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SATELLITE IMAGERY AND ITS APPLICATIONS
TO OFFSHORE MAPPING IN AUSTRALIA

by L.G. TURNER and H.L. MITCHELL
Division of National Mapping, Canberra, Australia

This paper is an updated version of a presentation by the authors at the 20th
Australian Survey Congress, Darwin, May 1977.

ABSTRACT

Terrestrial imagery obtained by scanners aboard the U.S. LANDSAT series
satellites has already found application in a multitude of programs of
earth resources enquiry. A description of the Landsat system and details
of the maulti-spectral scanning sub-system serve to introduce the possible
applications of this imagery to mapping in general and to the Division of
National Mapping’s bathymetric program in particular.

Imagery obtained at satellite altitudes over ocean-water areas enables
the identification of shallow water features such as islands, coral reefs and
shoals. The shortage of exisling maps of many offshore areas suggests the
use of the imagery in these regions. The planimetric accuracy of the
imagery, problems of improving the geometric fidelity, the methods of
identifying oceanic features and the methods by which shallow water
depth information can be extracted from the scanner data are considered
in a discussion of the use of this information for bathymetric mapping
purposes.

LANDSAT SATELLITE IMAGERY
Introduction
Following the success of the Gemini and Apollo manned spacecraft
programs in proving the application of photography and other remote

sensing of the earth’s surface from space, the United States National
Aeronautics and Space Administration (NASA) embarked on a post-Apollo
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program to continue its experimental studies of the usefulness of multi-
spectral imagery from space to earth resources applications.

The advantage of multispectral imagery lies in the separation of
individual features afforded by recording narrow band widths in the visible
(380-700 nanometres:nm) and infra red (7004 nm) portions of the spec-
trum. These recordings can be reproduced on photographic film either
separately or in combinations of colour to assist interpretation of resource
data.

Apart from the Skylab manned missions which extended these exper-
iments with further recoverable film and other sensor information, the
major activity related to the Earth Resources Technology Satellite (ERTS)
program. The first satellite, ERTS-1 (see fig. 1) was successfully launched
in July 1972, and as a result of its success a second satellite was launched
in January 1975. At that time the program was renamed LanpsaT and
the satellites became known as Landsat-1 and Landsat-2. The satellites are
similar, having been patterned on the Nimbus meteorological satellites
which have an extremely precise, stable aititude control and which have
been in use since 1964. Both Landsat satellites carry the same sensors.
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Fic. 1. — ERTS-1 (LANDSAT-1) satellite (after PERRY, 1972).

The satellites have been launched into a near polar circular orbit at
an altitude of 900 km. The orbit is sun synchronous so that, apart from
seasonal variations, the sun’s angle of illumination of the area viewed by
the satellite remains constant. Each orbit takes about 103 minutes, there
being 14 revolutions of the earth each day. Successive orbits are separated
by 25.8 degrees of longitude (see fig. 2) so that after 18 days the whole
earth has been viewed once and repetitive coverage commences.
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FiG. 2. — Examples of successive Landsat orbits over Australia (after PERRY, 1972).

Satellite Payloads

In addition to a data collection sub-system used to collect and relay
data from remotely located ground platforms to Landsat data acquisition
stations, the payload of the satellites consists of a Return Beam Vidicon sub-
system (RBV) and a multispectral scanner sub-system (MSS) ; see figs 3
and 4. These provide independent images of the same 185 by 185 km area
of earth in various spectral bands.

100 BY 100
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Fic. 3. — Principles of Landsat Return Beam Vidicon (after PErRy, 1972).
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FiG. 4. — Principles of Landsat multispectral scanner (after PERRY, 1972).

The RBV sub-system contains three cameras each filtered to record
the green (approx. 500-600 nm), red (approx. 600-700 nm) and infra-red
(approx. 700-800 nm) bands respectively. When shuitered, the cameras
store images on photo-sensitive surfaces within each vidicon camera tube.
The tubes are then scanned to produce video outputs requiring about 3.5
seconds to read out each of the three images in sequence. The cameras are
reshuttered every 25 seconds to produce consecutive images along the
satellite ground path overlapping by approximately 20 %.

The MSS sub-system collects data in four spectral bands, three of
which relate to the RBV cameras plus an additional infra-red band (800-
1100 nm), by continually scanning a swathe of the same width as the RBV
cameras. Scanning is achieved through a mechanically oscillating mirror
that flips from side to side about 13 times per second. During subsequent
ground processing the continuous scan is formatted into images equivalent
in area to those of the RBV cameras. According to pre-launch expectations,
the MSS would have superior radiometric sensitivity, but inferior resolution
and geometric accuracy, compared with the RBV sub-system.

The satellites carry on board tape recorders which can store the sensor
information for subsequent relay to ground receiving stations ; direct trans-
mission of data can be achieved only as the satellite passes within radio
range of the ground receiving stations.

Data Acquisition

There are three United States tracking and data acquisition stations,
at Fairbanks, Alaska, at Goldstone, California and at Greenbelt, Maryland.
In addition Canada has an acquisition station at Prince Albert, Saskatche-
wan with processing facilities in Ottawa, which were used for Landsat-1 as
well as Landsat-2 ; a second Canadian receiving station is also planned.
Brarzil installed a receiving station at Cuiaba for Landsat-2 with processing
being carried out near Sdo Paulo ; further receiving stations are being
acquired by Italy, Iran, Zaire, Chile, and Australia. ‘
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Data from the US acquisition stations is sent to the NASA Data
Processing Facility (NDPF) at Goddard Space Flight Center where some
1300 scenes can be processed each week. Copies of all processed information
are forwarded to the Department of Interior’s Earth Resources Observation
Systems (EROS) Data Center at Sioux Falls, South Dakota, where they can
be purchased by the public for the cost of reproduction.

Initially, the three RBV images for each scene (Bands 1, 2 and 3) and
the four MSS images (Bands 4, 5, 6 and 7) are reproduced separately on
70 mm film at a scale of 1 : 3 369 000. An enlargement of these onto 24 cmn
film gives a scale of 1 : 1 000 000 which is most commonly used for inter-
pretation and colour composite reproduction. In addition, many of the
images can be ordered on magnetic tape in computer compatible form, and
these may be purchased for computer analysis of the imagery.

The next satellite in the Landsat series is due to be launched in 1978 ;
it features a more advanced RBV system with a proposed 40 m resolution
capability. Each RBV frame will cover only a quarter of the existing devices.
This satellite, Landsat-C, will also carry an additional, infra-red, channel in
the multispectral scanner.

Photography retrieved from the manned Skylab missions has also been
evaluated for mapping purposes but it does not appear to have been em-
ployed for any mapping programme to date. Sensors on the planned
SEASAT series satellites will be oriented towards oceanographic applications,
but they are not likely to be of cartographic value.

Activities in Australia

In June 1970 NASA sought proposals from interested scientific organi-
sations for participation in the Landsat-1 experiment, and as a result of the
response from the Australian scientific community a Commonwealth inter-
departmental coordinating committee, called the Australian Committee for
Earth Resources Technology and Science (ACERTS), was formed and pre-
pared a set of Australian proposals. These propousals were multi-disciplin-
ary and were designed to evaluate the usefulness of Landsat data and
compare it with “ ground truth ” information available to the investigators.
In all, some 48 reports of investigations were incorporated in a final report
to NASA in March 1975 and included results of studies by Commonwealth
and State Authorities, Universities and private companies in the fields of
forestry, agriculture and land use, geography, geology, hydrology, cartogra-
phy and interpretation techniques.

As the data acquisition stations for NASA - sponsored imagery are
located in North America, all Australian imagery was recorded on board the
satellite and read out during passes over the stations. This total reliance
on the recorders limited the amount of imagery NASA was prepared to
obtain, and as those allocated to the RBV imagery on board Landsat-1 gave
trouble very early in the mission, only a few RBV scencs were received.
Although Landsat-1, with an original life expectancy of one year, is still
operational, the tape recorders have been inoperative siace mid-1974 and
only real time acquisition of data is now possible.



26 INTERNATIONAL HYDROGRAPHIC REVIEW

The Division of National Mapping was involved in the ILandsat-1
investigations primarily in the reproduction of imagery from NASA and its
distribution to the Australian investigators. At the same time, the Division
carried out its own investigations in relation to topographic, bathymetric
and land use mapping. The quality of imagery received from NASA for the
investigations was generally rather poor, which limited its usefulness to
topographic map products. Considerable use has also been made of Antarc-
tic imagery to produce mosaics of rock and ice areas hitherto unmapped
due to lack of photography and photogrammetric control.

The quality of imagery received from NASA in the Landsat-2 program
has generally been much better than that received from Landsat-1. However,
only limited imagery has been received, owing to the short period during
which NASA took imagery over the investigation areas and owing to poor
weather conditions prevailing during that period. Generally, the 24 em image
products received from NASA have better definition and resolution than the
70 mm products.

APPLICATION OF LANDSAT IMAGERY TO OFFSHORE MAPPING

With Landsat-2, NASA restricted the foreign investigations, so that
only five Australian investigators were selected to participate in the future
studies afforded by the new imagery. Included in the Australian investiga-
tions into Landsat-2 was a proposal by the Division of National Mapping
to examine more fully the application of satellite imagery to the mapping
of reefs and shoals around Australia.

The study has been aimed at examining the extent to which Landsat
imagery could be applied to the Division’s bathymetric mapping program.
The idea for the investigation stems from a recognition that, although the
Landsat satellite series is oriented towards monitoring earth resources and
not towards accurate offshore mapping, the imagery does nevertheless quite
accurately depict features such as islands and reefs and even shoal waters.

The Division’s bathymetric mapping program is aimed at mapping the
Australian continental shelf area to a depth of 300 metres at a mapping
scale of 1 : 250 000. Furthermore, the major portion of this area has yet
to be mapped in the program ; much of the area contains islands, reefs and
other features which should be discernible on the satellite imagery. Even
though hydrographic charts cover some of these areas, the extent of the
charts, their age and their accuracy are variable and not always satisfactory
to the program’s requirements.

Mapping from satellite imagery can be expected to have some advan-
tages over conventional hydrographic survey techniques, for the following
reasons :

a) delineating reefs and islands and mapping in shallow water by
conventional ship-borne techniques can be dangerous, slow, diffi-
cult, sometimes impossible, and in comparison to Landsat imagery,
probably much more expensive ;

b) because each Landsat image covers such a large area it could have
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valuable application in cases where aerial photographs cannot
bridge expanses of featureless ocean.

From this background, then, the Landsat imagery was considered to
be worth some investigatory effort. The work was also stimulated by some
overseas success in determining water depths using satellite imagery.

Although the investigation may appear to duplicate work being under-
taken elsewhere (including some work in Australia) in the cartographic
application of this imagery, it is considered that the problems and solutions
encountered in offshore mapping with the satellite products are not the
same as those encountered in the mapping of on-shore, topographical fea-
tures. Offshore imagery characteristics include :

i) a lack of relief displacement ;

ii) a lack of cultural features which may assist in identification ;

iil) expanses of open water which do not need to be mapped ;

iv) inaccessibility, so that control stations often do not exist and are

difficult to place ;

v) limited options for control configuration ;

vi) the existence of tides which can alter the apparent shape and size

of islands and reefs.

Landsat-1 imagery has already been used to revise reef and island
positions and shapes on a series of maps of the Great Barrier Reef (known
as the “ Reconnaissance Series ") which was largely uncontrolled and which
received only very limited circulation. Fig. 5 illustrates one area both
before and after revisions were made using uncontrolled Landsat imagery
magnified to a scale of 1 : 2560 000. Fig. 6 illustrates the complete coverage
of the Barrier Reef by the Reconnaissance Series and depicts the revision
which was undertaken with the aid of Landsat-1 imagery.

Geometric Accuracy of the Imagery

A complete mapping technique which uses Landsat imagery is now
being developed. However, it has been found in guantitative tcsts that the
geometric accuracy of the multi-spectral scanner imagery approaches
requirements for 1 : 250 000 scale mapping. The basic method of determin-
ing the planimetric accuracy of the MSS imagery has been to compare, via
mathematical transformations, a set of image coordinates for a number of
points on the image with the Australian Map Grid coordinates of the
corresponding points on the ground. The transformation relationships
correspond to the systems which would project the original control points
onto the Landsat image ; the residuals after least-squares comparison of the
two sets of coordinates indicate the remnant distortions.

A number of different techniques have been used in this study :

i) the imagery used has varied from diapositives at 1: 1000 000
scale to paper prints at 1 : 250 000 and 1 : 1000000 scales to a
display derived from a digital source ;

ii) both conventional survey control points and identifiable map points
have been used as control ;

iii) various mathematical transformations — Helmert, Affine, Second
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Order Conformal and Bilinear — have been used to relate the sets

of coordinates ;

iv) a coordinatograph was used to measure the image coordinates and
on one test digital methods were used to obtain image coordinates

referred to scan-line numbers and picture-element numbers.

Results of tests which have been undertaken on two scenes are shown
in Table I. They can be compared with the National Mapping Council of
Australia specification which requires that 90 % of tested points have an
error less than 0.5 mm, i.e. 125 m at a scale of 1 : 250 000. For example,
the results of Test 2b suggest that if the Landsat-2 scene 2125-01091 were
corrected according to a Second Order Conformal transformation, 90 % of
tested points should have a position error not exceeding 295 m. The earliest
tests had deficiencies in the identification and measurement of control
point coordinates and hence the magnitudes of residuals are greater than on

later tests.
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Satellite Bathymetry

The examination of the abstraction of water depths from the MSS
imagery has not been conclusive. The Landsat-1 scene 1026-00035, of Torres
Strait, which is shown in Fig. 7 illustrates the different water penetration
abilities of the four MSS bands.

Table 1
Results of distortion tests on Landsat MSS imagery.
Test 1 Test 2
a —[ b a b c
Landsat 1026-00035 2125-01091
Image number
Area Torres strait Lacepede is., Broome, King Sound
B&W, dia- TV screen B&W, Stable-based, magnified from
Test image positive display 70 mm transparency by Division of
form (by CSIRO | (ANU Dept National Mapping.
Mineral Engineer.
Physics) Physics)
MSS Band 4 5 5 5
Variable
__Image scale 1:1000000] onTV screen [1:1 000 000 1:250 000
Source of Trig. stations, identified mainly by aerial Points on
ground control spot photographs 1:100000
maps
Number of 28 12 11 22
points used
M.S.E. H 540 * 371 278 99
after A 210 132 284 220 92
transfmn C 490 * 315 228 96
(in m. on
ground) B 210 102 229 162 98
Residual H 750 555 350 70
which is not A 230 290 335 65
exceeded by
90 % of C 680 * 550 298 75
points B 250 g 315 220 80
Percentage H 72 E 83 9 92
of points A 98 2 100 27 92
with a 5
residual C 68 z 100 27 92
less than
0.5 mm on B 96 83 45 92
image
Code : H Helmert Transformation, C Second Order Conformal Transformation,

A Affine Transformation, B  Bilinear Transformation.
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Fi6. 6 . — Coverage of the (reat Barrier Reef by the Reconnaissance Series at 1 : 250 000
scale ; hachured areas were revised using Landsat-1 imagery.

Examples of successful and unsuccessful correlation between water
depths and MSS band 4 image intensity values are shown in Fig. 8. These
cross-sections were extracted by digital processes from magnetic tape forms
of the Landsat-1 scene 1097-00054, which covers the South Australian Gulfs
region ; the intensity values are those abstracted directly from the digital
form of the image. Water depths were obtained in this case from hydro-
graphic charts. The combined application of satellite bathymetlry with an
airborne laser depth profiling system is also being planned ; this laser
device has been under development by the Department of Defence, Weapons
Research Establishment, for the Royal Australian Navy. The water depths
in which both the laser profiler and satellite scanner can be utilised are
likely to be similar. In the ultimate configuration, the water penetrating
laser could provide depth control profiles between which depth information
can be interpolated using satellite imagery.

Without the laser profiler’s assistance, the biggest obstacle to be over-



come would be the difficulty of distinguishing between discoloured and
shallow water. Nevertheless, it does seem that judicious use of the imagery

can provide qualitative, if not quantitative, information on the existence
and nature of shallow water areas.

CONCLUSIONS

Although conclusions have not yet been reached regarding the accuracy
with which depths can he measured with Landsat imagery, some recom-
mended procedures for the use of Landsat imagery for planimetric mapping
are being prepared. Using scene number 2213-23200 two planimetrically
accurate, but undetailed, maps of an area of the Great Barrier Reef have
been prepared at a scale of 1 : 250 000, to verify the procedures which are
being proposed for the mapping of offshore reefs and islands. For one map,

1i(i. 7. — Landsat-1 scene 1020-00035 (Torres Strait) in four MSS spectral bands.
Hand 4, with most penetration, is shown in the top left hand frame; hand 2, which has
negligible water penetration, is on the lower right.
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a best-fitting grid was applied to the Landsat scene ; in the second case,
distortions were corrected by relocating, or block-shifting, groups of reefs.
Features on the latter map have been improved by transferring detail from
aerial photographs of the region onto the Landsat image map.

Any system which is capable of portraying scenes of areas on earth
with any degree of accuracy must be expected to be applied eveniually to
mapping in some way. Landsat imagery has so far shown that it can
contribute significantly to offshore mapping. A basic requirement to contin-
ued application of imagery, however, is the provision of facilities within
Australia for real time acquisition of the data; such facilities will be
acquired by the Government in the next few years. As satellite coverage
increases and as instrumentation advances, the impact of satellite imagery
in some fields of mapping could be revolutionary in the same manner that
aerial photography has affected topographical mapping.

Note : It is not intended that this report should infer that the Division
of National Mapping in Australia is committed to using satellite imagery in
its offshore mapping program.
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DID NOAH BLAME THE CHARTS T0OO ?

“ The first recorded ship casualty was, of course, the
Ark. The Atlantic Mutual Insurance Co. of New York has
tremendous pride in the completeness of its casualty
records; asked by a correspondent for information on the
Ark it reported back: “Built 2448 BC. Gopher wood,
coated with pitch within and without. Length, 300 cubits;
width 50 cubits; height 30 cubits. Three decks. Cattle
carrier. Owner : Noah and Sons. Last reported stranded
Mount Ararat.”

From : Salvage from the Sea, by Cdr. Gerald FORSBERG, OBE,
mMNI, RN. Routledge & Kegan Paul Ld., London, p. 3.




