General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



“Made available under NASA sponsomship tBj - 1 0 1 7 3

in the interest of early and wide dis-

semination of Earth Resources Survey ¢ »-
Program information and without m : R -1e 9 7f 5

for any use made theresl”

A COMPUTFR ANALYSIS OF ERTS DATA OF THE
LAXE CREGORY ARFA OF SQUTIH AUSTRALIA WITH
PARTICULAR EMPHASIS ON ITS ROLE IN TERRAIN
"~ CLASSIFICATION FCR ENGINEERING

ORIGINAL PAGE S
OF POOR QUALITY

by

G.D. LODWICK

Original photograply may ha purchasod
from EROS Nt Center s
Sioux Peaiis, o0 57198 57

8 et t B

Thesis subnitted to the University of New South Wales
for - -
the Degree of -
Master of Science .
1976

(E83-10178) A COMPUTER ANALYSIS

[ATR OF THE LAKE GREGORY AI;A gF ggtggls e,
AUSTRALIA WITH PARTICULAR EMEUASIS CN ITS

FEOLE IN TERFAIN CLASSIFICATICN FOE Uncla
ENGINEEFING M.S. Thesis (New South Wales G3/43 00l7BS



g 18
ORIGINAL PAG
OF POOR QUALITY

DECLARATION

- The reseurch work-for-this thesis was cay

School of Apnlied Geology, Uriversity of New South Wales.

'ried out in the

VWhere

the work of others, whether published, unpublished or perscnally

communicated has been referred to or made use of, full acknewledge-

ment has been given.

In addition to the thesis, 2 number of rescerch and

technical papers have been submitted, none of which has previously

been presented in whole or in part to any university or institution

for the purpose of gaining a higher degree.

The work for these

was carried out at the Bureau of Mineral Rescurces, Canberra,

C.S.I.R.0. Division of Soil Mechaznics, Melbourne, and Monash

University, Melbourne. Where these
single author, each author has made

both to the theorctical cevelopment
practical implementation.

papers involve more than a

a significant contribution,

of the topic and to its

o

o5 B

Lodwick



ORIGINAL PAGE 1S
Of POOR QUALITY

ACKNOWLEDGEMENTS

Dr. K.R. Johnson, now privately consulting, was instrumental
in the initiation of the project and introduced me to the methods of
multivariate analysis. Dr. B.L. Wood assumcd supervision and I am
grateful to him, p;rticuia;if for his Helpfﬁl criticism and adviqe
during the final stage of compilation and writing up.

I am also indebted to Dr. G.D. Aitchison, Chief, C.S.I.R.O.
Division of Applied Geomechanics for permission to refer to research
work carried out by the Division. Mr. K. Grant introduced me to the
subject of terrain classification for engineering, and clarified a
number of points.

Dr. A.A. Green and Mr. G.P. Roberts of the C.S.I.R.0. Division
of Mineral Physics supplied magnetic tapes of ERTS data for the
analysis, as well as ERTS photographs of the area.

Dr. G.N. Lance, Chief, C.S.I.R.O. Division of Computing
Research gave permission to use program POLYDIV in the research.

Many useful discussions were held witﬁ Professor R.B. Forrest,
Head, Department of Photogrammetry, University of N.S.W. concerning
the analysis and presenta;isn - o ERTS data.r

Mr. 1. Pauncz read the manuscript and made many constructive
suggestions.

Judy Frahcis typed the final draft.

My wife Patricia assisted in the preparation and photographing
of the plates, and in the compilation and checking of the thesis. I
am also indebted to her support and encouragement during the duration

of the work.



CHAPTER 1:

1.1

CHAPTER 2:

2.1
2.2

2.3

. ORIGINAL PAGE I8
OF POOR QUALITY

CONTENTS
Page
INTRODUCTION .
Terrain Classification for Enginecering 1
Collection of ERTS Data 3

= Sclec:iop of Lake Gfegory-Areq;_- e = o e

CHAPTER 3:

3.1
3.2
3.3

3.4

>

b ————tr o

Previocus ¥Work

—— ~ e — =

Methods of Investigation 8

TERRAIN CLASSIFICATION FOR ENGINEERING

Introduction = i P
The Pattern Unit Component Evaluation System r.lb
The Methodology of P.U.C.E. Surveys 14
THE ERTS PROGRAM

Introduction 16
Orbit and Earth Coverage 16
MSS Subsystem 17
System Performance 20

'CHAPTER 4:

9% S

4.2

CHAPTER 5:

"GEQLOGY AND PHYSIOGKAPHTY : =
Physiography .

TERRAIN CLASSIFICATION FCR ENGINEERING OF THE

LAKE GREGORY AREA 36



CHAPTER 6:
6.1
6.2
6.3

6.4

CHAPTER 7:
7.1
7.2
7.3
7.4
7.5
7.6
7.7

7.8

7.9
CHAPTER 8:
8.1
8.2
8.3

CHAPTER 9:

REFERENCLS

ORIGINAL PAGE [
OF POOR QUALITY

TECHNIQUES OF MULTIVARIATE ANALYSIS
Introduction

Standardization

Factor Analysis - - ' S =

Cluster Analysis

COMPUTER TECHNIQUES

Introduction

Presentation of Results
Reformatting the ERTS Tapes
Correction of Original Data
Formatting for Analysis and Display
Ciitput of Selected Strip
Calculation of Principal Components

Transformation of Original Data onto Principal

Components

Cluster Analysis of the Data

DISCUSSION OF THE RESULTS : ST S R
Transformation onto Principal Components

Classification by Cluster Analysis

Interpretation of the Analyses

CONCLUSTONS

Page

42

43

-~ 44

47

50
50
53
61

70

71

76

81

94

95

96

104

106



Appendix 1
Appendix 2
Aprendix 3

Abpendix 4

Appendix 5

Appendix 6

Appendix 7

—. _ Appendix 8

Appendix. 9

. Appendix- 10

Appendix 11

ORIGINAL PAGE '3
OF POOR QUALITY

APPENDICES :
Reutine to produce shade prints or reflectance
value array 113

Program to translate original ERTS video codes

o o T
> . - R e s

into Cybcr—cbmputihlc EBCDIC format SR 11
Program to print histogram and frequency table

for each band, and calculate normal curves of

identical means and stundard deviations 117V
Prbgram to calculate sensor means and differences
for the twenty-four de£ectors 119
Program to combine original video data eclements

into array of selected size, and apply sensovr

corrections 121
Program to generate pictorial output of selected

band for a particular map area 123
Program to calculate variance/covariance matrix

and principal components ; : 125

Program to cazlculate scores of data elements on

Program to verify variances of the transformed data - - 127 -
Piogiam”ﬁo print out frequency curves for first S
and second principal compenents and to set ouf
tvo-dimensional array 128
Program to print out two-dimensional array of

residuals on the first and second principal

components 130




Plate
P%ate
Plate
Plate
Plate
Plate
Plate
Plate
Plate

Plate

Plate

Plate

3.1

3.2

3.3

3.4

5.1

7.1

7.2

7.3

7.4

7.5

7.6

1.7

ILLUSTRATIONS

ERTS photograph for band 4 of the Lake Gregory
scene

ERTS phonograph‘fqr‘band 5 of the Lake Gregory
sccnei = = S

ERTS photograph for band 6 of the Lake Gregory
scene

ERTS photograph for band 7 of the Lake Gregory
scene

Terrain classification pattern map corresponding
to strip 1 of the Lake Gregory scene

Shade print of band 4 for strip 1, Lake Gregory
scene

Shade print of band 5 for strip 1, Lake Gregory
scene

Shade print of band 6 for strip 1, Lake Gregory
scene

Shade print of béﬁd 7 fér strip 1, Lake Gregory -
scene =
Shade print of the standardized band data frans-
formed onto thebgirst principal component for
strip ‘1, Lake Gregory scene

Shade print of the standardized band data trans-
formed onto the second principal component for
strip 1, Lake Gregory scene

Shade print of the standardized band data trans-
formed onto the first principal component for
strip 1, Lake Gregory scene, shown negative to

Figure 7.5

23

o

25

26

40

72

73

14

B

78

79

80

.
S—

SEF R TN

i ) A8 4

1 ]

R R TR IR

o —

i
i
{



Plate 7,8

Plate 7.9
" 7 Plate 7,10

~__component and_;hg_lognornal distributicn on the

‘second principal cerponent

ORIGINAL PAGE 13
OF POOR QUALITY

Shade print of a three-fold classification based

Page

on the bimodal distribution on the first principal

Distribution of POLYDIV clusters 1 to 4 for

strip 1, Lake Gregory scen2

Distribution of POLYDIV clusters 1 to 7 for . .

stripkl, Lake Gregory scene

92
- 93




ORIGINAL Pact 15
DTAGRANMS POOR >

QUALITY
Page

Figure 1.1 Locality map of Lake Gregory area 4
Figure 3.1 Components of a completed ground scene as

represented on the MSS CCT 19
Figure 4.1 Geologic provinces of Lake Gregory area 28
Figure 4.2 Drainage pattern of Lake Gregory area 29
Figure 4.3 Correlation of Mesozoic stratigraphic units 31
Figure 7.1  Shade print of selected character codes 54
Figure 7.2 Density values for selected character codes $5
Figure 7.3 Frequency curves for bands 4,5,6,7 with normal

curve of identical mean and standard deviation 65-68
Figure 7.4 Frequency distribution of scores on the first

and second principal components 82-83
Figure 7.5 Two dimensional frequency distribution of scores

on first and second principal components 84-85
Figure 7.6 Residual values of principal component scores,

calculated on the basis of 9 x 9 grids 87

Figure 7.7 Dendrogram showing relationships of first 12

discrete clusters produced by program POLYDIV 89




o e e

Table

Table

Table

Table
Table
Tabie
Table
Table

Table

Table

2.1

2,2

2.3

5.1
$.2
5.3
5.4
7.1

7.2

7.3

7.4

.?.S”

8-

8.1

TABLES

ORIGINAL PAGE |

>
=

OF POOR QUALITY

Examples of topographic terrain unit classes

(from Grant, 1974)

5011 assoc1at1ons (fron Grant lQ

Classes of characteristic terrain unit vegetation

formations (from Grant, 1974)

Provincc-No. 43.001 (from Gran
Province No. 52.001 ({from Grant,
Province No. 52.002 (from Grant,
Province No. 52,008 (from Grant,
Selected character codes showing
Original video values translated

Cyber codes

74)

t, 1970 a,b,c)

1970 a,b,c)
1970 a,b,c)

1970 a,b,c)

density levels

to selected

" Textural types of character15t1; terrain unit

Frequency distribution and histogram for bands

4,5,6,7

Means and corrections for the six detectors for
H«each of,;he four,bands
_¥a:*3ncc/cox“rlance mat Aces elsenvalucs.and-wﬁ

.-eigenvecters of Lake Gregory area

- dichotomization by progran PQiYDi

Details of terrain pattern repres

14

37-38

38
39

39
52

60

63-64

“"Parameters associated with each successive

‘7

entation in

terms of the criginal band data and scores on

the first and second principal co

mponents

97-98

P i & TR

DT LGS vrase




ORIGINAL PAGeE B3
OF POOR QUALITY
ABSTRACT

This research project was undertaken to carry out an analysis
of Earth Resources Technology Satellite (ERTS) multispectral data
and examine its usefulness as a means for allowing automatic terrain
classification for ?nginecring purposes. Thc>approach used involved
mathematical manipulation of the original data in order to highlight
the relationships between the original video elements. The specific
locality investigated was a strip epproximately 185 km long and
46.25 km wide centred on iLake 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 maps at a scale of
1:250000 (Grant, 1970 a,b,c). The study was thus directed at a regional
rather than a detailed level &nd was concerned with correlating and
classifying the smallest identifiable elements of terrain at such a
scale represented by approximately one-eighth inch squares on the
terrain pattern map. : T T

As the ERTS video data elements each cover a groﬁnd size of
approximately 79 x 79 metres, consclidation into macro-elements com-
prising on average 10 x 11 each (around half mile squares of terrain)
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 computer programs were written to carry out the analysis and
to display the results pictorially.

Display of the original band data indicated differences in

representation of the terrain both within and between each of the four

Lok ERe L

T —
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bands. By applying principal components analysis to the variance/
covariance data matrix, scorecs of the video elements on the principal
component axes allowed good correlation to the various provinces of
Grant (1970 a,b,c). Within the provinces there was a high level of

qualltatlvc d1ffcrcntlat1on which could be related to the terra‘n

patterns establ*shcd by ccnvent*onal means. A clustcr analysxs of

the data also enabled correlation at the terrain pattern level with
the resulting dendrogram highlighting quantitatively the interrel-
ationships between the various terrain elements.

These rcsﬁlts show that meaningful cvaluation.and classification
of terrain for engineering can result from a quantitative analyéis of
ERTS data. However this approach has two important advantages over
conventional methods. First because of its usc of modern computer
techniques, large areas (of size 185 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. In this way the
application of such techniques can contribute significantly at the

regaoﬁ&l.level to the understanding of teryain in remote or under—=— — -

————— e —— ——

deve’!cgf regmns zra to t.w cﬁlais__;‘ tmn of terum for engineering P

S L = f = S5l : e v}- ogis” f‘”lﬂl“:f‘fQ
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CHAPTER 1:  INTRODUCTION

1.1 Terrain Classification for Enpincering

In 1966 and 1967 the author was employed at the C.S.I.R.O.
Division of Soil Mechanics, Melbourne, Victoria. During this period he
was associated with an Qn-going‘program to develop a system of terrain
evaluation for engineering purposes. Methods were developed to classify
terrain in the laboratory by means of air photos, using stereoscopic
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 cerrelation
of individual sites with others at a distance by observation and inter-
pretation of geology, geomorphology, physiography and stream and
vegetation patterns.

The underlying philosophy of the system is that having estabiisnhed
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 determined. Considerable
experience has shown this approach to be effective in terms of the clas-
sification of terrain into meaningful subdivisions in an engineering
sense (Aitchison and Grant, 1967; 1968 a,b).

Over recent years a number of practical terrain surveys have been
carried out using 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
rural planning. In 1967 the author was involved in two such surveys

(one to the Gulf of Carpentaria and one to the north-east of Marree in
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South Australia) during periods when road construction and alignment
were being undertaken,

In conjunction with such field work, a data base computer system
was developed to utilize the speed and storage facilities of the computer

to assist in overcoming problems associated with the storage and retrieval

“ v~ of vast amounts of field and laboratory data (Grant and Lodwick, 1968). - .

While such a system was of considerable importance, of more fundamental
interest was the possibility of making use of the computer for adiie-
matical analysis of video data in order to assist in the establishment

- of the basic classifications.

Until recenfly;‘how;Qer, it was not practicable to cafry out guch
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 to result in meaningful classes of terrain, since visual
assessment also depends upon the interrelationships of individual sites
(such as their roles in trends). What was necessary was the sensing and
measurement of a number of attributes peculiar to the site itself, or

alternatively the inclusion ¢! information representative of surrounding

sites such as directiomal information on trend features. - - e

By a multivariste analysis of ail these attributes the aim

_:- would be to determine a unique ‘'signature' for each particular site,

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

-

way naturally occurring si ilaritieé or differences could be highlighted

and used as a2 basis for classification.

C o r—

s+ddd: o

- —————
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1.2 Collection of ERTS Data

The ERTS {Earth Resources Technology Satellite) program collects
as one of its priorities multispectral data of images of the earth's
surface. These data are collecred remotely from a satellite orbiting
tﬁe earth by means of a sensing System, transmitted to a'reéeEVing-statibﬁ
and then translated and assembled onto computer tapes suitable for digital
processing.

Reflected solar light is measured in four visible spectral bands
in the range between 0.5 and 1.1 micrcmeters.

The system scans a 185 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 185 x 185 km
of the earth's surface.

The usefulness of ERTS data in the field of 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 wodern computer

techniques, i e ST e e s e

1.3 Selection of the Lake Gregory Area

The area selected for study is strip lrofIERTSI scene number
1564.23594 which comprises a section 46,25 kh wide and 185 km long trending
approximately fourteen degrees in a north-easterly direction. It is
centred on Lake Gregory, a complex of claypans and swamps approximately
120 km to the north-east of Marree in the north of South Australia
(Figure 1.1). It lies within the southern margin of the Great Artesian

Basin and fringes the Simpson Desert which is situated to the north,
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The northern half of the strip consists 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 the braided channels of Cooper's Creek running down to
Lake Eyre. 4
ERTS data had been collected-over this areé?in:Februéry 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 éddition
the whole of the locality is within the arid zone which is iﬁportant
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 studied than thos: of more settled regions. Because
the world's total desert area is very large, the development of successful
methods of terrain classification would have wide application for such
purposes as the estimation of soil and water resources, the design of
cross-country vehicles, and calculation of requirements of local materials

for large-scale engincering projects.

1.4 Previous forki %o e agcc iz

1.4.1 Applications of ERTS data

The first Earth Resources Technology. Satellite éERTSI) was
launched on July 23, 1972. 1In its first seven months over‘31,00Q 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 cf ice and snow conditions (McClain,

PO

i
|
|
|
|
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1972; Campbell, 1972), crop classification (Sheffield and Bernstein,
1372), ecological investigations (Anderson, Carter, McGinness, 1972;
Wezernak and Thompson, 1972), flood mapping (Deutsch et al., 1973) and

land use c1a551f*c tion (Andor<on ct al. 1972). The most significant

- LT

Aoty § succcs%ful avﬂlicatian of IRTS data to date has Dbeen u51ng ERTS photo
images, especially as a photomozaic medium,

In Australia staff at the C.S.I.R.0, Division of Mineral Physics
have developed techniques which take the original digitized computer
compatible tapes and produce high quality photo images for use by
researchers (Green, 1975). At the C.S.I.R.0. Divisicn of Land Use Research
work is being carried out using ERTS imagery for ecological surveys (Cook,
1975). At the South Australian Institute of Technology research is being
carried out into detailed classification of ERTS data to iuvestigate
the use of such imagery for land use surveying (McCloy, 1975). Similar
problems are being investigated at the CSIRO Division of Land Resources
Management in Western Australia (Honey, 1976).

The Bureau of Mineral Resources has carried out investigation of
ERTS for geolo"ical applicatiors (\ ffi et al., 1974, Tingcy 1974) while
research in this area has also been carried out bv the- Department of ;;g}f;ff?,

__Geology atvtbe University of Melbeurne, but with particular reference,;

to geomorphological aspects (Joyce, 1574). ; " S o,

1.4.2 Terrain classification surveys

A considerable amount of work has been done in Australia in the
development of terrain classification and evaluation systems (Christian,
1958; Mabbutt, 1968b; Christian and Stewart, 1964), Investigations in
Australia have gencrally been integrated using a multidiscipline approach

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

The C.S.I.R.0. Division of Land Use Research has carried out a
number of important surveys (Christian and Stewart, 1953; Perry et al.,
1962). These investigations have usually considered the whole range of
land use interests(including the engineering aspects, water supply,
minerals, wildlife, fisheries, harbours, scenery, tourist and recreational
attractions) and encompass all those natural resource factors which have
a relatively fixed geographical location and extent and are amencble to
geographical forms of analysis (Christian and Stewart, 1564).

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 II. These surveys
were based on land systems and land units which aimed at being both basic
and functional divisions of landscape. Land systems wcre recurrent
patterns of landforms, soils and vegetation recognisable on aerial photo-
graphs and these comprised the basic mapping unit. Land units were their
constituent subdivisions. Land system surveys were presented in the form
of maps at scales of 1:250000 and 1:1M accompanied by block diagrams

~ showing the interrelations of the land units and tabulated summaries of -

their form, soil, and vegetation properties. The resulié of these
surveys have been applied to a wide range of land-usc purposes, most
notable of which is to the pastoral industry (Slatyer and berry, 1969).

. From such a broad scale approach, the C.S.I.R.0. Division of Soiil
Mechanics developed a system of terrain classification and evaluation for
the particular needs of engineering. This is known as the Pattern Unit
Compunent Evaluation (P.U.C.E.) system which has been applied in a number
of surveys in Australia undertaken on a regional basis (Grant, 1970 a,b,c;

1972).
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1.5 ° Methods of Investigation

The aim of this research was to investigate the extent to which
a quantitative analysis of ERTS multispectral data could enable meaningful

o HAP'Cla5%1f1cat10n of t"rraLn fax engincering. s

A- survey cf cnfrcnt 1itcera 1ch ~L5;c¢.cd ‘}dt thClappllcatJOﬁ"6f
multivariate technicues of factor analysis and cluster analysis, such as
outlined in standard texts (Pavis, 1973; Harbaugh and Merriam, 1968; Miller

~and Xahn, 19¢2), would provide a new approach to the problem of classifi-

~cat10n of terrain data fc* cngineering purposes. . ' e S

Because the terrain classification maps of the Lake Gregery 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.

A number of special purpose computer programs to store the data,
to analyse and process video information, and to present the results

pictorially were written for the research.
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CHAPTER 2:  TERRAIN CLASSIFICATION FOR ENGINEERING

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 terrsin - -
per unit area is important, but not sufficient to justify the cost of
special detailed surveys, e.g. it has been successfully applied in
agriculture vhen cho;sing suitable farming systems, in engineering for
purposes of secondary road construction in remote areas, and for military
applications at the broad level of vehicle mobility,

Terrain evaluation can be defined as a process involving an analysis
of the natural geographic environment, the classification of data to
distinguish one area from another, and the appraisal or assessment of the
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
normally'comprise-field surveys, laboratory work, statistical analyses,
the extraction of classification details, and the storage of data in
retrieval and reprod;ction 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 recognizability and reproducibility of the terrain so that
individual properties can be preciscly defined in terms of earth forms

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

unknown areas can be effectively carried out.
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Terrain classification systems can adopt one of two approaches
~which should be con<1dcrcd complement1ry rather than conflxctxng ’“":*
(Mabbutt, 1968 b).

First, one can consider the terrain itself, classify it into
‘matural units, and then attempt to meusure individual propcrt1es quantx-

s Tt :
Alternatively one can consider terrain from the point of view of
-the uses envisaged and map units in terms of selected c1°ss limits of
'1appropriate land attributes. Sup»rxmpos tion of these n;ps will thcn give
':‘aucquleté classification, T3

The first or 'landscape’ system has three significant advantages
aj g

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

'7‘methbas. " Howuver it poses the difficulty of selection of meaningful class
- ‘ . .

lxaxts tnd tends to-sa rlfzce cc nrehensivenes ard ease of recognztioq o

_ for quant a»lV& ac:axl {ﬂltc“ell 1973).

2.2 — The Pattern Unit C*"“*FCﬁ Evaluztion System

-

" Because of the special needs of engineering, and the inadequacy
of conventional land systems, the C.S.1.R.0. Division of Soil Mechanics

has devised a modified svstem for :

n

I

own needs. This has land systems
more narrowly defined in terms of engineering criteria but identified on

the grounds of visual 'landscape' recognition characteristics,

T - - ,v‘ —— .__.A..,‘

10 N
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The basis of the Pattern Unit Component Evaluation (P.U.C.E.)

Programme 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. By selecting class boundaries at suitable
significant levels, continuous expanses of terrain may be reduced to a . -
number of terrain classes which reflect its engineering propertiés._..A

The system is based entirely on landscape properties normally

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

pattern, terrzin unit and terrain component, in descending order of size

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

i — — ——— — g —

association can be expressed within one class iﬁ the Unified Soil
Classification (USC, Anon 1963) System and within cne class of the primary.
“profile form (Nortlicote, 1971). It is mapped at a scale af.';j;s:)o’o S
éreater, and intefpretcd on aerial photographs at a scale of 1:10000 or
greater. It can be mapped in situ and defined in terms of physiography,
roék, soil, and'vegetatioﬂ, 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 arca 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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<3 l SOOOO and dcscrlbcd qunlitttlvcly in terms of principal soil, rock,

-

‘”’and vegetation charactcr1st1cs, and quantitat 1vc1y in temms of latcral

dimensions and relief using either aerial photographic interpretaticn or

ground methods.

=g : : Thc terrain unit S0 definm& can be regarded as being composed of

W
i S S e - T . B T s S «‘.-b-"._*,f"'"“,

e 1imi ted number of 1cr*q1 CC“p"ﬂLhts al“'\» r«c&xxlng in the same
spatial relationships within the terrain unit. The slopes and soil/
_vegetation characteristics are those of the individgully contributing

terréin components. In practice the terrain unit falls inte topographic

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

of sf0pes 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 vegetation 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.

- Slopes between surfaces; gentle, steep, or escarpment-
i Sl ""_:__'.-: z like. o : =~ o : '__f BB

- R s -

S e 53 ' - : e ~

-4. - Drainage lines, lakes, etc. i =

Table 2.1: Exarmples of topogrzphic terrain unit classes

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

2. Clay soils (Ug)*

3. Clay soils (U or G)

4. Clay soils (D)

5. Silty soils _ .7 ==
6. Sand over clay soils (G)

7. Sand over clay soils (D)

8. Sandy soils (IJ or G)

9. Stratified soils

10, Organic soils

* These symbols refer to the classification
system of Northcote (1971)

Table 2,2: Textural types of characteristic terrain

unit soil associacions (from Grant, 1974)

The terrain pattern is recognized mainly from its appearance on
~aerial photographé with a constant geomorphology and a constant associa-
“tion of terrain units. Tt is mappédiat“17250600~and-repreﬁéﬁtgd»onjén

illustrative block diagram, and defined qualitatively in terms cf its
principal soil, rock, and vegetation characteristics and quantitatively
in terms of its lateral and vertical dimensions. The terrain pattefn can
be regarded as being composed of a limited number of recurring terrain
units always associated in the same spatial relationship, and should be
coincident with the area represented by a distinctive pattern on an
aerial photograph of suitable 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

Shrubland

A ah e o - —— A . . 5 B s T "
— _— e . - — - - B e — —r

Opcn “codland o i T

5. Savannah woodland
6. Woodland
7. Forrest
8; Pmnonwﬁ
9. Fresh-water swamp 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 lecvel (Anon, 1973a),

composed of a llmlted nu:hg‘ of re;urrxng t°rrazn pax rn§jé;5gg§§3;f—gzi;¢f>,;

alsociated in the samc spatzal rclat1onsh1ps.

b < atand it : - WL e = =

PRSI ic s ST 3 PRSI L St - ———— e s . < = R e S A i bl

~ An extensive nume11cal systen of no~nnc1ature has been detased

s e . <t . - . .- -

~ for the c1a551f1cat1on of prov1nces, _terrain patterns tcrraln units and

= terra1n componcnts and standard format sheets for data collectlon and

presentatlon have been de\eloped

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

In practice the terrain evaluation process for engineering
consists of three phases inveiving the estzblishment of the classifica-

tions, the quantification or attachment to them of specific engineering
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data, and finally the application of thé 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

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

identified and used as vehicles for the communication of engineering data

from classifier to user. The latter can then not only use the system
as different levels of gcncraliiation, but also identify his particular

needs within selccted 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

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 parameters, Because

of the range and complexity of such information 1t is collated by a compre-

hensive system of data storage and presentation (Grant, 1968, 1974),
1ncorporat1ng automated methods (Grant and Lodw1ck 1968) =
Subsequ;nt to completion of the quantlflcatton phase the system
is now ready four the needs of the engineer, who can extract from the
system sufficient details for, say, mobility assessment or minor road
construction, or alternatively information to allow preliminary investi-

gation prior to site selection for more deta’led surveys, as necessary

for major works.

15
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CHAPTER 3:  THY ERTS PROGRAM

3.1 Introduction

The Earth Rnsources Technologzy Satellite (ERTS) program has been

ot aniidiord -—...u.s.._. — e

images of the ecarti's surface. This data is transmitted through ground
stations to a data processing centre at the NASA Goddard Space Flight
Centre for conversion into black and white or colour photegraphs and
_computer tapes. The two missions so far launched, ERTS1 and ERTS2 =
‘provide for the repetitive acquisition of high resolution multispectral
data of the earth's surface on a global basis. The two sensor systems
comprise a four channel Multispectral Scanner Subsystem (MSS) and a
three camera Return Beam Vidicom (RBV) Subsystem,
The MSS subsystem is used to obtain the binary digital data
which is assenbled onto Computer Compatible Tapes (CCT) suitable for
computer processing and analysis. The RBV camera subsystem contains

three individual cameras operating in the noeminal speciral bands from

.T_f0-475 10 0.830 nicrometers. yhen- the cameras are. shut:ered the;images

Bt S o et

- SR P —— e

- -..@re stored on- the RBV phéto sensitive surfaces. These are- scanned to 1?7_9-7“'

T e 2 A

e v S — —— ————— S = A—— e e —————————n ————— et e R P

produce anologue photOV. phic output. (orrren6151we details on the

colle”tlon and production of ERTS data are contained in the NASA

Corrected Computer Compatible Tapes (Anon, 1973b), and Data Users

Handbook (Anon, 1972).

3:2 Orbit and Earth Coverage

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

synchronous orbit and provides complete global coverage between 81

fj dﬁ?iﬁﬁéﬁ*i&"ﬁcquxre from Safe]:itc%‘ﬁrbltiﬁg thr—cwrrh"nultlspectral'_’_*—" e

_Hgogurﬂn‘s ‘Generation and Physical Characteristics of the ERTS'MSS_Systgm__5-V

.y ——

!
l
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degrees north and 81 degrees scuth latitude. Each day the satellite

makes approximately 14 revelutions of the earth. The fifteenth orbit
of one day overlaps the first by 1.43 degrees longitude or 159 km at

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

The revolutions progress in a westerly direction so that after
"’"2Si)fevolutions, taking exactly 18 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 owrbit,

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-
tancously for each of the four bands. The sensing of each swathe is
accomplished by means of a flat mirror oscilldting acrocss 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, andamultiplexed'into a modulated stream which is

<

encoded and transmitted to ground-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 up of 2340 parallel scan lines,

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

~~-leagth of 185 km and conpr1<es 3240 individual video data samples. Thc.-. ‘

value of cach sample is contalned in a bytc made up of eight b1nary
"bits". The value of each byte represents its radiance level. In the

lincar moce only six bits are used with a range 0 to 63, while in the

& —a __. - e - _"_.,

18

127. The distance cc‘exnd bv d ‘stan-Tne dcpendc on altitu Expcrlcnce"

has shown that in the worst case the altitude variations have resulted
in "sca‘\ Iine changes of '!T‘{‘TO\Z;:I'.SITOI}' +4 km. At nominal ‘altituds

[918,59” I (1Jb na)) the scan 11nc is 185 km long. Figure 3.1 shows

) {he geonetry of a completed ground scene.

The scan mirror operates in a scan-and-retrace cycle with the
active portion of the scan being in a west-to-east direction. As the
spacecraft proceeds along its near polar orbit each subsequent scan
and retrace cycle is contiguous with the preceding one. A set of 390
cycles which produces 2340 parallel scan lines provides ccmplete coverage
of the.full 185 km x 185 km scene.

During the processing phase each scene is subdivided into four

parallel strips com 1ng one quarter of each line. Each strip is

. e

.." ¥ L,,.. - 3

ented as one copputer tap6'w1th"data 1nter1e;*fd for a1 spectral e

“0,7_microzeters, 0.7 to 0.8 micrometers.and 0.8 to 1.1 micrometers.

3.3.3 Registration and adjustment of scan lines

The MSS detectors are sampled sequentially at a constant rate of
100.5 kilosamples/sec. with a 2-byte spatial misregistration introduced

by the arrangement and sampling sequence of the detectors. This enables

¥or ERTS1 rerlectu1ce levels in four spectral bands were -J"wau —

"”_ééégg;eﬁ, These bands were in the Tanges C S ;oo B8 0 2 6 m1cro:eters = 28 . < S
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jg———————— 3000-4000 bytes —— |

direction
of
spacecraft
2340
scan lines scan
lines
v
v
== ¥

Figure 3.1: Components of a Completed Ground Scene as
represented on the MSS CCT.

19
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'Qgéh ground sample site to be sensed by each of the four bands in turn e
and means that at the beginning of each scan line only sites from the
seventh sample on will be sensed for all four bands, (Similarly at the

ends of cach line.) This 2 byte spatial misregistration of the data

——— - -
-~ o

mple is adjusted for by inserting registration £ill. characters fﬁthh e

~

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

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

to a given scan iine is always six for each of the four spectral bands,
i Occasicnally the length 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 regular intervals |

‘

as needed. \
\

s

3.3.4 Radiometric calibration of sensors t
During alternate retrace intervals an artificial light source is !

projected into the optical fibres to allow calibration of video responses |
for .the 1nd1v1du“1 buﬁds.. This enables a check to be made of the ;
?4—“T:;:E;sze radi etrlc ievels, and 4I30 to- eq,all.c.gaznqch4nges whué:;;ywwn;.;rgé

1 - s e

--zfi-oceur’xn the six de'cctors of a spcrtra‘ band. Correct10n< are performed

during preparation of the computer compatible tapes in order to m111m12e =

1tr1p1ng within each sxuthe die to éetector differences between lines.-fhi' =

3.4 System Performance

The principal parameters used to indicate the quality 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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shewn this to be close to the level ;f cross-track resolutién in high
contrast areas. In scenes of low contrast the level of resolution is
less.

The MSS subsystem i3 less subject to radiometric inaccuracies
than the RBV system Lccuusc the output ofAthe MSS sensors are in digital
form, and therefore not subject to transmission and tape recorder dis-
tortions. Fully calibrated MSS data is available without the necessity
of intermediate phetegraphic or analogue processes. Errers however may
be introduced £rom electron beam scatter, due to non-uriformity of
intensity of the calibrating light source, and due to original -errors
and long term variation in the calibration coefficients of the lamp/gray
wedge system. Typical errors from these sources are in the region of
1-2% of the density range. In addition errors can bte introduced during
the production of photographic products from MSS tapes. These are in
the range of a 2-4% density variation.

Geometric accuracy of the imagery is dependent vpon two aspects, i
These are (a) the positional accuracy or the ability to locate a point

in an image in term€ of its grid positien and (b) the registration i

—=— - accuracy which depénés on bofﬁ:xﬁe.abiliéy }o éﬁﬁeriméése twonpoints in
images of the same area taken at different times and the ability to super-
impose two points iﬁ different imagés of-a'ground scene taken at the same
time. :

These errors can bc-introduccd externally to the MSS sensing
system (spacecraft attitude, orbital errors, exposure time, etc.), or
internally (detector alignment, scan non-linearity, sampling uncertainty,
etc.), or in data processing (computational precision, flat earth

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

accuracy is 242 metres for film products, and the registration accuracy
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is 154 metres,

3.5 ERTS Photographs of the Lake Gregory Area

The C.S.I.R.0. Division of Mineral Physics is involved in a

-~ project which takes the NASA Computer Compatible Tapes, carries out

Ieigeg

geometric and radiometric corrections and enhances the data by streféhing
the contrast of each individual video element., Output is by means of an
Optoprix photowrite machine for use by rescarchers.

Plates 3.1, 3.2, 3.3 and 3.4 show the output and resolution of
strip 1, Lake Gregory area (ERTS scene 1564.23594) for bands 4 through

7 respectively.

e S S S —— o §
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CASCACZESO-8  WOFEBYA  w“ARKE ACREBORY 'S.R.
ACSIRD »MINERAL PHYSICS ~ A ANDSAT. /5776

Plate 3.1: ERTS photograph for band 4 of the

Lake Gregory scene.
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plate 3.2: ~ERTS photograph for band 5 of the e

Lake Gregory scene. = =
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A S6A-Z3594 - T FIFERM TSLRKE LREGORY 5.8
“CACSIRD ~ MINERA SNYSICS — ARNDSAT 27577
- »

Plate 3.3: ERTS photograph for band 6 of the
Lake Gregory scene.
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Plate 3.4:

ERTS photogfapﬁ for band 7 of the

Lake Gregory scene.
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CHAPTFR 4:  GLOLOGY AND PHYSIOGRAPHY

4.1 Geoiogy

The area investigated is a section 185 km long by 46.25 km wide
centred on 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 area !ies within the southern margin of the Great
Artesian Basin defined by the proterozoic rocks of the Adelaide System,
and consists of Mesozoic, Tertiary and Quaternary deposits,

In the southern half of the strip the Cretaceous deposits of the
Rolling Downs Group are overlaid in parts by thin duricrusted Tertiary
sediments, interspersed with gently sloping fine and coarser outwash
gravels of recent origin. These are dissected by numerous braided streams
trending northerly, flowing into the Lake Gregofy, Lake Blanche chain of
claypans and swamps (see Figure 4,2).

In the north the Quaternary aeolian sand dunes trend north to

northwesterly, comuonly over 20 miles in length. These are transgressed

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

4.1.1 Cretaceous deposits

The Rolling Downs Croup (Whitehouse, 1954) is one of the most
widely distributed formations of Cretaceous age in SoutL Australia. All
of its larger subdivisions have been identified, and these correspond to
the Roma formation (mainly Aptian), the Tambo formation (mainly Albian)

and the Upper Cretaceous lagoonal to lacustrine Winton formation (R.C.

Sprigg and staff, 1958).

]
1
1

The Marree formation, correlating broadly with the Roma and
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Mesozoic

+ o
s Proterozoic

Scale: 50 kilometres = 1 inch

Figure 4.1: Geologic Provinces of Lake Gregory area.
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Figure 4.2: Drainage Pattern of Lake Gregory area,
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~..- Tambo formations of Queensland (sce Eigurc 1.3) includes a large part

of the Cretaccous shales. The margin
Marree township to the southwest is
while in the Billy Springs locality

“uoes Trinity Well sghdstone member. The

most Cretaccous member found in the

al or basal member found near
the Wilpoorinna Breccia member,

to the south the basal unit is the

Blanchewater fermatien is the upper- -

B L

arca and correlates broadly with the

Winton formation. It is sandier than the underlying Marree formation.

Rocks highec.in the Cretaceo

the south of Lake Gregory in the Coo

4.1.2 Tertiary deposits

Sediments of Tertiary age ar
usually remaining as partly silicifi
beds.

The lower ‘iertiary sandstone
in many scarps of duricrust-capped h
Tertiary (Etadunna Formation) occurs

River to the west.

= rock,'gfcf,_rédbro«und;_§eiiowf§h in

ez ne. F14RL. - This 43 the gsqél capping of

and readily breaks up and moves down

~ ° 'least the upper part of the urnpeow

G4s are opserved in a wide area to

ryanna region.

e widespread but generally thin,

ed cappings of gravelly and sandy

s (Murnpeowie Formation) may be seen
ills while the middle or upper

in low cliffs adjacent to Clayton

-
-
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e

Duricrust is commonly seen as a hard, very fine grainedméilicious

colour and resembling quartzite or

the flat-topped hills in the region,

slope to form gibber plains. At

ie formation is silicified to form

a hard duricrust layer which may be up to 25 feet thick over most of

the Marree map area. Rocks older than this are rarely affected,
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Figure 4.3:

(1966)

After Whitehouse (1955) and

Vine and Day (1965).

Correlation of Mesozoic Stratigraphic Units.
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- 4.,1.3 Quaternary deposits

Some of the oldest of these (p0551b1y late Tertiary in age) are

- grey purple or reddish clays overlying the duricrust as various scattered

exposures. In places the clays and overlying older outwash gravels appear

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

“red sandstone beds m:.la;at or near the base of the clays are to  be found

i S ————————— G e 3o o ,._‘_, 3 e cessdmLad,
- ..._..._.—._—...._’-.

pisolitic or banded, +laggy grey or cream 11mcstones.

Above the clays and of greater extent are cross-bedded gravels

*= -and coarse conglomerates forming a prominent upper-level boulder deposit.

~.. These appear to be old cutwash gravels, composed principally of quartzite

and quartz derived frem the Pre-Cambrian. 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

Impure fine grained gypsum deposits are common throughout the 3
.

region, usually forming a thick crust on Quaternary clays from which the
'
overlying gravels have been partially eroded (Forbes, 1966). L
.

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

- -

red-brown send with parallel dune ridges. The dune system trends northerly
to north-westerly, is steeper on the eastern slope, and appears to be of

longitudinal form (King§ 19€0). (This dune direction i> 1n contrast to

: that to the east of Ma rrce vhere the dunes trend north-westerly. This .- - -

ichange in direction reflects the mean position of the,anticyclonlc system .
which is dominant over tentral Aﬁstfalia (Grant, 1976)). Some dQnes are
over 20 miles in lengtﬁ;;and test on brown silt and clay, sandy ih placés,
and containing soil limestone. The silts probably rcpresent the

Quaternary source material from which the sands were winnowed 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 expanscs are to
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bé 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).  Rscent outwash can also be seen as continuous sheets -
of coarser 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 the north, and those of
the Lake Gregory-Lake Blanche chain of claypans and swamps in the south
contain swamps in addition to more actively-eroded sandy or gravelly
channels. Some water Ioles 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 Physiography

4.2.1  Surface relief

The area of investigation occurs within the largely arid interior

of South Australia, and has an irregular 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 Dy saltbush, is sparse
-on the gibber planes or stoney desert, but in sandy areas the:g is a
collection of small trees such as casuarinas, needle bush (Hakea
leucoptera) and acacias, including mulga (Acacia aneura),

Relief 1s generally subdued; hills are typically flat opped
and covered by duricrust, higher level gravel or gypsum remnants. The
soft-rock pediments flanking the duricrusted residuals have been

described in Mabbutt (1969). They are long concave surfaces, which pass
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“without break into the hillslopes, and they are typically armoured with
gibbers from the hill capping. They express the process of slope
retreat and picdmont regrading on soft, fine textured rocks to which

. the term pediplanation has been given. The low gradients reflect the

~ ease of transport of loose sediments across little-vegetated surfaces.

The pcorly out-cropping Cretaceous rocks form undulating country

- flanking the sheets and smaller remnants of duricrust. In this region

.« low gypsum.scarps sometimes form preminent land-marks. The lowest

d_recorded elevation of -27 feet is to the west, where the River Clayton. : -

enters swamps necar Lake Eyre. Further out in the Artesian Basin large

areas are covered by sand ridges and gravel plains.

4.2.2 Sand dunes
The dune form of parallel ridges has been reported in detail by
Mabbutt (1968a). They are characteristic of large, open expanses of

dunes where sund movement has been least complicated by velief or

- - apy I  A EEN e

drainage. They are mainly between 10 metres and 25 metres high with a

typical spacing of between 300 and SCO metres, The spacing and height

-

“tend-to be uniform and indicative of equilibrium relationshipst The — =

ridécs usually have smooth'middle;and lower flanks stabilized by cléger

_’g%a;s cover with spinifex (Tric&ia basedowii) predominant, and uneven ,f{f
i%;frgsts with moie mobile sand and a scantier vegetation with canegréss ‘
(Zyochloa) and shrubs. '
The stabilized lower body of the dune is characteristically

asymetrical with a gentler western flank, and a steeper eastern flank;

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

lower portion.

The swales are generally sandy, with uneven loose sand between
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- the arms of junctions, but there are flat tops with claypans locally
. and areas of gravel outcrop. In most cases the sub-aeolian floor is a
little below the level of the swale (Mabbutt and Sullivan, 1968). Between

. the dunes are small playas, occasionally filled with salt water.

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

R T e g -

trending south-west to Lake Eyre.
| 4.2.3 Drainage
The drainage type in the area falls into the classification of

co-ordinated interior drainage (Hills, 1953), of which the Great

Artesian Basin is the only important example in Australia (Mabbutt, 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

T o b S

catchments.

. In the scuthern half of the strip, there are two main directions

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

alan | ool ay e

north-east into the lLake Gregory-Lake Blanche chain of claypans and
_swamps. . ' : .

Along the Birdsville tréck, créeks drain the westernilimb.;f; L
the Cooryanna dome and make their way into shallow depressions such as
Canegrass Swamp and Lake Harry which occur in a zonc along the western

limb of the structure.

To the east, Tooncatchyin Creek occupies a structural depression
between the Cooryanna dome and the duricrust plateau south of Lake
Blanche. The Lake Blanche system of claypans is analogous to the Lake

Harry zone, but is much mere strongly aligned.
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. CHAPTER 5: TERRAIN CLASSIFICATION FOR ENGINEERING OF THE

LAKE GREGORY AREA e Eae I

Classification of the Lake Gregory area was carried out by the

Divisijon of Soii Mechanics, €.S.I1.R.0. in 1967. The strip of ERTS

:
i)

- -

!
e

1:250000 map sheets.

Four provinces are included in the strip
province 43,001 (Rolling Dowas Group)
prdvincc 52,001 (alluvium)
province 52.005 (aeoli¢ﬁ sand)
province 52.008 (more recent alluvium, colluvium)

and the terrain pattem 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 undulating terrain are coloured blue, (Two of these

are of limited extent.)' The two representing the dissected hiéhei--mffiiiﬁ'.;;‘ii

surfaces correspond to the pink shades. = : S5 SnNe S T g

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 52.002 is defined by the area 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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Terrain classification pattern map

‘corrésponding to strip'l of ihe : ; : -

Lake Gregory scene.
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k
. patterns representing the drainage 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

systems of channels and floodpiains.
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'CHAPTER 6: TECHNIQUES OF MULTIVARIATE ANALYSIS

6.1 Introduction

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

- 3

. pretation of the ERTS data. »Two of theseare . = 1o Sooo .

(a) use of mathematical methods such as factor analysis and
cluster analysis, and
" (b) enalysis by 'signatures'.

The first method involves mathematical manipulations and trans-
‘formations to endeavour to enhance the data to a stage where underlying
correlations and patterns can be easily identilied.

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

T D P PaTme © &

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

.

This approach, however, inevitably ieads to dual classification of E
some elements and non-classification of others. It also has two :
‘f;importaﬁt areas cof difficulty. ‘
;‘k - Firstly, by defining 'signatures' it is necessary to bcAcertainfffzﬁéféz
ttﬁat a particular area is really typical of the type of terrain being i;lﬁ;ﬂf;;

" defined and that each 'signature' is defined once and only once for all . ...~ .

~ separate classes of terrain. This requires that thc_interpretative
: phase of definition of meaningful attributes is a first step in the |
agglomeration of classifications, and presupposes censiderable knowledge
of the area being investigated.

Secondly this approach also lends itseclf less well to wide-scale

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

will be differeﬁt for different ERTS cscenes (due to sun angle, time of
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year, different surface conditions, etc.), which will mean that for
each scene it will be necessary to define a complete reference set of
'signatures' for comparison purposes,

The analytical approach on the other hand highlights differences
in pattern and terrain with a basic tec;niquevindcpendent of the
individual scene and leaves the :nierpretative phase as the last stage
in the process, i.e. until the time wi.en maximum knowledge of the data
is available. At such a stage it will be easier to define meaningful
class attributes and to detc¢rmine the number of naturally occurring

classes.

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 then be mcasuréd in terms of its
standard deviation from th; mean, _fhig is a very uséfui procedure for
comparing the distribution of one ﬁariable with another when the two
variables are expressed iniﬁifferent units of measurement or extend over
different 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, 1i951; p.287).

i N
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6.3  Factor Analysis

Factor analysis methods have been developed to assist in the
resolution of multivariate problems, such as those in geology where
10 at»ributcs (say) may be measured on a number of samples. Vhat is

snusht are methods of ﬂ*derlng the samplc; 50 that relationships between

one samplc and another can be readily ident Fnrd Factor anaiysis =

techniques simplify such problems by tronsforming the original data set

onto the minimum number of significant linearly independent variables.

The method involved is to set up a variance-covariance matrix of

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

principal components, which represent the new variables.

There are two categories of factor analysis, (a) principal :
components analysis and (b) factor analysis itself, of which principal i
components analysis wa: chosen as the preferred technique because in ?

'
application, it does not require initial assumptions concerning the ;
number of underlying linearly independent factors {sce below). ;

?
6.3.1 Principal comnenent analysis :

Pr;ncipal components are simply the eigenvectors of a variance- ;;:w : -
cov;;;;née ma;rlx. B S S j‘";”; ‘“‘”‘f"4";:i;;;¥;Lé;:§

=5 =S
:

Suppo<e m variables are ncasurcd on a collection of objects.
Then an m X m matrix of variances and covariances can bé computed, from == =i

_which can be extracted m cigénvecrors and m eigenvalues. EBecause a I =
variance-covariance matrix is always sym ﬁc£r1CQI these m eigenvectors

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

therefore linearly independent,

The total variance in our data set can be defined as the sum of

the individual variances, which in a variance-covariance matrix, are
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represented by the diagonal elements., The‘traee‘of the matrix i; defined

‘as the sum cf thesc elements and is equal to the sum of the eigenvalues

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

that these pr1nc1pal axes also rcpresent the "total variance of the data

b B

set, w1th each accountln “for an amount of"the‘tutat-varrance equa1~ gl ._;;.--

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

data set is measwred along the first principal axis, the resulting scores
will represent a proportion of the total variation in the original
observations.

The valuc of principal components analysis thus lies in eﬁabling
the selection of a minimum nurber of new variables which will account
for a sufficient amount of the original variance. The linear trans-
formation of the m original variables into m new variables is performed
in such a way 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 PCA is a mathematical manipulation rather than a

statistical procedur and its usctulness is Jueged more by performance

< : s e et T+

‘than by theoretical con51dcrat1ons However, -t.assumes-some-of the -
characteristics of statistical procedures when dec151ons are made to
discard some new variables whose cont}igution 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 analysis

Factor analysis is different from principal components analysis

in that it is considered to be a statistical technique and relies on an

b

AP N e

e -w T

§ie i
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initial set of assumptions about the nature of the parent population

“from vhich the samples were drawn. These are that the relationships .
within a set of m variables reflect the correlations of each of these
variables with p mutually uncorrelated underlying factors where usually

TE -—p<<'mm Thus the variance ia the m var14klos is dur1ved fxom varlance

ﬂ_‘.;mepag;;h; p factors, buz_an.add1t1on,a con;ributzon is made by‘uniqu

“"

sources which independently affect the m or1g1na1 varlables (Davis,
1973; p.502).

In order therefore to undertake a factor analysis it is necessary

Tffﬂat—p; the nunber of factors, be:known prior to analysis, Thié implies

= ;iat the 1n\cst1gator has some JnSlght into the probable nature of the
factors, so that these can be extracted, and the contribution of the
uniqué 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 variazbles. The approach is similar tb that of principal

- components ana1y51s in that cach bample is redefined in terms of its

£§Q;Q: [or*prlnc1pal component) scores. Q-mode ana1y51s on the dfﬁer

A ity e - 47w =
—

hand is conCaned w1th 1nterrel“t1onsh1ps between samples : Ob)ect1ves - '?f"

hces - a3

pf Qamode anal; is are-much the same as the obJectlves of cluster =3

RS - -

_:1_an§1y51s (see later) which are to arrange a sulte_of sampIQS'lnto §“

meaningful order so the relationship between one samplé 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.
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6.4 Cluster Analysis

Cluster analysis involves the placing of objects into homogeneous

groups on the basis of individual characteristics or similarities so

- _that any relat10nsh1p< between groups is revealed

- 4 \ deny ——

With the advent of the corputer methods of numcr1ca1 analy51s

have assumed increasing importance over the analytical and interpretative

approach of the individual specialist. Basically there are two approaches

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

classification and (b) divisive classification.

6.4,1 Agglomerative classification

The approach of agglomerative classification is that individuals
are progressively fused 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 mezsured on n objects, the 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..) can be used, including the correlation coefficient (r j)'and a

standard1zed m-space Euclidian-distance, d i’ computed by =

m

2
z -
d. =1 Ky - X

1)
ij Jk

"
e

where Xik

kth variable measured on object j. 1In all, m variables are measured on

denotes the kth variable measured on object i and xjk is the

each object, and dij is the distance between object i and object j. A

cor r - S

- g

=y
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Wik

.. dow distance dij indicates the twu~ob3ects are similar or "close

together", whereas a large dlstanco indicates dissimilerity (Dav1s,

1973; p.457).

Computation of a 91m113r1ty measurement between all pos<1b1e,

S =5 ....3" - -~ o= 252 e e TR AT g T
5 !___-c- -

ce;____.PEi:s of ob;ects rebults in an n x@n :1m11arity matrlx with Z

coefflc*ent cij g1v1ﬁg Lhc resemblance between obJects i and ; B8 By.”ﬂ
arranging the objects into a hierarchy so that objects with the highest

<. mutual similarity are placed together then each of the objects becomes

=" " associated with others which it most closely resembles.

. - -
- -

© =" ““In order to jcfh the objccts into groups beyond the first leveIA
df”dseeciation several techniqucs have been developed and these are
discussed at length in books by Tryon and Bailey (1970), arnd Sokal and
Sneath (1963). One simple technique is the weighted pair-group method
with arithmetic averages.

In this scheme the next step is to find the mutually highest
correlations in the matrix of coefficients. Any two objects which form
mutually high pairs (whose coefficients cij and cji are the highest)

are joined and their new corre‘atlon° with all other obJects calculated

sxmply by arlthmetlc averaging. ihe siw11ality matrlx &S ‘hon recomputed

treatlng grouped or clastered elements as a 51ng1e element-'"c"——,

f‘. -Jhls procedure 15 then repeated by 1ec1uster1ng mutually h1gh

pa1rs uhtxl -ail cluste*s are 301ned together. 3

SR n e o T i SR - e ; e T eir T

6.4.2 Divisive classification

In practice agglomerative methods such as outlined above when
used for classification by digital computer suffer from three disadvan-
tages, First, the process begins at the inter-individual ievel, where

information is minimal and the possibility of error high, and in a
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hierarchical rrocedure 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 'm{(n- 1) inter-individual measures and when n is large
as is o‘ten the case, tﬂe programs tend to be tlme consuv'ng and com-
putationally expensive.

Finally, it is necessary to compute the compiete hierarchy (in
most cases requiring (n-l)2 calculations) when usually only the last
few intergroup fusions are all that is required.

An alternate approach, also effective in terms of producing
meaningful classifications is a divisive strategy, whercby the complete
population is progressively divided (in practice always dichotomously)
until a desired level of subdivision is attained.

A practical example is program POLYDIV, a divisive clustering
program develcped by Williams and Lance (1975), for use with all-numeric

data. This acts by reference to all attributes simultaneously.

In a divisive epproach the first procedure is to extract the

eigenvectors from the tanuarcwzed data-matrix of cors clatlons. Next Y

string of scores, one for cach individual is ca]culated on the first
principal component. This string is ordered and divided into two sub-
groups at the point where the between-gfoup sum of squares (of deviations
from 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 required can be obtained.

4S
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> CHAPTER 7: COMPUTER TECHNIQUES

7.1 Introduction

- Anal)qlb of tnc IB“ conpat1blc ERTS t apos was cqrr:ed out u51ng

‘{_-.,;... - . R N L .~-|_1 = 3 - = s o
- =
-

o

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 rcformat the IBM compatible ERTS tapes into cne e
- Cfber compatibie mbde, s e
(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

(£) techniques to allow application of cluster anaiysis

procedures.

gkt %, g v Rt £4 " AR N i e

of rcsull< 3 ' e e

For purposes of comparlcon and 1Pto*pretat10n of the data the Epee

o most con“aneﬁt presenta*1on was p*ctorlally or gxaphlcally Thls would

i

enable dlrect correlutlon to the base 1' \OOOO ter;a*n pattern map o

“being used as 'ground truth'. What was needed was a fast rellable;
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) developcd an improved technique for the production of

pictorial output on a2 computer line printer based on an earlier technique

.
\
,
.
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~ by Perry and Mendelson- (1964). Using this method a reasonable black-

white contrast ratio can be obtained by overprihting up to eight

characters.

The possible character positicns on a line printer may be

~ printer this array has a width of 136 character positions without

limitation on length.)

By choosing the character (or combination of overprinted
characters) printed in each cell on the basis of average print &ensity,
a pictorial representafion of any desired two-dimensional data may be
generated. However there are limitations to this technique, 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
outweigh loss of quality (e.g. McCloy (1976) implemented techniques
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 adjaceﬁf‘;ﬂereashiﬁ~zhevm- :

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

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

which for this investigation was considered impracticable.)

The print ou;but was produced on a CDC 512 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.

51
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Character
codes

Reading 1

Reading 2

Reading 3

ﬁcading 4 Selected

0.00

blank

T

g

0.05 -

0.00

S .

o0
0.08
0.08

0.10
0.09
0.10°
0.12
0.12

0.15

0.00

Pl 8 4 |

=t

0.05
0.06
- 0.10
0.10
0.08
0.12
0.10

0.17

0.00 ”

_0.05 .

B T
T 06 e e

0.08

0.08

0.10

R ESEREL e =
0.10

0.13 *

0.11

.y

0.15

0.15 »

o o

0.19

o o

0.20 .

-

0.24 -

e § 751,

OX'.HEVA 0.40

1ET DY Pt PPMI e | |

e

0.42

0.43

- 0.41 e

Table 7.1:

Selected character codes showing density levels
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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 using
a Baldwin reflection densitometer from C.S.I.R.0. National Measurement
Laboratory, Chippendale, N.S.W. »The densitometer was able to integrate
the reflectance values over a.ég}éﬁiariébé;tﬁfe'6f>5iﬁhéfér three-
sixteenth of an inch.

Four independent readings were taken for each band with 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 hammer
spaces results in a measured density value of .43.

Visval experiment with the character codes indicated that nine
were adequate to give a reascnable picture definition. The codes
chosen were at approximately equal spacings on the density scale and
are indicated by an asterisk in Table 7.1.

In additicn to providing shade prints, the option was included
to print out actual values (of members of the full Cyber character set
from 0 to 63), so that indiyidual'analysis of a specificAmap.or hand
éontouring of particular sections of thé ;;tput could be éasiiy carried
out. ; - -

The computer routine written to produce the original 21 levels

is printed out in Appendix 1.

7.3 Reformatting the ERTS Tapes

The ERTS tapes consist of iBM compatible S-track, 800 bpi,
mixed binary and EBCDIC codzd tapes. A scene is divided into four strips

comprising one file each and packed two to a tape. Thus one physical

53
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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
4 tape comprises strips 3 and 4. Each strip is terminated by an end of
file marker.
The MSS file is made up of three basic types of records

containing identification (ID), annotation and video data.

-

=y 3.1 1D record

The 40-byte (or character) ID record is the first record on the
... tape, and appcars only once per tape.

This contains information on the scene/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 leﬁgth of the adjusted
scan line plus S5€ bytes of calibration infermation). The image annota-
tion tape (IAT)ID used in making the CCT is also identified. Other

characteristics of the data such as decompression, calibration, and

———— e - ——e

7i content of ‘the ID record are glven “in Anon (1972), Table 1 p. 6"  1’:“.

— <

~ 7.3.2 Annotation record s : =

i {
L ) i P

The annotation record is thé second>f;¢§rd cn;the tape. It
ccurs once per tape and contains 624 characters. Thc‘annotation
record is a composite of two records taken directly from the IAT. The
first 144 charactcrs comprise the annotation block, and the next 480

characters comprise the image location rccord.

lxne length ad;ustment are. also glven. Full deta1is .of- the format and -

. e e — o - e TR T ==

A

D
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The information included in the annotation data block is
specified at the time of REV exposure or at the centre of the MSS
frame. The format and coatent of the characters are defined in detail
in Anon (1972), Table 2, p.!1. This bleck includes details on time of

exposure, latitude and longitude co-ordinates, sun elevation and

azimuth information, orbital path, photographic settings and processing o =

methods.
The image location data describe the tick marks that associate
the scene with latitude and longitude. There can be a maximum of six

tick marks per side (i.ec. left side, right side, top and bottem).

7:.3.3 Video data record

The basic eciement in the video data rccord, the data word,
consists of eight bits, of which seven are used if the data mode is
decompressed (bands 4,5,6) and six for linear mode (band 7). The
following illustrates the data word for the two modes:

Linear: O0O0XXXXXY Decompressed: OXXXXXXX

The X's represent the video data bits in the word (either one

or zero), giving a range from 0 to 127 in the decompressed and 0 to 63

2. == 3

in the linear mede. Individual values represcat the variation of

the radiance. level (0 rcprcscnfs black, 63 or 127 as appropriate T o
represent white, and the values in between represent all the shades

.f th gray). Special values indicate flags (11111111 or 255, is used as

the registration fiil Ehé;aci;fy;
In order to obtain a videc data record which includes informa-

tion from all four spectral bands, the data from the bands are grouped

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

which two bytes of data from each band are interleaved to produce an

A

Mend ol - e o g
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eight-byte "group", which is the smalle5t clement 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.

As discussed above registration fill characters 2re included

vl-nﬁfﬁﬂfiﬁ4the-first and last threce groupé&(the first three groqps'of each

——

quarter scan line o tabe-l bf'ﬁ'and the fdéz_¥H§Eé~§£6uﬁéwof.éaéh-;“"”*? ==
quarter scan line on tape 4 of 4).
= Thus the first and last thr;c grecups are 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 405 groups per line.
In addition to these 405 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 MSS bands. Each
group contains six calibration wedge samples, a sun calibration
coefficient, cerrecticn cocfficients (filtered offset and filtered gain),

“and the value of the unadjusted line length for a band. -~ -

O

v —.— -— - - " - ——— B e i S
- -y - NS il St i

7;3.4‘ Computer program for reformatting

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

mediat;.stagé of reformatting wﬁg‘necéSSar§ because the Cyber word - -.;
size consists of 6-bit characters, whereas the IBM mode comprises 8-bit
characters. A 6-bit character means that only the values from 0 to 63

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

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

0 to 127 because of the use of 7 bits only.
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‘:‘A standard package is available oun .the Cyber to translate

ﬁIC 8-bit code into Cyber 6-bit code, but this only carries out a
-to-one mapping of the 64 common EECDIC codes (the alphabet, digits
-common symbols which have Jdiscrete values but do not comprise the
0-§3)._~Thus preprocessing was nccessary to map thc_vid?q chcs
\ngezo to 127 decompressed (bands 4,5,6) and 0 to 63 linear (ban&.7))
oa maximum 64 codes spread within the range 0 to 255, for translation
0 a 0 to 63 Cyber set. However there were two complicaticns. First
y 63 of the 64 Cyber codes are discrete, code 51 being identical toA
ie 0 due to the wagnetic tape handling ;haracteristics. Secondly in

lition to the valid video values it was necessary tc alleow for

irious values outside the range (e.g. registration characters).

The original values were thereforc mapped to the necessary set

63 by halving the decompressed values and combining 0,1 amd 62,63
:well as values outside the range to single values. When these

coded values were input to the Cyber the EBCDIC conversion routine
en translated the values to the required 63 codes as set out in Table
2. (The questicn as to whether halving the decompressed data does in
ict result in §9m9.1i:5 of ;nformu:ion is an inycrcstipg one. All
inds are actualiy ;;;é-bf satéliitefin tﬁe range G:té 63,'b§£7£5nds

,5,6 are decompressed during processing by NASA to range 0 to 127.

ki s 2 b o

:Cloy (1976) has produced cumulative frequency tables for individual
ata elements for the de:cmprc%sed bands which reveal a stepping effect
. ased on adjacent levels. When adjacent pairs values are combined

o form a 64 level set this effect disappears to give a smcother distri-

ution. This leads him to suggest that decoupression of the bands is

~ in artificial process which does not lead to conveying wore information.)
:
: The reformatting progranm zlso checked the ID record and thne
:
i ANNOTATION record which were printed out for confirmation but not trans-



Decom- 2 Cyber Cyber
_pressed Linear value code
0,1,2,3 0,1 51 :
53 2 1 A
6,7 3 2 B
= = 3 ¥

16,41 oty

‘% 5% s 3
14,15 7 6 F
16,17 8 7 G
18,19 9 8 H
20,21 10 9 I

22,23 11 10 35
24,25 =13 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
40,41 20 19 S
42,43 2i 20 T
44,45 22 21 U

S oy Mo o P ESTRo T
T T P

S A Rt L T e o
§ss 28 25 Y
54,55 27 . | oA
ST - 0

L 39 28’ = =
60,61 30 29 2
62,63 31 30 3
64,65 32 31 4
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Original value

Original value

Decom- Cyber Cyber
pressed = Linear value = code R e
66,67 33 32 5 !

68,69 34 33 6
70,71 35 34 7
72,73 36 35 8
S L e ey
=277 38 = v
78,79 39 38 -
80,81 40 39 *
82,85 41 40° / ”
84,85 42 41 (
86,87 43 42 e =
88,89 44 43 E = ¥
90,91 45 44 = -
92,93 46 as b b
94,95 47 46 ; N
96,97 18 47 = A
98,99 49 48 " §
100,101 50 49 £ b
102,103 51 50 ] g
' 104,105 52 52 '
106,107 53 53 § t
108,109 54 54 ' '
55310;111 - . .55 55. [ -
2118 -8 = B A
3] T { B B EE S e =
116,117 58 58 ;o 3
-~ 118,119 59 59 - e e R
-120,121 - 60 60 \ =1
=952 125 . 61 61 S B
(124,125 62,63 62 %
(126,127
Outside range 63 3

Table 7.2:

Original videc values translated to selected Cyber codes.
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ferred to the Cyber readable tape. The problem of scene location was

dealt with by visual alignment, while problems of sensor correction

were handled using statistical methods (see below).

The conversion program was written and carried out on a Digital

L ’j'gt-EDP 11-40 computer and iz listed out inAppendix 2. . o . o L "~4 ‘\.

7.4 Correction of Oripinal Data G s

6.4.1 Striping probiuas
The one significant problem that needs correcting for is the
roblem of striping. Striping problems occur in the original CCT
PINg pinig _

video data and can be divided into three basic types.

(a) Radiometric striping which is characterized by variations in i
the film density of imagery which shouid be uniform. These variaticons f
are repeatable and are present in the digital data in the same manner. :

This type of striping is due to slight differences in sensitivity ;

-

among the detectors, and is largely compensated for during processing

<r

by NASA.

(b) Sixth Line striping which is characterized by a variation in
every sixth scan line of six quuntum levels or more from the average
- - - R Sea - - mge e - s

quantum level of the other scan lines. It is caused by intermittent

hardware problems.

-
-

(c) Striping dqc to intermittent ﬁroblems vhich inciude partial
sync 1055, full sync 1lcss, track loss or disable, bit slips and demux-
noise (Anon, 1873b; p.27).

Ceorrection for all striping effects was carried out by a
statistical approach involving the calculation of mean radiance vaiues
of each detector for cach of the four bands. This technique depends on

the assumption that the image approximates a random distribution in which
I PP
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the true mﬁaﬁs‘fér each of the-line sensors should be identicei.

A computer program (Appendix 3) was written to list out a
frequency table and cumulative frequency table for the strip being
;nvestlgated This also prints out the frequency distribution curve

R e—— e

?!UEE%i:h,band“as~ne11 as that for the. normal.curve of iacntlcal mean

e —e————————

- e TR o

and standard deviation (Moroney, 1951 P, 109)
The frequercy distributions are given in Tables 7.3 a and b,
..and the actual and normal curves for ecach of the four bands are
—présented ianigures 7.3 a,b,c,d. Bands 4,5 and 6 show a marked
pfé&oﬁinance of certain refleéctance ‘levels vepresenting differgnces in
reflectance levels of the image. Band 7 gives a smcother curve with
some negative skew.
A computer program was 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 arc used as the basis for
corrections to the original data.

- 7. 4 2 F11*er1ng

e The‘prOblem ot supttiaposeﬂ noise or randgmmyarxatlon from

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

—

TIQ”B) 1nvest1gated ‘this problem by taking single 11ne> on

unlform surf“ces such as the ocean He found that the standard dcv1at10n

of individual values for each band was in the region of 0.3 to 0.5 of
a single level which is considered to be an indication of the noise
level. By combining individual pixals 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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LINE 2
LIHE 3
LTHE &
LTIE 5
LINE 6
AVEPAGE S

mIRRTCTT VIS

LT!HE 1
LTHe 2
LTIE 3
LTNE &
LTINE &
LINE %

Table 7.4: Means and corrections for the six dectectors -

TANNY BANOY AN 6
26,0014 Ty, 340 TheH39
254565 3,245 $4e Q8K
264741 3h, £95 The B2
27.1561 TheH07 TheT7i8
26.9%11 35,902 35.193
2701204 24319 24,637
26,835 Ahe531 34,827

234 o213 2813
270 «ZRK -+159
<087 ~e1dl -.0556

~e32H -.076 .108

«N24 ~e 471 -«371

-e2802 .212 «190

for each of the four bands.

ANMOT.
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2%.7773
28.6273
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« 005
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Since cach ERTS scone covers an area of 185 ku x 185 hm, with - ="

individuzl strips of size 185 x 46.25 ki, pictorial representation at

the same scale as the terrain clase’Ticarion map (1:250000) corresponds

]

— ---._-..'» i

inch vertically, an arxay of 233 x 73 characters is chnircd. THIS
means that individual video ciements or pixals uie combined inte groups

of approximately 10 x 11 fer display ond processing. & compuicer nrogram

to gather data into sich a condenscd array and store it on tzpe for

- subscquent analysis is listed cut in Aﬁpouljx £, This routine-aiso

incorporates code to apply the sensor corrections as calculated above
i PP

In addition, one further correction is required to account for .

the spin of the earth. The satellite is crbiting in a near-polar orbit '
:

\

with a declination of approxinately 9 degrces. As the satellite

traverses a scene, the rotation of the earth introduces an apparent

- -

slip between individual lines. Green (1976) has derived a formula for

i
slip correction based on calculations by Kratky (1974) of ERTS orbital '
'._;geonetry. The c2 rectiqn is sl . ' et T i
S i : §4‘=_”ES 14 x si (arccc (<1n(£\}/&os(A-i§/O_05
hhere P = pixal-shift frcw the first to last scene line o R &
"'-}--._— :“ L= latitude (deg rees) e LT T A

A = Jangle of orbit (9 degrees). e o K i ot
. s . M O~ . .
Since the Lzke Gregory area is situated at 295, the hLorizontal
pixal snift comes to 200.8, equivalent to zn zngular sxew of

four degrees.
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7.6 Output of Selected Strip - el T

By incorporating these corrections in a program to output shade
of character prints, pictorial representation of a particular strip can
be generated as required. The progrenm to do this is given in Appendix 6..:,
It,includcsmprovi:ion:to select intervals to correspohd (6 the gray scaféiﬁ,*
codes, the choice of output as shade print or charactcr ocutput, and the
ability to choose one or all four of the various bands.

Shade prints for the four bands for the Lake Gregory scene are
given in Plates 7.1, 7.2, 7.3 and 7.4.

These can be compared to the ERTS photographs of the whole 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 allows a high level of differentiation of the pattern

structure.

7.7 Calculation of Principal Compcnents

From the condensed array of 73 x 233 data elements for each of

the four bands a 4 x 4 matrix of variances/covariances can be set up

2

all*&f’the‘principal compoﬁents.vﬂgy finding §h§1;f:"

i =

means and standard deuiétién; éghtﬁé dafa; the Qariéﬁces and covafiancéé
of the four bands can?be’ determined in both non-standardized and
standardized form (the latter fqrming a matrix of correlation coefficient;)
and used for calculating the €igenvectors and eigenvalués.

A number of standard routines are available to calculate the
cigenvectors/eigenvalues and these can be called from the Cyber
mathematical-science library of computer subroutines. Subroutine

EIGSYM was selected for this purpose, as this method takes full advantage

of the symmetry, reducing the original matrix to tridiagonal form by
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Shade print of band 5 for strip 1,
Lake Gregory scene.
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pee el el dadd s ® -Bethed ; for: easy ~0lut10A : e —

— - erTTTIITan to'set up the 'ﬂllsh:; covariance mitrin and te
e *2 TRz standardized and non-standardized eigenveciors eigon-
loaws s ziwen in Appendix 7. The results are scot out in Tadle 7

30 5016 1.5,

standard

dcviafipns.

TIzT3sants 81% of the variance in the original data, while

“or the

z2d datu it represents 78% of the original varionce,

ITaxsiorestion of Orivingl -Bata- o1to Principal- Cocopnonents—- 2
Tt S
vi-Z-czlcvlated the four p rin ipal comzonents the original

{
’N
ot
™
n
"
'
2]
f
b
s
(o]
-
"1

msformed onto these axes simply by postmultiplying

ol
(8]

mztTix by the respective eigenvectors. The program to

Tw

Cilailaite the scores of the data elements on the principal axes is

r

Uil
}oe
]

'

2% Im Xppendix 8.
Im cxder to allow visual interpretation of the distribution of
~ shadls printouts of suitable contour intervals, or character

each cf the principal component transformations can then

SO —— -

Zata trans fo"mcc ento the flrst

¢ scores on the Tirst principat - -
mrﬁ“ﬂc:: is also printed in negative (Plate 7.7).
IT ¢czn easily be confirmed that the transformed data has

—

=5 indiczted by the eigenvalues. (The program as given in

(& W

AsremdTx ¢ czlculated variances for the standardized data of 3.1186

e -2 o
BT . ‘:‘«: _—ry

the sceres on the first ard second principal axes.)
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MEANS
A

352 2415 344274 27,805
Sns
6o V77 Te¥12 B+987 G559
NON.STAMNNARATYZEN OATA
IARTAMS T FONASEENIT  HATATY s
24,727 =347 1 2T kBt S
TLL3TEL OCRTAAE - 23708920 0 Sk Ped
i=, %T' ST g e 35.649 04253
Be.901 b 149 30.20H3 3N.63A9
erTaeyaALITe - G
117, 57937 25, TN 28377 1773
CILTNYCELTISS :
"17” Ed -« B1 K9, _.l';"_ 1y "'.,0'.‘ '3
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e7CLR “ohN] - 2081 « 3L CY
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SYAMNANNTZEN NATA
VARIANCE /ZCOVARTAMTT MATRIX
MR e 36 eH3? 2 I 2
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«e632 « 165 1.010 + 09
v 328 « 522 «339 i.000
FIGENMVALUSS -
,.jlqr) .7!.,"’ 00"‘1“ 0’]13'-‘
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5325 ~¢5153 -e35447 LIS
W ELLT . 2204 -y 237 -4 BGA7
G1h1 = k377 ~e 1432 +3553
+ 1273 4055 =5 7 N3G 4705

Table 7.5: Variance/covariance matrices, eigenvalues

and eigenvectors of Lake Gregory area.
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" Shade print of the standardized band
data transformed onto the first principal

component for strip 1, Lake Gregory scene.
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Shade print of the standardized band
data transformed onto the second principal

component for strip 1, Lake Gregory scene,
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To allow more detailed investigation for the standardized data
a program was written (Appendix 10) to set out a frequency plot of
scores on the first and second principal axes (Figures 7.4 a,b). These
show a bimodal distribution of scores on the first principal component,

and a lognormal type distribution along the second principal component.

Alternntivcfy<the freqdéﬁéi’of oceurrence cah be printéd.as.an
array in two dimensions (Figure 7.5). This also reveals the double
clustored nature of the data along the first principal component and
the broad extensicu of sceres along the secend principal component.

These plots allow a straightforward classification of the map
areca 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 by determining residuals. A rtomputer progran

(Appendix 11) was written to calculate the residual at each 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 highlight the excess concentration of valges around
two nodes along the first principal axis but do not reveal any other

significant groupings.

7.9 Cluster Analysis of the Data

Cluster analysis was carried out using program POLYDIV

s1
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Plate 7.8: Shade print of a three-fold classifica-
tion based on the bimodal distribution
on the first principal component and the
lognormal distribution on the second

principal component.
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Figure 7.6:
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(Williams and Launce, 1975} which was written for the CDC Cyber 76 to - A
handle data characterized by a large mumber of individuals (somctimes
several thousand) cach with a small number of numeric attributes. It

~analyses the da:a ircx a i-vv:xvc, po'v*hctlc apurouuu similar to that

v;,;. - R e e e,

et nged in the. pgmwﬁM%%%-Mk& xmogmu—~ RS

i TRATCE TR

suitsh]o for use o1 ERTS data where each d.‘d olcvont has four

attributes, and an agglomerative strategy would be out of the question

because of the enoracas -computing-overhead.

. 4 -

The cluster analysis procedure is to transform the standardized

o}iginél data onta-the first principal cemﬁoncnt‘and to divide the
ordered string at the point where the between group sum of squares (or
deviations from the mean) is maximum. The data is dichotcmized at this
point, and the constitution of the two resulting sub-groups printed out.
Each sub-group is then treated exactly as was the primary population and
the prccess repeated until the required number of groups has been
obtained. The order in which the groups are dichotomized is on the basis

of group heterogzneity. This is calculated as the within group sum of

-~ squares and is a ! ‘Cu‘hrL of the- cvqe sizn of the group. - — — -
s o grc"rnm thich jnigi;}ly réquiréu_c:ré"jﬁct ¢h57ﬁ6§if3ed

to accept da;a on magnetic tape, and 21so adapred o the Tybexr-72

cemputer. -Tﬁe'éu:pu» wasialso rodified to transfer Lhe results onto
e nag et-c:ia;e §i? &ﬁ&i}i —-and- pittortel-dishlav.-—The res ths of the

cluster analvs1s showing the relationships resul»1ng fron the productlon
of the first twelve discrete clusters are given by means of a dendrogram

in Figure 7.7. The parameters associated with each successive dichoto-

'(,
th
on

mization on the first principal component are set out in Table 7.6.
This shows the orcer of dichotomization, the cluster pair resulting from

each division, the parent ;roup from vhich they were formed and the
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heterogeneity values associated‘with' the resulting clusters. The

- < S

cocfficients of the first principal component used for cluster division
and the percentage of variance it represents are also given.

By using the character array optlcn of thc pictorial output

Al - C RS S k'*‘\«— SIS

,program _anci ‘;8194:;;;{:;5@;: Me;r—elass;ﬁa“uon coa'ev_.:;..-..,"'"" o -~ g

I ~..:'.‘;_*.,...;;..,.'___ — Nl : s ..~._...‘:1.H:_,... woi .»»ah-.s..a:

the spatial distrilution of the first four and the first seven discrete

clusters respectively can be shown as in Plates 7.9 and 7.10.
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= . v = ——-Plate 7.9:- Distribution of POLYDIV-clusters-1 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. - .
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8.1 Transformations onto Principal Components

The results of the calculation of the principal components

_fgr thc nen __s..a,éj,: 1 zgi,gatg “sot the first —

- —— v A

original data while the second accounts for over 16 per cecut. When the
original datn_zc standardized the resulting first. pringipal compenent.

- acéounts for over 78 per cont of the original varihnce gnd the sec?nd;
pr:ncxpal component ulmost 20 per cent of thc va rlanue.b In4b?§h cases
the first two principal components account for almost 98 per cent of
the variance in the original data.

Thus the information contained in the four spectral bands can
be interpreted Uy analysis in two dimensions with negligible loss of
information. Indeed most of the detail is contained in the first
principal component which allows considerable analysis from a single
dimension only.

The results also show that for this investigation the question

“.=«. - of whether or not- »&e orxg:nal data qnoalu be norma 11*ea IRy =

e unlmnowtant, since both tnc form and "arn1tuue of the translonnat;ogs S e

are almost identical.  Thercfore the decision to carry the analysis

through on~the standardi:ed data set was taken on the basis-thnt-the

cluster analysis program TOLYDIV operated on standardized data, and-
this allowed more ready comparison between the methods.

Inspection of the cigenvectors involved in the transformations
shows that the first principal component score is created as the
negative sum of approximately one half of each individual band value.

Thus the relationships of the string of scores on the first principal



- —

: that there are certa1n:pnder1y1ng fbatarea in che orig;nal'ahta Mh cﬁ*

of the data goes at least to the p01nt where refolut1on and inter-
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component are the same as those produced by simple addition of the
respective band values. On the other hand the second principal
cempenent is created by the application of negative coefficients to

bands 6 and 7 and pqs:t1»e coefficients to bqnds 4 and 5. This implics

arc represented in terms of higher reflective values in band 4,
moderately high and low values respectively in bands 5 and 6, and
areas of lower reflectance in band 7.

While it could be argued that a plot of scores similar to that
measured on the first principal component could be arrived at
intuitively, trial and error methods would be unlikely to highlight
the transformation involved in determining the second principal com-
ponent, and certainly would not allow confident interprectation and

deductions as to the relative importance of such plots.

8.2 Classification by Cluster Analysis

Classification by program POLYDIV to the level cof twelve

discrete clusters was carried out in ovder to investigatc the under-

“1Iying composition of the original data set. acf an cxtens1ve group1ng

-

pretation in terms of meaningful terrain features is practicable.

-

However the parameters associated with this level of clustéfiﬁg high-
light certain relationships. - ot - s

For example Table 7.6 shows that nine of the twelve first
principal components (which the cluster analysis uses as the basis for
dichotomization) are defined by eigenvectors all closely similar in

form to the first principal component of the principal compcnent analysis

(Tabie 7.5). In turn the eigenvectors defining the other three are all
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- closcly similar in form to the second principal component of ,thé PCA;
This confirms the fact that the relationships between all the original
elements are almost totally revealed by transformations onto two axes.

The cluﬁtcr dvrdxungm (Ilquvo 7 7) alco hows that classifica-

-~ x .- - — = Zd
Z R i el it et Feig

- - e T e S e S

: ‘i-un alon what isx t_gem ts, e—secon mwwm :"S...a_?"""i'::
{‘ g th &rp -4mm&§q:§aﬁﬁ&;§

- ..———-‘ e g — > ‘s 5
e g _ '»- -...‘n..;:..:‘.u -

as three separate ?tcps in the cluster nnulys:s pxocedu1a resultlng

from divisions c¢f threec distinct parent groups, viz. 3, 7 and 13.

S AR T3 Interprotation of thie Ahalyses B
8.3.1 Original data =

On the shade prints for each of the bands (Plates 7.1, 7.2,
7.3, 7.4), the dark areas indicate regions of low reflectivity whereas
the lighter areas indicate more reflective surfaces. A table has been
drawn up (Table 8.1) whick relates the reflective characteristics of
each image to the terrain classifications of Grant (1970 a,b:é).
(a) - The feature highlighted by band 4 is province 52001 which can
be identified within the area of highest reflectance values. Also

‘,1ncluded within these hlan; refiecrance values is terrain pattern 00 _

c— - TR AT S T el e e AR

s < ¥ 0 *‘“uf provxnce S‘OOS. -PYO\ln;CQ 52&02 and 43001 in the south.ar

=

e ”'1ndxs rbuxshabln txtbtn tn areas of }owel reflectancer- T S S

Frmormees (b) -- Band: S shows 2 less c}early defined pattern structure. Province

S SZCJI, which was wedi presented in b.w.‘u,.-s helegecrlx_deflned w1th1n» e

- - provzn:e 52002. To.the south pfovince 43001 is broadly distinguishable
as an area of lower reflectance, while province 52008 corresponds to

o) -

some areas of high, neutral a2nd low reflectance.
(c) In band 6 quite a good level of differentiation between all

four provinces in the region is attained. /s in band 5 province 52001

can be identified with the region of high reflectance values and
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province 52002 is distinguishable as an area highcr:in reflectance
than province 43001. Province 52008 is represented by the areas of
lowest reflectance.

(d) In band 7, province 52008 can be identified most clearliy as
regions of lowest rcflectance. The differcentiation ef provinces $2002
and 43001 remain as good as foir band 6, but-sephrat{on cf pfovince
52001 from province 52002 is difficult,

Thus alil bards contain considerable inicrmacion e¢n the
provinces in the =2rea. but the major problem is to decide between the
bands what are the significant pattern structures. Correlations with
the terrain pattern map (above) show that careful selection of
boundaries can result in a close demarcation of individual provinces,
but a correct selection depends on such a priori knowledge of the
terrain. Here province 52001 can be marked off on band 4 and the
areas of low reflectivity constituting province 52008 marked off from
band 7. The general line of demarcation between province 43001 and
province 52002 can be seclected from bands 6 or 7.

But what is nceded is a method of collating the details of
all four ba:'s so the choice of neaningful btoundaries is simplified.
This is the valuc of principal gdmponcnts analysis, in whi;h the
greatest amount of the information in the four bands can be reduced to
a single set of data ﬁnd virtually all for solution in twd?dimensions.

B - -

8.3.2 P incipal Components analysis

The results produced by transformation onto the first and
second principal components are shown in Plates 7.5 and 7.6 with dark
areas representing low scores and light areas high scores. (For ease

of comparison with the four original bands the principal component is

> B

. —

- ey



T 'Q:, However as an alternative approach, rather than interpret the -
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_given-in negative in Plate 7.7.)

By comparing thesc results to the original bands it is clear

that there has been enhancement of the original data and increase in

- resoluitien between what are known to be  important features of the

—area, --The results arc.set out in tavuiar form in Table B,f..

On the first principal cemponent prevince 52001 ;lkﬁ;smﬁﬁ‘dé
a distinct feature of low scores, while the boundary be*tucen province
= 43001 and province 52002 is well marked as a gifference in-levels. -As
in bands 6 and 7 there is rcasonable differentiation of the structure
Withi; province 43001.
However on the second principal component most strikingly
defined are the aveas of very high scorcs. These correlate closely
on the terrain pattern map and aerial photographs to pattern 00 of
province 52008 wvhich represcnts the lake and playa arcas containing
water.

Thus the problem of boundary selection has beon considerably

reduced from the original 4-band ERTS set. First, the areas defined

- by high scores on the secend principai component could be marked off.
worm =~ Then the first principa}l component could be subdivided on the-basis of

ae

‘:itslpattern structure, with four groups being selected corresponding -~

© .. well to the provinces alrecady described.

data visually, the area could be subdivided on the basis of the cumu-
lative frequency plots of scores on the first two principal components.
These reveal sufficient detail on the structure of the data sct to
encourage broad classification, and show the scores being grouped into
three underlying natural eclements identified separately by the two nodes

in the fivst principal component and the extended set of values along



“the second principal componcat (Figures 7.4 a,b).
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In Plate 7.8 the lower value node on the first principal
component (represcnted by the intermediate shading) contains provinces
52001 and 52002, while the node of higher scores (represented by the

darker shading) corresponds in extent to province 435001. The high

o — .

.the rest of the terrain types contained within the single node. . This

scores on the sccond principal component (unshaded arcas) correspond - . .

quite closely to pattefﬁ 00 of provinée S?Od8'(thé wnté} %i;iédllﬁkegi;?'r":f_--,
and playas).

These results-inply underlying associations within the terrain
vhich are not intuitively cbvious from classification by 'landscape!
analyses. For example, one suggestion is that province 52001 and 52002
are genetically rclated, being as they are, both contained within a

single node but distinguishable as the lower and higher scores respec-

tively. Similarly of interest is the association of terrain patterns ?0
01 and 06 of province 52008 with province 43001, which are once again i
separated out on the basis of higher and lower scores respectively. ft
Thus while province 52001 and pattern 06 of province 52008 both tn

X

consist of drainage features, stream channels, flood plain levels, etc.

theyare placed the most distant on the spectrum of principal component |

- scores. = , - e e e i

Cn the second principal component the differentiation is between ——— - —

the tail of high scores rcpresenting pattern 00 of province 52008 and

can be interpretca as revealing a basic distinction between the water
filled lakes and playas and the consolideted and unconsolidated land-

forms of earthern materials,
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Cluster analysis ; e )

On Plate 7.9 showing the first four discrete classifications as

determined by program POLYDIV, the colour code is

‘51i1€ on Plate 7:1D shoiing the first seven d]«ﬁrrtc clusrers, *hP

cluster 4 = white

CEiaeter S imk e ea
T Cluster blue ;.

cluster 7 = orange

5p]our code is

(where the cluster numbers refer . those of the dendrogram, Figurc

2D,

’;~»—-» “detai

by PCA (Plates. 7.5,7.6} thaere is exceiient correlaticn bgtwegagthgfgu‘

cluster 4 = white e 253 -
cluster 8§ = yellow
cluster 9 = black !

cluster 10 = dark green

cluster 11 = orange

cluster 12 = red :

Cc.uster 13 = blue f
2

Lookz’? a2t the prescntation of Thia\'TCSUita ««d‘thusa:

At the first level of resolution cluster 4 corresponds to the. Sy

i given in the seccond prznc1pal compenent,. thl‘ clustezs S 6 and_ .

7 can be identified as the areas of highest, lowest znd average reflec-
& o

tance values respectively on the first principal component. At the next

level of diffcrentiaticn a direct comparison can be made between

clusters 8 to 13 and the detziled features produced by the PCA.

1
i

Alternatively, by comparing the results directly with the terrain
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pattern map, cluster 4 is seen as comprising part of pattern 00 of
province 52008, cluster 5 corresponds to province 43001, and clusters 6
and 7 broadly represent provinces 52001 and 52002 respectively., At
- the next level of differentiation cluster 12 can be identified closely
7 with province 52001, clustefs 8 and S correspond to the broéd'terrain :;;ﬁ?ifﬂq7
pattern features of the Rolling Downs Group and clusters 11 and 13
give a subdivision of province 52002 in terms of association with the
floodplain of Cooper'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
thatAanalysis this also results in the separation of water saturated
areas from other terrain. Here this represents a further part of pattern N
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, klustcr analysis, by necessitating successive
dichotomization of the d;ta, results in thé major part ofrgﬂeﬂw;£er—
zone classification being initially included with the Rolling Downs

Group, with ancther section being separated out at a lower level from

.—~ the unconsolidated sands and alluvium.
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The aim of the research was to carry out an analysis of ERTS

4-band multispectral data, particularly with regard to its use as a

: *éﬂhofstudy was conccrncd w:th hroad %cale applicat jon n"un‘attﬂlr¢i§°n—'

of terrain located in Lhe north caﬁt of South .ustrilla: T\e—Thvestiia--it~ﬁ
tion was r~arried out on a digital computer by the application of multi-
- variate teqhniqucé, and utilized a straightforward method of presen-

- ﬁation by means of shade or character prints.

= The results shewed that representation of Eﬁc originalldata
for each of the four bands allowed a certain degree of terrain iater-
pretation. However variations in appearance of sites within and bectween
bands, without additional criteria te decide which representation should \
be preferred, created difficulties for classification,

The value of the multivariate techniques was that by reducing

the dimensionality of the problem while at the same time maintaining and i

‘

consolidating all the information of the original data set, selection of 5
-~---significant divisions in the pattern structure could be simplified.

e Investigation of the video duta éroups pro&uﬁéd.by principal - - =ik

Y eom ponen;s analysis and cluster analysis techniques showed that efrectxve>”

- corrclations with classifications of terrain produced by ccnventional

~-5ethods could be carried out. Thc nnalyses also- hxghllghtcu underly1n°;~

- relatlonshxps between the various clements.

The advantage of the cluster analysis 2pproach is that it auto-
matically provides a selection of classifications for field investigation

and verification rather than requiring visual interprectation as for PCA.

However PCA providec o more detailed understanding of the underlying
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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,
a_basic mozaic of patterns could be established to a selected level of
video differentiation. Then 2 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 availability of additional contributory data. Such a study
could be by means of a qualitative 'landscape' investigation or in
terms of quantitative field analyses. By integrating results of this
sampling program with the originally selected patterns, validated W,
classification maps could be produced.

The significant advantage of using digital ERTS data is that
for large tracts of land covered by a single scene (185 x 185 km) an
initial mozaic of patterns can be obtained in only a few hours. In
addition such an approach is readily applicd to remote or difficult
areas, where facilities such as aerisl photographs and roads,
necessary for conventionai studiés; "are-lacking. =2

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.
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Appendix 1

SHRPOUTINE vAR] (1CHAR (IFLAG)

M- . _ "
THIS QUBRROIITTYF TAYFS 136 CHARACTER STRING MO ONTPUTS [ :
1S SELECTEN, TF FLAG § PRINE-VALUE. IF FLAS | BRINT ShabDF LEVEL
COMMON A7 | ITNF(R.127)

NIMFRNSINON YCHAR{)3A)

JUMD TO HEADN OF FAGEs SFT 8 LPIy AND CONYINUOUS PRINT

PPTNT 4)
FORMAT (1HY)
PRINT 25
FORMAT (1H0)
PRINT 74
FOPMAT (1HT)Y
FETURN
FMTRY MARPP

TEST QUTPUT STRING PEOITRED
IF(IFLAGL.EN,1)60 TO 42

PRINT VALUE AS CHARACTFR 0 YO 63
PRINT 434 (TCHAR(T) ¢T=14136)

FOREMAT (1X413AR1)

RFETURN :

D6 22 I=1413A . v
IF(ICHAR(TY [GFE 0 AND TCHAP(T) JLF.20)P2,23
PRINT Pay (TCHAR(J)«J=14136A)

FORMAT (43 CHARACTFP OUTSIDE RPANGF 0 TO 20y STRING ISe/
1(34(2%12)))

PETURN

CONTINUF

SET OUTPUT aPPAY TO RILANKS AND THEN SFET INDIVIDUAL SHADE CHAR
DO 60 T=1,8

DO &40 J=)le1727 3

LINE (T eu)=10 el

DO S0 T=1,4173A -

\.'-":"3“*1 g~ o B
GO TO(197¢3¢deD¢boTsRe9410611012913¢14¢)591541791R41G4¢20,421)
1TCHAR(]I)Y+) .

coLe LYo « GO YO S0

CALLL L?2(J) e L0 YO B9

CaLL L3()) € GO T 0

CALL L&(J) ¢ (O TN HA4

CALL 1L.5(J) s GO T10_50

CALL Lbe( % GO TO 50

CaLLL L7(Y) < GO TO &0

coLyL ¥ () €« G0 TO S0

CALL 19(J)) € GO TO SO

CoaLlL Lot s GO TO 50

corll L)t « GO TO S0

Cott L12()) < GO TN KO

LALY Li3t)) ¢S 0 TO S0

Call. Lla(d) 9. GO 170 &0

coLL Lisad s 0O TO S50

CALL L1160 c a0 TOH KN

At £ 6 € A0 TO S0

CALLL LIAGYY s, GO TN S¢

CALL L1G(U) € AN TN SO

caLL La2ot % GO TO S0



?l CALL L2)(J)
COMT INUE

SFT SPACF Fan | INF

&1
J=)

hn hﬁ K=
1n+

3 csu T ML)

e LAt L

PRPINT SHADF

‘\

LEVEL

30 PRIMNT B4y (

B4 FOFMAT (137

82 COMTINIE
PETihen
Fan
SURPROUTINE Kef T ()

ThHF (
13

=

L)

S s : :
_— _THYS SUERNONT TAE TN
£ PRINT -LOCATIONS TO

il .-
(_“ﬂ!-'?-‘.(‘:M /A/ '[('!nQﬁ)
Fryeyl ) S TL)=1H
EMTRYL? S T( ) =1%-
FMTRPYL3 $ Tt(J)=1H=
FMTRYLG S T =1kHe
FMNTOYLS < T(.1)=)H)
ENTRPYL6 S T j)=1K]
EMTRPYLT & JT()=1KH7
FMTPYLR & T (.))=]1HKX
FNTRYLLY S T())=1HA
EHMTRYLIO S T(.0)=1HM
EMTREVEIYL ¢ T(J)=)HO
ENTOYLIZ % Teu3=1KO
ENTRYLI3 € T ()=1knN
FMTRYL14 € TL.)=1HN
FUTRYLIS & T(J'=1KN
RFETHON
FMTRYL1A & T(UY=1HO
J(J+&)=1k=
FOMTRYLIT € T =1KN
J(J+b)=1H=

> = F”TPYLlﬁ S Ta)=1HO

= =T id+8}=1KER 2 1 {(I+5}
FaTovi1G = 7:;7:1»0
Tld+a)=3H ¢ T (258

s ~ENTRYL2N S r:,)-*“P
= (JaL)=ii e T et

TMIRYL2Y R Tey=tun
I(J¢4!=1FH S T (J+5)

end

e w).~F AH 3052
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Appendix 1 (cont)

1 AMD OVEPPRINT FOR LINES 2 THROUGH &

=

L=

ELETe D ?n A
LRONCF "TEF

(AR
SELEC

APPROPHIAYE

<
%
%
&
%
%
S
%
<
%
$
%
<
3
I(J»

1(J+3)=1H.

—(’:-

PETUDN
RFETHRN
RETURN
PFTHRM
RETHRM
RETHRN
RETURY
PE TURM
RF TIEN
RETURN
RETIRK
RETIIRM
FFTHRM
LETURN
2):=1H,

anana
—————

A AX SN T
4+ -+ 4+

— e i )
- o S
nnaun
Vol ot ot S
+4++1011
N A

S

-
+

n
—

-~

— -t — -
+

il ol S Al b g A

s

—

—

L

4

+
N
-

T(Je2)z]ne
T(Je2) =140
T1J+2)=1K?
1(J+2) =1k

Y (JeP) =]k
< (J+7)=1HA

3
=Yl

<

‘
o

AR ZBE TG

N P N A

Tissl)=1HX

| i

<

‘A

-.]L...
£

Ttg+1)=1ky <
=1HA € T (Jih)TIHY

TOT(J1Y=1mY €
STERE NS RIS ES T

b 3

$ RETURN
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FPOGPAu COnNyERTY

THIS PROGRAY TOANSLATES VIDEO DATA FROM THE OR]
TAPE |
Tif !
R}

GINAL ERTS
INTO & FOIMAT QUITARLE FOR THRE CYWFQ FRCDIC CONVERT nhTI.
G40 Col 10 RiECOO! ‘w' Pl Apd CHER AMPOTATION RFCORD A

"
NTED QUYy FOR FECH S W A T . | CSTHiIFSs BT Oy IHE 129 »(1
OF VIDED Datr A ‘l'r15~) ACHOSS THECSE CONSISY % 410 GrOGULRS

’ k‘.
0OF P c“[«p&‘\f:T"L\A. O -“r(_" ? C?"’“r\ AHh r(ﬂ; Eufr‘ vl L t}l (\Q 7.
BANDS 4y He &¢ Lkt DECOMPPESSED IN RANGE 0 THROUGH l&Te HAND 7
1S LINEAR TN RAKRGE 0 TH ‘(l'( H 83,
INMTEGER YARLE (1P9)
LOGICAL®]) THPUY (3296)
SET UP LOOK (i TABL! OFr THE 129 LEVELS, THESFE ARE 0 YO 127
AND 2127 (TS I0E WaMGEY) WHICH ARE TRAMSLATED IMTO A& VALUES
DATA TABLE /03,8306 2:0234179912941204130413) -l?‘.\\5?}13?]]33\.!330
]34,13“,]35,1\3.)gh., \.]11.211.\u».]4‘ 1/«..uur1ulslal.1ado}“ﬁo
14941494 Jong1o0¢iS1 4121 0)15Pe10P9]15501)5 ’-l‘*"r‘r.'vI".')'n](')l‘lu)(:MO.h'oO
1601004160 el e lETo1BTo168elEe)OYy ) %Y, ]')‘1(‘]!';;-/c1(‘,\‘1.._
19¢ 17960460 ,A14H1 080, M)..*‘\o"’or-lt4n".‘)o.'"ull.}}c)3»l3q37.:1f.
]“nlf)o(?t’o'/}-'.“.'.nbbc" POedYe Ny UelelPs)lbelboe
3¢3004200 10 1020207074208 000B 4006046734 7431431491924192,
30630v1210\?1o10091 s 1610161410610 161¢36/
NUMRER=w]

OPEN OUTPUT TAPFE
CALL WRITMT (INPUTeNUMBER)
READ BOTH sTRIRS OF IMNPUT TAPE IN TURN

DO 1 =142
NlWRFP 40

READ 40 CHARACTER ID KECORD

CALL READMT(INPUT sNUMBEER)

TEST EOF

IF(NUMBERGL ¢ ,0)6G0 TO 7

WRITEL L6 1R UT(I)e1=]1440)

FORMPAT (I00R)

NMUMREWR =R & . :
IF(MUSHEP LE . 0)GO TO 7

READ 624 CrsACTER AMMOTATION RECORD

CALL PEADMT (T2 DRUT¢MUMEER)
WRITE(G ) (1M PUTLI) g 1=)9624)

NUMBeM=3G¢

NUMErRO=3240

CAPRY OUT TRANSLATIOM OF 2340 LINES IN TURN
DO 3 J=1e2740

READ 3286 (ol CTERS F0R FACH LINE BUT ON OUTPUT DISCARD THE %6
CHARACTERS nF CALIGHATION DATA

CALL READMY (1MPUT e NUIMBED)
];‘uullh-u[u_a FL.0)60 T0 7
0Hno & .1_311'.'". N

e TR
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Appendix 2 (cont)

ALUBE=T=( (T ) /) ek
(TV/

Vv - -
TVALUE LLT.7)GD T0 10
MULYIPLY Eamn 7 Ry 2 T0 DECOMOFESS

FITHIUTTIY , o5t

0 e AN TP UT I b T I 28 T AU (I ysTH UT LIy w2
EMFEIRPUOT(T) - T TSRt T SR e T S e R st o

Efit ANY ©Tetr EYTENSTON

T
L
TEMP=T AN
TeEME=ITEMP+]
F EMPCT,12R) ITEMP=]2D

LOOK UP COMVEDSTON VALUE IN TARLE
INPUT{I)=TABLE(ITEMP)
WRITE TRANSLATED LINE 7O OUTFUT

CALL VYWRITMT(IMFUT JNUMERD)
VRITE (6481

FORMAT (124 END OF FILE)
NUNMBEE =20

CALL READMT (IMPUTNUMBER)

CHECK EOF AT END OF STRIP

JE(MNUMBERGT.0)GO TO 7

CONT 1 nyE

GO TO 6

VETTE (F45) 0y .

FORMAT (BH FitFOR ~=¢15422HRECORDES READ FROM TAPEGI3)

WRITE EOF 10O OUTPUTY

MUMRER=0

CALL wRITHMT(INPUT¢NUMRER)
STCP

END



AR AR 4N 4

A AN A

LWy

-

o

B
b=

100
1M
102

17

5

ApEendix 3

o —

117

ORIGINAL PAGE [5
OF POOR QUALITY

POOGPAM ANAL YSF (IMPUT «NUTENT e TAPFI=THRUT ( TARE 2=0UTRPUT « TAPEG=/3400)

JNTEGFR

THTFGEP VA|(;1,5).ADhuY(h¢sﬂn)
DIMEMNSTON PEAR(ARD)

NO A0 MMz ) P - R PR S e
INTTIALIZF St mTrangtiomen

NO & Y=Y 67

DO & J=) 64

CUMUL (T eJ) =0

DATA(TsJ)=0

RPEAD 2340 L:wrg FOR POTH STRIPS 1 AND 2
DO ) T=)e26G0
READ(SeP2)Y (TARLF (J) o J=]1e3240)

FORMAT (374021

ACCUMULATE TOTALS FOP FACH VALUE

DO 2 K=14408

L=Ka#R "
DATA(TARLF (Le7)e))=DATA(TARLF (lLe=7)¢1) 1
DATA(TARLE (L=6) ¢ 1) =NATA(TAPLF (L=6)91)+1
DATA(TARLE (| =8) e?2)=DATA(TARLE (L=5)s2) 4]
DATA(TARLE (L=t} o 2)=DATA{TARLE (LL=&) 9?)+]
DATA(TJRlF(l—1\.E)fﬁbTA(TAWLﬁ(L-3)v3)+1
DATA(TA'lFlLv?)91)=00TA{TAPLE(L~?)03)+I
DATA(TfﬂlFlL—1)04)=PATA(TAPLE(L-1)94)+J
DATA(TAGLE (L Y e )=DATA(TABLE (L )e4)+)
CONTINUE

GROUP LEVELS

PO 10 JU=]44

VAL (1ed) = DATA(S] U}

PO 8 1 = 1,50

VAL(T+]led) = NDATA(T,H)

NN Q9 T=52.4A3

VAL (TedJ) = NATA(T &)

CUMUIL (1eJ) = VAL (1o

DO 11 T=P4A% .

CUMUIL (T4d) = COMIEL (F=Y g ) ¢ VAL(TeJ) -
CONTINUF . 3

JUMP 70 HEAD OF PAGFe SET 8 ILPT.

PEINY 100

FOPMAY (1H1)

PETNT 10)

FOohy (1HN)

PRINT 07

FORMAT (1MT)Y

PRINT HISTAGRAM AND FRFQUENCY TARLE

DATA LA A).TA“lF(??éﬂ)cCU“”l(’106)

AND _CONTINUDIS PRINT

PRINT 17

FOPMAT( /77 «RRX3BHRANDA 1 TXSHRANDS 4/ / ? X
1EHVALUE ¢ 2 (3Y OHEFPFEQUENCY s& X e X TOTAL)Y ¢ /)
NO 12 1=1e/73 -
POTHNT 16T ((VALIT o) o CMUIL (Toed)) e U=142)
FORMAT (15X 5(3Xs18)

FOTIMYT 109

POIMY 27 -
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; PT FORMAT(/// 38X JSHPANDA 1 TX ¢SHEANDT 3 //4PPX s

i 16HVALUE ¢2 (Y FHFDFnthrv.A¥,6H TOTALY« /)

! 1GKLFVEL 42 (BY y ARHMEF D GXe6H CIHMUIL) 9/)

i 0D .32 181470

b R2-POIMT 164 (¢ “ft(I J)-FH”HL (Ied))e JI=%ce)
;“f:jfi-*ehr?-dmrzlta e s o e L e =

‘&‘C; .,‘mleALCUL E_ _mrm 20 ':T:.um.nn Car\u Itl‘f:i T ;

TOTAL = Vi) (1) @ 0.5 « VAL (“f'Ji # 6705
. DO 13 1 = P¢A)
13 TOTAL = TNTAl & VAL(Ted) & I

AVERLGE=TOT AL /CHIM N (AP e J)

e hﬁu“sn—(P 5~ A”r“’f‘)"\rfvhl(1:J)+(62.R Avrdﬁﬂr)ﬁﬁ?“vﬂl(ﬁ?oJ)
= non ! g s s %}
e 14 ~nr&ﬁ—<w“'Q4tY-A\r»n(L;v PEVEL LT+ ) - . e
% . SD .= SO0RT (SuMs2/CUMIIL (A7 5d))
€. . CALCULATE wanuel DISTRTRUTION CUEVE OF QAMF QD AND MEAN -
38 o FORVULL S GIVEN It »02aMEY (1951) Fino o, :
5 - : - - - z >
no 1‘:‘ 13)!'\9
XDTFF=(TolUFOAGE )& (T=LVUFRAGE)
J PAWFR=XNIFF /(2 ., aShaecn)
é 15 PROR(]) = 1/(CNCORT(293,.14108) )% 2, T1RAPR28(wCOWFR)#CUMIYL (6P ed)
g SET BOTH ICTHAI AND THENRETICAL CURVES IMTO AQRAY FOR CSUTPUT
PO 19 I=1442
: DO 19 K=).an
19 APPAY (I1.K) = 1R
DN 18 1=1,.42 ,
L=VAL(TJ)/ S000.+0,5
IF (LeBT.R0) L = B30
JF (LelLToly) L =1
lLL=R1~L i
ARPRAY (T,l.y = 10+
1.=PROE(1)/ &nnN.+0.5
IF (LeGT.E0) L = BN
JF {L:LTa1) 4 =)
t=f]=L .
APPAY (1aL) = 18-
~3A ((rr! aiF :
s o RS AT ?lsf(ﬁ-'ﬁv(l L)o.-lo L=14.82)
R FF‘“*T(%&X,L;S}‘ R A —
EEIMT f : . == .
T TR O (4 b DY ?&'rrcx*v VALUE o« //72330) s =
: 1e0HEVEPTICAL CCALF: | INCH = 404000 FEADTINGS) T
ol -~ ZPPINT HELN. AMD SD -

& —— . : _
R PPINT S, AVFDARE €N ~ : MRt
iy FC’“~Tl/ocO¥.‘~ WELAMZ G FR,2¢EH CO=¢FR,Pe/77) RESE e
4 . 1- COMTIRGE : < . st
~ e s m e CONT THOS Bt ' Lo Mo :

: STOHE - - : ; AR

EnND
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PPOGRAM SENCAD (TMPUT CUTPYT e TAPEI=INPUT s TARE2=0UTPUT: TARPEE=/3400)

INTFGFR TARL T (3240)
DIMENSTOAN AVFOL n((ﬁ fDATA(EZ644) s CUMLL (604) s TATAL (644)
:(4,

DIMFHESTION CN=Ti(he ;A

(glale)

(zlzle]

elglgl

OO0

OO0

4

iﬁ

—w

-
w

INITYTALIZF : : ?",..~ = - =

NO & I=1,463

DO & K=),6

DO 4 =144
ﬁ/‘tTA(I.h'.J):‘ﬁ.f)
0D 14 J=144
hVv(JY=n,

nn 11‘ !::qu\
AVFELGE (Y9 J)Y=n_0
CHMUL (Ted)=0,n
TOTAL (I4J) =N

RFAD 2340 | 1%F¢&

DO Y N= 796
P 1 I=
RFAD (5.
FORMAT (

FOR STRIPS 1 AND 2 AS THO

®
l
) (T’\Q[ F(J) '\"‘1!3?40)
24021)

ACCUMULATF TOTALS FOR FACH VALUE
N 3 K=1s4n5

1
1
»
2

,-
1

't

11

) g e I
¢

—NVwW s NIN

N A " —" N —

. 9 6 © 4 8 s

> > DD
MIYIDIDIID
1

2
‘.

r fse S o e pun e

B e e e b
-

e
I I I |
VWA NN

— - - -

O @ A & & & @ a

D e L e Ll

- @& a8 4 a4 a0
DD

e e B B o e e B |

B e o b
AP DPD>DDDD %
P g P g
RN AV
- " " " " — —
TRE R R NN
SO DD
— — — — ——
s
PP LD>D
TORND LD
Pl it et vt e I B
mminmmTnm
o o
g —

o & 9 & O v » e
P IR ESNRVERE
Wl " A A " A" S
FrE b4t
P e R N

ODIDITIDTODrO
™~

DD

>
P o~~~ o~ — 1)

.
tat

GROLIP

DO £ N=.6

GO R U= .4
CUMUL- (N, J)=DAT
No 6 T=245n

DO & K=]46K

00 6 J=]44
Cmﬂm(x“n~rwuu(K
DN 9 [=524A1

NN 9 K146

DO @ J=1s4
CUMUL (X d) =01y (Ko
gn_ 12 Inl'ﬁ

nﬁ ‘( \J"l

TOTALS 9N BASIS 0F 24 INDIVIDUAL

AT oM ) e24DNATA(S sMed) /5.

JY4DATA(T¢Ked) #(T41)

JYSDBATA(T 4K o) &1

GRGURPS OF 6 LINES

OETECTORS

.

CU““L(I;J)—C”'“L(I JIEDATA(GP T3 J)#AR2,5

CLLCULATE 70TAL NUMPERS FOR 26 INDIVIDUAL DFYECTORS
PO 12 I=1,67

DO 13 J=)eA

Oﬂ ’1 K:l.la = *

TOTAL (JeK)=TOTAL(JsK)+NATA(T s JeK)

CALCULATE Ann PRINT MFAMS FOR 24 INDIVIDUAL DFTECTORS
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NG 7 I=146
no 7 J= 1.
7 AVERAGE (T4 g)=CIMIL(TeJ) ZTOTAL (T44)
; PRIT Q9
== 00 -F O LT(%H]) PRI et =
—‘f??? s e M § STy .
3.0 = t‘-w;."'*‘-'-c‘fﬂk ”PG = ’1!"“?‘“9‘ s

e --»A?Wd«mfrmop W ANS LY~ T
B e 'ﬂ’a’ Eil T YRR T"t*"gtr‘rr > ¥ /) - =
pr]" o((T "‘.":.;'/‘(:l"(1\\"}0\’:‘0").‘.1:)!"
C
C CALCULATE anDh PRINT BAND AVERAGES AND ©FHeOO CNHRPECTINMS
C
DO 311 J=lea : =
3 el 3o R, : R e re N o o A
o B § ﬁ\'(J?"-‘\V(J)*/"“’LGF(TQ.H > v
DOIS “J=)e6
15 v dY=4av (J) /-
g B0 Y aimlad . =
e DO 1m] A R - = . ;
T16 CORRU(Ted)=V ( j)Y=AVFRLGF (T 4J) e
- FRIMT 17¢(LV(1)el=]44)
17 gg?”‘-T(gc?',!’-'--uulfpl":rg FRXWAFYN 32 /7777)
= LR g
18 FORMAT (26X o) JHCOAPREFCTINIIS /)
2?;;7 S ((T«(CORPN(TaJ)eJd=194))31=196)

-
- - =
- —-a P e — o - —
e —— = -o = — - ~ SoFun
ey — - ~ = — T — —
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PROGRAM MACRO (1HFUT«NHTEUT e TAREL=INPUT s TAPE2=0UTPUT TRAPES=736400,

1TAPE4=/1600)

THIE PHOGRA T4gFES AS T A MAGNETIC TARPE OF rru3p NATA

= Y e OB % VER 1 FPNTS FO HE® FOUR BARUS
LORTTION j= APP t( G Grushn COoRKECTIONS TO ce R”L*??FQ& swk‘axag -
INPUT VAPE 1S Lk SCureid TAPE 1S LUs : -

D]"F'CIU“ V’lhi (7"0’”""!”'7314)\7' AL(7304) C(‘PPN(GQ#)'iPOSN‘t‘ﬂ"»"
INTCECER TABLE (3240) 4 hORVER

7‘;
a‘ -

oo .4-.'-.< A Vi ——
——Xe

SET SYZE OF nuiywetty ARpsy REOUIRED INTO HOR AND VER
HOR VALUE Re=1RICTED vy S1ZE OF TAPE4 OQUTPUTY STRIMG

HOR=73 & yt=033
J&TRIvE=])

PRPINT 4«1

FORMAT (1H])

READ IN SENGR2 CORRECTIONS

DO 20 JU=14.4

PEAD 10.Ibawn.(r0 RN(T s ) e I=146)

FORMAT (1392XehF59,.2) :

PRIMT 101418400« (CORFM(TeJ)oI=1s¢ :

FORMAT (/+20H SEMSOR cnuntcrlows-./.(lox 1343X¢6F6.2)) i

1POSH(1)=7 :

IPOSH(2) =5 £

IPOSH(3)=3 3

IPOSN (&) =] “

11=1 i

PERFORM PROCENURE FOR REQUIRED NUMBER OF OUTPUT LIMES EQUAL '

VERTICAL ARRAY

DO 1 L=1,V E

12=2340, *L/VFP+0 5 X
Al

INITIALIZE FO® EACH OUTPUT LIMNE

00 22 K=14HOR :

DO 22 I=)ea \

VALUF(Kel)=D. i

S (Ry1)=0,0 g

TOTAL KT ) =040 : S SaRT

PERFNRM PROCEDLSE TO COMEINE GROUPS OF INPUT LINES Ih 9 A SIhGLF

QUTPUT L INF

no I=11e17

READ (S 42) (TARL T (J) s Jd=143240)

FORPMLT (374027

1T (ISTRIPE (OT 5) ISTRIPE=]

J1=1 - :

PERFORM PRACEIZE 10 COURINE GROUPS OF RPIXALS WITHIN EACH LINE

FOR GUTPUTTT! PEQUIRED NUMEER OF CHAKACTERS

DO 4 K=]14HOP
\_';':“(“‘j‘t ;‘b(/“(“' 4 "‘.5

ACCUMUILLATE <nmsS/TOTALS FOP 4 BANDS AND APPLY SENSOR CORRECTIONS

’)0 ?“ Mx:lo“
60 5 _JsJlsd?
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DNTINUE v : : - b

TALCULATE Mrary vALUFS AMD OUTPUT THE CHARACTERS FOR &ACP LIiE
D FOR FACH OF ThE FQUR PANZS TO TAPE

HOPR
Y=GHir(K«])/TOTAL (Ko T)
Gy (VALUF (KeI) oK=] 4 HOR)
Orh 3)

o
[Yol=To
i
-f
- »rTrm o

(elele]
T

HE FIRST GUTPUT LIME AS A CHECK

B
E. F)DQIfT 703 (VELUE (K1) oK=]14HOR)
{ »1G6H FIRST LINE OUTFUT*./o(lOX 10F1043))

~
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PROCRAM PICTURE (TNPUT ¢ ONTPUT (TAPEI=TNPNT JTAPFRP=0NUTRPUT ¢ TARF4=/1600)

THIS PROAGREAYM TS NFQIGIHEN TH DOINT OHY & MAP NF SFILEFCTED
WItTH FACH § §n&
I SEOpERLC 2 AGBE 19 GET 10 G HE PRDGEREAM T 0 FOR CHARACIERS

FOR ClahepEiay ,r 1A CePD wILL BE PFAD IN-FOR THE CONYOUR -

THE DETE - IR YA .’;r S ¥ NEW O ARLAY ON YTADE &

For EacH oF yue E FCYFD qnmn:

ju[_‘(,()i. \."“;'-"/r'-.-.‘.a":
pFAi Ilr\.’(l.\.)"((‘i)-i"\/*L.
INTFGER HOD G VFRFLAGOP

|(f"
S(8)
SET PEGUIPENR PARAPETERS
HKOR=T73 § VFR=23%3 ¢ FLAGNP=]
TMITIALTZE

TPOSh = 30

PIXLINF=20n, z/wrp
PI¥SIZ7F=HnD ARG

READ IMPUT RANDS

TLEVIT)Y ¢ INT(I)) o 1=)44)

)
FnovnTtacla.rFa 3);
PRINT ?0-((TRAUD(I)-TLFV(T)QIN'(I))vl 1e4)
FORPMAT (/51X 44 (TAs?2F10,3))
CAPRY OHT PRACFNDIIRF FNR UP TN & RANDS
ALIGN TAPE TNRUYT T0 CORRPECT RAND
DO 12 K=144 .
TF(TRAND(K) LT 6.0RP . TRAND(K) GT.7)GO TO 13
GO TO (Le5,A¢7) THAMD (K) =2
READ (43 1) (VAIIIES (1) ¢ T=14HOR)
BFAD (44 ) ) (VALIIES(T) s I=14=0PR)
READ (S 3 1) (VALIIFS (]} 3 T=] 4HOR)
FORMAT(PN0DFA, )
TF(FLAGOPMF ,1)GO YO 17
CALCULATE CNMTONR (L FVELS FOR THTIS RAND
LEVE S (1)=TLFV () i =
DO 1A 1=2,8
LEVELSH{T)=LFVFLSEI=1)+INT (K)

CEAD AMD OHTDHT FLI 1L TNFS FOR THIS RAND
cal | M'DI(YQTDIMG.FIAGnO)

00 2 U=1,4VFO
pFAD(L-I)(vAlHE§(11q1:1.HnR)

CLEA® AUTPUT STRING

DA R T::l',
ISTRING(])

Al

7
=0

SEY VELUFS 70 THTEGFES AND CALCULATE COMTOUR INTERVALS

DN 3 I=1¢HNR

MEAN (T)=VAL1LES (1) 40,5
JF(FLAGOP NMF 1360 TO 3

DO O wW=1,4,R
TEAVALUES (7)Y R LEVELSIMYINIO0e14

00) ¢ ISTRING(123A) . THAND (&)

efrg?

-

T e ] e Y o - o

st



O CONTINUE
M=9

4G MFEFLAN(T)=Ceta
4 t‘F‘[MHl)-—-»..,
3 rn:71

’;:

"5‘ x.uwnrn _h:_cmw

e SRS gy

o A ————— Aggcndxx bljpong) e
PR e

DO 17 Tz unn
=tPnst —-‘(‘NI.\)F..ﬁ

1R ISTRING (M)=mi £ (1)
L DUTPUT LINME
= CALL AP (IS TRINGFLAGNPY
T ANVRNC € TR BFYT THPUT LIRF

3 AFETFCVFNGA T 2= 55—
____,m _3 T -T2 192
TY OFEItE 11 (VALTIES (%) 4 W= ] (KDY
2 CONTIMUE

PENILD 4
12 CanTIvng
13 sT0P

FaD

TfHQPS ) JootvLI‘rep]xqryp e

- - e —— - -

V.

-
o “e

SEmT ST

o
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Appendix 7 By T QUAL'TY‘ '
J) nai ¢

PPOGO AN copnru(1:ou..ﬁurpnT.Tnpsl:ImpurcTAPF?=GUT°Uf‘TAPF4 =/1600)
DIMFMSTON YALIIE (20N 44) dAVIRAGE (4) VAR (ReB) ¢ VEN(54K) oS (4)
DIMEPSTON MERY) N (R) oMM () s RMIE) oL I6(R)YaFIOVIR48) «POOT (H) OA‘H,'R(S’
rx1r‘~,w SEPAD
_PEAL YEAM4)

T IMTYEGE S quQ\/r':.
SRARSTI g vrn 233 . e T 23
CREAD 0, ( (AVE CLAAF(T) SN (T s 1= 64) T T *3
FOENAT(RFR, 2 Ll E
PETHT &y ((EVIOARF(T) oSN(T)10I=1s4) '
rn;“‘xT(l XeRFN,3)

DO 7 JT=1leé
VEAM(1)=0,
nO 7 J=1le4

VSR (T U)Y=0,

VAR ()s.0)=0,
DG 1 l=]'VF°

DO 2 T=)¢4 .

PFAND (% 42) (VALIIFT{K4])eK=1+KOR)

FORMAT (2N0OFR, 3)

NO &N K=) 4)ND

DO 60 I=1e4 :
MEAM(T)Y=YFANMIET)+ Vi LUF (KT <
DO 60 =144 - :
.V<0(10J)=V§ﬂll1J1+(éVbLHF(goI)YAVEPLGE(T)’/SD(I))9 i
10 (VALUF (KyJ)=8VFRAGE (J)) /SD () . - ;

NT THMUE Y

NO S& I=1+6 "
MELN(T)=MEAMN(T) /(HOR®VER) !
DO 54 J=1e4 W
VEDIT2J)=VEN(TeJ) / (HOBBVEP) "
VAR(T«J)=VAR(T sJ) / (HORGVEPR)

DO A T=144 i
SDLIA=SORT (VAR (Te1)). N
PRINT G) 4 (MFAM(T)oI=104)

FORMAT (1H]1 46 MFANC /4 1Xet4F10.3) H
PRPINT S24(SND{TYei=]144)

FORVAT (///e4H CNSa/4)X¢4F10,3) ¢
PRINT 21 e (VAP (Ted) g 1=)sb)ad=]eb) - ¢
FORMAT(/// 72 NON CTANMDAGDIZFD DATAC// f
127H VERTALCFE 200NV E T ANCE FATRIX /¢ (53X 447 10,3))

CLLY, FIGSYY {45, 6eVEROONTeETGV AR kg0 qk Uo”M-LIG~<EP“°)
POINT 124NN T{TYsT:2)eb) o e e
FACUAY (// 1214 FIGEMVALIIES ¢/ ¢4F10.4) 2 s .u'.v-;.“.. S e it e
PPIMT 1R (tFTAVIIet)elzet)yd=1aéb) = e '
FORMAT(/ /74130 SIGFRNVECTAPS, /o (4F 10,4 ) - R e e R :
PETNT 224 1(VENTay)aT=126)0J=)04) ‘ B s e
FORRAT (/7 /7184 STEMDARDHIZED DLTAC// o
1274 VIRTANCE/0OVASTAMAE NfTQTY/.(]X,AF]F 3))

CALL ETGOYM (445 40eVSI40NNTHETGYeAIHsV, ww.RM.LIG.=EP°R)

PEINT 12,(PONT(T)eT=1e4) o

PPINT 1R3¢ ((FIAVITed)eT=104)ed=146) —

PRINT QQ

Q9 FOPMAT (1H])

sTop : REE
EnD :
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g
g

Akpmuhx 8

fr e e o

PROGRAM F]FFUV(IHPUT.OHTPHT.TAPF]—INPUT.TAPF? OUTPUT s TART &= /]600.
1\TAEE 2=/1600)

THIE ERAGPAM TQ MFSTENEN TO CLSOY NMIT A | THFAD TRANSEADMATION

OF THE FOND 220nS Ormn TRE FOUR DUINCTDAL CONPRUESTG

-C-.t“ﬁlm} F]L PVfr;ﬁuS I- UL v‘p“Pc CALCULATED ARE USED IMN THF TRANrFOQV
(‘sa fa= v = s -

o nxu}ASIGN erge,L) 01]ﬂr(’?.‘)IFVAL“E‘71.L)'AV(ﬁ”qn“’
i *“I**i&iFGFR HO2 JuER T

wiels]

C P — T R A‘~‘«" .::-:;-;« n"v-v—c-«— ........_,_;
g INYTIALIZE
HOR=73 § VYFPp=2133
f
¢ BEAD AND BRIMY MEANC L0 €D& FOP FOUE PANRS
b TTONDTF = S0% will KE O WRIFY FGP-oSTAND BNYTEN Y8 rh<Fv'“ATIGN)
44
s REAT JYa AV IT)eSD(T))e1=144)
11 FODMAT (EFR, 3} -
Ry PRIUT 12 ((LVLI)eSN(T))01=144)
)2 FDRMAT (14572, 3)
C
g RFAD AND PRINT FOUP FIGTHMVECYON
- PEAD Jo((ETR(LeI)oI=104)elL=104)
1 FORMAT (4 (4FR 4yt)) :
= FOTMT 106 ((FIG(Lel)el=)cb)Yol=104)
e JO FORPMAT (L4 (1Y qaF10ebe/)21HY)
g CALCULATE F0o ALL LIMNFS
3 DO 6 J=1,VFQ
g CLEZAP EIGEMVALIIF APRAYS
DO 7 ¥=1.HnD
ne 7 I=144
é 7 FVALUE(KeTy=n
g READ ALL RAMDE FOE ONF |LIME
: NN 3 1=).4
= 3 PFED(4y?) (VB ut(K.I).V"l.»naa
=4 __2;€QDMAT170[FA.3;-~~~;, e
'? R ALCULATE AL FAUR FIGEN
: DO & K=1bnn - i
DO &4 I=]¢d - et 2 2
i e DD A LR 24 E
2 .QYEVLL‘F(K-l)-»VLLUF(Yo!)¢(VﬂLHF(‘9 )-IV(I))/SD(I)“‘IL(L-Y)
1gf:“¥¥0utru7_cvf LIME FOR ‘ACH :1G—NVFan°}’ - SRSRLEST e B
.‘ 2 n(\ | = I:l.[, = : : ——— R — S i —.
S VﬁITF(?.?)rrvﬂLuE(K.Iu.K=1.Hﬁ°)
JIF(J.6T,1)60 TO A
£
¢ PRINT FIPST LINF FOR CHECKING
hn C I:‘;QL -
PRINT By (FVALIF IR GgT) ¥ =] ¢=0R) 3
B FORMAT(//e?27H EIGENVFCTADS OF FIRST LINFo(/e1X010F10.3))
6 CONTINNE
eTNP
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Agpendix 9

PROGRAM VERTFY (INPUT4OUTPUT s TAPEI=TNPIT (TARE2=NUTPUT, TAPF4=/1600)
THIS PoOGRAN cUsCHe THE FIGENMVECTOD APPAYS Ay CALCULATING ek
THE MEANC ;wur(q ChMmit P BFE 7400 AN YHRF  VARIANCES 3
(MHTICH SHOpL D FolAL THE FIGEMVALUES)

DIMENSTON VAD (4) «AV %Y JVALUE(73¢4)
INTEGER HOR,VFR : :

INTTIALIZE

BAMDS FOP OMF LINME
4 = 3
(VAL LIE (KgJ) oK=1,73)
0FR,.3)

ACCUMU 2

4

1

D0 4 J
no 4 K
)

NG TOTALS

&)
AV () +
VAR (J
CONT INt

caLcuL

VAL UIF (K4 J))
.,+VALur(K.J)oVALuF(VoJ)

> CHienlil

TE AMD PRINT MFANS AND VARIANCES

#VFR)
DCI\IFD,

AREJY ) ed=104)

<O



i&ﬂwén

o0nn

(elelel

o000

elglel

ORIGINAL PAGE i3
OF POOR QUALITY

Apgendix 10

128

PROGRAM ARDRAY (INPUT «NUTPUT s TAPEI=INPUT , TARF2:=01TPIT, TAPE4=/1600

1TAPF?)

JHIQ POOGRAM 1S DEQIGHED TO- ECINT NHHT A DISTRIBUTION APDAY e :
= —-—nF‘ FOINTS RASED Ol FHE PRINC Ji2f- AND-SECON AR ”{,&«w[{c;mS—a —

DTMFISION VALUES(70044) ¢ TAPRAY (B0 440 )« THEAD(RD) .LINE(1001-~~~
0)

PEAL TLFV I ”)cr”T(?),'FVFll(Pﬂ)oLFVFL? (40
INTEGER FOQGVER

INITIALIZE
HOR = 7
DN A J=le4n
8 TARRAY(TeJ) = 0
DFLD A PDIHT NPIGIMN AND THNTERVAL VALUES
PEAD ).I”T(I))sI 1¢2)

18 FORMA
E PRINT fINT(IN))aI=142)

D~

3

L!?Q(Jo!)od=i'H09)

APRROPRIATFE LEVEL FORP EACH FIGENVALUE

2 e
»

T41) .GES LFVELT(J) )45

«P) L GELLFVEL2(K) )&y 7 = e e

]
s
t.
0 e
.Y(g.V) = TARPAY(JsK)+]
E -~ -

11 FORMAT (1KHQ)

_ PPINT 12

1?2 FOPVAT(IFT)
na 40

o~ et et et \ ) 1t

: (THFAN(T) ¢ T=TL 4 1K)
Xe2013)
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Appendix 10 (cont)

ORINT OUT NMIMKRFRS M TN DIMEMSTONAL ARRAY
DO 14 T:=) RN

14 POINT 174 THEAN(TY o (TARPRAY(TeJ) od=TL e 1K)
17 FORMAT (&Y ,2)17)

4n COMT It e

. DO 19 1=1,.8n _

19 WRTITE ( 1-1ﬂ1 (TARPAY (TaJ) e Jd=1440)

1R FORMAT (4013)

POTMT J0

CALCULATE TOTALS 0M PRINCIPAL EICFNVECTOR

DN ?% =180
DO 23 K=1,1N00
23 | INF("‘)"]F

NUVMBE RSN
DO 22 I=1.40

P22 NMIMREP=MIMRFRGIARCAY (Jeo 1)
MO=SMUMER /2N 41 .5
IF(MOLGT 1NN MN=Y 0N
LIME(NOY=]1Pa

PRINT FPEQUFNCY GRAPH
PRINT 24 ¢NIMRFR THFAD( 1

(
P24 FOPMAT (16X eTheTIBe1Xa10 ;)
25 CONTINUE

LIMF (K) yK=14100)

PPINY 10
PRINT 2A4ILFVI1)«INT(]) .
P26 FOPMAT (/Ze1X 4 IHPRINCIPAL COMPONENT DISTRIRUTION, ORIGIN=FR, 3,
11SH INTEPVAL SI7F=¢FR3)
PRINT 10
CALCULATF TOTALS ON SECONDARY EIGENVECTOR
NO 35 T=)e&n
a3 LTNF(K) 19
MIIMPFR=(0

DO 32 J=leRn

W NUMRBRFO=mHMEUDRTADHAY (Je T)
MOSNUMRFR /SN ¢] .5
IF (MO AT ENey =00
LIMF(MNO)Y=104

PRINT FRFOUFMCY GPRADM

PRINT 24 oNUVRED G THEAN(T) ¢ (LIME(K) 9K=14100)
a5 COMTTMIE
PRINT 10
PRINT 64T FV(Z) e INTI2)
6 FOPMAY (Z¢1¥ a1 HSECONNEDY COMPONEMT NISTRIFUTIONy ORIGIN=(FB,34
116H INTFPVAL QT7F=4F1,3)
STOP
FAaD
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':>:>j; = = AEEcndiX 3

PROGHKAM RESTN(IHPUTOUTPUTs TAPELI=INPUT TAPE2=0UTPUT+TAPES)
C
C TRIS PROGRAM CﬁLC“|ﬁT‘§ qu]DHﬁLS OF THE TwO DIMENSIONAL
C

- DISTRIAUTION Ao, 2y OF r"‘T it SECOHD il 82 ]a’i CIGEMYE CTORS
. Iut RESIDUAL 1S DETHL FD_SY-  CALCULATING Tn* HGTONAL FREQGUENCY

F—— oS <

oo s R THE MEAN OF Tvk Cl-~nthIHG FOINTS AKND SbuTkACTIVb IT FHOM
:,‘g' < IHE ACTUAL WUMBER DBSERVED. . : , T

4 D]MFNSION 1npaav(t0.a0).NEAN(80 40)-IPFAD(80$
g INITIALIZE
DO 8

ORAY(IsJ) e J=14940)

—t o~ Y -t D

T

SINUALS ©ASED ON X5y TXT7 48D GX9 REGIONAL ARMAY

P
D0P D W=D O
m

T bt st
- e N

NN

LTy ul=1
GT.50)12=80

CT 40)J2=40

ATE REGIONAL MUMBER

VESLVE S B i
re Fo

Al
. _{o

anon

11412
J1l+J?2
()T;-L +1

TCENVN 0O CO Ot

LUF+5£2RAY (K1)
AFLUE=TAORAY (T g) )/ §TOTAL=])

RMECADD O il i < D)
D20 » MUMNU TN DD

D -4
f - -

yJEVALLE "L"S

A
v
e \J — Jo— -— = ~ -
i;nfﬁgilcggc,t TE pgcyju&L w'fr;h;:m_f n,f,;.f ' ""ﬂ;f-;,.;%;f%f“;g
- 5 - P : : B i

Fo=—a A
T O T
- .Y

tl

N

R - |
—~ j,. § ¥OF
== i". - Py
R 2L
L FOLM
e il
ST S o s """I"Y

N e e g e

65 rOFMAT

(

J

-

LT

T

T

b Y i

PRINT PESIDUAL ARKAY
CN & 1= I.QH

€6 FRINT ETeirnFADII) e (MEAN(I4J) sd=10e20)
67 FORMAT(5X441132)
6R COLTINUE

STOP

END

(a1gle!
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LODWICK, G.D, {1966) The Computation of Sun and Star Observa-
tions using a CDC3600 Computer (Bur. Miner., Resourc. Aust. Rec.,

1966/8) T : .'»T.; e :

——— ..... ———— e —— v 1

LODWICK, G.D,. (1967) Macquarle Island Ceophysxcal Nbrk (Eur-1¥=i?~!.’

Miner. Resourc, Aust. Rec., 1967/116)

BELLAMY, C.J. and LdDWICK, G.D. (1968) The Reduction cf
Barometric Networks and Field Gravity Surveys (Survey Review,
Vol. XIX, No. 147, pp 216-227, January 1968)

GRANT, K. and LODWICK, G.D. (1968) Storage and Retrieval of
Information in a Terrain Classification System (Paper No.

453T of the Symposium on Terrain Evaluaticn for Engineering,
convened by the Division of Soil Mechanics, CSIRO in association
with the Fourth Conference of the Australian Road Research Board.
Research Paper No. 117, Division of Soil Mechanics, CSIRO,
ﬁelbourne)

LODWICK, G.D. and FLAVELLE, A.J. (1968) Helicopter Gravity

Training Survey, A.C.T. and Southern N.S.W. 1966 (Bur. Miner.

Resourc., Aust. Rec., 1968/855 i : ‘45.'”f7' T
LODWICR G.D. and WALTERS, N.C. (1968) Multiple Aspect Retrieval
of lelar) Reference Information Stored on Punched Cards (CSIRO
Division of So0il Mechanics Technical Report No. 8, Melbourng}
LODWICK, G.D. and WHITTLE, J. (1970) A Technique for Automatic
Contouring Aeromagnetic Field Survey Data (Monash University
Computer Centre Technical Report, November 1970)

LODWICK, G.D. and WHITTLE, J. (197C) A Technique for Automatic
Contouring Field Survey Data (Aust. Comput. J., Vol.2, pp 104-109,

August, 1970)
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9.  BELLAYY, C.J., LODWICK, G.D. and 'rowr\ssND DG (1971) MR

Gravity Reductions, Storage and Retr1eva1 Syctem used bv BMR

(Bur. Miner, Resourc., Aust, Rec., 1971/7)
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SUMMARY ~ Page
1, INTRODUCTION

DATA IN2UT AND QUTPUT - TI e T |

SREPARATION OF INCUT DATA ~ © o T TR et e my
3

4., REFERENCE

Appendix A ¢ Exumples of data sheets

~Appendix B » Prograen TRULNTH

Appendix C s Piogram DECLINAT

SULLIARY

2??§§§fffﬁl ~ Insgtructions are given for prepering data for the calculation of -
-~ longitude end azimuth or declinetion using a Contrel-lata Corporation 36C0 .

. computer, :
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The computer prograns des vrlbcw in t}‘s Record have beun modifieo b
from the originals written for the Werrenti 'Sirius' computer (ralhinacn, i A
1963). The first prosrem, code-named TRUENTH, ie designed for the evaimation - .-

of Poth i ouiiuth of 2 reference mark and the stetion longitude usxngnthe S e o
Agltitude . :ibod', The seecond projrom, coce-named DECLLIAY, is for the evas '
luation of the szimuth oi - o+ ence mark, or more usually the magaetic .
declination, usii_ the 'hour .,'¢ method'. For both programs the latitude

of the station must be hkrown.

g Boih progrems uork %o on recuracy ol 0.1 ninute of erew,,__,_;;_;;;;;_- o

2. D&TA INPUT AND OUTDUT

The following conditions apply for both programs:

(a) Letitude is pesitive or ne:otive zccording as the staticn is

in thc northcrn or the souiirsn hemisphere. Similarly a northerly.

solor deeliinetien is posiiive wherces 2 southerly one is n&g“tive. =
- -~

d between 0 and 360 degreég : “ :-. -

(b) Longzitude =
ch, e.g. iast Australia 1507, Xexice

mecsured caot

245°,

o m
b C
=
PN
;a

(¢) The Greenwich hour engle {CG.H.A,) for the sun or a sclected
star is calculated from the nautical e2lmanac for the time of ’ '
observation by summing the G.H.A. of the previous hour and that due \
to the frzction of the hour,wkich can be read from the appendix. .

For sun observaiions, however, this latter step has been incorporated

in the program so that tre incertion of only the observation time and the G.H.A. 3
of the last hour in the appropricie positions are reguired. 3
1
Unfortunztely the G.H.A. of the sun cnd of stors increase at =
slightly different rates (owing to the differcuce in length of solar end sidereal '
deys)' hence, for siar ob'crthions it is necessary 1o calculate the G.H.A.
fully, leaving u3ﬂr< the size columns for hours and minutes., If it is nececsary . -
to distinguish between oest'laticnu -done at the suame otatian ulthiggggxﬁuoﬁr, el e B
this-can be inccry reted ir the eight-letter name, for exampled .- +-__“, s :
AROPA 1 oo .
AROPA 2,etc. —
Progran TRUENTH T RIS it
S Program TRU.ITZ involves two com.utations: ' e : et
(2) 2zimuth of refercnce mark ; :
(b station longitude -
The deta reguired are es follows:
1 stetion nsze : . bk .
, B ) for identification only
2, date )
3. tine {eccurate to one flf‘h of a second if possible)
4. position indicaticn of sun or star east or west of true meridian
{ 5. declination of sun or star
6. latitude
7. &altitude of sun or ster

ude ©
8., circle rezding of azimuth nark
9. ircle rcading of sun or star




: ORIGINAL PAGE IS
} Sectasmeam . = OF POOR QUALITY
: If either the azimuth or the lonrltude only is reguired frcm an
“uébsertation, it is acceptable to punch the relevent data only,  For evimuth, .
_fer example,. tine and G.l.A. will be blank; the correct valuc of azimuth is
comuuted but the value fo~ longitude will be based on g G. H,A, of zero. Simi-
larly, for a longitude computation, the circle reading of azimuth mark will
be blank, 3

The position indication of the gun or star is required for a
. unigue solution, to distinguish between the two similar trisngles on each
Zosideof-the vertical plasie through the meridian. If the observed sun or :
~~8tar 18- in the-castern sy Vnis aamn@ucmm ﬁgw:e"! i.n column
TU°24, ir in the western sky by = fizure 3 {see ippendix 4), A

The azimuth angle printed cut is measured 0% to 360° from north
through east.

Progran TRAUENTH is shown in Appendix B,

Program DECLINAT

Program DECLINAT is designed to evaluate the azimuth of a selected
reference mark; however, by substituting the magnetic meridian circle read-
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
3., time (eccurate 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 cf mark or negnetic meridian
9. horizontzl circle reading of sun or Std;_

L 10.,;G H,A. of sun or star L L

for identification only

e g e - 0 TR
S T -.;_ T ST e A R ORI N S e e STy e

: T Humsi‘txm xm!iwti—en for mum or. star A8 - xeqmred &8 -the computer
e does. th;s by testing the local hour angle. 001umn 24 (Appendzx A) is left
“blank. =25

The azimith ang}e is given between -180 and +180° " posmtlve or rnega-

tive signs indicating respectively east or west of rorth. This convention is

- convenient, es. DECLINAT is-used predominantly for declination colculations,
'—-—-ﬂowever, when preparing-refdings from a declinometer, care is required in
- - preserving the sense of both sun and magnetic circle recadings, i.e. if the

south end of the megnet has been observed (observer facing wagnetic rorth),

the circle reeding of the direct swn must Le inserieds i€ the noxrth end of

the magnetic is observed (observer facing magneiic svuth), the sun reading

nust be that of the sun reflected from behind in & mirror.

If this sense has not been precserved, i.e., if the observation has
been made towards magnetic north with the sun reflected from behind or towards
magnetic scuth with the sun direct, then cdd or subiract 180 ° from the sun
cigcle reading so that tge corrected value remains between 0° and 3600, €.8.
30" becomes 210° and 240 becomes 60 .

Diagramatically,

AP | ol P s vy

R I
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magnetic north oboerved g“ctic gouth obscrveu foiima ¥

A == g ‘ : '."‘._’: " e ':“ B e
- sun eircle readang-~- o d e eam ds . -
. c R ak t s Y

+ or -180 : 2 .

"., /// $ > \J Lo .,
sun in front (dw“ﬁ~t) san behing (» c"ﬂcted)
DRCLINAT iu showa in Appendix C, : o
" UNADANA e WMYA P BATy T e - *~~i
: 3. PRETALLTION CF IJI df B.&Tg 4 J‘-'.-r.-rgﬂ—a::ﬂ S

sheeis have been prod
enten-d on these
5 ol “‘ug]eb-ﬁn

"“

A d 2 , T
aava SN o

of d.:

The dot

Colunn

1

23 to
25
32
39
46
53

60

Exanples of

PARKIN30Y,

1 to 8

te
6 to
to
10
to
to
to

to

data sne

4, RZF

Y. D, 1042

uceu, an shorr in ADy endix A. -
s field o faciliiate the
The gurvey.

cf

¢O golumn: and ere uscd-as follows:
Use

Station name -
Date (Jca:, wonih, doy)

Tinmc

N {(position of swn or star)
Deciination (sign considered)
Latitude (sign considered)
Altitude (for MUL.'C'I'F‘
Longituée (for 10 uI-nnT)

Mark circle LG&L;HO (for TRUENTH)
Megneiic circle rcading (for DLCLIwAT)
Horizontal circle reading of sun

or star

Greenwich hour angle

Notes
éag For the atation e, ery or 211 of cclu-us 1 to 2 can be used.
b) The <=zte nust ke written as yzar (ahbzc"lg.\a,, meith, end day,
e.%. 6508721 i3 1 Ausust 19 Colvn 936 2l b;:;fml.,ut.y;.':’”
(e) Tine--is-printed in h:‘"s, mizutcs, scconds, ent tonths of Focondsy .

» but 1€ the C.H.A. is ulCJla.{d fully and incerted-{ss is invariedly -~
done witn cier observations), the minuies and seconds colunns nmust
be left blank or the comput:zr will increment »he Gid, s by- the cor-
responaing &mount, i
(d Tae value: - for N is 1naerted in column 24. S—— e

g {(e) All anzies ere to ve given in degrees, m¢“u€eu, and tenth?"-f"'"' -

minutes, wilhcut tlonis or decirnal points, p—————
(£) For 1ztitude and declination, posilive cigus are rbiﬁn&hn1;'

ets are given in Appendix A.

ERENCES

¥achine computaticn of
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Bur,Min.Resour.Aust.Rec. 1963/39.
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- OF'FOOR :
' < P
— : 2 e s, gt I ¢ g e B e i AT
. el O S T AR T
CDIMENS JON ATEY STEY R ST S i e R e i i
TYPf“CAL LEe L ont '
HRIVE(61,20) ST L

20

2l
5

i
[

i5

il
19
10
i4

17
13

i6
i2

FORVMATCILX,, 7HCTATION CX e Lk DAT eCX o CUTIHE s PN THAZIUTH 3%y
190 LATITUDE, 3%, 26LONGITUD

WRITE(61.21)

FOvt&'(”'“,sz - j?“ﬂ’;‘“.'“” ‘PROY BWl7Y . i P .,;.m_-
RL/D(Ut 01” ll\ : :t!DI‘\e‘ : |UUPOI ".\l "‘c -3»(.‘5”)5531‘63
IF(ECF FO)’;D s et o B S ies e
FORN:’-‘T(«() i3 ;1;:l‘ol;:latr3e$ol..u.5, 3} ; - i
D04 1=1,6 > oI
KsAC]) ' f
“B=A(])=K . ollp e e e
C=Re5,/3.

Dty = (K+C)e3,3445¢/500.,
X1=SECS/60, -
X4e (MINUTEeX1)eS,14159/ 720,
GHA=D(6) X4
AZ=ACOS(ISINIDCi) )= SIH(D(2>o‘°r.(“(tﬁ))/(POE(‘t:a: b
LHAZACOS((SIH(DI3I)«STHRI2) IS iDL A0S IB(2 e

IHF(N.GT,2)2,3 T4 , e

‘AZ=2.°3.14159th
GOTOiS
LHAZ2:¢3,14150= 1

AZzAZeD(4)=D(5) L
JF(AZQLToOQ’ﬁﬁDiQ - — - . - - i o
AZtl\Z"‘;’ . 53 ] j ¢ :L-’ : _ _: -_“_ -"-. .—-, > - ,....,._ e ._7.~ wme s o s R —
IF(AZ AT, 2,07, 544800 20 e e 3%
Al= hil=2.¢3,143159 = - 2 e e T e F e, A o g (g .
2= LZﬁi&u./u.31;)9 i bn = : NSO ek

L=4aZ , e SRR S L ;

X=aZ=-L % = ESE e by - i

H=Xe68, S TRy G e
JE(CHA LT 203 TAISDIATIET & o — & 3 mmmm el T
CHASGHA=Z €3, 30159~ B e o AR SN, oz
LCNG=LHA=GRA ' : . Gihpe e

IF(LONG,LT, 0,324,482

Lox G L.o ‘t—éfl‘vol"l/-g
LONG=LONG#156,/3.14159
'|‘-L(“

Yi=LONG~N1

Wl=Yi<60,

BiAS SECS TO 2v04D MINUS SIGH 11! PRINT OUT

SECS = SECS ¢ 0,001

JYEAR=IYEAR+1900

NA = A(2)

ZASABSF (LA(2)-tJAY&LQC,)

HRITEC(GL,6)NANE, JYEAR MONTH, IDAY, JHOUR 4T J?CoSEC
FORMAT(11X, 43,158,132 ,IJ,IJ;IS;r s st 17:¥F5(8c17.F8
GOTu)
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The instrumentation included a vertical, short-period
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— zuthor was in charge of the observatories from 20th Decembex 1963
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1. INTRODUCTION

At llacquarie Island the seismclogical observatory has - -~ & -
becn in operation since 1950 and the geomagnetic observatory since
1951. The instruments in operation in 1964 comprised two La Cour
magnetogrephs (a norrai-run and a rapid-run instrument) and a ‘vertical-
component short-period Benioff seismometer with a BIR recorder.

Greason (1965) has described the 1963 operations. The

until-9th December 196/ and was succeeded by R. G. Sugton. - e S

. -

Earller reports buch as those of Gregson (1@65), van
Erkelens (1961), Hollingsworth ( (1960), and Turpie (1 “ro) include
descriptions of obeervatory buildings, routines, and the installation
of equipment.

- 2. MAINTERANCE
S .

A11 huts @nd equipment. on lMacquarie Ysland are subject
to continual corrcsion owing to the very damp atmosphere and rigorous
climate. Sand and sea spray whipped up by high winds are blow,
through the camp almost continuously so that deterioration of buildings
presents a very real problem.

Maintenance can be divided into two broad
classifications:

1. Station maintenance
2. Observatory maintenance.

Station maintenance

—_—

All expedition members are recuired to assist in the
vork necessary i{c maintain and improve the station.

TR O Kitchen and:héés dutie=. occur perlcdmczliy tbroushout'i' SR A
the year. -In 1964 during the summer season, v;th-enl,rgod-cient1fic‘

_staff, mess duties cccupied four consecutive weeks, but af‘cr»narch

~ they were taken a week ata time. During these reriods there is , : o

little time for other than essential geophysical work.

: In the first months of. occupation-the works programme, - v g
i“volv1n0 erection of new bu1101n installation of tanks, etc., S %

~desanded ccnsideratle time and, tnroughout the year, Saturday after- t~~-~e—:ﬂ 
noéns were generally devoted to regular station duties such as

shifting of fuel drums and the stacking of timber and garbage runs.
Painting was done as a joint effort by the party during September,
October, and llovember, whenever weather permitted, and seal branding
occupied the first week of November.

It should be emphasised that the geophysicist is
often expected to spend two days per week or the eguivalent on
general camp projecis.
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»:°_. ERSESEECHEE R Tl “fhe year a . handrail was sdded to the most _
S 2 _exposed section of the slieps leading=io the office. .This measure ~ =~ .=
= ‘oonsiderebly lessened the risk of being blovn off the steps in high
~ - winds.

e

In June a new P.A.X. telephcne which included circuitry

for automatic fire & teb~1C3 was installed. Detectors were pluced in
=--the office and u:rLroom. The office circuit however, vas disconnected
E?*::r_ x emper-because iitswas - enan-extension {rom the surgery which- T e

-ezrzqaz-re-sitnd at that times The offige will be recommecied threugh-
: ROW B UPReTy —WheT T SR bUL I I W05 . S s et e

Electrical heating was available for the office and
vault even during periods cof emergency vower. The darkroom and office
were kept -at about 70 E by a thermostatically controlled hecter.
—-This-assisted -in keeping the- llercexr- Ehronomater (temperature

uependeﬂt) at a rezsonably ccnstant rate, as well as facilitating
———horougll Tecord dryingl T ThevaultTheater N“S‘reouired'to prevent
_-cendenoa len on the Lenspu, wihich caulsed seismograph trace fogging.
f " -~ Also ihe paper is more gensitive eAf“e higher ten rer ture lowers the
o relatlve Lumldlty. which enables the trace lamp to be run with lower
current, thus increasing lamp life.

Leaks occurred in both the office darkroom section and
the vault during 1964. Leaking through the join tetween the wecoden
office section and the concrete vault is a perennial problem, and
though this leak was caulked in the autumn, leaks reappeared in the
spring. During driving southerly rain in winter, leaking occurred
between the concrete slabs of the vault roof. Water falling on the
recording drum resulted on two occasions in some loss of record. This
was a minor leak and nc further record loss occurred when tne
recording unit was relocated on the pier.

During the year cracks in the darkroom and around the
darkroom door were blocked to make it ligzht proof, the benches were
- reorganlsed and covered with lino te prevent the wood becoming ¢sel
u-_—-caked wivh fixer anaudeselemsn,~aﬁé~$ﬁeheffzeeddeekﬂwes w:eened&by T e
fu35‘":£9ur“136hzs and- c*ve*ec;ﬂtx‘ L s e R U St s

B “The daiifbd&—ﬁater.supply caused some trouble during — -~
» ‘the year. The sink top;-which was in poor condition, blocked up

T =r=~occasionzlly and was replaced: "The"inlel from the spring on'Wireless
r_ﬁﬁli;;;g_per;p¢1caxl bloc *.‘th sl; e, and the only soluticn to

-~ goetion of pipe buried .cib S tne ValIe" to car ry cve:flow to the
T kitohen $anks, blocked up and had to be dug up. = 2

During winter the temperature often dropred below
freezing and on three cccasions remained there for about five days.
Though only the uprer three inches of ihe darkrocm tank froze over,
the water supply stopped when the water in the ten.fcot connecting
pipe froze. In the spring thls latter was replaced by bowser hose

mede of rubber opproximately & inch thick. The area around the tank
ocutlet and the dr:.r oom inlet have been well insulated and these
measures should greatly limit future freeze-ups.

The exteriors of the office, darkroom, and storeroom
vere thoroughly painted and the insides of the office and darkroom
i were brightenced wiih suitable colours.
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; 4. 2 . ~3 e~ .,'.’.“" - rmgl ., . : Tt oo :

The tocls were found to have been greatly affccted by - B :
o damp 8alt air, and althovgh still fairly servicerble, were not inc i S
30 conditien. They hud been siored in a neaved cupbesrd constructeds <
tne storeroom, but early in the ycar were socaked in oil, wiped with ==
Lnetrene and set up on a shadow bourd on the darkroom wall. The air S b
sre is warmer and drier .na g0 should assist in keeping them in F3%
Lsow tle working order, but I sugrest they be cleaned with peneireve
1e~st 3efr1v
o Rl On two oicasions tle ofTice Fedio aerial "*}.e’w'ﬁ_b‘wf,z 3 P SRR i s
aring-atorus. The firss- s $he wire parted %t‘tf aastsht=En _ —— T T
i shich was easily rejoined, but on tue second sion a considerable i T =R
heted lengih in the middle hed (o ve ‘gplaced
: ; 4. IAGEETIC CRSERVATCAY : ATy
-meotorraph overaticn : e
; . Phe instrumentation in 1964 was identicel to that in == -
o3 (Gregecn, 1965). Routlne recording of both marmetcsraphs . Fii
ontinued vxth only minor adjustments during the year.
:
Record losses for the yeer itotalled approximately 135 . !
race hours fcr the normal-run instrarent and 1€0 for the rapid-r 1. "
uch of this was due tc mechenical drive failure, although the 1
efocusing of the Z-trace early in the year, three lamp failures, and o
requent camp power failures contributed significantly to the rapid-
un total.

es for the normal-run
Y. E”“ly in tre year these
time the drl"° was thken apult,

The La Cour clockwork driv
zgnetograph were generally unsatisfacto
topped on a number of occasions. Ezc
leaned, and replaced, only %o stop =’
pite of application cof various clear
crosene, watch oil, Ptc.) When gll
LDC&-WOT“ dr*v; oc* rowea 663

T R A A

\
«

r_magnetlc pro;ertics, a
arjiometers hzd no measurea!
race 10ss occurred due to

; The rapidi-run.
ynechronous motor; wnicn was @ ; A e :
owever, sledge trouble cccurked iInlerzii 1Y - DU S W . § s e B
vercome- by thorcugh cleaning and use oI a Sd - ¥ e .

It should be ermphasised thet ac much as half of all
race loss can be atiributed to purely mechanical drive failure. Five .
celese drives (four normal-run. one rzpid-run; were returned o
uetralia at the end of the year, end if ] r iriv "sten is

+ at leasti some o
bservatory drives be interchanged with Head Cffice annually. To
acilities exist at llzcquarie Islani to raintain thece. &alternatively,
enner synchrcnous molors are considerably moTe relizble in this

limate and had it not been for numercus camp power failures throughout
he year one would have been installed on the ncrrpal-run recorder.

-

o be centinued, it is recomuended ih
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~% " As thece synchrcnous. moters operate on currents of the order of 10
pilliamps, it should be neither too difficult nor tco costly to have .
them vibrator-drivern from the €-volt occumulator. The possibility
of this as a permanent modification should be investigatled.

VTR LTI - o

i

oy The L“ uouﬁ;*erﬁulun_gloch kad- = _somevhat & uiﬂ -a;s*
:‘,f;jﬁrouﬁ fout Tthe yoaE, VATyihe LIo0-0ay. $o- A6y Jemndam_gg:sm velocity
B S ITY 3 ‘.tne_walls}, tsm:era.ure- bum&xt‘y, —etew;-btut s duilyrateof ==
"~ 8 seconés galnlng was most common even with the fine adjustiing weight
wound fully out To avoid complications arising from resetiing the
minute hand regularly, and alsc interpolating time corrections, a
_different method cf clogk adjustment was intreduced tovard the end of .
the year. The clock was compared with the llercer chroncmeter at ebout
2330 G'Ty immediately prior to record change. Then the peridulum was
~_stopped for the number of seconds necessary to set it 3 seconds slow.-
. - Because- the clcck hzd-a- (enerﬁl ra+e of eight -seconds per day it
would usually be five seconds fast “and sc could-be reset eetily. In-+ - - .
~- this way the correction at the be~1nn1ng of the day was 0.0 minute
and at the end of the day rarely exceeded -0.1 minute.

On three occasions the rapid-run trace lamp fused
necessitating readjustment and refocus of the light spots.

Early in the year intermittent faults in the absolute
time-mark relay were traced to deterioration in the circuit joints and
these were re-solidered. Also fluctuations in lamp intensity in the
rapid-run unit were caused by poor contacts in the lamp sccket and a
new lamp holder was installed.

The battery charging circuit was modified to allow
continucus trickle cnarging. This ensured that the electrolyte level
was always satisfactory and avoided cell damage by excessive charging
... rates. I‘easurement showed that a current of 250 mA grezter than the
snmon ~10OBd was suitables -a-two-ohw potentiometer in- tferch?rging*ctrcn1t~~'-~”";*#f""'fff
;EIZ%nmmauust&omu%mmﬁnmnnww—w-w"vm-~w* X e £

- -," ‘centrel O_bserv‘ltlom R TR R B e TRV T e AT AR 5 P e P i e ek et

.

o e e = ApB OlUt@ “DbBETVAt iONS in 1964 were done withi e DCKT LT
- .. -Kew_pattern magnetdmeter Mo. 158, QILls 178 and 179, and BIZ 64, -~

o —— e B = ~ =T

T

=~ During each changeover the Cils ank B were- co"nared with InotrﬁﬁéntS‘j
“;:;TZSent fren -001angl--‘u?1;177, 1onP-range Bl 227, es well-as proton— —
~ - preceSsion magneiomeier IDZ-1 No. .- Prellmlnarv results indicate
: that on both occasicns the intercomparison observations produced

consistent results.

Vleekly absolute observations provided good baseline
control, and there was little difficulty in cerrying these out on
reasonably quiet days (1964-65 are Years of the Quiet Sun).

Experience showed the most suitable period of the day to be
immediately after record chunge as tnis was not only the quietest time,
but also the pericd when the sun is at its highest. This was
important during the short dull winter days.

Freliminary baseline values are quite steady. On
only one occasion was there a marked baseline change. This was a
sharp jump which occurred in November when the H varicmeter was
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disturbed during orientation tesis. Table 1 includes stundord
deviaticns of the obnerved from adopted values.

Little difficulty was experienced wilh the absolute
instrunents except ‘L., the (JI1 178 thermometer was broken early in
the Joar and replaced by one sent down in !larch, and on 4th April the

}:‘_'  obe Mg »tl(‘ ves A o ‘-,~: -‘3».41 30 w* |r\~ 54 e w]Atv,‘ l"_ 4n~, ( ~C.«1‘_c€m(‘“t
of the rammot from the wnife edge ‘“_thia was corefully rgsot and o
—glthough a small chenge oocazred.in.nentral division. no detectadle -
baseline changp eccurroé. As in previous years trouble wes
experienced with breckzse of the UK fibre, as there is no uey of
olavplhr it while 2 owov1n~ or inverting the magnet. D baseline
gcatter was noticeable during the year; more reliable results should
be given by the Askania declinon
The azimuth mark no od for t ¢ D observations was Anchor Rock.
The alternative 'Pousl' mark, used vhen visibility was pocr, was
checked for azmimuth as socn as possible wfterwards, asince streng winds
moved it slightly [ s e

etep inrtroduced at the end of 1964

{rom tirie to time.

Normal-run E and 2 scale-value determinations were
made weekly and D scale-value determinations three tires throughout
the year. There is some scatter in these results (see Table 1) but
no evidence of overall drift. Note that because the H magnet is not
damped, and H is small, the magnet took six minutes toc seitle, even
though the deflecting field is not applied impulsively.

g

Rapid-run scale-value measurements were made monthly.
The H and D scale values remained quite steady dbut the Z scale value
increased from 6.3 to 8.6 through the year (Table 1 and Plate 1).

All determinations were made with Helrhotz-Caugain
coils. The scale values adopted for 1964 are shown in Table 1.

Data distributicn

e

S _Data reported wonthly comprised K-indices and
reliminary monthly mesn valuss based oa ten selected guiet days,
|
Special effects, suddon conmencementsy siorme, etc. were reported
after return to Ausiralia.

Quiet day (o‘\ curvas . < .

i : Sq curves verc. constructed for the first wecks of the
year dbut the variation was very small for H end 2 end it was felt that
no inaccuracy would result from considexing the curves as straight
lines; this should he as sccursie as using the guiet curve of a day
almost a week away as is frequently necessary. For very quiet days the
best criterion for 0 or 1 K-sealings is probably 'smoo thness'.

& The D variometer, being sufficiently sensitive, shows
the Sq variation, and curves for D were prepared in the follcwing wayt

: 1. Select four of five guiet days for the month (spread
out if yossihle)

2. Scale meun hourly ordinates

M
;". &
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s ~ or PooR quAuY
3. Mean these, transfer to graph paper
4. Transfer these crdinates to plastic sheets

5. Construct curve with French curves

Crientation tests

e et 1

moi e The mezn mer;dian.used_for November 1964 was 26° 19 . S

both maﬂne»ographs, and the results are shown in Table. 2. The
accuracy values given in the table are derived from the estimated

errors in aligning the coils, measuring deflections, eic.

.

4. SEIS.IC CBSERVATORY

Se1°w0ﬂrd{h ODPT”thP : -

- Observa story reco*dlng continued on from |°63 The
instrumentation consisted of a short-period vertical Benioff
seismometer and a single-drum ElR recorder. The seismometer period

.was 1.C0 second and the galvanometer period 0.2 seconds.

Time marks (in the form of trace deflections) were
obtained from a Mercer chronometer and a mirror-relay in the light
source. Some trouble occurred with chronometers during the year. The
balance wheel spring of Chronometer 18683 broke in January, 19090 had
intermittent contact trouble until these were properly cleaned, and
the winding chainm of 18789 brcke in September; 19090 and 18683 had
four-second contacts from 56-60 seconds and hour contacts of iwenty
seconds between, 40- €0 seconds. Chronometer 18789 had only mlnute
contacts from 00-05 seconds. This necessitated putting on manual time
marks during the day because all minute marks were identical and
-power failures averaged three or four per week, which made their
jdentification difficult. In fact if the rapid-run msgnetograph (with
hour“marha} had not been driven by:the camp power, periods between two

'”power failures on the same day would have been imnoss;éle o 1nuerpret.--“4

5 . e Lotal T'ec\,rd loss for the ye“r amounted to 95 hours.
The principal reasons for this were lamp failure on three occasions,
_leakage of rcof above recorder twice, -seisumometer tests, power
fallures, and dr1v1ng notor “allure once. -

o — S —-————— - -

> —

P~ i > - ~In general the focus of the trace was very good. . To
obtain thls, peinstaking care was required when renewing the llght
source globe after a lamp failure.

Microseismic disturbance due to surf and wind
necessitated various atienuation settings. On excepliionally calm days
a setting of 28 dB cculd be used. On normal windy days 30 dB or 32 db
was required and in gales 34 dB was required. Attenuation settings were
recorded in the seismic log.

Instrument tests

Annual seismometer tests were carried out in May. They
were the determination of {ree periocds, damping, and magnification.

ezeneaiiaa—%estc were carried out-on the H and D veriocpeters o£~—~--1—;§'-ff
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The mass was recentred and JIicned, and the per‘od ;
adjusted to 1 second (within 158). x o

8.

The seismometer danping was adjusted tc give a 17:1
ratio of initial deflection of spot {o overshoot. The magnification f
was determined bty the weight 1if% method using weights of 5 end 10 :
grams for different a:::;u‘z¢~n. The results were as follong.;

.y

}_'_f'nfr'a:ﬁ ét

Attenuntion e

22 9850 + 50
24 7950 =
26 6200 ®
: 28 4850 " gt
30 3950 "
32 Yy o = ok
34 2450 "
36 2000  *

Chronometer comparison

In previous years daily corrections have been

measured at !Maccuarie Island at about 1700 EST, the !lercer -
chronometer being compared with WV Washington or W./WH Honolulu. This
time of day proved the most suituble, reception of both stations

generally being very poor during the earl.er daylight hours.
Invariably reception was best on 5 or 10 lic/s, but fading during
magnetically disturbed pericds and interference from stations clese
in freguency often made recepticn difficult.

The possibility of compuring the chrononeter immediately
before record change ecch.day was investigated and if-was found that = —
‘reception of Austr.lian Post Office Time Signel transmission from VHG . S i
vas usually excellent. These time signeals are monitored from Mount - = B30
Stromlo. The time pixns as transxzitted are of the same order of .
accuracy as WWV, but zre more accurate on recepiion since the shorter : L
vath distance reduces time lag and dispersion cauced by- ioncspkeric
variations. This lag for TG is-of the crder of

‘ one hundredth second i
and one fifteenth for WV, - .
was not unusual to record time_ =
second between WV (15 Mc/s) and
ndl eerigls revealed thet on these

S
compared with cne tweniy-fifth for WiVE
Indeed in the early afternocn it
differences of up 4o one seventh
VNG, Investigaticn with di*ec‘

In general slight differencee cculd always be audibly discerned
between VIIG, WWVE, and WV,

VIIG breedeasts continuocusly on 12, 7.5,and 5.5 Kc/s
with 1000-c¢/s pips every second except the 59 of each minute; there .
are no pips in the first minute of each hour when the call sign and
transmission frequencies are broadcast in voice. ”hough pips in

each minute are identiczl, no ambiguity should arise when the
chronometer has a fairly constant daily rate of a fraction of a2 minute,
but as a precaution a weekly 'minute check' can be done at the hour

or against WV or W.WVH.
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Shocks recorded

Prelinminary seismic data were reported to Head Office
twice weekly. As in previous years the heavy microseismic disturbance
linited the number of shocks reccrded. Finzl analysis of the records
using the USCGS data revealed 02 ieleseisms. Seven minor earthauskes. :
[ ~5 wede-felt at-llacouarie Island- in 1564+— in-all,-phases-{won- LCo~~7-:-~--~:
- earthouakes were identified during $he years A 1ist of those perably

s et e

© =m0t recorded by any other station is giVen‘in nrpenifx 1‘ s

Lotes
|
{ (2) The major Alucken earthsualke that ceourrsd on 2Fth
| darch was recorded ai ¥accuerie Isizand: Several hours 5 e
later the tide gouge revenled a generzl rise in sea - Az .
level con ten-inches ’rem th tcunaﬂl. DR e
! (b) Local earthiuskes vere felt as one impulse or shudder =
lasting only one or two seconds. !Most of the ground
| O o g”
! movenent recorded on the seismometer lasted less than
{ a minute. An interesting observation is that six of
| the seven felt quakes occurred in pairs, as may be seen
{ in the foliowing table:
Felt by (18 Estimated (mcdified
Date
people total) Mercalli)
8th llarch 11 in camp III
18th July 1 in camp II
28th July 5 in camp TIT +
2nd licvember 17--4n -canp IV 4. ST oo S 1
s . ~~ 3rd Novemberm 2 in camp, 1 - IiF (canp/ i e s - BT e
at Bauer-Pay- (Eauer, P LD o B
24th November Z at ' Mard Point " XI5 i i o

ey 5 --27th Fovember

E°t1m~v10n of-“ﬂl i intencit 'v--aS~o;ter~d f icﬁi£50%1n37;:1
to-high wind velccity and pounding surfs e T e

(e) Six T-phases verc identified positively.

VT AT T AT TR T
5. Av!..u,-.L“.JuE Py

The author is grateful for the general co-ooeration of
the 1564 ALARE party and in particular the assistance of T. V. Gadd
and R. C. Nunn for ccntiinuing routine recording during hlS absence cn
field trips. A special mention is due to Il. Stair for providing the
clockwork drive which enzbled the normal-run mzgnetcgraph to operate
for the last eight months of ihe year.
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TABLE 1

YMametosraph data . : -

Hagnetograph Element Scele value = Standard deviation
- amea 4 e y line

Scale valiue

S

o FOT AT st . -_2..,)-—-. __ PR '._,_.-_ .. -.':_;_:.,...-0‘4_ : ‘ . ._._ -.....

4.7 =091 5.1
7 20.6 0.02 5.7

Rapid run D 1.02 0.01 -

I a4 0.02 -
Z 6.3 8:6-—--0.02 -

= D wvalues in minutes, minubes/mm 2

(o 20

“...H and 2 velues in gammas, ao mas/minute

TABLE 2

Jariometer masmet orientations

Variometer Date Nagnet north polc

= al
Tormal D 17th Tovember dorth, 0.9 + u.3 Bast
7 : o)

e H ¥ 2 . y ‘ - : 'l"!est 3 007 % L e 3 Korth

'15Ré§ié Run D - 10/12t1 chemuer" Yorth, G.1° + 0.1°% Eaet 'fff_§7'

| A Zest, 0.9° + 0.1° North
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Miror Earihouwakes recorded at

revorted to ISRC.

local shozlis, and the

e folloving liuss

S

i
‘Mecquarie Islang, v

The time

LaSted

an felt

N4

Macouurie Island

B

)

LAanNuMT2E

liecorded phases of all major earihquakee have been
» totalled 100, including tcleseisms, major
discucsed in +he text.

3 . aavd } sl -
des all other earthouakes rocorded

) e

a4+

-

hly none of which has been recorded elsewhere.

givec only the day, hour, znd minute

preceding the first recorded phose (invarisbly P). The arrival times

fof other phases, if

iy, are nob

oiven,

Decerber 1963

211018 220701

- 291557

- January 1964

011307 011502
170624 181608
250900 281942

February 1464

011315 020059

100347 110035

121541 122236

202257 221212

March 1964

011308 020333

051819 072015
- 181259 181722

Arril 1964

071330 071934

220834 221706

292121

Vay 1964

140601 140923

650925
191700
302205

022312
110041
130010

230309

180€01

231219

020015
211405

042233
110550
130035

- 270233

022247
082049
250224

140600

~19°

232059

180644

241801

110202
230130

042258
1203311

142046

292359

040702
091809
301022

140820
232120

181321

280245

141049
241249

100145
120553
- 191520

041121
- 161416

141120
240605

281133
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e 108 A , e A
061835 180954 181604 190341 #01403 s . |- ¢ W

~252012 260523

—July 1964

. ,scg1rr 110553 - _\_;~352;34 © 1815618 261020 280002 -
i;;?r.:"lspeoa O W T36i245e e mieae =
“Thurvst _1:_6_1
020113 021934 031449 031551 040207 051128
120022 ' 120023 120211 140526 160841 201705
260606 27074
WS';‘ID hor 1064
031433 130019 ° 182340 190008 150014 200240
220712 221337 231554 231737 290234
October 1964
011045 0409520 080913 140226 150648 162212
171739 192147 200739 222230 230154 241655
271237 290800
November 1964
011702 030042 031942 052255 061143 080519
100555 112002 140258 140342 150954 200332
.--‘2:1 919 =~ 221743 236918~ 231224 254:50,» e 2TTBEY s
301)20"" p——— e e e o o s
> Decem’oer 1064 = :‘
051926 070926 081443 081500 - 081536~ . -Ogosye——=nr
Six T-phases were positively identified. Arrival times of the laxima
are given in days, hours, and minutes and ienths of minutes.
December 1963 210709.5 July 1964 260846.7 261855.4 ;
August 1964  300850.3 October 1544 120955, - =

December 1964 0©60315.9
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=Helicopter Gravity Training Survay,
A.C.T. and Southern NSW 1666
by
S _ S ¢)) ffcaf:’;yi'c:!."'a.ﬁd_.d.‘]. _F;;'.:;'.’el«’e = __: Z

The infoimalicn contzined in this repert has heea cbia’nad by
the Depx‘ment of Naticns! Cevelcpiment as 2t of tha y icy
cf the Commonwszalth "*v*m ent o Sssiet in the enp!

Rzowscss, Cwoleuy and Geoogh 75-4&
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1. LuTRODUCTION OF POOR QUALITY

In Februar: and Yarcl. 19»0, the 2urezu of Miner:l Resources

carried out a region:
Capital Te
1:250,¢

1 recounaissance gravity survey of the Austealian
nritory and a part of SL1~ubrﬂ New Souih Wales, covering the
70,020 map are~suf quLBL?u. ULLADULLA, CALDER: COCTALTUNDRY, and

~art of WAGCA. A ~"ri ticen of the technique of gr;vxt surveying by
3 Q

helicoptex is given

V4le {1952) and Hastie and Walker (1952).

The nmajor objective of the survey was to train new perscnnel

in-the tecuniques of gravity s.rveying by hellﬂonte In addition, the
rezional reconnaissance gravity coverage © "°tr1‘11 was extended,
theredy assisting in the delineatien of :1jor geolicgical structure. :

The mulitiple-base ou;ﬂ‘q ie of tarometric heignting was
tested. In view of the variors well-def’ned gecgraphical and zeteox-
ologiczl provinces coverad (ihe coastal plain, the inland uab‘elands,
and the fosciusio olateau) as .ell as the exte:sive elevalion range
f»om sea ievel tc 6200 ft, it was expected thet limitations in accuracy
of the pr;;ent single-base method of barometer levelling would be
vevealed. The reswlus of this iavestization are Jescribed in a separate
report (Lodwiex, in prep).

Appendices 2
with the Division of

and 3 descride work carried out in conjunction
National ﬁxp.lng. During the course cf the suxvey

ties were made to points established by the National lapping elevation
neter. The *evulta arve presented in Appendix 2. Appendix 3 describes
investigations carried out to determine the best way of obtaining

positive identificati

positions.

on on the aerial photographs of the station

Investization into special operational techniques which may
be required in diffienlt terrsin, such as the clearing of helipads,

was also carried out.

‘This work is described in Aprendix 4.

This report is only a oreliminary assessment of t*e res ults

of the survey.

The survey
the xua":ﬂ Geosynell

The Tasoan

SRR

Q2

;n

eogrnelin

2. GEOLOGY
covered varts of two distinct geological preovinces:

e and-the Sydney Basin.

tb

*

Lower Palae

deposition and up to
faulted, folded, and

20z0ic LOg.a cover most of the swrvey area., After
the end of the Silurian pericd these rocks vere
subj*ctn' to regional metamorczhism., In the late

Silurian and Dn"Fﬁl:n,"'teﬂSL”” granitic intrusions with associated

centact netamorvhi

. o & e o C‘\‘,,;,_, P
wisis S : VUG -

«

tahilized the geosvncline, Proninent faults

an Trusbicges are ramallel to the granite

intrusions which trend V. Grarltes of Davonian and Silurian age

ﬂ-’

occur ex

east CCC

3

CTALTONIRA =2n¢
Yass, ecuth throuuu
Palaeozoic age oceur

eplift, erosica,end

ensively in
AT

the Tasnman

wsh /v R

i

;‘OSyHC:lHV. Serpentine crops out in

glonz a rarrew north-trending zcne., From
,‘.\

tre A.C..., ;idespread acid lava flows of nicddle
. The regicn was stable during the lesozcic, but
a;:;iiz se during the Gairczoic were asscciated with
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TABLE 2

~ E 3 w0 $ vede s
Geolsrical senuence - Srdney Zagin (coutharn sart)
. -—— v e a® e s @ e mI S e e stmm . = -

——— . —

- ——— . — -
i e .

Alluviun o S:nd and

~ 5%
swanp deposits

ertiary Sedirents Sand, grivel 2tec., Flat lying 20

Sgsalt 0livine basalt rlovus ~300
Fermian Miiton Yon- Monzonite Loceolithic -

zonite porphyxy intrusion

Terneil 3I5s- o data o data

ezite but sost

Likely

2 bavsint as
‘:-IVI.AJL.I

Shoalhaven S:md..\w.c, silt- Intrudeld by
Group stone, and con- a bagilt flow 2400
glomerate bas2lt  Low east dip
Clyde Coal SJandstone, o.ale, Occupy isol- "
and lenticular ated pockets 1395-
ccal seams in the
basenent

Ordo n,la.n Metarcrrhosed Folded slates, Intencely
_(’: - ::Pnt} sedimonts phyllites, and s
guprtzites 2leaved

ol u\.l L.A“ -

o ——— = e S e . — S S . P B —— ' e W

Tabdles and 2 gre derived frez LIA.
Hall (1953).

A narrou Zornian vasin e
Bay arca and underlics the Triassi
Formations of the '.3::'.“"*» Shealha
Series) crop out northi {rom Balenans’
rest urcenformably on Lower and ! nddle
out south along the coast frona
ars Ymom to ox

Rlrey cnd Zoce (1962) and

northyuards f""(;"‘ “.\p ..r.te.‘ﬂﬂJ)S
eriznd Basin west of Sydusy.
oup (formerly the Upper lMarine
ay. These csedirents generally-
Palaeozoic rocks, which crop
fal 4 -4 =
3 ns Bay. Ceal-tearing surata
ist in places 2t L‘ne base of the Shoalhaven Group.

m N movnyhav 1y L Ly 2 ~ - 3 3 - 3
The survey desccibod in this Record was the first conmprehensive
2 : . 1y N %~ =y 13 i - . SACTEI S A v
geophysical iavostigation of the region. Zariler woT discuscad selow
¢ -~ 3 ’ b anmt e 1 -~ vos 17 Yyse S N -~ 3 3
were of limited exteat 24 generally lution of specific

o

vy aired at the so.
>

crotlams in the 7ield ¢ cil and minerml explorati
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The Buteay of MinoriY fmpedsess cirried-
G e B 58, wid one of - SOULDBUGI - an 10635 Loag 1ine
wherc2s n180 cross the suuvey aron. These are Melbourio-lznberra,
= - mawrg=Sydney, l2lbocume-Juboo, 3:1'1")!»rr'~—.7u‘t:uc. The reczu.is of these
\* . rveys are in the forn of tctal mazaetic intensity profiles,
: R e 2
e Sticmic survers. The Department ofi ‘seclr ot The
,.ga‘n?*' Vl-a.vi....-l Nivergity Res o o;':..«‘ 3818 ustal inve st.-
EETennTis _jm.:‘:-.‘o'l wiph The-Suroau-of idem 1 H ses and the
: ' H:iro-Zleciriec .-‘:*:";t“_:-'f.t;.'. An 2 cizure of 37
cciained for the dejpth io llehorovocie 4ireont.n ity aleng
:cen Lake Buem cene and the Warrarania Toy.2 et al,
iavestiza ?u n {(Zorvle ot al, 1;‘1"»1}, s ich depth
g d in the sez2 off Sydney were recoried vy -& suaber of
: Snowy -llswmitains reficn, gav

bv e it .

¥goontinuity oy 42 klicaetres

igeontinuity at 21 kilometres,
SRSVeY Lrel, t:zc oty of 8¢
to 2 kilotetres

A detailed ce i::.ic refracticn

(Pela: and Tovi, 1944) irvestizaiec the ori
Jeorze =nd ottained inferm t;on cn seisnic
gealizuration,

™

Gravity survers. The
regicnal gravity traverses througneut the

cteervaticns have been made in the Snowy MNou
zith enginecering projects an
at Captains Flat (Scmu:., 1961).

m & NanY Aame. A S ] MEEE PR
The D“,)a*t..‘-,.... of Ceolory and Gecphysics, Univorsity of
C v e o - S e » rrars Cresk and £
Syirey, haa ompleted traverses Jrom lJega 10 SpIncers Crec: ani fron
Yae { < ~ bt -~ 3 4 C& oS T A -
Y285 to Vlallengdbeen (lax cnd Narain; 1954 ), -wiiich 1nc.cate-a
- i s 8 R, ~ RO S e Ry T R Bl b S ! i
Sirmas orrelaticn between nggaline Zougeer Lofnililies and b S s
i ~ i n LR g A [T e BT o Tl O B 1 T s
e Hew Scuth Tales Depariment oF ilines hag huce GLuerrui.lhs along s
Y 3 -~ - -~ - e e A e = b A - ‘ -

®z3374n the westem part ol toe zrez in 3 pTosromne deniined to

~~ v de A A A <ot go o) 3 e T i > N :

~.‘c 1sh statenide neiwerk of zgraviiy readinis.

Fre3

The Sedney Basin
o= - Aepomaynetie surveys.
f:;: F?it:::;::*.s 2 v was traversed Oy
r» resinits are available in a-islal
rent deoth estinates have teen 1o
b &

o
m
m
v
]
I
o 0
o’
)
o
O
3o

a seismic survey in .,o.rtn WoLLCHGIHG
1 no useful

work was standoned when results

r.au of iliner

in the lake Gecrge

and norva
were cbtained.

tor.

> Pase g o Aanvme
N A v s s

the Lake Gcorge area
C of Inke

ral Resourcec has conmpleta
area. Scne iocalised grwvity
untzin rezisn in coanection

area (Kevi, 1964) and

¢ map, and base=-
estirate values indicate
Soutn
oioretien T tad undertcock
ULLANLLA in 1961. This
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Cravity survevs. A seni-detailed gravity survey was performed
. Smart 0il lxr.oraticu My btaIn -Jerv1 Lay area in 1962.
The report on this survey has not been publiched., Mest o the work vas
ione in VOCLONGCHG aud the date for ULLADULLA have not besen used as yet.

Joreholes. A number cf bores have bteen drilled near Jervis Ba
for the exrloration of coal Thnese inelude Huskicson Fo. 1 (842 ft" D,
duskzisson o, 2 (1900 £t.7T D./,unu wenéandian (1423 £t T.D.).

g ; s - ve gy v e P

En— : R DR B - ) IE”E:PRﬁTHTICW C“ G&AVI”" DATA
The 3::3uc" ancnmaly map of the area and regional Bouguer ancmaly
2a2p based on 15-minute means axe resented in Plates 3 znd 4 reszicectively

at 2 sc2le of 40 miles to the inch., The sulject area has been tentatlvely

iivided into two graviiy provinces

(1) The Monaro Regional Gravity Comrlex (labzlled "A" in Plate

(2) The :lume Regiocnal Cravity Ccaplex (libellel "B" in Plate
g g P
3 &“d 4)0

The <20 milligal Bougzuer anomaly contour, with zn a:zroximate
aorth-south trend, gassing through Goulburn and abeut 20 :iles to the
east of Canberra a*;rox1r1tes to the boundary between the two provinces
To the east of this the contcurs heavz a marked north-north-east trend,
waile to the west the trend varies nort: to north-north-west and is

conformable with the geclogical trend in the area.

Monaro Regional Gravity Complex

In the Mcnaro Regional Gravity Complex, the values of the
J 53
contour values reduce scoothly from a maxidur of +50 mgals at the coast
to -2C mgals in socuth--ast GCUL;JRK. This large regio-nal effect masks

.

out local features, which, however, aight be delineated on a residuzl map.
It is postulated that the significant trend parallel 4o the ccast is
caused by the oceanic thimning of ths crust: : :

Hume Re-icnal Gravity Complex

The Hume Regional Gravity Ccmple contains-a nunber of smaller
Lcuguer ancnaly features:

The Zcorre Gravity Hish {(Bi-on Plate 3);~ This is a parked positive
aly feauure, centred about 3 miles to the north-east of lake

is considered that the feature is caused by basic intrusives,

ed

George. I

meiamorphos to anphibolite (Fev i, 1964). The featurs correlates in its
ceqt*al mart with basic intrusive rocks metanorcnosed to amchibolite and
it is po :'latc; th:.t feature B1 delineates the cxtent of thesse rocks.
The Canberra Gravity Low (n2) This is a large arcuate feature
with =2 nimum Bouguer anomaly value c¢f less than -49 mgals, whic
je ti

fogle o

occuyle the wes:ern part of TANETARA, The wvestern dcundery of the
feature is clear defined by a decrease in Souguer anomaly of 20 milligals

~

in 4 miles. “he centre ¢f the sradiiert parallels the Gooiradigbee Fault,
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The ea:tern edge of the

-
-y

to the ezst,

- h Y Ya - 41 )

but correlates generzlly with the Deakin
5] v =i Misssmimpl iace Thafde Londloa
;..G:ln..';‘_. "“)‘,' AT DALV AL ey e =~ = LS Turelied

5 : . .
ig reluted to the

In contract it
cast CANSERRA

- A
400
the Murrmbidgee 3atholith

- sabe

o 3
L ad ™

Seotammndrn »h (E3)+ -This 'high' consists of
2 Eocuguer ancma 1s', ihe eastern cne of wiich is
cozin-east of Coctamundra ues less martieily south along the
~-arn border of CAIDBIRRA torn 'high' trends norihencrth-uest
oo WAGCA positive rarte of the Zzuguer
il ! of sorsentine z.d it iz therefore
£ a3 sutsurface vasic intrusicns,
Gravity ‘loss' have teexn mauoed on snuih-uest cooTAiDRA (B4),
c2 fLOTANTNORE (B5), central-eass WAGSA (B6), and north-central
GCULBLIN {E?). It is postulated t.atl fectaves B, 25, =i B6 are caused
z+ acid igneous rocks and 37 by relativelv 1ight agtamors..csed seliments,
431 four features appear to have thelr ar.lor devclopment oubside the

survey ar2a and th

Throuzhzut the aree,
correlate with Bouguer znomaly

Touguer ancnalies and knovm

turrunbidzee Zatholith aplears

anomaly feature, btut In oth
show rno such ccrrelation.
the origin of granitisaticn

terefore have not

This nmay

5. 2SCiCLUSICIS
mapped areas of basic and
‘Wishs', whereas the relc

graniie masses

+2am
valll

is rathar azdiguouzs. Th
to correlate with a large negative
er parts

ultrabzzic roclks

2
cuguer
=

of the survey area, variocus grznites

jndicate a fundamental dilfercrnce in

, rather than of batholithic origin.

. On 2 regionzl scale the Eou-uor ancmaly patie~x correlates well
wiilh- she ciderved geclogy and cra=sit stricture derivel from seismic
cviiance.  sear the zoast where the crusy oy bz exzacted Lo beoome
+n4nror oo the isep ocean comes close io lana the positive-regicnal
Bsuguer encaaly increcse frem =est to east iz concistent uith this
hypothesis, Further inlanc +ha tmomi of the Bouguer ancmaly conicurs ,
is zarciiel to the regicnal sir cture within ine Tas—an Geogynelire. It
is thers:ore concrucad that the regienal et»ugturs in the Taszan :
Geosyncline i3 reflecied in the Bougiuer anczaly pattern.

DOYLE, E.A., EVERINGHAL,I.B., 1

and EOCAN,T.K.

DOYLZ, H.A., UNDERWCOD,

and POLAK,E.J.

'
v

6.

The Seismic Recording of large
xplosicns in S.E. Australia.
JOUur. 12, 222

Theres ae
-~ he it ]

1956 Seismic Velccities from
Zxplosicns off the Central

=3

Coast of New South Wales. Journ.
Gecl. Sco. Austi. 13, 355-372.
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APPENDIX 1 - z =

.

Survey statistics

L B F LA | oo snte R 1S4 & ey

i

lelicopter hours: 20¢.01

- .

Total days: : e 5750

a. Jechanical i1 )
¢ t. Stana-down (Vandatery BMR duys off)s 8.00) 15.25
s C. Cthﬂr ni1 ) b
‘. d. ‘ieather -~ 12,25) :

Days net reguired: 2.00

‘Dys traverzing - usefull 30.25% = -
Days t ersins - work abandoned: 1.75)
Mays niscellaneous usage: 5.25;

Rl et AR

(e.z. wmerk connscted with helipad
& cutting, long transits, cicro-
b4 b'u'ome er ..ests)
1 s
goops. 83
‘Kz.':ops re-flowns 3
Tie flizhts: 4

-y

.’cllo‘.-up flights: 2
' 3 : . men -
Eotal ejuivalent loops: 92 R

&
H

‘
.

ea covered: : 7% . ST A R e YT T

R

“11/2)
30/3)
-30/3)
-30/3)
30/3)

19/2)

Yaitnews, J. (16/2-17/2)
fﬁq/’_:/w

Eel pte* Utilities Pty Ltad
Lilsom, d's \13/3 - 2w/3)

waitworth, -..\.;/J - 24/2)
B3za=sen, J. (2373 - 25/3)

t'Teinees - party cembers: : s Soansend 5 {112

TS T Y
T
D

« ¥

3 Seyland, P. (21/3 - 29/3)
s Zelisepter Utilities Pty Ltd
E 5 Jenes, 3. {23/3 - 31/3)

1.



' i tem
Srzinces - short te

Brown, W.
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(1/3 - ?/3
\7/3 - ?/3
(15/3-15/3)
(15/3-1€/3)
"(24/3-2§/3g

(24/3-25/3

(1/3 - 3:"32 -
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n of barn:etric and elevation me.--'ﬁe1bnt

Muring the ccurse cf the survey, ties were male to some of
+he gravity stations with the lational Marping elevation meter, Th~
clevaticn metexr work was dcne by J. Maddern cf the Divasion of National
iapping and was a ceparate ;rug°»t
b ~Pable 3 cets og;;éle" ulOﬁ VAl s'cutu‘nea'by the oarometgg_gggazé;_
N Ihe” etevRtica ‘metor, clovaticas of statiovwa 6ANS/0235 and 66 06.9009
21 be field chacsed, i ‘q"ﬂ"*i deviaticn foi (clevation metsr clevation -
tirometer elevation) was calcuiated and found to ve 19.0 f£t. I ation
9605,5235 omitiad and uhe bracketed value of 6£605,0820 is used then the
standard deviaticn is ¢.3 ft. Since the standard deviation of the elevation
meter values is of ithe crder of 2 to 3 ft and that of the barometer valuas
12 by nz2twork nnwlysis 11,0 £t then the result of 9.3 ft is considered
reazonable, :
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r% out an econczic pethod
of recording the positions of BLI gravi ations by oShotograiiiic means
(2

The aim of the investigaticn i
at
iz order to transfer thez to high tude survey photograpns.
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Three rethods have been invectigated:

Wethod 1. At tiz
station in 1:250
uniquely with rea
of the gravitiy survey

5

opter gravity survey, each gravity

c
a, or rart thereof, to be marked

- - . % . -
. ahctozrazhed

Drmt o mape alea 4 %
SIQLeaTains L0 Le

ecera, A polarcid-exposuze to be = i
ged stativd site TTol a RNt of — - = o r—as
gtation., “The exddst position-of - e
pricked cn the rrint after landing
en on tke back of it. The transfer
rity station froz the Polarcid print
otogrzzh can be done by inspection onljy A
rosgitie owing to the large
tno phoicgragphs, which is cutside

Xathod 3. Use cf 35-=m czzmera with f = 30 £= at time of
belicopter gravily survey. The grz7ily staition is o be marked
by temporary maricing material (paper towel, white calico) at

tice of oovsexvation. After iake-oif, the heliccpter is to rise
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to not less than 500 ft above ground and a near-vertical 2

phot ogranh is to be taken of the marked station., Transfer-
! of marked position frcm enlarged exposure to survey photograph
bty inspe utlon cf detail, :
somigsl ¢f methods :

- Method 1. This is the-best of the.taree-methods, -but. is; .very - vy
Sty ~—ariing-pateriai-per statson=ia as ox‘matcly $4. Lost: nexlcop- el
BF il7ing time~is beitncen S o i*:‘j‘:ii'-ut.es cex station tocause of maorking
{gshnod, A qwecial thoto~flight has to be "~ra:ced at the end of the

W <

o
-
d would give the best results because a sterszoscopic
at*on could be obtained. The failure rate
iture por station is estimated to be in cxcess

R
el - ve 2

not mecommended on economic grcunds,

S
d te ~'**:' lo.. I
2

0, Tnis methoed i

YMethod 2. The application of this method would result in only
38 print without a negative. .Polaroid cazeras with £ = 100 mn-are not
wailable. The area photograthedi bty a polaroid camera is s=aller than
me tukea with an £ = 28 ma, 35 x 24 om camera., It is rather a messy
srocedure to fix and dry the polaroid print in a crowded helicoptszr.
Esidentifications of the unmarked sravity stations are to be reared.

e cost would be about 30 cents per print. Tais wmethod is not
*ecommended because of an anticipated high incidence of misidentification
i€ stations,

This involves the texporary marking of the gruvity

itation at the tine of the survey with cheap materiel in a uvnijue pattern,

'nis can either be done by the helicopter nilot at no loss of flying

iime or by the observer with little loss of time. Tezt:z conducted on

Jhe Cenberra 4 Blue Leep have shown that an L-sghaped marker of paper
welling can be pinned to the grcund in abeout ci2 minute. Material

tosts would be about 1C cents per ctation plus the costs of filnm,

ieveloping, and two enlargenents, uaich dmount to 20 ceatis, making a

otal of 30 cents per stotion. The time:it takes @ helicosterto.reach
:“Q fL-2bove growid varies ccnsidersbiyTeainz to-wind éorditions; height s
STYE 582 level, and weightorT Iczi. O theeverage 1t':ay tak@gToag s TNt e :
dnute, Th: total less in fiying tine due-io-delay wukile- P e e e s

e parkins zaterial and due to rising tT€ 500 £t aboveé the
A - . - - * -
mount to 92 ror station. This brings =the tcofal espendi
TTy

G $2,30%, ’rr a 1:250,000 mop area with 2
f this metiicd woulad cos st appeoxirately=—95¢C

<

‘ﬁ -~
33 Sv&v‘(""lu, t
O: “This zethe

'sr adepticn by the EIT: Cravity Sscticm, = e R S s e RS

xetz2ils of recommended methed

Tyne of camera. Any camera with a focal-plane shutter, with
= 30 mn, end using a “egativc size of 35 mm x 24 mn.,

' Yariine matenizl. Thite raper towel 73 inches wide is used

:0 form en L or V of dimensiens as shown in Figure 1 below. The vpaper

;O be ;i:ra* down by &t least six roofing nails with caxdhecard or other

poft material washers beiween the paper and the hezd of the nail, The

tormer of tbe L er V tc point noxth,

4 Expeoriexnce hos shown that the cost of photegrapsy by methed 3 is
very much less thon the $2-30 estimzted by ko, leppart. A.J.P.
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Piln.  Any brand 3%-mz black and vhite film with an ASA rating —
, An adverce ceonditions:fastec:filns conld bo-used; =-Thexre-ghould- =
| iz for each iosy-eoatained-dn-its o fils cacgatte, === 1 & o
- s i > - " DS i iy . T - P T At s B ia "
{ X :
= 2 cosur~ tine. Max? taien from the
L ue_icopter tc Te /200 of a sceccnd.
i :
delictrter at-tins of oviosu-e,  The ensobure to . -
€. taun S90.I't aceve = e
~3 TogiT T €Bon e
49Nt~ A ~he 0
. PERE -~ véel e
cclour, in the
gsezuence with zr-vity stat pertinent
3. A sa=jnle log sheet is st

A W
b
®

: i
T I e ‘e = . o T
exporuTe ones S sure 2 bolow).

CANBERRA 4
BLUE

togreph the merzéd gravity station-

b tieved-by flying ——= -~ <=
™

moseat 2vis Abs¥e .

On cezpletion of the lec
exzosed filxz s t¢c be clearl

5

’ il o containing the
led with tke m2p area rane, number
= =

cf

-
- :
r < ymeq - - - . Lo - Y S
30-zinut2 sjuzre, and loosp coleur. There will be four films per 30-
Diputs c 274 T - 4+
Dipute square anc 24 fiims per 1:250,0C0 map area.

The points and siher points common to two or zore loops should
be phoicgraphed every tinme a2 readirg ic tzien. This will ensure that the
seguexce in the grevity rezdirg »scexds and the film exposures is the .
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The filns need not be developed

grocedures are adhered to,

After the films have been developed the nunbers
stations are to be written on tihos negatives-in accoraince
~rr. This can-be den? with blacit dmwing ink or black Ch
Omnichron penecil,

Two enlargeid prints of cach ex osare inclu
one are to be made. !lUnimum size of enlargemint ¢
gaxizun size is to 4 x 6 inches,

The Division of Jational lepping is -to %e s
get of prints and a list of heights of stztions, They
copving of informatiocn marked on the survey j..atc rachs by t
observer, i.e. the nositicn of tae pricked hole ienou'
station position and the statiocn number,

Sansle of film exncsure log

Map area: CANBERRA

Loop:

4

Loop colour: Blue

Inte: Thursday, 24th Ma

in the field if

upplied
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the aforementicned

of tne gravity
with the {ilm
ninagravch or

lJ.

the blaclkboard

ging ¢
be 3 % 4 inches;

with one
will arrange for
the ZMR

ing the supposed

Station

Remarks

Blaclkboard
lank
c887
9066
o872
Elank
0873
0874
0889
Blank
9087
838
03837

Nzar fence

Mark in shade of txree
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satablichment of heliconter 1-ndins pads

i A B £ L 3 2 ot 2 ——
~cast CXUBIRRA (en flight &) the only fixed elevation
. &k
52

1-contre wae the Xount Betiowymd irig. statiesn, This

le for gravity sursoses because of the large terrain
L o . the surrcunding area is coxtrexzaly ruszed and its
== eai#a:::gé>zs~a gr;v;ty sownt w28 esnsidercd ©o ighed -by the e
s eontroiat *eusg-grev;ae. - e

§ An e:a:inatio; of the °e*‘a‘ p 20t c~“a"ﬁs of wne voint chcwed
' thet neavy tizter would preclud icopt itd
the steepness of the slope t
eaes-Land. nearby.and -walk in, It 2s
e LOTRESILNY b canstrusting

§

{

i Jne nelipad was to pe about 52 ft wide and 230 ft long,

i extendin: ncrizi-scuzh across the ridge. The weork was to be done by two
people using & chain saw. It vas an.l,-pated that the clope up the
seattain rauld be Yoo steep for the people tc carry a cinin saw and fuel

i and at the saze time -ake reasonadle progress. This was 4

; fore lowered ‘¢ the grcuni from a hovering helicopter.

It .

i in zcceptatle helipad ook 2% days to construct {i.e. 4C man-
: heurs). Ore pers: ope-2ted the power caw uzile tiie ctiher one drazged
branches and samm-up trezs trunks out of the area. The cocnclusion

! derived {rcn this exerciss is that the constiruiciion of kralipads in
Leavily tizbered areas 2:nsume 3 large azount of time znd labour and
should cniy te zade fer ess tc ccatrol staticns.
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This paper descriles a tecknique which has been developed
to contour aeromagnetic survey data or other types of field 2
~data collected in the form of linear wparaliel traverses.
F .~ The original datz is plotted first in plan view and then in : ;
.~ . cross secticn to check for errors in any of the three co- et
—as- = - --ordinates. Then by fitting in the least squares sense a 3
<. .. curve of suitetlie order to the point under consideration g
: ‘ - and a selected number (n) of thc preceding and following :
points high frequency irregularities in the values of the
data points (generally referred to as 'noise') can te mini-
mized. In this 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 (max1 a  and
minima for example, by using the first derivatives of the
fitted curves) and these supplemented by a sclecticn of
'fill-in’ points, the density of which is determined by the
variations in the original profiles, and average spacing
limited by the offset distance between traverse lines. Ex-
perience with aeromagnetic data indicates that this method
will permit up to 5 out of 6 points in each traverse to be
dcleted with the remaining points defining a profile which
agrees in detail very closely to the original. The pcints
finally selected can then be contoured dlrectly(Lodwick and
Whittle, 1¢70). The programs are written in Fortran and .
~‘are in use on a CPC 3200 conm puter —utilizing a -CALCOMP 30 ... - iz
'~«inc5 off-line plotter. °°>u1tz fave shown that the contours s =
-_produced using this technique agree remarkably well with = ——— =
tl.ose plotted from all the original data points, with a re- x o
__duction in cemputer time to as little as one-quarter the
original. Indeed the method has proved-to be less expensive =
than currently used contouring techniques, while the final- :
~contours honour the original Zata points accurately.
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1. INTRODUCTION

At !‘onash University it has proved prcfitable bLoth in terms

of efficiency and ecconomy to develop an avtomatic contouringrpackage e
vhich can be used to contcur field survey data - the contouring of - .=

field reconnaissance gravity data (Lodwick and thittle, 1670) is an
example, In general terms, however, it would not be unduly difficult
to continue contouring such maps using well-established hand-drafting
techniques. lowever, there exists a class of data where the
generation of wmcint values occurs so rapidly, and presentation of
the data in visual form for decision making is required so promptly
after surveying, that the application of hand methods to produce such
maps is no longer feasible. Into such a class_falls acromagnetic
survey data. Here traverscs of the order of’ 406 line miles can be
flown in a single day, generating as many as 16,000 point values.
Clearly detailed hand contouring with such a rate of production of
survey data would te a mammoth task.

Already, of course there exist automatic techniques which
will contour such data collected as regular point values in parallel
traverses. These appear in the main to use the well-known
technique of translating the originel values to the points of a
regular grid, which is in turn contoured with established programs.
The protlem here, however, is that a decision must be taken con-
cerning econony and accuracy of the final map. VWhere the regular
grid is auite fine, computer time will be rapidly consumed,
particularly where an on-line plotter is utilised, and this will
rapidly escalate the cost of produut1on. Cn the other hand, the
selection of a less dense grid, while keeping costs down, will
result in a degracdation of the original information, since extreme
values will only Ue prescrved wiere they coincide with grid points,
and in general the values of the crlglnal data-will not be-
‘honoured' in detzil, by contours so.produced. = T

ilowever, Ly plotting orofiles of samples of aeromagnetic data
it became clear that within each-traverse only a small propoéztion of
the data compriscd 'key' points, e.g. maximum or minimum values for
the traverse, or points denarking significant change in slop€.

It followed that by sclecting these key points, and where ! necessary, -

choosing intermediate .ones to achieve an average spac1ng(kh1ch

while unimportant in terms of defining major changes in slopes

are required to fix intermediate gradients) z considerable pro-
portion of the original data could be deleted, while at the same

time preserving intact the spvecific features of cach traverse. The
data to be plotted thus transforms from a network of regular traverse
Jata into an irregular framework of data points which can bLe readily
contoured by an existing package (Lodwick and ¥hittle, 1970). Again,
it should be emprasised that because the contouring package will contour
directly irregularly spaced data, selection of the stations in this way
will preserve in detail the features of the map area.
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2. REMOVAL OF ORIGINAL DATA CRRORS

: With the arrivel of data from the field it has “een found
... essential to plot up the or‘glnal noints in plian view to highlight
.0 errors.in stiation p051 10n and in cross cection to indicazte errors

- -\;s.-‘.__

recalculated values of the erroncous observations, The elimination
of survey errors produces results such as Fig.l1 and Fig.2.

S S T LIOOTHING. A b SELECTION. OF ORIGINAL POINT. VALUES

In a comprehensive paper, Saviteky and Golay (1964), discuss
the elimination of the roise comvonent in data values obtained from
basically continuous physical experiments. In it is described how
values at a central data point are adjusted using the mcthod of
least squares, resulting in considerable reduction in the noise
component of the original data. Further, the least squares calcula-
tions may be carried out simply in the computer by convolution of
the data points with properly chosen sets of integers. Savitzky and
Golay have derived these sets of integers for up to the fifth deri-
vative for polynomials of degree two through five, and {or fitting to
up to twelve points on either side of the point of calculation.
Their illustrations appear to indicate clearly that a suitalle
selection of degree of poclynomial combined with a carefully chosen
number of data points will act as an excellent filter to smooth the
noise fluctuations while at the same time introcucing minimum
== d15tort101 into the recorded data... B »

- ¥hilst their tecrﬁlque ‘has been s;nc1f1cally designed for
-~ _regularly snaced cata in the co-ordinate being reasureu (i.e. time
S or dlstance) our experience has been that variations in the linear
dlotrlbutloﬂ ot tle noz1t< of tbe ordcr of t irée or four percent
—-our resalts seem_to_1~di cate- tnat t‘e _-noise cc:*orcnt in the*type o
- - of data with which we have dealt, las.béen consicerably less than e
in the examples they have quoted. It has thus been found sufficient
" to fit curves of low degree to a small number of adjacent data p01ﬂt4.
For example the values of tle points plotted in profiles in fig.3,
adjusted from fig.2, have been evaluated by fitting a third order
rolynomial to the seven points cemired on the point of calculation.
Again in this way the slope of the smoothied profile at each data
point is calculated using the cons:ants of convolution for the {irst
derivative. Change in the sign cf the gradient between calculated
points indicates the existence of either a maximum or minimum and the
point closest to the local extremum is sciected by choosing the one
with the smallest absolute value of the first derivative.

o o

T forward averaging method, or ty obtaining from the field partly S

BRSNS =
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From inspection of the original profiles, the number of

points required to cdefine in detail the criginal profile is decidecd,

and where the distances “etween local extrema exceed *he desired

average Spacing of points, intermediate data values can be inserted -

..to provide reasonatle coverage for-eac!: traverse,using a simple . _ :

= algorithm. In fig.3-each selected pc1nt'1s indicated: byt+tss -

It can be clearly seen that the deletion of the points plotted

'-' will result in negligible distortion of the original profile. .

4. RYS LTS

Unfortunately no acromagnetic data was available for publication.
However, points and values were specially prepared similar to real
data - points within traverses occurring four to each offset distance -
with the features of the area teing designed to be at least as
complicated as any actual naps contoured so far.

In order to make a realistic comparison contours were prepared
using all data points with their original values, fig.4. It can be
seen that the most important and significant features tend to be
somewhat obscured by winor fluctuations as the contours respond to
irregular variations (possitle 'noise') in adjacent Jata points.
This so-called 'herring-btone' 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 elifect coes not reflect the actual surface defined
by the drawn contours, but is due to the methcd of sampling.of data.

Contours drawn from the selected data points are shown in fig.5. == ==~
The most striking result is a marked increase in the clarity of the e
features, due to a more uniform eampllng of the data. —Furthermove -~ —-
the important original features have been preserved - the peaks and
hollow; occur precisely as in the original, their magnitudes closely
approximate thosc of tlie original observations - while the slopes and -
trencds outlined %y the intermediate slopes compare closely to those -
defined bty the original data. In the example expressed in fig.4,
_the number of peoints in each traverse has been reduced to approx1-_;
mately one-fifth of the original, :



S.  CONCLUSION

e The method cutlined in the nreceding ragcs ras provec ST AR
Fenoads ocefficient and cconeric in relation to other ne;hods_guargn_;y«;g = Fris
f==""" Tuse for contouring linear traversc-type data., _ The fact that -~ ——0

Monash University has previously cevelored packagc which will
contcur irrcgularly spaczd data points pernits a seclection of
points withkin each traverse which convey the maxinmun information,
wvhile those which are of less significaice can be neglected. The

e - t@Chnigue is-teing,used in the preparation of ficld aeromagnetic

"~ - . data and results so far indicate that accuracy in the contouring . -

- ; can be maintained “hile at the same time costs can be reauced by :

a—wcal as ‘much-as 75 per cent.- - 5 - S e e S e A
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Figure 2: Original profiles of two aeromagnetic traverses.
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Figure 3: Adjusted profiles of the aeromagnetic traverses of
figure 2, with selected points indicated by '+'.’
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“A Technique for Automatic — —~
‘Contouring Field Survey Data

“h

By G D. Lodwick and J. Whmlc TS SN i =

é s o e A -
B e ey e e s
This puper deseribes o technique which has been developed to contour ficld survey data
wsing a digital eomputer. With irregularly spaced data the m@fhod has the ud\.ml.u.(. that
the original obsenvations are conteured rather than the eatculated values of a regular
grid. Fach contour is created in discrete steps with cach successive step heing positioned
by use of calculated values at two points on cither side of the projcction of the previous
step. For cach point the wilue is obiined by fitting a swrface to the nearest observations
e - T - and using the value of the surfsce at that poigi- Theoretically, the surfaces considered
- way Be of any depree, though” in practice use of m.r-ht;d planes * been found to combine
= necesary  accuracy with speed. By Suitable selection nf the number of observations used
S - Cin the cyaluation at a point, contours can be made to agree cfosely with those drawn by
TR - : established hand techniques, Use of an overlaying mesh facilitates the commencement aud
e < cmermimation of conted. The “programs are written in Fortran_siid are in use on 2
- CDC3200 computer, ulilizigg a CALCOMP 30-nch off-line plotter. Experience has shown
thut the production of maps h\ this technique is ctficient and cconomic in relation to
other methods, the principle advantage being in the speed “with which quite complex
maps can be prepared.
. gy
1. INTRODUCTION Bureau of Mincral Resources and geophysical explora-
In general terms, the desirability of machine con- tion companies working in Australia. Since 1963,
touring field survey data is well known. Hand drafting. computer systems have “been in use for the reduction
though still widely used. is generally expensive and of magnetic and gravity surveys, including barometric
tlm-’-comummg and ofien inconsistent. It is not sur- and co-ordinate data (Bcllamy and Lodwick, 1968).
prising therefore that the problem of automatic con- Previously the final output has consisted of a plotted
touring is one which has been considered from a base map at a selected scale, which was contoured by
number of disciplines. Maine (1966). and Maine, hand. It was thus a logical extension to develop a
Hinksman and Seaman (1967), for example, have con- contouring program oriented to the Monash Computer
sidered the application of such techniques to producing System (a CDC3200 with an off-line 30-inch Calcomp
meteorological maps. wiile Palmer (1969) has recently plotter) to contour three-dimensional data, such as that
dc}floptd a multi-purpose program for general use provided above (Legg and Brent, 1969). In so doing,
Nlh a CDC3600 computer.  For contouring very the following factors were considered of importance:
sularly spaced obsemvations a highly mathemetical 1. The program should handle both regularly and
ﬂ;‘: thod has been proc. sed by Pelto. ElXins and Bovd - irregularly spaced data similarly.
“UI9ES), while a 1“""“:-"-'?:.« ackage has been pre-—~ 2. For -ohservation d"na considered exact, contours
pared by Calcomp «io=sr .o s =2 shauld pass through points. of equivalent value.
=718 the-main - = ‘"--\w-s :::‘.I: egs for CoR-- T -3, -There should B2 no discontinuities in the contours.
'@-Brnrmcftdm 3 T 3 s:—:_-h:n:-ni-fh. DOHI »mw"au—rarc- 4hc~ con-
= 10 approaches. a _vc;;;- ,_'17‘ “fiurs should bThave ‘reasonably’,
tar grid are first ering or other -§. “The final résuits <hould be consistent with currently
: T"ri«.":"lchgal 3 con: ouriaz with __-.w:2d methods in which maps are hand- drawn by
SEAebtished programs o spdars 3,‘....\._-; —==—s-exsevienced deilicmeang. .2 e
2 ~ifar un:c;; Tid fme,” u--ﬂ‘ . 5 \“"‘ft pom -or seis-of peints have. mo\\n stand- e
,_'%*'Sv"s:xg‘ Program === 38 a;;.-,_mﬂ. snd-timo CETEAOTTOTS, the SPTOETAMS:S -should be- able-to ad)ust
—:&?-}W i’r:;:q:r“"" x_—;;_m PO P T these __’.- —— e e
— _lhn-‘.:-'... original points 3 - \.m.d‘n' valugleyen though 7 7. Fna use of com .p.u.er ccmral Rrocessor ume should
~ the Cata is consideraC exax. In the second merhod. ~¥: minimized tareduce. cost. ¥

recuiring highly mzthamatcal tect rigues which are
generally uneconomic i erms of ceniral processor 2. CALCULATION OF POINT VALUES

time. the known oServations are "1 ted to a surface To plot the contours of a surface for which the

of hx"h degree whick ¥ eminothed priar 10 contouring. vzlues of certain dztz points only have been measured,
Monash Unive ersT

< - & specific problem of con- it is necessary te calcuiate values at intermediate points,
ounng eld sunvey datz has arisen th nur'h the associa- and this requires certain assumptions. In some cases
tion of the Computer Cenre with the Commonwezlth there may be extra knowledge of the likely shape of

* Computer Centre. Momasr € niv ;urs, Cigvton, 3165 Manuscript received March, 1970.

16¢ The Austrclian Compuicr Journal, Vol. 2, No. 3, August, 1970
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he surface but discussion here is limited to the situa-
on where the only information is provided by the
wserved values. The object is to display by contours
. calculated surface which is the best estimate of the
¢al surface sampled through the data points. The
wieulated surface should natch the measured data
~alues within the range of the likely error of the data
wints. while using the lowest spatial frequencies (least
wriace fiuctuations) consistent with this.  Spatial fre-
sencies higher than this are unjustifiable artifacts of
ne calcufation scheme.  The minimum spatial wave-
ength will be directly related to the distance between
sdjzcent data points, and to the variation of observed
¢alues in relation to the probable errors.

If a method of calculation is used which is inde-
sendent of horizontal scale then the variation of spatial
vavelength with data point density can readily be
whieved by calculating the value at a point from a pre-
¢t number (n) of the observations nearest. As the
wint of calculation changes so the n observations con-
idered Will change and, unless discontinuities are to
sceur, the weight accorded to the most distant of
he n points must always be zero. The simplest
:xpression  which will give such a weighting is
‘dy — d,)/d; where d, and d, are the distances to points
1 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 an observation 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
(ds — dy)/d)".

Where observations are regarded as being exact, the
ibove expression is quite suitable, since the weight of
n observation is infinite when the point being evalu-
ued coincides with its position. The calculated surface
vill thus coincide with the values given by all data
wints so that contours derived from this surface will
ilways pass on the ‘correct’ side of the observation
wints. Moreover, the expression can be modified to
(d. — d))/(d; 4 e))* to take into consideration when
‘ontouring admitted probable errors in the observations
i sets of observations. In practice ¢ is adjusted itera-
ively by the program to suit particular data,

~data.

Furthermore, since some points” within the set :1:3' be
co-lincar even more points must be conside to
ensure stability. Experience has shown that with regu-
larly spaced data. the problem of a number of points
having zero weight is more likely to occur (consider
the observations at the points of a square). Practical
anumbers of points have been- found to be 15 using
first order solutions and 20 for-second.order.

_ .To calculate the height of a central point using_the
. foregoing method. it becomes- questionable ~whether-

“the more remote of thc,tw_cmy:gomi’s_’in the latter case
are relevant. We are dealing here with natural data,
and, while with mathematical data the behaviour 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 terrain.

Finally, one must reach a compromise.” The
approximate number of points to be-included in the
height calculation must be decided for each type -of
The order of the surfaceto be fitted can then be
decided, and n fixed. Where there i an accepted
probable error in the cbservations e can be adjusted.

3. GENERATION OF CONTOURS

In order to utilize the method of calculation of
point values discussed above, a special method of
tracking 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 be 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 arecas of large irregular 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,

~ To caleutate the value at a point, a surface of order J

an be fitted by the familiar methed of least squares to
he n given observations with their associate weights.
3y selecting the origin of the horizontal axes to be tie
wint of Talculation it is only necessary o solve the
equired simultancous equations partially, to obtain the
rarameter for zero power. :

~Whatever-the weighting system, if the values<of the

wbservafions all lie on a surface of order J or less then —

he calculated surface will coincide with it exactly. In
J+1DAd+2)

2
bservations with non-zero weights are required. How-
wver, with irregularly spaced data there are many posi-
ions on a map through which the contour could pass
vhere a number of the n observations have zero
veights, e.g., where extreme points lie on the circum-
erence of a circle, centred on the point of calculation.

rder to define a surface of order J, Py —

"he Ausiralian Computer Journal, Vol. 2, No. 3, August, 1970

~from C, the next projected step remains the same as
before, is doubled, or halved. In the event of point P

- 4 2

ke
"

Fig. 1 — Tracking of contour

105

the concept of variable step length has been introduced
whereby. depending on how far -point P is displaced

I ik
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iving outside A-B, the previous projected step ZC is
hulved and a further P dectermined. In the case of
doubling, the maximum step length permitted is that of
the link size between mesh intersections.
In order to begin the tracking procedure, the area
1o be contoured is subdivided into a unifor.. m x n
mesh—Fig. 2. The values of the (m 4+ 1) x (n + 1)
n'csh intersections (My;, Mya . ... My;. ... My 4.0 +1)
are then evaluated. The levels of the maximum
.md minimum contours traversing each horizontal
\’g' et hh- 1 ,) and vertical (\11, we N’( i 1) link ]OH'\-
irg adjacent mesh intersections are then stored along
with the values of the minimum (1st) and maximum
th) contour levels for the whole map. To begin con-
touring. these arrays holding lhc mesh link contour
Lvgls are searched umtil a minimum value coinciding
IRTIAE Brst contour 40 Be plotted is Jocated.  The
mtersection 1 of the
FEEEDY mexpotzuvn‘brtwrm the ad;amt mah mtcr-
Sxroms—Fig 3 ~ram
~The position 'vf point C is determined at a dxcplauc-
gitids-from 1 and A and-B. as before.™ Thus point P
tmaet “established and TP becomes e Tl step. in
rrtice - Haear snferpalation between poinis A-B (Figs,.

:.}Thas proved quitc fatisfactory” for tracking con-- -

ShanEs oA arises. however, #n the <ase of locat-

m points between mesh intersections, since
¢ curvature of the contour in this region is unknown.

Furthermore. since the link length is approximately
ive times greaier than the displacement d.. to obtain a
satisfactory position of the start point a second
ipproximation ought to be made using evaluated
‘alues of the first. In practice. however, this problem
's most easily overcome by not plotting the first step
on the map. but permnmnz a degree of overlap when
the tail of the contour rejoins.
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link by the contour is-then calcu- -
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" As the contous is extended wcross the map surface
the minimum array value of each

link traversed is incremented, ex- M.

cept when it also corresponds to ij+1

the maximum value. in which case 3t~} -~ =
is set to zero. The contour ceases |-

when it cuts a link whose minimum
valuc is not the level being con-

toured (e.g., the initial link incre-
mented) or when a hmmd'v\' is
crossed.

”"whcn’mi rﬂntfcr unumud hnks-

“remain-for that particular contour =
level, the next higher is begun and
in this way all levels are completed.

The density of the m x n mesh is
determined by the point density in
the arca to be contoured. and the
size ot the sinadlest ¢losed contour
to be- shcwn, e.g.in-contouring
maps, containing 150 survey points
of uniform spread, a mesh of 50 _

- X 50 has proved sufficient, though

a closed contour with axes less than - f] o
one-fifticth those of the map, not
cutting a link, would not be located.  yjg. 3 — Com-

A mesh size of 90 x 90 is used mencement of
successfully on maps of similar size tracking
containing 1000 points.

The value of the step length d, and the displace-
ments d. and d; have been determined by experience.
In practice, xhe maximum permissible step-length is
set at just below the minimum link size so that, apart
from cutting corners, no more than one link will be
traversed with one step. Displacements of one-fifth
and one-twentieth respectively of the maximum step-
length have proved suitable.
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Fig. 4 — Subdivision of map area for location of observations
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4. OPTIMIZING MACHINE TIME

‘Experience has shown that an opcranoh which is

expe nsive in terms of machine time is ordering the

gomts in distance from the position of the evaluation

eing carried out. In a map area comprising 1000
survey observations, -ordering for the many thousands
of evaluations becomes an exhaustive task. For the
techniques employed, generally only the nearest fifteen

ints are required. Therefore to limit the sorting
invclved, the map to be contoured is subdivided into a
p;qarray of boxes with the variables being selected to

give a mean density of one observation per box: -

Furthermore, the observations to a: depth of two boxes
around the perimeter of the map are included to avoid
discontinuities at map boundaries. For each evalua-
tion the contents of 5 x 5 of the boxes surrounding
the point arc considered together and in this way rapid
changes in the compasition of the points as the cen-
tour moves across the surface of the wap are avoided.

In Fig. 4, ABC defines one corner of the map to be

contoured. Suppose the map to-be contoured con- -

tains 374 points and has axes of 22 x 17 inches. Then
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

143° 0 144° o'

A}
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= e
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Figure 7

extended a number of steps so that the point of evalua-
tion translates to box Y. the 25 boxes considered are
defined by HIJK.

5. COMPUTER PROGRAM =~ _°

- The program is written in Foriran and has been

rouxmcs so that it can be readily adapted to accept
input in_any of the usual modes (punched cards, paper

tape or. magnetic tape) and any twype of co—ordmatc’, &=

data with associated vahues to he contoured.~ e
Our usual input 1o the program has been via mag-

netic tape containing survey data -as latitudes and .

longitudes, with one (or a combination) of height.
gravity or magnetic values reduced by earlier programs
(Bellamy and Lodwick, 1968). When used in this
system subroutines for translating latitudes and longi-
tudes into cartesian co-ordinates are plugged in.

In order 1o maximize the limited core available on
the CDC3200 computer, techniques, such as the
equivalencing of data storage area and the retention
of information in character arravs where possible,
have been incorporated. In this way up to 1100

108

- sion is as follows:
created-in _the form of a number of modular sub-

i b
B S

>

points can be contoured by the program using an
m x n mesh density of up to 8100 mesh links. A
simplified flow” dmnmm of the comptmr program is

outiined in Fig.

The parameter data c<‘n1|1111n|ca(ed on each occa-
_the co-ordinates of ihe nmp_area to he contoured ..
the numbar and values of contours. required

the values of m and n. the mesh dimensions

the values of p and 4. the box dimensions ke
the value o, the number of observations for calcu- .
lating point values : -
the value of e, the uemhtmg adjuctment

6. RESULTS

In practice, contours drawn by this technique have
proved acceptable for height and gravity as well as
other tvpes of survev data. and can be adjusted to cor-
relate well with contours produced by established
hand-drawn methods. The principal advantage lies
with the speed in which numbers of quite complex
maps can be contoured. free from drafting errors.
Moreover, the use of a well-defined mathematical tech-

The Australian Compuier Journal, Vol. 2, No. 3, August, 1970
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que uniquely determines cach particular map, while
mple variation of parameters can produce different
-rsions of contours for special applications.
Experience has shown that the central processor
ne is dependent on the complexity and irregularity
" the map surface, the number of contours to be
otted, and the mesh size sclected as suitable, and
“dependent of the scale of the map. In Fig, 7, con-
wurs were drawn using a total of 230 points and a
iesh size of 56 x 44.  This required less than seven
inutes of computer time. A map such as that of
ig. 6, in which 1000 points are contoured using a
wesh size of 105 x 70. takes about 20 minutes.
ALCOMP plotter time is respectively 10 and 20
1nutes.
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Branch Notes

'ANBERRA
Since the last Journal was published. the following

ddresses have been given.

fay: “‘Feasibility is not enough.” Mr. P. R. Masters,
P.A. Management Consucltants Pty. Limited.

spril: The meeting was addreszed by Dr. Grace Murray
Hopper, Commander, United States Naval Reserve.
Her topic was the development of programming
languages in the United States Wavy.

uly: “The use of computers in meteorological
research”. Professor C. E. Wallington of the Univer-
sity of New South Wales,

"EW SOUTH WALES

Meetings held by the NSW branch since the last

«lition of this journal are:

Aprils Mr. Barry Smith of Compunet Limited, Can-
berra, who spoke on computer education and the
cemputing profession.

vlay: Professor C. E. Wallington, the ACS lecturer (o
1970. “The role of the computer in meteorological
research.” Also a joint meeting with the institute of
radio and electrical engineers discussing the use of
“computers in engineering design.

lune: Dr. Grace Hopper.of Univac and the U.S, Navy
~discussed her career with computers since 1946 and
offered some thoughts for the future. At another
meeting this month, Dr. J. B. Hext of the University
of Sydney discussed a basic course in the craft of
programming.

Future Meetings
A program card has been produced tor 1970 out-

lining meetings to be held by this branch during the
rest of this year. These include:

The Ausiralian Computer Journa!, Vol. 2, No  $ August, 1970

Date 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 (Aust.) 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 ment institute.

Oct. 13: Mr. D. Dyer, Superin- Simulation study — a
tendent, Systems Engineering, case history.
Australian Tron & Steel Pty.

Ltd.

Oct. 20: Mr. J. E. Marr, EDP systems at the
Manager Computing, Sydney Sydney  stock - ex-
Stock Exchange change. v

Oct, 26-27: Prof. D. C. Evans, A one day seminar
Director, Dept. Computer  and public meeting.
Science. University of Urah :

Nov. 17: Mr, J.E. Dorn, Pro- Fundamentals
ject Development Officer, of operatir g systems.
Regional Computer Centre.

NCR -~
Dec. 8: Panel Discussion _Operating systems.

In addition, the annual feature speaker will be Mr.
Max Dillon, Director and General Manager, Cables
Group Metal Manufacturers Ltd. who will address a
public meeting on 24th September. Also our annual
conference at Terrigal has been retimed to take place
during the long weekend. 6-8th November.

Register of Lecturers
Because of increasing requests from professional

societies, the general public and the Department of

{Continued on Page 116)
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SUKEMARY

outlines a suite of computer programmes which
have been developed by the Bureazu of Mineral Resources in conjunction
with the Computer Research Section, lMonash University for the
automatic reduction of field gravity surveys. The technigues

~develcped have proved in practicze to be convenient and econom.c
The programme system is designed to

This Recerd

compared wila kend computation.
take graviiy and heigating flild resusis andultimately produce
Bouguer and free-air anomalies. storing thé principle facts on

magnetic tape in the process. 7The system as outlined is in use on
the CDC 3600 compu*er, operated by CSIRO, Cancerra,

e



et g 750

..--'.._-..* - = - - - e T - - — ST e e

O

S - ORIGINAL PAGE IS

5 - | e g ~ OF POOR QUALITY

1. INTRODUCTION

The gravity surveys carried out in Australia by the
Bureau of Mineral Resources, Geology and Geophysics (B”R) are
designed to establish control points for other curveys; to cover
large areas for reconnaissance, or to investigaie small areas
1n~ detailo

Since 1959, BIR has used heliccpter transport for
reconnaissance gravity curveying, and this has enabled an

annual ccverage cf areas as large as New South Wales on a grid
pattern with a seven-mils (71-kilometre) spzcing of stations
(Vale, 1962). Computer rrogrammes have been developed to reduce
the large amcunts of datz collected from these surveys to observed
gravity, height, and free-air and Bouguer anomaly values for the

~stations, and to store the data in a fcrm ccuvenient fer later

e R e e R PN 513 - e - S ERSETE LTS

retrieval and further precessing. The programnes are written in Ez
Fortran and are used on CDC 3600 and 2200 computers. While the

programmes were developed 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 ¢f the reductions system the Bureau
has developed an eight-figure station numtering system, within which
it is proposed that every gravity station in Australia will be
niquely numbered. The station number ceontains information on the
Tirst year of occupation and the type of survey in which it was
observed (See Appendix A).

This Record presents the history of the development
within B'R of electronic data prccessing (E.D.P.) computation, the
methods used in carrying cut gravity surveys and in comput‘ng -
o“ ’reducing' the data collectedc . - - i e D
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2, ‘H1STORY 07 5.D.P, DEVELOPMINT IN THE GRAVITY GROUP

The use cf #.D.P, by BMR for the reduction of gravity
data commenced in April 1961, when M.J. Goodspeed started running
pregramnes from the BIR Melbcurne office, on the Sydney Univerzity
computer 'Silliac . Mest work at this stage wae concerred wicth
ice thickness problems, and very Little w'° doﬂc 1owards
automatic computation of Jcaguer anomalies” {rom field gravity
and height readings. This process, nsually Pncxﬂ as reducing
gravity data zutomatically was handicapped by the 10ng time
interval involved in transmission of programmes and data btetween
Sydney and lMelbouine.

Wnen 1 Goodspeed resigned in January 1962, H.x. Reid
took .over vrogrammirgz, arnd between this time and his resignation
had developed a number of neight reduction procranros fer Askanla
ard Mechanism baroreaters, on the Sirius compuier in Meivouvrne;
these formed a basis for subsequent height reducticn pr»gr.mmes.

On Mr Reid'!s resignation in January 1963, L.M. Hastie
continued the work by writing a gravity reduction programme, &a
Bougrer aromaly programme, and a number of twe~dimensional
interpretational prcgrammes. During 1963, other contributors to
the two-dimensioral interpretation suite of programmes included
J.C. Docley and R. Loy. A least-squares adjustment programme
for barometric levelling was written by Dr C.J. Beliamy o1 Monash
University

The prcgrammes at this stage were being run at Monash
University on the Sirius, ard after IMr Hastie's resignation in
June 1964, Dr Eellamy handled BIR gravity computing and transferred
the programmes from Sirius tvo CDC 3200 at lionask, :

In 1965, the gravity group moved to the Canberra offices,
and from August 1965 when G.D. Ledwick joined trhe group the existing
suite of prograr-es was being medified for use on the CIC 3600 at
CSIRO in Canberra. Br March 1967 wher Mr Lodwick recsigned, a
useful set of ;-azl‘y reduction pregramnes had emerged, vritien
jointly by Dr Zellamy and Miss Austen of lonash University, and
Mr Lodwick., Trat basic set of programmes, with scme mciifications,
is described in this Record. :

From lMarch 1967 to May 1969, D.G. Townsend was engaged in
reducing gravity data using the programmes menticned. "During this
period, the changeover from CDC 3200 to CIC "00 was finalised, the

least-squares adjustment capacity in prcgramme GRAVHTS was douL¢ea,
and an earlier programme COI'YTAPE was elim: nﬁtoi by rewriting
FIXSAF and subroutine FILIMAN in CGRAVATS Alterations made %o the

other programmes were such as 1o preserve tne criginal control
card structure.
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3, NETWORK OF OBSERVATIONS - = ——= == —ro-o———m—

The pattern of flights* for any survey is designed to
give repeat observations at intervals which are determined by
the requirements for establishing gravity and barométer drift
—and ties between adjacent flights. The pattern forms a network.
~in which total intervals (links) teiween tne stations are adjusted
_using a least-square technique, For surveys carried out by 2 ; S
:_y-hnlchQter,.as_far as pOBSihleﬁ.hﬁ_fllshi patterss are based on . .. ... ..
“=-the "cell"method of gravity survey‘ng. in"which each 1:250,000 e e
sheet area is divided into six rectanguler ceils (Hastie & ;
Walker, 1962). A base staticn is sited centirally in each cell,
and four loops are flown from the tase to each of the tie stations
at the corners, meking the composite flight pattern appear like a
set of_fohr-petalled flowers with connegted petal tips.. Approx- ~
imately eight intermediate stations are read on each loop, which
==~ spans..scme twenty-five miles between the base and the tie station
‘ andtakes about two hours to fly. For all surveys, base and tie
~ stations form nodes in the network of observations; and the flight
path joining two nodes is referred to as & link. In the case .
where an intermediate station in a flight has a known height or
gravity value determined by a controlled survey it may also be
considered as a node in the netwcrk.,

It should be ncted that the locps referred to, consist
of a series of observations made at various stations (generally
over a time interval of a few hours) starting and finishing at
the same station for meter drift control. This is quite different
from a network locp, which is 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.

ST : A YFlight" dn ‘2 helicopter g;avxty sursey is defined as a drlft--fA e s
.._._controlled .series-of. oboerxatx_ns,mxih.a,stazlon number -Seguence-of i
- the form.a, b, c--=a, which can be itreated 2s a singie block of

nn.data by the computer programme GRAVETS (mentioned later).
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L, LEAST.SLUARES ADJUSTMENT Rt
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Using the set of computer- prugramme§.<.
gross errors are detected bty adjusting the network :
node (control point) and examining the aijustments
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used enables the consiruciion .



: Once the vaiues for the node points are established the values-
_fer the intermediate points in a flight are ccmpuied. For gravity surveys,
“the adjustments ’X .=%; ;) are distributed equally between the L+1 intervals
connectxng the L intermédiate stations and @ pair of nodes, For- height
- surveys the ad justments arye distrituted in p*Opo tion to tae observed height

—.differencas of the L+% ..x:x.e.valb.~ P ; T e e i

st cns - .

== - The relatzonsh‘p of the S D to the accuracy of 1nd*v1d.al
stations in the network hae not been theoretically determined, but :t 1is
obviously complex as it depends on toth the gecmetry cf the network and the
distribution of ccntrol poin%s throughout the retwork. In practice the S,D.
when adjusting to orne fixed rﬂ‘e has been used 2s an indication of the
guality of observations used in <he network, that is, hcw well the links
“fit-tcgether. The programme GRAVHTS quotes tne S.D, in its printoat after
~least-squares adjustmernts have tesn made, For convenience, when this S,D.
.. _has been calculated for a network with the number of fixed pcintis el ther
- one or zero, it is referred to us the internal standard deviation (I1.S8.D.).
vhen adjusting to several fixed ncdes the S.D., has been used as a measure
. of how well the network corresponds to a set of known values distrituted
throughout the area, and is referred to as the external standard deviation
(E.S.D.). An experimental investigation has shown that preovided about
five percent of the otservations are well distrituted ccntrol stations to
wkich the network is adjusted, the standard deviation of the errors in the
final results is approximately eaqual to the standard deviation of the
adjustments to one control station.
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5. FIELD READINGS AND ACCURACY

A wide range of varcmeters is used for spot heighi measurements.
The basic assumption is that the isobaric surface is a horizontal’plaone
over the areas surveyed. The reductions are basei on standard pressure
lapse rate formulae, taking into consideration air temperature a&nd v
humidity effects. In the field.one barcmeter is read at the base station
at about quarter-hour intervals in order to measure the aimospheric nressure

diurnal., Compariscn between field and base barcmetlers at the veginnirg

and end of the loop enables a correction to be applied for relative meter
drift during a flight. Results that have been analyced indicate that in

good conditions where heignt differences of the crder of 5CC feet {130
metres) are being measured using experienced ocbeervers in stable, &lzw-moving
pressure conditions, the standard deviation of the errors in the computed
heights are of the order of 7 feet (2 metres), wnile in bad conditions %0
feet (3 metres) is typical. Because of the relaticn between heighi and
Bouguer anomaly, 7 feet represents approximately 0.5 milligals., .

s

In the field, standard procedures are adopted for reading
gravity. Drif:% control normally is established by reading at tne begiunning
and end of the flight, and multiple drift control staticns are handled ty
a mean slope technigue., In gereral the standard error of {he coumputed
gravity values is of the order of 0.15 milligals., Staticn positicning can
introduce up to 0.20 milligals error, sirce station latitude Is used tc
determine Normal Gravity which enters the Bcuguer anomaly calculation.
Thus the error in the Bouguer anomaly at & station is approxirately 0.5
milligals. The results are sufficiently accurate to be used for piotilng
contour maps at 2-milligal intervals for a station spacing of 4 miles
26.4 k?), and S5-milligal intervals for a station spacing cf 7 miles

11 km).
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e ‘6. COMPUTER PROGRAIMES  —

The computer prcgrammes provide the following procedures, whlch
: are ‘llvstra ed in Plate 1:

e -'-1) Computat;on of- arav1~\ Ja]ues {rom f:ight data; T T e

- o - T S Y

2) Computa ion of height values from flight data.

3) The least-sguares adj.stment of networks ccnstructied from
machine- or hand-computed height or gravity data,

t) Computation of intermediate stations in the links in the
networks once the node values have been determined.

'5) Sorting of neight or gravity data by statiocn numker, and
the updazing c¢f a file for the arca on a magnetic tape
holding files for all previcus areas computed (Survey Area
File). -~

6) Editing of the Survey Area File including the addition of
latitude and lcngitude data fcor each staticn.

7) Calculation of free-air and Bouguer anocmalies for specified
densities.

One programme contains all ithe prosedures involved in creating an area file
on magnetic tape with height and gravity values for each station. The
input data on cards are arranged in tlccks, ore block containing height
data or gravity data for one area. Control cards within each tlock specify
the processing required, as the user may for example choose to use only the
procedure for computing heights, cr may follow it by a least-squares
ajjustment but not put the final rezults onto the Survey Area File. Should
an error in the data within a block te detected, the computer terminates
et provess;ng of that block and gces 1nto the next.

:.-:127..*._- - = - - Taia

""" Programme GRAVHTS : et s e g e

sada - S

This programme contains the routine which assimilates hand-
.computed height and gravity flights and prepares them fc* least-cquares
-.-.2djusiments, by-pacs.ng the field data reducticns stage. DMoreover it
.. .controls tce foll v;ng snb‘a-t-nes. -

.-u—,-—-.~~4- - =R I s - e - e S
Rt -3

o (a) HTRDN -rccntro’s the followlng three subroutines which reduce -
et the field barometer data to observed heights.,

{b) DATAFEED - reads in a block of €aturated water vapour pressure
data, for later calculaticn of humiditly ccrrections, and reads
ir. the constante fcr %he Askania-type microbarcmeters,

(c) DATAFIND - reads and prints the header card for each flight
and locates the barometric constant data (if Asksnia),



(d)

(e)

(£)

(g)

(n)
(i)

Propgramme
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COMPUTE .. calculates observed heights, according to Clark
(1954, p. 454, equation 4). For each fiight, the area,

flight number, date, base and field meter numbers are printed
out; folleowed by a list of station numovers beside which are
prlntcd rheight differences frcm tase, Relative meter arift is
printec out at the end of the flight. Frogramme design limits
the number of stations in a flight to 50, and the numter of
base stations to 50.

MNSLOPE - reuds and checks LaCoste & Romberg gravity meter
data, so that when a LaCoste meter is used in & particular
flight the programme refers to this bank. Multipie drift
contreclled periods are evaluated bty a mean slope technique.
The printout consists of area, flight number, date, meter
rumber, and scale factor followed by listed station numbers,
beside each of which is printed the gravity difference from
base, observation time, drift, and mean difference. The
last is significant only in a flight with multiple drift
control. It gives an indication of how well each individual
drift period approximates the compcsite drift curve., Provision
is made for up to 50 stations per flight.

LEASTSQ - controls the following four subtroutines which
assemble and solve the matrix of normal ecuatiors for the
retwork. The limits are 120 frse nodes or 400 netwerk links.

SORT 2 (LIST, LENGTH)
SORT 22 (KEY, DATA, LENGTH

SEARCE (ITEM, LIST, LENGTE, I) - are used for matrix assembly,
and sorting reduced data in preparaticn for running the results_.
onto the Survey Area File.

FILENAN - creates and updates megretic tapes for b¢ovk of

data from LEASTSS. &t this stage the tape may *on ain station
number, elevations and gra**t) but space” iz left forlater s
updating with 1atitudes and longltudes. The tape format is ”
given oy statement 1062. Frovisior is made for up to 2000

staticns to be assimilated in each block.

.

SAFILE

(a)
(b)

This programme ccntains two subrcutines:
PREPARE (J)

ORDER (K) - these routines update latitude and longitude onto
the Survey Area File by staticn number. Provision is made to
accept 1000 stations in any one tlock. The format for the
card input is given by statement 4 of Prepare (J). The
programme is designed to accept banks of gravity flignts
flready run through the GRAVHTS programme. Header and
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- different demsities. The printout consists of ‘a 1isting of stationsy =~ -~

10. s

listing of input stations, Surveéy Area File staticas,
latitudes, elevaticns, gravities.

Pg;gramne BA2 : : : —_—

- . .This _programme takes the S¢rvey Area File, locates a rggulred
area, and carries out Bouguer and free-air calculations for up to sevea‘ :

latztudes, longltucns, elevations, observed gravities, free-air anomalies,
and Bouguer anomalies.

Programme NAME

This is designed to put a BMR zame on tape, immediateéely after the

systems name., This is necessary tefore the first area is run onto the

Survey Area File., It is of 80 characters, 2s a card image. Follcwing the

" npame is written the terminating statemeat ENLSAF.

Programme FIXSAF

This prcgramme is designed ‘o make amendments to the Survey Area
File. Vhole areas may te created or deleted, stations remcved or added
to particular areas, or modifications carried out to the value at particular
stations. The limit is 1000 stations to te updated or created under any
one area title,

Programme CREATE

This programme combines programmes NAME and FIXSAF ard is not
limited to 1000 stations as in FIXSAF, as the SORT subroutine is not
invoked and stations are put onto tape (which may or may nct have a SAF
title) in ‘he card order presernted.

'ENﬂ:?LIGHTcards are reglected., The programme prints oﬁtvifélia;f57-17;~

-~
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7. INSTRUCTICHS ON RECORDING FIELD SHZET

-Because data cards are puncued directly from the otservaiion
sheets it is essential that otservations are written clearly and carefullw.
_Morecover, sinc *cﬁﬂ::lcns are usualily -carried out by pesple not engaged in - -
the actual field work, amp.e use should te mads of the remarks ccl:m:s. eSS

Sample barometer data sheets are set out in Appendix B, A
typical day‘s work would consist of cne set of tase data followed bty four
flights. At the head of each shee* are boxes in which to insert observer's

name, survey number, and day number. These are for identification only azd
are not punched up for the computer. The header card consists of an area
nare (8 2lpha-nureric), traverse name (3 alpha-numeric), date (6 alirha- i
numeric) fieid meter {7 alrna-numeric) and oase meter (7 alpha-numeric). Tae
date contiste of two fipures rfeor each of day, month and year. - In-the last
square ixn the boxes for fi2ldé and bace meterstis piaced a letter indicaling
the tyops of tarometer used: A = Askania, b = millibar reading type, 2 = tor
(mm Hg) reading type. The mezer nuzbers must te inserted cerrectly for the

Askanlas, since data for these tarometers will be provided from an inserted
bank.

When recording base data the staticn number must be ileft blank.
Time is reccrded to the nearest minute using a tweq*"-four nour clock, and
barometer readings are written with 4 figuras tefore ard 2 after the decimal,
For the past surveys the column marked CORR'N ie used ‘e indicate Askania
instrument temperatures; in present surveys where these are no longer
used the programmes may te modified to aprly »orre"‘*uns tec field
observations, e.g. for the tilt of the iscbaric plane. The segment is
relevant only to Askania, the two figures n‘aced immediately after the
wet temperature, All temperatures are reccrded in centigrade tc the
nearest tenth of a degree. Should mere zha: one shee: be required for the
base data, the nheader card is not filled ocu: again.

: For the first flight after ‘the base data the :eader card data = T e
‘must be ruled out. The relevant data for this fiight are filied in on the [
base header ca rd. Ter 2l1l sutseguent flights referring to thai base, =
the he;:er card is filled out. The station number consists of eight.

figures (4 tefore znid & afzer the decimal), Other readings are recorded

as for ihe base. No dry ani wet temperatures are included in field"

cbservations, A% the combletion of & fiight ENDFLIGHT-prinved- 1na;ca+es

to the punch crerator to irsert the apprcpriate casd. 7

endix C, In eneral the |
»

A sample gravitysneet is set out in App
gravity is filled irn like the barcmeter field data, with a few exceptions.
First the letter for the field meter may te L, otherwise blank L indicates |
a LeCoste meter, so that the scale factcr will be tlank, The meter number
must be inserted accurately so that the programme will refer to the approp-
riate data. Fcr other meters *he scale factor is incerted with 3 figures
before and 5 after the decir2l. Seccrnd, the programme ignores rstrument
temperature., 1ine el b of n reaiings is at preseunt neglected,

1

T
but may be ailowed for at a later date. Finally, latitudes and lcngitudes
are inseried in degrees, minutes and tenths of minutes,.
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8. INSTRUCTIONS ON PROGRAMHE USE

Card decks exist for the programmes. Systems cards (JOB, RUN,
ENDFILE) are placed before and after the programmes and at the end of the -
‘aata deck'(for use of - these-*onsu t the PDC 2600 reference manual) =

- -

. et ‘ - R i

7Programﬂe GRAVHTS - : o2 =

A complete reduciion of an area containing height and gravity
data using GRAVHTS will terminz%e with storage of the area on the Survey
Area File. This will consist of the area nzme followed by, in ascending
station order a ECD listlng of st "t*on, lazitude, longitude, elevaticn,
gravity. At this stage latitude and longitude are blark. The deck for such
a reduction is assembled in the following number. :

i + 5 . JOB card 55
24 GRAVHTS programme deck =~ . . .
3. RUN card ' :
4, GRAVITY 41/1 card
Se AREA card
6. "LACOSTE deck °-
2 ENDMETER zard"
- 8. GRAVITY deck
9. ENDGRAVS card
10. LSA card
. ADJUSTMENT card
12. NODE deck
13, ENDNODES card
b CREATE card
15. SURVEY AREA FILE card
16. AREA card
_ v HEIGHTS 1/1 card
R BRI | ¥ AREA card . - L 4
—— ..~ 419. . SATURATED WATER "APOUR PRESSURm decic R e e
20. - T TASKANIA-geck — — — s e S R
= == e ENDMETER card ' e
. —22.. . HEIGHT dzck
= ar- %, ENDHGHTS card e S : B 2 :
e et e e e e
e ,._25.._,- -AD'UoTr«MT »ard Sa e e i S S A
- 21964 NODE =%k LoemSTIN L : T
——— T D ENDNOJES card e : o —
28. UPDATE card :
29. SURVEY AREA FILE card
20. AREA card
31. END card

Cards 1 and 3 are systems cards. The HEIGHT AND GRAVITY cards
have these letters respectively punched in column 1. In colums 12, 13
is punched the numter of areas to be adjusted together, in columns 9,70 the
sequential number of the pirticular area e.g. 1/2, 2/2 etc. (usually this

facility is not used, in which case 1/1 is punched in. If it were to be
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used, the LSA card would be placed tehind the ENDHGHTS card of the last
HEIGhT deck, so that the relevant separate helght areas would be leasi-
squares adjusted as one).

g - > - -~ R - e - -

The AREA card has a free fieid of 80 charaiters. The saturated
water vapour pressure deck, consists of f0 ~ards numbered -70 1o 49 in
colunns 4 and 5, each number corresponding to the temperacure (degrees

centigrade). Fcllowing this on each card in format 0F3.3 is the
SWVP data, one entry for each tenth degree. These data are available in
the Smithsonian Fnysical Takties (ick3 vev*‘nLW, Tables 207 and ?Oa,

The ASKANIA METER deck has_one cazd for each meter. First the
meter number is punched in cclumns 1 to 6, then the relevant data for
measuring ranges 10 to 17 are punched in Format £F6.2 from column 7.

The values of m and ¢ follow in format 2F6.4 from column 55, the number of
divisions per range, 6.4 frcm column 76. Up to 20 meters can be inserted,
terminated bty an ENDMETER :zard, punched {rom sclumn 73

For gravity the LACOSTE METER deck can contain up to 1C meters,
data from which are punched as follcws. The first card contains the meter
number punched in format A5 frcm column '. The next seven cards, aumtered
censecutively O to 6, in format 5X; 13 from column 7, con*ain the values
in milligals from various readings. On card O, in format 10F7.2 from column
9 are punched the values for counter readings 000 to 900 respectively. Cara
1 contains 1000 to 7900 etec. so that +he last value on card 6 will te for
6900. The conversion facicrs fer the intervals are punched in fermat
10F7.5 from column © on cards 10 to 16, starting with factor at 000 and
finishing with tha: for 6900.

The nd GRAVITY decks censist of cata in fiights, each

terminated by EZiDHGETS and EINDGRAVS card respectively, punched from

column 73. ry out @ least-squares adjusiment; LSA is punched in

the first three columne of the next card. Tne ADTUSTMERT <Tard ToIlows with
the number of areas to te:adjusted togetrer opunched in columns 1 and 2, the
r.umber of all nodes in columns 3 to 5, and the numter of fixed ncdes in
columns & to 8. In columns G to 76 is punched ithe mean datum to be used
when the adjustment is done - format FE8.". In columns 17-21, 22-26, the
maximum acceptatle standard-deviaticn and ad ustment respectively are
printed ~ format zr5.2. {lote here tnat for gravity the datum for the
programme is already 978,000.C milllgals). This card is followed by the
NODE deck, consisting of all node statiors the rumcters of which are punched
in the first eight columns, one to a card, fcllowed by the numters cf the
fixed nodes (repeated) with their values - format F8.4, F8,2. The deck is

terminated ty & card with EVDNODES punched in the first eight columns.

The fcllowing contirol cards create the file for an area on

the SURVEY AREA FILE: first a card with CREATE punched in the firs® 6
columns, second a card with the SURVEY AREA FILE RAME, which tecomes the
megretic tape title, and finally the AREA card. The last twc cards

are free field - 80 characters. These three cards are placed after

ENDNODES causing a new area to cve created and the SAF rewound.
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The
CREATE except
Height or gravity results ¢
follow some previous -establ
Note that the SAF file is co
CREATE, After UFDATE 3t wil
rust -te one with LiiD purnched
calculated data can oo i
is substituted for HEIGI
GRAVITY.

control

Y

X
an

o
n

fiight (considered as zerc)

C
The height or gravity differen
”

14,

cards necessary to
that first card has UPDATE
ke updated
hment of data for

is i
FO25-F8, %, for -each-card. . The/2d, 272
totk hand- and machine~calculisted. flight

orne. 3

update the file are as for
punched in the first 6 columns,
or crested, but update must-
that area. being updated.

24=to starv-with
$he Last dato cara of -any ‘deck
—Fiighis hard=
4 ar RED HTS

b
ce irom the first
n-rehind the statl

facs11ity ecacies
5_to. re least-s5qua

The layout of this deck iz as follows:

1.
2.
e
l*.
S.
6.
7
8‘

JOB card

RUN card
SURVEY ARZA
AREA czara

ENDSAF card

in columns 1-7) follcws t

REA card follows, then ¢
the first 6 coliumns.
enly), 3 = magnetisz
tape (write enabvle),
the one run.

Programme EBA2

The layoii of +ne de:

e
2.

?.

JdC3 cera

HKulh Caera

e SURVEY AZZa

5. ARZA zard

6. DEISITY card

7e BLANK card
The SAF NAME and AREA cards are
7 densities to te calculated, o
7F5.2. The SAF zape eguigype

(read only). Bougue

"

SAFILE programme deck

FILE

NAME

LATITUDE; LOAGITUDE 4
ENDLATS card

- - 1
BA2 vrogramme deck

card

eck

- T e
&S -.\D.Lu\.&v

in the LATITUDZ;

for

icn in the

on number,  format -
areas- tontainang
res. adjusted as

; LONGITUDE deck,
-aréd (punched
updated a new

d
BT SRR S e
SAT- pupched in
tave (reagd
3 = o
=0 2 == ?Ta,:,.’le va s

npdating within

e =

K 38 zs—fg}iows: b =
YTILE JAME ~awnd
LALL vhRNLG CATQA

-, & i - o < < s

as before. Prcvisicn is made for up to
uncneld » +h DIICTTY c2vrd v foarmat
wichieéd on ine Li..clll Carg n icrnat
€ 0o logica_ urit =0 = magnetic tape

2a - = 3 LT

fer more trhan cne area on the SAF tape
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15.

can be calculated in the one run Ly inser:ing the relevant, AREA and
DENSITY cards before the blank card.

~——Programme NAME

-~ - -~ - ‘The layout for this deck is as follows:

1e JOB card

2. NAME programme deck

k. 9 RUN card

b, SURVEY AREA FILE NAlE card

The SAF NAME card consists of a s*ng‘e card, 80 charecters, free field.
A tape is equipped 1 = magnetis tape {write enable).

Programme FIXSAF

The layout for this deck is as follows:

JOB card

FIXSAF programme deck

RUN card

C/CREATE card

DATA dezk

END card

SURVEY AREA FILE NAME card
AREA card

oa-om&n-r\sm-

The C/CREATE card is punched from cclumn 1. Cards in the DATA deck may
contain the fecllowing information - station rumter (columns 1-10),
latitude (15-20), leongitude (24-30), heights values ’32-L ), gravity
values (42.51). Latitude ard lengitude are presented in degrees,; minutes
—-—> &ad hundreths of minutes, Heights ard gravity values are punthed-if-_— “—_—

format Fi0.2. Any of ‘hese (tesides the station number) may be ie1d — —— —
blank. A complete new area s added with the C/CREATE facility.

To update a particular area C/UPDATE, punched from column 1,
~is inserted for C/CREATE. The data card layout is as atove except that o=
station number with D punched in coiumn “% willi Te comple.e;y deleted .
from the file. Blanks or zero fields on cards will cause data-heid ¢nr“'4
these positions on tape to be unchanged. To delete a whole area from
the tape, the DATA deck and END cards are left out and the control card
is C/Du.n....;b.

The SAF tape is ecuipped 1 = magretic tape (read only), the
updated output is 2 = magnetic tape (read-write), B = Magnetic tape
(read-write).

Ary numver o1 UPDATEs and CREATEs may follow eacn other with
sections 4-8 (above) repeated consecutively,
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APPENDIX A

STATION NUMBERING FOR GRAVITY SURVEYS

(deveioped by Mr L.M, Hastiie)

In order to irtegrate ar Australia-wide petwerk of gravity

stations the syster ¢£ s+at.on numtering adcpted must provide a unligue

“ide

ring nunter for each staticn. It is alsp considered desiratle

that as much information as pcssible acout the station be enccded in

its number., In view of these requirements the Bureau of Mineral Resources

had adepted as its standard ar eight-figure s:ation number,

having four

figures tefore a decimal veint and four figures after, The integral part
contains the year oI the survey, and tne identifying serial number of

the survey, while the fractioral part specifies the individual station;

e.g. the first station occupied in the first survey of 1965 would have the

nurber 6501,000",

2e

It is hoped that private comranies engaged on gravity surveys

thrcughout Australia &l;l aaopt this numbering system, Particular survey
numbers wiil be desigrated immediately upon request to the? Gravity
Bureau ¢f Mineral Resourzes, Canterra., Hcwever, it is essential

Section.
that the eight~figure nunkering system te used when r. lucticns are carried

ocut with the BMR :computer programmes,

Se

The integral par* of the survey number (for example in 1955)

is grouped into ‘he following four categcries:

BMR pendulum surveys 6599
BMR gravity control surveys 6590 “o 6598
Private company gravity surveys 6530 to 6589
BMR gravity surveys 6500 t> 6529

For the purpzcsec of this discussiorn a ‘control survey’ is

defined as a survey using muliiple gravity meters.

4o

gravity stations establishked, “while ,S000 toCO0CO @re reserved for —

In any survey, rumcers ,0000 io .8999 are availatle ‘or gcneral

control staticns. Thosze cont‘ol stations are subdivided as follows:

course of an ordinary gravity survey are tertiary control staticns; all

Absolute gravity stations Q%90 teo .999¢C

Primary gravizy c<ontrol stations
(Moun. Gairtier Penduium 5039.9907). «9900 to .9989

Secondary control :=:tations
(Hamilton Isoga. 649%.90C2)

and tertiary ~ontroi stations
(Tumu® cell cenire 6606.9052) 5000 o .,9859

The only contrcl stavions which can ke established in the

other classes cof contro!l staticns require a multi-meter control survey,

-
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5. In the course of a gravity zontrol survey, two categories of
station, other than those mentioned above, may be established - excentre
stations and calibtration stations. :

- Excentre stations should be given a number in the range .C
to .8999, and should have their last 2 digits identical to those of the
absolute station, national tase or primary gravity staticn, te which they

“refér, the first and second digits being-used—to-distinguish between

various excentrez estabvlished by the cre s:rvey; e.g. excentres %o
primary control station €591.9925 would bte 6591.0%¢3, €091.0125,
6793.0125, 6793.0225. Excentres of secorndary base stations should have
the last 3 digits identical with those of the seccndary base tc which
they refer.

Calibration stations shouid be similarly numbered, except that
thkey will refer only to primary contro; stat'ons or to absclute or
national base stations. : : ;

6. When entered on a map, the fractional part of the numter should
be inecrited beside the station symtcl. This will be preceded by a
letter representing the integral part, and a key to *he relationship
should be provided in the legend of the mag.

7. If any established station is reoccupied, either in the same
survey or in a subsequent survey, it should retain the number given uvpon
establishment.

ORIGINAL PAGE 1S
OF pQOR QUALm A .
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|
| OBSERVER SURVEY Nt DAY
? AS o ‘
f?,_M_I.L.&.ﬁ_MJ' c102l bosl HEIGHT ®AS=  y "24139
i AREA TRAV DATE FIELD METER aAsé METER Geophytical Bronch,
: v ’ Burecu of Minerol Resources -
M I LNEBAVYIHS 210 6,036 7 §q 7.M =3 |  Groogy nd Gezatysice )
" STATION 1 e READING CORR'N |ttt T e REMARKS
. ... Psosingqt197 . Y. RS T )
H
TR 099825 |28, 25,
T o'q,ols 099.%3q| ., |28 |25,
; .+ ..1049.25/049q865  , |29 |2],
. ... |10,1504qgq8 14 |29 |26,
. ... 403509 q9795| .. (29 |26
H i + s . 085084149 .. 2.‘1, 2.6,
. ... Phasloaqyrz] . (249 |27
e ... V13509973 % ., |29, 2 6,
. ... 0.1,55/0494967.7] ., |30 |27
v e s s s o 215099048 . 3.0 |27,
Ty 1.235/09.96,2 4 . 130, |26,
C v e ... 1V.255099596|  , |30 |27,
1.356l094a95).6| .. [3), |27,
= S =& . s»(a«,' ] ]
— - OBSERVER - =~ SURVEY Nt DAY~ s ,
: 3
s M1 L SoM 67 0\ 00.2 HEIGHT H 24149
' AREA “TRAV DATE FIELD METER RASE METER Sosstyvicel Broneh,
: % ; - M Bureou of Minerel Resources
M'_Jg ® 6 .4 o £ 010 .6 06262 s _ 9 a 6‘0'0910'\‘6009.”!“
TUSTATION TIME READING CORR'N | ;;& TE”':WTCT’ : ~~ REMARKS
€. 70 1,0001{0% 04 1| 003, 31
¢ 70100090903 ) 0065 4
670 1.001,0/1021]].0012727 ) :
670 1001,1|10,30]10001u¢82 ,
6,701,001 2|l 045 l_O,o_u.q,?.
670 1000113561 0004 : .
eyl A g . o .. | END FLGHT,

L’ b ol . 8.0 .0 B0 .,. e ' . 0 '

.




= — - CRIGINAL PAGE i3

. aaESE - "APPENDIX C  oF POOR QUALITY
{
! - 2 T s S 1ok S el SR
3 OBSERVER SURVEY N¢ DAY : :
~Fewnsend locis ===~ GRAVIT¥ H 170285
AREA TRAV DATE FIELD METER Sf:r:l‘f rACTOR Geopryicel Broveh,
By 7 Burecu of Mineral Resources
_e,g‘s_B.L_sLE_f_gJ_;la_thog.eq Ltotl : l g s atn :

STATION TIME READING Teobie | LATITUDE | - LONGITUDE REMARKS

6.8.1.61.21.60q.50(22,63%u52,

_L, €1.51.3161.000 2.2,6.2,9 k|52, w2 ot
16.€1.51.3.1.5{1.0,1.0]2.2 b.1,¢.8(52. | .. .. o4
b.s. )5 L3.\.tﬁ\.o,|,% 2.2.62,2.9|52, | .., .. 2.3
b.t1.51.313102.622.6,07 4|52, " s g
6.21.5 13121 042(2.2.6.1,b 552, < i5 3
6.€1.51.3 )1105 1H2.2.61,3 4|52, G 7 i3
b.%.1.51.31.0),1,1.72.2.6.1.3.9|5%, R <5
b.2.1.51.3049(1.1,2.322.6.0,87|512 - iy
b. s l,5,|_2‘$,(ol,l.‘3_8 2263,% 1|52, 13 g
b.¢1.501.33)1.1.4.¢/2.2.6.0,3.3|52, e s
46.%15.1.21.6/1.1,57|2.2.6.3,¢4(52, e oo d

L . . . . . . . . - ' . . . ' ' . ' . ' ' ' ' END ‘t‘L G‘HT

=T i = —— ——— ————

e vy e i N ey S T ) P e e e D i RS A = - ——

=g s =
S ) e T . » =" D5 . . . R ] 0 .o TR . . * ool - Cld i S
e vy v e s o e e e B, B I s o T S ey e

- : . - —— e s e — =< -

S ST - = - - - -

r Y ok Sk i Rk - . Frd 0 = ' . 3= % e

— . ' . ‘ 0 1 oo ' ' :

. . 4 .o = v . . . 4 2L
2 e s : : 663170
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R APPEan'_: D 2011788

PRIGRAM GRAVHTS mE SR
CXXXXXPRIGIAY TO CARRY 0JT ,aavtrv AND HEIGKT CALCULATIONS INCLUDING
CXXXXXTHF _EAST SQJARES ADJJSTMENT OF THE NETWORK IF SPECIFIFLD,

X KXKSEVETAL BHISEOIRES ARE AVATLASLE AND ARE SPECTFIED BY CONTHOL ;
CXXXXXCARNS, THESE ARE FOR AEZ134T REDUCTIONS,GRAVITY REDUCTION, LEAST SQUARES
TTEXXXXXADJUSTYMENT AND THE CI2ATIIN oa UPDATING OF FILES (SAF SURVEY AREA )
Ex*xXX‘l ES N Ma i\cnln FAREL ¥ 5 inten

CXXXXXTHE 323GI4Y 1S OVEILAYED 0 RN ON & 36K 3200 BUT NOT FOR 4 32K 7
”‘“YYXXX‘!ZnQ 08 3670, @ so : ‘.3_

.._-.z

Covr 3N TERI0T, TN, I90T) H=§.Wﬂr‘n DURIYT2AD0T Resuutzonm ISTNS¥2,

__12000) e e s S e e s
8 DIMEVSTION TAREACD(20)
e RE4IND 37 == $Sehh . barsibein —— 3 . LA
Tv=y
-'. 3 '_l.T s ?..._.- e Sl
{4 Rz (9, 1000 T‘—!-i)m‘ri'h","] NENT2, ‘\'30 Ma = .
SA000 FO3r8T(244,12,%,12) = ¥ '
IFCINDENTY, 20, 4HHEL2)Y,2 %
2 1F(IDEVTY B0, AH3RAVIZ.4 % i
4 IFCINENTL, 20, 84LSA) 3,8 H 3 : -

6 _17(INENTY,20,4HY3DA)Y7,8
8 I:(lnpvra.‘-)‘d4 REAY9, 1N
10 _I7(IDENTY,Z0,44RZD ,AND,IDENT2,EQ,4HORAVIL01,102 E
102 I1F(IDENTY .50, 4HREN L AND,IDFNT2,EQ,4HHTS 3103,110°
110 1'(IOFVTl.r').:‘NCVD)lln‘lZ
g = k'-HT_('»l 1902) INDEVTY,1)03NT2, \NO

1002 FORMAT(X,374AILLESA. ZIVT30L _CARD,COLS 1 TO 8_¢~g W2A4,12)
c CARIY ON anND SEARCH 703 VEXT HEIGHT R GRAVITY CARD WITHW § IN COL 10
__RY 19 13 ]

T Ceewe FIX LEAST SAJARES ADJJSTMENT OF ~AND COMPUTED GRAVITY AND HEIGHTS
Ceess SET [NOGH THIN CIPY DATA TO LU 37 IN REQUIRED FORMAY _
101 TUDGA= SRGR Y
READ(GN,1073) 1ARSACD
WRTTE0S7, 900 1ARE T T
FRITZ(H1,1101) TARELCD
1101 FO2VAT(1HI ,49AREDUSEN 3AVITY DATA FOR, LEAST souanss ADuustMENf}/.
=421 44FA JDENTIFISATION o 1N*.20A4 1“‘{“m_..___k,“
FeEo SR X S g L . : i 3
- —— 903 RIAN(AO,1023)TAREALD e : “'_j:*;“%f”f*‘ e
T WATTE(RT VA TAREACD

WRITS(H1,1108)TARFACD '
T 1903 FOIVAT(141.,4Y4REDUSEN HZIGHT aATc FOR LEAST SOUARES ADJUSTHEMY 7
121H43Ea IDENTIFICATION .1“'.?0A4,1H-) : PR ;
e T INDG4=3RHTS - ;”7""?"l e e
& 130 REANCLAN,1078) [£32ACN ; PA———
'*“"““ir«yan-nru<1)) £, 442 vn,.on tAQEAcn(xvf EQARENH 131,132 ——
131 FNNFILE 37 et el S B Somiliodts -
TIE(MYLEQLNDILIR, 14
138 RZ4IND 37 =
e B A g T e e e
B 132 Ki:=1 e
WRIT=(51,1135)VAREACD
]138 FIRMAT(S5(/),X,2n84,/)
TTTTTTLIS ONEAL6n,1132)16TNS (1, <T) ISTNS(2,KT) ,RESULT(KTY, tPOP™ T T
11432 703 AT(274,73,2,36X,34) e R
TUHRITE(61, 5139V ISTINSC1, KT, ISTNS(2,KT),RESULTIKT)
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= 7 20/11/68
1139 FSQP‘TfXaR‘alHoo?402l".3'2’
. Ir(!303.60‘4QEVUF)133o134
134 KT=KT+y
12D 19 135

: 133 L=<T~1 = s
= WRITE(¥7,1134)C1ARZRSD(TY, 121, 8),0 : s Smmtaenc
1134 FIRATIEIA,13). .o = ias
S S A YR SRS S B ¢ <)¢|-~u3¢1,1s [5?%%(2,1),RE?ULT(!)o1 1‘L3 S et RS
L 33 FIRCAT(O(RGL 1, R4,F8,2)) " R
e D 12 130 T

1 REAN(AN, 1073y T23E4CH

WRLITS(37,1903)1ARFACH
1003 F14\AT(2nA4) v
WRITE(81,1005) 14aRZL7D ,
¥ 1005 '.J4' f»(x.*ao;l"t"lu*n- S41L,/7/4, ).,/‘H,DK'A IDE“‘T’FICAT}D\' 1 1He,20R4,1

. = ot ———— v e . e 5 e e e et et

1»1.) gt e ——e
FNOGA= IRHTS

s Soelimon 7 Ut L4 Vi, S S = T
R T T RENOFTLE S XY : S
—- “(1-‘4')%._J,~1)15 )_, s i<l il T et A% S
3 PEADCAN,10N2) TARELCH = -

l*lT-(S/.l‘U*)VAQLﬁ'D
B MRUTE(41.30004) [AREASD EEs e tes S e e e e i e R :
1004 FORMAT(14L 12HAR8VITY DATA,//,X, 21 HAREA IDENTIFICATION ,1He,2044,
S 11He)

s INNGA=3IRGCRA e =SS
LIRS L L BT e
FNDFILE 37
i . JFLISHIOR.ED.=1) 13425 e T =~
25 l"(f-"fh?().tv?,)?7.1‘
.. 37 _RE41ND 37 =2 B T - s
GD T 14
5 CALL 1L 2ASTS?
RELIND 37
B IFCISR0,59,~1)33,38 R 3
TETET T 9 'R )ie? e e e
p CCALL FILEMAN_ . . Sk s ST
—EE TN Y St g o e
: l"_).:}:r:( = . o
2 0. 1) 148 Srg - > , B o e T
e 7 153k0F=21 e R e S e S S g s

= e LAl F4 LEMAN _ : :
- £ -13-14 = - = = A T s
TETCeews STaRTE FOR NEXT HEIGAT 33 GRAVITY CARD wWHICH IS FIRST OF ANTAREA™
STIREAIND 32 P s e R R SR S e
ST RSAU(AS YOGS THENTL, IDENT2, ND, YD . S ; '
- 1N0A FIAT(2L4,R2,Y,32)- : T e
T IR EINENTY L T2.44END 11,17
17 JFCIDEVTY, E2,4542135,4N0,V),EQ,2R 1)1,18

o ——— — -

5 1B 1CCINENTY B2, 84GIAV,AND, NI, EN,2R 103,33 T T
R T L O N L S R i Sl e e e
Ei.}




: 20711768
nd . ,
f SJUIRAUTINE HTRON _ : o
’ Gees SU3PRIGIAY SONTROLLING SJ3RNUTINES WHICH REDUCE BASIC ;ﬁ:c::vg:7oo,
{ COMMAN nsp'-m.w.ﬂ;_:_u_[_.wtjg_s,xgugrj,sgg;zn.s)ngzm,,,g_ér i
P 1oNA(20) s JA-3ARNC(27) (AP2AT ,APPLAT, APPMPRES, 1,J4ABC,D
" . REAL MA,NA 4 Bmdsas i g s eiEaw
B INTEGER BAR\7),ABS,DEF
: Sk | | STl e N S T S T e e e '
' Chul D‘1AF:=D- . S T VY 3 L R g B e
boo o IFOIERROIVEReDNRLE .
B CALC DATATINOCIESNDY W TR = e
s IFCIEND . EQ.~132,3
i _3_Cai| COMPUTE ___ e = R
- GO 15 ¢
) 2 KETUR’N =
\ END |
b
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I o : . S 20/11/66

wesensT T TRIIRIUTINE DATAFE ,
c--« SU3IROUTINE TO rcso w CIVSTANT SAROMETER DATA : e

COMMON FSRRO2,IN, 1007, 1355 1N00GH,SEGL20,8) ,MAL20) 0),S4ye{700) -

14\"-(?0).\1&.3"-?\20((":.AD-’-( JAPPLAT, AP""’RES l J.A

rv-—}NIbPLQ T#49.3ARQO .A%,.DEF % S T ,12;+ fffl:i;_ .‘;

TP iﬂ'ag Ma \. . .

e _mg_a‘{vt’: In BATJITATED uc.r £} uaau: 9R=§';m£ vn_g;_mmﬁmw&&

o - Ceed Th "-?l"TIO\"‘ -_'7 =R AR

R
HN=10al

_MNNzuN-0

- RELD 99, TE“2, (SAVPIK), <= VNN, V\) SR B
T P FaAVAT 18,1775, 3) s R e i
o n 19 . =2 =311e\
1:£\;.: 5@.(\)4.9 S o

o S P«xrr 98,17 e e mn
9B FOR/MAT (324 ARONG PO0SITION NDATA CARD NUMBER,15)
] ERROK=~1
BETHAS - - - - R RaMp R o =
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TF(NIDES(L+1) 50 NIDES(L,144) JAND,NODES(2,1),ED, uostcv 1*1)3506 5

507 CINTIMNJE - . = o St

IESECELEMFALISE 1 L] I L R T et i e S
5508 RETUIN

506 WalT=(51, J)b77VSUEs(TTYTTV“UE§T?.l)

1507 FORMATIX, 5 (1H®) . A4,14,,44,2X,214LISTED YORE THAN ONCE )

53R = -1 ST T e

ey G TY 507

T PeesasPHAST 2 RFAD FLIGHT NATA AND SET UP CONNECTION LIST 2 ARRAYS —
CoesastSTN AND MSTY FOR STATIIN NUMSERS(I,E, POSITIONS IV vonEs ARRAY ¢ TO

T s e RN SN I AN ARRAY NTFT PR GRSEAVED HE[AKT NIFFERENCES, NSTV AND HSTN

—

_uf—tiiii'T4Y§ NEXT STATEMINTY 2JT IV TO DVERCOME PHASSIBLE SOFTAARE "BUG

CeesessfHIM LISTLL, DIFf.’O?4S <IST L2 USINQ VOTATION CF PROGRAM DOCUHENTATIO“

§08 KTAL=AG=N N S ; B ant oo
KTLy=1

REAINVD 37

——————

20 CONTINJE
2020 READ(S7,1073)1CAR0 IS - il
1008 FOMAaT(2nR4)

fe 14 READ (17, 1009)IA?EA1.lA? A2, IFLIGHT, DAY ,MONTH, [YEAP, METNO METYPE.

AU, N0STNS e
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1009 FDQMAT(2L4.A3.3l2.‘-6.‘\10‘50XS)
IFC(EIT,37) 10,11

10 KTaRzass <TA? A§01 : = Eo TR
TP (P TARELS VEN,VARERSY12,20

11 PEADC(YY, ~o:u' CCITEM2A01, 00, 1%142) , TEHPC(J), Jed NOSTNS)
1050 ‘74”AT<6(A4 LsA4,F3.2))

o ———

1S2avs 1 il e - e e =
e [ BB RS ST EL RS SRR LIS AT PN TS & e SR = e
=% i5 1:T’\‘112{fT‘V9A(1.1Q“ | B R R S T S - s e —<=
= TSTRS1(2)=1T=NMBA(2, ISCAVY . o e R s, i ==
S _ISCAN=ISTAN e ST pr— Sty
"CALL SSEARC A(1STVSY, \'?-DZS.WOO:S 1PGSNY
l'(l’OsN LDi-ﬁ)2OUJ.13 S : S
713 M=z1RISV
’O}.‘“\,_T:fcpc(“-"‘\‘4-1, 5 = - S e &
— 17 17 (1SCAN-1,69.,N0STNS) 14,4068, . Ay Setrngr oo =
_ 16 ISTRS2(1)=1T2M3A(1,15C4V) .
= ISTNSZt2)=1T2M24(2,18 vav)
ISCAM=ISTANeL “l
CGofccol.qnouc? e e - — -
CA_L S3EARCHALISTNS2,V)DE5: NNCDES, IPOSN)
1FCI205N. 63, =1)17,18"
18 H'l“‘:){\\l
TTHMETEMAC(]SCAN=1) e
‘ IF(N.FI, M)101,19 o =
: TTL9 ONSTN(KTLLY=NY T T e
MSTA(KTLY)=Y
5 DIFF(KTLL) =4V=nY
KTL1=KTL1+1 =
T TN=w e —— ;
HN=HY s
- 83 I8 v - i
12 1F (£T7_1.GT,1500)21,22 -
21 WRITE(AR1, 1111T’“"
1010 FOIMAT(X,50(LHe), 3254232 THAN 1500 LINES IN NETWORK)
— e E R R E - = ..A,W._f_"m".m“-_- R i3 e e e
RETUIN

ETEREe0TE T CONNESTION TAALE RS STATSTN DIFFHITH FIXED STATIONS ™ =
Cooeo s AU FIXZN AND-TITAL NJMBER CF LINES 1N THE NETWORK

BEcaems 1 o8 S PR FLA X Ol e = e —
REJIND 37 : ' . T AR -
S s i k’? ] T : ( 6 1 w 1 - 1 ’ )' T S P e - =z WA MY PN S A N EIRE—

1014 FIOIMATLLIHL X, IQH“OVHE"TIQV TAGL /7.3X.4HNODEol3XLfHVQDE.12Xa 1040
e T AITTENNCE s e TS e st s STy
c-.o.oon-.uu--% i e - 4--71v - —

P -p2--J= 1‘7<7“3 Rk e i S o s e e oA S =
- < 121511242 _r‘f?fff"" e, e e S e e e I o S
e T R 17Ix172=23 e e e e ey o Ko
1FIx?21=4%
BN —— — — - I:- I x 7. 2 ;‘ - - Pt > S SarSRabE - s e e
4 u'\qr tJ)
= i i 3 ,*F?§‘5,§I?3"'
24 l‘lX11°4? Tl A s
______ 151x12-2260 : e el eI SR I N
25 Mz “STN(J)
= 1T, JMFREZY28,27 T T o T T, 3
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26 IFIx21e4] FIX
1FIx272=23EN0
27 ~177(¢41,1911) NIDES(L,N),NODES(2,M), JFIXLL,IFIX12, NODES(1,M) ,NO -
1DES(? *).lFlfél.lflx?Z leF(J)
'_1_0.1_..1 FORMA 1 (X, A" 11, , 84, RE,22.2X, A4, 14, .Af.ﬁd.B?.?X:FEL.Z! e Bl S S S
; 23 CONTINIE : :
WRIT<(81,2012)K T3

TI0L2 FORMATL/, X 3 SHNUMBER 3 1\&9 1N-THE NETWORK ®__ 14y - — oot
‘~c..¢1«r)wqu;bw .l,r L3 THE 2303RESSEVE SUM OF LINES INTO-NCDES 470
Coeessh N[5, AND LI1STLE THE .l)T OF LINES CONNECYED 7C THE FREE NOOES - -
L3 1= S e e S -
) i

no ea UN=1, VFREE

S D0 31 VOsL.<TL s et E
ITENETNINDY (BN, NYL IR, MSTNLN0Y,EQ, NN 30,38 ——
T30t AARTLAYEND ——
T KTIREKTL A e e e i -

wru"{ta,u ,,(")'\)Sr.,.ﬂ
312 411-(*4.1’11)’" TR I O T e T BT T gt & T
=043 FaaveT(x, 414\-wa4< DVEITLOMS ARRAY L4 DIM 3200 NEYWORK NEED14)
23Rk~
- WE ETUIN
31 CONTINJE

e =

L3(NN+1)eKTLhAn
IR _3UINN)Y,ENR,
CoeesawITZ DJLGVIST
Ci'“b'.tldto[ad
64 WA1T=(51,1017)N00E5(1,YN),NODES(2, N
1017 FORMATIX,6+NIDE 4 #4,14,,44,47540T CONNECTED TO ANY OTHER SEE CONN
1ECTION TAB.E)
. _1ESRIRs- o ———— e e L
26 CONTINJE
1F¢12r307,59,-1)47,33 _ g B =
a7 ”“TL«. X
CasaeeCONSTRJCT ¥ATRIX OF \VOIMAL EDUATIONS STORED AS A LINEAR ARRAy_Lth
TCeeeerAND ST SYVINV TI 287AIlV THE SOLUTIONS, PROGRAM FOR 3600 WILL NEED
ngoo.-TJ KAaYE SDUITE DICC OF ,yql\v AND USE qulApng DIKENSION FA"!LK*T.
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LICNVe1))56,28
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;e L : T s
T NITE ATV ¥ IS S¥MwE12]3 AND IS DE MINSD aou BY RDJ’QUT STOR&D ==
s ok PR L e TR b PRt I R, ,
33 NO 34 uN=1,N"REE - T
T T UKEGR e s (NN = (N2 R (N1 P2 T .. -
N3 35 1=%N. N RTE : :
S - L ke f NNt - L e mwas S
, 35 A%MAT(L¥=N e ; : e e e
1O RS 908 A i e b § e — e ————— i
g1Gyt=n . e e TR =
— ISTYLa=_3(NV R e e T e —
€ INSEIT 770ZFF 7 NODT NN Z3JeL TO NUMBER OF LINES JOINING NODE
S Iy - o it orer

T RDY ST TG G LIRS IR g NO0ES I INEY VU WOUE N PUR EACA

C .- -
C_LINF SONNZLTING THAT VORE NV, NOTE “ULTIPLE NHSGER VARIONS OF & . -
CUINF ez SE3vIS51ALI, 2039 2INSTRUCT RWS TERM, e

DD 35 J=1,VLINES
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LINE=L4(LLY) : i e R
L L LR R Ry - Ehea
e L SRS TN LIN
37 Jio=MSTN(_IN
SISx1=815x] FOLINE) g o Noraat e : TR R pegne 5
(") 19 19 pra = - S T s 5 4
3B JJI=bSTN(LINEY : : LR '
SISXI=SISXI=-DIFFCLING) : R R T S e e e e e
39 JFCJN, ST N TAREIQ A - e : s T TR
40 S15x1=S1aXteARIG64T30Id) = : S i b
GH 17 16 = : 4 b e o —
81 1Pl T NI S5 42 : g n e o o
> 42Al-\~lJ NN+
AMAT(LY=AMAT (L) =1
36 _COAINTI vy :
;V"\\\.-na.)-';l :'I
34 CINTINJE - e - S : AT,
Cee®nnoGd_yI yOIWAL EIUATIDNG J3 T T :
= - CA_L SYMIMUVLAMAT, NTIFS, 3 s T
3000 15¢13R,53,1)048,.45 essEEe e e PG S
43 - WUT21561,1719) : R L RS AR Ry L -
1015 FIIVaT X, 5545156 J0AR YATIIX OF NIR¥AL EQUATIONS DE1Y E:r'd‘av SYMINV
&
182n9K=-1
RZTYINY
Tee®aeTIAUSFER L=AST SIUAKES VALUES TO HEJOHT/ZGRAVITY LIST ARRAY RETGHTS
46 NI 44 (=7 ,\FIEES
44 ”-l(vﬂ-,(()"%“'y(( 13eNAT I P
Mz ubP e+ "
Y 110 K=N,wiI0NES
ae=s 410 H—lh47.c4)-~~l it (31 L F . T I I A T E A R
CeetaaD JTP JT CO425TED <E154T73 .
wav—(«1 17145) C(N0DESCS,€),J%1,2) , HEIGHTS(K) ,K=1,NFREE}
1016 FDVVAV(1~~.x.J«4 E4ST S2JARES VALUES FOR FREE POINTS,//7,16H NOOE
1 VA_US, 7 (X, Ad,14,,44,5R,2))
CoaneeCIVPITE ADJISTHENTS T2 _INFS,THE STD DEVIATYION AND THE MaXIMOM™ 7
Coewrx AD N, NTENT, IS8T THE ~7\JEVTIUV LIST 4ITH YHIS GaTA,TZR4IVATE
“’Ci""ﬂa’«‘):;-.,ii*" 17 ST) NEv. ST SPRECIFISD OF MAX AD'JUSTMF\{T G" SP:C!"IEJ """"
A ey i il : -
—~———-C'—Qiolb!oe¢uoul, T e -..-.._..._.. s : g ——e - - e ,{._3
q‘rm-,-n = : A ' SR g :

blay : : 5 - R R ot Ay e T 00 0 AP A v W e e

SIQX7='§. x ; —— T e L S e e o -

WRIT={41, £33 o a z SO T O o R Qe iy e i G ."—"'""""“ e ISR T

1018 FI2AT (151 ,%, 3704208 ESTION. TASLE ANDS ADJJSTvﬂvTS,//.sx 4HNODF;13X. s
144VENE, 10X, 1ﬁ=f!’f32=~u-;2*;1‘4ADJu<f“r#..//)—_v e
03 51 J= ’. \A_j__“_- e v

R SRR — TTE

FA,NV) 27,33

B,
z)
+01

——

IN
F

.LJA

—————— e

3 AI. ’yaq—,: T N o '_ - - .-'2-“-"" = X '-"‘ »-- —— >

1F1x12s ??' Teieg ' — R e

Y:Y -;4 -/ oy o § SN - e A & [ A s ———

1€1x22:2%
T EY % LIF B ki e N e
= ) If( .:t. 4 :L;“‘..;E ) . = r =i
51 1FIx11:=42 "1«
17 IxX12=223EN
—l - HEIC TN (] OSSP OSSR -1, -0 core et oSS SR = 5.~ MO~ L TE = o=
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IF (61, NF3EE)53,54 OF FOUR QuATITY SES e

53 1FIx2184R FIX : e e
1F1%x2222RED 3 L= o g

54 ANJ=AEIGHATS(N)wHEI3HTS(MY=DIFF(JY =
SI5GXx=51Gx«any
S1aX?2=5106X2+ANJeaNJ

17 (a3se "(ADV),GT,ADJIMAXC) 55,56 e

55 ADJMAXZ=zABSF(ADY) %

56 kRIT-(51 1019) N3D3 S(l.v,.MODC°(2.N)a2f‘X 11, 1F1X12, NODES(&.P’. : S
~:j:% SINSRES(2, M), IFIX21, IF1X22,DIFF(JY,ADJ e Ry P
e £n19 FORMATIY A%, 4H,,84,34,32,2%,A4444,,A4,R4,R2,2X,F8, ?.riz 2) T R e T

50 CIMTINJE
A4EAN=SIGX/KTLY
STND=VESART (ST AX2/CTLL=AMSANRAMEAN)
WRITZ(61,1020) STDONEV, AMZAN, . ‘“}‘AX”

Cecicﬁclrancp‘o’” S T :
AN20 FIQMAT(//, ¢, 364STANDARD DEVIATION OF ADJUSTMENTS = ,FB8.,2./:X.
TUAP24MEAN NF ADJUSTMENTS = ,FB,2,/,X,21HMAXIMUM ADJUSTMENT = ,Fa,2)
e o l=<Aonaxc.sr.;thAx.ak.aroqu GT,DEVMAXY60.57 3o

60 1ENIR==1 = i

e RETUIN b SR T S R s e VL S S
CossnsAD RED FILE AND ADJJST EACH FLIGHT ONVTO THE SYATIONS COMPUTED
___CeweswRY | TAST S2JARES,FIR GAVITY DATA MISCLOSES ARE DISTRIBUTED EVENLY
T CeseseRSTWSEY THE STATIONS,FO3 HEIGHTS THE MISCLNSE IS D!STRIBUTED IN
__Ce#*aePRIPIRTIIN TD THE DIFFZIZINCES,STATION CODES AND FINAL RESULTS ARE_
TTTCae®seT) PS 4ELD 1IN ARRAYS R33JLT AND ISTNS READY FOS SORTING,USE

___CeseswTEMOA(2,200) AND_ITEM22 AS _SCRAYTCH_PADS

57 KTARZAS=0

e 1888+ . - - 4 e

CesvsaTHIS NEXT STATEMENT 2JT IN TO OVERCOME POSSIBLE SOFYWARE BUG

69 IF (=0F,37)2n69,20%9
2069 REANC37,10723)1CARD

WITTS(%1,1725) 1Z2A3D j

I ZE T F OINAT(141, 2 1HADJUSTED T LI GHT T DATAS 77 X, 20R4)

67 M=z\=n

T MA3KY =y

70 READ (37,1709)14%F81,1432A2,1FLIGHT,IDAY,MONTH, IYEAR,METNO,METYPE,

T4, v08TNS ,

— IFCEI,37) 64,113 e

LS RIEUAT 103 TCCIYEMSRTT Y TR 2) R TENRPC LU, = L) NOSTVa) =

—— xs:nv:x =%

T MRITE(81,2009)1AFERL, TAREA2, IFLIGHT, IDAY MONTH, i YEAR METNO, METYPET

¢u
2009 r‘e'a1(/1..J=.>A4.104 CoIGHT NO AT 6 X a I Z 6 AR AR T . e T
WRITS(%4,2010 St

-“?“10 FI“aTe1nx, 4+ ~T£Traﬂ;isx'5HVAEUE)

102 1F(I13CAN=1,22,80357\8)72,71 : - :
—— KTAh_&\ <TAQ A:‘l S S R R e e i rapo

IF(KTAIEAS B0, VAREAS)YHY, 59

72 I?(“LQ ny?3, 94 o e e B == i gy

73 VTT=(51,1021

inel fJ«r«:(x.,l()~->.d>w‘\%3:3LE"EQRZRTTRYE”fifﬁkT‘Ifé‘ﬁﬁ“kﬁﬁE’§f1YT3H““'
1.F_I3HT [GNVIREDL)

0 1Y 70

71 1STMS1(1)=T1TEMOA(1,15CAV)

T TTUISINGS1L (2 =T TEvMPA(2,15C4AW) S § S e

—
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ISCAN=ISCAN«Y : e e ks e
Ceobuvmucrrnsan = g = = R g e
CALL SSEART 4('srv:1.u31§§§' ooes_f OSSN i e e
l'(l"()S'\..E—] nw1)3032,74 : “ SR v, S Ty e
74 MAKD2=150AN-1
B e Pt Ess P A MR SR B P RET FI VRN IO LS
e NsipIsy .
P R N T T e e e opignis

76 _INTYS=YARK2-vARKY
Ceswe AND SFT W= JHEN COMPLETED THEN GO 10 67 FOR REST OF FLIGHT
_Ceees IV WHICH CASE ENTER OV_Y THE VALUE ONCE IN THE LIST FOR SORTING
C.’.. A'.)}LSY 8 TAEEN TdD-FIXE J 3'[{\}'{0.\5 Uf\Lqu AD'AC:NT l’\ FL!)HT LISY
__IFCINTVS,ED, 1)105.%0 i
BO NYISCLEHEISATS(N)=AEIGHTS(M)a(TEMPC(MA
Cortsn T='<T r'm (,QA\IITY O -1-“-1TS

K2 m TEMPC(MARKLY)

RCLY)

Cosursw ADJLsT FDR HFIQHTS
"8 SIuWDIYee, T T
D) B3 <K=1,INTVS
TTIJ=MARCL 4K e
B3 SUMDIF=SUMDIF«ABS(TEMAC(JJ)~TEMPC(JJ=1))
JADJ=TNTVS -1
___Cesss PJT STATIOV AND ADJUSTE) ESULT IN LISTS FOR SORTING,OMIT NODE STATJON
T Cee*» THIS STAGE : o
_____SuMAnJ=0.

G752 DD 84 <K=1,1ADJ"
JJEMARC 4L
TISTNS(1,TRESIEITEMDACL, JJ)
_ ISTNS(2,[RZS)I=ITEMDA(2,)))

T UADJV=A3SUTEMACIJI)~TEMIZCIJ-L) ) #DMISCL/SUNMDIF - £
SIMANJ=SUMAD J+AD IV
- CTTRESULTUTIRES Y =HEIGHT ST ¢ SIMADJSTE HPC(JJ)nTEMPC(MAquj e
TEMP3(JJI=IESULT(IIES) s el A RS I o T I e o
B4 TIES=TIES+1 - 2 A : EE— STEERAReYe o ] e
Cossrevensnnrald x ; = s St e ot
06 TENRATNAIKCTRHERIITS I S e e e
- TEMPI(VMARK2) =HIIIHTIS(V) ' » : B =
TCee e QJTPIT FUISAT BETWIEN T4) MOOE STAT]ONS 'ﬁ:‘fﬁijffi“’“Tlfﬁrzgg.T” ST
: MARK11=MARC] «1 R ot T
TRTYI(51, 2705 (R TE9SRLT, JT‘T'"'?T'YEMPB{J) Jtvlnkif'ﬂlnk?W ey .
2006 F)?PAHBY A4, 14..l‘ ’lOK.'IO ¥ = T
e 28 - MENT T S = s N P ST e oY
77 MARK1=MARK?2
———— T 102 = A e e i e
Ceass ADJUST FOR GRAVITY
e 02 TAUJETVYIVS=C = s e o
SJMADJ=0,
T T KkDJV=EDMISCLZINTVS e e : =
D) &3 <K=1,1ADJ
e R A B ™ e T
ISTNS(1,1RZS)=1TEM?A(1,J))
TSTNST2, IRFSHZITEMPA(2,J0) -

SUMANJ=SUMADJ+AD IV

RESU_T(IRES)=HEIGHTS(M) ¢SIMADJSTEMPCIJJ) =TEMPCIMARKL) ~ ~ — ~ =
TEMP3(JJ)=ESULT(I3ES)

B85 13I=§=]IES+1 e .

o —— e = e e
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Cowea ADJUST FARAAID AS LAST STATION NOT FIXED,ADJUST FROM nap(i
fisea=15 15CaN-1 1y FLIGT STTION SCOJENCF,ADJUST RY aDNING CALCULATED

TCeste HINUS BSEXVED vaL s OF %30L ‘STATION 7O THE REYAINING STAT!O\S IN . =t

Carou TH= TLIGHT

94 INTYS=1STAV=1-¥aRKL : S =
»uig S A RS T I AT ALY FR % 3 R s ok NS T e o
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JJEMARCY 4K < SRS e e R
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MITTZ(41,2005) JY,121,2), TEYP3 (), J=MARK1L, MARK2)
 §
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Coane ADJUST BACSAARND &S FIRST STATION HOT FIXED,ADJUST FR?" MARKY TO
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B DL NENRION SEYEP 1) DALMY A
NEL_ENGTH=-1

e i L L B e e e e g S e T e Sy ASEe TS
- 0 1 l=1,N
T GRSt b 11 L e et e G et O N et e B 2

DI 4 K 24,4
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PROGRAM SAF!ILE
Cevwvad ROUTINE TO UPDATE LATITUDE AND LONGITUDE_DATE, B8Y SY AT!ON

B S R o e S T :
 CesesaSCRATCR ON LU3, OLD “ASTER LUL, NEW MASTER LU2 s *
g REAL LAT,L.ONG : : ety N o LD e e
i INTEGER ENDFLAG,REFLAG : eemrarnine aw _
e AN AER - CRDARER By ey e = R < ;
P INTEGER UPDATE LS : s e
Fte s T INTRGEP SEREA, MARE R, AREATSTNG ™ T CSTNTERROR ; : 3
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11ERROR(L00),SIN(2),CSTN(2Y,LAT,LLONG,EL,GRAV,CLAT,CLONG,ENDFLAG SRR
2,ERROR(2,100) -
ICOUNT =YY= J:i s DesRaistue AT sR ISR R BRSNS ese Bt t sl S B0
REFLAC=UFPTATESQ
CALL PREPaSR(IL)
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———_pan oo

TS v ———

=5 XN 00 S Tizq.,20
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i~ 5 CONTINUE s S S T S : Fuiis e o
- 60 T0 7
4 CONTINUE
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CeewssCOPY AREA IF NOT IN TABLE
__ 13 READ(1,9)STN,LAT,LONG,EL,GRAV e Lom e e R e Eisva
9 FORMAT(R4,1X,R4,2F19,2,2F8,2)
. IF(EOF,1)10,11 :
11 WRITE(2,12)STN,LAT,LONG,EL,GRAV
12 FORMAT(R4,1H, R4,2F10. 2,2F8 -5 R LS S b 2
. G0 T0 33 === e Shed Fesee s T : :
40 ENDFILE 2 e e e i
""""" WRITE(61,88)MAREA S Y e
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15 CONTINUE :
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S0 Yo ny g2
Y- 2 19 READ(3,200) = s
U000 FORMAT(LX) e s e o 2
IFCECF,3)100,19
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T IF(SARFA(L3 ,EQJARENDSAND,SAREA(2) EQ.4RAF 115,17
17 no 18 1=1,3
: IFSAREAtI N BR-RABEA LYY~ 0 - o T ooeseeaeae
418 CONTINUE
s 60 T0 20 = Sedecas s = ST T

16 IF(PEFLAG)Z22,21,22
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27 1F(ENDFLAG)2R,28,31
.28 JF(STN(1)-CSTN(1))31,900,931
900 JF(STN(2)-CSTN(2))31,30,931 A - 1 3

931 _READ(S,46)CSTN,CLAT,CLONG _

“xrc&or.3)24.27

— .39 FORMAT(1X,19HNO ELEV~GRAV DATA . /,1X.,5HAREA ,20R4,/,1X,

1t4(R4,1H,,R4,2X)))
—— .42 FORMAT(1X,16HNO LAT LONG DATA _ ,7,1X,5HAREA ,20R4,1X,
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~'9(.39 FOEPATt*".9n4.*Y.¢v“ 2FLi0.2,°F2,
37 1IF(UPDATE Y6, 25,86 i s e
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41 CONTINUE
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GO 70 3% e ok R BT ey . i o e
CéesasCOMPLETE 2%ks READ FROM OLD MASTER ; :

————— < b

. 26 1F(ENDFLAG)GX,23,84 - B e
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JCOUNT& ! COUNT =2
IF(ICOUNT)S0,50,51 Bk SRl
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_Caweece| IST KKROR RECORDS
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_...32 Ju=1 = R e
ENDFILE 2
GO T0 14
CreeesG) READ NEXT AREA
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T 2 DO 56 l=1,U1
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56 CONTIALE
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323 FORMAT(SAENDRAF 1 72X)
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—= -7 REZDTAD 14057 (1ou):ST’(2,V

N

o p——

-4 §ou g0 (r.

’
X
I

e

}+ ABL ".BAK"R CHARLIE, DOG.GAR BAGE

———
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e 11 JJrdued
CALLORLER(JJ) ) e L I e
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FORMAT(2A4,2F10,2,52X)

CONTINUVE A i 5 e e Rt
WRITE(61,30)(CRDAREA(L,J)p1=21,20),IFLIGKHT,JJ
FORMAT(1X,5HAREA

05714768

3 — ——————— - ———— — —

y20R&,7H COP!FD,10X, 13,85 FLIGHTS,10X,14,8K RECOR

iDS)
x IFLIGNT=D S ey Sl i e
Jurl -
S i Cevres e 7 NS T sRE) T B M R el eI By = s b i e T
RELE |
: ENDFILE 3 =i 3 . = e e
GO TO 21
B b WlTEBtLS, 27 -2 e A
CaveaecoCand €0DF1LE FOUND
27 FURMAY(EHENNSAF  ,72X) b = RIS R L e ST A R £ T o=
ENDEILE 3
REWIND 3 == = . o e s
J=u-1 :
& WRITE(61,29) S e e SR =Ly 8 SEELS S A=
29 FORMAT(1X,15KHINPUT COMPLETE )
e RETURN e —— mit =
END
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5,310 05714768

SUBROUT INE ORDER(K)

ke AT I S CDN"CN IDU”‘(20).IDU“Z(ZO?:Z“UVS(?OL;JCRD(ZO:loﬂ)nSTN(Za&GUOI:_."____

= : 1 LAT(1000),LONG{1600) - 2

T s !NtbGEP STN . == e S R i SR vt e
. “"REAL LAT,LONG

DO 3 183 ,.K

g L=lsg 3 e = S
Sl pORJelK : ; : S a2 s
~JFE(STN(L,J)Y=-STN(Y, I) ‘. K) 2
TieE -y IF(STN(2,J)=STNC2,1))5,2, oo LT e T T et
S5 ITARL=STN(1,4) - : '
- = :TAE‘?:S,'\H?'J) s S R o

“TABRI=LAT(J)
»__-____’_w__‘____"'t«h‘ LCNG () . : s
- SSTR(L, V) =STN(1, T s

STN(2,J)=STN(2. 1) e R B A A B R R
LATC(J)=LATC(])

CLONG(J)=LONG(] - T e —a e st e e e
STN(1,!1)=1TAR]
____5TN(2,1)=1TAED

LATC(I)=TARZ
LONG(I)=TARS == nT o = =S == e e S
CONTINUE '

IF( 1"1)9;119 o N ISP s S SR A S AR T
IFCSTNCL, I)=STN(LaI~1))1,7,1

CIFASTNIR,1)=STN(2)1=1001.8.1

LAT(])==399099,99
LONGtI)==99909,9¢9

N

N O

=5 3 CONTINUE - .. - et
et o RETURN : 2 - e vt st A A s OSSR s o o e
END



PROGRAM BA2

INTEGER ERRORS,PAGE,LCOUNT, JENDSAF,BFLAG,NDCR vy
REAL STN1,STN2,LAT.LONG,EL;

INTEGER HCR,HMT

INTEGENR ACR,AMT

COMMON HCR(20),kMT(20)
COMMON ACR(20),AMT(20)
COMIMUN
COMMON
cOMMON
REAL
REAL
REAL

DCR(S).DCRB(S)
'~,‘Af§

oCRA8

A, RAB
DIMENSION ?A(b),QAR(S)
REAL HLANK

INTEGER IBLANK .
DIMENSION [BLANK(2)

-

EQUIVALENCE(BLANK, IBLANK)

COMMON BLANK
DATACDUMP=8KDUMF, ,)
REWIND 40
JENDSAF (1) =4KENDS
TENDSAF (2)24HAF
DO 18 1=3,20
JENDSAF () edn
ERRORS=(
LCOUNT=D

PAGE=0
IBLAMK(1)=4H
IBLA! X(2)=4H
CHECK MAG TAPE
REAC(60,41)KHCR
FORMAT(20A8)
READ(4D,41)R>T
DO 62 [=1.,20

186
30

Cenva

41
50

IF(HCRCI) =HMT(1)170,62,70

CONT [ NUE

G0 TC %0

PAGE=PAGE+Y

‘NRITE(51.71);AGE.HﬁT.ﬁC?

78 FORAT(1HL, 6 PAGE 413
1/71%,36H HEALUERS ON MT
271X ,14n MT HFADER 1S-..
3/1X,14% CR HEADER IS ,20
STOP

Ceseae READ AREA AND

: 90 RPEAD(60,91)ACKR,BCR

‘UH“*Q‘t}("‘p/;, b )

IF¢EOF,60)100,200

END OF DATA ROUTINE

PAGE=FAGE+1

WRITE(E1,1010)PAGE,HCR2C

FORMAT(INHL, /7777 ,6H PAGE

WRITE(61,111ERROKRS

FORMAT(1X,26H NUMBER OF

WRITE(61,121)

62
70

_Coqco

100
101

111

APPENDIX

ERRORS ,PAGE (lLCOUNT
STNL1.STN2,LAT,LONG,EL,CGRAV,
« NDCR

AND CR ARE DIFFE

DENSITY CARDS

MNAL PAGE‘ iS
OF POOR QUALITY

=

10702769

OGRAVQDCR

R e

e e S T
T .-

B LT — - ———

e e e

s JENDSAF (2 FLAG

1 LOC2

3}.:
LOCY

LABEL=CARD LABEL

FEN‘T SN Y
120A4,

A4 )

———— - ———— —

R
W 13,10x,2044,/1%X,20A47)

ERRCRS FOUND = ,13)
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= e ——

& > : o OF POOR QUALITY

& ' it m L 10/02/69

121 FORMATU1X,#/77411H END OF JOR
. HRITE(S9,121y " . . S -
: REWIND 40 y
Fe —C _RETURN = = R ot S e e
-:%3tc1~fwcau£—eakwxs INTO BSNS}T¥ ARRAY FEOAUT o T e AR
200- DO 204 [=1,5° P --x;uu__-&_“;“,,,wq,,”m._m,.u- e
S =T 1F (DURT1)= S R RS E i g J L LY e e S S e e e S
202 ENCODE(B,203,DCR3(1IIDCR(LY e e '
203 FOKMAT(FB,2)
204 NDCR=]
GO TO 208
201 DO 207 J=1,5
~~ ENCODE( S8 206 DCRB(J)) -
206 FORMAT(BX) =2 B R Ty MR Tt A
207 CONTINUE. : = J
208 PAGE=PAGE«]
»m_HRITF(ﬁz,ZOQ)‘AGE.HCR.ALR DCRA
(209 FORMATULHL, ///7/7.6H PAGE ,13,10%X,20A4,/1X,20A4/2X, Sl i
162HSTATION LOCATION - LATITUDE LONGITUDE ELEVATION
221H GRAVITY FREE AIR,5X,314DENSITIES AND BOUGUER ANOMALIES
3104 (MGAL) /32X,43H(DEG MIN) (DEG MIN) (FEET) (MGAL)
4101 (MGAL) ,5(2X,R8)) i -
LCOUNT=8 =
CexessSEARCH FOR AREA
210 READ(40,41)AMT
220 DO 2722 1=1,20 = S
IFCAMT (1) -TENDSAF (1230, 222,230
222 CONTINUE Sl = e
REWIND 40 :
. GO T0 300 o e e
230 DO 232 1=1,2n
ST 3 .IF(ACR(I)-AnT(I))240.232 240 it & S -
232 CONTINUE !
. GO TO 250 : e i
240 CALL SAIP(40) —— S . :
e -5 e £ S F 0 S - e e e S it
;f 250 READ(<g,251;cru;,SINQ,LiT.LﬂMO,EL DGR&V,LOCi LOCZ :
281 ronvnr<aa,A1,¢F1Q¢2.ZEQ.2:2A91
IF(EOF;40)%0,260 e
260 CALL BASUB2 _ 5
=G0 -T0 250+ snasea A
c.1".SECGﬂJ PASS’ e -
300 READ(AO, 304 IWMT — =5 ==
301 FORMAT(20A4)

iﬂ

"

1
g

P e et e ——— - —— t————

Wy i:" i _'-.

i B LERE

!

e

”3!!!

q’ ﬁ

JI40 READ(4N,308)AMT
I20 DO 323 1=1,20
IF(AMT(I)-TENDSAF(1))430,323,430
323 CONTINUE
GO T0 330
430 DO 432 1=1,20
IF(ACR(I)-AMT(1))440,432,440
432 COMTINUE
GO TO0 250
440 CALL SKIP(40)
GO 70 310
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#4& ERROR ROUTINE
330 WRITE(LL,331)ACR =i
331 FORMAT(1X,1X,16H AREA NOT ON MY
1/1X,174 AREA FRGM CK 1S ,20A4)
CALL QBQERRUR(D,DUMP)
TREWIND 40 e
GO TO 50
END
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SUHROUTINE BaSUB2 ' - e
‘“ INTEGER ERRORS,PAGE, LCOUNT IENDSAF, BFLAG,NDCR i
REAL. STN1,STN2,LAY,LONG,EL,OGRAV,DCR
. INTEGER HCR,HNMT = e P S 5% e e B
S IhTEhEd ACR,ART e U > T e e
COMMON HCR(?G},hHT(aol _ ,§“~~-- e T T TIo s
I Hnag;ﬁfatzggiK“;§201 ftlfé; ;;ég; BFLAG A T T e
= . -a o o '-EI. .Igu lp ‘;mu "‘ s& ' ‘ ~. = Hm‘mw - -
COMMON STNL,STN2,LAT, tﬁﬁc.éL”gGRLv.;OCI LUC?"'“" R s T f
COMMON DCR(S),DCRE(5),NDCR s e e e
REAL FA,FAB &
REAL DCRB : s o E A e e
2 ESeL REAL-BABAR——= . > . :
- DIMENSION RA(S),BAS(S) e T R S e L SR o - n =
REAL RLANK e ; : y _
C L INTEGER IBLANK e . B S AL PR = ity oyt - -
. DIMENSION !BLANK(2) = AT = : : CE R
: fEOU!VALENFF(Q;ANK IBLANK) e R e R il e T i e o =
S LOMMON BLANK- = e TR = : > : 4
INTEGER IFAolFB TR S e R
INTEGER LATD,LONGD
REAL LATM,LONGM T T e e e E .
REAL LAT1.LAT2,NGRAV,K
BFLAG=C B S e e B i e s i
1Fa=0
1Fg=0 e R M I e Sl L s (L e S
IF(LAT#99999,0)5,1,1
1 IF(LONG+99999,0)6,2,2 e e b e e e
2 IF(EL+9999,0)7,3,3 -
3 IF(OGRAV+9999,0)8,20,20 e R i e
5 ERRORS=ERRORS+1
BFLAG=L L e e i L e
IFa=1
= GO TO 1 —_ = — o i S e s L
. 6 ERRORS= ERPDRS‘1 - - e e e .

WH iy

T

bl 1)

g

S JFR=1 =T R e e R e e et e e L s s o
ro**a'?"-~-~-f- AT e e AT LTS Beve . L
e ’::eames TERRARSA = e

ST OUBFLAGEL T T T s R A T N R g L SR -
60 YO S e A e T b i e
- 8 ERRORS= EPRORS¢1 o i e f e e - . e BT

.i__,; RFLAG=T S 3 PRSI S e . P s
= 60 30 20 H_V-f'._fﬂji:,;_il; I S e SRR S S T

o

= :“&3‘.&9.- GM“ .-."_:r i .,c._.-.. T A T TR e T T e -—3;:_ e e - :, - o j

T T I e S A i

':?‘ 22' T ATIT T ) SBLANK = T g e A T T L e A T e AT T e
30 IF(IFA)35,34,35
34 LAT=LAT/60,0 : — s
35 IF(1FB)37,36,37
36 LONMG=ELONG/E0,0 = s e = =
37 1F(BFLAG,EQ,1)60,40
40 LAT1=LAT#3,1415926536/7180.0 e e
LAT2=2.,02LAT1
NGHAV=978B049 .0+
1(1.0+0,0052884=SIN(LATI)*SIN(LATY)
2-0.0000059«SIN(LAT2)«SIN(LAT2)) e e e e




ORIGINAL PAGE IS iR
OF POOR QUALITY '
_ £0/702/69 s o
3-978050,0 : T

K=:L=0,012770 : - O
DGRAV=0GKRAV=NGRAY =
Fi = DGRAV « EL¢0,09406 = S SN T
59 D0 55 [=1,NNDCR 4
52 BACI)= FA=KeDCR(I) 3 . g
- ENCOUE(E75¢, AHIFA . S P : e
.- CNCODE(B,54,84BL1))BACL) . "2 PGS e
B4 FONPAT(FH.2) 2 = - '
55 COnTINUE
60 JF(LCOUNT=60)70,61,61
61 PAGL=PACE+Y
~ WRITE(61,62)PACE,HCR,ACR,(DCRB(!),121,5)
62 FOHMATIINL, //7/77,6R PAGE ,13,10%X,2044,/4X,20A4/2X, e
1621iSTATION LOCATION LATITUDE LONG!TUDE ELbVATXON
P21+ GRAVITY FREE AIR,5X, 1uwr:81'155 AND BOUGUER ANCMALIES - -
310r- (MOAL) /32X, A43H(DER y P (DEG  MIN) (FEET) (MGAL)
410K MGAL),S5(2X,RE)) et e 2 U ST S TN o o
= LCGUNTES - o
20 IFCIFAY72,71,722 R e e e e L e = —
71 LATD=IFIX(LAT) |
LATM=(LAY-LATD)«60,0 - Ay e
LATM=AHSF(LATM)
GO 10 75 e e e
72 LATN=90000N
LATM=9uUCN00000, 5 S sl e e

GO 0 /5
75 1FCIFBY?77,7¢,77
76 LOMGD=IFIX(LONG)
LOMGH = (LLONA=LONGD)*#60,0
LONGM=AEST (LONGM)
GO 10 ¥0
77 LOMGD=9G0G6O0
LOMGH2900030000,
80 IF(oGRAv‘9GUﬁ.n)52,51,61 :
B1 GGHAV=OBRAV+678000,0 o . gy
B2 WEiT={(&1,83) : : :
1STH *.S'”Z,,CC;.L"CZ,L“TU,LATF{LO%GD,LO&GW,EL.OGRAV.,'_n__ S e
QEAL,LRAG(I),124,2) i
83 FORMAT _ : 2 ‘
1(X,46,A1,2%,248,2X,2(2%,14,X,F5.,2),2X,F8.1,X,F10,2,6(2X,R8))
LCOU.T"C’\"’oi ==
_ RETURN . do
= ENG —




TR R

Wil

e St St e

ol b
L
v

== - READ(60,1)ICARD

R

-

1 FOUAT(2044)
WRITEE1,1gICARD
WRITE(1,2

2 FORMAL(BOHEUDIAF
g =

_CTRENINID YTt

STOP <

TR = e, TEEORGINAL PAGETS—

- . ® o
- -
- — - — ———
- e e — - -
- —— e S
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APPENDIX H 06102789 T

PROGQA4 FIX3AF - S S o
DIMENSION ISTAT(2,1000),LAT(1000),LONG(1000), 1HT(100c7 IGRAV(1003}~ R
1, [AREAC n(zw>.15c,<>o).x*o:eu«zo».lntaooo) TR
D1MENSION L2C1(1000),L222(1000) e = e T e
~BEAL AT, Lﬁu,,.Hr.1u~~v._3b1 Loc2 e et Ly e B

”VMxﬁ

11

S IF(18EB(1) .22, 1COSTE(1))11,12 S

S 0. e : TS

In=1

10UT =2 ; e e S A RIS S
READ(60,1071)ICONTROL PSS AR RE TS FIie s e
M=Me+q

r(\’)v"-T('\a) — v e o e - . .- B
FORMAT(20AS) e

FURMAT(AG,¥,34,2F19.2,278,2) e -
FORMAT(AG,14,,44,2710,2,2F8,2) ORIGINAL PAGE o

.- rf.,'!?uf\]'(é'.-jE\;,s;,:'74‘> QE : R Q!JAL‘_" = =

1r (BEIF.60)100,119 ' EReeetse e DU L R R

1FEMIGT,1)120.4 R et s R e

IL=1-1LK - :
CIF(ILK,EQ.0)121,122 3 e e DAY D T e

inN=2

10UT=3 ST ARRee L R S ST e

GG T 4

[v=3 N e == = e

IouT=2

GO TO 4 e e e s 2 s

STNP g

IF(ICONTRO..50.,44C/DEYD, 10 =L > -

PEAD(60,1075) ICOSES
READC(IN,1075) TARZACY e St AR TR IR LIS Be R iR
I+ (IBCHECK, [1)3003,3004

Ny 3000 121,20 e
1+ €1CDSEG( 1), EQ.TAREACD(1))3000,3001
CIOMNT INUE

60 79 3042

491 64

HE1TECIOUT L7083 1AREACD :
PEAN(60,1074) [0NSES e
READ(IN, 10780 1SES

JFC(I0CHECK, 1%)17,13
.r(xsr:u(l) :.-4*-?.‘-3‘5)23019
334 11 l-j’?

oy

; SNTINUE
GO T9 13

12 VRITE(IOUT,1706) 155G T T
16 READ(IN+ 12553 ISTNLISTN2,ALAT,ALONG»HT»GRAV,LOC1.L0C2

_ [FC1OCHRCK, 14)16,3005 :

3005 1F(EQF,IN)L46.45
15 WRITECIGCUT 2 3;'):§T‘\:"- N2 AL Al.ALOtu,HT, GEAYV ;L."\,-.-CCZ

14

20
1020

GO TQ 16

ENDFILE (0J7

G0 79 17

WRITE(61,2721)1CO8E6

FO<¥AT(34= S=G4ENT T) 33 DELETED NOT ON TAPE,2X,2044)
SRITE(IOUT,1°07)



V‘T -
€ - ORIGINAL PAGE IS - = R
B OF POOR:QUALITY B
b= ; 3 06/02/69' e
= 27 REWIND IN - ° 3 =
PoEis = REWIND [OUT - St o g
= GU TO 1 = : T L
TI T 13 READUING105391STVL,1STN2, ALAT.ALONG HT,GRAV,10C1,L0C2 i
2 = JFLEOF.IN) 21,43 . 2 o R
; 21 READC 1N;102871SEG < “ i '." . =5 Y e
TETE IF(ISES (1), 20.4hE N9S123,22 3 =k
C o T RZTWRITE(IOUT.1006)ISEG — — == s o=
j 26 READ(IN,1053)1STVL, 1STN2,ALAT,ALONG,HT,GRAY, LOC1 Locz A

s Ay wm——

IFCEOF,14)25,24
ENDFILE 104T

GO TO 21 ;
WRITZ(IQUT71051)1%
GO TO 26
WRITE(IOUT,1007)
WRITE(61,996) ICHSES

TNL.ISTN2, ALAT,ALONG,HT,GRAV,LOCL,LCC2

= 996 FORMAT(5X,20A4,84-DELETZD) = 3 z

. - GO YO ?7

g 10 IF(ICONTROL.20, 4~r/": 23, ICONTPOL EQ.4HC/UP) 30,25 Ty Lt
. _ 29 WRITE(61,1029)I1CONTRIL = : SRR St

. 1029 FORMAT(S8H JLLEGAL CONTRIL CARD, COLS 1 TO ¢4 ARE,2X,A4)'

_ 31 READ(60,1001)ICONTROL

- —— —

_1n34 FORMAT(2,4,2%X,312,4X%X,13,212,F5.,1,F10.2,15X,2A8) _

- —

It (EOF,60)32,33

$3 I1F (ICONTROL.EQ.4HC/CR,0R. ICONTROL,EQ.4HC/UP,OR, ICONTROL,EQ.4HC/DE)
14,33

32 STOP = _ Aoty

30 K=1

34 READ(60,1034)ISTAT(1,K),1STAT(2,%),LATDEG, LATHIN,LATSEC LONuDEG.LONGH‘
SNGMI N,
1LONGSEC

» THT (<), IGRAV(K),.0C1(K),LOC2(K)

LAT(K)=60 .2 _ATDEG+_ATMINCLATSEC/50,
LO«G(K)‘%O."OI(Oﬁa"OVJWXV’LONGbEC/GQ.

Z ~ o JFCISTAT(L, <) VEQ AREND )35.35—- —
t;;;‘_~—-‘s§ K=Xe1 o - =
s ""”““??.r-*ﬁﬁﬁﬁ?ivsirSI o T = = = =
e Y GRITE(61 eSS = e e e W 1910
s 4087 FORMAT(61H \J“q&? 9F srarxows N UPDATING OR CRcATTNG'FI E Exceeos A g
S e 1”'00 e e o
g {:O TO 1. = e - :
3 36 KE=K=] = : : = - ST et
3 CQlono:QQT - < -
s e LEK-1 — o - e === =
e ; < - -
SEREE no 40 I=1.,L s e
I1SwaP=)
- Do 41 J=1,N A8 P =
IFCISTAT(L,J)-ISTAT(1,J+1))41,44,43
= 2% 44 [F(ISTAT(2,J)~1ISTAT(2,J¢1))4641,45,43 A X S = e
43 ITEMPL=ISTAT(1,J)

ITEMP2=ISTAT(2,J)
ATEMPSSLATIL)
ATEMP4=LONG(J)
ATEMPS=[HT(J)
ATEMP6=IGRAV(.)
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45
1045
41

302

5 53
1053

303
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ITEMP7=10(J)

ATEMPB=LOCI(J) $ L= - ATEMPOLOCRtI)

lST&T(?.J)=lSTLT(2.J¢1)
lAT(J)_LyT('
.u(J)~'nw“tJ*1> . - cesers
IHT(J) NI Y L R S S T e
TGRAVIUI=ISRAVIJ+1D
T¢CI)=INCI+1)
LUC1(J)=L0CL(u+1) $
ISTAT(1,J+1)=1TEMPY
[STAT(2,U+1)=1TEUP2
LATAJ*Z}=A‘“? '
LOMGB(J+1)=A
IHT(J~1)rAT
]GQAV(J*1)=,
D(J*1)=1TEMPY7 -
L“”‘('*')=L7i'°& s
ISUAP=z]SHAR«
GO 70 41
WRITEC 61,1065)ISTAT(1,J),ISTAT(2,J)
FORMAT(L7H STATION NUM3ZR  ,A4,1H.,Ak4,23H APPEARS MORu
CONTINUE

IF(ISKHaP)Y4n, 42

=N-1

IH (!

LOC2(J+1) =ATEMPY

IFCICONTROL.50,44C/CR)Y45,47
READ(60,1006)ICUSES
FEADCIN,10Nn8) T AREACD

N0 404> 1=1,20
IFCICDSEG(I)YEQ.IAREACD(]1))4046,4047
CONTINUE

GO Tj 40408
WRITR(61,108L)1AREACD, IV, JCDSEG

GO TD 32 . e

FEADI(AN,100h6) [ CUSES e :
»~X’~(‘OJJ.1GOﬁ)}i?:u.G——~—

PEADL IN, 1006 )ISES .

[FLI0CHECY, )52 382
V"Qr}’(lJllllt(’ :S—:‘—

l‘(tﬁnv(i)._..LH:N:S>3:.>3

“*Aﬁljw,1H53)IST\£.I<T\2 ALAT,ALONG,HT,GRAYV, LOCt Loce
FOR~ ur(ga X b4 ;258N D O R ZeobhH)

IF(10CHR" 153,323

1

L
1?({)*.;‘)“0 2 Bl

1

<

G

WRITeC(I0UT, Jﬁ‘)[uf‘Jj,I
FORMMUAT(LA L 4,004,27 e
GO TN 53

STN2,ALAT
1 2FB.2:,2A8)

'\)

GO TO %2

PACKSPACE [04JT
WRITZ(I0UT.1004)ICOSES
FORIMAT(6H 11111)

NnY 54 1:10<
IFCLAT(]).%2,0.)55,556

LOC2(J)=LOCR(J+1)

THAN ONCE)}

, ALONG,HT,GRAV,LO0CY,LO0C2




LGB0 F (.ONG(1).E
ST RLTNT=9999%

%5
“56

,-:§,__ =

e, | 3

59
5599

TRYE

554 |

555

B 11

557

54

RLAT=-39299,00
GO TO 55%¢
BLAT=zLLTCD?
8.0.057,58
U R
G0 TS i SN
BLONG=LONG(]) ~3 =
3':('5'(!)'?3.0.)559:95'1
HT=-899,0(0
GO YO 554
HT=IT(]) -2
ETI3RAYLL) . 20.0:)385,38)
OGRAV==-9G9 .00
6030 357
BRAPELBEAV (1) ¢ 0043
WRITECIGUT,1051)1STAT(L, ]
160C2¢(1}Y
WRITE(OHL,L037)ISTAT(, 1),
272(1)

. AD059 FORMATIX,A4,1H.,44,2710,2

ENDFILE 1001
WwRITECIOUT1007)
REJIND N
NRedIND IOUT

06702769 S

B e L e e e .

v ————— e i e A2

e . e

), 15T lT(Z»I)pRLAT BLONG,HT, GRAV:LOCi(I)oLOCzd
IbTAT(Z 12, BLAT,BLONG,HT, GRAV LO’l(X).LUCZ(I)

1 2F8.2,2X12A8)

i, WRITE(G61L,10859)1C0836,100T
e 1060 FORFAY(9H SELGMENT , ﬁAa 20H CREATED ON TAPE LU ,I3) Sroaa
GO T &
_ _Cweass UPDLTF = . 5
47 READ(60,1005) iCLSES
L 62 PEAL(CIN,1099) 1 AKEACD =
o &0 31222
e e TFLICDSES(I) W ED.IARZACD(]))G60,61 5
61 «RITI(A1,1781)1ARKLACH, 1IN, ICDSELS
= “”1061 FURTAT K O TP — 739~4ri4H—LQLﬂ:D ON Lu 413./,x 11quoULn 8E. o
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67 CONTINUE 2 :
\F OtixDas T MW RPEE < 55 = 8 BNy oo P MR gt
GO To 72

T68 READ(IN,1053)187TV1 .lsrvz.ALAr AlONG ELEV GRAVITY & A8 RERETUIES
IF(EQF ,IN)?9,69 - e e
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==-00~T0 683 e et oo . ;‘ |
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78 1&ND=1
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84 IF(ID(KTR).ED.LHD)73,86

86 IF(LAT(KTR).ZQ,0.)387,88

88 RLAT=LAT(KTR)

- GO T 91

87 RLAT=ALAT

.91 IF(LONG(XTR).,EQ.0,)89,9)
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3 GO T0 92
89 BLONG=ALONG

_______ — 92 IF(IHT(KTR).2Q,0.)94,93

93 HT=]HT(KTR)
GO 70 944 HECREuE SR e, iR s

94 KT=ELEV - . .

944 IF(I”QﬁV((TQ).:L 0:308, 95 = e e S
95 GRAV=]GRAV(STR) - i - S

e e w

e GO 10 97 L == 2
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GO 10 73 :
€. MO NUMAER- ]% CORE 10 UPDATE NUMBER ON TAPE =
81 WRITECIOUT, 1“51)157&1.I:Tw2 ALAT ALONG,ELEV,GRAVITY, LOCi LOC2
i GO TO 74 AT
(v MO NUMBER IN TAFE 03 VJM3ER IN CORE

83 IF(LATC(KTR).E0,0.)101,122
101 RLAT=-99392,00

GO T0 103
1:"( AT=LAT(KTR)
.303 AF(L(.1(’7*).ll.7.)1“4.135
104 RBLONG=-G6995%%,00

GO T0 106
105 RLONG=LONQ(4TR)
106 1F(IHMT(KTR).2C.0.2107,1938
107 HT=-993%,00

GO 79 109
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