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This research project was undertaken to carry out an analysis

of Earth Resources Tecimology Satellite (ERTS) multispectral data

and examine its usefulaess as a means for allowing automatic terrain

classification for engineering purposes. Tl:e approach used involved

mathematical manipulation of the original data in order to highlight

the relationships between the original video elements. The specific

locality investigated t:•as a strip approximately 185 lar. long and

46.25 km pride centred on Lake Gregory in the north-east of South

Australia. All of this area falls into the arid zone, and such

terrain is of considerable extent in Australia and throughout the

world. 'Ground truth' had previously been established by means of

conventional techniques (aerial photographs and ground investigations)

and the results displayed by terrain pattern mops at a scale of

1:250000 (Grant, 1970 a,b,c). The study was thus directed at a regional

rather than a detailed level E.nd was concerned with correlating and

classifying the smallest identifiable elements of terrair at such a

scale represented by approximately, one-eighth inch cqua.res on the

terrain pattern map.

As the ERTS video data elements each cover a ground size of

approximately 79 x 79 metres, consolidation into macro-elements com-

prising on average 10 x 11 each (around half mile squares of terrair.)

was carried out. These macro-elements were used as the basic elements

in the analyses. The data was stored on a magnetic tape file and a

number of cumputcr programs were written to carry out the analysis and

to display the results pictorially.

Display of the original band data indicated differences in

r 

I ^^

representation of the terrain both within and between each of the four
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bands. By applying principal components analysis to the variance/

covariance data matrix, scores of the video elements on the principal 	 t

component axes allowed good correlation to the various provinces of

Grant (1970 a,b,c.) . I •;ithin the }>>-ovinces there was a high level of	 !	 j;

qualitative differentiation which could be related to the terrain 	 -'

mtterns established by ccn%entional means. A cluster analysis of L

the data also enabled correlation at the terrain Pattern level with

the resulting dendrocram highlighting quantitatively the iaterrel- 	 i

ationshihs between the various terrain elements.

These results short that meaninsful evaluation and clan-ification

of terrain for engineering can result from a cunntitativo analysis of

ERTS data. However this approach has t^;o important advantages over

conventional methods. First because of its use of modern computer

techniques, large areas (of size 18S x 185 km) can be classified into

fundamental units in a matter of hours, and secondly it can be applied

to those parts of the earth where facilities for conventional studies

(e.g. aerial photographs, roads) are poor or lacking. 1n this way the

application of

re-ion	 ?e•:el

- ^	 devel—d re ii

- __Ipurposes.

s:.ch techniques can ccn*ribute significantly at the

to th.e.. understandira	 terrain in remote or under-_ -

)ns alkd to the classification of terrain for -engineering
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1.1	 Terrain Classificatior. for Engincerini

In 1966 and 1961 tic nutl•.or ti:as employed at the C.S.I.R.0.

Division of Soil Mechanics, Melbourne, Victoria. During this period he

wis n ssoeiated with an on-going - program to develop a system of terrain

evaluation for engineering purposes. Methods were developed to classify

terrain in the l,ihuratory by means of air rhotos, using stereo!.copic

pairs, and for these classifications to be confirmed in the field by

inspection and soil testing. The methods involved the use of the human

eye as the recording instrument to carry out a qualitative correlation

of individual sites with others at a distance by observation and inter-

pretation of geology, geomorphology, physiography and stream and

vegetation patterns.

The und erlying p}tilosop}ly of the system is that having estabiistied

a mozaic of visually correlated features then by carrying out site

investigations in the field and measuring appropriate properties of a

relatively small number of selected sites, a broad knowledge of the

engineering properties of a regional area can be deternincd. Considerable

experience has shoA-n this approach to be effective in terms of the clas-

sification of terrain into meaningful subdivisions in an engineering

sense (Aitchison and Grant, 1967; 196S a,b).

Over recent years a ntlTber of practical ter-ain s1!rveys have been

carried out wing these methods in association with projects such as

outback road construction., for purposes of establishing mobility in remote

areas, and for classification and evaluation as a basis for urban and

nn alp1 ;1n11111	 In 1967 the aut},cr was in volved in two such surveys

(one to the Gulf of Carpentaria and one to the north-cast of Marree in

jY

't

f

a	 ,
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South Australia) during pariods whon road construction and alignment

were being undertaken.

In Conjunction with such field wort:, a data base computer system

was developed to utilize the speed and storage facilit i es of the Computer

to assist in overcoming problems associated with the • storage and retrieval

-	 of vast amounts of field and laboratory data (Grant and Lodwicl., 1968).

9

While such a system was of considerable importance, of ii-.ore fundamental

interest was the possibility of making use of the computer for '.AdL;.C-

matical anal ysis of video da'_a in order to assist in the establisluncnt

of the basic classifications.

Until recently, however, it was not practicable to carry out such

an analysis since it would involve as a prerequisite the determination of

numeric values for all visual data sites throughout a full survey area.

In addition the allocation of a single visual value to each site would

be unlikely tn result in meaningful classes of terrain, since visual

assessment also depends upon the interrelationships of individual sites

(such as their roles in trends). VIliat was necessary was the sensing and

measurement of a number of attributes peculiar to the site itself, or

alternatively the inclusion c information representative of surrounding

sites such as directirnraf infor-ation on ti—ciml features.

By a multivariate analysis of al I these attributes the aim

ti,ould be to deterrir.e a unioue 'signature' for each particular site,

which could then be compared with 'signatures' of other sites. In this

way naturally occurring s! ilarities or differences could be highlighted

and used as a bass for cl--ssificatic-i.
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	1.2	 Collection of ERTS Data

The ERTS (Earth Resources Technology Satellite) program collects

as one of its priorities multispcctral data of images of the earth's

surface. These d^ta are collected remotely from . a satellite orbiting

the earth by means of a sensing system, transmitted to a receiving station

and then translated and assembled onto com puter tapes suitable for digital

processing.

Reflected solar light is measured in fortr visible spectral bands

in the range between O.S and 1.1 micrcmeters.

The system scans a HS km swathe from west to east as the satellite

traverses an almost polar orbit. Each swathe comprises six lines sensed

by sets of six parallel detectors. Each line is made up of 3240 individual

readings and 2340 lines comprise an individual scene covering 18S x 135 km

of the earth's surface.

The usefulness of ERTS data in the field af terrain studies is

enhanced by the enormous coverage of each scene, the multispectral nature

of the observations, and the fact that the data are collected as numeric

values which are amenable to multivariate analyses using modern computer

techniques,

	

1.3	 Selection of the bake Greeory Area

The area selected for study is strip 1 of ERTS1 scene numb

1564.23594 which comprises a section 46.25 km wide and 185 km long

approximately fourteen degrees in a north-easterly direction. It

centred on Lake Gregory, a complex of claypans and swamps approxir,

120 km to the north-east of Marree in the north of South Australiz

(Fibure 1.1). It lies within the southern margin of the Great Art

Basin and fringes the Simpson Desert which is situated to the nort

3

i

E
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The northern half of the strip cons i sts of aeolian sand dunes of

quaternary age trending northerly and northwesterly, while the southern

part consists of Cretaceous and Tertiary deposits. Transecting from the

north-east are th:,- braided channels of Cooper's Creek running down to

Lake E)-re.

ERTS data had been collected over this area in February 1974,

and a terrain classification for engineering carried out in 1967. Very

little of the area is covered by vegetation, and this allows the video

information to be directly related to the terrain surface. In addition

the whole of the locality is within the arid zone which is important

because as Mitchell (1973) points out, such land shows a wide range of

geological and physiographic conditions whose character and distribution

have been much less _tudied than those of more settled regions. Because

the world's total desert area is very large, the development of suc:essful

methods of terrain classification would have wide application for such

purposes as the estimation of soil and ­,,--ter resources, the design of

cross-country vehicles, and calculation of requirements of local materials

for large-scale engineering projects.

1.4	 Prev ious

1.4.1	 Applications of ERTS data

-.

	

	 The first Earth Resources Technology - Satellite (ERTS1) was

launched on July 23, 1972. In its first seven months over 34•,000 scenes

of the earth were obtained, covering all major land masses, and over 70

per cent of the world's land area.

Since its launch a wide range of investigations using ERTS data

have been reported. These include geologic analyses (Lowman, 1972;

Pickering and Jones, 1973), mapping of ice and snow conditions "McClain,
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1972; Campbell, 197-2 ), crop classificati "on (Sheffield and Bernstein,

1972), ecological investigations (Anderson, Carter, McGinness, 1972;

Wezernak and Thompson, 1972), flood mapping (Deutsch et al., 1973) and

laid use classification (Anderson et al., 1972). 7;le most significant

and successful application of 1. TS data to date has been usi n.r FRTS photo

images, especially as a photomozaic medium.

In Australia staff at the C.S.I.R.O. Division of Mincr-c l Physics

have dcvclol)cd techrniyues which take tl:e original digitized computer

compatible tapes and produce 11ir,11 quality photo images for use by

researchers (Green, 1975), At the C.S.I.R.O. Division of Land Use Research

work is being carried out using ERTS inagery for ecological surveys (Cook,

1973). At the South Australian Institute of Technology research is being

carried out into detailed classification of ERTS data to investigate

the use of such imagery for land use surveying (McCloy, 197S). Similar

tproblems are being rnvesti oate3 at he CSIRO Division of Land Resources'

Management in Western Australia (Honey, 1976).

The Bureau of Mineral Resources has carried out investigation of

ERTS for geological ap p lications (Maffi ct al., 197 .1; Tingey, 1974) while

research in this area has also been " carried out by, the Department of_ 	 4".

Geology at the University of ! .',lboto2ne, ! ut rata: particular reference

to gcomorphoiogical aspects (Joyce, 1974).

1.4.2	 Terr a in classification surveys
F:m

A considerable amount of Mork has been done in Australia in the

deveiop;.;en; of terrain classification and evaluation systems (Christian,

1958; Mabhutt, 196Sb; Christian and Stewart, 1964). Investigations in

Australia have generally been integrated using a multidiscipline approach

to landscape analysis, by including specialists in geology, pedology,
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geomorphology, botany and climatology.

The C.S.I.R.O. Division of Lana Use Research has carried out a

number of important surveys (Christian .'nd Stewart, 1953; Perry et al.,

1962). These investigaticns have usually considered the iohole range of

land use interests(including; the engineer ing; aspects, ►rater supply,

minerals, wildlife, fisheries, harbours, scenery, tourist and recreational

attractions) .uid encompass all those natural resource factors •tihich have

a relatively fixed geographical locatiun and extent and arc amcn.ible to

geographical forms of analysis (Christian and Stewart, 1964).

Since 1946 extensive resource surveys have been carried out in 	 ^—

undeveloped parts of Australia and Papua New Guinea, using the aerial

photography and techniques developed during World War H. These surveys
	 ^	 •i

were based on Zand sy stems and land units which .aimed at being both basic

and functional divisions of landscape. Lana systems were recurrent

patterns of landforris, soils and vegetation recognisable on aerial phota-

graphs and these comprised the basic mapping uni*. Land punts were their
	

M

d

constituent subdivisions. Land ;ystem surveys were presented in the form

of traps at scales of 1:250000 and 1:1P1 accompanied b y bloc] diagrams

shoving; the interrelatiOnS of the hand units and tabulated sul- varies of

their form, soil, and vegetation properties.	 Z"te results of these^_;;^,,

surveys have been applied to a wide range of land-use purposes, most

notable of which is to the pastoral industry (Slatyer and Perry, 1969).

From such a broad scale approach, the C.S.I.R.O. Division of Soil

Mechanics developed a system of terrain classification and ev:llintion for

the particular needs of engineering*. 1 -his is }:notion as the Pattern Unit

Compunent Evaluation (P.U.C.E.) system Miich has been applied in a n,,nrbcr

of surveys iii Australia undertak'ea on a regional basis (Grant, 1970 a,h,c;

1972).

_ ._._	 ...
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1.5	 Wthods of Investigation

The aim of this research was to in v estigate the extent to which

a quantitative :analysis of ERl'S multispectral data could enable meaningful a

classification of t •_rrair.	 :-or ens i::ccrinv.	 - -

A s:rvr^	 c ;	 carp 	:.	 1 _ t c r:t?:rc	 _	 ^,c	 .l	 }:,.	 :.	 ^^ppl i cat i on of

multivariate techniques of factor analysis and cluster analysis, such as

out ? ined	 in	 st.^.ndard	 t c y t s	 (Pavi s .	 197.3;	 Harbaugh are. K'crri am,	 196S .:	 !+ti 1 l er

and Mahn, 1962), ::o,:ld prcvide a new approach to the problem of Classifi-

cation of terra in data fcr cngincering pure -I SLS.

Because the terrain classification maps of the Lake Gregory area

to be used as	 'ground truth'	 (Grant, 1970 a,b,c) were presented at a scale

of 1:250000 the	 investigation concerned classification on a regional basis

and involved detailed correlation to the level of terrain patterns.
1

A number of special purpose computer programs to store the data,

to analyse and process video inforr.ation, and to present the results (`

pictorially were written for the research.
h

f
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CHAPTER 2:	 THMAIN CLASSIFICATION FOR F.NGINFE RING

2.1	 Introducticn

Terrain classification has practical application for agricultural,

engineering, military and other purposes. It is usually concerned with

intermediate levels of land use intensity where the interest in terrain

per unit area is important, but not sufficient to justify the cost of

special detailc-d surveys, e.g. it has been succcssfull; applied in

agriculture when choosing suitable farming system,, in engineering for

t:.
purposes of secondary road construction in remote areas, and for military

applications at the broad level of vehicle mobility. 	 I
1

Terrain evaluation can be defined as a process involving an analysis 	 4

of the natural geographic environment, the classification of data to
t

distinguish one area from another, and the appraisal or assessment of the 	 k

data for practical ends (?Mitchell, 1973). In practice the problems of

classification of terrain fall into three main categories dealing with the

complexity, extent and association of landscape forms. Additional to these

a fourth aspect of scale might be added (Mabbutt, 1968 b).

The processes involved in land analyses and Terrain studies 	
fix°
.^s^Lxa

normally comprise field surveys, laboratory work, statistical analyses, 	 I 5N Ms

the extraction of classification details, and the storage of data in

retrieval and reproduction systems so as to make it available to users in

an accurate and comprehensible manner.

The role of classification in this process is to develop methods

concerning the recogni-ability and reproducibility of the terrain so that Y-

individual properties can be precisely defined in terms of earth forms

arms materials. This is necessary so that prediction between known and

unknown areas can be effectively carried out.
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Terrain classification systems c:;n adopt one of two approaches

which should be considered complementary rather than conflicting

(Mabbutt, 1968 b).

First, one can consider the terrain itself, classify it into

natural Hilts, and then attempt to measure individual properties quanti- -

tativrly---and _re1ate..th&, JA_ ii. 1^d--u1i.

Alternatively one can consider terrain fro;a "lie point of view of

the uses envisaged and map units in terizs of selected class limits of

Lppropriate land attrib tea. Super iwpositicn of these imips will thin give

a con+hlete classi-fication.

The first cr 'landscape' system has three significant advantages

over the second er ' parametric' approach. It assists in explanation of

the fundamenta'_ causes of landscape differentiation, it is better suited

to reconnaisance, and it facilitates the ;appreciations of regions as a

whole.

On the other hand the parametric approach is more quantitative

and less dependent upon subjective interpretation cf landforms. It is

also better adapted to statistical analysis and the use of remote sensing

r^etto-'.s. f?ocver it _uses the difficult, sele:tion of Meaningful class

limits-and tends to sn,-rifice comrrehensiveness anal case cf recognition -

for qua-.- -. tative derail (:itci:ell , 19 3) . —	 - -

2.2-	 i e Fatte7- Unit Cc=,oncitf: _1^_ cn S;step

Because of the special neecs of engineering, and the inadequacy

of conven:ioi-.al land systems, the C.S.1.K.0. Division of Soil Mechanics

has	 a	 fo- .t.-	 i}:is has land systems

more narrowly define "' in ter-i.s of engineering criteria but identified on

the groiunds of vis:al 'landscape' recobnition characteristics.
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The basis of the Pattern Unit Component Evaluation (P.U.C.E.)

Prograr.:ne is that any area of land can be uniquely defined in terms of its

basic attributes, i.e. topography, underlying lithology, structure, and

its soil and vegetation. fly selecting class boundaries at suitable

significant levels, continuous expanses of terrain may be reduced to a

nvi;iber of terrain classes which reflect its engineering properties.

The system is based entirely on landscape properties normally

reccgnizable by engineers at four levels of scale: province, terrain

_ttern, terrain unit and terrain component, in descending order of size

and increasing order of detail. Only the last three are considered as

vehicles for engincerir. data. The method of relating such data to these

is described by Aitchison and Grant (1967; 1968 a,t-).

The smallest unit is the terrain component, which has a constant

rate of change of slope, consistent soil at primary profile level, and

consistent vegetation associations. It has a constant underlying lithology

in a constant structural environment. It also has a consistent association

of soils (except alluvial or aeolian stratified soils), such that the

association can be expressed within one class in the Unified Soil

Classification (USC, Rion 1963) System and within ene class of the primary

profile form­(R6rthcoie,B71). It is mapped at a scale of - rz=0 or-

greater, and interpreted on aerial photographs at a scale of 1:10000 or

greater. It can be mapped in situ and defined in terms of physiography,

rock, soil, and vegetation, and of its relative importance within the

terrain unit.

The key subdivision is the terrain unit which has to be visually

recognisable and is defined as'the area covered by a single landform

feature having a characteristic soil association and a characteristic

natural vegetative formation' (Grant, 1975). It is mapped at a scale of
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1:50000 and described qualitatively in terms of principal soil, rock,

and -vegetation characteristics, and quantitatively in terms of lateral

dimensions and relief using either aerial photographic ijiterpretaticn or

ground methods.

The terrain unit so definctl can be regardQd as being composed of

i J - ,	 -1 n urn',., r-:- of	7-r i , I-,	 I i I , ;	 C";!, I IN, 	 Jll t" ie

s patial relationships i .., ithin the terrain unit. The slopes and soil/

vcget2t'lon chnrcctc, 7- ;,_t 4' (-s:ire those of tho inJivid--illy contributing

terrain componcats. In practice the terrain unit falls into topographic

classes (Table 2.1) and within each class has a characteristic association

of slopes and a consistent local relief.	 In addition the characteristic

soil association of the terrain unit will be dominated by a specific

textural type (Table 2.2) and the characteristic ve g etation formation

will be dominated by a single vegetation class (Table 2.3).

1. Surfaces, flat or with various degrees of undulation,

i.e. undissected, dissected and/or eroded.

2. Slopes between surfaces .: gentle, stcep, or escarpment-

Isolatc4- hills, rid-cs, etc. (C ycept -those With flat

tops).

4.	 Drainage lines, lakes, etc.

T^, bl e 2. 1 - Ex,-:j.-)les of torographic terrain unit classes

(from Grant, 1974)
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1. Rock outcrop, pockets of shallow soil or gravel

2. Clay soils (Ug)*

3. Clay soils (U or M

4. Clay soils (D)

S.	 Silty soil

G.	 Sand over clay soils (G)

7.	 Sand over clny ;oils (D)

S.	 Sandy soils (t)' or G)

9. Stratified soils

10. Organic soils

*	 These srMbols refer to the classification

system of `;orthcote (1971)

Table 2.2: Textural types of characteristic terrain

unit soil associations (from Grant, 1974)

The terrain pattern is recognised nainly from its appearance on

aerial photographs with a constant oconorphology and a constant associa-

tion of terrain units. It is mapped at 1:250004 and represented on an

illustrative block diagram, and defined qualitatively in terms cf its

principal soil, rock. and vegetation characteristics and quantitatively

ip terms of its lateral and vertical dimensions. the terrain pattern can

be regarded as being co:npose^! of a limited nunbcr of recurring terrain

units always associated in the same spatial relationship, and should be

coincident with th ,, area represented by a distinctive pattern on an

aeriai photograpt, cf suitble scale.

The province is also mapped at 1:250000 but relates only to areas
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1. Bare, sparse grass, occasional tree or shrub

2. Grassland

3. Shruhland

4. Cpcn wcodlar,d

S,	 Savannah woodland

6. Woodland

7. Forrest

Rainforrest

9,	 Fresh- ► ,rater si..amp forrest

10.	 Salt-water swamp forrest

Table 2.3:	 Classes of characteristic terrain unit

vegetation formations (from Grant, 1974)

of constant geology as revealed on aerial photographs. It can be

defined as an area of constant geology at the group level (Anon, 1973a),

c-Omposed of a limited n• " ; of reCurTing terrain pa.ttc.-ns_41ways_ -

associated in the same spatial relationships.

An extensive numerical system of no7:enclature has been devised

for the classification of provinces, terrain patterns, terrain units and

terrain components and standard format sheets for data collection and

presentation have been developed.

2.3	 The Mothodoloay of P.U.C.E. Surveys

In practice the terrain evaluation process for engineering

consists of three phases involving the establishment of the classifica-

tions, the quantification or attachment to then of specific engineering

14
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data, and finally the application of th6 system to particular engin-

eering projects.

The establishment phase is carried out in accordance with the

rigorous principles applicable to engineering needs and involves careful 	 V ;

selection of terrain classes and boundaries so that they may be uniquely

identified and used as vehicles for the couL-iunication of engineering data

from classifier to riser. The latter can then not onl; use the system

as different levels of generalization, but also identify `.is particular

needs within selucted terrain classes.

Following the establishment of the classifications the quantitative

phase follows by the attachment of engineering information at an appro-

priate level of detail to the different terrain classes. This is carried

out by field testing during which specific soil, vegetation and moisture

1
properties are measured at specific sites. In addition the validity of

the topographic land form components are verified by on-site inspection,

along with the determination of appropriate terrain pararrt°tors, Because

of the range and complexity of such information it is collated by a compre-

hensive system of data storage and presentation i;Grant, 1968, 1974), 	 L

incorporating automated methods (Grant and Lodwick, 1968).

Subsequent to completion of the quantification phase the system

is now ready fur the needs of the engineer, who can extract from the 	 rim 4W

system sufficient details for, sa y , mobility assessment or minor road

construction, or alternatively information to allow preliminary investi-

gation prior to site selection for more detailed surveys, as necessary

for major works.
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3.1	 Introduction

The . F.arth Rosenllrces Technology Satellite (ERTS) program has been

	

__.: _ des ned t acgdire fro iT3 fell tcs orbiting thz t^rttr^ultispecTral - -	 --_ - --^"

images of the earth's surface. This data is transmitted through ground

stations to a data processing centre at tho NASA Goddard Space Flight

Centre for conversion into black and vaiite or colour photo-raphs and

computer tapes. The two missions so far launched, ERTSl - and ERTS.	 -

provide for the r,^pctitive acquisition of high resolut?On multispectra.l

data of the earth's surface on a global basis. The two sensor systems

comprise a four channel t-fultispectral Scanner Subsystem (MSS) and a

three camera Return Beam Vidicom (RBV) Subsystem.

1
The MISS subsystem is used to obtain the binary digital data 	 t

which is assembled onto Computer Compatible Tapes (CCT) suitable for 	 1
1

computer processing and analysis. The RBV camera subsystem contains

three individual cameras operating in the nominal spectral bands from

.0_475 to 4.820 ___cr_-eters. i_-hen tiie cameras are shuttered, the-images

we stored-on t!-.e	 plic o siensitive ^sur_act =. These are-scanned to -	 °-

F	 produce anologue photographic OutT-,=1t. Comprehensive details on the

collection and production of E FTS data arc cnntaincd ir. the NASA

^oc T —̂ cn-s Greraticn and 1'7; s.._aI t^:ar ct, _ _sties of the FRTS MISS . System . _-

Corrected Computer Cor._patible Tapes (Anon, 1973b), and Data Users

Handbook (.non, 1972).

3.2	 Orbit and Earth CoveraZe

The ERTS1 satellite is circling the earth in a circular sun-

sti-nchronous orbit and provides cc-plete global coverage between 81
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degrees north and, 81 degrees scuth latitude. Each day the satellite

makes approximately 14 reve/cations of the earth. The fifteenth orbit

of one day overlaps the first by 1.43 degrees longitude or 159 km at

the equator and bccemes the first orbit of the next day.

The resolutions Progress in a westerly direction so that after

251 retrolution5, taking exactly IS days, a complete coverage cycle is

obtained. The next orbit (252) coincides precisely with orbit 1 of the

previous cycle. Since the systems operate in the visible wavelengths,

they are operative only during daylight sections of the orbit.

3.3	 MSS Subsystem

3.3.1	 Sensing arrangement

The MSS is a four-band scanner operating in the solar-reflected

spectral region from 0.5 to 1.1 micrometers. It consists of six detectors

for each of the four bands. The MSS scans swathes of the earth's surface

185 km wide at normal altitude, sensing six scan lines at a time simul-

taneously for each of the four bands. The sensing of each swathe is

accomplished by means of a flat mirror oscillating across the field of

view between the ground scene and a double-reflector telescope type of

optical chain. Video outputs from each detector in the scanner are

sampled, commutated, and multiplexed into a modulated stream which is

encoded and transmitted to gr.uund-based receiving sites. The receiving

_ sites compile the raw data on video tapes for calibration and reformatting

into usable binary form on computer compatible tapes.

3.3.2	 Scanning each scene

Each completed scene is made tip of 2340 parallel scan lines,

each containing a large number of video data points. Each line scans a

t

1

i
r

i
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- length of 18S iaa and coriprises 3240 individual video data samples. The

value of each sample is contained in a byte, made up of eight binary

"bits". nie value of each byte represents its radiance level. In the

linear r.o4e onl y six bits are used arith a range 0 to 63, while in the

decoe^ essed mo(?e seven bits are used allo::ing.radisnce levels of ^O-to

127.	 ccvercd br a scan lire depends	 :l:itu e. Explrionce

has	 that in the worst case the altitude variations have resulted

it sccn,	 0 et::. --Scs Of c':-i^ o-,:.. _rely -', }:^.	 At ac..inal altitude

(915.592 1--a (41 i(, ru:)) the scan line is 1SS ?:m long. Figure 3.1 shows

the	 of a completed ground scene.

'he scan mirror operates in a scan-and-retrace c ycle with the

active portion of the scan being in a wort-to-east direction. As the

spacecraft proceeds along itS near polar orbit each subsequ--nt scan

and retrace cycle is contiguous ;:ith the preceding one. A set of 390

cycles which produccs 2340 parallel scan lines provides complete coverage

of the full 185 Km, x 135 km scene.

During the processing phase each scene is subdivided into four

parallel strips comprising one quarter of each line-. Each strip is

-	 -..va-VIS^tcc3 37--one car.put4rr te;^^ with crta ^n:erie3:	 'feT_ali spectra3_--

-	 for LPTS1 refl cta:3ce levels in four spectral bands tiere

measured. 'I peso binds were in the ranges C s - to - 0.6 micro:;^et-e s,= -4.6 tom-__

0.? P:i:cro_eters, 0. 7. to 0.8 micrometers and 0.8 to 1 . 1 micrometers.

3.3.3	 P.e^istration and adiustr..ent of scan lines

The KSS detectors are sar..pled sec,-.ientially at a constant rate of

100.5 kilcsa^..pIcs/sec, with a 2-byte sja.i4. risregistration introduced

by the arranoerent and sa,:.pling sequence of the detectors. This enables

-A
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h	 --- 3000-4000 bytes

direction
of

sp--cecraft

Figure 3.1: Components of a Completed Ground Scene as

represented on the MSS CCT.	 4
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each ground sample site to be sensed by each of the four bands in turn

and means that at the be^oinnInIg of each scan line only sites from the

seventh sample on will be sensed for all four bands. (Similarly at the

ends of each line-.) This 2 -bete spatial mis-registration of the data

s=ple _is adjusted for by inserting registration fill characters (which_.

contain no useful video data) at the ends of the lines. The number of

registration fill characters (each of which corresponds to a byte) added

to a given scan lire is alwiys six for each of the four spectral bands.

Occasic•nal.ly the len gth of the scan lines may vary slightly

due to small variations in the period of the mirror. An operation to

adjust all scan lines to the same length is carried out by inserting

"synthetic" bytes (duplicates of the preceding byte) at regulcr intervals

as needed.

3.3.4	 Radiometric calibration of sensors

During alternate retrace intervals an artificial light source is

projected into the optical fibres to allow calibration of video responses

for.. the individual bands— This enal les a crock to he :jade of the

rtiative radio,.-Xtric .i`v^els, and also to cq 	 which-may

---	 -occur in the six detetto rs of a srer.tral band. Corrections are performed	 -

during t'rcnaration of the com-uter compatible tapes in order to minimize

*txipins within each swat he due to detector differences between lines.

3.4	 System Ferfo r,ance

Ti-,c hri::cip::: param,.eterF used to _...iicate the duality of the

data are resolution, radiometric fidelity and geometric accuracy. The

area of view of each detector is a square section of the surface of the

earth with side length 79 metres at normal altitude. Experience has
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slicist this to be close to the level of cross-track resolution in high

contrast areas, In scenes of low contrast the level of resolution is

less.

The MSS -;nlKystem i.; less subject to radiometric inaccuracies

than the RBV sys:l-:311 becaGae th ": output of the MSS sensors are in di ital

form, and therefore not subject to transmission and tape recorder dis-

tort ions, Fully calibrated NSS data is available without the necessity

of intermediate phctefra phic or analogue processes. Errers ho%Never may

be introduced from electron beam scatter, due to non-uniformity of

intensity of the calibrating light source, and due to original-errors

and long term variation in the calibration coefficients of the lWnp/gray

wedge system. Typical errors from these sources arc in the region of

1-2% of the dcnsity range. In addition errors can to introduced during

the production of photographic products from MISS tapes. These are in

the range of a 2-4% density variation.

geometric accuracy of the imagery is dependent upon two aspects.

These are (a) the rositional accuracy or the ability to locate a point

in an image in ter:rs of its ''grid-position and (b) the registration

accuracy which depends on both the ability to superimpose two points in

images of the same area taken at different times and the ability to super-

impose two points in different ir:ages of a ground scene taken at the same

time.

These errors can be introduced externally to the MISS sensing

sy s tem (spacecraft attitude, orbital errors, exposure time, etc.), or

internally (detector alignment, scan non-linearity, sampling uncertainty,

etc.), or iii data processing (computational precision, flat earth

modelling, etc.). For precision output processing the positional mapping

accuracy is 242 metres for film products, and the registration accuracy

21
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is 154 metres,

3.5	 LRTS Photographs of the Lake Gregor y Area

The C.S.I.R.O. Division of Mineral Physics is 	 in a

project thich takes the NASA Ccmputcr Compatible Tapes, carries out

geometric and radiomictric corrections and enhances the data by stretching

the contrast of each individual video element. Output is by means of an

Uptoprix photowrit:c : Lachine for use- t y researchers.

Plates 3.1, 3.2, 3.3 and 3.4 show the output and resolution of

strip 1 , Lake Gregory area (IRIS scene 156 .1.23594) for bands 4 through

7 respectively.

22
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Platc 3.1: ERTS photograph for band 4 of the

Lake Gregory scene.
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Plate 3.2: EFTS photograph for band 5 of the

Lake Gregory scene.
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Plate 3.3: ERTS photograph for band 6 of the

Lake Gregory scene.
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Plate 3.4: L-RTS photograph for band 7 of the

Lake Gregory scene.
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CHArrf'R 4:	 GEOLOGY A.\n PH1•SM11UPHY

4.1	 Geojogy

The area inx,cstigated is a section 185 km long by 46.25 km wide

centred cn Lake Gregory in the north-east of South Australia and comprising

parts of the Gason,Kopperamanna and Marree 1:250000 map sheets (Figure

4.1) .

All of the 4 ea !ies :;i.titin the lout%ern ruargin of the Great

Artesian Basin defined by the )rotcro,oic rocks of the Adelaide Systcm,

and consists of *-lesozoic, Tertiary and Quaternary deposits.

In the southern half of the strip the Cretaceous deposits of tho

Rolling Downs Group are overlaid in parts by thin duricrusted Tertiary

sediments, interspersed with gently sloping fine and coarser outwash

gravels of recent origin. TfLese are dissected by n:unerous braided =streams

trending northerly, flowing into the Lake Gregory, Lake Blanche chain of

cla)Tans and swamps (see Figure 4.2).

In the north the Quaternary aeolian sand dunes trend north to

northwesterly, corur,Oilly ON-er 20 miles i-1 length. These are transgressed

by the recent alluvial deposits of Cooper's Cxeek, extending to Lake Eyre.

4 .1.1	 Cretaceous deposits

The Rolling Downs Group (l•.'hitehouse, 1054) is one of the most

widely distributed formations of Cretaceous age in South Australia. All

of its larger subdivisions have been identified, and these correspond to

the Roma formation	 pti.:n), t},e Ta.ho formation (mainly Albian)

i
and the Upp:r Cretaceous lagoonal to lacustri.ne Winton formation (R.C.

Sprigg and staff, 1958).

The Marree formation, correlating broadly with the Roma a.-id

4 -
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Figure 4.1: Geologic Provinces of Lake Gregory area.
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Figure 4.2: Drainage Patte nl of Lake Gregory area.
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Tumbo formations of Queensland (see Figuro 1 .3) includes a large part

of the Cretaceous shales. The marhinal or basal member found near

Marree township to tilt soulli est is the WLlpoovinna Breccia member,

while ill 	 Billy Sprin-s locality to the south the basal unit is the.

_..: Trinity Well _ siiTiustene peer.:ber. The Blanchewatcr format icn is the upper-

nwst Crutacuou:: rae11,11Aer found it the area and correlate; L:oaaly with the

Winton formation. It is sandier th:m the Und el- I)'illF, Nt Ir.ee formation.
zc

Rocks higher •_ is t h!' Ci • ctV4L era_: ; 11• o U.PS0 7• L'.'. in	 wide area to

the south of lake Gregory In the Coory. ; -.u a region.

4.1.2	 Tertia ry_dcJLosit s

Sediments of Tertiary age arc widespread but generally thin,

usually remaining as partly silicified c^ppings of gravelly and sandy

beds.
1

i
The lower Tortiary sandstones ('hTrnpeowie Fuimation) may be seen

i

in many scarps of durlCYLlst-capped hills while the middle or upper
r

Tertiary (Iaadunna Formation) o:curs in low cliffs adjcicent to Clayton

River to the lies..

Duricrust i s comonly seen as o hsrd, very fine grained silicious

rock, grey, redbro.:n or	 in coloir and rese-bling quartzite or

flint. This is the usual eappinS of the flat-topped hills in tho region,

and .7eadily breaks up and ; o :es Jot,-1 slope to form gibber plains. At

least t;ie upper part of the ,;rnpeowie formation is silicified to form

a hard daricrus, layer l:hic. aay he U, to 25 feet	 thick oVer Most of

the ". -er man area. Roc}::	 alder t h an this are rarely affected.
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Figure 4. 3: Correlation of Mesozoic Stratirriphic Units.
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4.1.3	 Quaternary deposits

Some of the oldest of these (possibly late Tertiary in age) are

grey purple or reddish clays overlying the duricrust as various scattered

exposures. In places the clays and overlying older outs:ash gravels appear

to occupy structural depressions. In some places the clay contains thin

red sandstone beds w:z;le;at or near the base of the clays are to be found

pisolitic or banded, *laaoy grey or cream limcstuaes.

Above the cla ys an of greater extent are cross-beided gravels

and coarse cong lomerates forL:in;; a prom;.;ienL uprer- level c oulder deposit.

-- These appear to be old eutwash gravels, composed principally of quartzite

and quartz d:• rived f.rcm the r re- C.unbrian. In "some parts the pebbles may

be up to 2 feet in length, while to the south of Lake Gregory they are

2 inches in length and composed almost entirely of duricrust.

1
Impure fine grained gypsum deposits are common throughout the

region, usually forming a thick crust on Quaternary clays from which the

overlying gravels have been partially eroded (Forbes, 1966).

In he northern half of the strip a large area is covered by pale

red-broti^n sand with parallel dune ridges. The dune system trends northerly

to north-westcrly, is steeper on the eastern slope, and appears to be of

longitudinal form (Kin	 196a). (This dune .direct.i.oli_ Is in contrast to

that to the east of t,arree vhcre the dunes trend - north-liesterly. This

change in direction reflects the mean position of the-anticyclonic system

which is dominant over Central Australia (Grant, 1976)). Some dunes are

_	 over 20 miles in lengtk, and rest on brown silt and clay, sandy in places,

and containing soil limestone. The silts probably represent the

Quaternary sourc ,-, natc:.al from w`,ich the snnd_, %,ere a:innewed by strong

winds. However the bulk of the material forming the sand dunes has been

blown out of the alluvial stream deposits. The sand dune expansL.s are to
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be found considerably more well developed on down wind side of the

streams (Grant, 1976).

In the southern part of the strip large areas of gently sloping

or flat-lying fine gravels have been classified as recent outwash

(Forbes, 1966)`." • R^cert out-Wash can also be seen as continuous sheets

of coarsar gravels near duricrust plateaux. The distinction between lake

and stream deposits is artificial and obscure in many localities.

The Cooper's Creek stream deposits in tho north, and those o

the Lake Gregory -La;ce Blanche chair, of claypans and swamps in the south

contain swamps in addition to more actively-eroded sandy or gravelly

channels. Some eater i,^% les in deeper channels may carry water for long

periods, and areas classified as lakes often include smooth-surfaced

claypans, channels and vegetated surfaces (Forbes, 1966).

4.2	 Physiog LiO;y

4.2.1	 Surface relief

17ie area of ;investigation occurs within the largely arid interior

of South Australia, and h2s an irreoilar and unreliable rainfall which

averages about six inches a year.

In the Great Artesian Basin, eucalypts, commonly coolabah, are

confined to large creeks. Vegetation, typified by saltbush, is sparse

oil 	 gibber planes or stoney desert, but in sandy areas there is a

collection of small trees such as casuarinas, needle bush (Hakea

leucopter:a) and acacias, including mulga (Acacia aneura).

Relief is bentrally subdued; hills are typically flat opped

and covered by duricrust, higher level °ravel or gypsum remnants. The

soft-rock pediments f.lan}:inl; the duricrusted residuals have been

described in Mabbutt (1969). They are long concave surfaces, which pass

r

t

1
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without break into the hillslopes, and they arc t)-pically armoured with

gibbers from the Bill capp ing. They express the process of slope

retreat and piedmont regrading on soft, fine textured rocks to which

the term pedip]:in.:tion has been given. The lov: , gradients reflect the	
r ^^

ease- of transport of loose sedirme its across little-veget::t.ed surfaces

The poorly out-cropping Cretaceous rocks form undulating country

fl yinking the sheets and smaller remn:ants of duricrust. In this region

low gypsun .sc :rps somet i;:ic s fora prcminent- laid -marks . The lowest

recorded elev-a tiun of —?" feet is to the %,cst, where the Laver Clayton

enters swamps r.ear Lahe Eyre. Further out in the Artesian Basin large

areas are covered by sand ridges and gravel plains.

r---1 1-----

The dune form of parallel ridges 'ias been reported in detail by

Mabbutt (1953a). They zre characte.istic of large, open expanses of	
'M

dunes where sand movement has been least complicated by relief or

drainage. They are mainly betv:cen 10 metres and 25 metres high with a

tyricai_ spacing ofr lie .:r.: 500 a:;d SCG r..etres, The spacing and height

tend to be	 =or_M an indicc:is of ec,:a JA. '_ibriu relationships. The	 A,

ridges usually— have sr:ooth :r,iddle- ant! lower Mcil,s stabilized by closer

grass cover with sp'.ni:cx (Tricdia basedo.J i) predominant, and uneven

crests kith more r:obile sand and a , scantier vegetation ".ith canegrass

(Z),ochloa) and shrubs.

The stabilized lower body of the dune is characteristically

asymetrieal with a gentler western flan":, and a steeper eastern flank-;

a crestai belt of live sand 25 to 50 metres wide rests upon the stable

lower portion.

T`hc shales are generally sandy, with uneven loose sand between
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the arms of Junctions, but there are flat tops with cla-pan s, locally

and areas of gravel outcrop. In most cases the sub-aeolian floor is a

little below the level of the Swale (M.0 ,butt and Sullivan, 1968). Between

the dunes are small playas, occasionally filled a:ith salt water.

In the north, the sand ridges are dissected by Cooper's Creek

trending south-i;cst to Lake lyre.

4.2.3	 Drainage

The draiii.1ge t^T c in the urea falls into the classification of

co-ordinated interior drainage (Ilills, J953), of which the Great

Artesian Basin is the only important example in Australia (Dlabbutt, 1969).

It results from the structural disposition of peripheral uplands on

uniform soft sedimentary rocks, but is also reflective of the pattern of

greater and more effective rainfall north-eastwards, towards the upland

catchments.

In the southern half of the strip, there are two main directions

of drainage, to the north-west into the Lake Eyre basin and to the

north-cast into the Lake Gregory-Lake 13 1 anche chain of claypans and

swamps.

Along the Birdsville track, creeks drain the western limb of

the Cooryanna dome and make their way into shallow depressions such as

Canegrass Swamp and Lake harry which occur in a zone along the western

limb of the structure.

To the en5t. Tooncatchyin Creek occupies a structural depression

between the Cooryanna dome and the duricrust plateau south of Lake

Blanche. Tlie Lake Blanche system of claypans is analogous to the Lake

Harr y zone, but is much more strongl y aliened.

1

1

L

•

4
t
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CHAPTER S:	 TERPAI\ CLASSIFICATION FOR ENGINEERING OF 711E

LAIW GRNORY AREA

Classification of the Lake Gregory area was carried out by the

Division of Soil Mcchz vic_,, C. . I. ►:.G, in 1967. The str ip of ERTS

-im.^.fie investigated comprises parts of the ^iarree, Kopperamanna and Gaspn

1:250000 Tap slieet s .

Four provinces are included in the strip

province 43.001	 (Rollins Downs Group)

province 52.001	 (alluvium)

province 52.002	 (aeolian sand)

province 52.008	 (more recent alluvium, colluvium)

and the terrain pattern details for these are given in Tables 5.1,

5.2, 5.3 and 5.4.

Plate 5.1 shows the terrain pattern classification map of the

area (Grant, 1970 a,b,c). The differentiation of the map into the

various provinces is as follows:

Province 43.001 consists of six terrain patterns of which the

four defining flat to undulatin g terrain are coloured blue. (Two of these

are of limited extent.) The two representing the dissected higher	 --

surfaces correspond to the pink shades.

Province 52.001 -is the yellowish green band trending north-

westerly and transecting the northern half of the strip. It consists of

a single terrain pattern corresponding to the alluvial deposits of

Cooper's Creek.

Province 52. 0 02 is	 by the orca in yellow, and consists

of a single terrain pattern made up of extensive sand dune formations.

Province 52.008 is coloured green, and consists of three terrain
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patterns representing the drains e channels and lakes related to the

Rolling Downs Group. The light green defines the pattern corresponding

to the shallow lake beds while the dark green tones refer to the

s ystems of channols and floodpla+ns.
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CIL- TfR 6:	 TECHNIQUES OF ?1ULTIVARJATE ANALYSIS

6.1	 Introduction

A number of approaches are possible in the analysis and inter-

^retntion of the FRTS data. -Two of these . are, _-- -----_--^_.	 - _	 - ---

(a) use of mathematical methods such as factor analysis and

cluster analysis, and

(b) analysis lby 'signatures'.

The first MOthOd Involves m ^hc„matical m2nlpulations and trans-

formations to endeavour to enh^nce the data to a stage ;here underlying

correlations and patterns can be easily ident'.:ied.

The second method depends on a careful selection of 'signature'

areas so that the properties of individual attributes can be identified.

The attributes for all video elements can then be compared to the

'signature' set to determine the classification for the whole map area.

This approach, however, inevitably leads to dual classification of

some elements and non-classification of others. It also has two

isport.-nt arc ! is cf difficulty.

Firstl y , by defining 'sign-a tures' it i3 necessary to be certain

that a particular area is really typical of the type of terrain being

defined and that each 'signature' is defined once and only once for all

separate classes of terrain. This requires that the interpretative

phase of definition of meaningful attributes is a first step in the

agglomeration of classifications, and presupposes considerable knowledge

of the area being investigated.

Secondly this approach also lends itself less well to wide-scd1Q

terrain analysis. For example 'signatures' of identical pieces of terrain

will be different for different ErTS scenes (due to sun angle, time of
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year, different surface conditions, etc.j, which gill. mean that for

i
each scene it will be necessary to define a complete reference set of

i
'signatures' for comparison purposes.

The analytical approach on the other hand highlights differences

in pattern and terrain with a basic teciuiique independent of the

individual scene and leaves the .interpretative phase as the last stage

in the process, i.e. until the time ►.,'.en maximtLm knowledge of the data

is available. At such a stake it will be easier to define meaningful

class attributes and to det_e:rnine the nuiaber of naturally occurring

classes.
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6.2
	

Standardization

Standardization of data is an important procedure in factor

analysis and cluster analysis techniques and may greatly influence the

results. If it is carried out by subtracting from each observation the

mean of the data set and dividing by the standard deviation, so that the

transformed set of data has a mean of zero and a variance of one. The

value of each original observation will thee: be measured in terms of its

standard deviation from the mean. This is a very useful procedure for

comparing the distribution of one variable with another when the two

variables are expressed in .different units of measurement or extend over

diiffercnt ranges.

In practice, because factor analysis is concerned with analysing

the structure of the variance-covariance matrix, standardization of

each individual observation is not necessary before computation, since

the covariance matrix of standardized variables is the same as the

correlation matrix (Moroney, 1951; p.287).
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6.;	 Factor Analysis

Factor analysis methods hxvc been developed to assist iu the

resolution of multivariate problems, such as those in geology where

10 attributes (say) :aay be m _-a5111• Cl1 can a numbor of samples. VIvit is

sought are mctlhods of r_rclering the samples so t':at relatao ► iships betwee._

one sample and another can ;:c rc::;iil; • ici;nt'lficd.	 Fnctc. anai.^ais	 --

techniques sil-.pl,-f) such problems by tr:_nsforming the original data set

Onto the n;lnl:::.11 ;7o::user of	 11no:'.rly illCll "1CiCnt variables.

Thr riethod involved is to set up a variance-covariance matrix of

the multivariate data set and recalculate scores for the samples along the

principal co,iironer.ts, which represent the new variables.

There are two categories of factor anal ysis, (a) principal

components analysis and (b) factor analysis itself, of which principal

components analysis lea.- chosen as the preferred technique because in

application, it does not require initial asstziptions concerning the

number of underlying linearly independent factors (see below).

6.3.1	 Princi .al c' nncncT ► , ana lysis

Principal comrc.nents are sinply the eigenvectors of a variance-

covariance riat rix . 	 - -

Suppose n variables are Treasured on a collection of objects.

Then an m x m matrix of variancer. and covariances can be computed, from

_which _ can be extractcd m ci grenvect^'.• s and m eigenvalues. Because a

variance-covariance r..at_• ix is ,.! ays s)--metrical, these m eigenvectors

will be erthoQnral, or oriented at right angles to each other, and

therefore linearly independent.

Tne tot;-1 varizncc in our c'ata set can he defined as the sum of

the individual variances, u'.hich In a variance-covariance matrix, arc

1

1

Z

d

t



0
r4

M^

L

v

45

ORICiNAL PAGS t
OF POOR QUALITY

represented by the diagonal elements. The trace of the matrix is defined

as the slur, of these elements and is equal to the sum of the eigenvalues

which represent the lengths of the principal axes. It follows therefore

that these principal axes also represent the 'total variance of the data

set, with c: ch accounting for an amount of the totnl--vari-ance eTial .-to -

the eigenvalue divided by the trace. Titus, if the variation in the

data set is ren"rred along the first principal axis, the resulting scores

will repro_°nt a proportion of the total variation in the original

observations.

The value of principal components analysis thus lies in enabling

the selection of a minimum number of new variables which will account

, for a sufficient amount of the original variance. 	 The linear trans-

formation of the rn original variables into m new variables is performed

in such a v.ay that each successive new variable accounts for as much of

the total remaining variance as possible. If all of the m new variables are

computed, the total original variance will be accounted for.

In practice FCA is a mathematical manipulation rather than a

statistical procedure, ands its usefulness is judged more by performance

than by theoretical considerations. liowever, _it cssumes- sore o£ the

characteristics of statistical procedures when decis'Jons are made to

f -
discard some new variables whose contribution to the variance is con-

sidered to be inconsequentially small (Davis, 1973; p.501). Some tests

of significance have been developed but these are based on highly

restrictive assumptions (refer Morrison, 1967; pp.247-254).

6.3.2	 Factor anal ysis	 1

Factor analysis is different from principal components analysis

in that it is considered to be a statistical technique and relies on an
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initial set of assumptions about the nature of the parent population

from which the samples were drawn. These are that the relationships

within a set of ra variables reflect the correlations of each of these

variables with p mutually uncorrelated ur-derlying factors Where usually

p - < m. Thus the variance is the m.variables is derived fron variance

_--p factors, but in ad llition":a contribution • is made by_uai.-que-

sources which inJeDen-lently affect the in original variables (Davis,

1973; p.502).

In order therefore to undertake a factor analysis it is necessary

that p, the number of factors, be i:no^tiT prior to analysis. This implies

that the inv estigator has some insight into the probable nature of the

factors, so that these can be extracted, and the contribution of the

unique sources isolated.

Factor analysis consists of two procedures - R-mode and Q-mode

factor analysis. R-mode factor analysis investigates interrelations in

a matrix of correlations between variables. The factors which are

created are new variables, formed as a linear transformation of the

original variables. The approach is similar to that of principal

components analysis in that each_sample is redefined in terms of its

factor (or principal component) scores. Q -mode analysis on the othieT-

hand is concerned with interrelationships betr,een samples. Objectives

Of Q mode analysis are-much the sane as the objectives of cluster

analysis (see later) which are to arrange a suite of samples into a

meaningful order so the relationship between one - sample and another -

may be deduced. A discussion of the various types of factor analyses

is given by Cattell (1965, pp 411-423), while Lawley and 'Maxwell (1963,

Chapter 2) discuss significance tests in factor analysis.

44
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6.4	 Cluster Analysis

Cluster analysis involves the placing of objects into homogeneous

groups on the basis of individual characteris`ics or similarities so

that any . relatior.ships between groups is revealed.

With the advent of the computer, inet'hods Of numerical analysis

t	 have assiuned increasing importance over the analytical and interpretative
f

E
approach of the individual specialist. Basically there are two approaches

r
which can be employed in cluster analysis. These are (a) agglomerative

classification anti (b) divisive classification.

6.4,1	 Agglomerative classification

The approach of agglomerative classification is that individuals

are progressively fined into complete populations on the basis of a

selected measure of similarity.

Suppose there are a collection of objects which are to be

arranged into a hierarchical classification, On each object, a series

of measurements can be made which constitute the data set, if m charac-

teristics are ne:.siired on rL objects, thc: data set forms an n x m matrix

which can be used to calculate a measure of resemblance or similarity

between every pair of objects. Several coefficients of resemblance

(c i .
J
 ) can be used, including the correlation coefficient (-r	 and a

standardized m-space liuclidian distance, d ij , computed by

m	 2

d ij	 k=l (Xik	 XJk)
n

where X ik denotes the kth variable measured on object i and X jk is the

kth variable measured on object j. In all, m variables are measured on

each object, and d ij is the distance between object i and object J. A

47
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low distance d. indicates the tuna-objects are similar or "close

together", whereas a large distance indicates dissi.mil ..rity (Davis,

1973; p.457).

Computation of a similarity measurement between all possible

^__ _paJ ro-k objects results in an it xis similarity matrix with any

cceff cent c: j givint the resemblance between objects i and j. Byi
arranging the objects into a hierarchy so that objects with the highest

mutual similarity- arc- pla.ceu together then each of the objects becomes

-	 associated with others S,hich it most closel y resembles.

-- In- order to join the object8 into groups beyond the first level

of association several techniques have been developed and these are

discussed at length in books by Tryon and Bailey (1970), and Sokal and	 j-
r

Sneath (1963). One simple technique is the weighted pair-group method

with aritlunetic averages.	 ;

In this scheme the next step is to find ti -.e mutually highest

correlations in the matrix of coefficients. kny two objects which form

mutually high pairs (whose coefficients c.. and c.. are the highest)

are joined and their new correlations i;ith all other objects calculated

simply,y_:arithmetic averaging. Ike Similarityli:atriY is then recomputed,

treating grouped or clustered elexents as a single -element.

-4!4xs procedure is then repeated by reclustering mutually-high

pairs until ail clusters are joined together. 	 -

6.4 .2	 Divisive classification

In practice agglomerative mcthĉ s such as outlined above when

used for classification by digital computer suffer from three disadvan-

tages. First, the pro ess begins at the niter-individual level, where

information is minimal al-,d the possibility of error high, and in a
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hierarchical rlrocedure fusions once made are irrevocable, no matter

how unfortunate they may later appear to be.

Secondly, for n individuals the process begins with the calcu-

lation of all	 inter-individual measures and when n is large

as is often the case, t_hc programs tcnd to be time consur!_ttg and com-

putationally expensive.

Finally, it is nec"' sar"' to compute the cemrlete hierarchy (in

most cases requiring (n-1)
2
 calculations) -,,.'hen usually only the last

few intergroup fusions are all that is required.

An alternate approach, also effective in terns of producing

meaningful classifications is a divisive strategy, whereby the complete

population is progressively divided (in practice always dichotomously) 	
s

until a desired level of subdivision is attained.

A practical example is program POLYDIV, a divisive clustering 	
1

program develeped by Pli.11iams and Lance (1975), for use with all-numeric 	

K
data. This acts by reference to all attributes simultaneously.	 !

In a divisive approach the first procedure is to extract the

eigenvectors frcm the -.tan^ardized data-matrix of correlations. ?text a 	 41

string of scores, one for each individual is calculated on the first

principal component. Phis string is ordered and divided into two sub-

groups at the point :;here the between-group sum of squares (of deviations

fro:a the mean) is maximum.' Each sub-group is now treated exactly as

was the primary population and by repeating the process the number of

groups re quired can be obtained.
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CMPT I -A 7:	 CUMPUTER TI:C11'til QUES

7.1	 Introduction

Analysis of the IBM com ntible.ERT!^ tapes was carried out using

programs specially 1,%7:tt-n--far th!s investigaLion,_or_ad. ted -from —:_._--_.

standard subroutines. The analysis was a multistage process consisting

of the development of

(a) routines to output the results pictorially on a line printer,

(b) routines to re{O1T11t the „3^1 compatible ERTS taps into CDC

Cyber compatible mode,

(c) routines for determination of statistical properties of the

data,

(d) methods to correct and filter the original data,

(e) programs to carry out a principal component analysis of the

data to assist with evaluation and classification, and

(f) techniques to allow application of cluster analysis

procedures.

Present^tio^ n results

For purposes of comparison and inte rpretation of the data the

host co;ivenie:► t presentation ;;as pictori^ ll; or graphical ly. This would

Enable lirect correlation to the base 1:250000 terrain pattern map

being used as 'ground truth'. V.-hat was needed was a fast, reliable,

accurate and reproducible method which could differentiate the results

sufficiently to allow this to be carried out.

A suitable solution involved the use of shade-prints.

Macleod (1970) developed an inproved technique for the production of

pictorial output on a computer line printer based on an earlier technique

a.

^i

-A
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by Perry and ;Mendelson-(1964). Using this method. a reasonable black-

£
white contrast ratio can be obtained by overprinting up to eight

characters.

The possible character positions on a line printer may be

considered as cells in a two-dimensional array. (On the standard CDC

printer this array ?tas 	 of 136 character positions without

limitation on lcngth.)

By choosing the character (or combination of overprinted

characters) printed in each cell on the basis of average print density,

a pictorial representation of any desired two-dimensional data may be

generated. However there are limitations to this tcchmiqul-, viz. that

the maximum number of horizontal characters in a line of print restricts

the horizontal size of the picture (unless it is assembled from several

strips) and also such pictures will be inferior to those produced by

special purpose hardware. Nevertheless the convenience and ready

availability of a line printer is in many cases sufficient advantage to
Y

outweigh loss of quality (e.g. IMcCloy (1976) implemented techniques
t•

for the generation of gray scale pictures on a Calcomp plotter.

This produced higher quality output than shade prints because each

element could be plotted contiguous with those adjacent whereas in the

case of a shade print the inter hammer positions remain white. However

small plots sized twenty by fifteen cm took over two hours to generate

which for this investigation was considered impracticable.)

The print output was pro0ticed on a CDC S12 line printer using

a well inked ribbon and medium print pressure.

The density code values as used by Macleod were initially

selected and resulted in twenty one density levels, as set out in

Table 7.1.

iM
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.... 

Charact r 
codes Read ing 1 RC:luing .... Reading 3 Rcad ing 11 Selected <-

bl ank 0. 00 0.00 0.00 0.00 * 

0.05 _ --{LO, __ ~ -_-D . O~ 0.05 
.. -- - - --

:ot; 
. 

. 06 . -. ()"'07 - --='-,-- -e . 06 ~-. 

+ 0. 06 0.08 0.05 0.08 

) 0 .06 0. 08 0.06 O.OS 

1 0. 05 0.10 0.10 0.10 
. - - .. -

0. 07 0. 09 = -0.-10 0.10 ~ 

--
.:.. 0.08 X 0. 08 0. 10 0.10 

A 0. 08 0.1 2 0.12 0 .13 * 

M 0.1 0 0.1 2 0.10 0. 11 

0- 0 . 14 0.15 0.17 0.15 
'\ 

0 = 0. 14 0.17 0.19 0. 15 * 

0+ 0.1S 0.19 0. 22 0.19 

0+' 0.18 0.20 0.24 0. 20 * ~ 

0 ... 1 • 0.2 2 0.2 3 0.31 0. 24 * 
- .... - - -

_ ___ .;.c;-;.:--,_ .. _ 
- OX' liS :-

--- --- -_ _ . __ - ____ - _ 0' _~ 

--~ • ~.-'I.-
-- .:... ::;- - - --• ..!----:::-- -:-

. - -~. 

- 0.111 - ----.:-~-- - -- . - - -._- - -~- -
... - --- --_ •. - - :-- : -

OX' .HB\'A. 0. 40 0.42 0.43 0.46 * 

Table 7.1: Selected charact er codes sho~ing densi ty l eve ls 
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A sample printout was run off which consisted of adjacent

stripes of the selected levels on a page of output (Figure 7.1) and

an evaluation of the gray level for each stripe was carried out ;:sing 	 '.

a Baldwin reflection densitometer from C.S.I.R.O. National Mcasurericni 	 F*ni
Laboratory, Chippendale, N.S.W. The densito-meter v:as able to integrate

the reflectance values ov, • r a circu3ar aperture of diameter three-

sixteenth of an inch.

Four independent readin cT s v.-ere taken for each sand v;ith the

results printed out in Table 7.1 and plotted in Figure 7.2.

These show that there is a gradual gradation in gray level from

white to the most dense value which in combination with the inter hammier

spaces results in a measured density value of .43.

Visual experiment with the character codes indicated that nine

were adequate to give a reasonable picture definition. The codes

chosen were at approximately equal spacings on the density scale and

are indicated by an asterisk i.n Table 7.1.

In addition to providing shade prints, the option vas included 	 is
r

to print out actual values (of members of the full C) ,bcr character set

from 0 to Gs), so that individual analysis of a specific map or hand

contouring of particular sections of the output could be easily carried

out.

The computer routine written to produce the original 21 levels

is printed out in Appendix 1.

7.3	 Reformattinc the ERTS Tapes

The ERtS tapes consist of ;BM compatible 5-track, 000 bpi,

mixed binary and E 1.1CDiC coded tares. A scene is divided into four strips

comprising one file each and packed two to a tape. 'Mus one physical
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Figure 7.1: Shade print of selected character codes.
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tape consists of strip 1 and strip 2 of a scene, and a second physical

tape comprises strips 3 and 4. Each strip is terminated by an end of

file marker.

The MSS file is made tip of throe basic t)7)e5 of records

containing identification (ID), annotation and video data.

7.3.1	 ID record

The 10-byte (or character) ID record is the first record on the

tape, and appears only once per tape.

This contains information on the scer-e/frame ID in both EBCDIC

and binary code (given in terms of-days, hours, minutes, and tens of

seconds since launch) and indicates the spectral band, sequential

subframe ID, and that the data are from ERTS1. It also includes details

on the strip sequencing numbers (1 of 4, 2 of 4, etc.) in both EBCDIC

and binary code, which distinguish the tapes in the set of four, and

indicates the length of the data record (the length of the adjusted

scan line plus SC bytes of calibration information). The image annota-

tion tape (IAT)ID used in making the CCT is also Wenti.fied. Other

characteristics of the data such as decompression ; calibration, and

- -	 line length adiuszmcnt :are also given. Full dctaihs=of-the forriat and

content of the ID record are givenin`Anon (1972), TAle 1, p:b.

7.3.2	 Annotation record	 -

The annotation record is the second record on - the tape. It

occurs once per tope and contains 624 characters. The annotation

recoa-0 is a cor..posite of tvo records taken directly from the TAT. The

first 144 ch::-rractcrs comprise the annotation block, and the next 480

characters compri.ic The image location record.
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The information included in the annotation data block is

specified at the time of RG exposure or :+t the centre of the 'MSS

frame. The format and cu.i:ent of the characters are defined in detail

in Anon (1972), Table 2, p.11.. This hieck inclr+des Jetails en ti ►nc of

exposure, latitude and iongituue co-ordinates, sun clevation and

azimuth information, orhit::l path, photographic settings and processing

methods.

the image location data describe the tick marks that associate

the scone with l:?titude and loas , itude. There ca.- 	 a naximum of six

tick narks per side (i.( • , left side, ri4ht side, top and bottem).

7.3.3	 Video data record

The basic element in the video data record, the data Hord,

consists of eight bits, of which seven are used if the data mode is

decompre:;sed (bands 1,5,6) and six for linear mode (band 7). The

following illustrates the data word foi the t%vo modes:

Linear: 00.X-\'XXXY 	 Decompressed: OXXXXXXX

The X's repr^:ent the video data Liss in the word (either one

or zero), giving a range from 0 to 127 in the decor:aressed and 0 to 63

in the linear mode. Individual values represent the variation of

the radiance level (0 represents black, 63 or 121 as appropriate

represent white,and the values in between represent all the shades

of gray). Special values indicate fi4os (11111111 or 255, is used as

the registration fill character).

In order to obtain a video data record which incl+:des informa-

tion from all four sp ectZal bands, the d--ta from tic bands :arc: grnu; ed

together in a process called interleaving. This is an operation in

which two bytes of data from each band are interleaved to produce an
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eight-byte "group", which is the smallest element of interleaved data.

Each pair of data samples in the group represent the same two points on

the ground, for each of the four spectral bands,	 t

As discussed above registration fill characters nr

In The first and last three groups .(the first three oroi}ps

quarter scan line on tape 1 of 4 and the last three groups

a included'

of each	 N -.
t^ s

cif c.^ch	 _ -
WX

quarter scan line on tape 4 of 4).

Thus the first and last ,'. ce groups arc respectively

00 00 00 XX	 00 00 XX XX	 00 XX XX XX	 and

XX XX XX 00	 XX XX 00 00	 XX 00 00 00

where the 0's represent fill characters.

For this scene the line length was 3240 bytes per band or 810 bytes

per strip which, when interleaved, produced 40S groups per line.

In addition to these 40S eight-byte groups the ERTS1 video

data record consists of a further four 14-byte calibration groups.

These contain calibration data for each of the four DiSS bands. Each

group contains six calibration wedge samples, a sun calibration

coefficient, correction coefficicnts (filtered offset. and filtered gain),

_	 and the value of the unadjusted line length for a band.

7.3.4	 Cemput:r program for reformatting	 -

Before the video data could be read on the Cyber 72 an inter-

mediate stage of reformatting was necessar7 because the Cyber word

si e consists of 6- 1bit cll::racters, whereas the TBM mode comprises 8-hit

characters. A 6-bit character means that only the vsl',es from 0 to 63

can be represented whereas 8-bit characters have a range of 0 to 255.

In fact the video data codcJ on the MSS CCT's has a valid range of only

0 to 127 because of the use of 7 bits only.

r

1
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A stan_j rd package is available oT, the Cyber to translate

ITC S-bit code in;o Cyber 6-bit code, but this only carries out a

^-to-one mappini of the 61' common FECDIC codes (the alphabet, digits
t

common	 ti•a.icb is::.	 ^l i scretc v. Clues but do not comprise the

0-63). —thus pregroce:sing was r,c`. ssary to map the video codes

nae 0	 ,	 - o (`	 ,.-:	 -	 ,;,G1 and 0 to 63 linear (band 7))

o a maximum 64 codes spread within the range 0 to 25S, for translation

a 0 to f„ CN-bCr s*. ;1ox,ovcr there were two complications. First

y 63 of the 64 Cyber codes are disc-ote, code S1 being identical to

:e 0 due to the ixagnetic tune '.,andling characteristics. Secondly in

lition to the valid video values it was necessary to ;allow for

irious values outside the range (e.o, registration characters).

The original values were therefore mapped to the necessary set_

63 by halving the decompressed values and combining 0,1 aril 62,63

well as values outside the range to single values. When these

coded values were input to the Cyber the EECDIC conversion routine

en translated the values to the required 63 codes as set out in Table

2. (The yuesticn as to ;;hether halving the decor.I+ressed data does in

:ct result in some 1` s of information is an interestin. one. All

inns are actually read by satellite in the range 0 to 63, but bands

,5,6 are decom.,)~essed during processing by NASA to range 0 to 127.

-Cloy 0976` has produce- cu-:11 ati-: c frequency tables for irdiv=dual

ata elements for the decompressed t;-..ids which reveal a step.-,ing effect

aced on adjacent levels. 15hen adiacent pairs 	 values are combined

o form a 6 .1 level set this effect disappears to give a smoother distri-

-ution. 'this leads hii:: to suggest ',-:,at deco::.pression o- the bands is

m artificial process ;;hic;t does not lead to conveying more information.)

The reformatting program also checked the ID record and the

MNOTATIO:' record which wcre printed out for confirmation but not trans-



Original value
Decom-	 Cyber Cyber
pressed	 Linear value code

0,1,2,3 0,1 S1

4,S 2 1 A

6,7 3 2 B

:_& 9 4 3 C

12,13
_f..	

6 .1; F
14,15 7 6 F

16,17 8 7 G

15,19 9 S H

20,21 10 9 I

22,23 11 10 J

24,25 12 11 K

26,27 13 12 L

28,29 14 13 M

30,31 15 14 N

32,33 16 15 0

34,35 17 16 P

36,37 18 17 Q

38,39 19 18 R

10,41 20 19 S

42,43 2i 20 T

44,45 22 21 U

22 V

48;49 24.. 23 -`_= V

tea:51 _ 25 -24-. :1

52,53 26 25 Y

- S4, 55 -27 26 Z
s6,57 --28 27 0

58,59 29 28 1

60,61 30 29 2
62,63 31 30 3

64,65 32 31 4

32 5

33 6

34 7

35
__8-

38 -

39

40

41

42

43 $	
-

44 =

45 b

46

47

48

49 C

SO ]

52

53 &

54

5 5, @

56
 -A

57. ._ , -:

58 <

59 ^- -
60 1	 ..
61 =?

62 %
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Original value
Decor,
pressed

	

66,67	 33

	

68,69	 34

	

70,71	 35

	

72,73	 36

	

74,- 75 	 37

	

76;77	 3S
	78,79	 39

	

80,81	 40

	

52,£3	 41

	

84,85	 42

	

86,87	 43

	

88,89	 44

	

90,91	 45

	

92,93	 46

	

94,95	 47

	

96,97	 49

	98,99	 49

	

100,101	 50

	

102,103	 51

	

104,105	 52

	

106,107	 S3

	

108,109	 5

	

110,111	 55-.

	

:212,113	 S6

	

114,115	 57-

	

116,117	 58

	

_118,119	 59

-

	

_120,121	 60

	122,123	 61

(124,125	 62,63

(126,127

Outside range

codee,i•^a.

63

Cyber
Linear value

Table 7.2:	 Original vide values translated to selected Cyber codes.
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ferre.l to the Cyher	 tape. The probl em of scene location was

dealt t.itll by visual .11i,tn^;tent, while problems of sensor correction

Mere lt:ntki i k'cl wing s! ;tt i st i c.11 retllo.1s (seo he low) .

1'itc Conversion l-ru;;r:n:, ►:a_s, written an,!	 out on a Ngital

PDA" 11 - 40	 and i listed out i a Append lx 2.

7.-1	 Correction of Original Data

0.1.1

'I lie one s.i t,.ni:icant problem *hat needs correcting for is the

problem of	 striping problems occur in the orig;ii;al CCT

vidco data and can be divided into three basic types.

(a)	 Radiometric striping which is characterized by variations in

the film density of imagery which shouid be uiiifor'i. Tli-rsc variations

are repeatable aot ! are pre_ ent in the digital data in the sang; manner.
1

This t)I)C of striping; is due to slight differences in sensitivity

among the detectors, and is lar-ely compensated for during processing
V

by NASA.

(h) Sixth I.i ,te stripit,i. which is characterized by a variation in

every sixth scan line of six qu.i *stir-, levels or more from the avcr:,g;e

quantuta level of the other scaif 1ine! :z . It is caused by intermittent

Nardi;are problems.

(c)	 Striping due to intermittent problems t:h,ich include partial

sync loss, full sync less, track loss or disable, bit slips and demux

t:oi^,c (Anon, 19731); p._;}.

Correction 1'or :'.'. stripin g effects wis carrier', out by a

statistical approach in'.rolving the calculation of mean radiance values

of each detector for cash of the four bands. This tccitn.ique depends on

the assumption rhat the irage approximates a random distribution in which

ti



62

'---	 ORIGINAL PAGE IS

1

	 OF POOR QUALITY

It 	 true reans for each of-the line sensors should be identicei.

1% computer program (:Appendix S ) was %%ritten to list out a

frequency table and cumulative fregnency table for the strip being

investigated. This also prints out the Croquency distribution Curve

to-°=sach band -as well as that-for the- normal curve of iientical mean

and standard deviation (1,,oroney, 1951;

The fre(puency distributions are given in Tables 7.3 a and b,

and the actual and normal cur •;es for each of the fet:r bnrds are

presented in-Figures 7.3 a,b,c,d. Bands 4,S and 6 show a marked

predominance of certain reflectance levels. ! representing diffcren^es in

reflectance levels of the image. Band 7 gives a smoother curve with

some negative skew.	
I.

A computer program w as also written to calculate the differences

for the six detectors for each band and this is given in Appendix 4.

The differences as set out in Table 7.4 are used as the basis for

corrections to the original data.
u

G

7.4.2	 Filtering

-	 °'Tlie problem of sMtrisposed noise or randam_Yar i ation from

the signal -has not been found to be an important factor with ERTS data.

!.,cC'oy (1976y investigated 'this problem by taking single lines on

uniform surf^ces such as the ocean. He found that the standard deviation

of individual values for each band ::as in the region of 0.3 to O.S of

a single level which is considered to be nn indication or the noise

level. By combining individual rixals into groups for analysis

(approximately 10 x 11 in this research), any noise occurrence is likely

to be reduced even further.
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Table 7. 3a: Frequency distribution and histogram

for bands 4 and S.
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I T'IF r,. 741 c ^, , G15 AB ? ?8. 3"

1	 1'I;	 4 '.7, 1;` ' '^!•`^07 'N	 7J 1 27.7x8

'_ `•. 31! ?x.77'

I_T'IE 174 .54. 31 11 '4.57, 7 ?8.6?11

;^+!--,A(-, 13-1 31., q31 . 34. A?'y 7'x.3'4?

69

T' X;!^T - C 1 T Tlq

LT'lF 1 .23 14 . i13 . 2a'3 . 522

I - T '17 2 ,770 1r)q .f,3A

LT'IF- 3 • 9g7 —.104 —. 05 . 005

1_ T Nr 4 •.3 ?rl -.075 . 10 Cl .553

LT I F 5 4x1 -.371 -1. 431

Table 7.4: deans 4nd corrections for the six detectors

for each of the four bands.

1
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7.5	 1-orj7,aLtjv ­ For Annl y si., at;d

Since cae' i 1-KIX1 arc,

	

ne	 a of F;5 kri %

individtial strils of size 1,1 •5 x 46.?, h -, pictorii!l repre:3 vnt a! jo i -A

the smite scale a< t.%e terr-!in 	 (I :2 .woow corre!F-p-onds

to a size 74	 !;)IC1 1 ti•L ha,xif!r. 
---

Li	 ce s 3i 1'v L :h-a ct cx.5. .^j: ar W-Le.r$ per
4

ii1c ill	 arxav of	 x 7.3 c l'.-iracic-s j ° 	 This

means that individual video cicn.nts or pixiiis ^ic combint"d into zroupl.;

of ai,proximz;tcly 10 x 11 fnr displ:-y 2.­l process)n- .\ C(;Tq l:!ter ni-ogr"a-

to gather data into suc, a cc--.14cnsc1& array and	 it Cn t.-pe 1,,.r

SUbSCqL1CJ1t artalysis : s lister: Cu: in Alpo!-lix F. 11is rc ,,;tine a!so

incorporates code to apply the sensor c6:-rection-; as calcu!ated a'-)ove.

In addition, one further correction is required to account for

the spin of the earth. 'rhe satellite is orbiting is a near-polar' orbit

with a declination cif approxi-ately 9 degrees. As the satellite

traverses a scene, the rotation of the earth introduce3 an apparent

slip between individual lines. Green (19 716) has derived a for,7u!a for

slip correction based oa calcz 1 1— tiuns by Krat:v (197-1) of EPTS or*--ital

geonetry. The correction is

X sin (arcc-

_wnere Pix3l s:.___-'!'C7) the first to last scene line

L - = 	 3,L i t U 7 1E_	 r C

A	 mole of orbit (9 engrees^.

Since tre LLIe Gregory
 

area is :itua,cd at 29 °S,  the Lor_'Zonlal

pix.1 5himft co: _Z. -,o `Do.s,	 ent, to	 ewt C) -- an-­ 3xiM0',C- ' V

four 6c-Zrees.
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7.6	 Output u;YSelected St ii.

By incorporating these corrections in a program to output shade

of character prints, pictorial representation of a particular strip can

be ucneratc:d as rcquired. The l.rogram to do this is s:vcn in Append ix G.__

It inc_1udcs -provision to select intervals to corrc>pond io the gray :scale

codes, t he c:ioice of output as s%aeie print or charac t er cl:tput, and the

ability to choose one or all four of "lie various bands.

Shade prints for the four bands for the L2ke Gregory scene are

given in Plates 7:1, 7.2, 7.3 and 7.4.

These can be co-nipared to the IiRTS photographs of the ,,hole scene

as given in Plates 3.1, 3.2, 3.3, 3.4. While as expected there is a

considerably higher degree of resolution in the photographs, the shade

print technique alloi^s a high level of differentiation of the patterr

structure.	 1

7.7	 Calculation of Principal Corn cncnt s 	 ^•

From the condensed array of 73 x 233 data elements for each of

l the four bands a 4 x 4 matrix of variances; cavari.ances can be .c t, up

-	 in order to calculate all of the principal components. By finding the
_.

means and standard deviations of the data, the variances and covarlances
r	 -.

of the four bands can be determined in both non-standardized and

standardized for:a (the latter forming a matrix of correlation coefficients) 	 =.

and used for c::lculating the eigenvectors and eigervalues.

A number of standard routines are available to calculate the

R

eiienvect:rs!e,ie^z^aluc and these can be callcd from the Cybor

t
mathematical -science librar y of computer suhroutines. Subroutine

p	
F.IGSYDI was selected for this purpose, as this method takes full advantages'

1	 `^

of the symmetry, reducing the original matrix to tridiagonal form by

4
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Plate 7,4: Shade print-of band 7 for strip 1,

Lake Gregory scene.
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jor va:' y solution.

tc	 set	 L IP the	 - oiri.:nz-o	 Covar i

n Appejulix 7.	 111C rc=Illts art so t, Out

-;-,T.- 7-7 ;L	 z n '	 s t i n d,	 r t I	 ti	 vi a	 For	 'Cl.-C

t	 cigonvalu s shows tha-r	 -c :c	 fir.,;i	 p rlu-,:

7-:

t	 it I	 pi	 nts 78'	 of ti

01*	 f	 v, i 'n;:	 D; 1 1 -1	 0-1	 0	 7-	 "!C'•.

C'ul.ted	 t ivic	 Ifour	 pri, : , cil;al	 cc::-.--oncnt!z

L	
t rzii ► sformede	 onto	 these	 axes	 s i:-,p 1	 L)y

m.__-_ x by the respective eige-vectors.	 The	 to

scores of the data elements 
on 

the principal	 is

lr:. c -7der to alloy visual	 I.-.ter-p retation of the distribution of

'ats	 of suitable	 co.itour	 intervals,	 or c 1, 1 : 11-Icnrin.o	 t c-,

cac:-. of the trinci p al	 cc,a-p oncnt	 an thcn

ngiven in A --c, dix

cd	 td 	 f I rs t

for  t-	 L ake  C.	 r	 ai

A	 c!n	 w ; t hTo	 7 :3	 in Z.: Te c t	 c cy -p r^r.^	 lie	 Yrirts of

p	 t o	 th e s c--.t t s ca t.".c first principal

S	 3. 1= oo	 ri ns e' '_n	 c g a t i	 c	 P 1 a t c 7 7)

ezisilv be confined that the transfonn ed data leas

ir -1 .1cz-' c I."	 ti-le	 program. as	 given	 in

c— : c u 1	 c d v a r :- an c c s fo r t :.e s tandart:.	 i ce d  da1-, of 3. 11 SG

%=. 	 the sccre-, c:-, the first a r d sccond principal axes.)



Sf)~ 
7. i 1 ~ 

ORIGINA 
OF POOR 

:' .1 .') " 

" i~"';\ "' ! ! :: I , ') :}"' ;:;- 1::L '":!- ' 1"' T ">-: '/ 
_ I.J • '7 7 , _, :1-1-... ;:; '7 t '1 ~ • ~ ')"1' _.'-

~ l. J-.~ -S~. !t ;'\ -, - "" .• f;. ; ? -: 
1.p • . C) ~;, ," , 'l (l? ~:; . ii ! . '') 

r', • l ' 1 •. I" 'llj q :I G • 2. ", 

- ,., i.. , 
. - j J 

I.' T r: \ ' 1 \J ~ r ") '. c:; 
- • -, (, r, ..., 

r:; I '\ ' 
: ~ c- i \-; 
• D ('I ) q 

O;: 1t';c- "" V l\ L Uc-S 
~.'l ·"r) 

E rr: ~ " r:C: T ~ -~ (~ 

- • " , ":j :: ,.. 
• c.l·4 .... 
.r, ~. r-, 'l 

- '. r 1 ~ 1 

- • r~ I, r, '1. 
• ~ :'", ', r, 

- , r, :'), lJ ') 
• :: 11]1) 

-· . 5 ~ -:)~ 

• ? q .... ~ 
_ _ ' . ~ ~ 'l l 
. . 4 Q r.,s 

,,-. 

- • G ~~ 3 1t 

- • ,· 1 S 2 
- • 0 '. PI ~ l 
-. '! :\ .., 4 

. .1 Q f) 

-. ~\ ;;.! 

- .. ,~ )!L ' 
-. 1 ·+ ...... _ 
-. 7 ... . ]1j 

" • l::: .~. 
?I+ • (It... .=1 
.~ tj . ?:-::; 
~n , r.. l q 

, 11'" . 

• 3~ 2 
.~ ~2 
. ClC~ 

1. OC 0 

-.l~ :;4 1. 
_~r,r,~7 -

. -) ~, r, 0, 
• 4 :v~r.) 

Table 7.S: V<rriance/covariance ma.trices, ei genvalues 

and eigenvectors of Lake Gregory area. 

ii 

: 

I 

r . 

} 
\ 

r 
[ . 
t~ 

I. 
f .' 



A

78	 s

ORIGINAL PAGE IS	 *.

OF POOR QUALITY	 3

t

*	 '^_FIRY

A.

Az

r

-	 v

~.-	 Plate 7.5: Shade print of the standardized band

data transformed onto the first principal

component for strip 1, Lake Gregory scene.



h^

7

•	 F.i

i 2a

i,

ORIGINAL PAGE 19
OF POOR QUALITY

'-I^
Plate 7.6: Shade print of the standardized band

data transformL-d onto the second principal

component fo: strip 1, Lake Gregory scene.
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To al loa more detailed investigation for the st, ► n,l ard.ized data

a program was written (Appendix 10) to set out a frequCncy plot of

scores on the first a-id secont principal axes (Vigures 7.4 a,b). These

sho , a bimodal di.,trihtltion of scores on the first principal component,

and a lognormal t yl-.e distribu-tiun ta1Jng, the second principal component.

Alt erimtl% eIy the fregncncq of occurren,-,z^ can be pri ► :ted as an

array in two dimensions (figure 7.S). This also reveals the double

cl ► :.- , . rrd natu:. , of the daLa «1^n^ thi first principal comporent and

the broad extens , cl, of sccres alon the second pri nic ipa.l component.

These plots allow a straightfo: ►,•yard classification of the map

area to be carried out simply by selecting breaks in the continuum of

scores on each of the axes. Such a threefold classification, based on

the two nodes of the first principal component and the tail of the

second principal component, results in a subdivision of the area as

displayed pictorially in Plate 7.8.

By approaching classification through the delineation of natural

clusters (i.e. areas of higher concentrations) the structure of the

scores can be investigated b; determir,:ng : • esiJL3ls. A :omputer progrrr. ►

(Appendix 11) g as t:_'!, ',w, to calculate the residual at ench point. by

subtracting from  the actually occurring concentrations the average of

values calculated on the grid of surrounding points. Residuals calcu-

lated on this basis for 9 x 9 grids are set out in Figure 7.6.

These also highliollt the excess concentration of values around

two nodes aloil, the first principal axis but do not reveal any other

significant groupings.

7.9	 Clu ter :1.n.^1vsl- o f the Data

Cluster analysis wa, carried out usin g program POLYDIV

S]

r;

f^



4 ^	 t

1 .,

2

•	 ^ T <<

3 i^

u 1 c
1) Li
33 1,

C:	 u

"• .J J S J
L 30

ail -1L

+ % ^'l }

%^31
4:

J L' ) 4 1

30 +^

33^ +t

7 ^ J 7 ^
t
1 7 U ^ -

= 4{ 7[

7 "

I 7_
1 T:

T,

a 7 T^

3 T?

^	 1

`k

1

0,15

;s

42

V.

Fi;,ire 7 .40: Frequency distribution o` scores on the

first principal co^ponent.



ti'

h1

tit

i

ORIGI NAL PACE 1;1
OF POOR QUALITY

1 "'

4 j .2 7	 _

tea+ 14

^ y c Lo

?^; lh

11J Z1
tits Z^
74 2J
3u 21.

^-+ 26
^2 . 2l

Ca	 Origin 	 Interval = 0.1S

^C	 3v

i°	 3^.	 Scale: 1 inch = 500 readings53 S
1 3

^U ^V
C7_ ^

Figure 7.4h: Frcquer!cy distribution cf :corer on the

second principal component.

L-



^ -1

4	 u 1 	 1	 1 i I	 1 	 1	 !• 	
e) 4

v	 J	 J	 j	 i
3	 j

u	 L
V	 i

u

W
J	 L	 J	 i

i	 u
i -	 L	 u	 I	 u

I *j	 j	 u	 j
j,

L
St4:.

7	 7	 5

	

^7	 ?L

cl

Ll	 -4

44

G	 U	 7

u4

41 u	 u(4	

u

	

3	 7 5	 3	 j

44	 U	 4	 4	 S
UJ 	 145	 ?	 I1 23
ge 0	 46	 i S I
0	 47 a	 3

48 2 3 1	 3	 J
7	 1

4
2 3
1	 u

59

J.

	

J	 L	 u

	

J	 u	 Li
%j 	 u

L;

.7	 u

77

7 1?	 U	 u	 li
8 .)	 u	 u	 a	 J	 li	 u	 J	 j	 i

F i g	 I	 cy distribution of scores on, u-!-e 7
-
. 5: Two dimensional freque-,

ETSt z;id second principl co.-,ponent s.

.11 1



i

3	 J	 U	 y	 .	 S.	 4	 u	 J	 u	 u	 U	 J	 V
i.	 I	 j 

^'	 J	 y	 J	 J	 J	 u	 ^ 	 -u
'	 1	 J	 v	 1	 J ^	 'J	 V	 v	 U	 J	 •,	 a	 t'	 V 	 d	 U'

1	 1	 J	 J	 U
tt
	 J	 .'	 u	 U	 )	 J

1 tl	 V	 1	 U	 )	 J	 J	 u	 _	 U	 r	 v	 J	 U	 U	 U	 u
^.	 v	 ..	 i	 J	 J	 J	 J	 U	 Y	 J	 1	 iE	 ;	 U	 L	 'J	 J

1?	 U	 J	 (^	 ]	 u	 J	 J	 c	 J	 (	 J	 U	 ^I	 u	 J	 u
L	 c	 u	 j.	 u	 J	 J	 J	 u	 J	 U	 J	 J	 J	 J
1^	 u	 V	 U	 u	 •,	

u	 U	 i	 J	 J
^ t,	 u	 u	 U	 J	 r	 u	 .	 %	 ^i	 J	 J	 _ J_	 ,

^	 t• 	 ^	 L	 L'	 J 	 U	 '	 J	 L	 U	 U	 J

21	
+	 2
	

1	 J	 u	 i	 u	 J	 ]	 u4	

=	 +	 i	 ]	 J	 v	 u	 i	 1	 J	 i	 l'	 u	 JZ	
C	 c.	 4	 .	 J	 ^	 J	 J	 '	 U	 1	 :'	 U	 J	 1	 "J	 ^.	 '

.	 G	 C	 i	 '	 i	 J	 v	 i	 L	 U	 1	 J	 J	 J	 L	 7	 I	 J
W,^	 .i	 Z	 1	 1	 u	 J	 ^	 J	 ^	 1	 t^	 i	 u	 7	 u	 u	 u	 :i

r	 ^	 +	 7	 ^	 is	 7 	 .j	 t	 ).	 ,	 11	 u	 J	 L	 v	 ,,	 1	 '-'

`I ^ 	 ._	 C)	 ^	 1	 ^	 .J	 .r	 1	 't	 ^	 iJ	 J	 _	 L	 1	 U	 J	 l 	 J	 U3'	 3	 1	 7	 1	 _	 T	 S	 J	 J	 j
••7	 J	 Z !a	 1	 L	 -'	 c	 Z	 ^t	 ..	 2	 U	 '	 1	 V	 U	 J	 :	 1	

•.J	 2	 J	 1

r p,	 ^^	 3	 +	 4	 1	 1	 J	 0	 3	 1	 1.	 u	 1	 U	 J	 1	 3
,c, j	 J	 )	 a	 1	 L	 1	 L	 1	 L	 J	 V	 U	 1	 ^	 >7	 ^	 U	 11	 5 71	 4	 '	 i	 2	 ,;	 Z	 1.	 3	 0	 J	 1	 I:
"1 	3	 3	 [	 1	 u	 3	 !	 2	 i	 1	 '	 1	 2	 '	 I,	 J	 JC7 O	 ^+ J	 1	 4	 r	 ?	 1	 J	 ,	 U	 i	 4	 i	 u	 ]	 u	 u	 ^,

L-La^ 1	 3	 Z	 .3	 u	 A.;	 i	 1	 r	 1	 1	 3	 1	 S	 J	 v;7 ^	 4 2	 C	 ^	 J	 ^► 	 c_	 1	 ^	 _'	 2	 c:	 u	 .^	 ..	 1	 IJ	 1	 1	 1	 U	 ii

^+ 4	 3	 1	 1	 1	 J	 i	 1	 1	 [	 1	 J	 ;;	 L	 1	 u	 u	 J	 0
4'	 1	 c	 2	 ?	 1	 ;	 3	 2	 i	 J	 u	 1	 1	 u	 ,.	 2	 3
45	 5	 1	 1	 T	 r	 2	 1	 i	 1	 1	 1	 u	 1	 J	 6	 u	 u
L` '^	 ^	 1	 5	 :	 lJ	 ^	 ^	 1	 ^	 i	 1	 ^	 r'.	 1	 ^.'	 L	 it	 J	 j.	 ?	 j^
4S	 i	 ?	 1	 3	 J	 3	 ]	 1	 1	 3	 3	 J	 1	 3	 ]	 >	 2	 J	 •J	 J	 ,.r	 4 '1	 v	 1	 1	 2	 1	 ?	 1	 :,	 S	 1	 i	 1'	 'r'	 ?	 i	 1	 a	

^r
5^,	 1	 1	 1	 '	 1	 1	 u	 J	 '	 ^	 1	 -t	 4	 ?	 o

v	 J	 i	 .i	 U	 J	 s	 L	 _.	 z	 ^	 —ri --'^'- i^--r.=mil.. _•^,_	
._.

C. -^	
l_	 1	 '.	 1.	 ..	 r	 ..	 V	 I	 '^	

- --	 ..	
i	 4

'^	 2

r ^	 ^1	 ^.	 ^	 i	 .+	 J	 ^	 i	 u	 1	 1	 :,	 rJ	 7	 5	 vt -J	 1	 ^	 ..	 j	 1	 u	 J	 ..	 ^	 J	 ^	 U	 J	 i	 ^	 J	 ^ -	 7
.	 :'	 J	 •:	 1	 u^'	 v	 u	 u	 u	 1	 J	 u	 J	 u	 1	 a	 7	 .2

r` '^	 ^'	 U	 J 	 i=	 •J	 .:	 .1	 _	 u	 u	 i	 u	 ..	 i	 v	 L	 ij	 u

6'+	 1	 u	 u	 V	 i	 J	 ]	 J	 ]	 1	 1	 J	 D	 2

66	 )	 i	 J	 U	 J	 O	 J	 1.	 O	 L	 U	 J	 u	 it(,7J	 J	 v	 J	 j.	 1	 J	 U	 u	 v	 J	 u	 v
^^ `^	 U	 J	 r'	 L_	 J	 U	 'J	 U	 I	 U	 lV	 J	 U	 V	 1	 J

U	 U	 U	 u	 J	 u	 J
U 	J
	 u	 c:	 iJ	 J	 1	 11	 ^'	 1.	 v	 ,,	 ,1	 J 	 ,^	 . 	 i	 J	 1

T	 J	 L	 J	 J	 J	 J	 U	 J	 J	 u	 u	 u	 J	 U72	 u	 1	 (^	 u	 u	 J	 .i	 tJ	 U	 C	 ]	 J	 iJ	 U	 J	 3	 l;	 u.
' t	 J	 i	 J	 J	 ,i	 1	 u	 u	 J	 u	 1	 u	 1	 ]	 0	 17 ,4	 :;	 J	 i	 .	 J	 J	 U	 J	 J	 U	 J	 !)	 [	 it	 J

J	 J	 i	 ,	 J	 J	 J	 u	 u_	 C	 J	 4	 U	 ;	 1
1	 -	 3

77	 u	 ^]	 0	 v	 ,	 i	 ;	 ,!	 u	 u	 I 	 1	 1	 J	 J	 u	 u
?'A	L	 u	 U

11	
1	 J	 J	 u	 u	 U	 u	 U	 1	 4	 v	 ^	 J	 u

l	
J71	 ^.	 l	 J	 J	 u	 J	 J	 j	 J	 J	 i	 L	 ,	 J	 tS	 J	 J	 J

^ '=	 v	 J	 'J	 t.	 J	 ^ 	 J	 J	 J	 U	 J	 1	 1	 J	 J	 L	 .,	 u	 ^

Fire 7.5 cant	 Two dimensional frequency distribution of

scores on first and seccmd principal components



^,^"^	 `'^'^^ ^ "j. 
	 ,.,.^i'y4W^ .^; a^
	 •.^ ^^` ate .^ ,4 t'pa	 ti i'

	
a.; ,

r

I

86

ORIGINAL PAGE tS
OF POOR QUALrrY	 .

a

T. ^^ L

w~	
r

Plate 7.8: Shade print of a three-fold classifica-

tion, bared on the big c,(1 .1 distribut on

on the first principal component and the

losnorr ai c:istributio;: o;i the seco-nd

principal component.
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(tiil iia^TS ;u,c I. ::.e, 19	 ::ilictl is s written for tale CUC Cyber 76 to

)land's c?ato C'.1::.;lcteri:c. : y a large nu:;ber of individuals (sometan ► es
s

several thjusanj) each wit:: a srlall nulr.ber of nurleric attributes. 	 It

anul,. _>es the da_arcm, 3_ €:i1'i_ i^c,. poi thctic approach silai lar to that

___	- u s e.^i i n t )1^^ ii^:e^z.,«:-:.kc...-^=^ --mot ^-.-r --1$; :^},-=-baicit•..a. pr-ogta^t ,is " . - -. _ _ - _ _..

il;: four

attributes, and an acl ,;lo:acrative strateg.; would be out of the question

'because l i i i.0 E :r `1:.;v13J -4:.."Ut 3 i1t;

The cluster nitalysis pro::edure is to tra n f:form talc standardized
II.

on 11, l Uatr. 011t- , t'1^ fll' t pl' il^elli3l CG"Tollent and to d l l'lde tI3C

ordered string at the point where the ')CL CCT1 group	 of squares (or

deviations from the iacun) is maximum. The data is di chotc,!;i zed at this

point, and the CCTIStltllr 10 :1 of the t,'o resulting sub-groups printed out.

Each sub-group is hen treated exactly as was the primary population and

the process repeated until the required number of groups has been

obtained. The or`.ler in which the croups are dichotomized is on the basis

of group hetero ­ _.cit - . This is calculated as the Wit)liTi croup sum of

_	 squares and is a ,e.. t,r of th c..'lc- _^r_ of t le gro1;E	 -

71;c	 rQgra^ z ` is : jpi i a 1	 r .'. _	 i:il ut . a5 ^iodi fled

to accept data rn r..agnctic tape, anci a _: z 	 -to the  -lrL:3ter 7^

CCMputer	 The outinit: was -also 3dif,C_" to tra n=-er the results Onto

` .c-- Lagriet:.:C- °_.-e f-a L-nalvEic 1+.1 :ttL':	 LiSliI	 Ye:illtS of tLle

Custer analysis showing tae relations:.i s resulting from the production

of the first V-,clve 6isCrete clusters are &_i en by means of a dendregra_-1

Flo- -c .^.	 T";	 ra:.czers ^ssociate^ .,_t eacli successiv -,: c.7.

mization on the first principal cor;onent are set out in Table 7.6.

This shows t:.e creer of dic;.otomizaticn, tie cluster pair resulting from

each division, the parent :Toup, from w'r._ch they were formed and the

to

ti

l ^•
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t-	 heterogeneity values associated with the resulting clusters. The

coefficients of the first principal component used for cluster division

and the percentage of variance it represents are also biven.

By using the character arra y- option of the pictorial output

program.'and - colo::::pg	 a	 s^	 t>^ jpi -^1; ^ifirp flri coda_ ...: 	 .

the spatial dist.riLution of ::e first four and the first seven discrete T

clusters respectively can be shmm as in Flates 7.9 and 7.10.
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Plate - .9:	 Dis-,7 ;-!=ion of PCLYDIV clusters I to 4
for strip 1, Lake Gregory scene.
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Plate 7.10: Distribution of POLYDIV clusters 1 to 7

for strip 1, Lake Gregory scene. Ll
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CI IAhTI : R S :	 DI SCUSS IO'; 0! : 'fill: RLSA'f S

8.1	 'Transformations onto Principal coh;mollcnts

Tile results of the calculation of the pride

` -	 -.,-:_(Table 7.5) she -,  +.:?at- ftr .t1lc non s',;z" .l w4._jata

-	 principal compr.:(.nt account F for 81	 ccn_ o-t the

i nal c.o:^^^one:lts

_cet

Variance in thCY
V

original data while the second accounts for over 16 per ccrlt. linen the

or)i,? nnl data i. ^-tanda di"ed the	 first	 coT'pcn(­,

acco;rrlts for ov-er 74 per ct rnt of tht- original varii- rice and th e second

principal componcnt almost -1 0 per cc,lt of th vnrianc.e. In both cases

the first two pzincipal co::ipononts account for alr:ost 98 per cent of

the variance in the original data.

Thus the information contained in the four spectr- ► 1 bands can

be interpreted by analysis in two dironsions with neoligiLle loss of

information. Indeed most of the detail is contained in tale first

principal component which allows considerable analysis from a single

dimension only.

I ' lic results also Sllo14 that fC: this invcstioat:ioa 0:C question

of %,,hether or not the original data shout:; be n.ornaliced is" t ally -

-LDIi po r tant, since both the orm and ria nitude of the trar!sfoi-maticns

are almost icentical._" Therefore the decision to carry the analysis

through on the standardi._ed data set was ta::en on the basis that the

cluster analysis progra.ni -POI.t DIV -operated on standardi zed data, and

this Mowed more read y cc^parison between the neti:ods.

Inspection of the cigemrectors involved in the transfortizttions

shows that the first principal component score is created as the

negative stir. of aTproximatel y cne hnlf of cash individual band value.

Thus the relationships of the string of scores on the first principal
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component aie tae same as those produced by siiaple addition of the

respective ban(] values. On the other hand the second principal

corponent is created by the application of negative coefficients to

bands 6 ?rid 7 anti positive coefficients to ba,hds 4 and S. This implies

that there are ccrtai.n_thiderlying features in the original - data which

a"r represented in cer,ns of higher reflect i-,.-c values in 'bond 1,

moderately high and low values respectively in bands S and 6, and

areas of lower reflectance in band 7.

Pohile it could be -.rgued that a plot of scores sim::lar to that

measured on the first principal component could be arrived at

intuitively, tri.al and error methods would be unlikely to highlight

the transformation involved in determining the second principal com-

ponent, and certainly would not allow confident interpretation and

deductions as to the relative importance of such plots.

8.2	 Classif ica tion by Cluster Analysis

Classification by program POLYDIV to the level of twelve

di!crete clusters vas carried out in order to investigate the under-

lying compositi.o;-, of the ori^,inal data set. Such an extensive grouping

of the data hoes at least to the point where resolution and inter-

pretation in terms of meaningful terrain features is practicable.

However the pa-ameters associated with this level of clustering high-

light certain :relationships.

{

	

	 For example Table 7. 6 shops that nine of the twelve first

principal corlponents (which 1.ac crust-cr analysis uses as the basis for

dichotomization) are defined by eigenvectors all closely similar in

form to the first princi pal col-aponent of the principal component analysis

(;"able 7.5). In turn the eigenvectors defining the other three are all
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closely similar in form to the second principal component of the PCA.

This Mlfirm!: the fact that the relationships between all the original

elcrments are almost totally, revealed by transformations onto two axes.

The cluster (1c• r.dros^ram (Fi nlure 7.7) also shots that classifiea-

Ern along what -in t#^e YEA -is the-secen;l r^ri^^^•^fta^ t^c^^p^^t^C^urs_ 4 ` ^T'^-^^" •^

JS tl,rce ^C;`71':li.+ ` .;: s in t'ie (lust(	 ;:Ivs	 nrocedurt_ resulting

from divisions of three distij:ct par( ,r.t groups, viz. 3, '/ and 13.

S.3	 Intc^:=-,tibn of t lic Ar:ilys: s

S.3.1	 Origi nal d Za

On the shide prints for each of the bands (Mates 7.1, 7.21

7. 3, 7.4) , the (lark areas indicate regions of lose reflectivity whereas

the lighter area- indicate core reflective surfaces. A table has been

1
drawn up (Table S.1) whic) relates the reflective characteristics of

each ir.,age to the terrain classifications of Grant (1970 a,b,c).

(a)	 The feature highlighted by band 4 is province S2001 which can 	 (`'•

be identified t;i,hin the area of highest reflectance values. Also

incl y: ed within V --Ec hibl;cr -efiecru:;ce \ • aloes is terrain pattern 00

Df prfl`.lnce 5200S.^*.O\'33iCC	 i:02 and 1.3'01 is z'-c south are

indis*.nsulshsbi^ F:'rt}:Zn `fie °:•P.iS flf 1Gir2r rEflECt8nC2. ..--- -	 ----___-

(b) hand S shows a less.cle:_rly defined pattern structure. Province

-	 52CJi, wh; ch	 el -i j3re«':stcl. in	 here- p4c_l y.. defined within

pro •; ir.ce 52002. To - th ge scud: province -3001 is broadly distinguishable_

as an area of idler Teficc -,ance,	 5200S corresponds to

so,-(, areas of high, -.-- -at ra! a ;: Ica rericctance.

(c) In band 6 quite a good level of differentiation between all

four pro\• im-es in the region is attained. As in D:;':i S province S2001

can be identified with the rebion of high reflectance values and
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province 52002 is distinguishable as an area higher -ill

than province 43001. Province 52068 is represented 'by the areas of

lowest rc•('lectance.

(d)	 In 
bind 7, province 52003 

call 	 identifi ed most clearly as

regions of lowest rc-flectance. 'lic difiercntintion . cr ;rovinccs 52003

and 43001 relnai.l as • rood as for band 6, but separation cf province

5001 from provir.c,r 52002 is difficult.

Thils al -t bards contain considerable lji, cc rmacion on the

provirces in th^ -., rea. but the majo 	 is to dc.cida betl-reen the

hands what are this s;gnificant. Pattern structures. Correlations with

the terrz:in patt-rn map (above) show that careful sclectiell of

boundaries can result in a close demarcation of individual provinces,	
^I

but a correct selection depends oil 	 a priori knowledge of the

terrain. Here province 52001 can be marked off oil 	 4 and the

areas of low reflectivity Coll stituting province 52008 marked off from

band 7-. The gcnoral line of demarcation between province 113001 and	
k ^7

province 52002 can be selected from bands 6 or 7.

But ghat is needed is a method of collating the details of

all four ba:.'s zJ the choice of ►,lc:anir.gful toundaries is siviplified.

This is the value of pri.nci.pal components ma l.ysis, in e,hich the

greatest antobat of tic information in the four bands can be reduced to 	 e

a single set of data and virtually all for solution in two dii-.ensions.

8.3.2	 ° ^nc^al Components analysis

7nlc results produced by transformation onto the first and

second principal com ,, ^ot,cnts arc shown ill p lates 7.5 and 7.6 w 4 th dark

areas representing; lo.; scores and light areas hi 	 scores. (For ease

of comparison with the four original bands the principal component is
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given in negative in I'lat: 7.7_)

By compari;ig those results to the original bands it is clear

that there has been enhalicement of the original data and increase ill

resolot:ion betwecn	 a-c 1.nrmm to be	 im,.ortant' fea-tures of the

area.. ;-The .rc uizs arc: sc, out 	 tait i. r fur;:i in Table 8.1.

(ail the fia=t- 1••::.. 	 al ccr.l ..:^.nt. pre" • i,Icc SZ. 1 ^: hows up as

a distinct feature of low scores, v.hile the bcun6ary be.` - -.;con rovince

43001 and- prov-rice 32002 is 1.0 l l marked a s a tiif! ereace in levels. As

in bands 6 and 7 there is rca sonable differe-miatio- of the structure

within hrovilice 43001.

However orl the second principal component most strikingly	
V

defined are the areas of very high stoles. These correlate closely 	
it

on the terrain pattern map ^,nd aerial phota g raphs to pattern 00 of

province 52008 which represents the lake and playa areas contai»ing 	
h;

water.

1.

Thus the problem of boundary selection has be-n considerably

reduced from the original 4-band LR'IS set. First, Cie areas defined

by high scores on _lic scccnd rrinci^^ai coMponent could be marked off.

-	
_T'rcn__the_fir5t p*;n. ip a l_ccr:tponent could-be subaiv 	 srs.a

-	 - — its pattern structure, with four grou1115 beir:g selected corresponding 	 -

well to the provinces alread y described.

-_ --- - -	 However as an n lternative appro--ch, rather than :interpret the

data visually, the area could be subdivided on the basis of the cumu-

lative frequency plots of scores on the first tw'o principal components.

These reveal sufficient	 on the	 ?ucture of the data sct LO

encourage broad classification, and snow the scores being grouped into

three underlying natural clemlen_ts identifi^•d separately by the two nodes

in the first principal component and the extended set of values along
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the second prJncipaI compint .;t (Figures 7.1 a,b) .

In Plate 7.8 the lower value node can the first principal

component (represented by the i.ntermcdiate shading) contains provinces

52001 and 520 092, ►.hi.lc the node of higher scores (represented by the

darker shading) coi• resr :ends .iii extent to province 4;1001. The high

scores on the :ccunc` princi-pal component (unshaded areas) correspond

quite closel y tc h,..ttern 00 of province S2008 (tee wa ter filled lakes_

and playas).

r	 lt► cse	 1:rderlyinn :associations within the terrain

which are not i.ntuitivcly obvious from classification by 'landscape'

analyses. For ,xamplC, op.e suggestion is that province 5200i anJ 52002

are genetically related, being as they are, both container: within a

single node but distinguishable as the lower and higher scores respec-

tively. Similarly of interest is the association of terrain patterns

01 and 06 of province 52008 with province 43001, which are once again

separated out on the basis of higher and lower scores respectively.

Thus while province 52001 and pattern 06 of province 52008 both

consist of drainn n c featur^s, stream channels, flood plain levels, etc.

theyare placed the Taost distant on the spectrum of principal component

scores.

On the second principal component the differentiation is betv;een

the tail of high scores representing pattern 00 of province 52005 and

the rest of the terrain tyres contained within the single node. This

can be interpreter as revealing a basic distinction between the water

filled lakes a ,: play as and the ccnsol idcted and unconsolidated land-

forms of earthcrn materials.
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8.3.3	 Cluster analysis	 r

On Plate 7.9 showin,, the first four discrete classifications as 	
,F

determined by prog*_-;:m I 101-:1hIV , the dolour coale is

cluster 4 = white	 ,.

a:.luster G == blue	 —^ - — - ---

cluster 7 = orr,noc

Sa'i C on PI: t,- 7 .It) St .. .:7; i1,	 1	 t	 '1'iIl li c f •r tf: cIII TerF	 t!^-'

__ SoloL:r code is

cluster 4 = white	 .rr

cluster 8 = yellow

cluster 9 = black

cluster 10 = dark green

c
cluster 11 = orange

,r.

cluster 12 = red

r. +

c_..-tcr 13 = blue 	 ('.

(where the c luster nunb^r s refer s''_.' those of the dend;ro o ram, Figure	 ^^•

7.7).

-	 1.oC .:iii	 .!e -, ,-r c scnt3 1.- ioii o -thcS: -rcs-a 	 i zB w V	 -alt	 - _-

_

	

	 y PCA (Plates -- 7. ,-.t? t^ere is exceiier: correlaticn between:-the-_

--- _---- ,clusters and the pattern features of the s;iade prints.

--_ --	 At the -irst level of resolution cluster 4 currc_1-•ords -to the

--detail given i;: the second Fr1nCii.a1	 while clusters ^, 5_a:3_ -

7 can be identified as the areas of hlg}:est, lowest snd average reflec-

tance values respectively on the first principal co-ponent. At Vie next

level of differentiation a direct co7naarison can be rade between

clusrers F to l.i . rd the c^r<ilcd features r-oduce^ h.•: t3<< PCB.

Alternati.:• ely, by co.-:paring the results directly with the terrain

-A
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pattern map, cluster 4 is seen as comprising part of pattern 00 of

province 52004, cluster 5 corresponds to province 43001, and clusters 6

and 7 broadly represent provinces 52001 and 52002 respectively. At

the nextt level of differentiation cluster 12 can be identified closely

with province 52001, clusters 8 and 9 correspond to the broad terrain

pattern features of the Rolling Downs Group and clusters 11 and 1.3

give a subdivision of province 52002 in terns of association with the

floodplain of Ciopor's Creek.

However the interpretation of cluster 10 is more informative.

Cluster 10 is produced by a transformation along an axis similar in form

to that defined by the second principal component of the PCA and as in

that analysis this also results in the separation of water saturated

areas from other terrain. Here this represents a further part of pattern

00 of province 52008 and highlights an association between clusters 4 and

10.

Thus cluster analysis gives a different view of the relationships

of the terrain. Rather than producing the intrinsic three-fold classi-

fication of the PCA, cluster -nalysis, by necessitating successive

dichotomization of the data, results in the mnior ru n e of the water-

zone classification being initially included with the Rolling Downs

Group, with another s-oction being separated out at a lower level from

the unconsolidateLl sands and alluvium.

103
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CIRI'mt 9:	 CONCLUSTONS

The aim of the research was to carry out an analysis of EITS,

4-band multispectra'. data, particularly with regard to its use as a

moans of evaluatin; and clas^.ifrino terrain for eng.incering purposes.

 e study was canccrncd v th krona scale appTi.caifiu%its 8h_ ari region

of terrain located in the north-cast of South Australia. *f4T Tni^estiga- `-

tion was married out on a digital computer by the application of multi-

N.ariate teclin;ques, aaa 1iti 1 1--cd n strainhtforv,zird method of prc_-,en-

tation by means of shade or character prints.

The results shct;cJ, that rc}n,_sentation of the original dntr.

for each of the four bands allowed a certain drgree of terrain inter-
,.

pretation. However variations in appearance of sites within and bctiveen

bwids, without additional criteria to decide which representation should

h`

be preferred, created difficulties for classification.

The value of the multivariate techniques was 0 , at l;y reducing

the dimensionality of the problem while at the same time Maintaini ng alld

consolidating all the inforhr.ation of the original data set, selection of

---_significant divisions in the pattern structure could be simplified.

- -	 Imesti_gation of the ^• ideo data grou}-s _,roducc b principal

-:-	 cornponents analysis and cluster anal y sis tcc:_ ^iqucs s':o::ed..that__ effective

correlations h;ith classifications of terrain produces by ccnt-entional

methods could be carried out. The analyses also highlighted.Widerlying_-

 between the carious elements.	 =

The a v;-.stage of the cluster an l.:si r.pproach is that it auto-

matically pTovides a selection of classifications for field investigation

and verification rather than requiring visual interpretation as For PCA.

Hoacver FCA provide:: a u^re detailed iinderstandir.g of the un derlying
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structure of the data, allowing an assessment as to what level classi-

fication is likely to prove meaningful.

For broad scale studies the techniques evolved in this research

could readily be applied in practice. First for a selected ERTS scene,

t	
a basic mozaic of patterns could be established.to_a selected level of

video diffcrentiation. Then a sampling program based on the different

representations could follow to determine their significance in terms of

terrain parameters. This could be based on a number of sample sites

for each group, and these could be selected on the basis of accessibility

or the avail,:bility of addit ional contributory data.	 Stich a study

could be by means of a qualitative 'landscape) investigation or in

terns of quantitative field analyses. By integrating results of this

sampling program with the originally selected patterns, validated

classification maps could be produced.

The significant advantage of using digital ERTS data is that

for large tracts of land covered by a single scent' (185 x 185 km) an

initial mozaic of patterns can be obtained in only a few hours. In 	 r^

addition such un approach is readily applied to remote or difficult

areas, where facilities such as aeri(l photographs and roars,

necessary for conventional studies--,-sre lacking.

For these reasons the methods developed in this research

could contribute significantly to practical studies, particularly for

evaluation of terrain in remote or underdeveloped areas of the world.

r
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ORIGINAL PAGE I9*
OF POOR QUALrff

The computer proL-ram.s de::cribC ?r, t): ,  itecorci	 been ;..cciifi:;d
C:rittLn aoi: th •? Wcj! rczit ",3 i 'ius l cor.r,utur (Yc?1'i:in n,

3;. ','au fir--t	 Tafr::i 1 1 , i:, do:J,-med for the evaltution
of lot,l	 Lh. of Z referr7 r:u m-o rk 4r:? Vie otzAion lon!;itud.e u-Sir.? the
I al tl tU w.	 : l i " , '	 T.. C7CQGr d ;:^:o,;YCJ], CO:: C-zi-amed 7::CLl.a:2, i o for ti'e eva-
luatlon of i,I e ::il:.Uth of	 Ci1C@ i,',Lxk, oi' more usually the maE:netic
dec]in«tlo i, uti,.. ; the '*:C: ,,r	 c' method'. roe both progrars the latitude
of th,:	 :;t:'.ti^)rl . ..:t b^, ...	 ::.

Boil) I`1	 _ i:Uli: .L' z_I: -.ccurac; , :7f 0. 1 minut:. of A l-c- •- -	 --

The i'ollo •.:ing (-or:diti ms a1)1:1; r;:__ both Fro;;rarls:

1,,:t-*tudo. 1.	 ceiti`o or r.r:_ .five ^ccorlin r- R, i,rC, . : t.;iC^1 is
in	 oL the :'CUi•.:..":i h,: it nphere. Sirdlarl;j a nOrtl)crlv
Vi(.'' C CC , ii:a J:.Qn io _ ^i i' e :, h .^ a..	 southL.rl orio is I1cgati . e.

(b) Lon-itud.: is al.:ays	 bei:Ieon 0 and 1 60 dr_•gree:
I"e :-,ureC! C.".;;t f rim Grcemv!ich,	 i^i~.it AuU; t_alli 1.1,0:,.o%-i C.0
2450.

(c) The G rocn:'.ich Lour I:.ngle	 for the sun or a scli-ctod
star ].8 calculated f?'O!: the n2.Ut1cal ^iRriCc^, fo r ti,_ t],:,C Of
o1.,00in T'_ti on by :;um.::inrj the G. A.A. of tile''. 1xi- 'i ous hoii r an(I `,i:it _uo
to the f cacti cii of the hour ,whi.c1i cc n be read from the a, pt•ndix.

For sun observations, ho'.vever, this latter •tea Yas been incorporated
in the pro`rc:,l so that the in--urtion cS only the observation dme and the G.H.A.
of the la3t hour in the	 posi tions are rcequired.

Lnfortw , ntely the G.H.A. of the sm _old o f stars increase at
Sli,,htl/ OiffC^cnt ^ tc:, (!?'.:ii:g t7 tria	 111 :.Z.^. tfi cf SGlal' c _d s1QCr!'al
L?y's)j i:c),ce, for	 G:r Cr7?tiUliS it is IhEC;es,-2irj to calc^ii<Ae the G.H.A.
fully,	 or ho vLa 	 if i% - a _noo'e l-'ary	 i^

to Glotiri ', - _-1 ah 'bet-v i _n ric	 ti or. done at.thn Zz.ze Station :lt'J'in_W -_=A' 01St_
this Can be incor or, 	 _.	 c:i ;ht setter I:r:. e, fur esarYle:

C.RO: A 1
AROP„ 2,etc.

--- -	 Pro: r -m	 involves t-.-.-c co __ atati.,ns:
(c) P..zi:::uth cf ref crc•nce r..ark
(u) _-tLt.-C:i

^;	 1 l O ; :^ 'e G%tom.. _'i _ __ _	 ^_'_ ^ ,_^ ,C	 ,..
1 0 sta tiolt nl:.—C	 for i3eritificc_tic:) only
2. dz_t
3, ti-. - (c.ccuiate to one fifth of a seccrld if Nussiole)
4. l,o3iti cn indJ.c,,..k, % of ;il: or	 cast 01 HeSt O f	 rC11GiL1
5. d-ci iri t - cn cf sU^, o`_' star
G. lati tulle
j . altitude of sur. or star
E).	 clr:;le re,.alt:j of az i muth L-.-irk.

ci:Gle rca dingy of svr. Gr :,tar

. .,_	 10&- G.Q.A. of sm or stir
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If either the a.zirnuth or the longitude oily is re q uired frcm an
- obse-r ition, it i , ncccptable to punch the rclevunt dabs: only. Fo,: auii:iuth,

icr e:cample, - ti::.e and G.11.A. will be blanr:; the correct_ value of azimuth is
com-,,uted but the v::Iue fo- , longitude Trill be based on a G.11. A. of zero. 6imi-
larly, for a longitude ecmi.utation, the circle readinj of z.zi;.pith mark will
be blank.

{
The position indication of the Cun or star is required for a

w.iquc zoluticri, to distir:jai sh bct-aeen the t ,.-;o similar trin-ngles on each
de_ -t1se 3 crtical pl©;:e through the nariuian. If the observed sun or 	 =`'

- ^-star is^ n :ha a te_r: sjV iLriaa = slr3ul:d be i dicct.ad. t;^ figure 1 in .Coltamn
Via"} 1 24, if in the western zl:y by	 fiL-Lre 3 (see r._)pendix A). 	 T

The azimuth c n;;le printed out is ., ea: ured 0° to 360 0 from north	 alk

through east.

Frog:ca:-,j 23 LN"Tii is shown in Aj;jiendix 13.

Program DECLIYAT

Pro,-r---ii  D' CLIiiAT is designed to evaluate the azimuth of a selected	 4
reference mark; however, by substituting the maLpietic rne2:idian circle rea d-
ing for that of the reference mark the magnetic declination can be calculated
directly.

The data required are as follows:

1. station name )
2. date

> for ic:8::tific2.tiun only

3. time (accurate to one fifth of a second if ;possible)
4. not required
5. declination of sun or star
6. latitude
7. longitude
8. horizontal circle reading of mark or n,a^,-netic waridian
9. horizontal circle rc;adin; of bun or star

10. G.S. k.of sun or star

- -Ya -p°si-tian indieatien for_. spm or s tar,-As xe utired, a•,i the comi utsr
_	 does this by testing the local hoar angle. Cc^lurm 24.--(,Appendix a) is left

blank.

the azirul t+. angle is given between -1.30
0
 and +180

0
, poe five or rega-

tive sijnis in4'icating respectively east or ••lest of north. This convention i3
-fconvcrient,	 is-u;sed predominantly for declination colculations.

- - However, when preparing reading_ from e declinometer, care is required in
preserti;ing the sense of both sun and na6retic circle readings, i.e. if the
south end of the riagnet has been observed (observer facing ragnetic north),

.;iY<: LB rcouiii^ 0, ti,e a i> act	 t I  in^;c r . _c	 er.d of
the mavietic is observed (observer facing magnetic south), the Cun reading
mast be that of the sun reflected frcm behind in a mirror.

If this sense has not been preserved, i.e. if the observation has
b--en made towards magnetic north with the sun ref'l.ected from behind or towards
magnetic scuth .:ith the sun direct, then aad or s^:btract 1800 fre., the sun
circle rcading so that the corrected value remains between 0° and 360°, e.g.
30" becomes 210° and 2400 becomes 60°.

Dia raurztically,

1

i
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C

sun	 f,,•Dnt

pro-ja 	 .1 —	 in Appcndix C.

Ob,A c- 1-::

eurij	 oi. d

L!

	

	 ve in ],-;^endix A.UL

C.. J,. 	 CO " LLC I J'	 .C: 1,C tho
A	 (I I -	 t I	 I ^	 ;	 .

c, -̂ 1- s ( ; ,, i co;.iAeLion J -,^he vurvo,7.
J,

Tli-	 tl -t: -ire	 7rrr.'	 nlic, 	Z,.I-r-

Colo usc.

I to ^ Sta ti C.-I rizure

9 15 na

16 to 22 Tir:c

23 to 24 l uisition if Sim o--, !?tar)

25 to 31 Deck: )c 1 -4 ., 1 ,-. t i o y, 	 ( s i c ;)	 ^on.sid ercd)

32 to 33 Latitude	 consiac-rod)

39 to 45 Altitude (for TRUL'IT',

LonC;ittioc (for

4G to 52 !:lar'	 cj-rcl ,:^	 (fu?:	 TRU	 illf)

Circle	 (for	 DA, , " I , '!- I; ;,. : )

53 to 59 bcrizontal ciccle re p=.dinj	 of sun

or --Aar

60 to 66 Greemich 'hour v-n,-I lc-

Notes
^^^ F,^r	 t.j	 c—, be u ed.)It	 c-ry ()I . --.L j c l .-ci.-..

b) T}-^ Z:	 4- t IL c r. a	 X Z,-
ri tj

Tit.'*c - 4 -2 j7rintC-,d in !.C,urv, :7 4 1 - u t c3p, zccG-,-dz, Lne: ---meu ia -of

but i L:... 	 A.	 an", 4 nDlcr-Lcd-i =t! i s invF.ri e. Dlv

done with	 c1cl-erva-tiomi), -.,e ---nuws and seconds coltzans, must

be lc-ft blc-r_k or a,e c3 :7-put--r	 incre7,,?nt lch. e G..*H.... b^- the cor-

(i) 7r• ,luzu, fcz, 1' :.s inserted ir,	 24-
,-e jiven in dej-:--cs,(e) All	 are t-,	 es, ar.a ten.ths of

r:lnutecz ,	 J---utor decinal pcints.

W i •or lat--'tide and Illechnatirm, osl'.1va cciigiis P-re reat-naw-it.

Lxar.ples of d:,, ta shc-ets ---c Given in Apz ,--radix r-

4.

Yacrinr -nm^Luta l-icn of svn andC?FAX41:730NI
star cl)3--rva-,ioas.

11 963/
/
tiq.
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Plate 1.	 Static scale values, rapid-run
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ST. MARY

The author maintained the D'?.. sei smol c:-ic l and
600magne_tic observatories at ti:e .'ac^u-z=ie Island!?'..,' :̂ base during
1964. The instrumentation included a vertical, :port-period
scis*cCra_ ".	 `:0^:'. i --rd r ^iG-TLi2:

ReE;,I pr routine observatory data will be published
elsewhere, but data or. tazicr local	 events, .;rcba.-1:; not
recorded at any other stations, are presented.
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At MaC( Uarie Ielund the scism-;Iogic :? observatory has
been in ci:eration since 1950 and the -Ocviar-netic observatory since
1951. The i.nstru,ner.ts in operation in 196.1 co,npt i sed two La Cour
ma,gr:etogr^phs (a norr.a..1.-run and a rapid-run instrument) and a vertic:al-
co,nponent short-period Benioff ceismomoter ,.ith a Bj.R recorder..

Cre.; on (1 ;,65) 1.	 described .. •c 1c61 	 TLe
^autiior eras in cl:ar^_e of the observatorioG :'-c-m 20th December 10,63

M ' until 9th Decemb er 1^3G:.. mid c:as : uccPed:rd by F. C. Suitor..

Earlier reports such aq those of Gro,, :son (1()65) , van
.^ri:C1e1.3 1 1'61), 11o11 `j;c%,ort'h (1 ) 0),	 Turpi.e (1 1)"0 ) include
descriptions of observatory buildings, routines, and the installation
of equipment.

.2. 7:.AI'ii,'FNA1:CE

All huts and equipment on 1.1acquar.i.. ]'sland are subject
to continual corrosion to the very damp atmosphere and rigorous
climate. Sand and sea, spray ::hipped up by ki t h :rinds are blo-:•:n
through the camp almost continuously so that deteriorvtion of buildings
presents a very real problem.

Maintenance can be divided into t yro broad
classifications:

1. Station maintenance
2. Observatory maintenance.

Station maintenance

All expedition members are re quired to assist in the
work necessary to r,aintain and improve the station,

Kitchen a<nd Ness duties occur pericdic-illy throughout
__.	 the :car. --In 196.E durilis _";he str^r•:er season, -ith enlarged-Scientific

staff, m^ss duties occupied fear consecutive weeks, but after ;.Lixch
-	 they -ere taken a creek at a	 During• these peri o3s there is

little time for other then e sential geophysical work.

In the firot mon lvi s of-occupation the viorks pro ramme,
involvin- erection of new buildings, in^talJ.3tion of monks. etc.,
demanded considerable time - and, .throgLhout Z . he year, Eaturdey after-
nodns ere generally dc!oted to re-iilar station deities such as
shifting of fuel drums and the stacking of timber and garbage runs.
FaintLii ,G v.as Coale ao a joint effort by tie party during Septembel,
October, and 11ovember, whenever weather permitted, and seal brandirg
oocur)ied t'.le first 1"ecV Cr .`cveLiCe1

It should be emphasised that the geophyzicist is
often exrected to spend two days per week or the e quivalent on
General cal'j; projects.

i

i

,

i
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	 Kicitilto--y r -Alltonnilce e

,rnet i(:.	 O;;inh to 1'riCriticc ^ssif ►l^d by :►1'^^R^, tha

lenorded

grctio hui. ^,^^c I1J! 1%jinted nt .:11 auril.0 1;'C,.', l,ut in Deer=giber
ey t'cre i; , fair corditi^.n. ""0 CX:'O: t Cd t'C'::t^'2^ ride }:-w. been s=id
usted 1^:'.CT.`:1. bill•C, ..Ii°.:	 U"	 }1, t L•.r: C::rt:• CT t	 ^	 O
 f 1	 I:t ! 

	y I^. ^`.tSri rs o1a(i
o:1VC 	r '•f,. • ,.	 •

t}:e uly •,.o:-d pnnel:^ i.ic,, t:uLh.r r::ter trickles down the
ue ^.c?ll. of Lhe V:;r 2 \^ :G b Cl I^ I^I :I^On nu l7(.:c.asion did dUnrTesssect; rn,,•netic recur(+ i:' in thelnt. 9.ith rind'-- up, ;o 103 , M.p.h.

	

 cii tho car.:,) :;,-.-•;o:-eter `n	 r1c,'v^r'0'c::	 t:-.;,::hn' of tic^	 ,1 
!cold be (lcteeted, altlio;:F;I: t1w . cc^r3s ,:ould .:: post. certainly have

Itl J:uituir; • '0oth
•
indo.: of the .:L. olute taut• t^,. r, I• ^	 1• t'.1	 CtiiC Ci•,.C,..	 1,	 f	 1 1J Ct '?	 I	 ..	 .1,

r. •? t̂ ." ,e^lass	 •. _ ..	 ' .	 ..	 '"amou	 • •=cn ccc.:rre^3

	

duri r	 :	 r., 	 r.d t i:, ,:t
.d	 •	 •,	 V	 .a.c^a ;indoa that

	

t•,('. nrnril;,• ::.•	 ^ .,	 .: :.. .. _ , ^^ e^;^.i .•er.l.;a:e^. 	 i'iu- ^r.^- hi,;}I
:1.dz in '% c t,-1)(?r G .:2 2.t1: ., llj; ^ l t. :iG .... _ !l fiiC:!! , of the l:u	 JI: " ^Te(}
::35 V'az C1CD rej ,1 fie ed.	 V -

i',?e doer L)i `.};c ubsol.;;te but fit od roorly and
li'Urations- of the bull(}ir^^ (^l1Tlnq', strCn,; l:lll(:F ':l?:h of -Len E'n0'•%['Il t0
let it. free and srrir.^;in6 e:iltil;. 	 In Al l.,•-ust t}.c door %a; removed,
about a, quarter inch v;;ls planed off it, and 1.1,e lock rc:c renovated.

1

During t} , e elephant seal brecd?i ,,, season in Sei tember
.he outside instrument ..;• 1ter tas Enoc'ed over andthe battery bcx
)ushed as!:ew. The .for g er -;:us rel,4 -C.? =id re-sited and the latter
i^;},ted. It is strolttj recomr..erde;? that duri:, - v the brec<, J ni; se;:_ on

t concerted effort be rrile to keen the are:i :wou: ct t2:e ::.^^netic } ut3I
ree from, fem ile se -1:^ b •, chasing, t'.:e.^.. daily.	 1	 t

	

'	 '1	 _ni:^ ::^ i fiver
)roblerw (access to the :firer_, banj, -inC on but .: gills, etc.) such as	 t
.}lose caused by a harem ;.i::ch devc101-9c: c10:3e to the v aricr',eter hug	 5
n 19(4-

E:_ri	 i::	 '.ez-i	 _	 r 4.

x„re.;.c ^o:;ti:ern c:rr. _ cf 	 ..- sr hu:	 NW.	 '^ ; i_^	 £e

	

t c 3):Grt(:2
	

2C	
r

v,-us of tenlc::e aft-or 	 1^. ... '.._ 	 f ltt_I:t;o
*are free f2 -;m ► a&ne is ..._^C:2?1

	

Se"__c• 	 of t::e c—ff:cc sr._- d%rkroom is
=rcn on	 darkrcoa roof s):o,rs'Xter'Give un%ci:ES G: 1... ' 	 _ r ^i	 a a

ro- MIX

)een eaten 81 K: r. =t is l 0_.r:4 ....i of-r.	 ii thick coat
%f silverfTOst in Octo'.;er ;:ill ::ave del ayed f.:r-• ti,er deterioration, but
}:is reef nl:. , be	 at '_}:e, c ­ '4'_

Censi.derrble time wr , s_ent i •-rrcvir.r o_°`_'ice

it the top and. bottom o:' t-, s stcps ` 1ea_:n t; tc !}:e efface, r.ith tl.o-
;ay sr;itches :`t either er.a. :his r. s o: ^aluc	 ; -	 e	 ,;:r r.,, t:-. w inter .:I:d

	

c::2 .:r'.'^'.	 _	 ".`	 ..	 .r.. rerp . • E-'t ..r.,^ }..	 . .+ f .	 a	 .^

(witches tor	 ' s r  F._even t.„ ^}:ocr., received r:::en touched h;; }: _::.^c wet. ;:ith
'ixer. 1'Cl • er points b::c:;ec by s bcs+cs w(erf irst411cd fir, the unlined
torereon, l:hich prevented snort circuits in damp vc^,t}:er.
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Ewr7.-. in the year a handrail was added to the most
-exposed section of the ste^:s leading'	 the Office. ';'leis :reaSUZe

sened the rick of going blown off the steps in highounsiderably les
wir:ds .

In June a new P. y .X. teleohone which included circuitr-
for auto-.:::tic fire ^etec l.ion w s inotalled. Detector. ,,.,ere rlt_ced in
the office and	 ^lie office circuit hc:evcr, .-as disconrected

because it . pas en .an =,ensien fro- the ouegery ..hich 
-_W vs - re-zited at thp.t tir,9, The off i_ue :ill be reconnected tl^rcugls

	

-	 --	 -4 mss:-	 ?^ 'rnr-n- t#g= tom:. : F	 C^	 t ?^'--bu	 -- rl

Electrical '-eating ti:'as avail ab] e for the off ice and
vault even during periods of e;-^ergency povrer. The darkroom and office
wero 1:c-n' 9t	 00 	 ::er!1.CCtatic:i!ly co.<t_colied ht?a';er.

_ - -This -assisted in keepir 	 (te^.;cra.turo
depende:it) at a reasonably constant zaj.e, a.s yell as faci.Iitatir:;

77ccord dryin{^. - Tte--7malt- TcFz: cV?T :7=:5 -Y'eauire.? to ^fL5v-ent
^cendensatdon on the lense^, wi,ich ca7ased seismor-rarn traco 'COLEing.

Also t', --e' paper is more cen:= itiive ..... i he hi E;i:er te;,peratu-:.e loz:e-rs the
relative humi6i.ty, v:hich enables the trace lamp to be run •::ith lo:'rer
current, thus increasing lamp life.

t

Leaks occurred in both the office darkroom section and
the vault during 1;64. Leaking throu h the loin Letween the „eoden
office section and the concrete vault is a pereiLnial problem, and
thou ;h this leak was caulked in the autu rn, leaks reappeared in the
spring. During driving; southerly rain in ;:inter, lez-kin.; occurred
between the concrete slabs of the vault roof. i,ater falling on the
recording drum resulted on t yro occasions in some loss of record. This
was a minor leak and nc further record loss occurred when the
recording unit was relocated on the pier,

During the y ear. cracks in he darkroom and around the
dark-roo^a door were blocl .. ,?d to r.:ake it li^la nroof, the borches ::ere
reorganised and. co , erea i.,lth lino t r.. LreLcr.w the .%ccct beCC

^ribh , fl-xar. am-i d~l-?:cr,	 was-Vicened l;,r
—`"'--- Ct^°^;:C^3•:;a.r2Q COVe^e,..;r:'S-t.?:?Irio.

The darkr'6c •*,-v:ater supp ly caused some trouble during
the year. The s ink top, ::':ich r:as in poor con:iition, blocked :p

-_. -occasl o.".- lly and :p as	 from t-e sprinS on iiireless
_	 Bill -tali Fericdica , ly-bloc',: --.:^:th .slice, -end  the -only solat^cr} to -

-- -t}iis 3yns--to-cl=ar out tt,2 irl -t_t k i ont!:i^^• As well as -Vst	 un- Or-pipe burit-u acrb'^'S t're valIe-.r to carry c^ •erflovi o tl e
=- kits -r•ep tanks, blocked up and had to -be dug up.

During winter the temperature often dropped below
freezing^ and on three occasions remain^d there for about five days.
lhcuiii cnl1 the uL^I.er t,rxee inches cf .:.e darkroc ­ froze over,
the water supply stopped when the water in the ten-foot connecting;
pipe fro-,e. In t:re spring this latter ::as replaced by bov:ser hose
made cf rubber	 inc!i thick. "'he area arou: d the tank
outlet and the .a _rkroom inlet have been ;re i 1 i nsulated and these
measures should grea,tl;j limit future freeze-ups.

The exteriors of the office, darkroom, and storeroom
v:ere thorou,-hly painted and the insides of the office and. darkroom
were brighter6d, with. suitable colcurp_
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The tools were f,,und to have b p (:-n ,featly affected by

r	 1	 air,	 ami	 v.1t!jcj r7h	 -+-;Ii	 cnir!,! 2erviceF-.11-.1p ,	 not in

1;,-d

e

co:-dit-icn-	 They	 a "`Ied cup'-C­ d cCnCt-r.,•ctCd7--

st oner	 m, but e,	 4 n the	 '--xro bc:3 7-ed in oil, ripud with

,e and set up on a sh p do,:; board on the- Ll_-_•kroc.-_	 The air..ctre ,
is w nzmer and d.ri:)r and so should :assist in kee-wdn.,: them in

U ­ -'- S -^	 y	 -.-;I.th	 renetr­-iert)r 1kin- 	 c ­ - , _ ,_,	 ',LA	 e	 3

lea-s'. ye­xl,','-

C f-7- C e	 0	 e	 o

r he fir;^t ­ -̂InF	 1VI.-It :_ zt t r7,

-,,-,c	 occa:^ior a considerablewhich ras easil" re%*)'O'-A.	 but -on t_- - e c
cr.

.i,	 3_^	 n	 the	 C)ca lc	 il

­ ^r:, ­ TC
4.

,h cre-r_t i er

The ins t r­­ rt at l	 .art cz. 1 to that  4- n
--etc.-rapl-l.s*' .	 !,',-	 recor,`,_--	 of	 0l	 :---a,,L' 3	 j

c , ,tinued vith only minor. 	 -djustment i3 da • in 'g- the year.

Record losses 
for the :,, aar totalled ap-,,rcxim^itely 135

race hours fcr the normal-run 	 and ItC-0 for the rapid-rw,.

uch of thi s was due to mochmical drive fail ,,;re, although the

^ of the Z-trace early in the year, three larm failures, ,ef cousin(-	 t,	 a r d

requent cami. pc%-,er f a 4 1 jXr.e, S eontribu -.0 siGnificantly to the rapid-

er: total.

The La Cc ,_ir c1cc lKwork	 for the normal-rim

, -Cneto&raph were (-,enerall y unsat'sf_-_`._r,1- 	 E_j	 -	 -	 ---	 ­ rly in t'r.c year these
l	 Eac,^	 j::^2 t , - drive -..s taken apaxt,topped on a number of occasions. 	 _. V	 -

I	 -leaned,	 and replaced,	 c: -.! ,,-	 410 stop	
z_	 li,74tC.4	 Pe-. icd,	 in

pite	 of appl-'Catio-,-, of	 clear.-_..,
-n a-1 -	 .-acrosene,	 .	 ble a-.!-Ltch	 oil,	 .-h-

zz_-ified to d-rive-tne
0	 ma,^;nctic rror - 3r ̀,le s ,	 ur . 	 at	 t..,

 !--ad no	 -ef f ect:

ei"=

 r-cm-t1nen on, no

loss occlzrred	 to d---*-ve

' d 	 recorder	
77m­e rapl -run Z'	 driven by p	 erer

c hr or	 s m C z t r e	 e	 E^ ly in the	 rear,IOUs	 motcr,	 7.. 4-C	 _V_	 -	 -
,	 -	 ' h -J. aver, sled.,f-e Irou',-'c c; c oc ai^k e d:	 in  I e r" t	 but -;, -- s via

-	 - suit able - I	 igh^'crcorznte- by thcrou r h c -l e,^i -1ing and use -­' a	 ­ 	 '- e	 t-

It -, ?	 %11,

I — mechanical drive failure. Fiverace loss can be att y lbute -d to .pure .	 l

jrivec (_r-ur --. -. ­ I - run- C. ,e	 .,.,ere returned to

	

$	 y	 thc =e-en' . 6,r_V^^ sY c tcm is

	

tralia at the end of.	 ear,I he J
c be ccntinued, it is rcco-,-_-.er.ded '.",.at at ae n_ ,_-"U some of the

b,c erva-tory drives be interc"-.,_n,,7ed -.,,ith	 Cffice annually. 170

cC^lilies exisc t at	 t c_	 tu*Leze-	 1 1.e n-liv61Y,

enner synch
	

.	 nrcrous noors are cc_, ide_	 j,­_')1 mccre rel j a*_-Ie in this

I' 'mate and
 had it not beer, for numez:c_^o camp	 f_̂ilares throuChoutl' hate

i.e year one •.ould have been instali,` on the normal•r-,;_n recorder
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As tl.ece s;; nchrcnous moters operate on currents. (f the order of 10
c.illiu :.^s, it shoilld be :,either too (liff4 cult nor too costly to have
them vibrator.-driver. fro::: Mie 6-volt recu-mulntor. The Possibility
of this as a pernan,.:nt modification shoul.d be investigated.

_-	 T} e i Ocv r , 4_ne'. ^ z ^ un^1:^G 1 l-ad	 souiewrr+_t errctio r	 ----	
_- z ^^^ vu^i..,U ^ ^ ti".e is:.. ♦ <':L':^. -..rs-.^ro:r :i^+y rG 4 ^ dci•L:.^!^ti•^ Oil-= ^L^32u Y610C1t^►

-	 -`—}^—r i lie ..Wr all S trtperntd e; humidity, ete:;-1 .1t a dl ilTr7rate --Of	 ---
B seconds gainin,; Y.as most com:ron even with the fine adjusting;.-;ei`-,ht
C:0U	 1i111y ol]t. To u old. complication ,; ai:ioi_ng from reset` i w- the
nirute hard rer ularl,; , :..nd also i.nterl;olatin- time corrections, a
different method cf clock ;adjustment .vas introduced to,:ard the and-of
i :e % r o. l r. The clew., ..... ecm- a re . ,;i S: the .:ere	 ulir nc-neter at
2330 G. ., ir:,rrediate1 ,, Prior to record change. ^}:en the pendulum eras
stcpred for tine zium-ber of sccords neceso;sy to Set it 3 second_ s slog;.	 _,...^
?eccu,e -1:e clock h_:cl a:general ra ise of eijht ceconds :er day it-
vou?d a ually be five seconds fast -and so could be reset ea.t-ily. ln-
t1; _s v,ay the ccr2! ect 4 on at the beginning of the dry ,:as 0.0 minute
and at the end of the day- rarely exceeded -0.1 minute.

On t':see occasions the rapid-run trace lain fused
necessitating readjustment and refocus of the light spots.

Early in the year intermittent fwults in the absolute
time-mark relay ,Pere traced to deterioration in the circuit joints and
these Care re-soldered. Also fluctuations in lamp intensity in the
rapid-run unit •.,ere caused by poor contacts in tile lamp socket and a
nevi lar,p holder vas installed.

P

The battery char,;ing circuit was modified to allow
continuous trickle c 'exging. 	 This ensured that the electrol yte level
was al,;ays satisfact-ory and -,.voided cell dare?EEe Iry excessive V charging
rates.	 easurement ,Jiro red that a, current of 250 rr.A greateer LMruzi	 ire

.:	 Ioad was, suitable:	 a t o-ah!!A potentiDmat`r in -the--chtrE, n6;-c2rcnit7
_.	 «alIoracc: - this to..se 

- -	 ^ OontroI o"r,gerveti cr9

---	 -	 Ac	 of ,7 1. 	 ohncrvat sons	 in 1(1 64 Caere done ::'ith - a T)C	 - _
Y.ew_pattern riacnett^Teter 1'a. 	 '15n, C?E.s 170 and 9'j^, trod B-: ,z _64. 
During, each char_,-w :wer tl--e C,i'.'.s and ..._' ,rare comr-fired with lnstruTents .:
sent"arc^ ^_oo1Yn,:i:. _ ,j:.z 177, lap'--range B.:n o2f. , as creel as pry on _-_

--	 _	
_. -.^.. 	 -•--^..	 'p"recet-sior. iaa€r:etc;:2ter =Z-1 ::o. I.-	 Freliminax;, r . pesu?±sindicate t

that on both occasions the intercom_rari.son observations produced
conslJtc:nt	 rc:::ults.

Week1,	 absolute ebserv•r_tierc, provided good. ba spl.ire
control, and these ,ra.s little difficulty in ca.rr;;ing there out on
reasonably quiet days (1;64-65 are Years of the ;,uiet Sun ) . !
Experience shored the most suitable period of the day to be
i,:2edictely Lftvi:	 r.aeci:d ci.,,:,;e	 as	 tt:is :,a:,	 no;,	 only	 the	 quietest tii:e,
but also the period ;.%en the sun is at its highest. 	 This ryas
important during the short dull winter days.

Preliminary b:-:.cline values are quite steady.	 On
only one occasion ­:as there a marked baseline change.	 This was a
sharp jump which occurred in 11cver.,ber when the h varicr;eter ,Pas

A
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elistiLrbo"! thiril-q-,	 tet!"s. Treble I iiialude3 stanO,,rd
deviaticus of th,-	 froT7 ndopted values.

Little difficulty vins expel
'

-icliced with the al•,iolute
ins	 i;s oxcept that the C;-' 178 thermometer was broken early in
the .-,onr and	 (-,,w sent down in	 awl on -I th Arril the

is C.04, tlhe	 ^0 -

uaLhou-1 , a rivall	 occuize i in reat:oal (livit-• ion. no detectable
taselir ,', clianry	s i1. p-Qvious ye.-.rs trcuLl p wcs

clwnpin,-, it while removin--1 or invertin,-, the	 D bageline
Foatter vas notice-able dw1r- 41to year; mcro relic:ble results should

4

Tljc	 i	 marl: nc!-%-n1!	 :or the	 observationo was Anchor Rock.
f7he leilt#£'r:i%tivc	 _,oc(l %-.hr , n visibil-ity % ,:as pocr, ::as

fo- nzinll .'01 : 1 .s Zoe—,	 possible '---f'Ler*,';,-?•,'.-,3, ;ji. ,.ce slrcrc, winds,
n oved it slirlitI.Y, 14'ro-m ti~o to time.

Vo•mal-ro•i '- zwc! Z se-ile-value O.Ptermination.;^ rare
nade weekly nnd D scale-valijo detormirnt ions three tirnns throe; -hou' 1V-u

the year. T r,here i so ,.%o scatter 4 n ticsc rosults (cee ':able 1 
L 

t

no evidence of overall drift. 'Note that bec.-t-ase t) , ('- 11 naL-let is not
da • iped,:end 11 is sr-111, the rir7nct too'k six minutes to settle, even
though the deflectin^7 field jr, r.Ot aj)T1jj0d i!rrllj.-'iVCjy.

s.

rt	 Rapid-run scale-value	 wade monthly.

The I' anal D scale valuos -1-cmained ,xiltc ston(lv '.nit the 7, scale willic,
rincreaved from 6.3 to 0.6 through the yea (
lr	 able I zu-,d Plate  1).

All deternirations acre n-0o i-.itli Helmhot-n-Groicair.

coil -1. The sc:tlo values adopted for 1^0'4 c,xe shown 
in 

Table 1.

Pi ta di';trib-'lticn

-Data rororte-1, -.-.:,nth1y c=.;-,.r_Jszd K - indices an'd
-n vale	 based o-.: ten selected- quie t. days.

Sj•ecl:.l effects,	 6tormz^ q eLc s were reported
after rotl'rn to Al.otralizl.

k,,.Aet

So ell , -Von -.:0-C CC C,1 fo-., tjjC fir .,4	 of tj

yen, r but the var- , :ition 7;: -r ver.'*' -snail for H V-nd 7 Vne it	 felt th'at
no inaccuracy would result f'rnri cnnsiltnrinC I,--.e curves as straight

	

o c,",	 a d:-'

almost a week away as is frequer,1.1y necessary. For very quiet days the
c : -it	 is rro1, nbl:.	 tIL-i n r1,os', 	 crion foi

The D varioneter, bein,-, sufficiently sensitive, sho-xs

t 1ho S q varintinn, :1-nd curvnq fo.- D were prep.-tred in tho follcwing Via,.

1. Select four of five quiet d-n y3 for the month (Spread
out if l'ossible)

2. Scale r.ezoi hoiorly ordirates
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3. }.lean these, transfer to Eraph paper

-	 -	 4. Transfer these ordinates to plastic sheets

5. Construct curve with Frezici! curves

C^ientlation a-osts

.The neon meridi.r-i used Tur Novemoer 1964 c: s 26
0 19.9' .

— 4 -	 t #,i -; est; ;acre carries' cut- on the_}: and _s? .t-xiocaeters of---
both ma netographs, and the resul -^s are sho;:n in Table 2. The
cc_,_cr :are^ riven in thc, tab1A a-r e deriv_l from the ectim2ted
errors in aliening the coils, measuring deflections, etc.

I

A. 3FIS- iC C'1SEif7,:T0'Ry

Seisr.c..-ra	 ooeratior.

Observatory recordinf, continued on fronts 1063. The
instrumentation consisted of a short-ponied vertical Benioff
seismometer and a single-drum i;; .R recorder. The seismometer period
was 1.CO second and the gal y nometer period 0.2 seconds.

Time masks (in the form of trace deflections) v;ere
obtained from a Mercer clrronor:eter and a mirror-relay in the light
source. Some trouble occurred ::ith chrono:r:titers during the yaar. The
balance wixel spring of C'rxonor.:titer 18683 broke in Januaxy, 1;090 had
intermittent contact trouble until these were properly cleared, and
the winding chairr of 1 e-, eq broke in September; 19090 and 18583 had
four-second contacts from 56- 60 secondc and houLr contacts of twenty
seconds betv. ,een,40-60 seconds. Chronometer 18780 had only minute
contacts from 00-05 seconds. This necessitated putting on :r.--Inual time
marks dLri-g the day because all minute marks were identical ;_tnd
power failures averaged th=ree or four per -r:cek, which made their
identification difficult. in fact if the r^z id-run r^gr_eto^ al ii (;:ith
ho-a• r.a-2,J; had not been driven by t ihe camp power, jxx riods between tv:o
tourer failures cn the s .e d ;y %7ould - have been_ impossi le to interi rei:.

Total record loss for the yeas a ir.o;urted to a5 hours.
The principal reasons for this viere lamp f ailure on three occasions,
leakage of roof d=rove racorder tv.ice, seisi:ometer tests, power
failures, and driving ,rotor failure once.

Iri general the focus of the trace ;pas very good . To
obtain this, painstaking care was required when rene;:ing the light
scu_rce glebe after a lamp failure.

Microseismic disturbance due to surf and mind
r:ecessitated 	 e::c, ,urns:ilk calm d,:yc
a setting of 29 dip'  cculd be used. On normal windy days 30 d9 or 32 dB
was required and in gales 34 d8 was required. Attenuation settings were
recorded in the seismic log.

Instrument tests

Annual. seismometer tests were carried out in 'lay. They
were the determination of free periods, damping, and magnification.

2	 ^
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	 The macs ;:as recen+,red and aliCncd, and the period
a;ijusted to 1 second (:.ithin i;o)

The seismometer damping was adjusted tc give a 17:1
ratio of initial deflection of spot to over.-,hoot. The magnification
was dO.urmincd Ly the .:eit:ht 1 J- 11. metho:i usir.,	 of 5	 10
C , ums for !Jl ffcr',..::	 i; ... :';:e results -	 fvliQ..J

ifr. tte:' •} inn

9850 _+ 50

r 24	 7950

G2cl0

K	 28	 i c-50

30	 3;50

32	 3150

34	 2450

36	 2000

Chr. ono;reter cor.:rari : on

In previous years daily corrections have been
measured at ?laccuari e Island at a!-out 1700 EST, the "ercer
chronometer being compared with '.7..V "Vashington or	 Honolulu. This
time of day proved the : cst suitable, reception of both stction2
generally being v., ry poor durinE; the earl i.er dayliE l t hours.
Invariably reception ~:as best on 5 or 10 1.'cls, but ;'ailing during
magnetically disturbed periods and inter t erence fro': stations close
in fre quency often made reception difficult.

The possibility 0_" con _^ :1^ t::e c}, _.. ..meter- ir..„edi,ately
before record ci. ;-e e .. -:iy %-:a3 im,es	 -sled ^.nr, :-'•. ;i:^s fo::_:e' 	 +..
recertio n of t:^	 - .:_:^`1 FGSt l ^..Ce I: . vl f 1^1 t: is-._.: i^^iO' fr0[II ^l;a^
was usua lly °'iCei1 '	 ..:ewe ._ .e siC.2`a ls are moritered froz :'_cunt
Stromlo. The ti-:e	 :s as trsr:Z:_itted are of t he sane og le= of
accuracy as ;;.^T, but a _ra more accurate cn reception since ti-.e shorter

i path distance reduces t1 .0 lar an! dispersion. cau p ed .-y- icncsr!:eric
variations. This 1	 for	 is of the order of one hui:creath second
compared -ai th cnc. „:ent' -f=f..1: for 'W-',7H and one f ifteenth for
Inleed in the ea--+ aftcrr.ocn _- .:Gs not i.,nusual 	 record t--.ee
differences of up,o one seventh second between .:..V (15 :`cjs) and
V: G. Investi?7aticn v.it h directional aer als revealed that on these

cr. ;..,^' ti:as beir.^; received on the 'leap;' path.
In general slight differences could always be audibl; • discerned

VI:G b-c: ?casts continuously on 12, f .5, and 5.5 ':ci s
with 1000-c /s pips ever:; secona excert the 59 cf e-ci: -:in,ae • t h: ,-e
are uo 1-2-1:s in the f ir"t minute of each hour when the call si t"n and
transmission	 are brcadca st in voice. 'hough pins in
each minute are	 no aaCiguity should arise v.:en the
chronometer hes a fairly ccr.::t^-nt daily rate of a fraction of a minute,
but as a precaution a	 'rr,inute check' can be done at the hour
or against .7:N or ;J.i'Yr:.
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Shoe':.^, rec cried

Preliminary se -ismic do.ta :xre reported tom` !:end Cfrf ice
twice wee;:ly. bs in pr£vicu:: 3-cars the he.'iti-y Tricrosei.:r.:ic disturbamnce
limited ho number of :ccl:: reccr: .. 	 raly_^is of t h e reco_.
L:Ji.`: ti:^ iiSCGZ data rc':C:.1.-^	 Mircr
-i 	

y
.eLe fell. a	 c.CpLi'i_ i(? !. ti I_i'! i n 1 c^ris I ft- aII, L rfsisea- fra!; 264--_

6 l:'tl^i:U'. Li;CStor e . iden::ifie : durin the Sar. h list. . bf t1nose probably	 r
r,ot recorded. by any ot!,er- stnTic:i yis given. i?i A

i:otes,

(a) The m-'4^"' I:1zirl _­ enr.tli.•nu-i':n tL.n1 :LC':?	 on 2F"•h
i.,"rch ;: :L recor.:e'. :'t TiF.CCttn-ric I31and. Several hoz-,- s	 -	 - -
later L_ .e ti'ie caujo rCJealc1 a icer.cm:l rl:;e in sea 	 -
level on. ten—inches from -tile f`.i'wna:ill. 	 -

b)" Local ctrt': u:a;cs ::cra, felt as one im:;ulse or s'rucder
last 1.rl; only one or two seconds. 	 cst of the Ground
hove::lent recorded on the seismometer lasted lees than

a minute. An inte resting o SerV_ 4 ()1, 1s that Six of
the seven fall cival:es occurred in pairs, as may be seen
in the foilo';:ir.G table:

Date	 Felt by (18	 J3timated (mciified
people total)	 t`. rcalli)

8th Larch	 11 in camp	 III

18th July	 1 in carp	 II

28th July	 5 in care	 III t

211d l:o:er.ioer	 17 _.. ca _:-	 IV

3rd .:c-: _- giber	 2 in C=.-: , 1I:I (c.=, -,	 i:: .

at -aucr 'y

24th -T o v e 7.1bee	 2 at	 Pc int III
2 7 th _ 'ovembe	 _n C_­-''7

£.^ti- ticm sf fei intEr^iT^-was `te==-d-' is It GWin-; - -----
to hign wind veiccity and poundin= surf-.

	

aes :ere is entii L	 ro itively .

The author is Frateful for the reneral co-operation of
4-e 1 c 64 A" ". p ::1TLy a"'(1 li: Zr%11' 	 Li^ i1CT	 assis tance Of	 lic^:^. 	d
and P. 0. 2'.unn for ccntinuin^ routine recordin- during; his a !-ser_ce. on
field tri ps. A s pecial mention is due to i:. Stair for Frovidin the
clockwork drive °rhich en-.bled the normal-run 	 to operate
for the ]a.st eiGht months of the ;;ear.



19 c Guar. ie island caoi)}w.;ical
observatory vork 1%3.	 Bur.-''in.
HesoU_ .	 Aust .	 az	 .	 -,q6,-)/23- 

.,	
It.	 J. 1 '60 , _. 1(^ll r7G	 iolzi r t̂ '	 V'COhl rSj.(' ?1

clservatory r:or};,	 "95 9.	 ''i. ir.	 "in.

^::^our.	 ^^ ust.	 cc	 1	 uC	 121.R	 }'	 9	 /
L?3PI) ,	 A. 199 GeoplWsical mrle tit ':acquo-v ic Island,

1959/123.

VZ ER11:::L"..s, C. E. -...cquule :slr nd
`19CO.observatory •,:ork,	 Bur.	 '• :i.

_—Resour. At: , :: C C.	 1 061126.
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--noto;7nm)-, il.q,ri

9

.:agnet ogra-ph :: l e :e n t "!Cale vn.lue

S---jc

H 24.7	 G.ij 5.1

^ ,D. G	 0. 0", .7

Rapi d r ,—,n D 1.02	 0.01 -

5 .4	 0. c1:2

Z 6.3	 6	 0.02

D v a I v Q z in m r, o e-'

H and 7- values in m;,a!=as,

1,

TABLE

Vario-meter	 oricntations

ro iC

:!orvi, O.q G + 0 .3 
0 

),as

74. -
	

0	 -C•7 	- 
0

•

Ort h. 0. 1
0
 + 0.1° EaF

7129t, 0.00+	 IT orth

Vari onietor	 a 4, e

Normal D
	

17th 1,'ovem-er

H

Rap -.1 E--n D

H
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r	
artr .̂oxiakes

0	 El
1, Toland

_

Recorded phaso,'i of all ma.icr eart lh quakc s- have bean

k re-cortel	 't-1c TS LC.	 T he t	 lled 1CO 3	 incluein^-7 tcicmeisrs, mnJor
:a lt t	 i -., z , , ct ,	i n -L	 t

—e li"t ,lor c---t1-Q rnCor-lej at

1–" ,i c q, t! ar il e	 z 1 o n d ,	 nor.c	 of which ha3 been recorded elso-where.

"ILE;	 ti,-.e ! i st(.0 u:,1'.	 d,"Y, houa7 i -.i",U.e

0,precedinC,	 1,?iu first recorder: (irnrozi.,.1bly 0 . ':he arri. •.ral timas

of other 1 ,;%ases, if aro	 riot;

211018 220701, 221 603 23 1 21 5 241601 230245

291557

Jnnua-ry 1964

011307 011302 050955 080015 110202 141 04)

170624 181608 -1 91'(90 211 405 230130 241249

250900 281942 302205

Februaa72,-	 1964

011315 020059 02.2 31 2 042233 042250 100145

1 c03 ,11 7 110035 1 1 0041 1 1 0550 120331 120553

1 2 1 54 1 122236 1 36C, I C., 13C` 11 2346 191 52.0

202257 221212 2 303 Cs, 5 70 2 3 -3 2023r9

arcl,	 1961

011308 C20333 0204 35 02224 7 040702 041 -i	 i

051819 07201, CS .408 N2049 091CC9 161 4

181259 181722 240106 250224 301022
r

J

07 1. 330 07193-4 112022 140600 -1 40820 141120

220::34 22 1-j G() 232(;4,("4, 2 3 205 c."- 2 3 2 -1 20 240605

292121

123z 19(4

140601 1,10021 1 eoc- n 1 1 e!: 6 4 4 1813-1 281133
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--,j,

1835	 1 8095 4	 -181604	 1010341	 ;^O- C3	 .'210:13
2;)2012	 2%0523

1	 10'A

v3i^ 7 110553 34 ]81518 r:1 Ct2C =2	 ----.
-25020; 28210? - -	 -	 - -	 -	 -

020113 021034 03,449 031551 Ce0207 051123
2i,.;;- 3 1 1/C=26) 160F41 2017

GOGCo 2 7107-11, 9 -

C31433 130019 13230,0 1(",0003 19(.014 20C240
220712 221337 231554 2.31737 2J234

October.	 1(64

C- 1 1 045 040920 030913 140220 150648 162212
171739 19214 7 200739 222230 230154 241655
271237 290800

November i or.4

01 1702 usuurl^ U ^i2 0522^r; 06 i 1 43 "%60319
100555

2 11 9 1 9
301520

112002

221713
id02J8

230.-C
-_

1403 ^2

23122!
15.;:^t

2;06:04
2003.E

27r	 -	 -

C,51926 070926 01;1!;43 081500 081;36 07231 G

Six ^-phvses were Pc:,itivt' j 1dent-iiled. :1=4-1 tunes O.-f, i }1^ iu3:ilTilc^^are given in G'^3  ̂hours . ,--.d mminutes --and ^cn :J ni i117ii^^ES.

December 1; 3 210709.5 	 Jul; 1 064	 2606,6.7	 261F55./
ru^ust 1u4	 3CG650.3	 October 19c%;	 12r,9^ 5,2.J
December 1964 060311).3
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0.^ic'-Jplt-^ar	 lCj	 't..0

,A.C.T. and Southaln IN; SW l e.  6

by

46-J. r

i

I

The	 cor!E 7 -.e,' in this re pc—t has bc-ti cb%*o ,3J by

the D.-;y'rrx. .' c'	 Cevel:: -. en f. as 7-•l 0	 .1--ficy

, .. :. I 'on

in

Cl	 :o z: -,- -t in -,;e e..;:* 

C7 ,	 rt."s :-:c -

any iota or ;3 ,j in a cc,-, p a ;y oos ,: ac:u 7 or ste;ew-tt

of !.,-e
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C-RtV	 A

5.
6

6

r-; 2	 t	 t	 i 	 c, s

2.	 Of	 10

3.	 StAt-*-n ­'icto^raphy 12

_,)7' 4.	 Z'stabils'n.mont	 cf	 e'i,.opt .^r landing Yids	 16

0;

I L' ;77, AT IC-I'S

v I

Plnte 1	 Locality rap
	 (155/32-30)

Pl-ite 2. Geolo-lcal nip
	 055/32-21)

.,l	
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^32- 18-

Plato	 ar1c_1-`Y T7
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In Febru-1.­	 1966, the _-.uve_u of M-1nor-L1 Rasourcej

I	 -	 o f t he 1juot,'AIi an

	

a 1-ei;..	 4j

	it  '0!.-ritory	 a part C *' S C u h c- rn	 Sout ". 71aic :.', Covering t

-	
':1	 -	 j_-. -^DUL:..-j,	 ­­,:1A:.7J:,1=. V, :md!---LD arei:3,)f

rt yc' t l, o tochnique cf	 i t s',Uvo ing, by

lS	 cl	 N011	 U y j

T' , e L1a;4!vr	 of t i e	 zas to train nev.	 -_nrscnn,-1
-jWint^le Lecl-miques _)f _,rjv-tv	 by holicont er.	 In additin, the

IV	 as CT- Cecoi.^-it-, 0ra%-:-Zy c- n-mvl	 If ilas-tra `	 -	 nl.cd,- :-io:- a! r	 -mar	 n--e
assistin,

The multiple-base of '--arometri: 1-c--jitinu- vias
t t,	 7-	 -	 -,,7 • the 	 v-.1" ,:o17.-,!e`nod gec-r. l.rh , la"	 :i-d	 --e^-Oor-

-c Ic 3 i c _1 -tal p1ain,	 the inl%.nd tablela.ids,

a:-.d	 t:)o	 -"-^)Sclus ­o	 L^OLVU it	 Ls	 tae exte. ,..-14 ve e1eva ­̂-un rLLnoe
-_
c= sea	 -evol tc^	 f t i^t	 --:ac	 in ac_-, .racythvt	 11imitat-1

o	 the -ji-3cent 14- —	 ' eve " _ink -..3t_	 -ould 'ccof bnroma
--ev,	 The	 re-*,,l-,ol	 of v	 are	 'ejc!-ibed in a separate

re_ort ^"wodwic %:q	 in prep;

An,pendiceo 2 -i: , d 3 Ieooribe wur'.-. carried out in conj-,.Inction

-vitli the Division 
of 

3--ational '.'.-Apping. D -; n th cours e f the ,	 -jr ^	 e	 ^; c,	 s iirvey

ties aert-, r---dp to points esta".imhod by the :,ationa. ',-:ap,;in; e-ovation

meter. The results a ,.•e i , reser l o,; in --'ippeml ix 2. A,-,)cnd-;x 3 describes

investi^ations carried out to.into-none the best way of obtaining

Positive identification on tha iorial rhotorra phs of t",c station

7)ositions.

Investi 
'
-ation into SPOCial operational techniques which may

to required in dil
l flcii'lt terr .. 7_n, uch as '-he ciear 4 n,^ of hclipada,

was also carried out. This vcrk, is described in !-prendix 4.

This rf--)ov^ Is	 a	 ass-ismo.%'^ c'L ti-,e roo•.ilts

of th,_ o , vroy.

The sw-	 ,-v-rod - ;,rts of
	

d L-,t-i:.c+.	 C:-1 pi vJ ncez:

t 1- e T..S7--n G,_-osy:-.c .	 and tine Sydney B---: s., n .	 •

Tl ,. t) Tn-,

J,owcz 1'0.1aeo:t oic	 cover -,:lost of the suj-,oy aiv.a. :'After

depcsiticn and up to the end cf the	 =iod those rocks vie:m

fanit^d, folcled, a-ri-1 subjccts- 'o ro-ioral -et1m0-r7h-1^Tn. T, +110 ' ate

Pund	 Granitic J.nt-rLsions ;,ith as ociatcd
` •omlr nnt faul's

C1, _U_ 110	 7	 E^

i'n'rus i o— r7hich -and	 of.	 1 -1. 3	 avor, i an an d 3 ir-,ian age

cccu:-, ext^-,nsivel--.- 7•	 Tasma ,	 Ser­e.';inc crop:, out in
CCICTI _11=	 r.1•	 na=c--;7	 ``Lc •_1

Y&SS, ECU:h thrO I.IZII L IrIC	 idCS1?rC_'d aCld _avi, f!O--S Of Ui ,Ile

1z2.aeo=x_2sta-1,010	 the	 but

uz v n t-	 je . ,^e 1urir tl:v -.ir_c z o J c Titre aszcci Cd vi h



c1	 `^: --12± . r1-.1^
rJ c?.	 t'^_.	 to i^V	 rQii-1^
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,sin.

- - - - - - - - - - - - - -

7,:ck 7.1nit Li	 ol oZy T'i 1 c'r2l ta L; 5

'=7

rnarA luvium S ., .n,,4 	 and
de,-,o:3 is

Te z—' Ur 3 	 sel"vent-s
ri Gr- ve'	 _̂ I c. i1at 	 -'- yin,"-	 20

a o al t

"On-

Ter, :",j	 data r o	 d,-i t "0

ozite but ::'03t

r i3ivC

p Shoalhaven t r"; 

'

?01	 'Dy

Group 'Ztono'	 axil-I	co 'l- a bio ._'t	 '10-a

,alomerato bltz-tlt
T"o .: '	 r-ast

Clyde Cual occuzy izol-	
+

and lenticulir at-id

ccal se'urs Ln th,'

semfmt

n
r,', , :vician ded y

("ta	 ia	 t I'lly 11 1 %::.5

y  rt i	 s vavu

Z ar- dcrivcd fr;,:-:

A
f	 J".' e	 _-1 1 1 S

Bay axca -.uid
'^y zi1 .jtioa.:;	 ' :ale	 U-Z'T'Ur ^&^ineIl e	 Group	 (fc-r7--^.-I	 ^of tie

Series) C_­o1^ ou, hese Generally

rust urccn-fo=ably .,n Lon, ,-ir :ind :.fiddle :-'a1aeozc-_:,o -ocks	 n-hich cion

out sout"11 al ono	 coast tc.—	 Lm	 01	 coal-.
	

_̂ ^'2:aa'

a	 "^mc-m	 0	 .^Xisz`	 in	 nl-t(7 c^'r: ot	 Ile	 J:" ,r	 Of t..(2	 sho 1*1 .1.von	 r,—,)U:).

3.

7n,-? survey 'accord wass t-,- fir"t	 ccm:.r--.hensive

raLzic. n.	 L?.r7 im er 7-	 Jelov

.7 ,,^ry	 of limit-2 ,1 erl en'. —	 t	 '-a 3	 ecificcn D	 S7"

i n	 Ci _r	 CLX.,.'--.17
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o--,,ncjinn

: a..x	 ,j o , 	ed
L	 cy	 I '. n a

•

anbtorr,.­',ucoc-	 The	 of the-c

_vz are In t'le form of t-c*,a' Y

C l

T 2 0_7L ^	 i nv f; t i

Via. -the
_^ra o f	 7

A 1^

1- 2 -	 L.-:-c	 J!"'; o	 n .nl	 ^ie	 yl-^	 et	 al,

A later	 -atirl
-,	 'h	 -'el'thCA	 !72. 1 	 1

'd	 4-11 ­`-or of

n	 : --.io	 Snr),i-, to the

- 0.'	 4^ :....:C(?0

x t	 a

:.n

J	 I	 to 2

A ..etaijed coic.-.ic r(_, fr%cticn :;u--vc,,, of th-, i,tk-_'	 aiva
I	 '_ .	 ..:d 	 of L•1,.:-e

.
orsc: c::: and	 19^-4)	 th-0

-)n

	

e nd o"_, tained inf=..at',	 :j 0 eic_.:-.ic vcicei l iess vi...', b,lzc_-mcnt

CCM. I '	 .__ L-ion.

I' llavitv	 The ".,'ur_au of 7,lincral	 hts com.-det•2d
Ij 4-	 1	 -

rez,.-ia' r-ravityC'

e.i ­.'neering
Capt_-'_-n:3 -'!at

are!,

a keen male in	 Snuay 1-ountai

loro 'll n _^13 Ll-ld n the Lal,:e GINa-Co

S C	 y

%roa K e	 6	 d

U­ 	 ty of
The	 Cce,'	 and,

rc-la	 ' f r c a
S-Y-ne-y	 has	 Liriv -21 ;c-.

rai. n	 .1	 a

on b-,''
Zcutbez

in the -,=teiaa -;n -a	 t0
L	 T_

:1t&_ a	 nctv(;:'-_

Ea-sin

r^j'V e 1-:7	-..-=s	 aj L

	

- tr	 va-^ lable	 arosu	 C:L a
zcnt Jc7,th eotiz.^^tcs have hean T.7. r'

beciames shallow'_-r

ctrl ^ -rom
S­,-r-t 0- 1 a::' o ra t n -.-t y Lt d.

ccnc01;- Manvs a::d ba&e-
The e-ent", estina-Le	 rd-i c, it e

nurth

a	 s=;ey	 and nr,-­ *i jYA:R_	 in 1 ')61

rox--- v 	 alandoned whea no usef ,,--i. re ,_, ults v;er-, obt--ined.
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G-, vity
	 A sozii-detailed C: •avity su.~v•.y :: s pPrf omod

'Cr ...::. ..-art O il	 .ora ,- ic:. -,+	 7 ,t L' -4 n theJew -! 	 ay 32'^ In ^ ;02.

_czor: on t".iS	 -voy ha s I:oi beer puhl C:ieQ. Ticst of tho ^•jor: was,
in	 a:-,d t.-Le data for	 1,ave n .. t- been :sad as „,-et .

_crn?hCle3. ti n ,=',,-1 c" bores :lave teen d:^'illed near Je'rviS BI
tht- e`- ' , U.ra'.Irn of Ccal.	 inch:!^ ..•:S:_i`.'son ',o, 1 04.) .ft `p

:i.:^or..:o	 (1JC ft T.D.) 'lil ^snc:l3ian {1!+23 it 1.	 ).	 -

4, a=n, c> ^ Tn• * ^' J .r rl^•-^:r^.n`C-1 (	 T^ f LJ
• 1 • L'=. :1 !`	 sl — - .1 :1 L 1 -. ` - ^: :1 1 ^ 1 ♦ ::1 1 [^

The	 _ _..=. aly . ap of
=aj b•is ed on 15 - .:;nute moans -=: e _-re

c •_:.; of 40 Niles to -the in h.
_r G ; .:o ,;: n_;vi ty pruvi ces:

t'.he area ani r•agio nal 3ouguer a.ncnaly
scnted in "iat'?s 3 -,n' '+ re:.__ectively
Tho su -_'ect Area has been tentatively

( 1	 The	 Rec-icr_al Gr, nrity Con:'1 e:. (lab lied " A " in Plate

The ::u	 regicnal Gr:.vity Ccmplex	 "n" in Plate
3 and 4)

The -20 mi_lie:il BcuGuer ano=ily contour, sith ::.:1 a_:_ .v::i:--ite
north,so-:th tre::d, GaSSi':1- th rouCh foul burn and 3zcut 20 .".__e i to t he
PiSt Of la :b^T21 31; Y:O:tli'3teS to tl:P hC'linti3^y bet,'.een the tl':o ^:rov3 noes.
7o the east of this the contours hava a m %rked no_t ,- -ortn-east t ren 1,
7aile to the ucst the tren •? varied nort'-. to north- port :-wect and is
conformable •. p ith the geclogical trend in the area.'

N,oraro R e- ional Cinv ty Complex

In the ?.icnaro Pegional Gr:.vity Complex, the values of tho
ucontor values reduce .3m,: othly .. rom a P iX17u:. of +^:) -,Ca l.-^ at ..1e coast

to -2C gals is sc ^h- .ast G0Li13? ?:.. T, is la~fie	 of-eat ..: ,,'c:
Cut local . eatUr •- ^o,	 . _CC., .:n•.7C-V2L', ._,. `t b'	 en	 ziar.

is post^;'_atej the— t1:., srr,-r..._-I oLtn. trc.d ca al p_ „V the ccazt
ccused by + he ocelric t`lirnin3 o_' . :o =.zt.

Hume Rn-=r-i^ 1 G-r iyi t"J Comnlex

11he Hi ,—me Re"_o nal Gra-rity Com plex contains a :iw!ba_ of smaller

hq	 on Fl ate 3) Th-L5 is 	 positive

ougu?r an =. al feature, ct: l:._ei about 3 ^l le t  tthC ncrt :-east of 1cke
George. Tt is consld.ered that th e? feature is caused -̀`v basic intruslves,
m-ta Or_^_oscI t  o_=vnl.-,olitc (:.e- i, i jJ4	 The featu_r$ COr-ruiates 111 its
central :,art r:ith basic intrL^ ° v e rocks r :ta^or;hosed to	 and

IS 1.

(?)

The "a 
b^rra 113?`?7 i ty Lo._ (.uc2.). This is a la^Fn arcu:]te fe:lture

	-th '1 minimum -0L`^'^P.r __.;.`.^_^ .	 - ue of lecs than -40 ^ ^^ i S, ')--1 ,h
occupies the acste=i part of

	
The weotern .b::u_Zd?rr of the

featu e is cicwrly deVinc "I b:F :1. ::.C^.re.ae :-n	 3.: umly of 20 mdlii,rals
it 44 ..j:ES. :11C ^:'ItiC	 the	 -:if.^t .a--d:1C15 ',1iE .rcJ	 C6 3I:1t,
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a ,- oat four	 to t'.-­e eat. ,:u,- off the

bL -)r dates genera i -.-ith t.-.c Dca'-ir.

the
the!.:I-; t he ca ,,^2e of t*.'i'2

-n ccntra.-.t it
a	 ao thc :Url

aL

	

e:^ten7iva ou-6,.:­ 	 RAof r --ni e
lov's

T., 	t S c f
Th Cr'lvlt-,

c n:
the

anlinur-s lo c-s Mllr"	 south	 on',
Of Coc

-ie	 eder c,	 •
--,a . ^
A t

	

W^	 r oc:  t	 f
%

_.e	 S of	 therefore
CC1, 13­1 C;

hat 1c. -i t -are  rface '-,-s4c

Gr	 Y cc?n --a-- :e_- 0.2

	

...	 I
f	

rZ	 an;
c	 c	 A	 k_6 ),	 - ...,rth-central

n	 na	 e d

	

f c 	 -.:es

	

7- jo	 ...at  I -i:-- -
ments.-ht	 se"

C 1i i cn 0 0 u t3 roc!:s and ^ 7 by I-r,ativ-iv	 ts*d	 -ele-:clo nen, oul . ce th
.^jj fcur fea-tures aznear to huve t,
!:=.,cy aria a-,d there-f Dre Nava not been name:?.

5-	 ',CL7T31 C, S

T'-_-v,uz^h,:ut the area, marp-d areas of bac-*Lc and Ult ra" a --:;c r0c"s

correlate -.--th Bou= :uer UMGZ^11Y 'h-;:h o l , v:hcroas the rel-_ticn

ancmalies and knov.-I gra:'I've =a- - c- 1; is rath:r a::,-
	 7,e

'.:-arrur_bi ; g7er% 3athol-i th ap:.ears to ccrrelate with a large ne—ttz-v

anomal,y feature, but _: n other parts of the survey 
—ea, •.rar1ous granites

	

f" t	 ' c c inThi s nay inlicate a fimrizmentals.n o^, no sacs ccrrel7iticn.
the or.-E:-Ln of Uran.J tis _tic n, rather than of ba l. liolit' i-c ori,-in.

,",n:•.	 r-,3io:,-
Tell.the

i	 t *,. f---	 !le rvo d i ,̂̂  e c Ga
fr,= 3e-*

- -
cvla2ncc_.	 the	 L^ t	 :. " C ru I-	 . _Y I '-	

t e: 1 to
t'.C-	 C'7uz

'e:  occan cs7 es 0	 u	 L;-:r	
cc^sjtive regicnal

.3..- Cuesancmalv in=-_^%sol fr_:: 7ezt to cact,	 .;ith

- -, 1-nF-.: rtla -- — - 7S _ — - -
the Bc,^&^er _­.zxialy contcars-of

arallel t =act -.;::e	 !7	 i n -the T?^5:--_n G-_ 
­­ C^	 o	 T4-to 

t`-:- 
,

07

h o r	 c ĵ n c -	 d that
t	 Tt "IX	 n	 La	 ntl i	 c 	 ''

G	 : s 	 in ..-.e	 -ma, Y r attarn.

6.	 C ES

15 ,_ 9	 7^ ,̂ jc_	 zm; c Eecording of LargeSc;
DOYLE", F	 I	 -

and a­Dlosicns in S.E. Australia.
2,	 222

230.

nor, ,	 =7	 0 1), -2 Seismic Velc^^ lt_̀ cs from

Lnd POLAK,E.J. a-cniosionz of.", the Central
Coast	 of !-Ie-.v 'Soutn "..'ales. 	 J010--M.
2,1(:1.	 Se,-c.	 Au -..	 13,	 355-372.
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1559 : cpl,i::,.to ry No`c" to thy,
'•r_ 	 ' ^.ccc _li •,- ..i le " tr lltary
Shcet.	 G .- o".	 Curv• 	 c:	 .3.':1 .

Of	 Lj
Tr•.ver:.:n; -.,_th	 ae:ico;^^^°rs.
?^,.	 ';	 Rey	 A::l	 Rec.
;;u2/ . 34-

j ^`£•^ ;i e Le :-	 r^ o:'^^;

	

%- 4  ty S`:: y el^

;_c •	 1 96,112 1 .

A:1D ':4_1L::L, ^. kr

— r• •.v iiiY?^J..:"= '.•. AAIr4 %.;,-IlR iµ`?^-^►' 	^.X e.	 Si;.

G. D.	 Th y 	of 133rometric
I	 Li:: on Hc_ . --opter

:tec ^ ur.	 ion .

1:64 F"'lc::al ^i!"iJiy I`i'J3St1,^" ^1C S
in^ ti:a Ea:s y cr~, and P,:ntral
Co=onr.ealth - Dent. G-.c l. an i_
Goc--h v r i cr,	 :,ivy rri ty c 

19u2 Reconnaissance aeolo;;ical
Surveys: Jilc:ualla 1-mile

Killtarj S^:ect, and Southein
part of ii m jari 1-mild
'iilitarj SK-et. 3e0i . •"u-,V •

{

7, 3:u1::, Z .J.. 	 AND :L iT, L. 1964 Iba Lake Gjor^e Seismic
Refraction Survey 136,. Pur.
^:^ Rei-, '.us` R_^c . 1 Ioa;' 1 '8.

1 ;61 ^,L—, t tn:,	 at at:'. 11 f erGus

1962 Roo onnaacs .nce Gx-a,._^;'Oai.ve,rs,
-	 u:e'_rz	 coDtbrs for Oil

So _='chi in
V

us- wilia. 2-11' . la' .
Reso=- Auct. :lcc. 1 ;621130.

t
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Ecli•-.07ter 1"ours:

Total days:

n	 chan i cal
L. "nu-dog::;	 duyL; C:
c. CtMr
d. '';-- -.i t h e r

2CA1.01

1 8. 25

2.00

i

11-ays nL-t revaired:

DaY2 tnversin.-	 abandoned:

(e.C. 7., c--- conn.-----tel with hellipad
cuttin :7 , _on- trans ,,s, micro--
barometer tes's)

.,.lops:

jLoops re-flovin:
L

,le

- Pu f"--,hts:

loons.

-cmbers-Z-11- OC-	 pl

I c n s ter. :

^^•^5j

-(5)

25)

63

3

4

2

/2 1112)

(/2	 '0/3

S7:_ rley.	 1112	 30/ 3)

	

of, T,	 i/2	 30/3)

	FT7*:--ns, A .	 X5/2	 1912)

2,
copter Utilities '-r-ty T,td

	

-J	 2-t-'1 1 5/3	 '/3')
24/ -I

)'

	

T	
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d, ?	 '21/3	 29/3)
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Al,]•Z;0? X 2

.n	 of

burin,_, the	 -curse cf	 he curvey f t_e; v:ere mwie to some o'
'hc ^7 r r :%ri-y et •itionz with th . 	1;ation al	 ele-.a.: oa ^etc2:.	 Th^
c:ev3t_e	 me.	 _	 .:cr:_	 by J.	 L'c:	 _ r.n c.	 the	 h.-:s:.-in of 21a+..i,n.3i

-;-j - n,3 and	 -:.s 3	 ._	 ,1adte	 _ :uj2ct.
.c.

^_ - T?^^? .S	 J:_	 G': l 	E'iE. ^,pr,

	

:-11­1._- C41t %?1 :CsG b	 t:lQ G? romel er and
the e'_et^^tic..	 i'he c_ovat=cnc of _t_*ierc 6^^^5/0235 anc 66 o6.9C09^.._	 _..

~^.,., ^ _o:	 r -'_e:T -_	 _on	 -'_c at4On	 -

i 	 eleva'.-onj	 ,ra c:,lculate•:	 _.,. :ourd to be 15.0 it.	 I 	 .--t%%.ion
'6c-x,:, - 35 .s	 .r d -.he br-c:-cete-i value of 6: v6. "l is used then the

lv	 rj,	 jir^n v::@	 :"lu3rG^	 a °^'1at	 on of th ,!	 c_cvation 2

..ter	 . __ . _ ._ ::1 or the .,_ :'
	

2 to 3 ft _n"	 Chat of	 b.1ro ct;,r
♦
;ilc

i	 UJ . ". ,c, rr_	 ....^ 1 %s i s 	 1 I . 0	 v thaa	 ,he	 1.rcC, I	 o (
	

X13 it is cns1 0 r 0 dft
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_U.1	 :l C;	 _?C'.(?:,. r!: I::1._.=_Cte*ti 	 Eil_:3J	 .-'e
of -	 cna. .'^.ppin. - :'c:	 _ cor _	 ;:1 0_° to o-

_ 	 Ci r 	 T ^'"a _a ` E :...1 :cam _: • l.:C i Q _L-̂Or

__ ._ _ .tai._ r t>_-^ •-_ .t1G:	 l;..entue ^:o:l^_`:ely
	

---

'teen i.'e	 won	 ccu_ ;:d -y tone . _.-._tf G'_.,errer L 
_J" _- Z C:l  IS filar_ : 131 O , an -?ria	 h-_to,-, :• 11 by m-2 :	 Gf	 ..11 ' _ _	 The

....`:'.G:': of .^:.t_G::Fl^ ^!.•:^_ _ tln ;n'+.-' •__'eC{^?:. t:,Pa2"7S

vecc :i -..ti more .iDs., t_:e Mc:i:. of .:t__-c _o. :n
:J -̀og 17hS.	 ­ ,-wort b- 1 . he ` z?rt of' he	 C'1 ^f

1:'	 i!^-3 ion s at	 e

K. Leppart

aim- of the irvectiga :icn is to wor l,: out as econ::- l c zet^od
of recur --ng the positions ..f	 2's:_'ty ..,at_Gns by :CtO^,r _ .1C mcCans
1:• or-'er t0 :ransfcr th em to h_;y al tit de . ,ir":e rhGi C^ra:•P_3.

Three r:-ot ors have begin irve^ti^ated:

"ethod i	 At time of helicopter gravity s; rv-2y, each ?,ravi ty
ctaticn in a 1 : 2j',030  a-ea, o'-• -an t: •.^Meof, to ie :7arfed

j	 1-^iccei;; with reasonabi^r pa*r-_r. ;t ..-terial. Cr. ccW_leticn
of the grn : itv Z _r;ey c° th=s are --- zZir	 stat-ic ns to `toe

. _ :-•--	 --	 -^.^;^_--_:.=_ -._ _ a .:j- - :.-,^:.::.	 i=:.^ _.. fi:: ^ -,y in- 3i_ci•2 t.
_o . e take _. :.ea1-vL ~._C%' 	 'r-•:2 an a 111i6,1'-? ,'r.i^i:

ct	 -- =-- - -- s =_ ^^{^^	 rr__= Lo Y^^^^e_- e mailed_T	 - - -	 - 

U- of ^G'-----	 ee ry b :oi_.____ e po:.	 to be
_	 J

5 fff ; ^ef3r,: __a_n 0 Lt the nation.	 e e.:.ct _ : ition of
he g_=:-ity St3tio-n i.' then - ricked cn the L rf nt of;sr lar. ing

	

±	 e ^:rte• _er
o. the zosition of the	 :y station from the Polaroid - rin-t
to the S:_"Tey "ti"'^.zO^T'TM" C2^. be G!:? by ESL°^ t iC^. G^_^ jr, it

tj	 ;e

;are of • s :, i0 S.1 __^Gy113, is _1-h is Gutside
tae of a i__fcra :`:	 s:e-eo—_c, -

j r -ttc - 7 Use G: 35-= c: =s -- earth f - 3:. .--- at time of
}ei_cc'e' 'n"G:=`J	 -7°y _nn	 -r-17 31..2-._on is to be =_-rke'd
:.- }	 ^:.^	 ._.. a	 i	 ...ter t o 2	 1'- a a n.. 1	 1by e^__•o.mry +..._^+^	 _ G^_arl t	 1 ^.1:7_i, ..IL	 s.1C0^ av
ire Gr	 the h e:_CC toe= _. to Tise
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to not lees than 5)0 ft above ,round ; , nd a near-vertical
,no`_or,ranh is to be taken of 'he :^arfred static.. Tr,i_^.sfer.

.^	 r	 t survey : n_-graphJo :-ia red ^osi..io:: frc:r %:i^a_^^3 ^.x_o,urc o c^	 ^,.
^y ino octio.n of ti^t3il•

: "V.1o3s

o^ 1 ,	 io is „:^e be	 of	 t:lie	 t^:ocs, t.0 is v ry
.. '	 tcly a.	 iiclicoa_

	

ao^ :.. per ^t:`ttcr.-i:,	 ro::_rs:L	 Lost
n:- _^^: is bet::cc :	 ar _ 15 r,i.:..:tesJ. cr st.ati:onv ^::cause- c--=-r':i:.g

'..C:^.. j^coial - Aoto . _ !:!h' :...., tc be .^_=1`, -LnLed -t t:le en of t1 .e
.:"Tc^i •	 mss method :1ou1d give t=—

	

	 ie boot r'. zults because a ste r .2osco iC
­Lnofer of the mar=red station cot. d'tee obtained. The- failure rate

l_._.'i ti.e	 c ^ lo^;.	 to:•:...^ .Me ^'^^	 i U" 4.i : .._"te a o bo ^_n cxccss
if M. T'-.is method is rot rcco=ended cn eccno is g;rcunds.

" :10d 2. _'i o -,)p1 ; c.tion of t'?.s. method •^ula result in only
e 1.:_.a	 nel-'ative. . Pclarii -a	 vita f = 1 .iQ "i^.. .zl^ IIJt
:31 a _C. 1h area :)hO1ocra:}n ^ Cv	 T.	 '' =	 than

	

1	 's Ola^oid C^^,..a ► i s zmallcr

	

•ne t_..'ea with an f - 25 mm,,, 35 	 ?_Q .7= ca-mera. It is :wither a mos•;y
,roced:re to fix and ry t a ?o1-.roid )ri.nt in a cro-.­ded '.ielicort -_r.

si den .Lfl cat lons of the u.^ .--,Y:ed ;-nvity ct;_tlons ar^ to be feartA.
he cost riouId be about 30 cents ::or print. 71 , is L.ethui is not
coven red because of an anticipated high incidence of .iside:,tification

:ntnod 3.	 7-his involves the te-:porary card=ing of the gruvity
;tat:•,n at the time of the survey with choa p cate=i _l in a ,:ni'ue pattern.
his can wither be crone by the helico p ter• pilot at no toss of flying
inc or by the observer with little lo,s of tu .ae.	 iest:a conducted on
.he Car:borra 4 Blue L-op have sho wan that :,.n S- shaped- mark-er of _aver
o:;elline can be pinned to the ercand in a_bcu` c._:: rri :u a.	 La+,eri^l
:osts .:ould b„ about	 1^ coats p e r. 	 _ ratio_. _ p lus the co=ts of film,
Lecelopit:^;,	 .-_,nd ..,-,o	 ;_Iich	 to 20 cents,	 mal:in_g a
.c al of -0 cents rc2 ,-	,t :tic :.	 :ii:. ti=e- it takcs a h-- -A, rooter to reach
i:.-\.•-a,..	 .-u.i. ...	 ^iUia:1 `^	 3 '.---e-.	 ...	 C.:^i^^	 to	 ;dn.;	Ci^':^.:.-tJorri7._..•e	 fgrI

..}.
	

♦_
uer.^^•^y'- ^«Y

..^. ^. rte _	 .ri :^ ^	 _v /^I	 r: v1	 ^1 =1^; i).	 ail	 I.....	 A:l L-^?i-^ vc'r,'s	 E	 1l.	 .a.ay ..^,	 )r	 Ci ♦!11 	
-_- --	 -_.

i...,e.	 1..	 total )les.^ in _ -y,r_.	 tiL2e qua :c	 e-	 el., 	 - -.^r	 -^ol7H = _ -
hc^ mar.._	 ::ate_•iaA anc d;:c cs ri in; 	 j	 _ ft ab:;.e the . ,^.ti-3n raay

.r'1Junt to v..	 ^r	 to ti rJ. .	 7n-;s 	 url.l^c. _y' n 
l C call	 e ..n :: 	 lr?- 	 n l 	 S v "LLlon

c tZ 2.3•; F .	 .,; a ;^(Y'j	 ^i	 .. with 2:,) _	 at. c	 ,	 the ^̂ jil catlOn
/ cost	 ^Thir.f this -e'..ca r:o: .dr^^:i-^.:C^11 ► -	 C'J.	 rcthcds'=C,c=ended-

-- ad-^-icn by the i:.".. Gravi-Y Sccticn.

:' 11S Of "E'CO"!er.dU i M2'}`Cd

'_T yne of ounex-a. Ar±y car-era with a focal-plane shutter, with
nti ,, ^tivc n iL^... Gf j5 a:::, x 2'}	 -•

i ^ t e-ia]	 ^'iltC T 'i"Er to'7e1	 1'Cllo -- ­ id-, ] 3 used7^
:o form an L or V of '.Umsnsic:?s 3.s s_hczn in _-Ij1e 1 bolo.7. 1•h? r ,er
:c be T_=c_ l do-:. `.:y .^.t lei:.- sL._ ..soflr _ r'X c nith ca d .car,! .,r ot!1^r
: o` =torial	 Oti+tDee n th a-_ar .zi rl the /-, e•`_:3 of t.1e na—; .. The
:owe- of the L ca- V to roInt- nnrIU-i.

^• r^cnc	 _.J	 :.ra .ue co	 ; f r :c.v,;	 ^• •- by ^c n ^_ 3r	 ., 
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S C , VARY

This pap er Lescril--cs a teal;n,iaue w'nic% bas been developed
to contour aerom—netic survey Oata or other t}—,-.es of ;field
d ira col l cctod in th e fore., of linear rarall el traverses.
The original data is pl otted first 1T. rjllln V1C1•' a.IIC tILCE 1:1
cross secticn to chec'.•. for errors in any of the throe co-
crdi-hates. Then cti fitting in tae ?east squares sense a
curve of suitaH.c orccr to the mint under consi,lera:.ion
and a selectee'. numl-er (n) of tilt preceding and following
points hiph frequency irregularities in the values of t?is
data points (; nerally reforred to as 'noise') can ce LUT11-
Trized. In t?:is way values can be adjusted for all but the
first and last n points in each traverse. Next, the essen-
tial points of each traverse can `,.e selected (maxima and
minima for exanple, by using the first derivatives of the
fitted curves) and these supplemented by a selection of
'fill-in' points, fire density of which is determined by the
variations in the original profiles, and average spacing
limited by the offset distance betwoca traverse lines. r.x-
perience v-1th aeronagnetic data ineicatcs ;.h,-.t tt,is rethod
will permit up to S o l it of 6 points in each traverse to be
deleted with the rer-wining po i nts defining a profile l,^hich
agrees in detail very closely to the original.	 Tale rcints
finally selected can tb,en be contoure ,_' direct:y ( LedTJlc=. and
P.ait tic , iii:!) .	 T`.e nrogri.^.s are written in Fortran and
are in use on a CC,C 3-200 mm-puter utilizirt,- a CALC0%T 30

- inch-off-lire plotter. ?esu_ts fare sho • .n that Cie contours
^.	 prc--aced using this techniq, e a-ree re-rrkab	 well	 r.ittl

tLose plotted fro all the original data paints, With a re-
_ duction in ccr.:puter tire to as little as one -cuarter the

original. Indeed the z:ethod has prove:] to be less e::pensive
titan currentl y used contouring techni(-,ues, while the final
contours honour t l-,e, bricinal data poin"Is accurately.
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1.	 INT!2ODUCT IO'!

At "onash. Universit y it has proved profitable Lott: in tenr.s
Of efficiency and econo -.y to develor an n , itomatic centourin^ , ac=:ae_ e	 -
vhich can be used to contour field survey da-..a - the col::.oaring of
fiel;i reconnaissance gravity data (Lodwick and ::1-.ittle, 1970) is an

example.	 In ieneral terms, however, it would not '-.e unduly difficult
to continue contouring such naps usin g i%ell-established hand-drafting
techniques.	 :iowever, there exists a class of data ..There the
generation of ncint values occurs so rapiuly, and presentation of
the data in visual form for decision raking is required so prorptly
after surve ying, that the application of hand methods to proe.uce such
mars is no longer feasible. Into suc h a class falls a crofilahnetic
survey data. Here LraverseS of the order of'40C line r.:i?es can be
flown in a single day, ;encrating -as many as 16,0 110 point values.
Clearly c:etailed hand contouring with such a rate of production of
survey data would be a marmioth task.

Al reaciy, of course there exist automatic tec'-!niques ►:•hick
will contour suc,, data collected as regular point values in parallel
traverses.	 These appear in the ;.gain to use the wall-ynown
te ,:hnique of translating the original values to the points of a
regular grid, w;.ich is in turn contoured with established programs.
The problem here, 0oa;ever, is that a eecision must be talon con-
cerning economy and accuracy of the final mar.	 i:"here the regular
grid is nuite fine, com;^uter tine will b 	 ae rapidly consumed,
particularly where an on-line plotter is utilised, and this will
rapidly escalate the cost of production. On the other haj,d, the
selection of a less dense grid, r;bile keeping tests dos•r., vill
result in a degraeation of tae original information, since extrene
values vill onl y ;;e preserved u%glre ti_ey coincide with 'grid points,
and in general the values of the original data mill not be -•i-
'honoured' in 'Aetail, Ly contours so produced. 	 FS

i'.o%•:evcr, Ly plottinv nrofiles of samples of aeromagrI.o-tic c:ata
it became clear that tvi ain each traverse only a smell prop5v:ion of
the data comprised 'rev' points, e.g. ma;;i.mum or minimum values for
the traverse, or points dc,-iar'.;ing si g nificant change in slog.

:It follcwed '::at by selecting t ,ese key points, and w?:ere necessary,
_	 choosing intor:ncdiate ones to achieve an avera7e spacing(,,Jhich

while unimrortar.t in terr..s of defining r^^^:jor changes in slopes
are required to fix intermediate gradients) a considerable pro-
portion of the original data could be deleted, while at the same
time preserving intact t he specific features of each traverse. The
ea,%a to 'c riotte,' thus tr: -nsiorrs from a :?ct'v:or": c' rcfUlar tr,lvcrse
data into an i:-re--ular framework of data points which can to readily
contoured by an existing package (Lodwi.ck and 11-.itt le, 1970) . again,
it should be em^.1-asked t'.tat becau5c t'le contouring pacYare ::'.11 contour
directly irrecularl,, sraced data, selection of the stations in this way
will preserve in detail the features of the reap area.
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2.	 IZE:'0VAL OF ORIGINAL DATA E RRORS

With the arrival of data from the field it has "-^een found

essential to plot up the original .;^.ints i!: r-ir:n v.1C41 ;o ;::L;' light

	

ll'2 errors in st .tion posatio;i and I cI'(^Ss section to indic.,	 errors
in=dui t. _values. 11,e da-ta- can tl:e_r._ l:e corrected, using a straigt:t-
forr.-ard averaging metl:od, oil-y_ obtaining - from the field - partly--
r•:ca lculatcd values of t'ie erroneous observatior;!^. The elimination
of survey errors produces results such as Fig,l and Fi-.2.

3.	 .,':C-0T k1 ,:G Ai.0 Sia. 1CT iG\ C)F Ci7 . ? F,I::.1L FOI',T V.iLM:S

In a comprehensive panf:r, SavitQk y and Golay (1964), discuss
the elimination of the noise com ,!;on.ont ir. data values obtained fro^i
basically continuous physical experim:.•n t_s.	 In it is described how
values at a central data point are adjusted using tie raet'iod of
least squares, resultincr in considerable reduction in the noise
component of the original data. 	 Further, C-x least seuaTes calcula-
tions may be carried out simply in the computer by convolution of
Vie data points with properly chosen sets cf integers. S:%vitzky and
Golay have derived these sets of integers fcr up to the fifth deri-
vative for polynonials of degree two V.-rough five, and for fitting to
up to twelve roints on eithcur side of tl-e point of calculation.
Their illustrations appear to indicate clearly that a suitaLle
selection of de.-rce of Fclynonial cord;red with a carefully chosen
-itimber, of data points vill act as an excellent filter to !:r,,00th the
noise fluctuations vJ.ile at the same time introducing 7i"nimum
distortion into the recorded data.

'.t7iilst their technique has t—cn ^Yec.ifi rally desia nee? for
----- -regularly  snaced rata in the co-oruinate_beinb measureu (i.e. time

or distance) our experience has been that variations in the linear
- _ =	 eistribution of the points of the order of three or four percent

have no anpreciat-le effec oulze:Y:cart0ated value, 	 furnc^r:^oret 
-our res ,-, Its seem.to_ind-irate t;^at_t e_i;oise ccmnorent in the -type
of Bata ,:it k::i.ch -tze I:ave dealt, %as- beet► consiucrably l ess than

thev Lave Quoted.	 it has taus been found sufficientin the exnr;ries 
to tit curves of lo ,..: decrc-- to a sna11 number of adjacent data point,.
For example ti,e val-,.:es of ti.e po,-:ts plotteu in profiles in :ig.3,
adjusted fro,.. fig.2, have been evaluated by fitting a Otird order
E.o!••-nc•:-ial to t} e -e. , c n points cen-:red on tl,e mint of calculation.
Again in this way t e slope of tl,e sioot lf.ed profile at each data
point is calculated using t' , e cons .ants of convolution for ti:e first
derivative.	 Change in the sign rf the gradient between calculated

poll:t	 *,s indicates the existence of c1Lhl:r a ^axi:.un or ::_"-i:.::;i1 a nd tl e
point closest to t::e local extremum is selected by cl:oosin; the one
with the snallcst absolute value of the first derivative.

r ^,
r.*

7.



OP; ?A,# PAGE r.9
OF POOR QUALITY

G,

From insrection of the original profiles, the number of
points require;: to define in detail the criginal profile is decides',
and %;'sere tiic distances	 local extre!-!a exceed -'-,e c'esired
average spacing of pOintS, i nte r-ic-diate aat:a values ca ;;e inserted
_to provide leasonalle coverage for eac'. traverse using a simple
algorithc,;.	 In fig.;i - each selected point is indicated- t'v
It Carl bC C'10:11'3' ,' SCC% *.!-1.1t th(? d e 1('LiOn of the I-Oint5 plotted
'-' will result in neglic..ible distortion of the original proA'i1e.

4.	 RIFS::LTS

Onfortunately no Lcromagnetic data ,as available for publication. 	 _-

!'.owever, points and values vere specially pre.iared sirilar to real
data - points within traverses occurring four to eac:: offset distance -
with the features of the area being designed to be at least as
complicated as any actual maps contoured so far.

In order to make a realistic comparison contours : ,ere prepared
using all data points wit:i their o.iginai values, fig.4. It can be
seen that th^ MOSt irnnortant and significant features tend to be
somewhat obscures' by irinor fluctuatio::s as the contours respond to
irregular variations (possible 'noise') in adjacent ..'ata }points.
This so-called 'herring-bone' effect, is most significant in contours
extending parallel to each traverse, due to the station spacing within
traverse being approximately one-quarter the offset distance between
traverses.	 This effect ('ocs not reflect the actual surface defineu
by t-he d rawn contours, but is due to ti:e .miethc•i of samplin g of data.

Contours drawn front the selected data points are shown in fig.5.
Tile most stri:;;rig result is a rNarked increase in .tile clarity. of ._he

fc.tures, due to a more uniform sampling of the data.	 Furthermore	 —`=
tLe im-ortant original features have Lcen preserved - t`:e peaks and	 =^
hoIIows occur precisely as in the original, their magoitudes closely 	 -- :
ap,)rexiraa te those of t.-.e original observations - while the slores and
tren::s outlined I .y z:ie intermediate slores cor:pare closely to c;.ose
defined icy the original data.	 In the example eTpressed in fig.4,	 -
thv number of points in Face: traverse has been reduced to approxi-
mately one-fifth of the original.
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7.

S.	 cr)) :CL;'sIo i

The method out I i r.c-, in the r.•reccuina rages cas r°ev^^ -
-efficient and cco^rw ic in relation to other methods__current-ly_in.^

-	 use for contouring Iineor traverse-*_y, e jata.	 The fact that	 --_ --- -	 -__
HonasL University has previously eeve;ored p.ic'.<a£c which %..ill
cuntcur irrcCu_arly rz ac-^z data roints	 a sclectior: of
points witY.in C: Ch tTaverse 4:hlca Convey ti,e P.i2 :ll.illl information,
:bile those which : re of less si^nificu;:ce car. be neglected. The

—	 tf7Ciilil(3i1C 1S LCt;ii'..liSCC: in Lii:' tIE':.3r^t^Cii Qi fi(;i(u ^aCrCl.la--c-^iC
=	 data and results so iar in-2icate C-at accaracy in the contouring

- -	 can be maintained }pile at t::e sake t?.c:e costs can be reuucei }y
as Iruch as 75 per cent.

L0 1-1 ICY,, G.D. , end' WET';TL'c, J. (i' % 7;) :	 "r^. 'rec'ini.aue for
Autcmatic Co%touring Field Survey Data`, TI:e taistralian Cor;.;uter
Journal, Vol.2, ':o..'.,:•.unust, 1^7C.

£AVITZ1." , Abr _a l:a^ and COLA:', i'arcel, J.E. (1 964) .
Smoot. lhing and Differentiation of Data l y Sim.plif ied Least Squares
Procec'ures", .. rialy:.ical C' cnl stry, ':oi,3G, "o. S, July

-.4
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-.-=A Technique for Automatic
Contourin cy- Field Serve Datay
Av G. D. Lodw • ick and J. Whittle

r sa_.

II.i, I...t„I dt • mcrih,, . Iechti;gtoe A1,41, ha y been deNclolkd to contour field wne} dalt
a di; i .d computer. \\ ith irr;tuhi lt 'paved dart the n1wtod 1,a%; the adtautat:e that

the ori_inal	 are cont,.ura•d rather than the calculated %aloe% of a regular
¢rid. 1 aah contour is created ill 	 %tops with each succeesite --tell h1:hig po%iliuned
h% uK of calculated %alu” ai ha„ point% on either side of the proiection of the pre.iuus

I'm c.r,l, point th. \aloe is (.!,Winn) hN f:tin^: a surfatc t • ) the nearer ,heenalinnk
Ind u^nt; the talue (It the sutf:*ce at that IHrigt.• lheoreticalt	 the curt :ues cutnidcnd

r	 t:W:, Tit• uT am alrrcc. rhoU;:V;n practice rr.e of hci_htcd plan Ier bran found to combine
nccc.^ : r^ accur ke with pecd. it ':uit.,tlL vlectiim of the nuu,bcr of )h.c r%aiiow, u.ed
in L11, ualuati , m rt a point, contours can Ix made to n „ r•c erase)) with tlto v dratcn by

_	 c.:.Ibli teed hai,d ferhniqurs. t .e or an o,crla}in_ tnrh I.Iailitatee the commencement and
ter. mirtwiort , •f ao+taa+n. 11w - ftrmnam. are wriavt iu 1 7uriratt- rtfid arc ill 	 on

-	 l D(?3(1 11 c„u pultr, utilities_ a C 11 ('(1111' 104nch ott-line ptntter. t. ,tpericuce Itas sho%%n
th.it the pnkh,ctiun o) nc,p% h, tlii, ttehniyue it, tlticient and economic ill 	 to
olhcr rmth(mk. the pritk • iple ad,anw_c bc•ieig ill 	 ^pced with which quite complex
towps can he prepared.

1. INTRODUCTION' Bureau of Mineral Resources and geophysical explora-
In	 General	 ternit.	 the	 d:sirahility 	of	 machine	 con- tion	 companies	 \\orking	 in	 Australia.	 Since	 1963,

touring field sure} data is well known.	 Hans) drafting. computer systems hate been in use for the reduction
thou gh still	 widel%	 us;d,	 is	 general)\	 expensive	 and of n;a,_netic and :ratite • sur-c\-s, including barometric
aim. consunimu. and vt:en inconsistent. 	 It is not sur- and	 co-ordinate data (Bellamy and	 Lodwick,	 1968).
prisine therefc;re that t-)e	 problem of automatic con- Pre\iousl%	 the final output has consisted of a plotted
touring	 is	 one	 which	 has	 been	 considered	 from	 a base map at a %lected scale. \\hick \vas contoured by
number	 of	 discipline•.	 Maine	 1 1966!.	 and	 Maine. hand.	 It was thus a log ical	 extension	 to develop a
Hinksman and Seaman (19o7) • for example, have con- contouring program oriented to the Monash Computer
sidered the application of such techniques to producin g S\stem to CDC321 ►t ► with an off-line 30-inch Calconlp
meteorological maps• W	 96ailc Palmer t 19) has recentl_ plotter) to contour three-dimensional data, such as that
de\eloped	 a	 program	 for general	 use prt\ided above (Le gg, and Brent, 1969). 	 In so doing,
with	 a CDC3600 cc^:^a:cr. 	 For conto,urim=	 \ery the fo!ltminc factors here considered ofimportance:
irre_:aarly spaced	 a hichh	 mathematical 1.	 The	 program	 s hould	 handle	 both	 regularly	 and
t-.t•; • ^od has been	 t v Pek(-- Eikins ::nd Bard irrc_ularlt• spaced data similarlc.
”;	 ► , \rhi t e a;;:^. r-:	 PZ—.6. ;r 	 -been rie-; .2.	 F.^r -tihser%at ifon	 data	 considered	 exact.	 contours

Calcor.:p	 i ^ — r _	
-

o,t^,uld	 ass th-:.:	 h points of equivalent \ clue.
in	 is^_	 :r.zm.	 ...	 _	 -;pie	 .,; ^r^^is	 f _.	 c•L- -2.	 V; rc should : ; nt di ,^crnitinuit:rs in the contours.

=$•^r:=_ irrrntlar	 --	 _	 pia 2a\= I 	 ci.-^r ATE-_ 
_ -^.- -^:	 !r_tit:l:a-^+: =fr pc-illt ;,aiiici	 n-	 =are rare the con-

'	 ti	 -roaChcs.	 1-	 -.	 ._. thud _	 :^	 :ct e: a :rgU -- -	 r,;,:, should b_^:%c 'reaconabl\'
t ar	 =r=a	 arc	 fir,: c.. _	 _ . {	 usir._^".-crag	 or	 ot',rr S.	 -Tk-- !in:+1 re-v'­ 1 hct uld he consistent \rith current)\,
r	 :	 c a real	 iec~ra -_ - -,	 :,;	 per`	 :	 con:o ur»j_	 wi:it - _	 : ' metho::` '~ li hich map: ere 'rand-drawn by

­ -Mr,	 1;.t;. Cs-	 the	 rc	 =_	 t--id_ i^ :,	 .:e	 Inc: t = n110	 —^ 6-- Wh-eft point;.-ctr sets of ppinic have known stand- 	 --
_a7_:zr	 4T H _	 _f=,rrnrns .should fie able to ad just 	 -

f

t

ti

_. i

[^':IC__:.•h Q!Igtri3ltf`,'L1rc
_&,c"-,a is consider_,,:	 In t:u second me oC_

ree-irinc hi hlv m_.^	 _ irtl to:nr..cites \tbic! are
gene.-a.,% lii,LC0.-k0;-..	 Jr. iCrilt^ U: "ze riiral pfo:t:_ti.r
time- the known o'Sc;vazians are fi"Cd to a surface
of hick det-ree whiC" i , crturtlth: ^'i^r 'i^ MG-,^::'iP.^_.

A^. ,1.tn<<h Unit^:c-srt	 spC.'i: _ rro7;c.^. c: :.^^
tourine field sur.ev da x 1%t: arisen th.-ouch the associa-
tion of the Computer C _ -e with the (fo-nmonw ealth

7. 'k^e use of c. Mpster central Processor time should
_ . Lr t minimized to:reduce.cost.

2. C.1LCL-LATION OF POINT VALUES
To plot the contours of a surface for which the

v n !ue- -f certain d:t: points only have been measured,
it i^ c essa y\ to, L:..Zuiate \ alue ,̂  at internocdiate paints.
and this requires certain assumptions. In some cases
the: e may he extra knowledge of the likely shape of

s G>»r.purer Ctr.tre. A!•r•.^r (rile „tn. C,e. tor.. 316b bferuscriyt rece:F,' :March, 1y^!%.
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,1 ut,rriatic Contouring Field_ Surrey Du .j

he surface but discussion here is limited to the eitua-
;,n where the only information is pro y idcd by the
, ;,seryed values. The object is to display by contours

calculated surface %%hich is the hest estimate of the
cal surface sampled through the data points. The
alculated surface should match the measured data
alucc \\ ithin the range of the likel y error of the data
mints. k\hilc using the I)west spatial frequencies (least
,uf_,:C fiuclUatiO1 1;) con-i-,tent with this Spatial fre-
t:r:;ies hizhcr than this arc uniLMifiahle artifacts of -
}ri calculation scheme. The minimum spatial wave-
oncih "Ill be directly related to the distance between
iijacent data point. and to the \ ariation of observed
values in relation to the probable errors.

If a method of calculation is used which is inde-
xndent of horizontal scale then the variation of spatial
,a%elcm_.h aiih data point densit y c:n rc:+dil y be
whie\ed by calculatln the value at a point from a pre-
set number (n) of the observation, nearest. As the
-.pint of calculation changes so the n observations con-
ider•.,d N ill change and, unless discontinuities are to
^eur. the weq-,ht accorded to the most distant of
he n points must always be zero. The simplest
:xpression \+hich will give such a weighting; is
d, — d,)/d; where d„ and d, are the distances to points
i and i respectively. Further, if the k" derivative of
he calculated surface is to be continuous, then the k"
lerivative of the weights given to all 	 must
ipproach zero as the distance of the data point from
he point of calculation approaches that of the n" most
listant point. The simplest formula to achieve this is
(d. — dj)/d,)'.

Where observations are regarded as being exact, the
above expression is quite suitable, since the weight of
in observation is infinite when the point being evalu-
ated coincides with its position. The calculated surface
will thus coincide with the values given by all data
)onts so that contours derived from this surface will
iways pass on the `correct' side of the observation
i,lints. !Moreover. the expression can be modified to
(d. -- d,)/(d; 4- e))' to take into consideration when
on'ourin g admitted probable errors ill obscrvations
IF sets of observations. in practice a is adjusted itera
o cl' by the program to suit particular data.
- To calculate the %clue at a point. a surface of order J
an be fitted by the familiar nicthcd of least squares to
he n given Observations with their associate weights.
l y selectin_ the orhzin of the horizontal axes to be tine
joint of -c itculation it is onl y necessary to solve the
egaircd simultaneous equations partial]\-, to obtain the
,arameter for zero power.

Whatever the weighting s ystem. it the values =of the
,bscr%afions all lie on a surface of order - J -oi less then -
he calculated surface will coincide with it exactly. In

U a- I)(J+2)
irder to define a surface of order J, Pj

2
ibservations vciih non-zero m eit hts are required. How-
•%e.. with irreguiarly spaced data there are many posi-
ions on a map through which the contour could pass
where a number of the it have zero
vei ghts, e.g.. where extreme points lie on the circum-
erence of a circle, centred on the point of calculation.

Furthermore, since some points within the set may be
co-linear eycn more points must be considered to
ensure stability. Experience has shown that \%ith regu-
larly spaced data. the problem of a number of points
havin_ zero weielit is more likely to occur (consider
the observations at the points of a square). Practical
lumbers of points have been found to be 15 using
first order solutions and 20 for-second order.

To calculate the hei g ht of a central. point using the
_foregoing method. it becomes questionable whether
the more remote of the tkyenty points in the latter case
are relevant. We are decline here with natural data,
and. while \\ilh ntalhcmatical d,tta the hehiMour of a
function at remote points may give strong indications
about its local behaviour, the fact that a knoll exists
about a quarter of a mile away, tells us nothing about
local tern ain.

Finally, one must reach a compromise. The
approximate number of points to be included in the
height calculation must be decided for each t y pe of
data. The order of the surfacz-to be fitted can then be
decided, and it 	 Where there iF an accepted
probable error in the chservations a can be adjusted.

3. GENERATION OF CONTOURS

in order to utilize the method of calculation of
point values discussed above, a special method of
trackin_ contours has been devised which projects the
contour in discrete steps. Consider Fig. 1 in which
the last two projections completed for the contour are
XY and YZ. The position of point C may be deter-
mined by extrapolating the last step YZ distance d, to
C. The values of A and B at displacements d_ from C
are then evaluated. The contour level interpolated
between A and B to point P is then joined to Z. In
this way the contour may he extended one step at a
time. Clearly a suitable step length is determined by
the irregularity of the surface to be contoured, e.g.,
in areas of large irre gular height variation a much
smaller step length is required to generate smooth con-
tours than in level regions.. In order therefore to com-
bine smoothness of contours with speed optimization,

--the-concept of variable step length has been introduced
Whereb y . dependi iL, oa how far point P is displaced

-from ('. the next projected step remains the same as
before, is doubled, or halved. is the event of .point P

Z -	 67

Fig. 1 —Tracking of contour

'lie Australian C'ompitier Journal, Vol. 2, No. 3, August, 1970
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s1=-^- 21

2— \4,,h tiN trbekiot. cont..ur.

i%inr outside A-I3, the previouss projected step ZC is
h;.leed and a .further f determined. In the case of
doubling, the maximum step len gth permitted is th;,t of
il,c link size between mesh intersections.

In order to be gin the tracking procedure, the area
to h, contoured is subdi%ided into a unifoi,., nt x n
r esh—Fig. 2. The values of the (m + 1) x hi + 1)
n esh intersections (M,,, M,_ .... M, j .... M,;,	 ,.,. - ,)
a:e then evaluated.	 -The levels of the maxinuutt
and minimum contours trayersine each horizontal
,\f t: - M, - ,, j ) and y crtical (.%I, j - M i . t ,). link join-
ire adjacent nte^,h intersections are then stored along

ith the values of the minimum (1st) and maximum
-xh) contour le-cls for the «hole map. To be gin con-

­u,rind. these arra ys holdinu, the me ,, }t link contour
%cl ,. arc searched until a minimum value. coincidine
:M*: Ms IIfst_ centaur -td 'br plotted is Jowled. The

r.r:tirit I of the link by th, contour is then calcu-
fco-Izy iriterI i2 it*n_betterrt -the -adiacert mt±it inter-

The positibn of point C is determined at ;I
 L-front 1 and A and--U. as before.- T1wa point P_

rsf^.bli^it anil -IF -b&brn6-	In
7.440, l4near ;Pterpolation baAeo) pointer A-13
•_- , has- proved q t,, itc Strtisfactory for trackin g con-
r = 7q:nHcfn arises. tio%srrcr.-in tln-^catr of looat-
^t It tt*.zt-p^inL - between rnesh intersect;.ons. since
Ile curvature of the -contour in this resion is unknown.
Furthermore. since the link length is approximately
five times --realer than the displ-cetnet,t c . to obtain a
'atisfactory position of the start point a second
approximation ou ght to be made usin g evaluated
-alues o r the fiat. In practice. however. this PTO'-'C....
•s most easil y M ercome by not plottim- the first step
on the map. but permitting a degree of overlap «hen
,he tail of the contour rejoin-.

As the contour-- is : stcnded i,cross the map surface
the riinimum	 array \ aluc	 of each
link	 trncrscd	 is	 incremented,	 ex-
cept	 \%hen	 it	 also correbponds	 to Mi,jti
the ma\inium value. in which case it
is set to zero. The contour ceases
When it cuts a lint. \+hose minimum
value	 is	 not	 the	 level	 being	 con-
toured	 (e.e..	 the	 initial	 link	 incre-
mented)	 or	 when	 a	 hounda^y	 is
crossed.

When -ialti further 'I mmowd figs
rent: n_ fir that particnlar contour -

'A

level, the next hi-her is begun and
in th,,	 Al Ic\cl^ arc cum; lctcd. I d

• I he density of the nt x n mesh is i	 2
determined by the point density in -d^ -^
Ole nrcn to be erninured. and the 	 I C

_;zc of	 cite sdtailCat Mused contour
to	 he	 shc-tvn.	 e.g..	 in	 contourint P
maps, containing 150 ^,ur yey points c
ot uniform spread, a	 mesh of 59. :B
x 50 ha y pr ,wed suliicient. though
a closed contour \%ith axes less than MiJ
onc-fiftieth	 those of	 the	 map,	 not
cutting a link, \%ould not he located.	 Fir;. 3 --	 Com-
A	 mesh site of 90 x 90 is used	 m e n c e m e n t of

successfull\ on maps of similar size tn,ckint;
containing 1000 points.

The \ alue of the step length d,	 and the displace-
ments d, and d-, have been determined by experience.
In	 practice,	 the	 maximum	 permissible	 step-length	 is
sei at just bclo^,	 the minimum link size so that, apart
from cwting corners, no more than one link	 will	 be
tra\ersed	 with one	 step.	 Displacements of one-fifth
and one-mcntieth respectively of the maximum step-
length ha\c proved suitable.

H	 Q	 I
--- ^--- ;----r- -r---r- -----v-

t

.	 1	 l

Fir;. a -- Subdivision of map area f,x tocation of obsenations

t M..
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d. OPTIMIZING MACHINE TIME
Experience has shown that an operation which is

expensive in terms of machine time is ordering the
points in distance from the 1"ition of the evaluation
being carried out. In a map area comprising 1000
surrey observations, ordering for the manv thousands
of evaluations becomes an exhaustive task. For the
techniques emplo yed, generally only the nearest fifteen
points are required. Therefore to limit the sorting
involved, the map to be contoured is subdivided into a
p x q array of boxes, with the variables bring selected to
give_ a mean density of_ one .nbscrvation per box:
Furthermore, the observations to a depth of two boxes
around the perimeter of the map me included to avoid
discontinuities at map boundaries. For each evalua-
tion the contents of 5 x 5 of the boxes surrounding
ill, point ;1rc considered together and in this way rapid
chances in the coinpc"ition of the Points as the con-
tour moves across the surface of the n-ap .are avoided.

In Fig. 4, ABC defines one corner of the map to be
contoured. Suppose the map to- he contoured con-
tains 374 points and has axes of 22 x 17 inches. 1-hen
by subdividing the area into 22 x 17 boxes, extended
to 26 x 21 to include an adequate number of sur-
rounding points, the 15 nearest points for an evalua-
tion in box X, can be selected from the 25 observa-
tions (approximately) in PQRS. When the contour is

u l° 0
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extended a numher of steps so that the point of evalua-
tion marislates to box Y. the IS lioxes consid:red are
defined by H IJ K.

5. COMPUTER PROGRAM	 -
The program i. \\ rilmi ill and h.» bccn

created-%n the form of a number of- modular_sub-
routines so that it can he readil y adapted to accept
input in any of the usual modes (punched cards. p::per
t::pe er maet:etic tape) and and, tN; e of co-ordinate
data NOth associated %aloes to he contoured. -	 -

Our usual input to the program ha y h-ecn Ni, ma_-
netic tape containin g survey data as latitudes and
lon g itudes. \cith one (or a combination) of height.
gra y itv or ma g netic - alues reduced b y earlier progl3ms
Wciiamy and Lod% ick. 1968). \% net, used in In—
system subroutines for translatin g latitudes and longi-
tudes into carte , ian co-ordinates are plugged in. 	 -

In order to maximize the limited core a\aiiabli on
the CDC3200 computer. techniques, such as the
equivalencin 11 of data stora ge area and the retention
of information in character arra ys in here possible.
have been incorpoiateu. 	 In this wa) up to 1100

points can be contoured by the pro g ram using an
in x n mesh densit y of Lill to 8](0 mesh links. A
simplified 1}ov diagram of tile computer program is
outlined in Fie. 5.

'Ilse pamme:er data cr^rnni inicated Lin each occa-
sion is as fe'arnys:
.1. 	 co-41rdinates of :	 m,tp_ami to he conioured-
2. the nur,h:r and \a:u:.• of contours required
3. the \clues of n, and n. the mesh dimensions
4. the slues e l f p and q. the box dimensions
5. the value r.. the num!,er of observations for calcu-

lattne point values
6. the value of e. the \:c =htine adju stment.

F. RESULTS
In prr,cti,e. contours dr.,\\n by this technique have

proved acceptable for height and gravity as well as
Other t\ne< Of sur\ev dn:a. and can he adjusted to cor-
re ,— vCll with contours produced by established
hand-dra\\n methods. The principal ad\antage lies
with the speed in \chich numbers of quite complex
maps can be contoured. free from draftin g errors.
Nloreo\er. the use of a veil-defined mathematical tech-

108	 The Australian Cornpur,r Journal, Vol. 2, No. 3, Au gust, 1970
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yuc uniqucl^ determines cac• h particular snap, while
ntple variation of parameters can produce ditlerent
-r-,ions of contours for special applications.
' E.Npericnce has shown that the central processor

is dependent on the coniplexit) and irregularit%
the map s urface, the number of contours to be

rued, and 111L nresh siie Sclecteel as suitable, and
dependent of the scale of the Wrap. In Fig, 7, con-
n:r, were dra\\ t^ using a tot.d of 231) paint, and a
:.ch size of 56 x 44. This required less Ulan seven
,inutes of computer tints. A neap ;Uch as that of
ig. 6, in tahich 1000 points are contoured using a
:h size of 105 x 70. takes about `0 minutes.

.-%l_C'0\1P piniter time i+ resh:;ti\elI 11) ;tn:1 20
unutes.
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Branch Notes
'A'SBERRA

Since the last Journal was published. the tollowing
ddresses have been given.
la%: "Feasibility is not enough." Mr. 1 3 . R. Masters.
P.A. Management Conscitants Pty. Limited.

1,pril: The meeting was addressed by Dr. Grace Murray
Hopper, Commander, United States Naval Reserve.
Her topic was the dove ►.ailment of programming
languages in the United States Navy.

ulv: "The use of computers in meteorological
research". Professor C. E. Willine_ton of the Univer-
sity of New South Wales.

^EIV SOUTH WALES
Meetings held by the NSW branch -^incc the last

' ition of this journal are:
kpril: ,Mr. Barn Smith of Compunci Limited, Can-

berra. who spoke o i l 	 cducat ; on and the
# computing profession.

► L• ► }: Professor C. E. Wallin gton. the \CS lectu ► cr .o ►
1970. "The role of the computer in meteorological
research." Also a joint meetin g \kith tlic institute of
radio and cicctrical en g ine:rs discu — Ins the use of

-computer, in en g ineering design.
Writ: Dr. Grace Hopper.of Univac iutd the U.b. Navy

discussed her career with compuki, Mince 1946 and
offered sonic thou-hts for the future. At another
meetin g this month. Dr. J. B. Hext of the University
of S\dncy di,Cl ► s^ed a basic courSt. in the :raft „f
programming.

Future Allertings
A pro gram card has been produced for 1970 out-

lining meetings to be held by this branch duri p.g the
rest of this vear. q hesc i nclmio-

Da(e	 Speaker Subject

Aug. 4: Dr. R. W. Hamming, One	 man's	 view	 of
Bell Telephone Laboratories, computer science.
New Jersey, U.S.A.

Aug. 11: Dr. B. T. Allen, Forecasting scheduling
Manager, Operations systems: rail tank car
Research, Caltex Oil (Ault.) allocation to country
Pty. Ltd. depots.

Sept. 8: Dr. M. W. White, The role and facilities
Director, Australian Systems of a systems develop-
Development Institute nlent institute.

Oct. 13: Mr, D. Dyer, Superin- Simulation study — a
tendent, Systems Engineering, case history.
Australian iron & Steel Pty.
I-td.

Oct. 20: Mr. J. E. Mart, EDP	 systems	 at the
Mana g er Computing, Sydney Sydney	 stock	 ex-
Stock^Exchange change.

i )ct. 26-27: Prof. D. C. Evans, A	 one	 day seminar
Director. Dept. Computer and public meeting.
Science. University of 	 lIrah

Nov. 17: M i. J. E. Dot ri. Pro- Fundamentals
ject DcNclopment Officer. of operatic g systems.
Regional Computer Centre.
N.C.R.

Dec. 8: Panel Discussion Operating systems.
in addition, the annual feature speaker will be Nir.

Max Dillon, Director and General Map.agcr, Cables
Group Metal Manufacturer- Ltd. who will address a
public meeting oil 	 September. Also our annual
conference at Terri gal has been retimed to take place
during the lon g weekend. 6-S;1( November.
Registcr of Lecturers

Because	 of	 increasing	 requests	 from	 professional
societies,	 the	 general	 public	 and	 the	 Department of

(Continued ort P( ,ge 116)
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S 1j1.:1'_ARY	 .'

This Record oatlin:.s a suite of cor.,-xUCer pro,:rar:.mes which
have been develo )eo by %he Bur?-n u of I•:ineral Resources in conjunction
with the Computer Rosearch Section Forash University fcr the
autcma i r duc.ior: cf field rav ; ty st:_rveys. ':he techniques
de •: e., eped hare prove! in rrastt:e to be -onv.r.ieni: and ecorom^c
comi-,ar ei 	 1,v-n'.1 _	 a	 The	 5vti"_c_rn _s ' esirned to

'cakc L21v 4- -,y and y.C" TL^ _ _	 reSU•Y i and altimat^sl y _`_'o6";: a
pOU[;llCi` 3`:e fT'' -3_' ci:l0 ^al'_e=. stcr:^^;	 ?r.r^S or
maFnetic tape in ;,he L rocez .'3. The system, aE outl ^ lied is an Lse. on

the CDC 3600 computer, operated by CSIFO, Canberra



1 ^.

c

I '

^1
t

1

e
-

i

ORIGINAL PAGE IS
2 '	 OF POOR QUALITY

1 . I I RODUCTMI

The gravity surveys carried out in Australia by -0-e
3uree.0 of 'Nineral Resources, Geolcf7j and Geophysics (3: T-R) are

i	 (:esiGned to eutabiish control po;_nts for otiiCr .urvey6, .o cover
large areas for reconnaissance, or to investigate small areas
in detail.

Since 1959, B' ,111 has ;:sed helicopter transport for
reconnaissance [,ravit y	and tiiis :,r:s cnab'_cd an
annual coverage of areas as large as New South ?:'ales on a laid
pattern i-ri-th a. seven--nil_ (I1-kilcr.etre) spacing, of stations
('ale, ';'6?),. Com.nuter rro6r:_7_,,es have beer, developed to reduce.
the larCe amc-ants of data collected from these surveys to observed
Gravity, height, and free-air and Bouea?r anomaly values for the
stations, and to ;ore the data in a fcrm convenient fcr later_
retrieval and further processing. Me proCramares are written in
Fortran and are used on CDC 3600 and 1 200 co^r_ru ters. Uni le the
programmes were develo ped principally for the helicopter gravity
surveys, they are sufficiently general to be applied to all types
of gravity surveys and to all height surveys using barometers
and a single base system..

With the introduction, of the reductions system the Bureau
has developed an eiCht-fiL-ure station numberinC system, within which
it is proposed that every -ravity station ir_Australia will be
_7ni r;uely n--rrbered; The station nuumber cent?-ins information on the
Irst year of occupation and the Type of survey it wh cz i'. was

observed (See Ap pendix A).

This Record presents the history o!' the development
within 3'-R of Electronic data rrccessing 	 computation, the
methods used in carrying cut gravity surve,, , <: and in computing
or 'reducing,' the data collected,

r
I'
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'I''ne asp cf :_D.F. by '?; .:1: for the rsdZCtic ?r2 of grc_vlty
data co:mmenccd in April 1 96 1, when 11O .J. Goodspeed started rurini::,gj
pregraM:rec• fro!:. the i,:-H ,.:elbcurne office, on the Sydney University
cor'ruter 'Sill?. ?c . r'c-t l., ork at this st3_ e va: conce.,nr ed with	 spa
ice tit] c kn.	 _ : ­ 1	 : tt l'_ w:.z Gone L ,.-;P 1-i,
iutomalic co..^.: 2'_ : .-.ion of 3cajuer anonali x! ^^ m fi-el- bra- 4 t;^
and height reaa_::ra. q%is process, usually known as red:;cing
t-ravity data auto:*...aticaily was handica pfcd by the long time
interval involved in	 of prctri L-.cs and data Get^iezri
Sydney and Melbourne.

^riacn -_ C.- . .	 -d rcriLnc.'. in January 1562, : ,%A. "Reid
took • cvcr nrograwmir?, and between this time and h iS resi(,'naticr
had developed a =7.-t.?. of height reductioi: =pror_rsr^es ,cr askrnia
and ;"echan	 baror,.e`,e	 on the Siri.u_:, com pater in ire` cbt^zr_s;
thece fcrmcd a basis fcr subsequent ^ p ig'lt reduciion prcFrarr-,es.

Oil 	 Feid's resi t nation in January i;'6j, L,11. ii tie
continued the work by writinC a gravity rr-duction programme, a
BouP2;er anomaly proms ai-me, and a number of twC-dimonsionai
interpretational prc ra-asrres. Daring 1 67, other contributors to
the two-dimensional interpretation suite of programmes included
J.C. Dooley and R. Lo;.-. A least-:squares ad just..ent pror;ramme
for baronetric levelling was written. by Dr C.J. Bellamy of Monash
t;niversitv

The prcrrammes at this stage were being run at Monach
University on the Sirius, and after Hr Hastie"s resi,7nation in
June 1964, Dr _ellaW }:andled BiM gravity cornpating and transferred
the programmes from S _ri us to CDC 3200 at Eonash.

in "• c5 : the Uravity Frcur, moved to 4-re Canberra offices,
^	 and from ,laF ,ast "965 t•'r1U;l G, 7,z l.:w^.l.c.. „G_t:_d .r. e E;rOUn ,...e existi.rg

suite or pro;ra=:.es •.-'as p! nv mcd L I ! ed for use on -.he C C 36 . 0.0-. at
CSI-70 in Canberra. D„r March 19L; 1• ht r' Mr Lodw. - ck, reEif'nedo a
u3eful set Of ;'7rc -; iiy redUrt1C1! FrcgramnmeS had cmer-ed, :•ritten
j0 n t I y by Dr ^^11amy and ::_ss ^^^ter. of : '.--,ash University ; ana
I:r T,7a •^iCi:o	 .:"at basi l-,  set Of trC^ T3.'l;.c°, with °:11e 1'!: 11: _l .t10:ice
is described ;r. this Hec:,rd.

From Earch 196" to Tlay ; nog, D.3. ^ownsana was engaged in
reducing [ravl `„ data usin_C t h e	 mentioned. DarinC this
period, the chan eover from CDC 3200 to CDC 3600 was finalised, the
1^' _G*- 3^llc'_'<	 2.° :' . r :.	 c _ ".Cl t	 :rt _ rC('r3 E' v .. r .. J -•ra' do-"hied,

and an earlier nioU*rarTe CGiYTAFE vas eliT.nate3 by rewriting
Fiy (SAF and S'.lt•-^" i' (' Y T'.	 In C.^'.•..:Z'	 l :! '_'at_ C ,C 7. :j 	 'O the
Other ^rov ar,_7.(-s were slum as to preserve tc:e criGinal control
card structure.
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3. NFT'.'0PK OF 0BS7_Rv...IONS

The pattern of flights' for any survey is designed to
Five repeat observations at ir_tervals which are determined by
the requirements for establishing gravity and barometer drift
and ties between adjacent flights. The pattern forms a network-
in which total I nte;:vals (1_rks) CFL::ern t,-,F. st8.lons are a631sted
using a (east-square technique. For surveys carried out by

_- -helicopter t_ as far as possibla_i-he_flight putt er^s_are_ba, e_d_-on
°the"cell"method of gravity surveying, in'which each 1.250,C00

hest	 ea is dividiOd into six rectan Evior cells Olnstie Z,
Walker, 1962). A base station is sited centrally in each cell,
and four loops are flown from the base to each of the tie stations
at the corners, making the composite fl-.;;ht pattern ap ear lice a
set of four-petalled flowers with conne tc-d petal tip=. Approx-
imately eiE-ht intermediate stations are read cn each loop, -ahich
spans scree t:^enty-five miles between the base and the tie station
andtakes about two hours to fly. Fcr all surveys, base and tie
stations iorm nodes in the net •r.ork of observations, and the flight
path joining Two nodes is referred to as a link. In the case
where an intermediate station in a flight has a known height or
gravity value determined by a controlled sur •.ey it may also be
considered as a node in the network,

It should be noted that the loops referred to, consist
of a series of observations made at various stations (generally
over a time interval of a few hours) start-Ing and finishing at
the same station for meter drift control, This is quite different-
from a network loop., which =s often used to describe any closed
path in the overall pattern of flights within one survey, and may
extend over a large number of days.

A "Flight" in a helicopter gravity survey is defined as a drift-
--^con`sclled-_scries of obsrzrVat1.:.Z .1:.1+ -̀ 1 a_ :tatian. numhor ceaucnce off__

the form ar, b, ^---a, which ca_n be treated as a single block of
data-by the computer programme GR.%VHTS (mcntior.ed later).

a ^.

i
hA

T,
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4. LAST	 ^^RES :i„^f^i:iEi!

There are two reasons for adjustin^ a network of otservations by

a least-squares techni que. First, with large ancunts of data _t prcvidies a

convenient, Piety of errcr dtte zt2on at ^ :A nod IF :c:nt3. S!̀ ,ond• .cest
ez. timat	 , accor._r. ,- :o ti:^	 rior., c "r. to octa^::ed _cr
the va_ :°S at ti:e C^^e and T--,e:O',ritG. Usini; the set p	 nf coaiylit i&r rcgrammeC,
gross errors are detected by d justing :he retr-crk onto 6nly cne fixed
node (ccntrol poin-,) and exr:r;ining the ai-ustnc nts thst have 'r.een trade to
the c.	 vat: c:	 ,n	 rocs cl-.,_	 on detected ar.d _emove3,
the adjustnent is repeated, utilizing all the control points, fixed at
their riven values.

The met!-o•. of least-_- .gi..ares Ad jt:s --rent sized enables the co ns:: uc tion
of a r.; trix of the cccf ficients in the normal a uatic n , :-nvcl •; ing t e
unknor:. val:.es of :.Gl:,rt or _:	 =ty ti. th e frc ,cdC- l.. C. ro e :i '-:hich are

sot ccntrol 1_oin' _-), directi, from the ocser: __ _ier s an 4 <z list of fixed
and i:ee node s^aticn.

Consider a net,vork of n nodes numbered co..secut_vely i to n with
values i for the cc'served variable, be it ,:eight or Z.rav` ty. The 1'_nka
joining the nodes are represented b-: the differEnces in valves x; j bet:veen

nodes i and j. The condit_on equation= for a. :east-scu res adjus;.cer_:,
which ranimizes the sums of the squares of errors in the differences x_j,
yield a set of p e q uations for p free nodes.

Let there be p free nodes and n-p fixed nodes, :onside--r m_
links to the i tr' free node from k of cr noires, where T_ may ce iarcer than

k owing to multiple links. i"r.e cord;-_en e quations are tiler. given f em:

x	 =	 h.	 -- h

L^
6

A second _e: of ..	 _ .uat_-_nZ c--. - ce	 ..rit-er doxn _	 the n-p ^.,..
fixer; noies.

(2)h	 = F -

';mere	 is the :_xed value a. t e i `n fixe; :ode.	 'i'his yields
a set c_` p norcal .- atio. s	 can. be ec'_ved for	 t.-.e rema:r.'_rg •r._,	 t:_e
valueL at	 the	 lr	 _	 ....;es. ..:e
values °cr the __n%_ in the r. n -:.er g X = ;^. _ -..	 and	 ::.e standarc devistior.

of the quality of t-e ocser •-at cns.
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Once the values for t.re none wints are eGLat'_ished the vali.es
for the intermediate pc:nts in a f ii gh ; are comp-.. tee:. For gravity- sul veys,
the adjustments, (X_ j-x; .. ) are dist_ibuted Equally between the L+1 intervals
connecting the L intern; diate s-a-.ions and a pair of nodes. For height
surveys the cad il ` --tments a: e dl c}r: r:1 ci' _r. prcrortion to the o:Pserve-i height

A3:ffer • c::ces cf the L1 ::ntervsis.

The relationship of the S.D. to the accuracy of ir_divid:ai.
. tations in the e+.:crK i:4s not tieE : 	 :y Met e; mi r -:7 , bu ^ _ t 15
obviously complex as it depends on toth the ge: .metry cf the network and the
distribution of control points throughout the r_etvcrk. In practice the S.U.
i hen adjusting to cre fixed r.o4e ras 1 een i. sed 3s a n indica tion or the
qual: .̀y o f ,observations used in -he ne two k, t? a— is, hcw well t a =inks
fit tcGlether. The proCramme Gk: "JHTS qu37e5 `,ne S. D. in its r"invo -it after
least-squares adjustments have besn made. For : onvenien ;e, :•rhen this S, D.
has been calculated for a network with the r..^mber of fixed pcint's either
one or zero, it is referred	 Us the -Lnternal .standard deviation (1.S.D.).
:-.hen adjusting to several fixed nodes the S.D. has been used as a measure
of how well the net:,rork correstonds to a set of knoan values distributed
throughout the area, and is referred *o as the external s-andari deviation
(E.S.D.). An experimental investigation has sho ym that prcVided about
five percent of the ebservatior_s are well distrit.::ted control stations to
which the network is adjusted, the standard deviation of the errors in the
final results is approximately e q ual to the standard deviation of the
adjustments to one control station.

A

ry

t

- ..A



OPtG,'NAL PAGE (,7
7.	 OF POOR QUALITY

5. FI'r.ZD

A wide range of barometers is used for sect height reasuremento.
The basic aszumption is that the isobaric surface is a horizon t al plcr.e
over the areas surveyed. The r0du::tions are based- cn :=tar.aura rre: sure
lapse rate	 , takinr ^.4o ccns_derat'_on c•.:r 	 and
humidity effects. in the . i eld _"e baroweter is read at the c:.se station
at. about Quarter -hear ir.ter y is in order to measure the atr.osrl:e ri c -.resslzre
diurnal. Oo:%puriscn be .cc:i ._e_d cc bus y Care:Teter.. at .h cegirmi:
and end of the loop enables a correction, to be applied for relative eter
drift during a fli^-ht. Results that have leer, arialvsed indicate that in
good conditions ...:ere	 e_-1; : i ...e c...._ of jG:; feet l'15G
metres) are bei.-s r..easured u_. * n.j_ ex;erlen:ed CbEeY'.t°_rs in ztaEle,	 MOv .n.P
pressure conditions, the s .andard dev_a„_cn c_ the errors _n the
he:.ghts are of the order of 7 Tee„ (2 rnetres), ti::_.e in bar.. coi:d.tions 'G
feet (3 metres) is ty pical. Beca::se of 16:-.e relation bet.,iee_. :eight ani
BouFuer anomaly, 7 -eet re-presents apprcxir.._-te:y 0.5 r..ili_g1Is.

In the field, standard :rocedures are adopted for =eading
gravity. Drift control normally is establiZ*-:ed by reading, at the beg`:fining
and end of the flight, and multiple dr--ft control stuticns are handled cy
a mean slope technique. In general the standard error of the computed.
gravity values is of the order of 0.15 miilicals. station ros`_tic.::ng can
introduce up to 0.20 milligals error, since station latitude :s used t.c
determine Normal Gravity ;:Y-ich enters the 3cuguer anomaly cad-.-;u'iat cn.
Thus the error in the Bcuguer anomaly at a station is approxir..ate_y 0.5
milligals. The results are sufficiently accurate to be used for p_ot,_rg
contour maps at 2-milligal intervals for a station spacing cf 4 miles
(E.4 km), and 5-milligal intervals for a station staci.ng c` 7 miles
(11 km).

i

q.
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6. W-TUTER PRC sRA' ;:,5

The computer prcCrarmes provide the following procedures, which
are illustrated -in Plate

1) Computa.t'son of crav_t^, /alues :ro:n f_:ght data.

2) Computscion of height values from flight data.

j) The least-squares adj-,.strent o-- networks ccn s l TiuU 'Ved from
machine- or hand-•ccmputed height or gravity data.

Cc,7. L t.	 '`	 t _r ' 	..	 - its- 	 1'c	 ^.	 _ '^,_:	 l:ti^,7 c_	 ^.^	 .e•i,-	 s^.^t^^.., it	 ^:e	 _	 in t
h

e

networks on:e the rode values have been determined.

+	 ^5) Sorting of height cr gravity data by stat`c.a number, and
the updating cf a file for the area on a magnetic tape
holding files fir all pre'iicus areas computed ( S,;rvey Area
1'ile).

6) Editing of the Surrey Area File including the addition of
latitude and longitude data fcr each stallion.

7) Calculation of free-air and Bouguer anomalies for specified
densities.

One program-me contains all the pro^edur,-s involved n creating an area file
on magnetic tape with tieight and gravity values fcr each station. The
input data on cards are arranged in b1ccks, cr_e block c=taining height
data or gravity data for one area. Control cards within ea-.n block specify
the processing regi-iced, as the user may fcr example choose to use r)niy ti:e
procedure for computing heights, or may follow it by a least-squares
ailf ustment b',:t not put the final r p.= ults onto the S:rvey Area File. S SU_ d
an error in the data within a block be detected, the computer terminates
,2;occss'_ng of that block and gee_ into the next.

Pro. raminie GRA"PITS

`.Phis prograrnrre contains the routine -,-rh i ch asc , . 4 ates ha.-Id-
computed !:eight and gravity flights, and prepares the y,•, fcr least--squares
a4ju's:c eats, by -passinS th° fiend Gaza _ oducticns staEc. Moreover it
.controls t?_e folic:: ng sub_o;:t:nes:

=	 (a) HTRDN --controls the following three subrout nes which reduce
the field barometer data to observed heights.

•(b) DATAF-EtED - reads in a block ci .a-.,.;rates water vac)our pressure
data, fcr later caieulat'_cn of humidity ccrrect:ons, and reads
iL the consti::::.. 'cr	 wi:rob^1 _cme er_7.

(c) DATAFIND -- reads ar.d prints the header card for each flight
and locates the barometri.; constant data (if Askania).

i

a^
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((1) CONFKAL - calculates observed heights, according to Clark
(',954,	 n.	 454,	 e quation 4).	 For each flight,	 the area,'
flight number, date, base and field meter numbers are printed WTO

out,	 fell; ,.ed by a list of station, num'o-ers be: _-de which are :. .
printcd ', eight differences from base. Relative meter ar'ft is
prini,u	 ...t	 ,. •	 1_%e	 c:.ci	 of	 fliGl.t.	 Frogril^.rne	 dc_i* Fr 	lr,;iits
the number of stations in a flight to 50, and the number of
base stations to 10.

(e) M11-GLGPE - reads t:.nd checks LaCoste a Ro7nberr; gravity meter
data,	 so .hat wi.en a LaCo to meter is used in a pa:-t_cular *'^:^
flight the program:.-.e refers to this bank. 	 Multiple drift
controlled reriods are evaluated by a mea_. slope technique.
The I,rirtout consists of area,	 f_i a r-umber, date, meter
number,	 and scale factor f oilo::ed by listed stat-. ' on numbers,
beside each of which is Frinten the gravity difference from
base, observation time, drift, and mean difference. 	 The
last is sign firant only ir, a flight with multiple drift
control.	 It gives an indication of how well each individual
drift period approxim..3tes the compo2ite drift curve.	 Frcvisi.on
is made for up to 50 stations per flight.

j

Sr ^7

(f) LEASTSQ - controls the following four subrouti n es which
assemble and solve the ratrix of normal ecuatiot_s for the

s

network.	 The limits are 120 free nodes or 1,u0 netwcrk iinxs.

(g) SORT 2 (LIST, LENGTH)

(h) SORT 22 (KY, DATA, LruIG" )

(i) 5E;,RCH (I--:, LIST, LMG-H, I) 	 are used for r.,atrix assembly,
-'	 and scrting redu:;ed data in are _arat t cn for run, nin g the results

onto the Survey Area File.

creates and u::da',es r.:a-7-etc tapes `or block_° of
data °r,.. I.Sd^"TS:	 At ti_is stake the tape may contair. stat _ on
nur<`::_r, elevatio.n.s: and gravity, but Gpace :s left for late--
upda; r.	 .th 1 t t 3es and ,long:..;.'r:s. The tare forma t is
given	 statement `,:_62.	 roviclon is Trade for up to X000
stations to be assimilatea ir_ each block.

Pror-rarnme SAFILr

Thi: . rcE.ra' - 	ccntai s t1.'O £l:br^1 :.e5

(a) PRLPARL (J)

(b) ORD	 (K) - these routines update latitude and longitude onto
the Survey Area File by station number. Provision is made to
accept 1000 stations in any one block. The format for the
card input is given by statement 14 of Prepare W. The
progr•7Tm-e _s desiEned to accept banks of gravity flights
already run throu`h the GRAV ETS programme. header and
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- =-^:-	 ENTULIGHT cards are neglected. 7-le programme prin . o;zz a u
l =	 listing of input stations, Surrey Area File stations,

latitudes, ele;raticns, gravities.

Proaramr^e BA?

This progra;.me takes the Survey Area file, locates a required
area, -arid carries out 30- uguer and free-air cal:culazions for u"Ed sever,
different densities. he printout consists of a its *ir_g of_stations^
latitudes, lon gitudes, ele •jat_ons, observed gravities, free- .air anomalies,
and bougu°_r anomalies.

ProT,ramme I1AMIE

This is designed to put a B1-,R :arve on tape, immediately after the
systems name. This is necesscry te:ore the fi=st area is run onto the
S;:rvey area File. It is of 80 characters, as a card image. Follcw-rg the
name is written the *_erm nating statement ENEO"AF.

Prorrarme FIXSAF

This prcgramrr.e is designed to make amendments to the Survey area
File. Whole areas may be created or deleted, stations removed or added
to particular areas, or modifications carried out to the value at particular
stations. The limit is 100 10 stations to be updated or created under any
one area title.

Progra=e CREATE

Thzs progra7me combines prcgra.=es NAME ar.d FIXS. !3,F and J s not
limited to 1000 stations as in FIXSAF, as the SORT subroutine _s not
i:.voKed and stations are put. onto tape (which may cr may nct have a SAF
titic) in the card order rresented.	 V

-	

t)RIGINAt PA3^ !rS_-	 __
-_	 OF- POOR QUALITY'!	- - _-

h
I	 •i

t
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7. !NSTRlJCTI". , J	 FIFLD L;. 7 .yTS

Because data cards are punched directly fro g the otser.ration

sheets it is essential that observations are written, clearly and carefull:,

Z:orcov 'r, _n .-e	 _arrie'd out by Le ,oie not eP. aced in

the actt'ai Afield wcx , arq)-6 e uZ e should :" ...=d3 O. L ;E IFinark^ _CC ^^ .^a•

Sample barometer data sheets are set out in appendix B. `A
Lypical ^:uy'.^ .:ark V:C? ,,ilu cc: s- 	 l`i trio _Ct Cr t^l.^,je (1^i;,a f0'_lU'^:'Q ^ rO.Ir
flights. At the head of each sheet are boxes in which to insert observer . s
na!ne, survey number, and day n— m -̂er. I ese are :or 'aenzi:icaLion only pima

?re noi. tunc;.ed aD -or '.he :G.^ ;'	 T:i e readeI L4:C =onsis's o f 	 arca
name (b al D:l•s-:yTeric), traverse name (5 alpha-nurse:_.",), date (6 a'p'na-
nus e_ __) field 7eter ( 7 aim ;a-....:Gri.) ar:d Oise meter l al ^.a-n,.=eric). Tile

date 'G :. iStr	 t :: f _, lures :cr each of aa'i", Jicr_'h and year. In the last
square in the :.Gxez fcr ? _',C and ba--e u, v°rS".S placed a letter lnd4 cat ng
the typs of barometer used! A = Aslkal:ia, P+ = millibar reading type. L = for
(min fig) reading type. -he me :er nu:''cers rr.U5t be rose: teJ correctly for the
Askan-Las, since data for t'r.ese barometers will be provided from an inserted
bank.

M,en recordin g base data the statist. number :rust be left blank.

Time is recorded to the nearest minute using a twenty four iicur clock, and
barometer readin-,s are ..titre with 4 figures before and 2 after the decimal.
For the past surve y s the columr. marked CORp ' N is used to 4indicate Askania
instrument temze'rat::res; in present st:rvey s w h ere these are no longer
used the prcgra:-,mes may ce modified to cp:_v correctiuns to field

observations, e.g. for the tilt of The iscoaric plane. The se ':7--;ent is
relevant cni ,,r to Askania, th e tv:o figures placed immediately after the
wet te::._ erature. All tem.pera.u_ es are re-cs ded in centigrade to the
nearest tenth of a de`ree. Should r.c_ e , hail one s h eet be required for the
base data, the reader card 	 not filled c'. again.

For the firs- _	 after the	 Je datat-e header card data

must be ruled out. T c re=e %:ant data for .his fliFht are filled in on the
'- -- ade r 	 yr u	 `1 f 1^C	 t	 hbase .. a.der card.	 -	 1_	 rr	 J^t;C^e^L:C2:- 	 .p.	 E-e_ _ ".:IT_ G t̂ a_a ^ 'case ^

the ea'der card is filled e::t.	 he S.aLion n'.imCer ccnzis-s of e_ght_
fic;:res (4 before `na: 4 a_	 the iecimal). Otter readings are recorded
a- for the .lase, No dry ails we- temperatures are _..__tid ed in field
Gbserv door: .̀. +it -h e c0?^?biCLirii. of 

	
f,i.::: NDFL-G 1 printed - .ird sates

to the : u.nc operator t;, - sert the apprcpr is to ca= a.

A saZDle gravity s.eet is set out is Appendix C. In general the
gravity	 -'n _..:e	 °_ Ocrc^C;e^. ^_ _^ Cctc; 1'._th a few exce:tton`:.
First t e letter for thefield meter may be L, otherw_ se blank. L indicates
Fi ..c,	 tE' r.-.e . E'r 	 be -lank. TLis meter number

must be inserted acc'.irate -_Y Ec Lr.6t t:.e LrCc,rc .me %i_l refer to the approp-
riate data. :or other meters rte s_-ale factor is 'inserted with _3 f igures

before and 5 af7er t ',-.e ceLir.a_. Secon d, the orograz:.e iry oI'es instrument,
temperature. - -e e: ec. o f 	cn area_.rigs : s at prcccn -, neglectea,
but may be allowed for at a later date. Finally, latitudes and longitudes

are inserted in deE,r ees, minu.es a°.d tenths cf minutes.
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8. INSTRUCTIONS CN FRCGRA!•'I;E USL

Card decks exist fcr the programmes. Systems cards (JOB, RUN,
K:DFILE) are placed before and after the progra~:mes and at the end of the

"-Tiara deck (-for-use of rhese-zonsu"lt the CDC 36-00 reference manual).

' - Fro^ra.-die GR-VHTS

A complete reduction of are area con..aininur height and gravity
data using GRAVIITS will term:nEte with storage of tKe area on the Survey
Area File. This Y1

4
A_1 consist of the area na^,e follov.ed by, in ascending

station order a bCI) list_ng of station, ?a-iiucie, iong_r.ude, elevation.,
gravity. At this stage !at--:t-.de and longitude are blank. The deck for such
a reduction is asscm':led in the following number.

i

1. JCB card
2. GRAVHTS progra.=e deck	 -
3. RUN card
4. GRAVITY 1/1 card
^. AREA card
6. L&COSTE deck
7. EMI-IETER _ard T'	 i

8. GRAVI'T'Y deck
9. KIDGRAVS card

10. LSA card
11. ADJUSTI•!r'NT card
12. NODE deck
13. END74CDES card
i4. CREATE card
15. SURVLY. AREA FILE card
16. AREA card
17. HEIGHTS 1/1 card
18. AREA card
19. .^_;TLT^y^D ..iATEB	 NPQVR PR-SSJRE_ d cic	 __..	 -

-	 20. ASK=1A ceck	 -	 - -	 -	 ---	 ---	 ---	 -
21. EIIDI-!ELZR card

-	 -	 - -	 22. HEIGHT deck
23. EINDHGHTS card 
-24. LSA car 3

.r	 --	 - - - 25 . ADS	 IT. F, IT -: ar d

-_	 26. -- MODE .	 ;n-
- --- --	 27. KNDI'ODES card	 - -

28. UPDATE ^_ar d
2 3 . SURVEY AF.EA FIJ :- card
30. AREA card
31. E';D card

Cards 1 and 3 are aystems cards. The HEIGHT AND GRAVITY cards
have these iCtterS	 runch-^d in cs,-,mn	 In col - ;--1  ,17, 13

is punched the numter of areas to be ad ju::ed together, in colum- s 9,10 ti:e
sequential n.;mber of the T, trticuiar area e.g. 1/2, 212 etc. (usually this
facilitti is not used, in whi:h case 1/1 is punched in. if it were to to
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used, the LSA c ,.ird v.ould be placed tehind the FNDIIGETS card of the last
HEIGET deck, so that the relevant separate he:ght areas mould be least-
squares ad`:uSte1L a5 O.-le).

The A %ZA card ha:-, a free field of 8.0 = I"iara.-tern. The z=tur3ted

water varour preesl;re deck, consists of 60 'ands nur^.fered - 1 0 '.o 49 in

coluun5 _+ Ezid j, ear n	 corrc LpcInding :O fie :.emi:crat::re (^efT,Ie^.S
centigrade). Following this on each card in format 1OF5.3 is the
S4VP data, one entry for each tenth degree. These data are available in
the	 ^i"	 :.i^a- =^i.: :. i"__ (. 	 2erri:lt)	 T. _C^ ^v7 and CQO.^L	 ^...^ ..son -	 r

The ASKA:,IA NETZR de ­ k ha: one ca.d for each meter. First the

meter number '_s run-led in ccl­:-­"is , to 0, then the relevant data for

m easur'_nC—, ranges 10 to 17 are punc ed i n 	 8:0.2 from column 7.

The values of m and c follow in for-, at -F6.4 from co"_uran 55, the number of
divisions per range, F6.4 from co'_uTn 76. Up to 20 meters can be inserted,
terminated ty an ENLD,,ETER _ard, p=.ched from :oILurr, i).

For gravity the LACOSTE MPIPFR deck can contain up to 10 meters,
data from which are punched as fol'_cws. The first card contains the meter
number punched in f cr mat A6 f °cm :;ol umn I. T _e next. seven cards, n 1im} Bred

consecutively 0 to 6, in format 5X, 13 from co lumn 1, c.on`ain the values

in milligals from •:ariou_ readings. On _-ard 0, in format 10F7.2 from cola;,.
9 are punched the values fc-- counter readings COO to ;'00 respectively. Card
1 contains 1000 to ',900 et-r, s^ , :hat -he last value on card 6 will to far
6900. The conversion fact ors for the intervals are run^hed in fcrr..at
1OF7.5 from column C, on cards 1 0 to 16, starting with factor at 000 and
fini-shing with that for 69CO^

The H-ElGHTS and Grti.:'?i'i' decks eens:st of data in flights, ea.:_.
terminated ty 	 ..,,? and L.. ^iaiH^^^ C aru : ESDF t i ti E'_: , p lllClied f: Ot'1
column 73. To carry ou: a iea5t-aquares adJu! tzmen- LSA is pinched in

^r	 -	 tit J	 iT .3rd f0	 1"_1JS withthe fi rst three c^I'.::^.__E o.' ,. -e._	 .ex^ ard .	 1 ..e
the number of are-as to t'e, djusten tocet:.er _ cned in columns 1 and 2, the
number of all nodes in columns 3 to ;, and the nur.::er of fixed nodes in
colums,s n to 8. in columns 1 to 1 6 is pu nci_ed .:,e mean datum to be used
when the adjustment is done - fo.-, 

,
.at :l.". i.*: Colum-ns 17-21, 22-20" , the

maX=lTli! ac:Ppta.--e standard de --i.at:cn aLl adjust ment res ectively are
printed - format !17.2. (:;o-.e-':ere t^at Io: gravity the Tatum for the
programy -e is alread;; 9jt,rtOG.G c,ill_gal=). T^is card is follc:sed by the
RODE deck, consisting of all node sta-ior_s the numters of which are punched
in the : irst ci- = ce;a .::-, cn ,, to a.crd, fcl: ozed	 thF ::umn-ers c  th
fixed nodes (rer.eated) with their values - formAt F8.4. F8.2. The deck is

tern. _ . e d Cy a	 it.`.	 :C ^1LC!.°G in the f;rs eight columns.

The fc=;--'sing control cards create the file foZ , an area on
the SURVEY ARE y FILE: f'_rst a card wi-,h CRE:+Tc, run.hed in the firs- 6
colu.j-,c, second a card with t:._	 be -.ones the
magnetic tape t=`

y

_e, and finally the AT EA card, The last trio --ards
are free field -8G :hara^ters. T'rese three cards are pla.;ed after
EI;DhODES causing a new area to be created and the SAF rev.ound.

r--r^c

z-
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The control cards necessarf to update the file are as for
CREATE except that first card has UPDATL punshe i in t_he fl: st 6 columns.
iiri rht or gravity re -.ults 	 car. Le U11, re=ed or crc:_red,	 bat 'uLdate' ;.lust- _-

:	 follow some previous e^t:^bltisti:cer_t of data for ti.:=t area oeinn updated.
,l ot 	 that	 tr e	 S.+r' 2 ^'_^^	 i 5	 co_.; .EC;	 on*^ L^^* ca 1	 l.r.'- :	 ',	 to scar, ^: i r- h
Lam{: .a_i.	 hf to	 ..Y ^M ._..	 _ j.	 ...2_	 .-_	 (;;	 L;:	 lire	 -c	 da zi	 z	 _.a	 o,	 z, r,	 deck

.:£ . Le	 one	 with L:D	 J1_'_..,.Eu	 ^.%	 f ._ ._ .	 v_- ... _: o	 F_	 a o f har- .- ' .
calculate	 di.". C".-- 	 rc,	 _-	 for card c,	 REDKmS
is substituted for	 for card 23,	 substituted for J
G:L:+':1'I'Y.	 The heiEht or gravit y dffferen ce irc^	 e first staticr. in the

r'a {consi:erect a:-	 c^rc)	 is	 ^ec:	 in	 .._---	 he .,	 t:cr. number,	 fora-at-
?c.2, 	 for er:cn c::ra,	 -1i^e `""C"	 -!`2 1 	 erarles =- • eas --oritain--nG 1
both: hand- and (:achi:C-ca._:-ttd fl_f 	 is tC C° _v:.st-sa	 :ees :d'uszed as
o:: e .

pro=-ra*n?^c SaFILB

The layout of t--.s deck i_ as folior:s:

1.	 JOB card
2.	 SAFILI: .ro,ramme deck

'3.	 R'J?1 c a  a 1
4.	 SURV17_ AP,ZA FILE NA-M E cardi,5.	 AREA card

!	 6.	 LATI'LIDE, LO:;GIT'jDE deck
7.	 'r ;DLATS card •J

8.	 K. DSAF card
1

The Sk-	 NAIi:, and AREA ceris are as before.	 1 _	 ,:_e LA_l.'	 7 ;	 LONGI1;,DE deck,
}-reader	 car de	 and	 F.L1C1:'f =aids are	 - -:ore-.	 "-e	 =.;DLA'._.,	 -ard	 (r,un=':ed ^ {
in coll-m.s 1-7)	 fol_c;r_	 t.--e iec:c. 	 c-r,er a-ea is to :-e ucda.e3 a new
ZR A	 car:	 foiioa::,	 -._	 :e	 ie-k e-„_	 _7:e	 °:	 _	 ,	 ra. .is _. :DSA	 :.;4.,,.-.ed	 in

y-^a.-- e._.	 za-_ e (read
y

t'r:e	 first 6	 co_uc^ s.
♦ 	

T*re 57;,F,a: a is e-, -  -~i'	 =
^r. .-^	 /	 -	 maone	 i-	 1. . '̂-.-.t e-	 .._-y..-	 C:-.-..-e	 i_._`:3^-:.?.'e-	 ol.	 t".L'^.	 ^'.7 	 ^	 1l:4:,:le

tare	 (-Ar^_te	 enab;e) ,	 : -	 v_ a:...e	 ;. _... -L :a=-= _._-=	 _e 'a_ :a:	 gWit h in -
t_^_e one run.	 -	 =

F.c^rar-^ max?	

_ .

The la; cu- cf - .e deck .z

1.
2.	 ?A2	 -_...c.e	 e. k

{
6.	 D:SI'li car-_
7.	 BLANK	 - d_ , f

the SAF	 and :L.?:u, cards are as	 r°_ -= e<	 :. _	 _--n	 _s ..._ :e	 or u,	 ,:c
7 densities to be :ajculate	 , _	 ..:.e . on t e D— : -__ card in fcrmar

7F5.2.lie S;:	 tare is 	 `.ate
{read on yi.	 Bou der nc::a_ - es fc_ 	 ..-e area on:e 5:,:	 ape
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can be calculated in the one run by in-,er:.ing tI-:e relevant AREA and
DENSITY cards before the blank card.

Pro^-ran:^,.e NA E

The layout for th-s deck is as follows:

1. JOB card
2. NA?1E programme deck
3. RUN card
4. SURVsi AR_:.'. FILE ::,u:E ;card

The SAF ?Vat-.E card consists of a single card, 80 character_, free field.
A tape is equipped 1 = magneti- tape (::rite enable).

P rogramme FIXSAF

The layout for this deck is as follows:

1. JOB card
2. FIXSAF programme deck
3. RUN yard
4. C/CRATE card
5. DATA de=k
6. END card
7. SURVEY" AREA FILE NA14E card
8. AREA card

The C/CREATE card is punched from cc:-:Tn 1. Cards in the DATA deck may
contain the following information_ - atation number (columns 1-100,
latitude (15- .20), longitude (24.30), h ei ghts values (32-4':), gravity
values (42-51). Lat 4 t:;.de ar.d lcr.g_tude are preserved ir, degrees, minut-s
aid h=dreths of mini;tes. Heights a u gravity- values are F:: e,4ed=_i= =--- ---=--

format F10.2. Any of tl+e_e t te: _den v -re star-on numcer) ray be
blank. A complete new area i6 added wi'h the C/CREATE facility.

To update a particular area C/UPDATE, p ,.:nched f.c.n colnmr. 1,
is inserted for C/CREATE. Tl_e data card layout is as acc ,,e except that a-
station, number .r; th D riz shed :r. oolumr ' will ce completely deleted .
from the file. BlPnk or zero fields on cards will cause data held in -
these positions or. tape to be unc:,a oed. To delete a whole area from
the tape, the DATA deck and END cards are left out and the control card

Tl c 6A- '...,.e `Ls er' u-i red	 = maFr_et_c 'are (read only), the
updated output is 2 = magnetic tape (read-write), B = liagnetic tape
(read-write).

Any numuer of UPDATES and CREATEs ma y follow each otl.er with
sections 4-8 (above) repeated consezut very.

l
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APPS°dDIX A

STATION N eal-3ERING FOR GRAVI TY SURV:YS

(developed by Mr L.M. Has',--'e)

?.	 in order ro inte;,cate ar. Au_-tra_ia-:zidc netwcrk or gra,-'tJ
stations the z;s:c,. __. _ • at:_en nu~,:e:_:_3 adcp:e l .,.ast pr-r.-.:de a un_q-,e
ident:_f fying nu:nt-r for each. j;aticn. ., i.s asso considcred desirable
that as much _r.fermation as pcss,ble about the atarion be Encoded in

_	 almb•er. L. view of these regL_rer er:ta the Bureau of M_neral Resource -
9_

had adopted as its standard a.-. eight-f_gure s-at or_"number; ha:r ir_g four
f?g_"C-S tefore a dec,mal r,C?,_t ar.d f.o.:r l ,.pures after.. T e In-egra_ rart
:ortai:is the yea` of the survey, and the :dent ifyiYig serial number of
the survey, while the fract.ana; part specifies -he nd:v:dua_- station;
e.g. the first station occ'.p^.ed in the fi.r.t curfey of , 0,65 would have the
number 650" . C'CO' .

c.	 It is hered tha: pri'.a.e c3mran:es engaged on gravity survey:;
thrc'ioho^.'. A ,_; rlal.a wi.ii adopt tr=c numb e r_ng system, Particular s'lr7rey
numters will be ae&_^='r_ated 3mmediate2y upon: rf'C'-iess t ?o :he Gravity
Sect-Lon Bureau c: M-nera3. Re_our--es, Ca-:terra. Hcwever, it _s essential
Tha t. the eight-`_pure ni;rterir.rt system to used v.hen r ., :ut*-:cris are carried
cut "V1th the BI-IR _c-rn. puter programmes.

3. The iniegra l part of the survey number (for example in 1965)
is grouped into `_re following four categ:r ies.

BMR pe,, d sum -urvey s	 65019
BMR gravity control eurveys	 6590 tD 6598

private company gra ,:_ty surreys 6530 to 6589
B?iR gravi ty surveys	 6500 to 6529

For the pure.:e: of this di=cuss_cr_ acontrol survey' is
defined as a survey using mu:_-_pie grav:_ ;;; Me,e_s .

4. In anv Eur 7e%, , nuirr cers .0000 tJ .8999 are available for general
av_ty S tu.- c .z st	 y}o	 •hl —i	 .fin t 	 5	 — -FjT	 ^. ri E.: ab" .i_	 d, '^. ;e	 Jc'J^J 0 .l.v.,v u.E re E', ̂ .ed 1' i

control scat.:cris. Those contro: stati:,ns are sjbdi-':_ded as follows,

Absolute gravity Etat:or,_	 9:`;^J to .9999

Pr_mar y gray -y _ -r tr•ol it at icni
(Mont_ Ga,nbier Pendulum `'^75°99C^). 	

°.9900 to 90/89u

Se.:ondary control =-at'_ons
(Ham--', ! ton Icoga_ 649'' .90CC-)

ar.d te_ -_e.y -ox.: .ro_ :,tat_ori
(Tu;nut cei i ben :.re 60C'c. 93J2) 	. ;-OGo ' o .9899

The only coat :::1 s.a*--eons %vh ch can ce establ: shed _n z,-,e
:OLrze or an ortJ::ary gravity surve y are tertiary con trol staticns; all
other classes of ,ontr .: ! sta,;cns rea:__e a mu:!t_ymeter control sur,.ey.
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In the coarse of a gravity :ontrol survey, two categories of
on, other than those mentioned about, may be established - excentre

o::s and calibration stat:or_s.

z•xcent_e stations ehould be ; even a nurn-ber in tae range ,CV00
to .89G9, rrd should have their last 2 digits identical `to those of the
absolute etation, national base or primary rrav_ty station, to which they

-refer, the first and second dAgits-beir_g- used --to d stingu_sz between:
var o •j.s excentre established by ti. ,: cr:e : ?ritey	 c _	 exccnt'_ es to
primary control station 6591.9925 would be	 6091.0125,
6793 .0 1 25, 6793.0225. r.xcentres of se:a-dar;, base stations should have
the ' t. 3 digits identical t:_ _.. t hose cf the :ece-;^ary base tc :hich
they refer.

Calibration e;at_or_s should be similarly numbe.ed, except that
trey will refer only to primary cer_tro_ stations or to absolute or
natonal base stations.

6. When entered on a map, the fractional parr, of the number should
be ir.e,:ribed beside the station syntcl. This w:11 be preceded by a
letter representing the integral part y and a key to `.he relationship
Should be provided in the Legend of the map.

7. If any established station is :c3c:.up:ed, either in the same
survey or in a subsequent survey, it shoe-1d retain the number given upon
establishment.
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JJ=N.AR<1 +K<

	

1 R =S

	

	 I T=4 D A( I J J

j
k

	

T I ^%E 5	 D	 JJ	 J

T	 ,Ji

T	 z I I	 t
<

w 4 1 T ,: ( , I . ;) I (!,J),1=1.2),TE1'P3(J1,J	 AR It MARK. 21--.
IN T1 THEC A ? R Y	 N	 I -i T

G'1 _7­0 5 7
C*	 41 A D J L : ^ T 4 A C <	 PI I S P 11;T STATION N'OT FIXFD.ADJ IJST FRI M MAR K . TO

	

-,- ff *-* - m,A 4K p 3Y	 -A_C,j_4r=j ml\, uS OUSE RvEn VALUE OF NODE STATION

C wawa AT 44947
5 1 T V

15, 106. U
	

- 
A - 0 j	 L_ I C, T
Do 87 < K I I N T V S

ISTN;( I I	 S)= I T 4 A	 < <

I S T N ; ( :) T	 S)=I T 1-1 4	 < K

PESI; - T ( :R	 ) =Tcv:) C(•(<)• A D i
T O P ^Z 0,	 ^ ;E	 T	 E r

-4F j	 T

-J-) fio z _i^ 2

	

-i I T	 T E	 ^j	 mTE tPg	 AP.<2

7

A7-,

65 r:	 8 iR - 41 K

T J6.:;	 I

u T	 V	 -4	 T,:z	 <

8 A I

	

1z	
S-

c	 -1

T-4	 71 -=-.L7ST T-4	

7	 A T I NC-

	

.	 3)?TFO ; Z-SJLTS FOR RcV--RENCE . I F TH :: R c-- ARE—-=

C	 % T	 1Z L!ST THEMC'I ?	 3TO	 N	 I%DEFE(.DENTLY

L: - S	 7

	I T X T j	 4

1T::XT(2)=44
I T )'T

I T Y. T

C*	 0 al	 45 1,

7	 T ( 5

,I

iF

7
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1TEXTM=4RLJES
I TEXT 7 =4	 AT

I T X T 9	 4 T -4 1 S

STA

-. 1 T X T 10	 4 R T 10 N

	

I	 --i-tEXT	 i'l

	

TT	 TEXT -5- 1-	 j6)::!TEX.(j,fij Jill ^-i T - j j =-I -T - ^ X T 3	 L 1 , 2̂X TIA J	 T

3-1.7) 1 'T =-^ T 1	 z T	 i?)&lTFXT(26)a4R-
-so—

C::

K T RZlj

11 1 	 T	 Sl J- ^ 24	 ISARD,L3413E

	

11)24 F 0 4 1, AT f 141 & i DX t 9H-- I NA^ S ORTE D  VALVES	 21X 20R4 1 4 X 5H PA GE, 16
97 -- I NE =1 ,50

K T 4= <T 4* 1

92 1	 1 S T N S	 < T R	 NE I S T N 3	 K T R I	 OR 1 S T %,., S 2 K T q	 NE I ST NS 2 11, TR

1))11 4, 91

91

10

U 0 T

	93 1 F K T 	 E I I q,7- S 114 1 22--
114- J

2	

--

	

90  w -4 1 T F	 I S T N 3 ( I # 4 r I	 1	 2	 E S U L T K T R	 I T F X T L	 L J

121 FDtVAT (2n)x,A4.JA.,A4, ril.2,10R4)
I^c IND) 99. 97

	

- T K TR = -9E10
--

	* - - - -	 -	 -

	

:: S ,)	 I

I i KTA -.̂ L- T' *'- l r :j "-

	

122 - id-R FT	 V I q z-S

6 Z6-' F)Z!..bT(*//,.ix,41^4T0TA,-- NJ-4aER , -'OF SIA T I*O\JS - IN  SCi q l rD LIST

=V -1 I 'T = 1-1	 7 t I R =S')

—7 -V:)--f"4T—( i—/ -7,  X , 3 .1 H N U	 I -r'r E R e- -1i T Si AT IONS---	 1 S
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SJ-2R0UTIVE 5Y`!IN'i(^,V,?,y`S,UFT,i^R)
120;(),l(1),() ^,.

C	 A ::0'4TAIv6 TAE 1.IW R -IA -- OF a. NxV c "M v. FT g IC `1AT
nIMEvSIOv	 7250	 21,1	 I('	

Rjx STORED COLUMN -

I.; [ &—h l  	 —I , E H A S —DIM _ `J ; I J V 4(1441 )/?    - -	 — ---	 _ .. -	 ----- —	 - -^

C? "ONTAINS 4 R-+S V=CTD45, TO
i i	

ti	 RF P LACFO BY w SOLUTi')NS(M 14AY
=

n)
3 s - I - y ! 5 ^ I v E -: • 4 ^I P 1 r 1 T 1 V 	 S y L4T 1 C ,, S	 ^ 	 Y M ''(	 U / • \ F „	 J'v-	 -	 -

C	 T1	 9,,;^,	 "=ASS(".^)fi;.
_O^E q ^A^^ 0 7- Tai= I vJc R SF ^1ATRIX RF.f'I ACES -A	 --------- --	

,j
C	 f>; T A'I'_L C)4TA1N T 	 0.T_RMINA 14T O F A,	 __	 -s-•

n- T --

-C 	 CHOOSE LAR3:5T OIA30NA_ :LEMFVT AS PIVOT

.-t

A A A;S ----------2-6- - K = K * V	
--

C	 T;:iT F7R PI VJT T`0 S"A'--	 - -- ---- - -	 _ -- — - - ----
I^cnMax- 1.7^ - 9n ) 30,3,40

- - - - - -----

C	 SJAF k1!JS AV') CO-UNVS 53 THAT A(I,I) IS P IVOT, K FEPIN S SYMMETRY

	J 1 = I ^ (1) - I	 -- ----- -	 _----- —	 -
1P.(JI)i.1'1,110,42

42 K = I I	 — ---	 ---	 y

	A'IAX =A(K) 	- - - ----	 ------ --	 ^'

_ . -	

- t J J) 5 . 5 ? . 

---	 d am :?	 tn)	
- ---	 _ --	 —•s	 _^

-----	
JJ= i1•v- j

1 (J.1 -<) 70.50. 50	 ---	 --	 -	 -

A(tK)	 X
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r

BO	 I^(M)11^,115.1'i0	 .
i00	 K =11'(1 )

, 1 3 1 n5 .1=1 .'i
	-- 	 — --	 ---

r-. 44
. K ._ 	 .-•-- - -	 --^,--	 -	 -- . ------	 -	 ----

..,_ .	
110 A( I I)=I . 1/1, 1 I.1

IF(JJ)17'1,17^,115
115 93 1 !0	 J=1 , JJ

-	 J I = K	 --	 ---- - - - ---

KK+1	
-	 - - ----------- -	 --

A(_)=A(1.)+A(J1 ) sAMAX

120 JL=_JI*"-<K--
A(4) =A N AX-

^_-	 - - LL
= K + 1	 __._--	 -	 - --- ----- ----- --	 ----	 -

LJ=K•^1^l

L .1- _ l) 1. 4) , 125	 1 ?5
1. 25 n0 130_L=L l-oLU	 _	 -	 ----

130	 A(_)= A(1.) - A(<K)+AMAX	
- -----	 -----	 -----	 --	 --

1 4 0	 Ir(N)	 t6n,150,145
1 4 5	 n3 15n	 L=1._4__-	 150 n(.1,_)=H(J,:)•q^I,l.)..gN4K	

------	 -	 ---------	 --

1 . 60	 K = <+ v - J _•. ---	 _. _ --- -- -_	 __ -_	 -	 -
-

z...	 --	 Z " ( J J)	 2"", 	 2 ? L1 , 1.7 5
- 1 75­ 03    7 n r J J .1, J 

1	 __.....^—_

-	 K=<K
K4=K< • t	 -

:...^..r..•:...... 	 IRV	 L = l _ '	 tom_ `= t;

_.	 A(-)=A(1:)-A(!)•AwAK---	 ___---T. 6-.-.	 -=S+t	 _

T^( 1 	)	 ;, n
--- 1 y 0	 ^^	 ) 75	 L=1

195 ^(.1,_)=H	 •atT,.)•AMAK	 -	 ---	 -----	 --

— LL =  I_I + t	 r.— -	 --- ----- -	 --- --
L'J=11•+V-1
W)	 ?1n	 L=L_,LU	 -+_._	 -	 -

-	 -- ?31 -115	 240	 K = 1; ti -
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?7f' ^')VT 1

_ 	 41 T4 i;IKS Avp f-'(11_;INl'dS AWAPPE^)_---
^Cv'r,IV`...^^' .Ii	 .;T4 a O+S S4APPED

>7U ^^(t,.•)=:.eta	
...____.....	 _.	 ---.._..-------	 —

-Y _^ 41

	

-

AMAy=t K

A	 K) - A 	 Y

–	 ------•1Jc^stl^t:l-^l-1'(!)t(1^(1)°^)/2•--	
------_—_	 --_T.___--_

795 I+^ c^(; J =^_. JJ

Son r
zln	 -

32G	 J	
--

____ _ _	
/ / / _' \ -	 - -•_	 -' _--__ - —	 - _.	 -	 -	 -	

.. :-mac _.

lk-
MBt
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SJ4Q ILI T I NE S OR T21L IS' , - ii \; 3TH)

SO-IT A ;.JST D-- TY Pr- I \J=3 ;-; l o40RD P AIRS INTO ASCENDING ORDcR USING ONLY

C 2 10(1)S AODITIO-4ACW&CF.

vi , E 4" 1 o -,j

F V G T H -
64 tj

Irl.N
I S.A D=l

T^cI IS T(1.<) - L1 S T(t,(•t) 1 4. 6,.3

I S. T	 T	 4

3 1. T I	 I ST I

97	 K z

V I ^l 2 K
L	 T ' (	 I)=L TT

4 C.1 '4 7 1 N J E

I F I §WiP. EJ 0- 0-i

5 Pr- TU'4 14
Eve
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^J :I RIL I T ! ',J F S)RT2	 <: y D A Tk LEN G7

-iT 4kRAYS K : N* A kID 0 4 T A J;l v r.'	 4-ORD FLF4 1ENT S, OF KFY As KEY

1) 3 4 K

E Y (2,<*i)'44,4,3

L 1	 0: Y

+ I

21- y—i
le y	 2
A I ) A T A t K

0 1 A

1. T A l< 4 1
I Sd A" ISAIA301

7 1 NJ E

P ;: T

st Iry
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SY

r, 1 4 f: N, S 10 N I T E M ( 2 ) , '- 1 1; T ( 2 1)

C	 SF: JFMT I A.- ; ;-'-,kRCH 0 : LIST  rOR ITq4 RFTUR .NI -N. n POSITION 1 0; 1-1

L 13 T	 3, 1

I C)NI'll I -NJE

I T	 :'0 J:q D

F V P

_DL

ORIGINAL PAGE IS
OF POOR QUALITY

a	 _lAi



ORIGINAL PAGE 13

OF POOR QUALITY

1D
	

APPENDIX E
	

Q5/11/68

PROGRAM SA ;-ILE

C- 4- 0 A P:IUT INF To UPDATE- LA T I TUVe AND LONGITUDE DATE, BY STAT IONION
C 4	 NUyt',r- P	

- ---- - -

C	 SC A T C . ON I L' 3 ,	 L	 S T, E P L ill, NEW  M A S T.E.R. -L U .2
REA L  L 4 T , L. -'4 G,
iflTi-GEF F k ,!: c LAr; REi

I NTEG LIP Ur DATE

	

!,1 4 T i- GEP S	 A wA,, E	 A RF A SIN	 CSTN,ERROR

lltRRGR(-! 00), S TN 2 PCS'l ` J (2)'#,I AT,I-Cj NG,EL,GI R AV,C,_ AT,CLONG,EP q DFLAG
2,ERROR(2# 1 00.)
I COUNT m ji lj= I

	

RtFL A C- = LJ	 '!-= 0
CA LL PFEPA c r- I i I

1 4 P E A D ( 1 , I ) '-' '. z. -: A

	

0 R'r` A T	 0
I	 V A P F A	 E0.4RE,,,,JS.AND,MAgC-A(2),EQ.4RAF

700	 IX

C* 4 *4 0 1S AREA 't) TAFLE
X * V 0 - 5	 2 J

TF(MAPEA(li).E9,CR,DAHFA(liol))60,6
6 f',o TO 4	

— -----

0 193 1

5 C 0 N T I N U F
GO TO 7

4 C 0 N T I N uE
WRITE(2,1)WAPEA---

d*4***COPY AKFA IF 
NOT 

IN TABLE

.13 READ( 1 9 ) S T N L4T,LONG,FL.GRAv
9 V 0 R 14 A T R 4 , t X , : i 4 , 2 F 10 . 2 , 2 F 8 , 2

- I I F ( E 0 F 1 ) 1^ , 11
11 WRITF(2,12)STN,LAT,L0,N' G,EL,3QAV
12 V C P YA T (R4, I H . R 4

GO TO 13

--lo E 144' ILE
W P ITF(61 , F F )114 A R EA

88 F0R?.T(1Y , 20P4,JY.6nl-'0PIlE^
^j -0 T 0 1 4

7 1) 0' 1 5 11=1, 2n
CRDA P EA(!l 1, 9 ) =4R

15 co !• - i

Co * ***ARE1 FCU% - -PUR OUT eN'IRy

0 
1
0 '.1 0 0

19 READ(3,2rO)
u200 ► ^jRVAT(110

	

I F ( 1. 4"V , 3 )	 , , '_9

	

100 - P F AD ( I I)	 n :: A

	

TP	 7	 R A

S A R F A	% 	 . 0. 4Y	 A ND . SA A 2 EQ . 4R AF	 1

17 rO le J =1 . 3

	

IF SAR&A	 I F C	 R F-

.,G TO 20
It IF PEFLAG 21 , 21 22
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-4401.-

21 RFFLAGr l-
REWIND 3

qb ' C^&N 't I
GO TO 100

_Z2__ C Q ^4 T i N v E-
WAIT^-(611-23)-MAPE4

2 3- -F 0 R A T 6 f: t, R E A 	 2 0 R 4 a 1 x f -10 MN IC T- F . 0 U-NY
R E F  A C, i)

21 0 ENOFLAG=0
C*** l—AREA F,)UND

WRjTC-('l,-,)?4APFA

b6 U P L) A T F

- I F I CObECK ,3 l 73 , 74
74 I F( E C

;. 
.")2e,?'3

GO TO

2< E Nk') F L A G
25 READ(1,9) S T N,LAT LONU i E . L GRAV--

IF(ICC^-F. CK, 21 )7" 72
72 IF([:0F)j)26,27
71 CO To 25
27 IF(E%DFl-AG)2p,28,,(l

---- . 28 IF(S'l N(1)-CST%(1))31,900,931
900 IF(STN(2)-CSTN(2))31,30,931

---.93.1-.READ(3,46)CS'i%,CLAT#CLOt4G
IF(E- OF,3)24,27

—39 VORMAT( JX 9HNO C- LEV-G' PAV DATA	 /#1Xm5HARFA 20R4je-!,x-?--.--
1(4(R4,jH.,q4,2X)))

------42 FOR v AT(IX,16HNO LAT LONG DATA_ .	 X-i 5 HAREA j20R4p1Xp1

30 STN(I)r C STN(j.)
ST%, ( 2)^CST*,,12)
LATZC[.t,

C.

9 V 'g 9 3	 5 0 031 -
 1 F ( ,	 .	 -

-	 .
F L	 9 Q	 3 -13 3 3'j-

32 if (LMT-9V99y,co)35,35,34
14 W R ► 7 f	 A 7 4.L	 E L GR A v

J	 -	 --LO tEL,G-QAVr 7:	 WRI	 LAf	 N

37 IF L- P D-' T I: ^6 25 e6
C : R FIN,

33 ERR0P(),:CCUNT)-- STN(l.)
FPMN C,r ( ^ , :COU%T j = STN
I C k) C. NJ T r I C 0 tj NT I

j C	 U	 74 7
38 1 1	 CGONIT-I

ICOUN T -- l'--

GO TO 17

35 JE ;; PCi, ( 1 Jj)=5 Ti N
JERP0P(2,jj)=STN(2 .)-

IF(JJ-IUI)*34,41#41
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4: CON T 114UE

------ -... J J`1	 ------ — -- -_- - ...—.-----_-----__... 	 -	 --	 -- ---- ._—^_. ——

Cao.fs.	 PE  r a 0 ►' OLD +C ASTER	 ^. =--- - — ----_^- - ----

45 F()	 T 	 RFC ,1X,21HNQN U P0ATf=i' STAi10^SI

REA!,(3, 4 o nSTP.,CLrT,CLONG

--	
46 1; F:	 F.(cl	 G!;TN,CLA7,CL0!:3	 ---- --- -	 -	 --	 --	 -	 -
4 0 rU^'' QTt 1'<. aa ,^^^,^R4,2Y.,F10.2	 F10,2)

T C u 7 -
4 4 JJ^. J

.RITE	 PF:)" ARE- a

51 ^% RI T ^(!'1	 Jol,ICOU.'JT)

-
50 I C 0 U N T =1	 - -- --- -- --	 —	 --- ---- ----

IF (.1J)`2.,52153
Ca * *o .LIST E P ROH FFCORDS	 --	 -- -	 --_	

53 WR17Ec61, 4 2 	 A:; EA,( (JERN.CH(I.J),Ie1.21,J=1,..'Jf

52 JJ=l
FND) 1 L

-

G 
0 TO 14 	 - -- -- — — -	 --	 ---	 --	 ---

C ti :••• GO PEAL	 Y.T A'PFA
C.-..««?ST AN'Y APP EAS ik TAHLF N 0 T VP D ATED — ------ ------- —-------- —

2 00 56 I=!,Ji
DO 57 11=1.%O --- - ----	 ----- — ---------	 1F"(CR(ieRt••(I I r i ).^O, tN 	)57.58	

- ..---------- -

56 G0 TO !.v

E r:11F 1!.t2
k E u I' " .'D 2	 _. - . _. — -	 ----	 -----	 ----	 - ----

6	 r ( ^ N :	 _ is ,'+ "'t	 A	 3R4. iZ^ ,•0' C% u A S ER
ant

G	 G

i^.

1 . A

.- a

41
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:J^e Sr- •

-i ON G	 AREA	 UPDFTE	 F iLrt„oua!;^Pli'[	 F;0!;T i'JE_ f')r	 i. A '

-	 -	
CRI)ARFAt2P,i0U),ST^;(2,..rCO)+

CCM'OIV.:''-FIL,E	 20},

_.__	
I'^TE bt+%: 	:^i:,CKi?A^` M ► It'rIL^, "FItE.G;.u^p({GE

f^FAL	 L16a 1.C,n,C---

P E! N D	 J
I F	 I G h T = 9	 _..._ ..	 _. _	 __	 ...

^" K^r

Coo***	 N%`^Fr	 -	 - _	 ---

-	 FOni'AT(?X,',(!-^ARU	 F ?L^	 ► 20R4,/,jY.,'!4HMAG	 TAPE	 FIL^	 ,20RM^^11X^12N.^-
*_.

109	 1'FL^-TED

—
- 40 .	 C O r, T 11', U F-

--- -- -- R
C.r..a(",' T	 CA;J

21	 F)F:AF(6C,A.)(CPDAPFAt1	 J),I=1,20)

-	 - - - ---
50	 IF tCrJ+: F<FA(1.^^).E(:,4RE^dDS,A'^G.CRDAREAt2.J),EO,^IRAi'	 )6,7 a^

7	 TF(C RL,A 	 ^(1.,,1), FC.^RrtiDL,ANID,CRDAPFAC2t.i)..E0,4R^TS. _)11!.9...- ..

c	 RE:AOt	 , 0.1?) a

- -- -- - - ---
Cx+ao+,r	 SKIP	 FL I G	 T	 CAP0

•	 1_:1trP7A	 1,J),1	 1,20>
---	

3	 F JF..r't 2')P4

^o;.E ► QAKER,ChARL!E;DGG,GAR 	 AGFr	 n	 l	 JJ),ST+.(?,JJ),A, F17	 x.^,,,	 r,)5	 ".t1,
1^.	 ..	 A.fc1	 --	 _	

__	 -__	 ,_}^^1f,•-,_...-•	
'.::	 a`::1.	 As p 	 .^^..G'^^)	

15,16

, _

((_,A»•,_	 r	 ^^L,	 ,-^3Ar'F	 .-4RATS	 )l' 817

r_Oh:G tom`` •	 ' •.	 __..	 _	 -- ---	 -	 - -	 ----- ----- ----

C„ww	 a	 $F P: SE 	 00 Y A NY	 S i-c T I0NS	 ---------	 -__- -- - --- ------------- -8	 •7

16	 WT 17E(61,20)SiN(1	 J-:.	 2.JJ-1)-
-	 --	 7r	 (rJctt'A ^(1X.2l^,S T:'i'%S 	 "XCF'DS	 'COO !^,A4.1H.,A4)

---	 22	 )GAP.13A(,"r: r
I V 	 GAR,EQ	 :RFNJL.05.BAGE.F0, 4PAT5 	 ) 11,22--

cA1.L04iE.R(JJ)
--	 C	 S0R T 	 C^EAaaao u ,tt

------	 C,'#;„s•cVEA	 R - COR:1C	 ON	 SCRATCH
wRITF(,i,251STN(i,I ) , STN(2,1),LAT(I), L ONG ' .) -	 ---- ----------	 —
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25	 FCRMATi(2A4,;)
26	 C()NTIN.UE '

30	 COP	 FLIGPTS,10Xjlt,8H	 Ri--CGR

--	 -	 r

FNP^lLi	 3	 '.''_'--	 -------___--_-'	 --__-_-_-------'-'	 `
^n	 r r"	 12 1 

^^'D r [L L:	i^CUND
27	 v:,Rn4	 e i^	 «F_	 ,72x_^

J^i - I
 ._	 WRlTE(61^29)	 -------______'__-'_-_-_--'--'--- -' 	 -------'

29	 FCAxAT(1X " 15HINPUT	 COMPLETE
RETUnm_
END

'

'

 . 	 .

 l
^
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SUHROLTINE ORDER (K)
. -COMMCN 1	

'	

20 ) I DU Y 2 (2n h I 20	 ZO- , 10^1 )I STN (?.#-I
I LA	 ,, c. oO ) .LON ila ( 1000

P E A t L A 7 L N G

J i

•	
L = I +

D 0 2 i L K
F S''N 1

3 1F STN 2 J	 S TN 2 1 )5 2 2
5 , TAR!=')' T%(,, J)

•, AV, 3zL4T(j)
T A b4cLCNC3

S

STN ( 2	 STN 2 , I
LAT(J)zLAT(l)

ST,%,(l,l)=!TAPJ
STN(2,!)=1'. Ap2
LAT(l):-TA,113
LONG ( 1 ) = TAP4
C 0 N T 1 N L'E

9 1 F S T -N 1	 S T N' (	 1 )1,7 ,1

I F STN 2	 )—STN (2
LAT(I)r-99999.99
LONG(I)=-99999.99
CONT I NL:L

A E T U R N,

ENDD

wt -I-

i
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PROGRAM HA2
INTLG iiR FRR0RS,PAGEsLC0JNT„F".f1SA^ ^6i LAO^NDCR _
kFAL	 1,STn,.,LAT&LONG,ELs OGR AV, Cc

'	 1nTE:t',FR L'(:R^HMT
''	 I '^ 7 F f t * ;. C R , ,^ N `	

... _. _ _ .	 .. _... -- .---sue ----•---_	 - —

i	 CO ►^NGti H C R ( 2	 21 )
COP rM rj% ACR( ?0),AmT(2t1)—___---

1 1 0N ERf: 0^+5, AGE , LCU	 FLAG-----
COM^,ON STNI,STN2,LAT,LONG,EL,GGRAV,LOCI#LOC2
C0m, ,.nti I)CR ( 5) , DCRb ( 5	 D C R	 y _
RL-AL ► 	 of Ali
'.EA.L CCRH
PEAL P A ,PAR
UP"t' ` j ON PF(5),9AR(5)

1NTc^^r n If3(.At^h 	 _

EOUIVFI,F_NCE:(HLANK,1HLANK) 	 ___	 ----- --- - ------
00111-ION BLANK
DATA ( V0MP=6Hf)UNF,
REN I ND 40

IENDSAF(1)=4HENDS
IENDSAF (2)L4NAF

00 18 I = 3 2U	 -	 -- ---- -...----
16 1Eri01 SA ► (I )c4ti
30 VRROKS = O -

LCC.UNT=0
PAGE-=0

HILA I K(2)=4H	 -_—_
C••• • CHECK "Ac, TAPE LABEL=Ct RD LA PEL

REAC• (60 41)HCR

50 RFAj)(4^.,4,)^-.yT
DO b? I = 1 .20	 ---

1F (HC?( I	 T( 1))70#62,70
62 COr:T I *,,i,E

GO TO SO
PAGI-= PA GE+1
-WRI"E( 6 1,71 ):.e:,i:,N'AT,N ?	 - - -

71 Fo p t' , '(1 H 1,6 , PAGE ,I3
1/lY. 56H HEALERS ON MT AN D CP ARE CIFFE;:ENT

2/IY 1 4 ^ MT Hz A -tkR IS	 ,20 A4,
3/1X ► 14 H CR ^- ADER IS ,20A 4 )	

---... -- ----	 --------
S Tf)F

C am • •« RE:Ar AKE
(
A

^

 A',C' OENS
'

I T Y CARDS	 -...	 -•--_...._..._..^-. --- .-•__--

91 F f.' : T(20A4 # /," 5,2)
IF (FOF-,60)1U0,200

Coe** Errs OF DATA PCUT1!4E	 -- --- ----- __
100 cAC,F =: a ,E..

WR ITE (F1, i('1 ) = AGF, HC-7, SCR
k	 101 F 0 P - ;. T ( 1111 , / / / / , 6 H PATE ,13,10X,20A 4 ,/iX,20A4/)	 --	 -

hRITE=(61,111;c^NOHS
111 F Of; - ;A T ( SX, 26:, %UMSER O F ERRCP$ FnU'JD	 , 13 )

KRj7L(61,121)	 -----	 -- -
_. _!

NEW-



ORIGINAL PAGE I3
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121 FORMAT(1X,t///,11H END OF JOR
N R I T 
F= -------REN INU 40

_ AFTURN

: + ^*=-f:NCOI)E--RLA 14KS INTO DENSITY ARRAY
20(1- DO 264 l = J., 5

IF(DL'rc(1)•D;0)202,?0'5,202
202 ENCOUFca12C3,1)CR	 Ii)1)CR(I!	 _	 ----------..__-__--
203 FOkMAT(F8,2)
204 NDCR=I

GO TO 208

205 0  2r'7 J=1,5
-

- ENCO0EiS.2fit,UCRS(J)}—_
206 FOR'AT (6X)

208 PAGE=f I AG,,E«1	 -	 —	 ---
WRIT ( 6 1,2(1 9 F; AGE,HCR,ACR,'DCPn	

--- ----	 -

209 FORXAT(1H1, ////,6H P 9E ,13,10X,20 A 4 , /I X, 20A4/2X,
16211STATION	 LOCATION	 LATITUDE	 LONGITUDE ELEVATION
221H	 GRAVITY FREE AIR,5X,3IYDENSITIFS AND BOOGUER ANOMA4LES_.._______	 —
310H (MGAL)	 /32X,43H(UEG MIN)	 (DEG MIN)	 (FEET)	 (MGAL)
41011	 (MGAL),5(2X,H8))
LCOUNT=N

C*•***SEARCH FOP, AREA
210 RFAI)(40,41)AmT
220 U0 222 1=1,20

IF(AMT(l)-IENOSAF(I))230,222,230
222 CONTINUE

REwIND 40

	

_.	 GO TO 300
230 DO 232 1=1,20	

_..- - ----

	

_.	 IF(ACH(I)-AMT(1))24U,232,240
232 COttT P40E.

GO TC f50
240 CALL SeIP(40_)	

--

250 REAI'j(4r; ► 255.)ST Ni , ST N?_,LAT	 ,EL, OGP.AV -• LOCI, LOC2	 -
25I FORM'AT(AH.#Al 2F10.^?^2f8,2,?.A^+}..._.---

	

_	 IF(FG)F ► 40)9u,260

260 CALL H/-SU62
-	 GO TO 2511	

--

_^P* v * *SECC i7:} PASS-1-
-_-

301 V0PMAT(20A4j_

310 PEAf)(4n,70`,;c,MT
320 DO 323 1=1120

--

1F(AMT(1)-I rNnSt,F(1))430,323,430

323 CO:iT I V;E
GO TO 330430  D 0 432  1=1,20----^_.---_--._.__---

rF(ACP.(I)-Atj%(T)1440,432,440
432 C0 r•) T INuE	

_—.-- -

GO TO 250
44n CA L L S K IP (4U)	

_ _

GO TO 310

^_r
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•** ERROR ROUTING
3311 WRjTE(1,1,33j)ACR
331 FOR.M AT(lX,iX,16H, AREA %OT-ON'MT ­ *

1/IX,17H AREA VPr.H Ck IS ► 20A4)
CALL
RE W I N ;) A 0
GO TO 50
L 1 4 D



ORIGINAL PAGE 13

OF POOR QUALITY

SMiPOUTINE BASU92
INTF: GEi? ERRO'S PAGE sLC0kj.NT j IFNDS AF I FjFLAGj!4DC.R--

RLAL STNI,STN2,LAT,LCNGiFL,CGRAV,D% * Fi
INTC r l= ti HCR,WNT
1 11I.Ji-CiEri AC.RtAmT

i-M T ( 2 0 )

N O-q -KV	 4T ( 2 0

cot'tlu N-;SR R 0 R 5JE! A G rz LCOUNT i JENDSAF 2G 9F LAO
--CORIMUN St' ^.'!,STN'2,LAT,L*O,',ir,,EL,ocPAViLOCi,L.002

•	 commok^ 13cl-, ( 5) . %R& ( 5) , qncR
REAL FA JAB
REAL W-Rill
REAL

Dl u LNSICN' BA(5)IRASM
REAL PLANK
I N T E G F 0 IRILANK
DIMENSION !tiLANK(2)

`-COM!'.ON FLANK
INTEGE R IF• A, IFR
INTLGF R LATV,L0NGD
REAL LATM,LC"%GM
REAL LAT1,LAT2,NGRAV,K
HFLAG=('
I F A = 0
I FH= 0
IF(LAT*99949.0)5,1,1

I lF(L.0N( ;+ 99994. n)6,2,2
2 lF(LL-y999.0)7,3,3
3 lF­ (0L; RkV-9999.0)6*20#20
5 LRRORS=FRR0R'S,+l

(30 TO I

6 ERRORSZERPORS41

0^- -67 7-

7 E-Ri IRS ' PkR4

GO TO 3

8 FF(kCiR5=ERROr2$si.
R F L A G 1
GO AID 10	 — -----

-00 .22

3o IF ( lf:A)3r).3,4,35

21 LAT7L.T/t0.6
35 IF(IFiJ )37,3b.37
36 L 0".'* = L C""' f l/ 6 L - 0
37
40 LAT1=L.AT•3.14j5926536/160.0

L A T 2 = 2 , 0 * L A T 1
NG I-- " V = 9 7 R 0 49.  P

1(1.0*Oo0052b84*S]N(LATI)*SIN(LATI)
2- 0. 0 0 0 b 0 5 9 0 S I N ( L A T 2 ) * ') I N ( L A T 2 ) )

YT

!, 
i
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3-9780UV,a
K=(.L o l 9012770

FA	 =	 1)o kAV	 +	 El. a 0, 09406 -.

52 UA(f )=	 to - ► eL(;fl! I i
A.4	 VA

bn IF (L.CUONT-60)?i'),61,b1	 --- `
61 PAGE-=PACE+1.

62 ( G !	 1,////r6k	 F A G F	 ,I3r2CXr2 	 4,/1X,2CA4/2X,
1621 C,	 I O C :	 L oci,T IGv	 LATITUDE	 LONG! TUDE: ELEVATION
2?1H	 GRAVITY	 c kEL-	 A1 4 ,5X,33..: z r_ r.;SI`IES	 A 	 60L:GU	 R	 A,'G0 A ,IE_5	

- ---
31 OH	 t?:,ALJ	 /32X,46N(:;,c.;	 "'IN)	 (DEG	 MI%,	(FEET3	 (NGAL)

LCC,,	 T c f; --
70 1F(I- A) 72,71,72
71 LAID=IVIX(L AT)

L.AI Nz (LAT-I.ATS:	 60.0 __--
LAT"=A,iSF(LATM,

t GO	 TO	 75

L A T r= 9 b C n 0 0 0 0 0. -	 --- --- ------------ ----	 --
GO	 I r)	 15

75 1F(!ELi)77,7c,77
76 L.Or,Gb=IFIX(LOr^(^)

LCD (,'	 _ ( L.O%' r',-LO y GD) • 6''i. 0
LnN	 SF (L ,N(iX

C;0	 TO	 t•0

-
8G iF	 AV +93brt	 2,Esi	 6 1

..,,..

51 GG1':,V_('1i	 AV+	 7 	 O. U
6 1 h c.:	 T ^ { e: 1, n Z )-	 -	

_ ^...	 -	 ---- ..-..	 _ , ^°"^ s

1^ ?	.S' ► ^2,.-	 _,L	 C2,L AT D	 L A T	 0'rGD,LC'.GA	 EL.,0GRAVr

-

1(X,th,:•1.2X,2AF,2X,2(2X,;4,X,F5.2),2X,F o, 1, X,F10,2,6(2X,Rt3))

P F T U	 N
_

..I
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APPENDIX C

R_';l D 60, 1 DIARD

'."'HITE^	 1 ICARD

*

^RITE	 2 .

2 F C ,.:.	 's o"..	 L F

STOP

_iLID

ORIGINAL PAGE I% --

 OF POOR QUALITY

.11
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APPE INDIX H	 06/02/69

	

p Q')u" 1 A 4 F I	 A F

AT(?. , 1000) , -AT(1000) , I.ONG(1000) NT( ,100CI I GR A V 100-0

H(100U)
r) I MENSIO	 j 

r
'l I Do I	 Lo 2 1 o n o

A T

	

	 1H T, 1 ^4 J	 2L

	7 O 	 72

	

1801 F7 0	 T ( A 4)

111 05 	 T
1()o.-	 ,,,r ( A 	 I -., A 4,2 7 1 '^.2, 2--6. 2) 	 ORIGINAL PAGii

	

n l) 7 F I.;	 t, T 6 .4 E	 7	 .-.O.F-.Po
OR QUALITY

	

it	 'I; 60

19

	

120 1'_	 1-1 L

	1f	 K . E	 1 2	 1 2
121 1 4=2

10!JT=3

C fj T3 4
122 1 ^-3

I U j T 2
C U T 4

100 STOP

4	 0 14 T R 0	 rl 4 -q	 S 9 10

9 Rt:AD(60,1V5)1 C D S

3n03 P E A ( I \1 , 10	 4 k E A U

1^ ( 1 OG^4ECK	 3	 310 4

004 W) 3n00 I=1, 2 =

	

1 ► 	 C D S c G	 4 A r.	 1	 30 00, 30rJ1

- 3 110 f)
0'-'2

3n02 4i	 A C D

	

7)	 7) (61

7ib(i S ,S)20 1919	

1 -, - I	 .-	 +	 -	 -_ - "'	 ' -
C 7-'S	 1	 11 12

13

12 W ;l I T	 10 J	 1 0 f,	 S F 3
-'7 .'.,,",T^?it,LATpA'L- ONGPHTPGRAVoLOCIsLOC2

3 C H F.- L K	 6.3005

5

15	 " .'--(	 ET N2, A^t.T,

GO T O 16
14 E'• r)F !LE lOJ7

': 5 -1 17

20 W-'% ! 7 F ( 6 1,	 2	 IC-"bl:5
T O i :-: DELETED NOT ON TAPE.2Xo20A4)

i TF ( 10 OT 1 07)

WAM .1
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27 REWIND IN

PtWINI D LOUT
GO TO I

13 RE AD	 N, 10 5 31 1 S T 111, 1 S T N 2, AL A T'f A4ONG, HT, GRAV, LOCI , lOC2

n: RE AD	 10

A.	
-	 31	 4 t' N^9 S ) 2 3 -2-2

22 WR I T ;-::   I OJT 1006 ) I S:-:G
26 HEAD ( 1	 105 1 ) 1 ST \1 1 , I S TN2, ALAT, ALONG, HT, GRAY, LOCI, LOC'2

rI F ( r- ') P	 , I ) ;-' 5 2 4
25 f . WDF ILE IOJT

GO T O 21
2 4 wRIT =-(!0jT;1051.)I`:T,\1,15i ,42 t 	'RAV#L0Cl,L'C2

GO T.0 26
23 WqIT;-(10JT,1,",07)

W R I T	 f)	 9 ? 6 ) 1 1" 1) S E 3
--,49 6 F 0R N'4T(5 y o20.',4,8 ,j DE'-l:T=-,D)

10 lf(1CONTROI-."=0.4-it/CQ.)J.ICON'TRO',-.E0.4HC/UP)30, 29
2 a WRIT E (61,1'12 Q ) ICONTR%

I fl 2 9 F04XAT(3PH ILLEGAL CONTROL CARD, COLS I TO 4 ARE,2X,A4)-
31 R l-iAD(61,1001) IC(;VTROL

It' (EOr,6O)32 ► 33
53 IF( I CONTROL. E0.4HG/CR. DR. IC"O%4TR0L.EQ.4HC/UP,OR,
14 33.

32 STOP
c

30 K

34 REAI)(60,1034)IST4T(I,K),ISTAT(2,K),LATUEo,LATtilt4,LATSEC,LONGD-r_G,LOt4-omI

11.0',JGSPr', I HT ( < 	 I SH AV K	 -OCI K	 1-OC2 K
I n.3 4 z 0 ;:' A T 2 4 4 2 x 3 1 	 4 X 13 2 12	 5	 10 2 15 X , 2 A 8

L A 7	 A T n L- + : A T M I	 L A, T S E r l 5 0

LU,`J;(K) =60.
1FII S-1t, T ('I	 E (7

1
- 4--iE N 0	 3 5 ► 35 - - - -

37 R 17	 9 1 ol

10 57 	 0 R 4 7(6 1 i	 j	 E - - -i C-E0S- -:)I,• ST4TIONS IN UPDATING OR CR-EATING -FILE EXC

46
C44***rUQT

L

I)0 4n I

ISWA;I=o

r, T 41 7

44 IV( IS,'AT(2, j)-iSTAT(2#J- - ll ))tij,45,43
43 ITErIPI=ISTAT(I,J)

ITE!-'P2=I'.;TAT(2,J)
3 L 4 T

A T FH:34
A T i.: V,:)5 1 HT( i )
A T ---MP6 ! GR A V (

qm -

MW
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20	 06/02/69

I T 	7=10(J)
A T t! P 6 L 0 0	 J	 ATFMP9r. LC'u 2,' ,))
I ST A T	 S T t T 1 1 +1

I ST	 p i	 T 1, T

L Ali(J);-L4T(
L C % :'I ( J	 L (I	 + I

A V j	 13 V i	 1^

[ - (.)C l J =L,)C 1	 1	 LO C2'(J):.LOC'.. J+1)
ISTAT(1.J+1)=ITFl 4 F,j
I S T A T 2	 ?

L A T,( j

L C, ',,G ( j	 7	 4
l t4 T( J	 5

LOCI	 LCC2(J+J.)cATEMP9
I S •., A 0 = ; s '! A

(;0 TO 41
45 14 W I T	 6	 1 045)IST-T(j,J),ISTAT(2,J)

1.f145	 P I A I ( 17 H STATION NJ v-3=' R	 pA4 * 1H.ot,4,23H APPEARS MORE THAN ONCE)
41 f: 0 T I i i^

I	 I S	 P	 1	 2

40 
N_ 

%;

42 1	 C 0 N T 01-	D . 4 -A C / C	 6 , 4 7
46 PE f, f) 6 D 1 0 n 6 1 C U S t- 7,

4666 i l E 1)( 1 14 j0f-i5)I:,PZ- AC0
f,J 404-.) 1 =1 . 20

I V I CD -,F G( !).F'J.IARLACD(I))A046,4047
4 046  C3NT I JJF

GO 7	 4
4047	 5 i i A RL 4 0 0	 1 CDs E G

G (11 T 5
4 M 4	 1, 1

- 52 rl f= AD	 S F 7,
I ( I D C L-	 52 3 .1 2

3C 2 	 1 E ( 0	 '^ ) S = ,

1 1; F';	 4 -:: N 7 S 5	 5-3
5	 A 71 i	 0 3	 T IL I 5, 1 % 2, t L t T	 1. ^.G 64T GR A VsLOC1,LDC?

1053 f	 A T( 44 x	 2	 P , 273421 ,243)
I FA I l- - + F- -	 53 3 3

3o3 I F ( p)	 d G

51 lJR I T E( ioj'r,v)5i) IST' j i , I3TV2,ALAT, tL0NG,HT,GRA,,f ,L0C,.,L0C2
( ii Q'1 1. 7 ( ' -1 , ', - , , :, 4 , 2 7 1 	 2. 20 9 )
r O T r) 53

50 PACKSPAC :- 13JT

W.q 17	 1 r',j T

4 ! I-T
O R r-:,4 T 6 -+ 1 1'- 11

"0 54 1 = I , <

I F' ( LL . T (1).x:10.)55,55 6
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i

55 JI L AT = - ;09?99 00

CU TJ
56 ;J LATzi.lT( I

0	 b 5

58 L ON r,

59

	

559 	 T	 Q99  0 fj
C0 T O

,5t)fi tjT=l-ir(

	

555 f" q A v	 9	 n 0

1 5 ,*,)- IS.TAT(l,l),ISTAT(2,I),!LAT,t,LO'q G,HT,GRAV,L)CI(I NI LO CV2 I

	

5 4 	61	 S T 1, T ( 1. 1	 T !; T A T (2,I),BLAT,BLONG,HT,'k'7RAV,LO^l.(I)oLVC2(l)

2	 1

1059 F- 0;01 47 C Y , L 4	 44 , 2	 P , 2F 9 2 , P X 2 A 8

i ;q D F I	 I JJ I

E 10 T	 7

p c A' 1 14 if	 1 ;UT
cl G , IDJ T

.1 n60 F U--V- 41'( 9,i SEJMEtir ,2'1 4, 4 , 20H C q EA", E0- . ON TAPE LU	 13)
0 7' '.)

TP

	

47	 e) 1 10 5 ) C 1., 3 L
	62	 A	 1	 0 6);	 A

F D I A R - t C D	 6 0 6 1

	

61.	 S1,	 I A-it: Ac',	 I

'3Lj.j^fj.jHS'lOULD BE	 i---X 6- -	 -y-P-tl A 4 1 4 li- -L ^.k 42 jE 0 ON L U

uZ

T

	

R E A 1., 	0	 Iw

T ? D S E G
i) -T­Z^ -U P Tj A E	 M, E	 2 A 4 W 27H FY 3 p H -,I A T A 4 3	 T,1 P EE "I A

	

V, L	 -'W!),;-Tl,-. J. N A'l Z :) a X j-20 A 4

	

-: 7 1 u k	 1	 3-

	

I T	 10'•1 T	 0	 S S G
6 4

11 T

	106 6  	 L,	 T X 	
C., 1	 16.	 ^, I 0% SAF FILL	 2 C.AA

	

6 5	 1 7	 i 1 6 j I U J T __._...----

	

1 n6 	 A T(X 13 -i L 0 S, I  ; A 	 Y4 1 T	 1 3, 3 X , 2 1 H I S LATEST OUTPUT TAPE)

Rtdl\4J IOUT

T

c
	6r,	 E.7 1	 0

w.
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I	 I C 1) S E G ( J 	 F 0 . I S E G( ))57,68	 4'^
67 ('0•JTI,JUF

---
GO TO 72H.

68 REA1)(1N,1053)1r-T'd1,lSTV	 L2, 4 AT,A(.0NG,FLEV ► GRAVITY,L0Ci,LOC7

-- --- 69 W  I T  (i U Ij .:''>1) 15 T'. , I 3'V2, ALA (, AL0NO.ELEV:GRA V,I1 TYILOCI,I,OC2
(10 TO 68 -.	 -	 =r

70
	

1	 OF 11. E	 ! U.) T	
..	 ../._...	 ......	 ^,

U TO 71

72 i E "J D= j R= 
0	 --	 ----	 _----- —	

r:T 2=C	 a:^^-
73 K TR=KTR+?-..	

1F (KT Lt.GT.4)J.i7,74	
-..

74 IF (lEi^;O.EU,I)83,77
~- 77 PE A!)(I N1„C^3)!ST'11, 1STV2,A.LAT, A L p NG,ELtV,GRA V I T Y, LOCI ,LOC2

_	 I? (f UF, I'j)7 q ,79	 -
l' --	 78 1E'4D=1
-------- GO TO 83

79 IF(ISTV1-ISTt,T(1,KTR))91,82 ► 83
82 lF(ISTV2-ISTAT(2,KTR))81,84,83----	
84 lF(Ib('TR).EJ.1.HU)73,85
86 IF(LAT(KTR).^0,0.)37,59
88 f4LAT=LAT(KTR)

GU TO 91	 .'
87 PLAT=ALAT
91 IF(LON:,( •CT4).F0.0 )89,93

---	 90 HLOlNG=LOvG(KTR)
GO TO 92	 --

89 HLO!JG=ALON:,

--- ---	 92 1 F ( I 4T(KTR). 0.0.)94 ,93 	 _.	 ^s

93 itT=14T(KTR)	 r
GO TO 944

94 HF=F L EV -	 r

444(IGRAV(ICTR).=U.G.}96, y5	
._

----- -- 
95 (-^AV= IGRAV(1TR)

GU TO 97
96 GRAY=GRAV 1 T 
97 '-'R1T (ICJT,1'15;)1STN1,1S T V2, PLAT ,9!OvG,HT,GRAV,LOCI P(TR),L0C2(KTF')

GO TO 73	 ^. ^..
C	 0 Ntl ,!-1ER- I : COR_ TO_ iJ'7AFE NU M 9-R 0'4 TAP E

81 vQ f Tc(1t`.!T,1+ . 51)1STN1.,13Tti2,AL AT , ALONG ,ELEV,GR.AVITY, LOCI ,LOC2	
.^^..+.

GO TO 74
C	 Pi0 (.!IJ	 ER 1\4 T 	 =')R U ,'.^FR IN CORE	 ^►

---.- 03 IF(LAT(KTR).cf).0.)101,132
101 P,Lt,T=-?4YU?..10

_	 co TO 103

.03	 1F (L 0 , "'k	 ;).	 1,)1 4,135
104 HLOM11=-999Y9.0'

_	 GO TO 106

106 lF(l4T(KTR).n(:.O.)107,1)3
107 HT=-999,00

GO TO 109
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X08 FAT =IHT(KTR)
109 IF(IGRA'ti(KTR).Ea.u.)110,111

GJ T3 112
111 ^•RAV=I	 A..V	 TR)
12 ..:ii?_(	 ^

1
;'-,.:;51>ISTAT(1_,^TRf,ISTAT(2,KTR).S'AT,ELO'dG,HT,GRAV,

3 L1^L - ll I ^. S I_	 G( h T t^ )

lF(KT R. uT.O113,114

I^ 1) ;: Q 	 17.5.11.6
11 4 1.FtI=^'O.=J.1)83,79
'17 r' '7c^%	 0^3)1ST`1,ISTV2^.aLaT,:L7':G,E^EV,GRAViTY,LU%1,LCC2

_
7.16	 ISTNS,IS_T\2,ALAT,ALONG,ELEV,GRAV:TY,LOC1,LOC2

(,0- T) 117	 _	 - -_	 i t LE 10.JT
71 ^  T 3. -7 2-	

— -	 - --	 -	 -- --

1.3

s v'

F 
I^f a 

^.

:-

IFr%Sir'rfi. r-'
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