logical
connections other than that supplied by the coordinates.
Regular Rectangular Grids
The first method devised to structure the digital terrain model was
the regular rectangular gridding technique. In this method, a regular mesh in X and Y is placed over the area of interest, and surface
values are stored at each mesh intersection (often referred to as a
grid point). Of course, the input data does not provide the surface
values at precisely the mesh intersections, so interpolation techniques are used to estimate these values.
The surface is thus modelled by a large array where the surface
value is explicitly scored for X, Y locations implicitly indicated by
array position.
This model makes it very easy to extract values in any specified X-Y
area, and to examine surrounding values. Arrays are a very basic
computer data structure as well as a much studied mathematical
concept. Many systems have been developed to produce and manipulate grids (from the various types of input) and extract and
display various types of information about the surface as required
by different disciplines.
The two main objections to this system of modelling 3-dimensional
surfaces are:
i) To satisfactorily represent rough or steep terrain, the mesh
interval size must be quite small. Thus, flat areas in the same
model contain much redundant data.
ii) When choosing an interpolating technique, two factors must
be considered:
•

the accuracy with which the original data input points can
be reproduced, and

•

the degree to which the overall trend of the land is well
represented.
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Ideally, accuracy should be high in both areas. However the techniques available tend to favour one or the other of these factors but
not both [Davi].
Triangulated Irregular Networks (TIN)
Due to the objections related to grids and possibly a more recent
emphasis on the non-mathematical nature of the earth's surface,
another system is presently obtaining much research attention.

This system, often referred to as the Triangulated Irregular Network (TIN) system, models the surface by joining the input data
points to form triangles; thus representing the surface by many
planar triangles. Due to the fact that the triangles may be of any
size, the redundancy problem associated with gridding is eliminated. In addition, no interpolation is used in the formation of the
data structure. However, it should be noted that in many applications, (i.e. contour formulation), some values must be interpolated
(i.e. the exact position at which the surface cuts a specific contour
plane).
This system is clearly economical in the number of data points
which must be scored to accurately represent the surface. When
high information surveyor data is available the model is easily constructed. When other forms of data input are used, two steps usually must be taken:
i) the input data points are often redundant, and have to be
appropriately sampled;
ii) the connecting lines forming the sides of the triangles must
be selected.
There are many algorithms available to accomplish the first step;
this process is often applied to line data prior to producing grids.
Algorithms presently in use for the second step tend only to consider the X and Y values of the input points, and hence may not
produce the best surface representation.
Since the TIN model has been developed relatively recently, the
available application routines are not so numerous.

When dealing with large areas of interest, particularly small mesh
intervals or hardware with limited main memory, grids are usually
subdivided. Typically, the grid is broken into equal size grid blocks,
aligned horizontally and vertically. In addition to solving memory
problems, the concept of a grid block facilitates the transferring of
data to and from auxiliary memory while still retaining maximum
ease in the identification and retrieval of a surface value from a
specific mesh intersection.
The storing and retrieving of grid block data is commonly achieved
via indexing techniques, whose characteristics are usually machine
dependent. These techniques, in most cases, allow for the suppression of empty grid blocks.
The choice of mesh intervals is critical. The determining factors
include the type of input data and the applications of the resultant
grid. In general, for line data, the mesh interval should be chosen
such that two (2) grid points lie between adjacent lines. Smaller
mesh intervals may be required for more detailed contours. However, care must be taken not to extract more detail than can be
provided by the input data.
Interpolation Techniques
Given a series of sample data points a variety of interpolation techniques are available to compute surface values on the predetermined regular, rectangular mesh. In this discussion the term Zvalue will be used to denote a surface value.
a)Linear Interpolation
This technique is only used when the sample data points form a
dense grid. Raster scanning photogrammetric plotters can provide
such input data.

Note: More sophisticated interpolation methods are often applied
to such data.
b)Weighted Sum
This technique involves the computation of a z-value at a grid
intersection by a weighted sum of z-values from neighbouring data
points [Shep]

The main objections to this system are:

Z

where
i) The surface is represented by triangular planes which are not
usually available as input. There are many different possible
networks of triangles that can be fitted to a given series of
input data points, giving different surface representations:
The differences in representation are clearly noted in resulting contour maps.
ii) Processes involving the extracting of Z values for a specified
X-Y area must use time consuming searching algorithms.
iii) Due to the minimal interpolation used in the system the resu lting contour maps tend to be significantly more angular than
those produced by hand or by grid models.
GRIDDING
Most production Digital Terrain Model (DTM) systems utilize a
regular rectangular grid. There are a wide selection of systems
currently in use.
Data Structure
In the gridding technique a theoretical mesh, regularly spaced in
the X andY directions, is placed over the area of interest. A surface
value is stored for each mesh intersection. Given the position of the
surface value in the grid, the corresponding X andY values can be
easily calculated and thus need not be explicitly stored.

=~W; Z;

w; = weight for observation i
Z; =z-value at observation i

- The weight W; must reflect the distance, d;, between the grid intersection and the observed value. Typically, w; is inversely proportional to d~, where n ranges between one (1) and six (6). As n
increases, the input data points are more closely honored while
less emphasis is placed on the overall shape of the surface [Davi].
Clearly, all input data points are rarely used to interpolate a particular z-value. The number of neighbouring data points selected for
interpolation has a direct influence on:
•

the time for computation;

•

the emphasis placed on the overall shape of the surface.

A smoother representation of the surface (i.e. less honoring of the
individual input data points) will resu lt when an increasing number
of neighbouring data points are utilized [Cram] [Davi].
Criteria for choosing neighbouring input points clearly must include the distances from the grid intersections. However, this criterion is not sufficient as exemplified by the interpolation of contour data. In the interval between contour lines, z-values are
strongly influenced only by the closest contour line. This generally
results in the production of a step function in the representation of
the surface.
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One method of eliminating this difficulty is to ensure that an adequate number of octants or quadrants radiating from the grid intersection contain input data points.
Another method related to the Weighted Sum interpolation technique ensures that the weight a~signed for a particular input data
point reflects the relative locations of neighbouring data points
[Shep].
Usually neighbouring points are searched for by examining those
in a circle surrounding the grid intersection. In cases where it is
known that the surface trends are likely to run in specific directions
(e.g. magnetics data) this bias can be introduced into the grid by
searching an appropriate ellipse [Smit].

It should be noted there is a school of thought that, due to the
nature of terrain not being particularly mathematical, such processes applied to terrain surfaces may give more acceptable surfaces, especially as represented by contours, but should not be
justified as error correcting processes.
b) Ancillary Data
It is often the case that specific features of the surface being represented are known to exist. These include:
•

trend lines, for example, linear magnetic anomalies;

•

discontinuity lines, for example, creek beds;

•

faults, for example cliffs.

Such data can provide:
c) Weighted Least Squares (Polynomial) Fit
This technique involves fitting a polynomial P to the neighbouring
points minimizing a weighted least squares function of the form

The weight assigned to a neighbour would typically be inversely
proportioned to d~ + C, where C reflects confidence in the precision of the data. If C is large, the distance factor will be less pronounced and hence the trend of the surface will be smoother
[Cram].
The choice of neighbours will influence the grid representation in a
manner similar to that discussed for the weighted sum technique.
Another influencing factor is the degree of the polynomial chosen.
If it is 1, no interpolated point will have a z-value higher or lower
than that of the neighbours. A higher degree fit will permit interpolation to higher values.
d) Kriging
This technique is based on choosing a linear estimation that takes
into account the spatial structure of the surface [Chil]. To achieve
this the mean trend and variance are estimated, and a solution is
found which has a null mean error, and minimizes the variance of
the error. The resulting grid will tend to accentuate highs and lows
if an appropriate variance formula is used. While this method does
not tend to conform to usual grid evaluation techniques [Davi], it
may have properties that are useful to the particular requirements
of bathymetry.
e) Growth Technique

In this tec hnique many passes of the grid are made. In the first
pass, z-values are interpolated for grid intersections which are very
close to the input points thus honoring the data as closely as the
mesh interval will permit. In subsequent passes, grid points adjacent to those with previously computed z-values, are assigned
values using a combination of extrapolation from adjacent grid
points and interpolation between surrounding, if distant, grid
points.
This technique honours the data as nearly as the mesh interval will
allow. It also tends to be less sensitive to the distribution of the
input data points.
Grid Enhancement Techniques
Once grids have been interpolated, they can be enhanced either by
filtering the existing grid or inputting ancillary data.
a) Filtering

There are numerous mathematical procedures that can be applied
to a grid in an effort to remove local noise error. Applying filtering
tends to give a smoother representation of the surface. A byproduct of this procedure can be feature detection [Rauh] .
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•

a continuous 3-dimensional line which the surface passes
through, and a tangent line which lies in the tangent plane to
the surface (trend and discontinuity lines);

•

an indication that data points on the opposite side of the line
should not influence the interpolation of grid z-values (discontinuity and trend lines).

The latter factor can be easily handled in interpolation algorithms
by either appropriately adjusting weights or by altering the search
area for neighbouring points [Shep].
The former supplies additional information that could be used in
the area surrounding the line [Cram] .
Fault lines may be required in further processing of the grid, i.e.
defining contours. They may be stored in the grid by using low
order bits as a tag to indicate which grid points best define the
fault.
Contouring
The most basic contouring method involves a process which originates a contour line by:

•

searching the grid until a mesh interval which crosses the contour level is found;

•

identifying the location at which the contour crosses the mesh
interval by linear interpolation.

Given that the contour enters the rectangle defined by grid points
P i, i' Pi + 1. i ' P i + 1 . i + 1 , Pi, i + 1 • at least one of the z-values must be
higher, and one must be lower, than the contour level. Therefore
there must be at least two mesh intervals through which the contour should run; one through which the contour line being built
entered the grid rectangle and the other through wh ich the contou r
line will leave the grid rectangle.
Using th is process the contour line can be extended until either the
edge of the grid is reached or the contour reaches the point at
which it originated.
The mesh intersections can then be joined by straight lines if the
mesh intervals are small, or by curve fitting routines.
A difficulty arises if the contour level intersects not two, but all fou r
sides of the rectangle. This saddle or pass problem occurs since
there is insufficient information to indicate which of the three remaining sides should be used to define the point at wh ich the
contour line should leave the rectangle. Typically, the choice made
is inherent in the order in which mesh intervals are checked. For
bathymetric data, care would have to be taken to ensure the problem was resolved with reference to the z-values.

•

efficiency;

•

the variety of contours that can be plotted;

Spatial data represented in grid fo rmat can be easily overlayed to
obtain suitability grids (e.g. areas with less than 10% slope, at least
8 hours sunshine on winter days that belong to a specified drainage area).

•

the ability to plot different contour levels between various levels,
for example contours at 10 metre intervals between 0 and 100
metre, 50 metre levels between 100 and 1000 metres, and 100
metre levels thereafter;

Typically the data is displayed by shading each rectangle according to the z-value at the associated grid intersection, but curves can
also be fit to the boundaries surrounding the area.

Numerous contouring systems are in existence. They vary in:

•

the ability to label some or all contour levels;

•

the ability to plot different contour levels with different line
types of widths, i.e. plot contours at 10 metre intervals, but
accentuate them at 100 metre intervals;

•

the choice of plotting only some, or none of the contour lines in
areas where they are too close, in steep areas;

•

the choice of indicating highs and lows, possibly with the corresponding surface values.

Another contouring technique involves the fitting of a surface to
each grid rectangle. Care must be taken to ensure that the surfaces
join in a continuous and smooth manner at the mesh intervals. One
procedure involves using a least squares fit to determine the slope
at each grid intersection, then using these values with the z-values
to fit a third degree polynomial in X and Y using 12 coefficients
[Jane]. This method tends to result in smoother contour lines.
Other Grid Applications
As grids have been used to model data for a considerable length of
time, many computer programs have been written utilizing the grid
format. Applications include:
a) 3-D views of the model
There are numerous routin.es which given the viewpoint (i.e. the
position of the eye) and the view direction, expressed either by a
unit vector or by the point being examined, will draw the perspective view with hidden lines eliminated. They vary in:

•

their ability to handle arbitrary viewpoints, especially those in
the grid area;

•

their treatment of the surface as either a thin sheet or a solid
object extending downward;

•

their ability to mark points on the surface which are visible;

•

the lines chosen to represent the view; could be only those in
one of the X or Y direction, both the X and Y direction, perpendicular to the view direction or both perpendicular and parallel
to the view direction.

b) Computed variations of the model data
Typical values that are required to be calculated and displayed
include:

d) Navigation systems

These systems work on either the ocean bottom to aid in ship
navigation or the earth surface for aviation purposes.
The NAVACE system as described in literature from Electrospace
Systems Incorporated works on relative ocean depths. Given a last
location on the grid and a change in soundings since that read ing,
a new position is calculated. Clearly, some ambiguities could arise
indicating a necessity to accept more soundings before a resolution can be determined. Speed and direction, either from the ship,
or as last calculated can also be used to help resolve ambiguities
[Aber] 1.
The terrain of the ocean bottom is clearly very important in marine
navigation. When traversing flat areas the above mentioned method of navigation would be very difficult if not impossible [Sved].
Another problem which can occur with ocean bottom navigation is
occasioned by constantly shifting bottom contours which is especially prevalent near shore. This can be solved by using a first
sub-bottom reflection both in the grid and in the readings taken by
the ship [Aber]2.
A method of aviation navigation using horizon evaluation could
possibly be adapted to marine navigation. [Carl].
e) Model overlaying

A very large area of interest is often broken into overlapping models before grids are constructed and contour maps are produced.
Since grid points at the edge of each model were interpolated
without the knowledge of the input data of the adjacent model, a
discrepancy can occur between models. Thus the resulting contours mismatch at the edges. This does not tend to be a problem in
steep areas but can be significant in areas where the surface varies
only slightly from below to above the requested contour level, over
a large surface distance.
This problem can be handled by simply averaging the values for
the overlapping areas. Some model overlaying routines also introduce these alterations back into each model to maintain the continuity of the surface.

•

slope and aspect;

•

drainage or catchment areas;

Variations
Variations to the basic rectangu lar grid have been suggested, and
occasionally implemented, to make it less redundant in flat areas
while still maintaining its precision in steep areas. These include:

•

surface specific features such as ridges, creeks, peaks, pits and
passes (saddles);

a) Permitting an element in a grid to point to a further grid block
rather than holding a single z-val ue.

•

interviewability of points;

•

sun and wind exposure.

c) Thematic applications

2-dimensional or thematic data (e.g. geological data) can be represented in a grid format. Here the grid point cou ld be taken to
indicate either a rectangle centred at the X-Y value, or a specific
one of the four rectangular cells surrounding it.
Various types of such grids are computed from elevation grids,
such as classifications of slope, hours of sunshine, drainage, etc.

This could be implemented by using the least significant bit as a
switch to indicate whether this was a z-value or a pointer. While
this method maintains the basic simplicity of the system, and
would permit a random grid intersection to be extracted with a
minimal number of accesses, it could involve a large number of
additional grid blocks if a fairly large proportion of the model
represented a steep surface.
b) A method of defining an irregular grid over the area, such that
more grid points are stored in steep areas where assumably
more input data would be given and correspondingly fewer in
flat areas.
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Unfortunately two important advantages of regular rectangu lar
grids are lost in this procedure:
•

the lack of necessity to explicitly store the X and Y values;

•

the ability to extract the closest grid point to a given X, Y
value without searching [Shmu].

c) Another grid variation has been often suggested. That is the
formation of a regular triangular grid, i.e. adjacent X rows are
offset by half the mesh size. While this format could be expected to yield a better approximation of the surface, with minimal alterations to the system, no reference to any implementation could be found.
TRIANGULATED IRREGULAR NETWORKS (TINs)
This method of digital terrain modelling systems honors the original set of data points. A network of triangles is produced over the
surface by joining appropriate data points. This method has become very popular in Western Canada primarily due to the work of
Peucker et a/. at Simon Fraser University. It overcomes the two
main objections to the grid techniques in that input data points are
maintained exactly, and since the point distribution need not be
uniform, redundancy in flat areas can be reduced. The TIN technique tends to be more in the research mode rather than a state of
active production.
Data Structure
There can be one, two, or even three data files associated with any
model:

•

the point file;

•

the triangle file;

•

the connecting line file.

It is certainly redundant to maintain the three files for any model.
The point file, in differing formats, is used by several systems described. The triangle file is also explicitly kept in some systems; it
can also be deduced from pointers in the point file. The connecting
line file is not maintaned by any of these systems, but is temporarily deduced and used in specific routines.
a) Point file
This file stores the data points as X, Y and Z values. Other information, such as slope, can also be stored.

If used as a secondary file, no other information needs be stored in
the point file. However, it may be useful to also store pointers to
neighbouring triangles.
When used as the only system file, the point file must store enough
information to capture the network. This can be done by storing
pointers to all points which are connected to an identified point, in
a clockwise (or counter-clockwise) order [Peuc] 1 . Thus, triangles
that radiate from a point p with pointers to p 1 , p2 , . . . , Pn are < p, p2
P3> , < p, P2 p3> .. .. , < p, Pn· p 1>. If the network is correctly formulated, P; + 1 and p must appear consecutively in point P;'s list (or P;+ 1
must be the last element and p the first element). This method
appears to be the most economical from a storage viewpoint, however, it does not permit the storing of thematic data.
b) Triangle file
This file contains pointers to the three defining points and to the
three neighbouring triangles, as well as any attribute information
required.

If this file is used as a secondary file with the point file, it may not be
necessary to maintain pointers to adjacent triangles.
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c) Connecting line file
This file contai ns pointers to the two ends of the line. If used with a
primary triangle file it would also contain pointers to the two
neighbouring triangles.

If a particular model is too large to be maintained in memory, it will
be necessary to subdivide it into smaller areas. Boundary points
will need to be stored in two or more areas.
Input Data Points
TINs are particu larly useful when knowledgeable surveyors can
provide precisely the data points that best divide the terrain into
planar triangles.

When dense raster photog ram metric data is used, it is necessary to
select those points which best represent the surface. This can be
achieved by choosing surface specific points and adding others, as
required, to provide further definition [Peuc]2.
Another method of handling dense raster data also produces an
interesting structure on the resulting triangles. The rectangular
area is intitially divided into four triangles. Each triangle is then
checked to see if it represents the surface to within an error tolerance. If not, it is subdivided into four smaller triangles using additional data points (as close as possible to the mid points of the
edges). This process is repeated until all triangles satisfy the tolerance constraints. While the resulting network is definitely a variation of a TIN, it has some useful searching properties [Soto].
When line data with cross ties are used it is necessary to resolve
any discrepancies between cross tie data values and line data
values. Since no interpolation or averaging techniques are used,
these discrepancies will appear in the surface representation .
Since line data tends to produce dense input along each line, it is
often useful to eliminate redundant points. [Doug], [Brou] and
[Page] describe some techniques that could be utilized.
Triangle Formation
Most T INs treat the triangles as planes, or at least assume connecting lines lie on the surface. Therefore, different triangular networks
on the same set of data points result in d ifferent surface representations. The triangle formation procedure is thus very pertinent to the
accurate representation of the surface.

A_ saddle or pass problem, similar to that discussed for grid rectangles, exists for T INs. In this case four data points p1 , p2 , p3 and p4
whi ch form a quadrang le would have p1 and p3 with high values
and p2 and p4 with low values. If the network divided the quadrangle into triangles < p 1 , p 2 ,p3> and < p3, p4 ,p 1 > , the area in the centre
would be represented with higher values. On the other hand, using
triangles < p 1 ,p2 ,p4 > and < p 2 ,p3,p4 >, the centre area would be
represented with low values. A circumstance such as th is cou ld
easily occur in the utilization of line data.
Triangles can be defined either by automated or manual means.
a) Automated
When constructing a TIN from dense raster photogramm ic output,
algorithms that find surface specific features such as defined by
[Peuc] 4 or used for gridded data cou ld be used to define some of
the required connecting lines.

Algorithms which construct triangles from the point fi le typically
use only the X and Y values to choose the required triangles. The
criteria for choice include:
•

ensuring the circle which circumscribes the triangle has no
interior data points [Cram];

•

maximizing the minimum perpendicular distance from a point
to the opposite side [Gold]2.

These criteria can be met by initializing with any triangular covering network, then optimizing by making subsequent passes of the
file which consider the quadrangle formed by two neighbouring
triangles; and altering it if it does not meet the criteria.
As neither of these criteria consider the Z-value, it may be useful to
force certain connecting lines to be utilized, i.e. those found when
extracting "surface specific" features. This could be achieved either
by introducing further data points along these lines, or by flagging
lines as mandatory so that the optimizing procedure does not alter
them.
b) Manual
If the input data points chosen to best divide the terrain into planar
triangles and the connecting lines necessary to form these triangles are both provided , the most satisfactory surface representation could be accomplished. Even if the input data is not achieved
in this manner, it may be best to manually input the triangles.
However, in this process, the operator will generally need a contour map, and hence tend to propagate any errors found in that
map.

Grids are so common in describing 3-dimensional surfaces that
numerous partial systems are available [Coul], [Wood]. Case studies abound, [Tesh] [Cros]2, [Turn], [Herm] and complete data
base management systems exist [Eias]. Indeed, grid based systems are so common that a new one is not likely to be advertised in
research literature.
On the other hand, TINs are relat ively scarce. Two of the three
systems were developed in a University environment. Few case
studies are available [Gold]3, [Gree] and theory papers are still to
be published [Robs]. While grid supporters are unlikely to feel
called upon to support the gridding portion of their system, TIN supporters often make reference to the advantages of their systems
[Mark]'.
Accuracy
Thus we are comparing a known system to an unknown system.
While many qualitative studies have been carried out on the known
system, gridding (i.e. [Davi] compares accuracy for different interpolation methods, [Acke] deduces the grid computed contours are
as accurate as hand drawn contours), one must theorize on the
merits of TINs. Of course, the input data points, or a selected
subset, are directly represented in TIN models, while they can only
be kept to the nearest mesh interval, at best, in grid models [Gold]2.
a) TIN Systems

Contouring
In most TINs it is assumed that the triangles form planes defining
the surface. Contours are thus drawn by intersecting the triangle
plane with the contour slope, resulting in sharp corners (rounding
of corners is possible). The resulting contours tend to reflect the
triangular formation.

More pleasing maps can be drawn by either deducing or inputting
slope values for the data points, and utilizing these values to end
the triangular planes. Care must be taken to ensure that this results
in a continuous smooth surface [Gold]2.
Other Applications
Due to the fact that TINs are a much more recent method of modelling digital terrain, their applications tend to be more in the research stage than in production mode.

a) Slope and aspect maps are easily produced by calculating the
slope of each triangle in a TIN, and presenting a map showing
the appropriately shaded triangles.
b) Surface specific features can be easily displayed if indicated by
the triangle formation. One system extracts this data and uses it
as a secondary data structure to aid in other applications
[Peuc]'.
c) 3-D views have been accomplished using TINs by tracking the
required lines across the area.

d) lnterviewability can be achieved by tracking the lines joining
the 2 points in question.
e) Overlaying TINs with spatial data can be accomplished using
techniques developed for overlaying polygons; with the added
feature of calculating an additional Z value for any points added
to the TIN. [Lilt]
EVALUATION DISCUSSION
Available Systems
A major difficulty encountered in endeavouring to compare the two
predominant terrain modelling techniques is the distinctly different
quantity of activity that has been undertaken in each field.

While a TIN can give a very accurate description of a visible surface
when the input data points are knowledgeably selected (with triangular planes in mind) , it cannot be assumed to do this with all
networks fitted to the data points, as evidenced by the different
contour maps produced by different networks. Therefore, their accuracy in representing line data of the type predominant in hydrography must depend on how well the triangles are fitted to the
input data points, and whether, in fact, the input points are critical
enough to allow an accurate TIN to be derived. Assuming the latter
factor is possible, or that the input data points can be somehow
augmented to satisfy this criterion, it seems unlikely that the automated methods of triangle formation presented to date are sufficient for bathymetry due to the fact that they do not incorporate
any Z-values, but work only on the X andY values. It seems possible that a system could be developed to construct better networks
when some bias can be used, i.e. connectivity factors in magnetics
or shoal conservative considerations with bathymetric data. When
endeavouring to produce an unbiased representation, it is not clear
that any better method could be automated although further research may show this to be invalid. Improved manual triangulation
would probably require the operator to consult an already existing
contour map which would tend to propagate any errors in that
map.
In summary, TINs can represent visible data very accurately; their
accuracy, at the present state of technology, for line input, depends
heavily on the triangular network chosen. Biases can be represented in the system but these do not permit interpolation of values
outside the extremes of the input data points.
b) Grid Systems
The ability of grids to accurately represent a surface depends on
the interpolation technique used. There tends to be a trade-off
between the ability to reproduce the Z-values at the input data
points, and the ability to accurately predict Z-values at other places
on the surface. There exist interpolation techniques which permit
connectivity biases of the variety required for magnetics data. A
simplistic approach in placing emphasis on the shallower aspects
as required for bathymetric data might be accomplished by more
heavily weighting shoal input data points (in either the weighted
sum or the weighted least squares polynomial fit). The Kriging
method of interpolating grid values places emphasis on either extreme. Many interpolation methods permit grid Z-values to beestablished beyond the extremes of the input data values.
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Data Storage
The main disadvantage of the TIN system over the gridding system
is the number of points that are stored. For each TIN point, many
values besides the surface value must be stored, i.e. the X and Y
values and various pointers, at least (12 x N)- (6 x B)- 12 where N
is the number of points and B the number of boundary points
[Peuc] 1 resulting in the necessityfor(15x N)- (6x B)-12wordsof
storage. Since gridding techniques require only one word of storage for the Z-value, plus a minimum of overhead (e.g . the start X
andY values and the X andY mesh intervals), just under 15 grid
point Z-values can be stored in the same space required for a
single TIN data point. When the minimal surface sampling necessary for accurate representation in a TIN surface is used, and the
terrain surface has some very rough areas and some very flat areas,
this ratio would easily be surpassed.

When considering line data as input, there are several factors
which would control the size needed for each system. The controlling factor for TINs would be the number of input points along the
line that were deemed necessary to accurately represe nt that line.
For gridding systems assuming a grid interval of % to% the smallest distance between lines, the factors involved wou ld include the
smallest spacing between lines and the ratio of the distance between readings along a line and the distance between lines. If one
assumes the line spacing to be equal and the ratio to be r, then
between 4N/r and 9N/r grid points wou ld be generated. This gives
a rough estimate to the amount of weeding of data along input
lines required to achieve an economical (storage wise) TIN
structure.
Applications
Once a surface model has been generated there is a variety of
information that may be requ ired from it. Due to the fact that gridding systems have been in production mode for many years , there
are many more polished app lication rout ines available. Similar routines for TINs wou ld have to be developed.
a) Check Contouring and Digital Charts
The accuracy of contour maps depends, of course, on the accuracy of the surface representations. The aesthetic qualities of the
map depend on the smoothness of the representation. For this
reason, users of grid systems often require smoothing and filtering
techniques to be applied to grids prior to contouring. It would be
necessary to insure that the saddle problem was correctly solved
for bathymetric data. Contour maps of very high standards can be
produced. When the TINs are considered as triangular planes, the
resulting contours are quite angular. They have been made more
aesthetic by permitting the triangular surfaces to be non-p lanar.

Digital charts could be drawn from either system with differing
problems. When drawn from a gridding system, it is qu ite likely that
too many va lues wou ld be present and choices would have to be
made as to which were appropriate. Due to the importance of
accuracy in digital charts for navigation, it may be deemed unsatisfactory to use interpolated values and hence they wou ld have to be
produced directly from the input data.
In TIN systems, the number of points may be insuffic ient to produce a chart with enough detail , and additional values would have
to be interpolated. Again, this may be deemed inadequate in which
case the input data would have to suffice.
To compare one gridding surface representation to another would
be very straightforward if the grid intersections were coincident
and would involve little manipulation otherwise. If a hand contoured map was digitized it would invol ve some point in polygon
techniques fam il iar to thematic models to ind icate any grid positions whose Z-value was on a different side or a contour level. Grid
values can be easily modified and these modifications can be
farmed out to surrounding values if required.
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It is a much more complex task to compare TINs due to the fact that
the representation is so dependent upon the triangle formation. It
wou ld not be sufficient merely to consider the data points in the
comparison, but rather the entire triangular plane must be taken
into consideration. This may be achieved by using polygon overlaying techniques to form a new TIN.
b) Navigation Systems
Navigation systems based on gridding models are presently employed in the fields of marine and airborne navigation. Similar
techniques could be appl ied to TIN models. However, one of the
disadvantages inherent in TIN representations is the comparative
difficulty in finding the data point closest to a particular X, Y value,
and in subsequently moving around the network in a fast and
systematic manner. For instance, to investigate all points within a
certain radius of a grid intersection, a simple procedure could be
established that wou ld not require any distance calculations. A
similar technique could not be applied to TINs due to the unpredictability of distance between points. Detailed investigation of timing
aspects wou ld have to be made to determine if a TIN system could
be sampled quickly enough to become an effective navigational
aid.
c) Thematic Overlays
When endeavouring to combine thematic models with gridded terrain models, the process is straightforward if the thematic model is
gridded, but requires point in polygon techniques for polygonal
models. TIN models are very similar to polygonal thematic models
and variations to polygonal overlaying methods exist to combine
the two.
d) Other Applications

Many of the surface manipulations often required, i.e. slope and
aspect calculations, have been achieved on both systems. Mathematically combining different measurements for the same area is
straightforward for grids. In a TIN system with the same data points
and triangular network it would be equally as straightforward.
However if different input data points were chosen to represent the
different surfaces, or even if the same input points were used, but
the triangular formations varied, the problem of combining the
TINs would requ ire the use of polygon overlaying techniques.
CONCLUSIONS
The main objections to a grid system are:

i) data redundancy;
ii) inability to accurately represent input data values.
The problem caused by data redundancy is that of excessive storage requirements. Due to grid block techniques this storage does
not extend to main memory; gridding systems have been established on significantly smaller computers than TIN models. The
problem is then reduced to one of auxiliary storage. The inability to
represent input data values exactly may be significant when the
input values are high in information content. However, when, in
general, that is not the case, care can be taken to respect the input
data values to the nearest mesh intersection .
Further, despite the fact that it may be difficult to justify sophisticated mathematical techniques being used to predict surface
values at a variety of locations, these techniques do lead to feature
detection or indication methods wh ich are particularly useful when
endeavouring to produce navigational charts.
On the other hand, the main advantage of a TIN model is its ability
to represent a surface using only a minimum of high information
points. This advantage is substantially countered when the high
information points are not available for input as is the case with line
data input.

The disadvantages of the system however remain very much intact,
particularly the problem of triangle formation. While there exists
the possibility that further research will solve this problem, the
remaining uncertainty does not justify the system at this point in
time for hydrographic applications.
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"Smart" Digitizer Proven in Arctic
E.A. Meyer
President
Meyer Systems Incorporated
Vancouver, B.C.

INTRODUCTION
During the months of July, August and September of this year, a
new "smart" digitizer was used with good results by the Canadian
Hydrographic Service in the Beaufort Sea. This digitizer, a Meyer
Systems Inc. (MSI) Model G1097 Bottom Tracker, is a successful,
state of the art approach to depth digitizing .

Each launch was equipped with a Simrad Skipper 802 Echo
Sounder, a MSI G1097 Bottom Tracker, an Argo Position-Location
system and a CAT. PHAS (Portable Hydrographic Acqu isition
System). There was also a TV monitor for the positioning system
and a VHF radio system . Figure 3 shows the interior of a launch.

The vessels used during the cruise included the C.S.S. HUDSON, a
large scientific research vessel (figu re 1), and five 25 foot (7.62
metres) fiberglass survey launches. The launches had a sem iplanning hull, an enclosed cockpit area and were propeller driven
with an inboard diesel (figure 2) .

.....
Photo by M. Foster

Figure 3

Photo by R. Belanger

Figure 1

The sounder's transducer was a 50 KHz, 15° resonant ferrite pinger. It was mounted inside a survey launch, well forward of amidships, in a cylindrical , fiberglass well. This well was mounted to the
inside of the launch's fiberglass shell and the hull was not penetrated. Protective pads were fixed to the tranducer's face to prevent
damage when the tranducer was resting in the well and on the hull.
The transducer was kept flooded.
_The location of the tranducer was carefully chosen. Considerations
of noise pickup and vibration due to aeration , propeller noise,
cavitation noise, engine noise, vibration, and stern wake determined that the transducer should be mounted well forward of the
engine and stern. Mounting too far forward , however, was not desirable due to aeration.
Prior to the Cruise
Prior to embarking for the Beaufort Sea, every piece of equipment
was thoroughly tested and verified as being fully operational. The
G1097 Bottom Tracke r was the "new kid on the block" and received very close examination by scientific and technical staff at
the Institute of Ocean Sciences (I.O.S.) Patricia Bay, Sidney, British Columbia.

Photo by M. Foster

Figure 2
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The Bottom Trackers were first calibrated with the video signal
from the Skipper 802, then calibrated for group-delay and digital
processing delays with a custom-built calibrator. The Bottom
Trackers were then put through preliminary sea trails in and
around Saanich Inlet. A known transect, from I.O.S. around the
north end of the Saanich Peninsula past the Swartz Bay Ferry
Terminal to an area referred to as 'Turn Point", provided a final test
over known terrain with many flats and cliffs. Crossing ferry wakes
provided excellent bottom-lost tests since large vessels' propeller
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wash can completely obscure bottom for several seconds. During
the transect tests, small schools of fish and loose vegetation
caused no loss of bottom.
Surveying in the Arctic
Four launches performed line-surveying, with a fifth launch in reserve. When weather permitted, two eight-hour shifts were run
every day. Weather conditions were sometimes pleasant, but usually
rough (figure 4). There were extended periods when the high

Depth display, was augmented by an "L" above the underline whenever tracking had failed and bottom was lost. The Multi-Function
display showed funtional groups (pairs) such as Speed of Sound
and Verify Margin. Entering values was as simple as dialing a telephone or using a calculator.
Putting Bottom Tracker Into the System
The MSI G1097 Bottom Tracker is connected with 3 coaxial cables
(BNC type connectors) to the Skipper 802 echo sounder, and with
one multi-line cable (one Bendix-type connector) to PHAS. The
echo sounder provided Video and Trigger, and received Verify. The
Video was the "raw" received echo signal which was TVGmodulated. The trigger was a TTL-level pulse indicating the instant
of transmission. Verify is a low-asserted TTL-level pulse sent to
the sounder to produce the typical Verify Li'ne. In this way, the
Bottom Tracker depended upon the sounder for good video signals and precise transmission synchronism, and the sounder depended upon the Bottom Tracker for a clear verify mark. The MSI
G1097 Bottom Tracker sent 6-digit, parallel BCD data plus status
(Tracking On, Bottom Lost, etc.) information to PHAS. "Handshake" lines indicating valid data were also provided to PHAS. All
lines to PHAS were TTL compatible.
Table I. MSI G1097 Bottom Tracker Variables Specifications

Variable

Photo by M. Foster

Figure 4

speed launches' crews had to be strapped down to minimize possible injury due to the rough conditions. Crews estimated that,
during these conditions, they were airborne up to 40% of the ti me.
Through these punishing conditions, the MSI G1097 Bottom
Tracker tracked and digitized reliably. Conventional digitizers
would have failed or faltered badly in these situations, but the
Bottom Tracker still tracked and digitized well over 60% of the time
(subjective estimate from close examination of echograph). Obviously, recognition and tracking algorithms in the Bottom Tracker
performed their tasks well. The superior performance under adverse conditions won operator confidence and acceptance.
Operating the Bottom Tracker
Operating the Bottom Tracker was straight forward. Controls were
simple, well grouped and clearly defined (figure 6) (1) power and

Unils

Depth
(metres)
Sampling
(metres)
Speed of Sound (m/s)
Sampling
(!ls)
Verify Margin
(metres)
Draft Margin
(metres)
Tide Margin
(metres)
Slew Sound Speed (seconds)

Minimum Defaull

Maximum Resolution Int. Ace.

0.1

1,600.0

1400
125
00
0.0
0.0
0.5

10.0
0.10
1463
137
0.0
0.0
00

1600
143
999.9
99.9
99.9
0.9

0.1
0.10
1
0.09
0.1
0.1
0.1

± 0.009
± 0.009
± 0.09
± 0.009
± 0.009
± 0.009
± 0.009
(RC-TC)

Basic Sections of the MSI G1097 Bottom Tracker
The MSI G1098 Signal Card Computer (SCC) is the Bottom
Tracker's intelligence. The Analog Front End Processor (AFEP)
receives raw Video and Trigger signals from the sounder. It also
sends the Verify pulse to the sounder. The Speed of Sound Translator (SST) performs all critical sampling and basic timing functions within the Bottom Tracker except for the AFEP group-delay
correction (performed by SCC). The PHAS board buffers and delivers BCD data, status and data valid signals to PHAS. The Front
Panel Board provides the mounting substrate for the front panel
controls and displays. The power converter board receives
+24VDC to +28VDC ship's power and makes it suitable for ci rcuits
within the Bottom Tracker.
A Note on the MSI G1097's Software "Smarts"
The excellent dynamic performance of the Bottom Tracker is accomplished by a judicious application of elements of digital fi ltering, image qualifying, anti-aliasing, adaptive depth and signal
(2-dimensional target) tracking, automatic windowing exclusionfunctions and expectation (prediction) qualifying.

Figure 5

display illumination; (2) tracking and alarm; (3) Multi-Function display parameters. The automatically temperature-controlled liquid
crystal displays (LCDs) were easily read under all ambient-light
and temperatu re environments. The audio alarm (fully adjustable)
provided clear enunciation: (1) a warble for tracking-lost condition;
(2) a clear "beep" when data-keys on the keypad were pressed.
Separating the "Depth" data display from the other parameters
proved to be very functional. Depth could always be seen even
when entering new parameter values in the Multi-Function groups.
The tracking on/off indicator, an "underline" at the left most of the
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Also, the AFEP filters' group delays are corrected in software. To
accommodate the rapid real-time processing required, software is
totally interrupt driven. All displays and switches for the Bottom
Tracker parameters are also software driven. State-of-the-Art
hardware relieves the software of much overhead and functions
inappropriate for software dedication.
Summary
Reliable, high-speed hydrographic surveying (weather permitting)
is a reality in waters as rough as those encountered in the Arctic
this summer. The instrumentation combination aboard the
launches performed well. In particular the G1097 Bottom Tracker
gave good service under adverse conditions. Reliable bottom tracking and digitizing (at higher speeds) won the crews' confidence
and probably translated into lower survey "line-mile" costs.

Mathematics and Computing
Syllabuses for
Hydrographers in Canada
D.E. WELLS
Department of Surveying Engineering
University of New Brunswick
Revised version of a paper presented at

FIG XVI International Congress
Montreux, Switzerland, August, 1981

Abstract

Training for hydrographers in Canada is available through a twolevel in-house course offered to its employees by the Canadian
Hydrographic Service; through two or three year courses in surveying technology with a specialization in hydrography; and through
Surveying Engineering and Survey Science degree courses with
electives in hydrography. In addition the new Canada Lands Surveyor commission has provision for the discipline of hydrographic
surveying, as well as other fields of surveying. In this paper, the
mathematics and computing components of each of these four
curricula are presented, and compared with that proposed in the
FIG/IHO Standards of Competence for Hydrographic Surveyors.
INTRODUCTION
Syllabuses for the training of two categories of hydrographers are
presented in Standards of Competence for Hydrographic Surveyors, sponsored and approved jointly by the Federation lnternationale des Geometres and the International Hydrographic Organization (FIG/IHO, 1981). A Category A hydrographer will have a
broad, in depth training in all aspects of the theory and practice of
hydrography, and will be able to develop, design and execute any
type of hydrographic operation. A Category B hydrographer will be
trained in the various hydrographic skills, and will be able to execute hydrographic tasks (including data analysis) without direct
supervision.
In Canada, training for hydrographers has traditionally been provided by a two- level (Hydrography I and II) in-house course by the
Canadian Hydrographic Service (CHS). During the past several
years, with the encouragement of the CHS, both universities and
technology institutions in Canada have begun to develop programs in hydrographic surveying.
Until recently the Dominion Lands Surveyor commission was limited to cadastral or land surveys. This is now replaced by the Canada Lands Surveyor commission (CLS) which has been broadened
to include the disciplines of hydrography, photogrammetry and
geodesy.
These developments are ongoing, and none of these programs has
yet been submitted for review and certification to the FIG/IHO
International Advisory Board. However, in general the expectation
is that the technology institution programs and the CHS Hydrography I program should produce Category B hydrographers, and
that the university programs, the CHS Hydrography II program,
and hydrographers who qualify for the CLS commission should
meet the Category A standard.
Within this context this paper reviews the mathematical science
components of the various syllabuses for hydrographic training in
Canada. To provide some structure for this review, we first state the
definitions of hydrography and of mathematical science which we
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will use, and then present a rationale for a mathematical science
syllabus to meet the needs of Category A hydrographers over the
next decade.
DEFINITIONS
We define hydrography, in its broadest sense (UNESCO, 1979), as
the science of measuring and depicting (a) the nature and configuration of the seabed (its bathymetry, geology, and geophysics), (b)
its geographical relationship to the landmass (positioning and navigation), and (c) the characteristics and dynamics of the sea (tides,
currents, waves, and physical properties of seawater). While hydrographic information has been traditionally used for safety of
navigation (particularly in coastal waters), it is now also used as a
planning and management tool in the management of the coastal
zone (for port construction, erosion control, waste dumping, aquaculture, and national boundaries); for mineral resources in the Exclusive Economic Zone (EEZ); and for ocean-wide environmental
management (for example, using tide and current information to
trace the path of pollutants).
The mathematical sciences are considered to consist of mathematics itself, plus related disciplines such as statistics and computer
science. Although boundaries have become blurred, mathematics
traditionally has been considered to contain the branches algebra
(based on the concept of number), geometry (based on the concept of space), and analysis (based on the concept of limit) (James
and James, 1976). Since spatial relationships are the primary concern of all branches of surveying, including hydrography, it is natural that geometry is the most relevant of these to our work (Van leek
and Krakiwsky, 1981 ).
RATIONALE FOR A MATHEMATICAL SCIENCES SYLLABUS
FOR HYDROGRAPHERS
In general, mathematics is used in hydrography to formulate models relating our observable quantities (time delay, angle, water
level, etc.) to the quantities we seek (position, depth, amplitudes of
tidal constituents, etc.), and to other related parameters (constants,
error terms, etc.).
From statistics the specialized protocol called adjustment calculus
has been developed to use these mathematical models, while handling the errors associated with the measurements.
Numerical algorithms and techniques from computer science are
usually used nowadays in performing the actual calculations.
Let us consider what topics in mathematics may be useful in hydrography. The mathematical models we use represent the relationship in space and time of quantities referred to one or more
coordinate systems (analytical geometry). Often these models are
based on physical laws represented as differential equations. The
geometrical quantities themselves involve curves and surfaces (dif-
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ferential geometry). In order to apply adjustment calculus it is important that these models be either linear (linear algebra), or linearizable (calculus). Hydrographic information is often depicted on
charts with conformal projections (functions of complex variables).

Adjustment calculus has traditionally played a role in the establishment of shore control for hydrography. Realization of the value
of redundant observations for positioning at sea has recently led to
the application of adjustment calculus in real time hydrograph ic
survey positioning as well (Haugh, 1979). The topics from statistics
that contribute to the development of the adjustment calculus include probability theory, theory of random variables, probability
distribution functions, point and interval estimation, multivariate
statistics, error propagation, and statistical testing.
The branches of computer science that are useful in hydrography
include two which are a present-day necessity, basic computer
science and numerical methods, and two which are growing in
importance, computer graphics and data base management. Practical application of computers to hydrographic tasks requires that
the hydrographer be familiar with topics from basic computer science such as digital computer architecture, and develop a fluency
in high level computer languages. The most useful topic from numerical methods is the computational methods of linear algebra,
for calculations involving linear (or linearized) mathematical models. Computer graphics is likely to play an ever increasing role in
the manipulation, processing, and analysis of survey data, and
eventually may become one method of displaying hydrographic
information to users. As the volume of hydrographic data in digital
form expands, the application of well-designed data base management techn iques becomes more and more important.
All the topics considered so far are equally useful in other branches
of surveying. However there are five aspects of hydrographic surveying that give rise to special mathematical background requi rements for hydrographers [Thomson et al., 1979]. First, the long
distances over which radiopositioning measurements are often
made in hydrographic surveys make full familiarity with ellipsoidal
geometry desirable. Second, hydrographic radiopositioning systems often provide range d ifference measurements, the understanding of which requires a knowledge of hyperbolic geometry.
Third, since hydrography has no equivalent to aerial photo coverage in topographical surveying, the results of a hydrographic survey consist of sparse samples of data which do not provide a whole
picture of the sea-bed. Approximation techniques are useful in
generalizing this point and profi le information into surficial representation. Fourth, the analysis of tides requires the application of
time series analysis techniques. Fifth, the advent of computerbased automated real time hydrographic data acquisition systems
requires a familiarity with small computer architecture (minicomputers and microprocessors).
Table 1 outlines a mathematical sciences syllabus for hydrographers based on the rationale presented above.
MATHEMATICAL SCIENCE FOR THE CATEGORY B
HYDROGRAPHER
Two Canadian technology institutions which have hydrographic
surveying programs are Humber College of Applied Arts and
Technology in Rexdale, Ontario and the College of Trades and
Technology of St. John's Newfoundland (CTT). Both programs are
six semesters (three years) long.
The Humber program contains five courses in mathematical
science:
Mathematics I
(trigonometry, linear equations, etc.)
Mathematics II
(algebra, nonlinear equations, etc.)
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Mathematics Ill
(matrix algebra)
Statistics
(random variables, distribution functions, estimation, etc.)
BASIC Programming.
In addition, courses in Surveying Computations, Adjustments of
Observations, and Geodesy, contain topics from mathematical
science including probability theory, hypothesis testing, spherical
and ellipsoidal geometry.
The CTT program contains seven courses in mathematical
science:
Mathematics I
(trigonometry, introduction to analytical geometry, etc.)
Mathematics II
(analytical geometry, introduction to linear algebra, introduction to calculus)
Mathematics Ill
(integral calcu lus, differential calcu lus, spherical trigonometry)
Mathematics IV
(probability theory, least-squares, conformal mapping, coordinate transformations)
Computers I
(computer architecture, FORTRAN programming)
Computers II
(FORTRAN programming)
Computers Ill
(network adjustment, block adjustment, satellite fix, etc.)
In addition, a course in Adjustments contains topics including
probability theory, error propagation, etc.
The CHS Hydrography I program is taught to new employees
during their fi rst year of employment and consists of 10 weeks of
lectures and 10 weeks of field training (IHB, 1980). These new
employees normally have either a diploma in survey technology
from a technology institution o r a university degree in physical
science or eng ineering. It is assumed that this background w ill
have supplied much of the required mathematical science. However, the Hydrography I program contains courses in Survey Control, Electronic Positioning Systems, and Computer Fam iliarization , which cover topics such as spherical and ellipso idal
coordinates, hyperbolic geometry, small computer architecture,
and programming languages.
According to (FIG/IHO, 1981), Category B hydrographers should
have a basic knowledge of two-dimensional coordinate geometry,
spherical trigonometry, programming languages and the use of
computers, and a practical knowledge of computer architecture
and other computer basics. Table 2 compares the branches of
mathematical science dealt with in each of the three Canadian
syllabuses against those specified in these standards. using the
branch headings from Table 1. While a more detailed topic by topic
comparison would be required, this Table indicates that the CHS
Hydrography I program likely meets the FIG/ IHO standard, w hile
the Humber and CTT programs likely exceed it.
MATHEMATICAL SCIENCE FOR THE CATEGORY A
HYDROGRAPHER
Three Canadian universities which offer Surveying Engineering or
Survey Science degrees. with elective courses or optional programs in hydrographic surveying, are the University of New
Brunswick (UNB), the University of Toronto (UT), and the University of Calgary (UC). Each program is four years long and consists
of a number of core (mandatory) courses, plus elective courses.
The UNB Surveying Engineering core program contains eight halfyear courses in mathematical science:

Introduction to Calculus I
Introduction to Calculus II
Linear algebra for surveyors
Advanced calculus for surveyors (including ordinary differential
equations)
Differential geometry for surveyors (including analytical geometry
and spherical trigonometry)
Partial differential equations and complex variables
Introduction to computer programming
Numerical methods I (including approximation and computational
methods of linear algebra)
In addition, a sequence of three half-year core courses in adjustments cover the relevant topics from statistics. Two elective
courses in digital mapping (including applications of computer
graphics) and several electives from the UNB School of Computer
Science (for example, data base management and computer graphics) are available.
The UT Survey Science core program contains the equivalent of
six half-year courses in mathematical science:
Calculus (including analytical geometry and complex numbers) full year
Probability and statistics -full year
Computer programming - half-year
Introduction to Survey Analysis (including linear algebra and computer techn iques) - half-year
In addition, the core program includes two half-year courses in
Survey Analysis (the application of statistics to surveying problems). The Hydrographic Surveying Option contains an elective
full year course in Advanced Calculus (including ordinary d ifferential equations) , and a course in Data Management (which includes
an introduction to interactive systems and data bases).
The UC Surveying Engineering core program contains seven halfyear courses in mathematical science:
Mathematics for Engineers I
(calculus, analytical geometry, differential geometry, etc.)
Mathematics for Engineers II
(calculus, linear algebra, complex numbers. etc.)
Ill
(ordinary differential equations)
IV
(linear algebra. etc.)
Probability and statistics
Engineering computations
(computer architecture, FORTRAN programming, etc.)
Numerical methods in engineering
In addition, the core program contains two half-year cou rses in
adjustment and analysis of observed data. Elective courses in
computer graphics and the structure of survey data bases are also
available.
The CHS Hydrography II program is offered to employees with at
least five years' hydrographic surveying experience, and consists
of six weeks of lectures (IHB, 1980). There are no specifically mathematical cou rses offered, however courses in Radio Aids, Control Surveying, Geodesy, Map Projections and Cartography cover
topics from probability and statistics, analytical geometry, linear
algebra, conformal mapping, and the architecture and languages
associated w ith the specific small computer systems in use with
CHS.
Four of the examinations for Canada Lands Surveyors are in mathematical science:
Mathematics I
(calcu lus, analytical geometry, etc.)

Mathematics II
(linear algebra, differential geometry, spherical trignometry,
complex numbers, etc.)
Statistics
Computer Programming
According to FIG/IHO (1981 ), Category A hydrographers should
have a full knowledge of basic computer science, a practical
knowledge of li near algebra, analytical geometry, some aspects of
calcu lus, complex variables, statistics, and other aspects of calculus. Table 3 repeats the comparison for Category A between the
five Canadian syllabuses and the FIG-IHO standards, in terms of
the branches of mathematical science dealt with in each. If we can
assume that hydrographers taking the CHS Hydrography II course
have an adequate background in calculus, then this Table indicates
that both that and the CLS syl labus likely meet the FIG/ IHO standard, wh ile the three university syllabuses likely exceed it. As before,
a more detailed study of course materials, sample examinations
papers, etc. wou ld be required to confirm this tentative assessment.

CONCLUSIONS
The syl labuses being developed in Canada for the train ing and
certifications of Categories A and B hydrographers have mathematical science components wh ich now appear tentat ively to meet or
exceed the international standards set by the FIG/ IHO Standards
of Competence for Hydrographic Surveyors. However this tentative conclusion must yet be confirmed by a more detailed study of
each syllabus.
There are, however, several topics not required by the FIG/ IHO
standards, which shou ld be considered for inclusion in those syl labuses in which they do not yet appear. In order of priority, these
topics include the numerical methods top ics of approximation and
time series analysis, differential geometry, differential equations,
data base management and computer graphics.
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TABLE 1
Proposed Mathematical Sciences Syllabus for Hydrographers

Linear Algebra
Vector Spaces
Matrix Algebra
Systems of Linear Equation s
Analytical Geometry
Cartesian Coordinate Systems
Spherical Coordinate Systems
Ellipsoidal Coordinate Systems
Hyperbolic Geometry
Coordinate Transformations
Spherical Trigonometry
Differential Geometry
Geometry of Curves and Surfaces
Real Analysis
Differential Calculus
Integral Calculus
Complex Analysis
Functions of Complex Variables
Differential Equations
Ord inary Differential Equati ons
Partial Differential Equations
Statistics
Probability Theory
Random Variables
Distribution Functions
Point and Interval Estimation
Multivariate Statistics
Error Propagation
Hypothesis Testing
Basic Computer Science
Small Computer Architecture
Fluency in High Level Language(s)
Numerical Methods
Computation Methods of Linear Algebra
Approximation
T ime Seri es Analysi s
Computer Graphics
Data Base Management
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TABLE 2
Category B Comparison Between
Canadian Programs and FIG/ IHO Standard
HUMBER

CTT

CHS-1

FIG/ IHO

Linear Algebra
Analytical Geometry
Differential Geometry
Real Anal ysis
Complex Analysis
Differential Equation
Statistics
Basic Computer Science
Numerical Methods
Computer Graphics
Data Base Management

TABLE 3
Category A Comparison Between
Canadian Prograr:ns and FIG/ IHO Standard
UNB UT UC CHS-11

CLS

FIG/ IHO

Linear Algebra
Analytical Geometry
Differential Geometry
Real Analysis
Complex Analysis
Differential Equations
Statistics
Basic Computer Science
Numerical Methods
Computer Graphics
Data Base Management

NOTE: The CHS-1 and CHS-11 cou rses are in-house enhancement
courses for employees of the Canadian Hydrographic Service who
w ill normal ly have received train ing in surveying from a techno logy
institute or university.

Book Review
Julian E. Goodyear
Canadian Hydrographic Service
Atlantic Region
Dartmouth, Nova Scotia

"Analysis and Adjustment of Survey Measurements" by Edward M.
Mikhail and Gordon Gracie, published by Van Nostrand Reinhold,
New York, 1981, 340 pages, cost $36.95.
This book was written in response to recommendations made at
the Ninth Annual National Surveying Teacher's Conference, held in
June, 1977 in Fredericton, New Brunswick.
If one were to research the availability of literature on the subject of
analysis and adjustment of survey measurements, he would find
that there is a wealth of information on the topic. However, it is in
many forms and most of it unsuitable and not structured for the
beginning surveying student or practicing surveyor.
The subject matter has been organized into ten chapters, beginning at an introductory level in Chapter 1, on errors and reliability
in survey measurements. The use of field measurements in mathematical functions for computing quantities of interest is elaborated upon in Chapter 2. Hence, Chapter 2 contains sections on
error propagation and the basis of linearization of a function.
Chapter 3 introduces the concept of adjustment and simple adjustment in Chapter 4. In Chapter 4 the reader is introduced to the
concept of weights and the techniques of least squares adjustment
of indirect observations and observations only. At this point, the
reader who is unfamiliar with least squares adjustment should be
prepared to spend quite an amount of time "digesting" the techniques used in Chapter 4.
Probability theory is the basis of Chapter 5. Topics covered include
random events and probability, random variables, continuous
probability distributions, normal distributions, expectation, measures of precision and accuracy, and covariance and correlation.
Chapter 6, entitled Variance - Covariance Propagation, derives
the propagation laws and applies variance - covariance propagation to the least squares solution of surveying problems.

The Editor, LIGHTHOUSE
Canadian Hydrographers Association
P.O. Box 1006
Dartmouth, Nova Scotia
Canada B2Y 4A2
Phone: (902) 426-3497

The "powerful tool", of preanalysis, used in the design of surveying
projects, is the subject matter of Chapter 7. This study provides the
surveyor with the basic knowledge necessary fo r the selection of
instruments and procedures to meet the specification of a project.
The material in Chapter 8 covers statistical analysis and introduces
concepts such as chi-squart and t distributions, statistical estimation and testing , bivariate normal distribution and error ellipses.
Chapter 9 is a reinforcement of the techniques used in Chapter 4,
treating a general approach to least squares adjustments and concluding with a summary of symbols and equations for quick reference when solving adjustment problems.
The concluding chapter discusses and il lustrates least squares adjustment in a plane rectangular coordinate system. It includes formulation and linearization of distance, angle and azimuth equations, least squares position adjustment and transformation of
coordinates from one rectangle system to another.
The text contains many worked problems as well as problem exercises at the end of each chapter. The book presupposes a knowledge of algebra, geometry, calculus and matrices, but provides an
introduction to matrix algebra in Appendix A. Appendix B contains
three tables used in statistical analysis.
The authors should be commended on the presentation of the
concepts covered in the subject matter of this text. The information
contained in this vo lume is well presented, mainly through interesting worked examples and the problem exercises. The book's greatest advantage over others covering the same material is that it is
strongly oriented toward the solution of practical surveying
problems.
Julian E. Goodyear
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for the
DEPARTMENT OF MINES AND TECHNICAL SURVEYS
at Ottawa and Victoria
• For Hydrographic Survey on East and West Coasts and Inland Waters·

HYDROGRAPHIC FIELD SURVEY STAFF
TECHNICAL OFFICERS, GRADE 2 '... . $3,130 . $3,830
TECHNICIANS, GRADE 2

$3,480 . $3,830

TECHNICIANS, GRADE I

.... $2,990 . $3,480

Application forms, obtainable at your ,;~"W-est Ci1Jil Service Commission
Office, National Employment Office or Post Office, should be filed with
the CIVIL SERVICE COMMISSION, OTTAWA, not later than-

March 14, 1953

DUTIES
Under direction, to act as Assistant to the officers in charge of a major or minor survey ship or de·
tached motor launch survey party, to carry out hydrographic work of all kinds; upon assignment to take
charge of secondary boats or sections of a survey party; to assist in the editing of " Coast Pilots"
and "Sailing Directions" as required; to prepare reports on nautical transport problems and to assemble marine and navigational data; to perform special technical work in connection with nautical
parts in the office; and other related duties as required.

DESIRABLE QUAL!FICATIONS
TECHNICAL OFFICER, Grode 2 - A good general education acquired as a result of adequate fonnal
training and experience; a Master's Certificate of competency for foreign-going vessels; a good know·
ledge of and several years of experience in hydrographic or related navigational work; ability to write
reports; evidence of ability to perform the duties of the position; personal suitability; satisfactory
physical condition.
TECHNICIAN, Grade 2 • Elementary school education, with additional credits for further academic
training; a first-mate's Certificate of competency for foreign-going vessels; a good knowledge of and
several years of experience in hydrographic or related navigational work; evidence of ability to perform the duties of the position; ability to write reports; personal suitability; satisfactory physical
condition.
TECHNICIAN, Grode 1 • Elementary school education, with additional credits for further academic
training; a first-mate ' s Certificate of competency for foreign-going vessels; some knowledge of and
experience in hydrographic or related navigational work; evidence of ability to perfonn the duties of
the position; ability to write reports; personal suitability; satisfactory physical condition.
Preference in appointment will be given to qualified candidates entitled to the Veterans• Preference.

Competition number • 53·10 • shoulrl be quoted.
OUawa, February 19, 19!i3

List 232:1

READ CAREFULLY THE POSTER ••INFORMATION ESSENTIAL TO APPLICANTS"
WHICH IS DISPLAYED WHEREVER THIS ANNOUNCEMENT IS POSTED
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CHA/CHS News
Atlantic Region
Personals
Dick Lelievre retired in July after 33 years with the Canadian Hydrographic Service. In March, he was honoured w ith a dance,
buffet, many speeches and gifts at the Dartmouth Inn.
Congratulations to Nick Stuifbergen and Julian Goodyear who
graduated with degrees in Survey Engineering from U.N.B. Three
other hydrographers involved in the university training program are
Walter Burke, Hank Boudreau, and Rick Meh lman . We wish them
the best of luck in their studies.
Atlantic Region has two new cartographers Meisner and Nick Palmer.

Events
This spring, four adventuresome, overweight C.H.A. members participated in the annual Burlington Road Race. Calling themselves
the "C.H.A. Ship-Heads" Danny (bum leg) Mahaffy, Brian (will)
Power, Dennis (tidal bore) St. Jacques and Brad (big foot) Tinney
completed the 15 mile relay in a personal record time of 1 hr.,
52 min. 18 sees., placing 132 in a field of 244 teams.

welcome to Patsy

Congratu lations to Marcel Chenier who won the checker
competitio n.
Three people departed for new horizons: Ross Tracy is now with
Occidental Petroleum spending alternate months in Libya and at
home in Hantsport; Dave Holt is try ing to li ve off the land in the
wilds around Greenfield but so far the salmon haven't been cooperating. He's also working on a novel and generally having a good
time; Jane Macleod left us to take up another vocation and we
wish her all the best.
Welcome to Paul Bellemare, from Quebec Region, who has joined
us for 2 years. He has mainly been involved in aerial hydrography.
Adam Kerr sailed the Atlantic accompanied by Jim Bruce, and two
others and arrived in Britain safely.
Congratulations to Paul and Joanne McCarthy on the birth of their
son; Adam and Judith Kerr on the birth of their son Timothy; and to
Gary and Cynthia Landry who were married in February.
Welcome to Bev McNeil, who joined the Hydrographic Service in
October.
Congratulatio ns go to all those who received their CLS Comm issions: Adam Kerr, Burt Smith, Hank Boudreau, Gary Henderson,
Steve Grant.

Central Region
Personals
Ab Rogers retired September 18, 1981 , after serving 31 years in the
Hydrographic Service.
The l;legional Tidal Officer's position vacated by Brian Tail was
filled by Dennis St. Jacques.
Bruce Richards and Sean Hinds joined the rank and file of field
Hydrographers. Bruce is not new to the ways of Hydrography,
having come from the Cartographic Section of C.H.S.
Over the summer, Dick MacDougall, John Medendorp, Denis
Pigeon and Steve Bockmaster increased their income tax deductions by new additions to their families.
Craig Fisher and Brent Beale, both of Cartography, got married
this summer.

Ottawa Branch
Personals
Congratulations to Jake Kean and John O'Shea who have received
their CLS commissions this year. Other members of the Ottawa
Branch are working towards theirs.
Bob Steele has returned from education leave, he graduated from
Ottawa U . with a B.Sc. in Computing Science.
John Cookson of the Cartographic T raining Sectio n has just completed a major project with the recent release of the C HS Drafting
Standards. Pete Richards of Hydrographic Training assisted in organizing a week-long seminar conducted in Burlington th is past
summer for six delegates from the Sri Lanka, Papua, New Gu inea,
Guyana, Malaysia, Jamaica, and Singapore.
Ray Thomas retired July 3rd.
Ron Parker of the Cartographic Systems Section has resigned
from the Government.
Ron Gauthier, after 10 years with the Geoscience Mapping Section
has accepted a position with the Inland Waters Directorate of
D.O. E.
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Ray Petit has joined the staff at Russell Road as a Sailing Directions Officer.

Pacific Region

Sue Dahms has joined the Cartographic Systems Section as a
programmer.

Personals
Tracy Collins is ably replacing Mona Mikkelsen as Techn ical Records Clerk while Mona is ·On matern ity leave. Ann Morrey has
joined the Chart Production Staff as part-time Secretary/Typist.

Don Vachon and Gary Kosowan were both married this past
summer.
Jim Bruce returned from French language training just in time to
join Adam Kerr on another trans-Atlantic sailing trip.
Dusty Degrasse, recently retired from Central Region, has moved
to Ottawa.
Many members of the Headquarter's staff were on temporary assignment away from the office for part of the spring or summer:
Lung Ku (Tides, Currents, and Water Levels) spent July and
August at Patricia Bay working on a numerical model for Parry
Channel.
Gunther Schutzenmeier, (Training) was on the Maxwell for
three months in the Strait of Belle Isle.
Pete Richards spent a week in the Bruce Peninsula assigned to
the Aerial Hydrography Project.
Jake Kean (Planning) spent the month of September on the
Labrador in Foxe Basin.
Dave Gray (Nautical Geodesy) spent three weeks in June along
the Gaspe Coast calibrating Loran-e lattices.
Three members .of the Geoscience Mapping Section - Diana
Pantalone, Paul MacMillan and George Medynski each spent a
month aboard the Dawson in Davis Strait.
Events
The Ottawa Branch organized a trip in June to the MOT buoy
tending depot in Prescott. The 25 members (including one nonCHS member) were given a tour of both the shore facilities and of
the MOT vessel the Alexander Henry . Poor weather conditions
prevented the vessel from sailing and taking the CHA members to
Brockvi lle Narrows and back as had been planned.

Chart Production hosted three COSEP students this summer, two
of whom spent time in Chart Production, Chart Correction and
Chart Distribution. The other undertook a Market Analysis Survey
in Pacific Region for Chart Distribution.
Ron Korhonen comp leted an Acting Term Assignment in Navigational Aids and AI Schofield is presently fulfilling an Acting Term
Assignment in photomech while Brian Watt is attending a course in
Belgium.
The month of July saw the departure of two cartographic staff.
Grant Chan resigned his position to accept employment with the
B.C. Government and Malcolm Brown was successful in his bid for
employment w ith the Government of Man itoba. Staffing action is
presently underway to fill these vacancies.
In field hydrog raphy, there are two new recruits: Maurice
Bastarche and Knut Lynberg, both graduates of the B.C. Institute
of Technology. Brian Wood has joined as a term employee.
Robin Tamasi resigned after thirteen years service and has gone to
join Alberta Power Ltd. in Edmonton.
Congratulations to the successful candidates in the February CLS
Examinations: Mike Bolton, Vern Crowley, Barry Lusk, Tony Mortimer, and Tony O'Connor.
Tony O'Connor, National President of CHA, has been elected a
Councillor at large in CIS and Chairman of the CIS Hydrographic
Technical Committee.

Events
On the social scene, our Annual Golf Tournament was held on
August 21 and Mike Foreman duplicated his performance of 1979
by taking top honours in this 'battle of the duffers'. This prestig ious
event was fol lowed the next day by a BBO and dance at the Institute where the recipients of their respective prizes were treated to a
video-tape of their languid pertormance on the links.

Both I.O.S. Mariners softball teams have wrapped up another
'tavern-haunting ' season competing in numerous tournaments
throughout the city. Regarding the success of this past season,
suffice to say, our trophy case is endowed with no more hardware
than at this time last year.

The Branch also organized one luncheon with a guest speaker and
one other lecture.
General News
Some new equipment has been acquired at CHS Headquarters. A
new Kongsberg plotter has been installed in the Chart Production
area and the Nautical Geodesy section has purchased 2 JMR Satellite Receivers and one lnternav 123 Loran C Receiver.
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General News
A Market Analysis Project funded by Canadian Hydrographic Service, Pacific Region to examine Nautical Chart and Publication
Distribution Systems has been completed. The study, conducted
by COSEP student Janice Runacres, sought to identify the retail
users of C.H .S. products, their future requirements for navigational
products produced by the C.H.S., gather input and suggestions
regarding charts and our distribution system from Authorized
Agents, and to evaluate the effectiveness of our advertising programs. In-depth personal interviews of both chart users and chart
agents were conducted and each agent was mailed a questionnaire
form. The results of th is analysis are presently being reviewed .

Quebec Region
Avis personnels
Cet ete, l'equipe de Jean-Marie Gervais a ete aflectee a des leves
hydrographiqies en Gaspesi e landis que celle de Peter Kielland a
termine le leve du Lac Saint-Jean pour ensuite continuer sur Ia
Riviere Richelieu. Jean-Marie Gervais a aussi participe avec Dave
Gray a Ia calibratio n d u reseau Loran-e dans le Golfe
Saint-Laurent.
Au debut du mois de septem bre, Peter Kielland a entrepris un
cours en Geodesie d'une duree de quatre ansa I'Universite Laval.
Kent Malone le remp lacera sur le terrain. Russ Melanson a remplace Ken Williams d urant le mois de septembre alors que cedernier poursuivait son co urs de "Perfectionnement des cadres superieurs" au centre de perfectionnement de Touraine.

lion of supervisor (DD05) in a recent competition. Two students
were hired during the summer, Michelle Grenier and Denis Caron.
They were a great help in cartography.
While waiting for the return of the hydrog raphers, Richard Sanfa'<on is making preparations for the workshop which will take
place in Quebec in the beginning of February 1982. The first steps
are made in the preparation of special charts on the occasion of the
celebration of the 350th anniversary of Cartier's arrival at Quebec
(1534-1984). A race, with sailboats coming from all over the world,
will be held on that occasion.
To all the employees of the Hydrographic Service, and CHA
members, we send our invitation to the workshop, and hope to see
a great number of you in Quebec in February '82.
We salute you and hope to see you soon .

Du cote de Ia cartographi e, Rene Lepage et Alain Gagnon ont
effectue une en vol ee d'helicoptere le long de Ia Cote Nord du
Quebec. Claude Chan tign y s'est merite le poste de surveillant
(DD05) lors d'un recent concours. Deux etudiants ont ete embauches durant l'ete, soit Michelle Grenier et Denis Caron. lis ont
ete d'un aide precieuse en cartographie.
En attendant le reto ur des hydrographes, Richard Sanfa'<on s'occupe des preparatifs en vue des ateliers de travail qui auront lieu a
Quebec au debut du mois de fe vrier 1982. Les premiers pas ont ete
faits en vue de Ia production de cartes speciales a !'occasion des
celebrations du 350ieme anniversaire de l'arri vee de Cartier au
Quebec (1534-1984). Une course de voiliers venus de tous les
coins du monde aura lieu a cette occasion

Evenements
La region de Quebec a organisee un concour pour le dessin d'un
ecusson pour !'atelier de travail. Plus de quinze ecussons furent
soumises et Richard Sanfa'<on gagna le prix, un abonnement d'un
an au National Geographic, pour son dessin unique. Felicitation
Richard!
Events
Quebec Region organized a contest for the design of a workshop
crest. More than fifteen crests were submitted and Richard Sanlavon won the prize, a one year subscription to National Geographic, for his unique design. Congratulations, Richard!

A tous les employes du Service hydrographique, et les membres de
I'A.C.H. nous reiterons notre invitation, en esperant vous voir en
grand nombre a Quebec en fevrier '82.
On vous salue et a bientot!
Personals
This summer, the team of Jean-Marie Gervais surveyed in the
Gaspe while that of Peter Kielland finished the survey of Lac SaintJean and then continued on the Richelieu River. Jean-Marie
Gervais also participated with Dave Gray in the calibration of the
Loran-e network in the Gulf of St. Lawrence.
At the beginning of September, Peter Kielland started a course in
Geodesy which will last four years at Laval University. Kent Malone
will replace him in the field. Russ Melanson replaced Ken Williams
during the month of September while he continued his course of
"Improvement of Upper Management" at the Touraine improvement centre.
In cartography, Rene Lepage and Alain Gagnon flew by helicopter
along the North Shore of Quebec. Claude Chantigny won the posi-

We would like to hear some news from all our non-CHS members.
If you have anything to contribute to our NEWS column, please write to:

The Editor, 'Lighthouse',
The Canadian Hydrographer's Association
Bedford Institute of Oceanography, P.O. Box 1006,
Dartmouth, Nova Scotia, Canada B2Y 4A2
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Notes
On August 18, CSS Acad ia moved to her permanent berth at the
Maritime Museum of the Atlantic as a national historic site (see
'The Acadia Goes to the Nova Scotia Maritime Museum', R.M. Eaton, Lighthouse, Edition No. 21, April, 1980). She wil l be opened to
the public in the summer of 1982.

A.R. Rogers Retires
Ab Rogers. Hydrographer, Central Region, reti red on September
18 of this year after a long and distinguished career with the Canad ian Hydrographic Service.

Ab joined CHS in June, 1950, participating in a variety of surveys
encompassing the Eastern Arctic, East Coast of Canada, MacKenzie River, N.W.T., Alberta and Ontario.
During this time Ab served on the C.S.S. Kapuskasing, C.D. Howe,
C.S.S Acadia, M.V. Theron, ships familiar to his colleagues, certainly names that excite memories of past adventures in far away
places.
In 1952, shortly after Ab joined the C.H.S., he was put in charge of
the C.D. Howe carrying out reconnaisance surveys in the Eastern
Arctic and Hudson Bay area. For the next eleven years this was a
part of Canada Ab was to become very familiar with. In 1967 Ab left
the salt water behind and started the job of charting the fresh
waters of the Ottawa River.

Dick Lelievre Retires
Mr. Dick Lelievre recently retired from the Canadian Hydrographic
Service, Atlantic Region. Dick joined CHS in May of 1948. It d idn't
take Dick long to work his way up to HIC on various ships, such as
the Theron, Acadia, Algerine, Baffin, Kapuskasing, and Minna.

Dick originally comes from the rocky shores of Inverness, Cape
Breton. He and his wife Theresa now reside in Bedford, Nova
Scotia.
Dick was one of the first graduates of the Nova Scotia Land Survey
School in Lawrencetown, under the direction of Major J.A.H.
Church. Actually, Dick has had many 'firsts'. He was HIC on one of
the first HI - FIX surveys (Chaleur Bay 1963); and he was on board
the Labrador on her first trip through the Northwest Passage.
Dick has been busy painting and generally having a good time
since his retirement. We wish Dick all the best in his new
endeavours.

In 1970 Ab moved from Ottawa with the establishment of Central
Region, cu rrently referred to as Bayfield Laboratory for Marine
Science and Surveys, and made his home in Burlington. It was
shortly thereafter Ab assumed his present position as O. I.C. of
Marine Info rmation Centre and Field Sheet Inspection wh ile still
acting as H.I.C. on local surveys. The high quality of field work can
be credited in part to Ab's severe attention to detail and accuracy
while inspecting field sheets.
A C.H.S. party in A b's honour was held on November 6 at a local
Golf and Country Club.
Ab wi ll be missed by those associated with him. His dedication and
hard work towards maintaining high standards in the Canadian
Hydrographic Service will be an inspiration to all that follow.

News from Industry
Klein Associates, Inc.
Klein Assoc iates announces the appointment of George W. Skuse
as Manufacturing Manager. George brings 20 years of high technology electronic manufacturin'g experience to Klei n's staff and he
is a senior member of the Society of Manufacturing Engineers and
the Boston Chapter of the American Production and Inventory
Control Society.
NITELINE
Klein Nightime Inquiry Telephone Emergency Line is now in effect.
Worldwide c lients of HYDROSCAN Side Scan Sonar and SubBottom Profiler may now reach key Klein Techn ical and Sales
Personnel on nights, weekends, and holidays by dialing (603)
893-6131 .
EG&G CANADA LTO.
Exploranium/Geometrics is introducing a new Marine Search
Magnetometer the G-866, for most search applications. The instrument has 0.1 gamma sensitivity and can operate with cable
lengths up to 1000 feet. The Magnetometer console is fu lly weatherproofed and runs off any power source from 11 to 30 V DC.
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Features are push button controls and a built-in chart recorder with
a dual sensitivity chart and printed values of time and magnetic
field. The console weighs only 13 lbs. and is 7 1/z x 9 x 16 inches.

N.B.A. (CONTROLS) LTD.
N.B.A (Controls) Ltd. have produced a new wave profiling buoy
-WAVECREST - designed to perform long term, unattended,
accurate wave measurement in any marine environment.

CANADIAN APPLIED TECHNOLOGY
CAT are ·active in setting up data collection services for water
survey and resource management which can be accessed by local
terminal or central computers, for example, for daily flood forecasting. Such systems are being used on Lake Winnipeg , around London, Toronto, and elsewhere.

MESOTECH
Mesotech's two latest releases are the miniature acoustic Model
ART 525, and the compact electro-mechanical Model 586.
The acoustic release transponder (ART) is claimed to be the
world's smallest at 76 mm diameter x 475 mm long (3 in. x 18.7 in.)
and it can release loads up to 450 kg. (1000 lbs.). Its 32 unique
release codes ensure reliable operation and complete rejection of
interfering signals and noise. As a transponder, a single unit may
be used to range to a point location, or up to 4 may be used with
Mesotech's 411/412P navigation system for area navigation.
Model 586 releases loads up to 2300 kg. (5000 lbs) from depths to
1000 m (3000 ft.) or 2000 m (6000 ft.). It is 173 mm diameter x 533
mm long (6.8 in. x 21 in.) and weighs 9.3 kg. (20.5 lbs.) in air.
Mesotech has announced the development of an interesting new
survey tool, the Model965 profile sonar. Microprocessor controlled
over 2 orthogonal axes, the sonar can examine with high resolution, any surface or object within a 100 metre diameter hemisphere.
A monitor CRT provides 1% resolution of true ranges and depths,
while an R5-232-C interface at 9600 baud can address a host
computer.
Anticipated uses for this sonar are: dredging in tough strata; positioning caissons, mats or drilling templates; short range navigation;
and harbour surveys.

WAVECREST transmits the acquired data via a 27 MHz band radio
link to a receiver which may be located on shore, ship, or offshore
platforms. The sensor which measures the movement of the waves
is an accelerator h·oused in the lower of two cylindrical buoyancy
units which form a compound pendulum. The main shell itself is
manufactured from lightweight polyethylene to provide high impact resistance, is ultra-violet stabilized and non-corrodible. By
simply disconnecting the shell's top panel, one gains immediate
access to the sensor unit, electronic module and battery packs. In
the event of severe damage to the shell, the entire system can be
removed and simply remounted in a new shell.

MARINAV CORPORATION
Marinav offers, from Del Norte Technology of Euless, Texas, a new
Trisponder Rho/Theta System. The system has been designed
specifically to provide the hydrographic surveyor with highly accurate positional data where poor geometry precludes using standard
microwave positioning equipment.
On shore, a digitizing theodolite feeds angles to 0.01 degree accuracy into the Trisponder Remote Unit, as the hydrographer tracks
the vessel. The angles are transmitted to the Distance Measuring
Unit in the vessel when the theodolite operator on shore presses
his foot switch.

TILT
AXIS

The Trisponder is normal in other respects and can operate rangerange when fix geometry permits.
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APPLIED MICROSYSTEMS LTD.
APPLIED MICROSYSTEMS L TO. has moved to:
2035 Mills Road
Sydney, B.C. Canada
V8L 3S1
Although AML offers a comprehensive product line of tide gauges,
current meters, CTD's and temperature profilers it has also
designed two retrofit electronic systems of interest to geody ne
current meter users and Ott chart record ing water level gauge
users. These are on IBM compatible nine track recorder with 250
Megabit capacity for the geodyne and a precision quartz c lock
stepping motor drive for the Ott recorder.

INTERNATIONAL HYDROGRAPHIC BUREAU
B.P. 345

Avenue President J.F. Kennedy, M C MONACO
publishes
twice a year, in January and July
an English and a French edition of

THE INTERNATIONAL
HYDROGRAPHIC REVIEW
This publication contains articles of topical interest on hydrography, oceanography and related ocean technology and
sciences.
Approx. 160 pages, 18

x

27 em ; numerous illustrations.

Annual subscription: 140 French Francs, plus postage.
Original articles for publication are welcome.
The Bureau also publishes monthly

THE INTERNATIONAL
HYDROGRAPHIC BULLETIN
which contains topical news and reports the work of the
world hydrographic community. Charts and publications
issued by Hydrographic Offices are listed each month, and
there is a comprehensive monthly bibliography on
hydrography and related subjects.
Bi-lingual (English & French), approx. 40 pages, 21

x

30 em.

Yearly subscription: 95 French Francs, plus postage.
Individual issue: 9.50 Francs. Free specimen copy on request.
The list of International Hydrographic Bureau publications,
and the cond itions of sale, wil l be supplied free on request.
Telegraph: BURHYDINT MONACO
Telex: (France) 469870 MCS CARLO (Attn : INHORG)
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C ontinuous-Wave Phase comparison
technology (Not Pulse Timed )
Range Accuracy typically b etter than 1 mete r
Resolution to 10 e m, upd ate d every 6 milli-second s
High speed tracking to 360 KPH slant velocity
Distances to over 100 km, line of sight
2 or 3 Ran ge multi-user operation, up to 6 masters
and 6 remotes
Microprocessor controlled, operator interactive
Automatic output to printers, Plotters, Recorders,
Intelligent Steering Aid , etc .
C oordinate Mod e : arbitrary or U.T .M.

TODAY'S ULTIMATE POSITIONING SYSTEM
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- SELF TUNING & SELF C ALLIBRATING

WHAT'S YOUR POSITION?
• RANGE/ RANGE systems may not be as accurate a s you think!!
• The GEOMETRY of your survey affects the accuracy of your Range/Range fix
• Geometric Positional Ac c uracy is always less than quoted Range Accuracy, due to the
geometry of intersecting ra nges.
• C ompetitive systems, claiming 2 to 3 meter Range Accuracy are only providing 8 to 12 meters
of g eometric p ositional accuracy* where the angle subtended by intersecting ranges
approaches 30 ° or 150° of arc *

THINK 'GEOMETRICALLY'!
• In view of the ab ove, we encourage you to think GEOMETRIC POSITIONAL ACCURACY!
• MRD1 provides you: -

The highest Range Accuracy, typically better than 1 meter
(Self Callibrating)
Thus, the highest Geometric Positional Accuracy*
Optional 3rd Range to further improve your Geometric Fix

TELL UROMETER'S CANADIAN DISTRIBUTOR:

50 Doncaster Ave., Unit 8, THORNHILL, Ont. L3T 1L4
Phone: (416) 881 -8551
Telex : 06 964514

* Send for further information on Geometric Positioning and an
Evaluation of Microwave Positioning Systems

• SALES • SERVICE • LEASING • RENTALS

