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tnl'ES 00 REMOTE SF.NSIMi TECHNI~S 

GENERAL DF.SOUPl'IOO 

Reoote Sensing is the collective term applied to the family of 

sophisticated mapping methods which have been developed over the last 20 

to 30 years. All these methods use pre-determined ranges of precisely 

defined bands of the electromagnetic spectrum to map the earth's surface 

from a distant (or remote) platform such as an aircraft, space shuttle or 

satellite. Remote sensing has been intimately associated with the USA's 

space exploration for more than 20 years and is one of the co11uctercially 

successful "spin-offs" of that program. NUmerous anagrams have arisen in 

association with this new technology and brief explanations of their 

derivations are given when the terms are first used below. 

COMMERCIALLY AVAILABLE PROIXJCTS 

The most widely known, co11unercially available products are those 

generated by the USA' s Landsat series of satellites which co11unenced in 

1972 with Erts (Earth Resource Technology Satellite, subsequently renamed 

Landsat 1); Landsat 5, launched in 1984 is the most recent additi on. 

Landsats 1 to 3 are no longer functioning while Landsat 4 has some 

problems with its power supply. The French SFOT satellite was launched 

in 1986 and its products are now co11unercially available. Within the next 

few years the European Space Agency, India, Brazil, Canada and Japan will 

have launched satellites with remote sensing capabilities. In addition, 

the USA's NOAA satellites (National Oceanic and Atmospheric 

Administration), although specifi~ally designed for meteorological 

observations, are sources of valuable data on the earth's surface. 

Recently, conventional high resolution photography has been put on the 

market by the USSR - these photographs were taken manually from their 

orbiting laboratories. 
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Table 1 is a summary of the current and planned satellite platforms 

carrying remote sensing instruments. It does not include aircraft borne 

sensors such as S~ (side looking airborne radar) which is flown on a 

contract basis or SIR (shuttle imaging radar) which was recorded from the 

shuttles and is still in the experimental stage. Landsat was developed 

by NASA (National Aeronautics and Space Administration) and its products 

are now being sold by EOSAT (Earth Observation Satellite Company). 

Similarly, Spot products are sold by SPOT Image. Both Landsat and Spot 

products are available in Australia through ACRES (Australian Centre for 

Remote Sensing) - formerly .~s (Australian Landsat Station). As Acres 

does not currently have the capability of processing Landsat 5 raw data, 

products from that satellite must be bought through AMIRA (Australian 

Mineral Industries Research Association). 

TABLE 1 

SYS'fEM 

Existing Systems 

LANDSAT 1-3, • series 

originally named ERTS 

(LANDSATS 1-3 are no 

longer functioning) 

LANDSAT 4, 5 

aJRREN1' AND PLANNED SA1'f:I J.ITE 

BASED R&Dl'E SENSDli SYSTEMS 

I I I 
I COONTRY I Prxe:1. SIZE I 
I I I 
I I I 
I I t 

I 

I I I 
I USA I 79 ~ I 
I I I 
I I I 
I I I 
I I I 
I USA I 30 m I 
I I (120 m for I 
I I thermal I 
I I emittance I 
I I band - I 
I I band 6) I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I J 

I 

I I I 
I I I 
I I I 

DETAILS 

1 RBV: return-beam 

vidicon 

2 MSS: 4 bands, 

multi spectral scanner 

1 MSS: as above 

2 TM : 7 bands, 

thematic mapper 

- The thematic mapper 

has higher resolution 

than earlier MSS 
• 

products and there 

are more bands some 

of which are speci-

fically directed 

towards geology, 

e.g. band 7 is 

sensitive to hydro-

thermal alteration 

zones. 
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I I I 
SYS'l'El'i I COONTRY I P1xe:1. SIZE I DETAII-5 

------ -'---'----'------ -
NOAA series of 

satellites (National 

Oceanic and Atmos

pheric Administration) 
- there have been 

• 

several of these 

satellites and before 

them, in the 1960's, 

there were the TIROS 
and ESSA series. 

SPOT (Satellite Pour 
!'Observation dr: la 
Terre) 

IRIS 

MOS-1 

(Marine Observation 

Satellite) 

' I I 
I USA I 1.1 km 

I I 
I I 
I I 
I I 
I I 
I I 
I I • 

I I 
I I 
I I 
I France I 10 m -

I 
I 

I panchromatic 

I mode (P) 

I 20 m -

I AVHRR: Advanced ve ry 

I high resolution radio-

1 meter. The NOAA 

I satelli te has several 

I sensors; one of which is 

I the AVHRR - this has 

I 
I 
I 
I 
I 

been found to have geo-

109 i cal applications. 

I MSS: 3 bands recorded on 

I HRV (high resolution 

I visible) instrument 

I gives much better I 
I 
I 
I 
I 
I 

I nrultispectral I resolution than Landsat 

MSS and also allows for 

the production of stereo 

I India 

I 
I Japan 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I mode (XS) I 
I I 
I I • pairs. 

I I 
f No details in available literature 

I 
I 
I 
I 
I 
I so m 

I 
I 
I 
I 
I 

I 
I MOS-1 is an experimental 

I satellite to assist in 

I 
I 
I 
I 
I 
I 
I 
I 

the development of 
Japan's capabilities. 

1 MSS: 4 bands as with 

Landsat MSS: MOS- 1 

instrument i s MESSR 

(multispect ral elec-

tronic self scanning 

radiometer). 
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I I I 
SYS'l'EM I coom:RY I PIXf:I. SIZE I DETAILS 

• I I I 
I I I 
I 10.9 km + 2.7 kml 2 Also carries VTIR 

I I I (visible and thermal 

I I I infrared radiometer). 

I I I - Compares to 

I I I Landsat TM Band 6. 

I I 23 km + 32 km I 3 Also carries MSR 

I I I (micro-wave scanning 

I I • I radiometer) - radar. 

I I I 
I I I 

Planned Systems I I I 

I I I 
SPOT I France I There will be a series of SPOT 

I I satellites just as there is a series of 

I I Landsat satellites. 

I I I 
BRESSEX I Brazil I No details in available literature. 

I I I 
ERS-1 (ESA Remote I ESA I ? I 1 AMI: acti.•"·e micr.owave 
Sensing Satellite) I-European I I instrume t 

I Space I - I 2 SAR: synthetic ( 

I Agency I I aperture radar 

I I 30 m I 3 SAR: image mode 

I I I 4 other instruments 

I I I specifically to do 

( I I with ocean features 

I I I 
LANDSAT 6 & 7 * I USA I I 1 ETM: enhanced 

I I I thematic mapper 

I I I 2 EMSS: emulated MSS 

I I I 3 MI.A: multi-spectral 

I I I linear array {in 

I I I Landsat 7 only) 



• 

I I I 
SlSTEM I ca.JN'l'RY I Pixe:1. SIZE I D LS 

I I I 
I I I 

OMNI STAR I USA I I A new generation of 

I • I platforms to succeed 

I I I Landsat 5. 

I I I 
RADARSAT I Canada I 100 m + I SAR: synthetic 

I I 10 m I aperture radar 

I I I 
• 

* Preparations for Landsats 8 and 9 are also underway. 

IlPlTA ~SITI~ MID PRO'. :e:SSIOO 

In order to understand the cost of remote sensing products, it is 

important to appreciate the nature of the cornplex processes involved. 

Most remote sensing systems use either satellite or aircraft mounted 

instruments to systematically scan the earth's surface and coll.ect sets 

of electromagnetic radiation data f rom discrete, small, sampling areas 

along the scan traverse; each samplir,g area becomes a pixel (picture 

element) on the final image. The standard Landsat scene covers an area 
of 185 km square on the earth's surface. Pixels on the earlier Landsat 

images - the MSS or multispectral scanner series - represent sample areas 

of 79 m square while those from Landsat 5 - the TM or thematic mapper 

series - represent sample areas of 30 m square; however, the pixel size 

for the thermal infrared band on Landsat 5 is 120 m. Thus ea~h I.andsat 

MSS image contains 7.6 million pixels and each Landsat TM (apart from the 

Thermal IR band image) conta ns 38 million pixels. The panchromatic mode 
(black and white) F1·ench Spot images a re ~ompiled from a hugh number of 

pixels representing sample areas 10 m square (pixels for Spot's 

multispectral mode represents 20 m square sample areas). Several 

readings - one for each electromagnetic band width being sampled - are 

taken at each sampling area - 4 for the Landsat MSS and 7 (or 6 + 1) for 

the Landsat TM. Thus the amount of information collected for each 

standard scene is vast. 
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The "raw" readings are transmitted to receiving stations on earth where 

they are first of all processed so that they can be stored in a digital 

form on CCTs (cornpu~er compatible tapes). Because of the vast amount of 

data generated by remote sensing satellites - particularly by the more 

recent ones - very powerful main frame computers are required to carry 

out this conversion. The CCTs are then processed through relatively 

conventional dedicated computer hardware and software to produce images 

on computer monitors. Hardcopies of selected images can be reproduced, 

as required, en transparent or opaque photographic materials. The CCTs 

and hardcopy images are sold as co1cane rcial products. 

The CCTs are the much more useful products as they contain all the 

digital information and this can be mathematically manipulated using well 

established procedures to highlight-or enhance-phenomena such as 

geological structure. The required dedicated hardware and software can 

be used to repeatedly analyse the data and generate a wide range of 

images. They can also be used to process any other digital information 

stored on magnetic tapes - for example geophysical data. 

On the other hand, most co11unercially available hardcopy products comprise 

a standardized image for each band width plus a standardized composite 

image derived from the comb5.nation of three selected band widths. Some 

conutlercial laboratories carry out the mathematical manipulation of the 

CCT's in the presence of the customer who can then specify the scenes to 

be reproduced as hardcopy. However, this operation (and cost) must be 

repeated each time a different scene is required. 

USE OF REr«>'I'E SENS!~ IN AUSTRALIA 

Most of the remote sensing data u~ed in Australia are satellite acquired 

although some aircraft acquired data are generated for specific projects. 

The main users of the products are mining companies and the larger ones 

(such as BHP) have established v,~ry sophisticated computer hardware and 

software facilities which are used to analyse other forms of digital data 

such as aeromagnetic tapes as well as the CCTs. State 3nd fede [al 

government departments responsible fer mineral, agricultural and forestry 

resources are significant users of CCTs and some also have the required 
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sop i sticated cc~puter facilities. Other users are Departments carrying 

out envirorunental studies. Contact between the various users of remote 

sensing in Australia is mail1tained through ALCORSS (A·.1stralian Liaison 

Committee on Remote Sensing by Satellite). 

INDUSAT, an association of users, conunissioned Technical and Fi eld Survey 

Pty Ltd to provide quantitative information on the use of remotely-s~nsed 

data in Australia and the following is extracted from the executive 

summary of the report (May 1986). 

Responses to the survey were :- industry (55%), government departments 

(33%) and universities (12%). Ranges of arinual expenditure within these 

groups is shown in Table 2. 

TABLE 2 

Industry 

Government 

Academic 

All users 

DIRECT ANNUAL EXPENDI'IURE 00 

REMOTE SENS!Ri 

'10TAL 
$ 

5 342 000 - 6 255 000 

4 814 000 - 4 980 000 

689 000 - 700 000 

$10 845 000 - 11 935 000 

45 650 

63 597 

25 722 

$49 307 

The survey estimated the full flow-on to the economy (including use by 

non respondents) to be between $35 380 000 and $49 330 000. 

7 



• 

.. 

USE OF REMJl'E SENSIM:i BY VICIORI.AN DEPARTMENI'S 

The first government organizations to use remote sensing products in 

Victoria appear to have been the Geological Survey of Victoria (GSV) and 

the State Rivers and Water Supply Co11u1tission (SRWSC). In the early 

1970's the GSV was provided with what would now be considered very poor 

quality hardcopy, black and white Erts imagery to determine its 

application to the mapping of the State's structural geology. This work 

was carried out by Bruce Thompson in association with CSIRO scientists. 

In the early 1980's the GSV purchased the nruch more sophisticated MSS 

colour composite coverage of the State - again the hardcopy product . 
• 

This has been used as an aid to regional mapping as well as being made 

available to other government bodies, consultants and small mining 

companies. Tne most active and original ''user" of the technique, 

however, was the late Don CUrrey, supervising geologist with the SRWSC, 

who used hardcopy colour composite images as an aid to geomorphological 
and hydrological studies. Thus there was recognition of the value of the 

technique within some Victorian departments for a very long time. 

In the late 1970's the Victorian Remote Sensing Conunittee undertook the 

task of defining a strategy for the acquisition of a central government 

facility to analyse CCTs. Such a strategy was formulated in the early 

1980's but government funds were not made available and there is little 

likelihood that such a central facility will now be established. What 

has happened, however, over the last few years is that the cost of the 

dedicated hardware and software needed to process the CCTs has dropped 

markedly and is now within the realm of departmental budget~. For 

example, the Department O- Conservation Forests and Lands (DCFL) has two 

micro-Brians, one for mapping vegetation types and fire damage, the other 

for carrying out work for the Land Protection Division While the 

Melbourne and Metropolitan Board of Works (MMBW) also has a micro-Brian. 

In addition, the Department of Land Information at RMIT has one of the 

systems as does the Melbourne University's Department of Surveying. The 

Country Fire Authority (CFA) has a link with the CSIRO's SLIP DISIMP 
system at Aspindale. 
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DIRECT COSTS INVOLVED IN USE OF CCTs 

Table 3 shows there are two types of costs involved in the use of CCTs -

that o_ ~ne tapes themselves and that of the processing. 

The latter can either be done under contract co1cunercially or "in house" 

using purchased dedicated hardware and software. Table 3 shows there are 

3 levels of such hardware and software. The AMIGA system is by far the 

cheapest but is considered by some to be more of an educational facility 

than a truly analytical one. The available medium co~t faci1lties 

includes the CSIRO's micro-BRIAN (the BRIAN being an anagram for Barrier 

Reef Image Analysis) and t\•:o COttnnercially available forms of another 

CSIRO development the SLIP DISIMP (Satellite Image Processing; Device 

Independent Software for Image Processing). Micro-BRIAN is apparently 

more "use friendly" than SLIP DISIMP but the latter has the much more 

powerful hardware and software. It also can acco11m1odate 3 or so work 

stations at the same time whereas micro-BRIAN has only the one work 

station capability. The I 2 S (Imaging Information System) is an expensive 

but highly capable system and is the one used by BHP at Camberwell. 

Little information is to hand at the moment with regard to outside 

processing. The NSCA (National Safety Council of Australia) has 

facilities at Traralgon. 
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TABLE 3 COSTS OF FSTABLISHIM:i FACILITY 'ID UTILIZE REliOTE SENSI?«; Dt..TA 

• 

Cost of CCTs I Costs of Processing Options I Total Costs 
~~~~~' '~~~~~~ 

I I 
$5 000 per CCT + I I 
$30 shipment I 
ie $5 030 per I 
tape. The State I 
is covered by I 
18 CCTs. I 
•. Total cost for I 
State= $90 540 I 

I 
'IWo broad options are 

available:- "outside" 

• 

I 
I 
I 
I 
I 

processing and "in house'' 

$ 90 540 

$ 90 540 

• processing 

I Outside Processing 

I 
I $1-2 000 per 1:250 000 map 

I sheet (ie per tape) for one 

I band; for 18 CCts, cost 

I $1 aoo-3 600 

I 
I 
I In House Processing 

I 
I 1 AMIGA 2 000 Microcomputer 

I + CSIRO software 

I $4 900 + Vax facility to 

I read CCTs 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I $108 540 to $123 540 

I for one band 

I 
I 
I 
I 
I 
I $ 95 440 

I for all bands 
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I 
Cost of CCTs I Costs of Processing Options I TOtal Costs 

I . '~~~~~~-
~~~~-- , I 

I 2 Micro-Brian I 
I SLIP DISIMP (sold as:- I 
I ARLUNYP~ or QUENTRON) I 

$90 540 I $80 000 to $100 000 I $170 540 to $190 540 

I I for all bands 

I I 
I 3 I

2 S I 
$90 540 I $500 ooo I $590 540 

I I for all bands 

~~~~~~~'~~~~~~~-~~~~~'~~~~~~~~-

Additional costs would be incurred in having photographic quality 

hardcopy images produced, if required. Staff training ~culd also be 

advisable; the Department of Land Information, RMIT is running a two 

semester course in 1988 - cost approximately $670, this could be an 

efficient way of gaining knowledge on the processing of remote sensing 

data. 

CCH:T.USIOOS AND 

Remote Sensing is a highly developed technique which uses various parts 

of the electromagnetic radiation spectrum as a means of mapping an area's 
geology. over the years, it has developed and is now capable of much 

higher resolution (down to 10 m compared to the earlier 80 m) while the 

available electromagnetic bands are now more valuable in revealing 

certain aspects - or themes - of the geology, eg hydrothermal alteration 

zones. This development is ongoing and it can be anticipated that the 

capabilities ~f the technique will be enhanced. To get the full benefit 

of the technique it is necessary to manipulate data on the CCTs using 

dedicated Computer hardware and software. This facility also allows 

processing of other formsoE digital data. 

Ttte process has value in conjunction with the more traditional 

geolo9~cal, geophysical and geochemical methods. It is, however, of 

particular value in areas where access is prevented or severely limited 

either because of logistics or, and this is now the more co11unon, because 
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of planning restrictions. With regard to this latter point it should be 

noted that some 10% of the State is now classified as national or State 

park, flora and faur:ia reserve, wilderness area etc and as such 

unavailable for, or severely restricted from, exploration. 

It is reco1canended therefore, the DITR avail itself of the technique, as a 

number of other government organizations have, and purchase a system or 

at least carry out evaluation tests on a selected area. With this in 

mind, it is reco11uuended that the Mallee and adjacent areas be used for a 
test study. 

• 

The following people were consulted on aspects of remote sensing in 
Australia:-

Jeff Bailey, AMIRA, 6548 844: for information on Landsat 5 TM. (Melb.) 

John Bruyn , ACRES, (062) 524 411: for general information on remote 

sensing products. {Canberra). 

Colin Simpson, BMR, (062) 499 111: for general information and radar. 

(Canberra). 

Peter Woodgate, DCFL, 6511 049: for information on local groups. (Melb.) 

Others not consulted but with relevant information are:-

Dr Andy Green and Dr John Huntington of the CSIRO Division of Mineral 

Physics in Sydney; Phil Dyson and Sarah Hill of DCFL's LPD; Bruce Murnane 

of MMBW - the DCF~ & MMBW people operate micro BRIAN systems . 

• 
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GENEW\L DESCUP'l'Iai . 

RellOte Sensing is the collective term applied to the family of 

sophisticated mapping methods which have been developed over the last 20 

to 30 years. All these methods use pre-determined ranges of precisely 

defined bands of the electromagnetic spectrum to mp the earth's surface 
frooi a distant (or remote) platform such as an airc(aft, space shuttle or 

satellite. Remote sensing has been intimately associated with the USA's 

space exploration for 110ce than 20 years and is one of the eam:iercially 

successful •spin-offs" of that program. l\U...rous anagrams have arisen in 

association with this new technology .and brief explanations of their 

derivations are given when the ter!IS a~e first used below. 

'Ihe 110st widely kncr.m, co:rmerc1ally available proclucts are those 

generated by the USA'& Landsat series of satellites which coorr.enced in 

1972 with Erts (Earth Resource Technology Satellite', . subsequently renamed 
Landsat l); t..andsat 5, launched in 1984 is the llOSt recent add,ition. 

Landsats· l to 3 ace no longer functioning while Landsat 4 has somo 

problems with its power supply. The French SFOT satellite was launched 

in 1986 and its products are now ccmr.ercially available. Within the next 

few years tho EUropean Space Aqency, India, Brazil, canada and Japan will 

have launched satellites with remote sensing capabilities. In addition, 

the USA's NOAA satellites (National Oceanic and Atlllosp!leric 

Administration), although specifically designed for meteorological 

observations, ace sources of valuable data on the eaci:h•s surface. 

Recently, conventional high resolution photography has been put on the 

ir.lrket by the USSR - these photographs were talten ioanually from their 

orbiting laboratories. 

' - ,, •.:.. . 
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Table l is a summary of the current and planned satellite platforms 

carrying reinote sensln9 instruments. It does not Include aircraft borne 

sensors such as St.I\(\ (side lookin9 airborne radar) which is flown on a 

contract basis or SIR (shuttle imaging radar) which was recorded !rom the 

shuttles and is still in the experimental stage. Landsat was developed 

bY NASA (National Aeronautics and Space Administration) and its products 

are now being sold by EOSAT (Earth Observation Satellite Company) . 

Sillilarly, Spot products are sold bY SPOT Image. Both Landsat and Spot 

products are availabl e in AUstralia through ACRES (Australian Centre for 

Remote Sensing) - formerly ALS (Australian Landsat Station), l\S Aeres 

does not currently have the capability of processin9 Landsat 5 raw data, 

products from that satellite aist be bought through NIIAA (Australian 

l'lineral Industries Reaearch Association). 

'l7\8LE 1 

Existing Systems 

LANDSAT 1-3, series 

originally named ERTS 
( LANOSATS 1-3 are no 

longer functioning) 

UINOSAT 4, 5 

OXJNl'RY 

USA 

USA 

I 
I PIXEL SIZ'.E 
I . , 
I 
I 
I 79 Q 

I 
I 

.1 
I 
I 30 II 

I ( 120 nt for 

I thernial 

I emittance 

I band -

I band 6) 

I 
l 
I 
I 
I 
J 

DE'DIILS 

f : RBV: re tum-beam 

vi di con 

2 MSS: 4 bands, 

multi-spectral scaMer 

l KSS: ~above 

2 TM : 7 bands, 

thematic mapper 

- The the:na Uc mapper 

has higher .resolution 

than earli<>r IC,SS 

products and there 

are more bands soma 
of which are speci-

fically directed 

towards geology, 

e.g. band 7 is 

sensitive to hydrcr 

thermal alteration 

zones. 

, . -~,,. ... -...n .... ~-~~!7.'1.SiiW::.tl'&.'\~~~~"-..,.~itriP.:'Co . . :.r,::,,. ........... ~»· '·: ... .. :,• • 
~f~';G~(;.·.;.: ·;Q.'..-. :-~·-.~~~·:-_ ·~-·-:.; . . . 
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SYSTEM 

NOAA series of 
satellites (National 
Clc<!anic: and Atllos-

phe r lc: lldminlstratlon) 
- .thcro have been 
several of these 
satellites and before 
them, in the 1960's, 

there were the TIROS. 
and ESSA series. 

SPOT (Satellite Pour 
!•Observation dD la 
Terre) 

IRIS 

MOS-1 

(Marine observation 
satellite) 

USA 

France. 

India 

Japan 

PIXEL SIZE 

1.1 kra 

10 m - · 
panchcomatic: 
80de (?) 

DETllILS 

AVHRR: Advanced very 
high resolution radio
meter. 'l1le !DIA 

satellite has several 
sensors: one of which is 
the AVHRR - this has 

been found to have geo

logical applications. 

nss: 3 bands recorded on 

HRV (high resolut:.ion 
visible) instruoll!nt 

20 ~ - gives n1.1ch better 
multispectial resolution ehan Lan~t 
lllOde (XS) MSS and also allows foe 

the production of stereo 
pairs. 

No details in available literature 

SO m 

MOS-1 is an experimental 
satellite to assist in 
the development of 
Ja(>\ln' s c:apablli ti-es. 
l MSS: 4 bands as with 

3 

Landsat t1SS: i«:>S-1 "' 

instrument is HESSR : 
(multispectcal elec-
tronic self sc:anni~9 
radianeter). 

' .• -;1,,,, ' -;~-~~.:ar.nr~.s.i. ... -:-.v,..._., __ -e™"" , <Jo'<o'-__ .,., .... ""~... • ••••• . ... - -s:. 
' ?~~).":4;~·~,;;:.;; .. ·~f"·~:;....:.·-~ . ,~~::-~ " ' . ~ ·. . ' . 
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4 

SYSTl!lt <XlUN'mY PIXEL SIZE: DETAILS 

10.9 km+ 2.1 kal 2 Also carries vrIR 

I I (visible and therlllCll 

I infrared radiometer). 

I - Compares to 

I Landsat 'Il'I Bilnd 6 . 

'. 23 "'" + 32 k• I 3 Also carries llSR 

I (micro-wave scaMlng 

I radiomete r ) - radar. 

I 
I 

Planned Systems I 
I 

SPOT France There Will be a se~ies of SPOT 
satellites just as thoro is a series of 
Landsat satellites. 

~ 

f. 
BRESSEX Brazil No details in available literature. 

ERS-1 ( ESA !Wlote ESA 1 1 MI: active microwave 
Sensing satellite)· 1-EUropean instrument 

I Space .. ? 2 SAR: synthet ic 

I Agency aperture radar 

I 30 Ill 3 SAR: ir.age mode 

I 4 other instruments 

I specifically to do 

I with ocean features 

I 
LM'DSAT 6 ' 1 • I USA 1 f;Il1: enhanced 

I thematic mapper 

I 2 EMSS: emulated KSS 

I 3 MIA: llllllti-spectral 

I linear array (in 

I Landsat 7 only) 

- ... ~-~~-... --. '(~-----· · ... ........ 
~1'~).i.:4:4~;.;..;.~: ·'~*.i\.:¢,,.:: .. )- ' .. . . 



SrSTDI C'OlMl'RY PIXEL SIZE D£TAILS 

OONISTAR USA A nev generation of 

platforms to succeed 

Landsat S. 

RADARSAT canada 100 m + S!IR: synthetic 

10 m aperture radar 

• Preparations for Landsats 8 and 9 a<re also under:way. 

In order to wu:lerstand the cost of . remote sensing products, it is 

i"PCJrtant to appreciate tlU? nature of the cociplex processes involved. 
Most reD10te sensing systeins use either satellite or ai<craft D10unted 

instruments to syst&matically scan the earth's su~face and coll ect sets 

of electr011agnetic radiation data from discrete, s..all, s~ling areas 

along the scan traverse; each sanplir.g area becomes a pixel (picture 

element;) on the firuil image. The standard Landsat scene cove rs an area 

of 185 km square on the earth's surface. Pixels on the Hrlier Landsat 

images - the MSS or nultispectral scaMCr series - represent sant>le areas 

of 79 m square whiie those from Landsat 5 - t!l.! 1'I or thomatic ·mapper 

series - represent "4l'Dple areas of 30 m square; however, the pixel size 

for the therlllill infrared' band on Landsat 5 is 120 11. 'lhus each Landsat 
MSS image contains 7 .6 million pixel's and each Landsat TM (apart from the 

Thermal IR band image) contains 38 million pixels. The panchromatic mode 

(black and white) !'t ench Spot images are bollpiled fran a hugh m.miber of 

pixels representing:,. sample areas 10 m square (pixels for Spot ' s 

multlspectral mode represents 20 m square sample areas). Several 

rcadln9s - one for each electr011agnetlc band width being aaJ1pled - are 

taken at each sampling area - 4 for the Landsat r~s and 7 (or 6 + 1) for 

the Landsat 1'M. Thus the amount of i~!ormation collected for each 

standard scene is vast. 

;(.:.~, + ·~~~, -· .. , - .,,, ........ .... ~C).G'~Wfl~~~ .... ,_ ... __. ...,_,..._,$ II • • •··~~-·-

~§~~'6(l•~,·..,.,;.i',~o'~ii;,\o~~ .. ·~·•_I-~-~,~. 
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The "raw• readings are transmitted to receiving stations on earth where 

they are first of all processed so that they can be stored in a digital 

form on CCTs ( coqiu1:9r compatible tapes) . Because of tjle vast amount of 

data generated by remote sensing satellites - particularly by the more 

recent ones - very powerful main fr""" co.1!p\lte~s 4re required to carry 

out this conversion. The CCTs are then processed thrciUgh relatively 

conventional dedicated computer hardware and software to produce images 

on computer monitors. Hardcopies of sele-cted iM9es can be reproduced, 

as requ.L red, en tr~parent or op&que phot09raphic materials. '11le CCTs 

and hardcopy images are sold as cOlllll8rcial products. 

'11le CCT& an• the n.ich more useful products as they contain all the 

digital information and this can be mathematically manipulated using ~'ell 

established procedures to highlight-or enhance-phenomena such as 

geol09ical structure. 'nle required dedicated hardware and software can 

be used to repeatedly analyse tho data and generate a wide range of 

images. They can alao be used to process any other digital i nformation 

stored on magnetic tapes - for example geophysical data. 

On the other hand, llOSt CXXlil!lercially available hardcopy products COlli'riso 

a s t and4rdized image !or each band width plus a standardized cocqx>site 

image derived from the combination of three selected band widths. Somo 

commercial laboratories carry out the mathematical manipulation of the 

CCT' s in the p resence of the customer "tio can then specify the scenes to 

be reproduced as hardcopy. ea-ver, this operation (and cost ) a:ust be 

repeated each time a different scene is required. 

USE OF REl10TE SENSING IN AllSTRl\LI/\ 

/lost of the remote sensing data uGed in Australia are satellite acquired 

although some aircraft acquired data are generated for specific .projects. 

The main users of the product s are mining companies and the· lar9er ones 

(such as BHP) have established ·v~ry sophisticated conputer har~'are and 

software facilities which are used to analyse other forias of digital data 

such as, aeromagnetic tapes as well as the CCTs. State and federal 

government departments responsible for mineral, agricultural and forestry 

resources are significant users of CCTs and so111e also hav" the required 
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sophlatlcated compute r facllities . Other users are DepartJIGnts carrying 

out environmental studies. contact between the various users of remote 
sensing in Australia is .aintained through ALCORSS (1\1,strallan Liaiaon 

ca-..3ittee on Remote sensing by satellite) . 

INDUSAT, an assoclation of users, cOll'lnl.ssioned Technical and Field Survey 
Pty Ltd to provide quantitative infon:-ation on the use of remotely-sensed 

data in Australia and the following is extracted froa the executive 

summary of the report (nay 1986) . 

~spcnses to t he survey wre :- i ndustry (55\), goverl'm!nt depart:Jiienu 

( 33\) and universities (12\l. Ranges of annual expenditure within these 

gr°"'ps ls shown in Tabla 2. · 

lnchutry' s 342 000 - 6 255 000 

Goverrcent 4 814 000 - 4 980 000 

Ae<>demic 689 000. - 700 000 

All users $10 845 000 - 11 935 000 

AVEllAGIVUSEl\ 
$ 

45 650 

63 597 

25 722 

$49 301 

the survey estiuted the full flO'oH>n to the econa:oy (including use by 

non respondents) to be between $35 380 000 and $49 330 000. 
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The fi rst qovernroent o rganizations to use remote sensing products in 

Victoria appear to have been the Geol09ical survey of Victoria (GSV) and 
the State Rivers and water supply o:.m.issi on (SR'llSC). In the early 

1970's the GSV was provided with what would now be considered very poor 

quali ty hardcopy, black and white £rts iuiagery to deteraine its 

application to the mapping of the State's structural geoloon". This work 

was carried out by Bruce Thompson in association with CSil'IO scientists. 

In the early 1980' s the .GSV purchased tho lllJCh more sophisticated MSS 
colour composite coverage of the State - again the hardcopy product . 

nus has been used as an aid to regional mapping as "-ell as being made 

available to other gover,.,.nt bodies, .<::"!'sultants and small mining 

coropanies. 'l'iie 110st .active and original "user" of the technique, 

hoM!ver, l<ilS the late Don Currey, supervi sing 9C0l09ist with the SRNSC, 

who used hardcopy colour composi te "'-"ges as an aid to geomqrphological 

and hydrol09ical studies. '11tus there was recognition of the value of the 
technique within soaoe Victorian depart:llents for a1 very long t ime. 

In the late l970's the Victorian Re111Cte sensing ec.mittee Wldertook the 

task of defining a strategy for th~ acquisition of a central 9overruncnt 

faci lity to analyse CCTs'. such a strategy was formula ted in the early 

1980's but govemMnt funds were not made available and there is littl" 
l ikelihood that such a central facility will now be established. What 

has happened, however, over the last f.,.,. years is that the cost of the 

dedicated hardware and software needed t o process the' CCTs has dropped 

markedly and is now within the realm of depar tnental budgets. For 

exair"le, the Department o! Conservation Forests and Lands (DCFLI has two 

micro-Brians, one for mapping vegetation t ypes end fi re damage, the other 

for carrying out work for the Land Protec tlcin Division while the 

Melbourne and Metropolitan Board of Works (MZ.:BWI also has a micro-Brion. 
In addition, the Depart.'OOnt of Land Information at RMlT has one of the 

systeons as does the Melbourne university's Deparbr.ent of surveying. The 

Country Fire Authority (CFA) has a link wi th the CSIRO's SLIP DISIMP 

system at Aapindale. 

:;· ... - , --~·:-...,,_----·-P"~l:'.¥1Q.'1:;t'~-------- <t ~ - • - .. 
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DIRECr =s Dl\/OLVED IN USE OF CCTS 

Table 3 shows there are t"'° types of co~ts involved in the use of CCTa -

that o! tne tapes thenselves and that of the processing. 

The latter can eithe r be done under contract com.ercially or "in house" 

usin<J p.irchased dedicated hardware and software. Table 3 aha"" there are 

3 levels of such hardware and software. 'Ihe AMIGA system is by far the 

cheapest but is considered by some to be more of an educational facility 

than a truly analytical onjl. The available medillll cost facilities 

includes the CSIRJ's micro-BRIAN (the BRIJ\N bei119 an anagrui for Barrier 

Reef Image Analysis) and two commeccially available forms of another 
CSIRO development the SLIP OISIMP (Satellite Image Processing; Device 

Independent Software for Ima9e Processing). t-IJ.cro-BRIAN ls apparently 

""'re •use friendly" than SLIP OISIMP but the latter has the ..,ch irore 

powerful hardware and software. It also can accommodate 3 or so "'Ork 

stations at the same tiJoo whereas micro-BRIAN has only the one work 

station capability. '!he I'S ( I..agiD<J Information system) is an expensive 

but highly capable system and is the one used. by BHP at Camberwell. 

Little information is to hand at the llOl'.ent with ce9acd to outside 

processing. 'l1le NSCA (National Safety council of Australia) has 

facilities at Tracalgon. 
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TABLE 3 <XlS'l'S OF ESTABLISHIN:; FACILlTll TO t11'1LIZE RDIO'l'E SENSI~ oi:rA 

cost ot CCTs Costs of Processin9 Options Total Costs 

$5 000 per CCT + 

$30 shi pnent 
ie $5 030 pe! 
tape. The State 
is covered by 

~ 18 CCTs. 

•. Total cost for 
State• $90 540 

fyo broad options are 
available:- "outaioo••. 

processing and •in house" 

proceasinq 

Outside Pr~ssinq 

$1-2 000 per 1:250 000 map 
sheet (io per tape) for one 
band; for 18 Ccts, cost 

$ 90 540 $1 800-3 600 $108 540 to $123 540 
for one band 

In !louse Processing 

1 MIGA 2 000 Microcomputer 
+ CSIRO software 

$ 90 540 $4 900 + Vax facility to $ 95 440 
read CCTs for all bands 

.. -- ... _____ - ... ---·~------~--·-· - - - -----,,.,..- ,,,_· 
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Cost of ccrs 

$90 540 

$90 540 

Costs of Processing Options 

2 llicro-Brian 

SLIP DISIMP (sold as:

l\RLUNYA or (llJCNTRON) 

$80 000 to $100 000 

3 i's 
$500 000 

Total Costs 

$170 540 to ~190 540 
for all bands 

$590 540 
for all bands 

Additional costs would be incurred in having photographic quality 

hardcopy iniages produced, it required. Staff training ,,._,tld also be 

advisable; the Department of Land Information, RllIT is =ing a two 

semester course in 1988 - cost approximately $670, this could be an 
efficient way of gaining knowledge on the processing of remote sensing 

data. 

l!ellote Sensing is a highly developed technique ""ich uses various parts 

of the electromagnetic radiation spectrl!"' as a means of mapping an area's 

g9ology. Over the year~. it has develbped and la now capable of 11l.1ch 

higher resolution (down to 10 m coropared to the earlier 80 ml while the 

available electromagnetic bands are now more valuable in revealing 

certain aspects - or theoes - of the geology, eg hydrotJlerinal alteration 

zones. 'ltiis devel~nt is 0119oing and it can be anticipated that the 

capabilities ->f the technique will be enhanced. TO get the full benefit 

of the technique it is necessary to nianipulate data on the CCTs using 

dedicated COlllp\lte( hardwaro and softwaro. 'Ibis facility also allows 
processing of other fornsol digital data. 

The process has value in conjunction with the more traditional 

geological, geophysical and geochemical methods. It is, however, of 

particular value in areas w~ere access is prevented or severely limited 

either because of logistics or, and this is now the more COllllllOO, because 
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of planninq restrictions. With rega rd to this latter point it should be 
noted that some 10\ of the State is now cl assified as national or State 
park , flora and faW)a reserve , wilderness area etc and as such 
unavailabl e for, or severely restricted fro.., exploration. 

It ls rec""""'nded therefore, the DITll avail itself of the technique, as a 
number of other 9ovemment or<)Ml:tatlons have, and purchase a systeOI or 
at least carry out evaluation tests on a selected area. With this in 
alnd, it is re=.ended that the l'iallee and adjacent areas be used for a 
test study. 

'l't1e followln9 people were consulted on aspects of remote sensing ln 
Australia:-

Jeff Bail ey, .l\l'llRA, 6548 844: for information on Landsat 5 'ltt. (Kelb.) 

John Bruyn , ACBES, (062) 524 411: for general information on remote 
sensin<J products. (canberra). 

Colin SiO'pSOO, aHR, (062) 499 111: for <Jeneral infocmatlon and radar. 
(Canberra). 

Peter WOOdgate, OC!'L, 6511 049: for infonoatlon on local 9roops. (Melb.) 

Others not consulted but with relevant information are: -. -. 

Dr Andy ·Green .and Dr John Huntington of the CSlRO i>fvisiOh of Mineral 
Physics iii Sydney; Phil Dyson and sa rah Hill of DCrL' s LPD; Bruce MUrnane 
of /01B~ - the .DCFL & M!1BW people operate llicro BRl.ll.~ sys~ms. 
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