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DR. S.G. GAMBLE: 1IN MEMORIAM

Dr. Samuel Gill Gamble, soon after his retirement from the position of
Assistant Deputy Minister, Department of Energy, Mines and Resources,
Ottawa, Canada, died in July, 1977, in his 66th year. Following
service overseas in the Canadian Army during the Second World War,
mainly in survey units, achieving the rank of Assistant Director of
Surveys, he was appointed Chief Topographical Engineer in the federzl
public service. From 1958 to 1972 he served as Director of the Surveys
and Mapping Branch, Ottawa.

Early in his departmental career Sam Gamble invented the Gamble
Stereoplotter. During the course of his outstanding leadership in the
realm of federal surveying and mapping activities he received the
highest recognition granted a Canadian in the photogrammetric world.
He was elected President of the International Society of Photogram—
metry, following the highly successful Congress of the organization
held in Ottawa in 1972, a triumph to which his organizing and adminis-
trative genius contributed in very large measure. He served as
President of the I.S.P. until 1976.

His special devotion to the advancement of all aspects of surveying,
including the uses of photogrammetry, was also recognized in Canada by
the award of two honorary degrees of science; namely, Doctor of Science
from the University of New Brunswick in 1970 and Doctor of Geodetic
Science from Laval University in 1972.

Engineer, land surveyor, soldier, administrator, photogrammetrist,
educator and leader of men, Sam Gamble was widely known, liked and
respected for his tireless, dedicated efforts in advancing the causes
most valued by his fellow professionals in Canada and abroad.

The Canadian photogrammetric fraternity has lost, in the passing of
Dr. Gamble, a gifted and much loved friend and colleague.

Don W. Thomson
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1. INTRODUCTION

In Canada the period between 1976 and 1980 has been characterized by an
increased involvement of the provinces in mapping, a quickening pace of
federal topographic mapping at medium scale, and steady progress in
digital mapping. These developments led to a concern about the lack

of suitable standards for the exchange of digital data. This in turn
led to the creation of three national committees which were charged
with the preparation of the required standards.

Increasing activity in mapping by all levels of governments is having

- beneficial effects on the aerial survey industry since much of the work
is done by commercial contracts. A healthy Canadian photogrammetric
and remote sensing industry, working in a competitive environment at
home, has been highly successful abroad. The names, addresses and
capabilities of thirty-seven photogrammetric companies and twenty-two
firms offering services in remote sensing are given in this report.

Taking advantage of a strong electronic industry and supported by the
National Research Council, Canada is embarking in an ambitious program
of photogrammetric instrument manufacturing.

Finally research and development in photogrammetry and remote sensing
has been ably carried out by many outstanding scientists in government
laboratories and at universities. It is worth noting the retirement
of two world-known and respected photogrammetrists.

Dr. Theodor J. Blachut, founder of the Photogrammetric Research Section
in the Division of Physics of the National Research Council of Canada,
retired in December 1979 after 28 years of service in the main Canadian
institution. The group headed by Dr. Blachut is internationally known
as a pioneer of many novel ideas, new instruments and advanced mathema-
tical methods, notably in the field of analytical photogrammetry. He
has received various international distinctions and medals, and has
written over 100 professional papers in five languages on a variety of
topics on surveys and mapping. In 1962/63 Dr. Blachut was president of
the Canadian Institute of Surveying. He was elected a fellow of the
Royal Sociey of Canada in 1970.

Gerry H. Shut also retired from the National Research Council at the
end of 1979. He received his education in geodesy and photogrammetry
at the Technical University of Delft and worked for a time under

A.J. van der Weele. Since 1952 he has been employed by the National
Research Council of Canada specializing in the development and
programming of methbds in analytical photogrammetry. He received the
Fairchild Photogrammetry Award in 1967 and contributed to the third
edition of the Manual of Photogrammetry. He has been Associate Editor
for photogrammetry of the Canadian Surveyor from 1967 to 1980 and he
has been a member of the Editorial Board of Photogrammetria from

1967 to 1980.
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2. MAPPING ACTIVITIES

In Canada, production of basic, multipurpose topographic mapping is
shared by the three levels of government: federal, provincial and
municipal.

2.1. Federal Activities in Mapping

At the federal level, topographic mapping at scales of 1:50 000 and
1:250 000 is largely the responsibility of the Topographical Survey,
Department of Energy, Mines and Resources with some assistance from the
Mapping and Charting Establishment, Department of National Defence.

As of April 1, 1980, 7977 maps at the scale of 1:50 000 have been
published out of a total of 13 150 to cover all of Canada. It is
expected that, with present technology and present level of resources,
the 1:50 000 coverage of Canada will be completed in 1995. As a result
of recent government policy the percentage of new 1:50 000 maps
produced by commercial contract is increasing every year (617 in

1980).

In order to respond quickly to requests for new maps at 1:50 000, an
Aerial Survey Data Base (ASDB) is being put in place in as yet unmapped
areas. The ASDB consists of:

- the aerial photography,

- the necessary survey control, both horizontal and vertical,

- the result of the aerotriangulation in the form of marked
diapositives and a list of coordinates.

Consequently, all the ingredients necessary to produce a map are in
place before that map is needed. In a country such as Canada, where
summer conditions last from 2 to 4 months for many areas and where
cultural changes in the North are limited, the ASDB has greatly
increased Topographical Survey's ability to respond to unexpected and
urgent requests for base maps.

Revision of the two map series — 1:250 000 and 1:50 000 - is done on a
cyclical basis as shown on the table below:

Revision Zone Number of Maps in the Series
Cycle 1:50 000 1:250 000
(Years)
5 urban 198 (not applicable)
10 rurax 1450 123
15 wilderness 2601 111
30 arctic and 8901 648
subarctic

However, due to insufficient resources, Topographical Survey has not
been able to keep its maps up—to-date according to the above cycle.
It is hoped that the use of Landsat images and digital methods will
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help overcome this problem in the years to come. In contrast to new
mapping, increasingly done by commercial contract, revision is done
exclusively in—house.

2.2 Provincial Activities in Mapping

During the last four years, mapping activities in the provinces have
been on the increase. 1In general, provincial governments are concen-
trating their efforts on the production of topographic maps at scales
of 1:20 000 and larger. Naturally, depending on the level of resource:s
available, some provinces are more active than others. Whenever possi-
ble, the work is done in close cooperation with the federal govermment
to avoid duplication and to achieve economies.

2.2.1 Newfoundland

Newfoundland is involved in a mapping program which will take about
10 years to complete. This consists of:

- 1:12 500 planimetric orthophotomaps for resource mapping.
Approximately 500 sheets out of a total of 2200 have already been
completed.

- 1:1250 and 1:2500 topographic line maps of urban areas.
Approximately 3400 maps are required to complete this series of which
1400 have been produced.

2.2,2 Maritime Provinces
(Nova Scotia, New Brunswick, and Prince Edward Island)

The Land Registration and Information Service of the Maritime Provinces
has compiled about 3400 orthophotomaps at the scale of 1:10 000 with

5 m contours and about 5400 line maps of municipalities at scales of
1:1000 and 1:2000 with 1 or 2 m contours. When completed the map
coverage of the Maritime Provinces will total 4700 orthophotomaps

and 6400 line maps.

2.2.3 Quebec

Quebec is one of the most active of the Canadian provinces in surveying
and mapping; it began production of topographic maps in 1965. The
Province aims at establishing approximately 1500 maps at the scale of
1:20 000 with 10 m contours of the southern regions. So far 1100 of
those have already been published. Although provision is made for
colour separation, most maps of that series are published in black and
white. Some of the topographic maps are gradually replacing old
planimetric maps at the same scale.

A second goal of the Province is to establish monochrome maps of 700
urban centres with scales ranging from 1:1000 with spot heights or
1:2000 with 1 m contours.
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Most of this work is done by commercial contract under strict
standards of presentation and quality.

2.2.4 Ontario

In July 1977, the Ontario Government began a program to complete the
base map coverage of the province in 13 years. Three prime scales were
selected for basic topographic mapping:

- 1:20 000 with 10 m contours in Northern Ontario,
- 1:20 000 with 5 m contours in Southern Ontario, and
- 1:2000 with 1 m contours for urban areas.

Except in extreme northern areas, where photomaps will be produced, the
design is traditional line mapping. Provision is made for colour
separation but reproduction generally is in black and white.

All production is by commercial contract. Government involvement is
restricted to program development, specifications, contract monitoring,
and the safeguarding of records and production materials.

2.2.5 Manitoba

Manitoba has begun a program to map selected areas of the Province. It
will produce photo and line maps at the scale of 1:20 000 with 5 m
contours. In addition, 240 photomaps with 1 m contours have been
produced for 68 northern communities of the province in the past 4
years.

2.2.6 Saskatchewan

The recently created Central Survey and Mapping Agency of the Province
of Saskatchewan does not yet have a mapping program. In 1980, the
Agency expects to produce 2,400 Township Photomaps at the scale of
1:20 000.

2.2.7 Alberta

Alberta has just begun producing its own 1:250 000 map series based
partially on the federal maps at the same scale. The province has also
produced orthophotomaps of 32 municipalities at the scale of 1:5000
with 1 m contours. In addition, 1:15 000 resources maps are produced
by Alberta for forest inventory purposes.

2.2.8 British Columbia

British Columbia has a large and active Survey and Mapping Organization
which has been producing a wide variety of maps. The province produces
a full colour topographic map at the scale of 1:100 000. 1In the near
future major emphasis will be placed mainly on the production of maps
at 1:20 000 for resource inventory and 1:5000 and 1:2000 for areas of
intense cultural and resource development activity. The majority of
this work will be done by commercial contract.
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2.3 Other Mapping Activities

Considerable mapping activities are taking place at the municipal
level. Many large Canadian cities have their own survey department,
some with photogrammetric capabilities. Finally, single purpose
topographic maps are produced by or for provincial hydro-electric

utilities.
2.4 Principal Map Producing Agencies
The following is a list of the principal agencies that produce maps

either in-house or through commercial contract, often through a
combination of both.

Federal Government

Topographical Survey 615 Booth Street
Surveys and Mapping Branch Ottawa, K1A OE9
Mapping and Charting Establishment Ottawa, Canada
Department of National Defence K1A OK2

National Capital Commission 48 Rideau Street
Surveys and Mapping Division Ottawa, KIN 8K5

Provincial Agencies

Newfoundland and Labrador

Lands Branch, Department of Howley Blg., Higgins Line
Forestry and Agriculture St.John's, Newfoundland, AlC 5J2

Nova Scotia, New Brunswick
and Prince Edward Island

Land Registration and College Hill Road

Information Service Fredericton, New Brunswick, E3B 5H1
Québec

Direction des relevés techniques 1995, boul. Charest, ouest

Ministére de l'énergie et Ste-Foy, Québec, GIN 4H9

des ressources

Ville de Montréal 700 est, rue Craig

Travaux publics—Arpentage Montréal, Québec, H2Y 1A6

Hydro Québec 855 est, rue Sainte-Catherine

Service des relevés techniques  Montr&al, Québec, H2L 4M4
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Ontario

Ministry of Natural Resources

Ontario Ministry of Transportation

and Communication

Ontario Hydro
Surveys and Mapping Department

Municipality of Metropolitan
Toronto, Central Mapping Agency

Regional Municipality of Sudbury

Planning Department

Whitney Block, Queen's Park
Toronto, Ontario, M/A 1W3

1201 Wilson Avenue, East Bldg.
Downsview, Ontario, M3M 1J8

700 University Avenue
Toronto, Ontario, M5G 1X6

3284 Yonge Street
Toronto, Ontario, M4N 3M7

Sudbury, Ontario
P3E 4P2

Manitoba

Surveys and Mapping Branch
Department of Natural Resources
and Environment

Manitoba Hydro

1007 Century Street
Winnipeg, Manitoba
R3H OW4

1140 Waverley Street
Winnipeg, Manitoba, R3T 0OP4

Saskatchewan

Central Surveys and Mapping
Agency

Alberta

Surveys and Mapping Branch
Alberta Transportation

Resource Evaluation and Planning

Department of Energy and
Natural Resources

1855 Victoria Avenue
Regina, Saskatchewan, S4P 3V5

College Plaza, 8215-112 Street,
Edmonton, Alberta, T6G 2M2

North Tower, Petroleum Plaza
9945-108 Street,
Edmonton, Alberta, T5K 2G8

British Columbia

Surveys and Mapping Branch
Ministry of Environment

B.C. Hydro
Photogrammetric Engineering

Parliament Building
Victoria, B.C., V8V 1X4

970 Burrard Street
Vancouver, V6Z 1Y3
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3. SIGNIFICANT PHOTOGRAMMETRIC AND REMOTE SENSING DEVELOPMENTS
3.1 Aerial Photography

Standardization techniques for aerial colour infrared film were prepared
by J.M. Fleming and published by the Interdepartmental Committee on Air
Surveys. Factors that influence the quality of colour infrared photo-
graphs are examined and those that can be controlled by the aerial
photographer to produce a more reliable product are identified.

3.2 Instruments and Methods
3.2.1 National Research Council - Photogrammetric Research Section

Development of new digital and hybrid correlation techniques and
devices. The Array Image Correlator and the Charge-Coupled Device
Heterodyne Image Correlator are two devices that are presently under
development.

Further development of analytical instruments including the new methods
of precision length measurements and electronic image transfer that will
have far reaching consequences on the future design of analytical
stereoplotters.

Further development of the Position Verifier and add-on component to
analytical plotters for on-line real-time editing.

Further development of Stereocompilers for the exploitation of
stereoorthophotos with facilities for digital recording or generation
of line drawn maps, and the related development of the Steering Device
which is an add-on component allowing for direct scribing at the time
of stereo—compilation.

3.2.2 Department of Energy, Mines and Resources — Topographical Survey

Methods and procedures for the linkage of interactive graphic systems
with conventional photogrammetric plotters were developed (see also
paragraph 3.4.1).

Development of methods and software for the production of contours from
dense Digital Elevation Models (DEM's) produced with the Gestalt

Photomapper II.

3.2.3 University of New Brunswick

Investigation of a new concept for map revision, Digital map data is
transformed to correspond to the geometry of the photograph to be used
for the updating. Changes are detected, digitized and transformed
back into the map coordinate system.

Development of a method for the positioning, rectification and mapping

using linear entities such as road or railway segments as a substitute
to conventional ground control points. The method can be applied to
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conventional aerial photography as well as other types of imagery.

3.3 Mathematical Analysis of Data
3.3.1 National Research Council

With the development of the analytical plotters and the increase in
usage of mini-computers in mapping organizations, it was necessary to
modify the existing photogrammetric data processing software from
batch to on-line environment.

Programs for on-line analytical aerial triangulation and block
ad justment were developed for mini-computers. (Schut, Kratky).

The earlier version of the program for bundle adjustment has been
reprogrammed to simplify the input requirements and to enable its use
on minicomputers. 1In addition, a subroutine for the use of additional
parameters and a method of using special terrain height constraints has
been incorporated in the program (Schut).

3.3.2 Topographical Survey Division, E.M.R.

With the integration of the Gestalt Photomapper (GPM-II) system in the
digital topographic mapping program, a computer system was developed
for the post-processing of DEM's produced by the GPM-II. The system
includes the following main tasks:

— Standardization of DEM structure using various interpolation
algorithms.

- Verification and filtering of the generated map elevation grid.

~ Linear interpolation of contours on a per—-map-sheet basis.

3.3.3 University of Guelph

Work involving dense DTM's has been completed which allows a variety of
analysis such as

- Investigation of a watershed including location of watershed
boundaries, runoff, storage volumes and areas, and surface flow

patterns;

— Thematic extractions, spatial relationships, intervisibility and
creation of DEM's from contours.

The programs combine the advantages in processing speed of the dense

grid structure, and the economy of storage inherent in outline or
string structures.
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3.4 Topographic and Cartographic Applications
3.4.1 Digital Mapping

An increasing number of mapping organizations and aerial survey compa-
nies are becoming actively interested in digital mapping. At the
federal level, Topographical Survey, Surveys and Mapping Branch,
produced an experimental map at 1:50 000 in 1978. The Digital Mapping
Unit of the Division began full production of 1:50 000 standard maps in
1979. The mapping and Charting Establishment, Department of National
Defence, has begun a modernization program to increase the automation
of its facilities.

Several provincial and municipal agencies have purchased and installed
new digital mapping systems (Quebec, Alberta, B.C. Forest Service,
Communication and Transportation Ontario, Montreal, Burnaby) while
others are actively investigating digital mapping methods (Ontario, the
Maritime Provinces). For instance, the Province of Ontario is
investigating or 1s currently utilizing several automated or
semi-automated digital cartographic systems. Parts of its present
thrust is towards the utilization of these systems to improve the
storage and retrieval of many types of land-related data held on
government files.

3.4.2 National Standards for Digital Mapping

Under the auspices of the Canadian Council on Surveying and Mapping,
three Technical Committees were established in 1978 to prepare national
standards for the exchange of digital map data.

Committee 1 will develop a national and uniform classification syster
for topographic features. This is to include a Dictionary of Terms
describing all topographic features as well as a coding system.

Committee 2 will develop standards for resolution and accuracy of
digital topographic data and recommend standards for rating the
up—-to-dateness and completeness of the data.

Committee 3 is preparing standards for the transfer of digital
topographic data on various media (magnetic tapes, disks and punch
cards) as well as conventions for the logical definition and
organization of all topographic data elements.

The committees expect to complete the standards in 1981.

3.4.3 Use of Landsat Images for Map Revision
The use of Landsat images for revision of the 1:250 000 national map

series is being investigated. Inital results are very promising and a
proto—operational program is being developed.
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3.4.4 Littoral Mapping

The Canadian Hydrographic Service, in conjunction with the Canada
Centre for Remote Sensing, has undertaken to produce an operational
system to use aircraft collected data for shallow water bathymetry.
The primary sensor is an aerial camera using colour film. The
secondary sensor is a pulsed profiling laser bathymeter.

The stereo photos are used to produce photogrammetric models in an
analytical stereoplotter equipped with an on-line refraction
correction. Exterior orientation parameters are supplied by an
inertial navigation system hard-mounted to the camera. The output

from the inertial system is recorded during the flight and is recovered
using a post-mission track recovery system which is built around a
Kalman filter-optimal smoother. When the stereo models have been

set up it is possible to measure depths to 10 m .

The laser bathymeter which operates simultaneously with the camera
provides spot depths every 8 m along the aircraft track to a depth of
25 m . The laser depth data is merged with the photo depth data during
the photogrammetric processing.

At the present time the aerial hydrography system is evolving from the
research and development stage into the operational environment.

3.5 Non-Topographic Photogrammetry

Non-topographic photogrammetry is increasingly used on a routine basis
by federal and provincial government organizations and by private
industry in fields such as architectural recording, forestry, mining
and medicine. Research projects, often involving new and inventive
applications, are being carried out at the National Research Council
and at universities with post—graduate programs in photogrammetry.

Recent instrumental and technical developments such as the analytical
plotter are widening the range of application and increasing the
accuracy and the versatility of photogrammetry (Kratky, 1979).

Examples of recent projects on the NRC Anaplot include the use of four
simultaneously oriented small format photographs, offering the
possibility of full stereoscopic coverage of a three-dimensional
object. The Anaplot is also used for a precise archeological survey of
a shipwreck, using underwater photogrammetry.

Analytical processing of data allows the use of non-conventional data
acquisition systems. At Laval University the geometry of imagery
obtained by scanning and transmission electron microscopes has been
analyzed and successfully modeled for practical use.

On-line photogrammetric techniques have been developed in a joint
NRC-NASA project to control the manipulator system for retrieval or
replacement of satellite payleads by remote control from the space
shuttle. It has been demonstrated that photogrammetric resection can
provide reliable feedback parameters for a smooth control operation
with a frequency of 30 times per second (Kratky, 1979).
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Digital Terrain Modeling techniques are becoming established in
non—-topographic applications. At Laval University forms of animals
(body size and shape) and microscopic objects are being analyzed by
digital modeling. Techniques for plotting perspective diagrams from
the Digital Terrain Models have been developed. Computation programs
for urban and architectural applications are also being developed.
These programs depend, among other factors, on procedures to eliminate
"hidden lines.”

Non-topograpic photogrammetry often includes the acquisition of very
precise data. Calibration of cameras and photogrammetric systems by
means of three—dimensional test fields is carried out at NRC, Laval
University and the University of New Brunswick. At Laval University a
calibration procedure for a helicopter mounted stereometric camera
system is being developed. The photographs are used to determine, by
simple photogrammetric means, the tree peripheries and heights which
are needed for timber quantity inventory measurements.

High precision deformation measurements and determination of milling
dimensions for spherical tank components for tankers have been carried
out by analytical methods at the University of New Brunswick (Faig,
1978). A combined use of photogrammetric observations and survey data
is often necessary to obtain the required accuracy. This method was
used for checking the sphericity of aluminum plates (E1l Hakim, 1979).
Other precision engineering applications include photogrammetric
determination of the shapes of boat hulls (Murdy et al, 1979) and pile
movements (Bozozuk et al, 1978).

Photogrammetry is becoming an important tool in medical applications.
Equipment for scoliosis screening based on moiré topography has been
developed at NRC (van Wijk, 1980). It is presently being evaluated
in pilot screening projects by universities and hospitals in North
America (Adair et al, 1977).

3.6 Economic, Professional and Educational Aspects of Photogrammetry

During the last Congress, Dr. T.J. Blachut was invited to form a group
of authors willing to write a history of photogrammetry. Dr. Blachut
was joined by a number of leading scholars as co—authors and the group
proceeded with the preparatory work. The text will consist of nine
chapters each written by a different author. Some chapters have
already been written, at least in part. There is good reason to
believe that the book will be published commercially by one of the
scientific publishing houses. According to a tentative plan, the
initial English text will be translated into Spanish and published as a
separate edition in this language at no cost to the ISP. Due to many
difficulties and delays the book will not be published until after

the international congress of 1980.

3.7 Interpretation of Data
During the reporting period, applications of various types of remote

sensing data were actively pursued and reported at the Annual Canadian
Symposiums on Remote Sensing (1977-Québec, 1978-Victoria, 1980-Halifax).
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In July 1977, a second receiving station for the reception of Landsat
and Seasat data was opened at Shoe Cove, Newfoundland, to provide
coverage of eastern Canada and the Atlantic ocean.

During 1978-79 a comprehensive study project on the applications of
synthetic aperture radars was carried out (SURSAT PROJECT). This study
was directed towards the determination of the sea and land surveillance
capabilities of satellite SAR as demonstrated by SEASAT. In addition
27 000 km of airborne SAR using ERIM 4-band SAR was supplied to
investigators working in oceans management, agriculture, forestry, ice
studies, human activities and geology to determine the role of SAR as a
remote sensing tool. This project saw the development of digital image
restitution equipment for SAR data by MacDonald Dettwiler and
Associates, Vancouver and the Canadian Communication Research Centre,
Dept. of Communications.

In the same period, geometric and radiometric correction of
multi-spectral scanner data became available from the Canada Centre for
Remote Sensing as a result of their development of the Digital Image
Correction System (DICS). Digital image analysis techniques are widely
used in the interpretation of data and several systems have been
developed in Canada (ARIES, OVAC-8, MDA.)

4. THE AERIAL SURVEY AND REMOTE SENSING INDUSTRY

4.1 The vastness of Canada, the need to gain knowledge and to develop
its resources are some of the factors contributing to the growth and
strength of the Aerial Survey and Remote Sensing industry. The
industry has performed well since it is capable of providing all
services required by government and the private sector, without the
need to import any foreign services with the exception of sophisticated
electronic equipment. The Canadian industry has earned an enviable
reputation world wide for its technical competence, integrity and
innovative capability. It has provided aerial surveying and remote
sensing services in over 100 foreign countries.

4.2 The Aerial Survey Industry

The 37 Canadian Aerial Survey companies with their postal and cable
address, telephone number and capabilities are listed on the following

pages.

Code Used for Capabilities
of Aerial Survey Companies

= Aerial Photography

Control Survey

= Aerotriangulation and Numerical Adjustment
= Large Scale Photogrammetric Mapping
Medium Scale Photogrammetric Mapping
Photomapping

Colour Reproduction

RO >
|
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Aero Photo (1961) Inc.
1975 Boul. Charest Ouest
Ste~Foy, Québec, GIN 2E6
Telephone: (418) 683-2231
Telex: 051-31523
Cable: -
Capability: A,C,T,L,M,P,R

Airmap Limited

4534 South Clark Place
P.0. Box 918, R.R. #5
Ottawa, Ontario KI1G 3N3
Telephone: (613) 822-0253
Telex: -

Cable: -

Capability: L,M

Airquest Surveys Ltd.

1540 Gamble Place

Winnipeg, Manitoba, R3T 1N6
Telephone: (204) 284-3101
Telex: 07-587517
Cable: -

Capability: C,L,M

Anaphoto Services

3281 Monica Drive

Malton, Ontario, LA4T 3E6
Telephone: (416) 677-5825
Telex: -

Cable: -

Capability: T

Atlantic Air Survey Ltd.
P.0. Box 187, 650 Windmill Rd.
Dartmouth, Nova Scotia, B2Y 3Y3

Telephone: (902) 469-7901
Telex: 019-31562
Cable: Atlantair

Capability: A,C.L,M,P.R

J.D. Barnes, Ltd., Surveyors
4632 Yonge Street,
Willowdale, Ontario, M2N 5M1
Telephone: (416) 223-6010
Telex: 06-966730

Cable: -

Capability: A,C,T,L,M

Beliveau—Couture
Arpenteurs—-Geometres, Conseils
780 Avenue de Brabant

Ste-Foy, Québec, GlX 3V9
Telephone: (418) 656-1572
Telex: 051-31576

Cable: -

Capability: A,C,T,L,M

Burnett Resources Surveys Ltd.
Lake City Industrial Park

2973 Lake City Way

Burnaby, B.C., V5A 3Al
Telephone: (604) 420-2600
Telex: 04-354648

Cable: -

Capability: C,T,L,M,R

Capital Air Surveys Ltd.

Pembroke and Area Municipal Airport
R.R. #6, Pembroke, Ontario, K8A 6W7
Telephone: (613) 687-5586

Telex: 053-34541

Cable: Capitalair

Capability: A

Foto Flight Ltd.

214 Whitman Place N.E.
Calgary, Alberta, T1Y 4H9
Telephone: (403) 275-9334
Telex: -

Cable: -

Capability: A

Garx Air Surveys

Suite 200, 1 Place Laval
Laval, Québec, H7N 1Al
Telephone: (514) 384-1260
Telex: 05-25469
Cable: -
Capability: A,C,T,L,M,P

Geographic Air Survey Ltd.
12851-148th Street
Edmonton, Alberta, T5L 2H9
Telephone: (403) 451-1406
Telex: -

Cable: -

Capability: A

Geonumerigraphe Inc.

1796 Boul. Laurier
Sillery, Québec, GIS 1M4
Telephone: (418) 681-3583
Telex: -

Cable: -
Capability: A,C,M

Global Remote Sensing Inc.
P.0. Box 191

Breslau, Ontario, NOB 1MO
Telephone: (519) 648-2770
Telex: 069-55317
Cable: -

Capability: A
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Hugh Hamilton Ltd.

Suite 120-116 East 3rd Street
North Vancouver, B.C., V7L 1E6
Telephone: (604) 980-5061
Telex: ~

Cable: -

Capability: M

Industrial Forestry Service Ltd.
Suite 101-1595-5th Avenue
Prince George, B.C., V2L 3L9
Telephone: (604) 564-4115

Telex: -

Cable: -

Capability: C,T,L,M,R

Integrated Resources Photography
P.0. Box 2278,

Vancouver, B.C. V6B 3W5
Telephone: (604) 681-3505
Telex: -

Cable: -

Capability: A,C,T,L,M

Kenting Earth Sciences Ltd.
380 Hunt Club Road

Ottawa, Ontario, K1G 3N3
Telephone: (613) 521-1630
Telex: 053-4173

Cable: -

Capability: A,C,T,L,M,P,R

Marshall, Macklin, Monaghan Ltd.
275 Duncan Mill Road

Don, Mills, Ontario, M3B 2Y9
Telephone: (416) 449-2500

Telex: 06-966695

Cable: -

Capability: A,C,T,L,M,R

McElhanney Surveying & Eng. Ltd.
14 Bentley Avenue,

Nepean, Ontario, K2E 6T8
Telephone: (613) 225-9710

Telex: 053-3174

Cable: -

Capability: A,C,T,L,M,P,R

McElhanney Surveying & Eng. Ltd.
1200 W. Pender Street

Vancouver, B.C., V6E 2T3
Telephone: (604) 683-8521

Telex: 04~51474

Cable: SURVENG

Capability: A,C,T,L,M

Monaghan & Associates

825 St. Jean Baptiste

Québec City, Québec, G2E 5B7
Telephone: (418) 871~2828
Telex: 051-31706

Cable: -

Capability: C,T,L,M,R

Nfld. & Labrador Surveys Ltd.
P.0. Box 4264, X~Mart Plaza
Torbay Road, St. John's,
Newfoundland, AlC 577,
Telephone: (709) 753-9080
Telex: -

Cable: -
Capability: A,C,T,L,M,P

North West Survey Corp.
International Ltd.
17203-103rd Avenue,
Edmonton, Alberta, T5S 1J4
Telephone: (403) 483-8033
Telex: 037-3039

Cable: SURVEYOR EDM

Capability: A,C,T,L,M,P,R

Northway—Gestalt Corporation
1450 O'Connor Drive

Toronto, Ontario, M4B 2V9
Telephone: (416) 755-1141
Telex: 06-963518

Cable: NORTHWAY, TORONTO

Capability: A,C,T,L,M,P,R

Orhan's Reproductions &
Photomapping Ltd.

907-9th Avenue S.W.
Calgary, Alberta, T2P IL3
Telephone: (403) 265-7514
Telex: 03-822617.
Cable: -

Capability: C,T,L,M,P,R
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Pacific Survey Corporation Resource Mapping Services Ltd.

1409 West Pender Street 300 Steelcase Road West, Units 4&5
Vancouver, B.C., V6G 254, Markham, Ontario, L3R 1B3
Telephone: (604) 683-6501 Telephone: (416) 495-0428
Telex: 04-507804 Telex: -

Cable: -~ Cable: -
Capability: A,C,L,M,P Capability: A,C,L,M
Photo~Compilation P.M.S. Inc. Routhier, Grenier & Assoc.
2405 Chemin Ste-Foy 1987 du Sanctuaire
Ste-Foy, Québec, GlV ITI Beauport, Québec, GIE 4E2
Telephone: (418) 651-5436 Telephone: (418) 667-1913
Telex: - Telex: -

Cable: - Cable: -
Capability: A,C,L,M Capability: C,L,M
Photocan Surveys Limited T&S Topographic Services Ltd.
4632 Yonge Street 10543~123rd Street
Willowdale, Ontario, M2N 5Ml Edmonton, Alberta, T5N IN9
Telephone: (416) 223-6010 Telephone: (403) 482-7508
Telex: 06-966730 Telex: -

Cable: - Cable: -
Capability: A,C,T,L,M,P,R Capability: A,C,L,M,P,R
Photomap Air Surveys Ltd. Terra Surveys Limited

83 Galaxy Blvd. Unit #1 2060 Walkley Road

Rexdale, Ontario, MIW 5X6 Ottawa, Ontario, K1G 3P5
Telephone: (416) 675-2660 Telephone: (613) 731-9571
Telex: - Telex: 053-3502

Cable: - Cable: GEOTERRA
Capability: A,C,L,M Capability: A,C,T,L,M,P,R
Photosur Inc. Western Photogrammetry
1320 Sherbrooke Street W. 17007-107 th Avenue
Montreal, Québec, H3A 2R5 Edmonton, Alberta, T5S 1G3
Telephone: (514) 288-1370 Telephone: (403) 483-7722
Telex: 055-61257 Telex: 037-2537

Cable: PHOTOSUR Cable: -
Capability: A,C,T,L,M,P Capability: A,C,T,L,M,R

Prairie Surveys Ltd.

1170 Winnipeg Street

Regina, Saskatchewan, S4R 1J6
Telephone: (306) 525-6200
Telex: -

Cable: -

Capability: A,C,T,L,M,R

4.3 THE REMOTE SENSING INDUSTRY

The names and addresses of 22 companies offering a variety of remote
sensing services are listed on the following pages.
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Code Used for Capabilities
of Remote Sensing Companies

c
S
E

Barringer Research Ltd.
304 Carlingview Drive
Rexdale, Ontario, M9W 5G2
Telephone: (416) 675~3870

Capability: C,E

Dames and Moore Limited
11618-75th Avenue
Edmonton, Alberta, T6G 0J2
Telephone: (403) 436-9460

Capability: C

Dendron Resource Surveys Ltd.
P.0. Box 6493, Station "J"
Ottawa, Ontario, K2A 3Y6
Telephone: (613) 225-6903

Capability: C

Dipix Systems Limited
1785 Woodward Drive
Ottawa, Ontario, K2C 0P9
Telephone: (613) 224-~5175

Capability: E

Dobrocky Seatech Limited
130 Kingston Street
Victoria, B.C., V8V 1V4
Telephone: (604) 388-9131

Capability: C

Geostudio Consultants

525 St. Laurent Blvd. - Ste.
Ottawa, Ontario, K2H 8K7
Telephone: (613) 746-2950

Capability: C

Geoterrex Limited
2060 Walkley Road
Ottawa, Ontario, KiG 3P5
Telephone: (613) 731-9571

Capability: C,S

Gregory Geoscience Ltd.
1750 Courtwood Crescent
Ottawa, Ontario, K2C 2B5
Telephone: (613) 224-9565

Capability: C
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Consulting Services
Data Systems and Services
Equipment

Intera Environmental
Consultants Ltd., Centre 70,
7015 MacLeod Trail, S.W.
Calgary, Alberta, T2H 2K6
Telephone: (403) 253-8895

Capability: C,S

ISIS Limited

P.0. Box 1630, Prince Albert
Saskatchewan, S6V 5T2
Telephone: (306) 764-3602

Capability: S

J.D. Mollard & Associates
815 McCallum - Hill Building
Regina, Sask. S4P 2G6
Telephone: (306) 352-8811

Capability: C

Kenting Exploration Services Ltd.
5636 Burbank Crescent

Calgary, Alberta, T2H 1Z6
Telephone: (403) 253-6633

Capability: C,S

Lockwood Survey Corporation Ltd.
1409 West Pender Street
Vancouver, B.C., B6G 254
Telephone: (604) 683-6501

Capability: C,S

MacDonald Dettwiler & Assoc. Ltd.
Nootka Building

10280 Shellbridge Way

Richmond, B.C., V6X 279
Telephone: (604) 278-3411

Capability: E

Nordco Limited

P.0. Box-8833

St. John's, Nfld., AlB 3T2
Telephone: (709) 754-2401

Capability: C

Norpak Limited

P.0. Box-70

Pakenham, Ontario, KOA 2X0
Telephone: (613) 624-5555

Capability: E
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PHD Associates

107 Fordwich Crescent
Rexdale, Ontario, M9W 2T6
Telephone: (416) 742-6425
Capability: C

Philip A. Lapp Ltd.

56 Sparks Street - Suite 100
Ottawa, Ontario, KI1P 5A9
Telephone: (613) 238-2452

Capability: C

Remotec Applications Inc.
P.0. Box 5547

St. John's, Nfld.,
Telephone: (709) 364-1779

Capability: C

SED Systems Limited

710 - 350 Sparks Street
Ottawa, Ontario, KIR 758
Telephone: (613) 238-8241

Capability: S

Shawinigan Engineering Co. Ltd.
620 Dorchester Boulevard West
Montreal, Quebec, H3B 3L7
Telephone: (514) 878-9311

Capability: C

Sibbald Group

2300 Bow Valley Square 3
255~-5th Ave. S.W.
Calgary, Alberta T2P 3G9
Telephone: (403) 263-5760

Capability: C

5. INSTRUMENT DEVELOPMENT

Endowed with a strong and thriving electronic industry, Canada is
taking full advantage of the latest instrumental developments to
launch an ambitious construction program of photogrammetric
instruments.

5.1 The CANADIAN MARCONI COMPANY is developing photogrammetric
products based upon the technology developed by the National Research
Council of Canada. The first result of this development is the
ANAPLOT 11 system of photogrammetry.

The ANAPLOT II is based upon the modular approach to measurement
systems which has become almost standard to the field of high-order
instrumentation, and provides the means of satisfying the needs of
conventional mapping, the automatic production of orthophotographs,
the automatic production of digital terrain maps, the semi-automatic
production of elevation contour maps, and on—-line aerial triangula-
tion.

The modules are so designed that the relevant characteristics of
assembled instruments are sufficiently better than the best
resolution expected in the photographs to be analyzed, so that the
instrument does not intrude upon the accuracy of the measurements.
In manual operation, the relevant characteristics of the instrument
are sufficiently superior to the visual acuity and manual dexterity
of the observer to ensure no degradation in the pointing accuracy or
speed of response of the observer. Emphasis is also put upon making
full use of the operator's capabilities by providing adequate field of
view and controls of such size, shape and position so as to provide
the traditional handwheels and footwheel, while at the same time
conforming to the latest trends in human engineering.
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The system stresses high resolution viewing systems and high
precision measurement. Demonstrated root mean square accuracies
over a 9" x 9" grid are within 1.5 micrometres.

5.2 The Graphics Division of SYSTEMHOUSE LTD. designs cartographic
and photogrammetric systems. AUTOMAP/AUTOCHART, a cartographic system
for the production of topographic maps and nautical charts, is in use
in Australia and Canada and will shortly be delivered to India.
Recently SHL has completed the development of AUTOPLOT, a universal
analytical stereoplotter based on NRC technology. The AUTOPLOT

system provides all of the precision photogrammetric facilities
required by commercial, government and research agencies.

SHL and its Graphics Division have a proven record of professional
development services for cartographic and photogrammetric systems.
AUTOPLOT, the analytical stereoplotter integrated with AUTOMAP, the
map production system, provides a complete and cost effective turnkey
system for commercial and government aerial survey and mapping
agencies.

5.3 Over the past three years GESTALT INTERNATIONAL LTD. has moved

from Vancouver, B.C. to Stittsville, Ontario and finally to Toronto,
Ontario. GESTALT has amalgamated with a long established air survey
company and is now known as NORTHWAY-GESTALT CORPORATION.

Three series I1 GESTALT PHOTO MAPPERS have been installed during this
period:

- A system was delivered to the Surveys and Mapping Branch of the
Department of Energy, Mines and Resources in Ottawa during 1977.
This instrument is primarily used in support of the 1:50 000
national topographic series.

~ Late in 1978, a GPM II with stereomate capabilities was installed
at the Instituto Geografico "Agustin Codazzi™ in Bogota, Columbia,
including four digitized stereomate plotters, and a computerized
drafting system. Orthophotos and stereomates are being used for a
cadastral mapping program.

~ A second GPM II was delivered to the United States Geological
Survey in Reston, Virginia early in 1979 for use in their
national orthophoto mapping program.

NORTHWAY-GESTALT presently operates two GESTALT PHOTO MAPPERS in
Canada, both of which will have DEM capability by mid 1980.

A series V GPM is presently being developed with high precision
transports which will significantly improve the accuracy of
digital elevation models.
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