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ABSTRACT

Terrestria l im agery obtained by scanners aboard the U.S. l a n d s a t  series 
satellites has already found application in a m ultitude o f program s of 
earth resources enquiry. A  description o f the Landsat system  and details 
o f the m ulti-spectral scanning sub-system serve to introduce the possible 
applications o f this im agery to m apping in  general and to the D ivis ion  o f 
National M apping’s bathym etric program  in particular.

Im agery obtained at satellite altitudes over ocean-water areas enables 
the identification  o f  shallow  water features such as islands, coral reefs and 
shoals. Th e shortage o f  existing maps o f m any offshore areas suggests the 
use o f the im agery in  these regions. T h e  plan im etric accuracy o f the 
im agery, problem s o f im proving the geom etric fid e lity , the methods o f 
iden tify ing  oceanic features and the m ethods by w h ich  shallow  w ater 
depth in form ation  can be extracted from  the scanner data are considered 
in  a discussion o f the use o f this in form ation  fo r bathym etric m apping 
purposes.

LA N D S A T  SA TE LL ITE  IM AG ERY

Introduction

F o llow in g  the success o f the Gem ini and A po llo  m anned spacecraft 
program s in  proving the application o f photography and other rem ote 
sensing o f  the earth ’s surface from  space, the United States N ationa l 
Aeronautics and Space Adm in istration  (N A S A ) embarked on a post-Apollo



program  to continue its experim ental studies o f the usefulness o f multi- 
spectral im agery from  space to earth resources applications.

Th e advantage o f m ultispectral im agery lies in the separation o f 
ind ividual features afforded by recording narrow  band w idths in the visible 
(380-700 nanom etres:nm ) and in fra  red (7 0 0 +  nm ) portions o f the spec­
trum. These recordings can be reproduced on photographic film  either 
separately or in combinations o f colour to assist interpretation o f resource 
data.

Apart from  the Skylab manned missions which extended these exper­
iments w ith  further recoverable film  and other sensor in form ation , the 
m a jo r activity  related to the Earth Resources Technology Satellite (E R T S ) 
program . The first satellite, ERTS-1 (see fig. 1) was successfully launched 
in  Ju ly  1972, and as a result o f its success a second satellite was launched 
in January 1975. A t that tim e the program  was renamed L a n d s a t  and 
the satellites became known as Landsat-1 and Landsat-2. Th e satellites are 
sim ilar, having been patterned on the Nimbus m eteorological satellites 
wh ich  have an extrem ely precise, stable attitude control and which have 
been in use since 1964. Both Landsat satellites carry the same sensors.

Fig. 1. —  ERTS-1 (LA N D SA T-1 ) satellite (a fte r  P e r r y , 1972).

The satellites have been launched into a near polar circu lar orbit at 
an altitude o f  900 km. Th e orbit is sun synchronous so that, apart from  
seasonal variations, the sun’s angle o f illum ination o f the area viewed by 
the satellite remains constant. Each orbit takes about 103 minutes, there 
being 14 revolutions o f the earth each day. Successive orbits are separated 
by  25.8 degrees o f longitude (see fig . 2) so that a fter 18 days the whole 
earth has been view ed once and repetitive coverage commences.



Fig. 2. —  Exam ples o f  successive Landsat orb its over Au stra lia  (a fte r  P e r r y ,  1972).

Satellite Payloads

In addition to  a data collection  sub-system used to co llect and relay 
data from  rem otely  located ground p latform s to Landsat data acquisition 
stations, the payload o f  the satellites consists o f a Return  Beam V id icon  sub­
system (R B V ) and a m ultispectral scanner sub-system (M SS) ; see figs  3 
and 4. These provide independent im ages o f the same 185 by 185 km  area 
o f earth in various spectral bands.

Fig. 3. —  P rin c ip les  o f  Landsat Return Beam V id icon  (a fte r  P e r r y ,  1972).



F ig . 4. —  P rin c ip les  o f Landsat m ultispectra l scanner (a fte r  P e r r y , 1972).

Th e R B V  sub-system contains three cameras each filtered  to record 
the green (approx. 500-600 nm ), red (approx. 600-700 nm ) and in fra-red 
(approx. 700-800 nm ) bands respectively. W hen  shuttered, the cameras 
store im ages on photo-sensitive surfaces w ith in  each vid icon camera tube. 
T h e  tubes are then scanned to produce video outputs requ iring about 3.5 
seconds to read out each o f the three im ages in sequence. The cam eras are 
reshuttered every  25 seconds to produce consecutive images along the 
satellite ground path overlapp ing by approxim ately  20 %.

The MSS sub-system collects data in four spectral bands, three o f 
which relate to the R B V  cam eras plus an additional infra-red band (800- 
1100 nm ), by continually scanning a swathe o f the same w idth  as the RBV 
cameras. Scanning is achieved through a m echanically oscilla ting m irror 
that flips from  side to side about 13 times per second. During subsequent 
ground processing the continuous scan is form atted into images equ ivalent 
in  area to those o f the R B V  cam eras. A ccord ing to pre-launch expectations, 
the MSS w ou ld  have superior rad iom etric sensitivity, but in fer io r resolution 
and geom etric accuracy, com pared w ith  the R B V  sub-system.

Th e satellites carry on board tape recorders w hich  can store the sensor 
in form ation  fo r  subsequent re lay  to ground receiving stations ; direct trans­
m ission o f  data can be achieved on ly as the satellite passes w ith in  radio 
range o f the ground receiv ing stations.

Data Acquisition

There are three United States track ing and data acquisition stations, 
at Fairbanks, A laska, at Goldstone, Californ ia and at Greenbelt, Maryland. 
In  addition Canada has an acquisition  station at Prince A lbert, Saskatche­
wan w ith  processing fac ilities  in  Ottawa, w hich were used fo r  Landsat-1 as 
w ell as Landsat-2 ; a second Canadian receiving station is also planned. 
B razil installed a receiving station at Cuiaba fo r Landsat-2 w ith  processing 
being carried  out near Sâo Pau lo  ; further receiving stations are being 
acquired by Ita ly , Iran, Zaire, Chile, and Australia.



Data from  the US acquisition stations is sent to the N A S A  Data 
Processing F a c ility  (N D P F ) at Goddard Space F ligh t Center where some 
1300 scenes can be processed each week. Copies o f a ll processed in form ation  
are fo rw arded  to the Departm ent o f In te r io r ’s Earth  Resources Observation 
Systems (E R O S ) Data Center at Sioux Falls , South Dakota, where they can 
be purchased by the public fo r  the cost o f reproduction.

In itia lly , the three R B V  images fo r each scene (Bands 1, 2 and 3) and 
the four MSS im ages (Bands 4, 5, 6 and 7) are reproduced separately on 
70 m m  film  at a scale o f 1 : 3 369 000. A n  en largem ent o f these onto 24 cm 
film  gives a scale o f 1 : 1 000 000 w hich is most com m on ly used fo r  in ter­
pretation  and colour com posite reproduction. In addition, m any o f the 
im ages can be ordered on m agnetic tape in com puter com patib le form , and 
these m ay be purchased fo r  com puter analysis o f the im agery.

Th e next satellite in the Landsat series is due to be launched in 1978 ; 
it features a m ore advanced R B V  system w ith  a proposed 40 m resolution  
capability. Each R B V  fram e w ill cover on ly  a quarter o f the existing devices. 
Th is  satellite, Landsat-C, w ill also carry an additional, in fra-red, channel in 
the m ultispectra l scanner.

Photography retrieved from  the manned Skylab m issions has also been 
evaluated fo r  m apping purposes but it does not appear to have been em ­
ployed for any m apping program m e to date. Sensors on the planned 
s e a s a t  series satellites w ill be oriented towards oceanographic applications, 
but they are not lik e ly  to be o f cartograph ic value.

Activities in Australia

In June 1970 N A S A  sought proposals from  interested sc ientific organ i­
sations fo r partic ipation  in the Landsat-1 experim ent, and as a result o f  the 
response from  the Australian  scientific com m unity a Com m onw ealth in ter­
departm ental coord inating com m ittee, called the Austra lian  Com m ittee fo r  
Earth  Resources Tech n o logy  and Science (A C E R T S ), w as form ed and pre­
pared a set o f  A ustra lian  proposals. These proposals w ere m ulti-d iscip lin ­
ary and w ere designed to evaluate the usefulness o f Landsat data and 
com pare it w ith  “ ground truth ” in form ation  availab le to the investigators. 
In all, some 48 reports o f investigations w ere incorporated in a fin a l report 
to N A S A  in M arch  1975 and included results o f studies by  Com m onw ealth  
and State Authorities, Universities and private com panies in the fie lds o f 
forestry, agricu lture and land use, geography, geology, hydro logy, cartogra­
phy and in terpretation  techniques.

As the data acquisition  stations fo r  N A S A  - sponsored im agery  are 
located in North  Am erica , all Australian  im agery was recorded on board the 
satellite and read out during passes over the stations. Th is  tota l reliance 
on the recorders lim ited  the amount o f im agery N A S A  was prepared to 
obtain, and as those allocated to the R B V  im agery on board Landsat-1 gave 
trouble very  early  in the m ission, on ly a few  R B V  scenes w ere received. 
A lthough Landsat-1, w ith  an orig ina l life  expectancy o f one year, is still 
operational, the tape recorders have been inoperative si ace mid-1974 and 
on ly  rea l tim e acquisition  o f data is now  possible.



Th e D ivis ion  o f N ationa l M apping was invo lved  in the Landsat-1 
investigations p rim arily  in the reproduction  o f im agery from  N A S A  and its 
d istribution  to the Austra lian  investigators. A t  the same time, the D ivis ion  
carried out its ow n investigations in relation  to topographic, bathym etric 
and land use m apping. Th e qu a lity  o f im agery  received from  N A S A  fo r  the 
investigations was generally  rather poor, which  lim ited its usefulness to 
topographic map products. Considerable use has also been made o f A n tarc­
tic im agery to produce mosaics o f rock and ice areas h itherto unm apped 
due to lack o f photography and photogram m etric control.

Th e quality  o f im agery  received  from  N A S A  in the Landsat-2 program  
has genera lly  been m uch better than that received from  Landsat-1. H ow ever, 
on ly lim ited  im agery  has been received, ow ing  to the short period during 
w hich N A S A  took im agery over the investigation  areas and ow ing to poor 
weather conditions preva iling  during that period. Generally, the 24 cm im age 
products received from  N A S A  have better de fin ition  and resolution than the 
70 mm  products.

APPLICATIO N  OF LAN D SAT  IM AGERY TO OFFSHORE M APPING

W ith  Landsat-2, N A S A  restricted the fore ign  investigations, so that 
on ly  fiv e  Austra lian  investigators w ere selected to partic ipate in the fu ture 
studies a fforded  by the new im agery. Included in the Austra lian  investiga ­
tions in to Landsat-2 was a proposal by the D ivis ion  o f National M apping 
to exam ine m ore fu lly  the application  of satellite im agery  to the m apping 
o f reefs and shoals around A ustra lia .

Th e study has been aim ed at exam in ing the extent to w hich Landsat 
im agery  cou ld be applied to the D iv is ion ’s bathym etric m apping program . 
Th e idea fo r  the investigation  stems from  a recogn ition  that, although the 
Landsat satellite series is orien ted  towards m on itoring earth resources and 
not tow ards accurate offshore m apping, the im agery does nevertheless quite 
accurately depict features such as islands and reefs and even shoal waters.

Th e D iv is ion ’s bathym etric m apping program  is aimed at m apping the 
A ustra lian  continental shelf area to a depth o f 300 m etres at a m apping 
scale o f 1 : 250 000. Furtherm ore, the m a jo r portion  o f this area has yet 
to be m apped in the program  ; m uch o f the area contains islands, reefs and 
other features w hich should be discern ible on the satellite im agery. Even 
though hydrograph ic charts cover some o f these areas, the extent o f the 
charts, their age and their accuracy are variab le and not a lw ays satisfactory 
to the p rogram ’s requirem ents.

M app ing from  satellite im agery  can be expected to have some advan­
tages over conventional hydrograph ic  survey techniques, fo r  the fo llow in g  
reasons :

a ) delineating reefs and islands and m apping in shallow  w ater by 
conventional ship-borne techniques can be dangerous, slow, d iffi­
cult, som etim es im possible, and in com parison to Landsat im agery, 
probab ly much m ore expensive ;

b ) because each Landsat im age covers such a large area it could have



valuable application in cases w here aerial photographs cannot 
bridge expanses o f featureless ocean.

F rom  this background, then, the Landsat im agery was considered to 
be w orth  some investigatory effort. Th e w ork  was also stim ulated by some 
overseas success in  determ in ing w ater depths using satellite im agery.

A lthough  the investigation  m ay appear to duplicate w ork  being under­
taken elsewhere (includ ing some w ork  in  A u stra lia ) in the cartographic 
application o f this im agery, it is considered that the problem s and solutions 
encountered in  offshore m apping w ith  the satellite products are not the 
same as those encountered in the m apping o f on-shore, topograph ical fea ­
tures. O ffshore im agery characteristics include :

i )  a lack o f re lie f displacem ent ;
i i )  a lack o f cu ltural features w h ich  m ay assist in iden tifica tion  ;

i i i )  expanses o f open w ater which do not need to be m apped ;
iv )  inaccessibility, so that control stations often  do not exist and are 

d ifficu lt to place ;
v )  lim ited  options fo r control con figu ration  ;

v i )  the existence o f tides w h ich  can alter the apparent shape and size 
o f islands and reefs.

Landsat-1 im agery has a lready been used to revise ree f and island 
positions and shapes on a series o f maps o f the Great B arrier R ee f (know n 
as the “ Reconnaissance Series ” ) which was largely  uncontrolled and w hich 
received on ly  very lim ited circulation. F ig . 5 illustrates one area both 
before and a fter revisions were made using uncontrolled Landsat im agery  
m agn ified  to a scale o f 1 : 250 000. F ig. 6 illustrates the com plete coverage 
o f the B arrier R ee f by the Reconnaissance Series and depicts the revision  
which was undertaken w ith  the aid o f Landsat-1 im agery.

Geometric Accuracy of the Imagery

A  com plete m apping technique w hich uses Landsat im agery is now  
being developed. However, it has been found in  quantitative tests that the 
geom etric accuracy o f the m ulti-spectral scanner im agery approaches 
requirem ents fo r 1 : 250 000 scale m apping. The basic m ethod o f determ in ­
ing the p lan im etric accuracy o f the MSS im agery  has been to compare, v ia  
m athem atical transform ations, a set o f im age coordinates fo r a number o f 
points on the im age w ith the Austra lian  Map Grid coordinates o f the 
corresponding points on the ground. T h e  transform ation  relationships 
correspond to the systems w hich w ould p ro jec t the o rig ina l control points 
onto the Landsat im age ; the residuals a fter least-squares com parison o f the 
tw o sets o f coordinates indicate the rem nant distortions.

A  num ber o f d ifferent techniques have been used in  this study :
i )  the im agery  used has varied from  diapositives at 1 : 1 000 000 

scale to paper prints at 1 : 250 000 and 1 : 1 000 000 scales to a 
d isplay derived  from  a d ig ita l source ;

i i )  both conventional survey control points and iden tifiab le  map points 
have been used as control ;

i i i )  various m athem atical transform ations —  Helm ert, A ffin e , Second



F ig. 5. —  O rig in a l p os ition  on reconnaissance m ap SC 54-16 

Am ended p os ition  from  Landsat-1 im agery

O rder Conform ai and B ilinear —  have been used to relate the sets 
o f coordinates ;

i v )  a coordinatograph was used to measure the im age coordinates and 
on one test d ig ita l m ethods w ere used to obtain im age coordinates 
re ferred  to scan-line num bers and picture-elem ent numbers.

Results o f tests w hich have been undertaken on tw o scenes are shown 
in Tab le I. T h ey  can be com pared w ith  the National Mapping Council o f 
A ustra lia  specification  w h ich  requ ires that 90 %  o f tested points have an 
e rror less than 0.5 mm, i.e. 125 m  at a scale o f 1 : 250 000. F or exam ple, 
the results o f  Test 2b suggest that i f  the Landsat-2 scene 2125-01091 were 
corrected according to a Second O rder Conform ai transform ation , 90 %  o f 
tested points should have a position  error not exceeding 295 m. Th e earliest 
tests had deficiencies in  the iden tifica tion  and m easurem ent o f control 
po in t coordinates and hence the m agnitudes o f residuals are greater than on 
later tests.



Satellite Bathymetry

Th e exam ination  o f the abstraction o f w ater depths from  the MSS 
im agery  has not been conclusive. Th e Landsat-1 scene 1026-00035, o f Torres 
Strait, w hich is shown in  F ig . 7 illustrates the different w ater penetration 
abilities o f the four MSS bands.

Table 1
Results o f  d istortion tests on Landsat M SS  imagery.

Test 1 Test 2

a b a b c

Landsat 1026-00035 2125-01091
Image number

Area Torres strait Lacepede is., Broome, K ing Sound

B&W, dia­ T V  screen B&W, Stable-based, magnified from
Test image positive display 70 mm transparency by Division o f

form (by CSIRO (A N U  Dept National Mapping.
Mineral Engineer.
Physics) Physics)

MSS Band 4 5 5 5

Variable
Image scale 1 :1 000 000 on TV  screen 1:1 000 000 1:250 000

Source o f Trig stations, identified mainly by aerial Points on
ground control spot photographs 1 : 100 000

maps

Number o f
28 12 11 22

points used

M.S.E. H 540 * 371 278 99
afte.r 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 % o f C 680 * 550 295 75
points B 250

•a<13e 315 220 80

Percentage H 72
E t—iA3 83 9 92

o f points A 98 100 27 92
with a

residual C 68 Z 100 27 92
less than

0.5 mm on B 96 83 45 92
image

C o d e :  H Helmert Transformation, C Second Order Conformai Transformation,
A  A ffine Transformation, B Bilinear Transformation.



i-'ui. (i . —  C overage o f  tile Great H arrier ttee f by the Méconnaissance Series at 1 : 25(1 00(1 
scale ; hachured areas w ere  rev ised  using Landsat-1 im agery.

Exam ples o f successful and unsuccessful correlation  between w ater 
depths and MSS band 4 im age in tensity  values are shown in F ig. 8. These 
cross-sections w ere extracted by d ig ita l processes from  m agnetic tape form s 
o f the Landsat-1 scene 1097-00054, w h ich  covers the South Australian  Gulfs 
reg ion  ; the in tensity values are those abstracted d irectly  from  the digital 
fo rm  o f the im age. W a te r  depths w ere obtained in this case from  hydro- 
graph ic charts. Th e com bined application  o f satellite bathym etry w ith  an 
a irborne laser depth p ro filin g  system  is also being planned ; this laser 
device has been under developm ent by the Departm ent o f Defence, W eapons 
Research Establishm ent, for the R oya l Australian  Navy. Th e w ater depths 
in w hich both the laser p ro file r and satellite scanner can be utilised are 
lik e ly  to be sim ilar. In the u ltim ate configuration , the w ater penetrating 
laser could provide depth control p ro files  between which depth in form ation  
can be in terpolated using satellite im agery.

W ith ou t the laser p ro file r ’s assistance, the biggest obstacle to be over­



come would be the d ifficu lty o f distinguishing between discoloured and 
shallow water. Nevertheless, it does seem that judicious use o f the im agery 
can provide qualitative, if not quantitative, inform ation on the existence 
and nature o f shallow w ater areas.

CONCLUSIONS

Although conclusions have not yet been reached regarding the accuracy 
w ith which depths can he measured w ith Landsat im agery, some recom­
mended procedures for the use o f Landsat im agery fo r planim etric mapping 
are being prepared. Using scene number 2213-23200 two planim etrically 
accurate, but undetailed, maps o f an area o f the Great Barrier Reef have 
been prepared at a scale o f 1 : 250 000, to ver ify  the procedures which are 
being proposed fo r the m apping o f offshore reefs and islands. For one map,

1' i(i. 7. —  Landsat-1 scene 1020-00035 (Torres Strait) in four MSS spectral bands. 
Hand 4, w ith  most penetration, is shown in the top le ft hand fram e; hand 2, which has 

negligib le water penetration, is on the low er right.
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a best-fitting grid  was applied to the Landsat scene ; in the second case, 
d istortions w ere corrected  by  relocating, or b lock-shifting, groups o f reefs. 
Features on the latter m ap have been im proved  by  transferring detail from  
aeria l photographs o f the reg ion  onto the Landsat im age map.

A n y  system  w h ich  is capable o f  portray ing scenes o f areas on earth 
w ith  any degree o f accuracy must be expected to be applied eventually to 
m apping in some way. Landsat im agery  has so fa r shown that it can 
contribute s ign ifican tly  to offshore m apping. A  basic requirem ent to contin­
ued application  o f  im agery, however, is the provision  o f facilities w ith in  
A u stra lia  for rea l tim e acquisition o f the data ; such facilities w ill be 
acqu ired by the Governm ent in  the next few  years. As satellite coverage 
increases and as instrum entation advances, the im pact o f  satellite im agery 
in some fie lds o f m apping could be revo lu tionary in the same m anner that 
aeria l photography has affected topographical m apping.

N ote  : It is not intended that this report should in fer that the D ivis ion  
o f N ationa l M app ing in Austra lia  is com m itted to using satellite im agery  in 
its o ffshore m apping program .

ACKNOW LEDGEM ENT

M uch o f this investigation  was undertaken in cooperation w ith  Mr. 
Denis W a r n e , Research School o f Ph ys ica l Sciences, Australian  National 
U n ivers ity .



REFERENCES

F isch e r  N.H. (1976) : A multidisciplinary study o f earth resources imagery of 
Australia, Antarctica and Papua New Guinea, NASA Publication number 
CR-143154.

NASA (1971) : Earth Resources Technology Satellite data users handbook. General 
Electric Document 71SD4249, Goddard Space Flight Center.

NASA (1975) : New satellite to survey natural resources. News release No. 74-329, 
Washington, 14 January.

P e r r y  W.J. (1972) : Australia and the first U.S. Earth Resources Technology 
Satellite. Quarterly Review, March, Vol. 24 (3).

T u r n e r  L.G. (1976) : Mapping islands, reefs and shoals in the oceans surrounding 
Australia. NASA Publication No. CR-145997, CR-146650 and CR-147201.



DID NOAH BLAME THE CHARTS TOO ?

“ 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 f r o m  the Sea, by Cdr. Gerald Fohsberg, obe, 
mni, rn. R outledge & Kegan Pau l Ld., London, p. 3.


