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SUMMARY

A procedure for the automated production of shot-point location
maps has been developed. It involves two essentially independent steps:
the first in digitizing seismic shot-points on a digitizing table from
whatever maps are available as a source of information; and the second in
running a series of computer programs to convert the table output into the
maps required by the user.

. Seismic shot-points are digitized at BMR using a GRADICON digitizing
table integrated with a Hewlett-Packard HP2100 computer system. This combined
system provides the user with an extended range of capabilities. Data files
can be saved directly on disc, so avoiding the inefficiencies of paper tape or
card output. The data can be edited and the corrected file output onto
magnetic tape in computer-compatible form. As the digitizing follows & general
procedure, any digitizing system can be used with little program modification.
At present the programs can handle data from either GRADICON or D-MAC
digiticing syastems.

Control points for the conversion of table coordinates into

" geographical coordinates are provided by systematically digitizing the

latitude-longitude graticule on each map. XBach seismic line is digitiged
separately with data input manually to identify the survey and line number.
To minimize this manual input of data, a semi-automatic procedure is used to
generate the shot-point numbers. The user provides the increment between
consecutive shot-pointe and the starting shot-point number only. Shot-point
numbers are then assigned automatically within the program to the digitimed
shot-point locations.

The digitized data is processed using computer programs written in
Fortran IV which are presently implemented on the Cyber 76 system at the
Division of Computing Research, CSIRO. The major program DIGMAP converta
the digitized data into shot-point number, latitude, and longitude. The control
pointa are adjusted to the true grid by a least-squares technique which at the
time minimizes the effects of irregularities caused by folds in the source map,
stretching of dyeline prints and the like. The user is provided with an
estimate of the accuracy of tne conversion to geographic coordinatea. Data
are output in the file form standard for BMR marine surveys.

Using this basic data file, program TRAKMAP plots the shot-point
location maps at any specified scale and projection. Facilities exist to
plot the track between consecutive shot-points for data density maps, to plot
the track and annotate at specified intervals for regional maps, and to plot
and annotate each shot-point for detailed maps.
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1. INTRODUCTION

During preliminary compilation of seismic data from the Eromanga
Basin region, it became apparent that a composite map of shot-point locations
would be required. Location maps were available for individual surveys but
these were on different scales and projections and thus were not easily merged.
The two approaches usually tried are photographic reduction, which cannot
overcome several inherent mapping problems, and manual scaling and replotting,
which is a once-off effort that must in general be repeated for later projects.
Instead a computer-based method developed in the Marine Gepphysics Group was
adopted because of its greater flexibility and accuracy. Some of the reasons
for this choice are outlined below. ‘

Various map scales have been used over the years by the different
exploration companies, ranging from 1:63 360 (1 inch to 1 mile) to 1:250 00O,
Simple reduction to a common scale would have resulted in greatly varying line
weight and character size, and would have encountered. problems with the
variable legibility of the original maps. Reduction to a scale of 1:1 000 000
or smaller would have made the map illegible.

Most maps were plotted using the Transverse Mercator projection and
difficulties occur when merging east-to-west across zone boundaries. To further
complicate matters, maps drawn for a particular survey region sometimes used a
non-standard zone to give the least distortion locally. On other maps, the
projection used could not be identified or the graticule provided was completely
inadequate for defining latitudes and longitudes.

Difficulties are exaggerated by the way in which most data maps are
made aveailable as dyelines. The dyeline printing process oftem introduces a
differential shrinkage of up to 5 percent in the map dimensions, and the
direction in which ¢his occurs depends upon how the print was passed through
the dyeline machine. Folding of the copy to fit within a report creates yet
more distortion, and the quality of the copy deteriorates with time.

An attempt was made to use photographic reduction but the several
inherent problems discussed above coult not be overcome. Maps had to be
matched as well as possible because of the projection incompatibilities and
distortion effects. It was found that many maps could not take a 5 to 10
times reduction without causing almost total illegibility. Extension of the
complilation to a larger region would have exacerbated such difficulties.

A superior result using manual methods could be possible by scaling
positions from the original maps and then replotting at compilation scale. At
least in this way the maximum positional accuracy could be maintained. In the
final result it suffers from the same limitations as any other manual method;
the information cannot be displayed at another scale or projection without
repeating much of the previous work.

A possible hybrid solution considered is reduction of the maps to
a common scale and lifting off shot-points at specified intervals onto a
transparent base map. While probably the quickest method for the study in
question, it involves a considerable amount of manual effort. The final
product is a map restricted to the scale and projection used at compilation,
and giving only approximate shot-point locations.

On the other hand, the computer-based technique adopted involves
about the same level of manual effort, but avoids many of the .shortcomings
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of the manual approach. Maps are digitized at original scale using a
digitizing table to give the best positional information available. Effects

of irregularities in the digitized map (e.g. folds, dyeline stretching, poor
graticule preparation) are minimised in the computer program used to convert
the raw information to geographic co-ordinates. From that point onwards there
are no problems in merging information from different sources within the limits
of accuracy of the method.

The basic positional information is saved as a digital data file of
shot-point number, latitude, and longitude. At any later date using a variety
of computer programs available within the Marine Geophysics Group, maps
covering any part of the area can be rapidly prepared from this data file at
any scale or projection without repetition of the manual effort.

One obvious application is the integration of shot-point locations
with seismic time-depth data to automate the production of time-depth structure
and horigon isochron contour maps. With the input of velocity-depth data, the
more tedious task of preparing true depth and isopach maps could be done by
computer also.

Much use is made in the computer field of jargon that 1is unfamiliar
to many people. In particular the word file has several connotations
generally made clear by the context in which it is used. In order to avoid
confusion here, its use is restricted to that of a block of data which is
processed as a unit by a computer program. Similarly the unit of storage
which may consist of one or several files is called a document to help
differentiate between the two. A user may wish to process one or more files
of data within a document which is sequentially searched to first identify and
then extract the unit of information.
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2. AN OUTLINE OF THE PROCEDURES INVOLVED

The work involved in the automated production of shot-point
location maps can be conveniently divided into two essentially independent
steps: the firat in digitizing seismic shot-points on a digitizing table
from whatever source maps are available; the second in running a series of
computer programs to convert the table output into the maps required by the
user. While the techniques described in this report can be applied using
any suitable devices, it is simplest to present them in terms of the equip-
ment available to the BMR Seismic Sub-Section, namely the GRADICON digitizing
table within BMR (integrated into a Hewlett-Packard HP2100 computer system)
for the first step, and the Control Data Corporation Cyber T6 computer at
CSIRO in Canberra and the Calcomp plotters at BMR for the second step. 4
flowchart for these steps is shown in schematic form in Figure 1.

Procedure at BMR

The beat available shot-point location maps are located and extracted
for digitisation. Some preparatory work may be required to emsure that there
is an adequately sized systematic graticule and to decipher different survey
lines if several surveys are portrayed on the map. Isolated lines from older
surveys are commonly incorporated on a map and this can lead to duplicate
digitization if the user is not careful. The digitizing requirements should
be clearly laid out in advance so that the task on the digitizing tablo is as
simple and mechanical as poasible to minlimize mistakes.,

The map is digitiged using the procedures detailed in Chapter 4 and
the data file saved as a document in the HP system. The digitized output
consists of blocks of data of two types. The first type contains the graticule
data used to control the conversion from digitigzer co-ordinates to latitudes and
longitudes, vwhile the pecond type consists of a sequance of seismic shot-points.
Information is input manually to identify the data type and control) the later
processing. It is desirable, but not essontial, that all seismic traverses lie
within the limits of the graticule as the accuracy of conversion decreases
rapidly for points outside the graticule.

This document is then listed for editing purposes. Data input
manually are checked for logical order or missing information, and any obvious
errors made during digitizing are corrected. The person digitiging should
keep note of blunders by manually entering suitable messages to aid in the
editing, eg. DELETE ABOVE BLOCK, DELETE 10 LINES. In this way mistakes are
more readily identified when checking through the listing.

The edited data file can then be saved on an archival tape to
await further digitization for the desired region and avoid accidental
flushing of the document from the HP disc system. Archiving is carried out
on request by the HP2100 computer operator. VWhen all required maps are
digitized, the archival tape is converted by the operator into a card-image

magnetic tape in a format compatible with the Cyber 76. This tape is then
sent to CSIRO.

Procedure st CSIRO

The magnetic tape containing>perhapa sevoral files of basic
digitiged data, one per map area, is read by the Cyber 76 computer at CSIRO
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and saved within the system as a document. The shot-point location maps

are generated from this document via a series of FORTRAN programs. A basic
aspect of the process is the creation of a digital data file of locations in
geographic co~ordinates. Any later digitized data may then be used to update
the file. In this way, a master file of shot-points may be maintained in
digital form and used to rapidly prepare location maps for any specific
purpose from a detailed study to a regional investigation.

Two main programs are used: DIGMAP which converts the digitized
data into shot-point number, latitude and longitude; and TRAKMAP which plots
the location map at a specified scale and projection. Other programs used are
for file management and editing: LISTAPE produces a numbered listing of every
card image in a data file; NEXFILE merges editing corrections with the main
file to produce an updated file, of the digitiger output in this case; see
Whitworth (in prep.) for a more detailed explanation of the handling of card
image files (Appendix 7). These programs are available in the program
libraries maintained by the Masxine Geophysics Group on its discpack (at present,
Serial Number DMR1345). The instructions for the use of these libraries are
glven in Appendix 4.

Because mistakes, however minor, are almost inevitable the first step
on the Cyber 76 is the production using program LISTAPE of a numbered listing
of the card images in each file that is to be processed. As it is generally
found that several passes through the processing system are needed to eliminate
the mistakes, on-line editing is used; that is, corrections are made to the
input file as it is read into a program but the file itself remains unaltered.
This means the user needs only to produce the numbered listing at the
beginning of the process and work out corrections relative to the original file.

Program DIGHMAP is then run to convert the digitizer output into
shot-point number, latitude, and longitude. The program printout is inspected
for irregularities, and the cause found by reference back to the numbered card-
image listing. Major errors are usually associated with mistakes in one of the
manual entries or in digitising of the map graticule. Edit additions and
modifications are punched onto cards and added to the existing cards in the
edit file. Usually it is best to continue processing even though errors may
be present in the output file as repeated runs of DIGMAP can be costly and lead
to excessive amounts of printout. If a portion of the original file contains
major errors, DIGMAP can be rerun on this part of the file and checked as
before. When satisfied the user saves the converted data as a buffered file
in the standard survey data file format used by the Marine Geophysics Group.

Consideration should be given to producing large outputs from
DIGMAP in microfiche form. 4s this is primarily a checkout phase, there is

no need to keep the printout once the user is satisfied that the conversion
has worked properly.

Program TRAKMAP is then executed using the survey data file as
input, and maps are produced for comparison, with the same scale, projection,
and area as the maps digitized. The plotted maps are overlaid on the originels
and checked for incorrect positioning, missing shot-points, incorrect shot-point
numbers or any other irregularity between the two maps. Further edit corrections

to the digitizer output file may need to be punched at this stage and the steps
repeated.
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When all corrections have been determined, program NEXFILE is
used to merge the edit file and the main file into an updated digitizer
output file. The printout from LISTAPE then becomes redundant and any
further modifications will require the production of a new numbered listing
for the updated file.

Now program DIGMAP can be used to produce the finsl shot-point
location file. This file and the file produced by NEXFILE are saved for any
future applications. Program TRAKMAP may be run at any time to provide an
integrated map at the required scale with shot-points posted at a specified
interval. Usually standard map areas at {:250 000 and 1:1 000 000 will be
plotted. :
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3. _GRADICON-HP2{0Q DIGITIZING SYSTEM

The GRADICON digitizing table was designed as a stand-alone
system capable of a significant amount of control and formatting by hard-
ware (INSTRONICS, 1975). However, it had two short-comings, its output
rate was low, and recording on digital magnetic tape was not possible. - To
overcome these limitations it has been integrated with the Hewlett-Packard
HP2100 system operated by the ADP Group. There are four pieces of hardward
of interest to the user: the digitizing table itself, the console that
controls accuracy and formatting, the keyboard for manual entry of information,
and an NCR terminal for communication with the HP systenm.

The teble has an operating area of 160 by 130 cm, and outputs
digitized positions relative to & local origin, the ABS option, or incremental
or relative to the preceding digitized point, the DELTA option. The values
output may be scaled with ratios of 1:1, 1:2, and 1:4 by setting the scale
switch on the console (Fig. 2); with it set to 1:1 the readings are in
millimetres with a precision of 0.01 mm. At greater scales, the precision in
millimetres falls. All work is done with & ratio of 1:1. The user may choose
POINT mode digitization where one value is output each time the croas-hair
follower is pressed, TIME mode where values are continuously output with tinme
- at a frequency selected by the RATE control on the console, or INC mode where
values are continuously output with distance along the axes at a frequency
selected by the VARIABLE INC/INC AXIS SELECT controls.

The origin may be set wherever the user desires by pressing the
X and Y reset buttons. However, it is important to establish the origin on
the scribed cross-hair at the bottom left-hand corner of the table as this
readily allows the user to check whether the origin has shifted. The origin
should be checked at the end of the digitizing run and at any convenient
points during the work as the origin occasionally changes because of electrical
faults with the GRADICON system or by accidental pressing of the origin reset
buttons.

Information that the user wishes to insert manually is entered
through the GRADICON keyboard. This is used in a variety of ways, depending
upon the format chosen by the user as described in more detail elsewhere
(ADP Group, 1974g). A limited degree of communication with the Hewlett-Packard
system is allowed via the keyboard by entry of special messages that are
recognized as commandas. These commands are all prefixed with a period (.)
and include:
+ALTER - change the format and printing options (in our case suppress data

printout after digitizing the map graticule)
.EfP - to insert a software END-OF-PARTITION in the output file °
EfF - to insert a hardware END-OF-FILE in the output file
END -~ to terminate run when digitizing is complete.

The NCR terminal allows the user to access the digitizer date
acquisition program GRADI on the HP2100 system. To commence digitizing
the user logs into the program by typing into the terminal
*LG, GRADI ,
and then answering a series of questions asked by the -computer to establish
the mode of operation and the format required for the digitized data.
Appendix 1 show the questions asked by the computer and the answvers necessary
for seismic shot-point digitization. :
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The user defines the format he needs via the F2 option query. The
co-ordinate data are packed into 80-character card image records (four X-Y
readings per card image) if option O (gero) is chosen. This is the most
efficient packing possible and is used to minimize the length of the output
file. It also automatically converts each manual entry into a separate card
image which makes identification straightforward.

Point mode digitization is used for seismic shot-point locations.
This also requires the POINT and ABS buttons to be depressed on the digitizer
console. In this mode a single X~Y value is sent from the table to the HP
system each time the button on the cross-hair follower is pressed.

When the digitizing is complete the user finishes by typing .END
and saves the document on the HP disc (see Appendix 1). The user can then
obtain a numbered listing of the card-image digitized data for checking
purposes, by typing
#*LI, document header
The listing is output on the electrostatic printer in the HP conputer room.
The printout is scanned for errors or omissions in the manually entered data,
and also for any spurious X-Y values that have been output by the digitisger.
The data file is edited using the HP inter-active editor (ADP Group, 1974b)

which is similar to the TED editing system on the Cyber 76 at CSIRO but not
as powerful.

To edit, the user types the following commands on any available

terminal:
*GF, filename - get file called filename
*ED - turn on editor
Edit file using appropriate instructions
MF - make file and terminate editor
*RF', security code, filename - replaces o0ld filename with edited version

When all editing is finished the computer operator will archive
the data to await other data from surveys within the same area. After all
maps have been digitized the operator will write the digitized data onto a

magnetic tape in CYBER 76 display code. This tape can be sent to CSIRO and
read into the computer.

The GRADICON digitizing table at BMR is usually used to digitize

the shot-point location maps, but data from the D-MAC digitizing table at
CSIRO can be handled equally as well.
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4, DIGITIZING SHOT-POINT LOCATIONS

The main source of seismic shot-point maps are the company reports
held by the Subsidy Section of BMR. These location maps are usually at a
scale of 1:100 000 and are drawn using the Transverse Mercator projection. The
older surveys are often at 1:63 360 (1 inch to 1 mile) or 1:126 720 (2 miles
to 1 inch). Regardless of source, scale, or projection the best available map
should bYe obtained as the accuracy of the digitized positions depends upon the
quality of the original map. '

The map is almost invariably a dyeline copy that has been folded to
fit into a report. Errors are introduced by the folds and differential shrinkage
in the dyeline process, both of which increase the difficulty of obtaining
accurate locations. The latitude-longitude graticule on the map is often
drawn by hand with concomitant limitations in accuracy. Sometimes the pera-
meters used in the projection are inadequately defined or the projection itself
may not be specified. These limitations can be circumvented to some extent in
the processing if adequate precautions are taken in the digitizing.

After the map has been taped down as flat as possible on the
digitizing table, the latitude and longitude limite and spacing of the
graticule to be digitized must be written down for later reference. These
values are required in program DIGMAP to convert the digitized shot-point data
to geographic co-ordinates. The spacing must be constant in either direction
but does not need to be the same for latitude and longitude. A flowchart of
the preparation and digitization of the map is shown in Figure 3. ;

The user starts by inserting three messages manually on the GRADICON
keyboard. The first is the file name, an 80-character free-format label, by
vhich the file will be identified and located during the processing to follow.
The next card image identifies the following data as being the digitized map
graticule. This includes a free-Format map label which is used to identify the
data within program DIGMAP. The third message gives the dimensions of the
graticule. The graticule is then digitized row by row from left to right in
longitude, starting at the bottom left-hand corner snd moving upwards in
latitude as each row of points is completed. The block of data is terminated
by a manual entry of an End-of-Partition (or EgP).

~In summary the block of graticule data is in the form:
file label - label of file for identifying and locating
Mmap label : M identifies map graticule block; followed
by free-format map label
G identifies grid size information; 1, m
are number of longitude, latitude points
in graticule

Glxm

X 0000000000000

digitiged graticule points

x eoeos0nesseseeN

x S0 o0 eoevvosr0orve

EgP

insert EFP to mark end of graticule block

Following the map graticule block are one or more data blocks
containing digitized seismic shot-point locations, one for each seismic line.
The user first inserts several messages mainly to allow semi-automatic
identification of the shot-point numbers. The first message identifies the
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following data block as a run of location data and includes survey and line
number and a free-format label. The next gives the interval between

sequential shot-point numbers. This message is unnecessary if the interval

is 1. Then comes a message giving the number of the first location. The
shot-points are then digitized in numerically increasing order. As long as the
shot-point numbers increase uniformly, they can be constructed from the
information provided. Whenever there is a break in the sequence, a message
giving the shot-point number following the break can be manually inserted and
the sequence restarted.

The digitized shot-point locations are in the form:
Resll. line label ' - R identifies following as run of
digitized locations; ss, II survey
and line number; followed by free-
' format line label
Im - I identifies interval information;
m is interval between consecutive
shot-points
Nnnnn - N identifies number of first shot-point;
nnnn is up to 4 digit number

X s o )

- g - digitized shot-point locations

x ® o0 s 000 .

Nnnnn - new number following jump in sequence
X sevecosasoe : .

x ® ee e 0 000 ] .

JEgP - insert EPP to terminate block

This sequence of messages and digitized locations is followed for
each seismic line digitized. Note that while it is possible to break a
traverse into two or more blocks to simplify checking, particularly if it
contains a large number of locations, it is impossible to digitize two lines
in one block because of the way the line number is provided.

A sample of digitized output is shown in Appendix 2. The first
card image is the user's identifier for his digitizing job required by the
Hewlett-Packard system. This will disappear when the file is written onto
magnetic tape. The next card image is the file name, in this case
WEST BLACKALL
by which the file will be identified and located during the processing to
follow. The next two are the graticule identifier,

MWEST BLACKALL
and the graticule dimensions,

G4x6. Twenty-four graticule points then follow and are terminated by a .E¢P.

Following the graticule data block is the run data block containing
the digitized locations of the seismic shot-points. The first card image
contains the run identifier, the traverse number and label, in this case
R3101. WEST BLACKALL LINE WB{. _

The next card image is the value of the first shot-point number,

N1

As no I identifier is present, the interval between consecutive shot-points
is one. Eighty-five shot-points have been digitized, that is the shot-points
range from number 1 to number 85. The block is terminated by a .EfP.



10.

After digitizing all of the required seiemic lines on the map, the
file is terminated by a final E¢P, i.e. two consecutive EﬁPs will have been
inserted via the keyboard. Another map may then be digitized, or preferably
the file is saved as a document within the Hewlett-Packard system. This will
minimize accidental loss caused by overflow of the work space allotted to the
GRADICON digitizer or failure of the system before transfer from temporary to
permanent storage.

Files may be checked, edited, and concatenated before being written
out in card-image form on magnetic tape for transfer to the Cyber 76.

For a quick and ready reference, a summary of the digitization
procedure has been included in this report (Appendix 8).
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5. PROGRAM DIGMAP

The primary aim of the program is to convert the digitizer output
into station number, latitude, and longitude in a form suitable for retention
in a digital data file. It can be used to process seismic traverses, ships'
tracks, coastlines, photo-centre plots and other similar line information. A
listing of the source program, execution deck, and a sample output printout
are given in Appendices 3 to 5 respectively.

Before digitizer co-ordinates can be converted to geographic
positions, it is necessary to determine four unknown parameters. These are
the orientation of the map on the digitizer, differential paper shrinkage in
the dyeline paper (two components), and skew in the digitizer table (Fig. 4).
The first avoids the need to accurately position the map grid parallel to the
digitizer axes, a difficult job even when great care is taken. The second and
third allow for the paper shrinkage which is caused partly by the dyeline process
itself and partly by the history of treatment of the map. The last allows for
non-orthogonality of the digitiger axes, which can prove significant and, if
left uncorrected, introduces systematic errors in the comverasion process.

As the relation between the variables is non-linear, an iterative
least-squares procedure is used within the program to solve for the variables.
The mothod is based upon the technique described in Whittaker & Robinson
(1944) and a more mathematical treatment is given in Appendix 9. The variable
parameters are adjusted iteratively to reduce the residuals between the
digitized graticule and its theoretical counterpart to & minimum in the least-
squares sense. Ten iterations are computed and the values of the parameters and
the mean and RMS residual are printed out at each iteration. The user may
assess the stability of the solution, and if dissatisfied may take corrective
action. Otherwigse the final values are applied in the conversion from
digitiger co-ordinates to latitude and longituds.

An estimate of the overall accuracy of the digitized data can be
obtained from the differences between theoretical graticule and the digitized
graticule after conversion to geographic co-ordinates. Aany gross errors
usually arise from an erroneous digitized value: either a mistake in digitizing
or spurious data causing a decoding error. Systematic variation in the
residuals of either latitude or longitude is most likely to be caused by
incorrect identification of the projection used for the base map. However, an
inadequate number of points in the graticule can cause instability in the
iterative solution, resulting in poor definition of the varisble parameters.

A 3 by 3 graticule is the minimum desirable.

A significant advantage of the approach adopted is that, by and
large, the effects of systematic errors are minimized. Folding of the map
introduces errors that are averaged out via the shrinkage scaling factors.
Uncertainty in the scale of the map is treated as the equivalent of extreme
shrinkage; in fact a scale of 1:100 OO0 has been mistakenly input for a
1:250 000 map and the program has correctly identified the scale by calculating
a scaling factor of 2.5 (Fig. 4). If the projection used in the map is unknown,
adoption of Traverse Mercator often gives surprisingly small errors. Over small
regions orthogonal projections differ mainly in scale between latitude and
longitude, and again the scaling factor copes remarkably well. As long as
there are enough points in the graticule to give a reasonable statistical
estimate of the remaining errors, the user can decide whether or not the
solution is accurate enough for his task. ’
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No further use is made of the graticule data, once the four
variable parameters and other ancilliary constants have been determined.
Conversion of positions to geographic co-ordinates can then be carried out
using these constants only. Each block of position data is procesaed,
co~ordinates computed, a station number constructed from the parameters .
inserted manually, and the data saved in buffered form on a scratch file.
Should there be more than 1440 stations in a single input block, the output
is broken up into two or more blocks. Each block input initiates a new
block on output. When all the input file has been processed, an index of
the output file is created, and index and output blocks are copied out
sequentially from the scratch file.

A word of caution is needed when DIGMAP is used to handle seismic
traverse data. Each location is assigned a unique station number of the form
SSLL.NNNN, where SS is an assigned survey number, LI is the line number, and -
NNNN is the shot-point number which is treated as sequential. By way of
contrast a marine station number is of the form SS.DDHHMM where the part ,
following the decimal point represents time in days, hours, and minutes. The
differentiation in the format of the station number is important as both
programs DIGMAP gand TRAKMAP must correctly identify the data type to carry
out their functions properly.. -

Appendix 5 gives a sample of the output printout of DIGMAP. First
the input graticule data are listed, followed by the iterative solution to the
variable parameters using those data. Then the errors at each of the graticule
points are tabulated to give the user an appreciation of the accuracy of.
conversion and any systematic errors remaining. For each survey line processed
a list is given of the station number construc¢ted, the actual digitiged values
(U and V), and the converted positionms. Following this is a message giving
the number of stations saved for the line. With small numbers of points, a
complete listing is desirable. The example given is a compressed printout
where only the data from every tenth station are listed, to avoid excessive
quantities of printout. If very large data files are handled it is best to
"annihilate" the printout in which case only those messages needed for the
user to be sure the process is working properly are listed.

Messages from the program are self-explanatory and are either
informative or caused by errors in the input file. Errors nearly always
result from incorrect manual input or problems in decoding the digitized
data. The most common error message is .

*uxkxnnik®  NON-NUMERIC INFORMATION IN RUNDATA AT KOUNT nn
followed by the card-image in which the error occurred. After location of the
error, correction cards can be added to the edit file ready for the next run.

The converted data are output in buffered form in a format compatible
with the survey data files used within the Marine Geophysics Group. . This
data file contains an index, together with one buffered record for each survey
line.

A detailed description of the output file format can be found in the
program documentation report by Whitworth (in prep.).



Fig. 4

7 8 -] .
- >
\\~N\ P

4 5 ~.le
bt Sl ety >
\\,\
\\
| _2 . & _
------------- > .

(o) ORDER OF DIGITIZATION (b) ROTATION

/ / / | I |
[ .
/ 7I =T
/ / / | | I
o I I
o= e e —— | e st sy el e e o aran
{c) SKEW {(d) SHRINKAGE

s e e gy w— — ——

Actual grid

== «me == = Theoretical grid

I
I
I
r_
|
I
I

(e) SCALE
(EXTREME SHRINKAGE)

PARAMETERS SOLVED FOR IN DIGMAP

Record No. 1976/65 G465-2TA




13.

Data Cards for Digmep: (See Appendix 4)
Card Iype Format

1 OUTPUT FILE LABEL : §8A10)

2, #MAPGRID 410)

%, MAP CARD -~ STANDARD CARD (2(2410,44), A10,

A2, 4(13, F2.0))
4. SPHEROID CARD -~ STANDARD CARD (3a10, F10.0, F10.2,
2F5.0, F10.0, 2F5.0,
5. PRINTOUT COMPRESSION CARD ~ OPTIONAL (a10)
6. INPUT FILE LABEL (8410)
Cards 2 to 6 are repeated for every map digitized.

Explanation of Cards:

1. OUTKUT FILE LABEL
This card is a free format label up to 80 characters in length.
e.g. GALILEE BASIR

2. #MAPGRID
This card and the folloving two cards cause the theoretical graticule
corresponding with the digitized graticule to be calculated.

3. MAP CARD
This card contains the latitude and longitude limits of the digitized
graticule, and has the form:

Description Format Columng Example
Name of Map to be plotted 3410 1-30 BMR Lake
Galilee

Northern latitude boundary 13, F2.0g 61-65 2200
Southern latitude boundary I3, F2.0 66-70 2230
Western longitude boundary 13, FZ.Og T1=75 14545
Eastern longitude boundary ' 3, F2.0 76-80 14645

4. SPHEROID CARD:

This card contains the information on the spheroidal parameters required to
convert the X-Y co-ordinates to latituda and longitude. The standard spheroid
card for the Transverse Mercator projection is given below. Other projections
having slightly different card format cen be found in Wnitworth (in prep.).

Degeription Format Columns Example
Name of Spheroid ‘ 3A10 1=30 Australian
Ngtional
Spheroid
Equatorial Radius (metres) F10.0 31-40 6378160.0
Reciprocal of flattening F10.2 41-50 298.25
Origin of zones (decimal degrees) F 5.0 51=55 -183.
Width of zones (decimal degrees) F 5.0 56-60 6.
Reciprocal of map scale F10.0 61-70 100000,
Latitude spacing of digitimed
graticule (mins) F 5.0 T1-15 15.
Longitude spacing of digitized
graticule (mins) F 5.0 76-80 15.
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5, FPRINTOUT COMPRESSION CARD

This card is optional and is used to compress the output printout to avoid
unneceseary printout for large data files. If this card is missing, all
data will be output. '

Two options are available:

a; *COMPRESS - causes every tenth station to be printed out
b) *ANNIHILATE - suppresses the printout for station data.

In both cases the grid data and the total atations aavod are still
printed out.

6. INPUT FILE LABEL

This card is an 80-character label which is used to locate the input file.
The label on the card must be identical to the header card on the input file;
otherwise the file will not be located.

e.g. BMR LAXE GALILEE.

If editing of the input file ia required the INPUT FILE LABEL (card
6) is replaced by a sequence of cards:

*EDITFILE

INPUT FILE LABEL

Edit Instructions

= = =« ~ END OF SECTION FOR CYBER 76 = ~ = =

Edit instructions and eiﬁlén&tion are given in APpendix 7.
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6. PROGRAM TRAKMAP

This program is used to plot the seismic shot-point locations
using the survey data file output from DIGMAP. The user can specify the
scale and area to be covered by the map and the projection to be used.

Only one projection may be used in each computer run, but a single map may
be plotted at various scales within a run. The frequencies at which station
gymbols are plotted and station numbers posted, and their size, cam be
selected.

All stations within the file are checked by the program, and
should two consecutive stations identifying numbers differ by more than a
defined limit, the pen is lifted between the two locations. If the limit is
set at zero, isolated station symbols are plotted, while if the limit is
greater than the normsl station number interval a continuous track is
obtained. Taus irndividual stations or coastlines for example can be
handled by the same program.

A standard station symbol is plotted each time the station number
(converted to integer forn) is divisible by the number supplied by the user.
In this way, every station, each tenth station or any other frequency of
plotting can be obtained. Similarly the station number can be posted at

any frequency. However, posting is allowed only if the station symbol has
already been plotted. :

~ The user may specify a border zone around the map, outside which
stations are completely ignored. Within the border, locations are used for
two purposes: one is to allow a continuous track to be drawn to the edge of
the map when one station is on and the other off the area being displayed;
the other is to define the direction of traverse betweem two consecutive
stations so that posting can be made perpendicular to the line sutomatically.
This procedure gives satisfactory labelling in all but exceptional cases .
even with & high station density along the traverse. In either case the
border needs to be wider than the average station spacing.

Lastly the user has the option of over-riding the internally
defined heights for symbols and posting, 0.04 and 0.07 inches respectively.
In the former case the height supplied should be a multiple of four times the
increment size of the plotter, the latter a multiple of seven times. This
ensures the neatest symbols at any angle, consistent with the limitations of
an incremental plotter. As the increment sizes on the CALCOMP 745 flat bed

and 715 drum plotter are 0.0001 and 0,001 inches respectively, the limitation
on the user is minor. -

Card : (see Appendix 6)
Card Type Fornat
1. *MA PPLOT §A10;
2. TYPE CARD A10
3. MAP CARD 2(2A10.A4).A10,A2.4(13,F2.0);
4. SPHEROID CARD , (3410,F10.0,F10.2,2(F3.0,F2.0),F10.0, 2F5.0)
5. *TRACK A
6. PLOT FREQUENCY CARD §511o F10.1,2F10.2) ‘
7. INPUT FILE HEADER 8410)
8. ~ = - END OF SECTION FOR CYBER 76 = = =~ = =
9. MAP TITLE CARD (4410,4410)

10-18 Repeat of cards 1-9 for second map to be plotted
19. *ENDPLOT P =E
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Cards 1-9 are repeated for each map to be plotted. The same map
can be plotted at various scales or various plot and annotation frequencies,
but only one projection can be used at each computer run.

Explanation of data cards:
1. *MAPPLOT

This card causes the MAPPLOT routine to be executed and draws a map
graticule using the parameters from the following three cards.

2. TYPE CARD

This card is either *STANDARD MAP or #*EXTENDED MAP. It is used to provide
extra checks on required map and will cause job to abort if punching errors
or unreasonable requests are made.

*STANDARD MAP indicates plot is equivalent in size to the standard 1:250 000
map sheets, approximately 17" by 24".

*EXTENDED MAP is used for any non-standard or large maps. Checks are made to
ensure map fits on the flat-bed plotter, a maximum of 45" by 100".

3. MAP CARD
This card is similar to that for the DIGMAP program but instead of being the

limits of the digitized graticules, it is for the limits of the graticule to
be plotted and is not necessarily the same. It is of the form:

Description Format Columns Example

Name of map to be plotted §2A10,44) 1-24 NORTHERN EROMANGA B4SIN
The map area, state 2A10,A4) 25-48 QUEENSLAND

Identifying number for map (A10,A2) 49-60 SF54

Northern latitude boundary (13,F2.0 61-65 2000

Southern latitude boundary (13,F2.0 66=70 2400

Western longitude boundary (13,F2.0 T1-T75 14100

Eastern longitude boundary ~ (I3,F2.0) 76-80 14700

4, SPHEROID CARD

This card is the same as for the DIGMAP program. HNHowever the latitude and
longitude spacing parameters now refer to the spacing of the regular graticule
to be plotted. Any projection parameters may be used but they must correspond
to the projection subroutine attached in the control cards (See Appendix 6).
The most common projections are the Transverse Mercator, Simple Conic, and
Lambert Conformal. The Transverse Mercator spheroid card is given in the

data cards for DIGMAP. The Simple Conic and Lambert Conformal cards are
identical to that for Transverse Mercator except for columns 51-60 where the
latitudes of the two standard parallels replace the origin and width of zones.
i.e. Latitude of Northern standard parallel (deg. & mins) (FB.O,FZ.O) 51=-55

Latitude of Southern standard parallel (deg. & mins) (F3.0,F2.0) 56-60
5. *TRACK

This card causes the execution of the TRACK routine which plots the shot~-point
locations on the specified map base,
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6. PLOT FREQUENCY CARD

This card provides the information on station and posting frequency and other
plotting control: The format is:

Columns

PLTFREQ -~ frequency of station symbol plotting (110) 1-10

STNFREQ - frequency of station number posting (I10) 11=-20

MAXINT - maximum station number interval (I10) 41-50

before pen lifted

BORDER - border needed in minutes of arc (F10.0 , 51-60

CHARNEW -~ height of char&ct?rs pogted.in inches (optional) - 61=70
. F10.2

SYMBNEW -~ height of symbols(posteg in inches (optional) 71-80
F10.2

If either PLTFREQ or STNFREQ are left blank (i.e. zero) then no
symbols or numbers are plotted. In the sample deck given FLTFREQ is 1,
that is every station is plotted, while STNFREQ is 10, so every tenth shot-
point is labelled. With MAXINT blank (i.e. zero) only the symbols are plotted
and there is no track between them. The BORDER has been left blank (i.e. zmero)
a8 there are no data outside the map area.

7. INPUT FILE HEADER
Thié is the header label of the input file and must be identical to the label
used in program DIGMAP when producing the output file of shot-point locations
e.g. GALILEE BASIN '

8. END-OF-SECTION CARD

This terminates search of the input document. If any other files are needed
the appropriate header cards must all appear in front of the E-0-S in the order
the files occur on the input document as search is strictly sequential.

9. MAPTILE CARD

This card contains the map title to be drawn on the map in two forty column
blocks. The title should be centred on columns 20-21 and 60-61 for aesthetic
reasons. e.g. NORTHERN EROMANGA BASIN .

SEOTPOINT LOCATIONS
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7. APPLICATIONS

The major difference between the computer-based approach discussed
in this report and manual methods is the creation of a digital data file
containing shot-point numbers, latitudes, and longitudes. Data in this form
can be readily retrieved for use in a variety of projects. The simplest is
perhaps the preparation of integrated shot-point location maps as shown in
Figure 5. This is a one-third size plotter reduction af all seismic work
falling within the MUTTABURRA 1:250 000 map sheet. Similar maps can be
prepared for a particular area of interest, given the duta in digital fornm,
at any suitable scale and projection.

A straightforward extension is the creation of a digital file of
shot-point numbers and seismic reflection times to interpreted horizons and
merging of this file with the geographic location files. Techniques and
programs exist within the Marine Geophysics Group for the conversion of
digitized seismic sections to time-depth data, and resampling to regular
intervals, in this case shot-point numbers, in basically the same format as
the location data (Tilbury & Karner, in prep.). Merging of the two data files
is a minor task.

Contouring on a particular horizon or isochrons for specified
stratigraphic intervals requires little further development of techniques
most of which are already understood. Only two difficulties can be foreseen.
One is when & horizon does not exist, or conversely has not been interpreted;
how does one cope with lack of information? The other is when the horizon is
so disturbed that computer contouring cannot adequately handle the information.
In this case a base map can be produced with the required data values posted
upon it which can then be hand contoured. :

The conversion of seismic time-depths to true depthes and thicknesses
involves the application of velocity functions. This is quite tedious when
done manually, for even simple functions, and rapidly becomes impracticable
for complex varying functions. With a clear definition of an acceptable
protocol to be observed when certain horizons are missing, interpolation of
the functions between velocity determinations and computation of the converted
time-depths presents little difficulty. Plotting of the couverted data is
basically the same task as when plotting time data.
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DIGITIZER DATA ID?

APPENDIX { : DIGITIZER QUESTIONS AND ANSWERS

*LG, GRADI
GRADI ON

## GRADICON-HP2100 DIGITIZING SYSTEM =
REV 2 -29/4/1975

1ILT |
XY OR X OR Y CO~ORDINATES?
$1XY |
F2 OPTION? ~ .
(4] ’
POINT MODE OR INCREMENTAL MODE?
$ {POINT
FRINT DATA?
$1YES
READY - START DIGITISING
1 LT

After typing .END on Gradicon keyboard computer replies with:

*EOT ;

OUTPUT ON MT PF OR MAKE SCRATCH FILE?
$4SCR

REMEMBER TO SAVE OR OUTPUT YOUR DATA!
*SF,800,NAME '

NAME SAVED

LENGTH: 1 RECORDS, 100 WORDS



APPENDIX 2

PK

WEST BLACKALL

MWEST BLACKALL

GIXE g

HHRE57 45 VHRES 76 X+1026.98 Y+0060. 92 XK+1195 8@ YV+OO6L1 . 12 X+136€5 .67 Y+005l.
¥+DEG7 35 v+024d .03 X+1028 .00 Y+0245 @4 X+1142 71 v+0245.19 X+1365 €0 Y+OId5.
Y+QE56 .76 TH042D .12 X+1025 .92 Vv4+03423 P4 x+1195 16 Y4430 .04 M+1365 .44 Y+O430.
K+0266 . 64 Y+03514 @4 X+1025.73 Y+0614 .86 X+1195.34 v+0615.42 ®+1365 38 ¥Y+e6l5.
X+OSEE 81 Y+QPID 02 X+1025 .87 Y+O?3AQ 5E ¥+1124 95 Y+OF9D .41 X+1365.36 V+eS00
X+AZ56 @6 Y4ADI3 22 K+1025 50 Y+0924 53 x+1195 .35 Y+QTUESL S X+1365.34 T+O3R4
LEOP
R2101  WEST ELACKALL LIME WBL

N1

K+1358 84 Y4+OPO6 QL X+1352 .36 Y+O7A6 57 ¥+134E.54 Y+OTR5 85I X+134@ 42 y+0PO7 83
K+1334 S6 Y+HOP08 .32 X+1323 .08 Y+O709. 31 X+1322 52 Y+OTR3. 57 X+1316 22 v+0710 84
X+1310.99 Y+@711 .43 X+1304 29 Y4+O712.25 X+1232.52 v+0712 .52 x+12584 Z5 V+@P13 61
X+1289. 07 Y+OT14 . 14 K+1284 43 Y+Q714 48 X+1273 d4 Y+O71% 35 X+12P73 3¢ w4715 P2
¥41267 .32 Y+@716.53 X+1261.94 V+0717 23 ¥+1257 55 Y+Q718 .19 X+1252 .30 Y+0218 73
19 X+1245 59 v+0719 .59 X+1240 67 Y+0713 93 H+123E5 11 v+0P20.54 X+123@ .16 Y+2020 97
29 K+1235.31 V+OPEZ .13 X+1319 33 Y+OTI2.S1 ¥+1214 .27 Y+OTF23 .23 KH1Z02 69 v+OUE3 b
21 X+1204 15 V+OF23 I8 K+1200 53 Y+0PZE .74 X+1135.90 Y+OFZ9. 10 X+1190 37 Y+oT3Z. 16
22 X+1186.61 V+073d .23 ¥+1182 21 Y+O736.81 X+1177 42 Y+O7F35.52 »+1172 25 v+074Z 44
23 X+1163 .50 Y+0744 .74 ¥+1163.56 Y+0747 G4 ¥+1152 22 Y+0750.34 X+1154 62 v+ePhz. 29
2 ¥+1149 46 Y+Q755 .64 X+1144 84 Y+0PSS .91 X+1140.61 Y+2761 &7 x+1136.26 v+076d 70
25 X+1131.47 Y+OUE7 60 X+1126.85 V40770 43 X+1121 73 Y+@773 02 R+1116.74 V+O7U5 £6
26 K+1112 35 v+0728 21 X+1106.26 Y+0731 B3 ®+11€01 .95 Y+@P24 22 X+10397 48 v+0727 24
T K+1092 67 Y+@7IQ. 00 X+1088.07 Y+0792 7S R+1083 .49 vY+O795 47 X+1079 22 v407I7 E6
22 X+1074 .60 Y+OS1Q .57 X+1070 56 Y+OZ03.d1 X+1066 02 V+0205 .58 XK+10B1 OF VY+OEQ3 17
29 ®+1056.18 Y+0210.75 ®+1051 66 Y+@213 72 x+1047.15 v+0216.86 ¥+1842.24 V+0813 27
33 X+1037 61 Y+O822 .06 ¥+1032 86 Y+e825 7S Y+OBC8 .22 X+1023 .55 Y+0E30 45
31 ¥+1018 .99 Y+@R33 B2 X+1013 5@ Y+232e 1 Y+Q233 .21 X+1004 47 T+0542 25
32 X+0993 R6 Y+Q244 .43 X+09594 93 Y+2847 7 I Y+QESQ Q3 #+R985 .77 v+@353 15
33 X+0920 .92 Y+O8S5SG .83 X+0976.63 Y+Q852. 16 X+0372 31 Y4BE61.32 K+0I67 98 Y+0ZE3.E
34 K+E083.32 Y+0265.44 X+0I58 73 Y+OS58 92 X+0953.93 V+0@272.02 =+Q845 25 V+874 55
35 ¥40944 30 Y+@8P7 53
36 EOP

7 R3102  BLACKALL LINE WB2

-
QOO NMMH LN
0 s 03 @ o=
RV GORN RN A

e el ol el
NP W

e
e

32 I6
d 29 M
4@ H4e335 .73 v+@141.76
41 NI
47 40932 04 Y+01d1l TS X+QO46 32 Y+Q14Z 20 S+0955 04 Y+014Z 43 R409685 .64 v+0143.04
42 ¥+Q8971 65 v4+0143.11 X+0932 £3 Y+0143. i Y+0143 Zd M+0936 .69 Y+a143 23

l 4 K+100d 45 Y+91d43 24 X+1012.65 Y+01473. 2 V+0143 23 X+1029. Q2 v+0147° 94

45  %+1037 63 V4+R142.87 X+1045 74 v+@143. 10 ¥+1053 50 Y+0142 €7 X+1081.862 ¥+014z 42
46 RX+10E9.70 Y+Q142.58 X+1077 .76 Y+2141 .99 X+1085 57 v+014Z 73 ¥+1@33 3@ v+eldz 37
47 H+1102 .16 Y+0142 3@ X+1110 53 vy+@142 34 X+1118.32 Y+014Z2 1S X+1128 46 Y+@l1l42 10
48 ®+1134 .73 Y+0141 29 %X+1142 66 Y+0141 23 X+1150 623 V+0141 89 X+11E68 C6 Y+0141 22
49 X+1166.66 v+0141.59 %X+1174 67 Y+8141 25 X+11283 01 Y+01d41l S0 »+1191 14 Y+Oldl 25
5@ X+1199.02 Y+3141 .64 X+1Z06. 87 Y+@ld41l 29 X+1218 .42 v+0140 34 %+1214 .31 v+ol4d .82
51 ¥4+1223 08 Y+0141 .36 X+1231 15 ¥+0141.33 %+1239.18 V+9141 44 X+1247 45 v+0ldl 17
S22 HHIPEE 08 Y4+0141 .17 X+1863.72 Y+Q14Q €7 ¥+1271 .62 v+0141 Q2 »+127% 22 Yv+oldl. &
E3  X+1287 .88 Y+0140 .62 X+1295 F4 Y+0140 71 X+1303 .69 vHR133.43 X+1311 57 v+0140 17
54 X+1319 80 Y+014Q .27 X+1327 95 Y+0140 22 X+123365.52 Y+0140 4@ X+12dd 79 Y+Q133 97

5,

¥+0148 05

&
]
ai

OS5 X%+i352 .78 Y+0133.81 X+136

57 R31@4. EBLACKALL LIME WE4

60 X+0335.29 Y+8317.828
61 N7

2 @943 .22 v+0319 .12
83 MN1S
B4 XK+@T54.26 Y+O321 .16 X+0962 .25 Y+R322.51 X+0962 .50 V+O3Z3 28 R+037E 16 Y+0325 @1
55 }4+Q9B5.35 Y+O326.13 X+0994 .14 Y+327 36 X+100Z .26 Y+03Z2E 95 X+1010 S5 V+O330 41
66 ¥+1018.71 Y+0331 .62 X+1026 34 Y+0333 .03 ¥+1035.38 7+0334 .54 X+1043.28 v+0335. 11
567 X+1051 .23 Y+0336.63 ¥+1059 .23 Y+2333.31 X+10567 46 v+0340. QL ¥+1875 74 V40340 96
62 X+10884 .24 Y+0342 @7 x+1091 49 Y+0343 G3 X+1099 .46 V+0344 .55 *+1166 86 v+Q345 .50
62 ¥+1114 .78 Y+0347 32 X+1122.6@ y+0348 59 X+1130.85 Y+Q3492 Z8 X+1137 97 v+035e 91
70 X+1145 96 Y+0251.19 X+1153 48 Y+OISZ E£3 X+1161.91 Y+2354 20 X+116% 08 Y+03%5 .3
71 X+1177.70 Y+03ST 00 X+1185 P2 Y+0357 67 ¥+1193 56 Y+O357 .73 »+1202 0@ Y+a3R53 43
72 ¥+1210 .50 Y+03SI 20 X+1218 16 Y+0350.10 X+1226 36 (+036@ 51 »+12324 .54 Y+O2E0. 87
T3 X+124Z 71 40361 .75 X+1253 .07 Y+0361 .87 X+1252 .22 v+@363 10 X+12656.42 Y+03E3.93
74 X+1274.71 Y+0353.91 X+1282 20 v+o354 68 X+1220 41 Y+0364 24 M+1298 .88 Y+0365.94
75 X+H1206 52 Y+O366 .18 X+1214 38 Y+O366.55 X+1322 .33 Y+O3IET 20 M+1330 78 Y+Q387 34
76 W+1338.63 Y+0268.98 X+134E6 P4 Y+@363 31 X+1354 24 Y+O3269 .18 X+1383.24 Y+0370.29
77 HN32e
78 X+136%2 .27 Y+@362.86
79 EOP
Ba EOP

SAMPLE DIGITIZER OUTPUT

Record No. 1976/65 G449-~173A




15

e

25

38

35

43

5@

55

b0

65

12

15

80

0.

109

1909

Ce

Cs

32
ap
5@

60
Ce
Ce

[}

]
85
67

Ce
70
9%
Cw
Ce

1@

Ca
112
129

Ce

132
140

(4]
Ce
15¢

160 FORMAT(/,10X,10(1He), o UNRECOGNISED INIYIAL CHARACTER AT BEGINNING

17¢

Ce

Ce
209

e1e

PROGRAM DIGMAP 16/ QPTay FIN a,4eRapy

PRUGRAM DIGMAP (TAPELQ,TAPE4Q, TAPE22,INPUT, TAPESARINPUT,OUTPUT)

THIS PROGRAM CONVERTS DIGITISED DATA FROM THE GRADICON OR
DeMAC INTO STATION NUMBER, LATITUDE AND LONGITUDE,

IT CAN BE USED TO PLOT SHIPS" TRACKS, SEISMIC TRAVERSES
AND CDASTLINES

DATA IS OUTPUT IN BUFFERED FORM USING THE STANDARD FORMAT
FOR MARINE SURVEY DATA FILES,

SUBROUTINES REQUIRED “MAPGRID®,“READIN®,"MAPDATA",
“SCALER® ,“MAPERR", "EXTRACT", "RUNDATA®, “INDEXER"

OIMENSION NAME(S)
COMMON/MASK/ MASK,NBITS(1@)

COMMON/DATAPLT/ SIZE,HAPNAME (3),MAPAREA(3) MAPNUM(2),MAPTITL(S)
COMMON/XYCQORD/ SFEROID(3) ,MAPTYPE(9),SCALE,RLATINT,RLONINT
COMMON/INPUT/ NWORD(8),NERRORS,GRIVU(20,28),GRIDY(20,20)
COMMON/SCALE/ XSCALE,YSCALE,XSHIFY,YSHIFT,USHIFT,VSHIFTY
COMMON/ROTATE/ XSINROT,XCOSROT,YSINRQT,YCOSROT,SINSKEW,COSSKEN
COMMON/MAPY (,M,GRIDLAT(20),GRIDLON(20),GRIDX (22,28),6RIDY(20a,20)
COMMDN/RUNDATA/ RUNNAME (8),KOUNT,FOTO(2@2),U(20@),V(200)
COMMON/INDEK/LABEL (8) ,NSEGY,NSUM, ERRSUM(11),

1 INDEX(8,200),8TNSUM(2023),37(3,200) ,NERROR(11,208)
COMMON/SEGMENT/SEGMENT (8),I8TNS, T(8),ERROR(11),3TNOATAL12,1440)
COMMON/CONST/MTOUT,MTSCR, LUNDOC, IBLANK,DUBIOUS, UNKNOWN, I0ATE
DATa (MTUUT=g@), (MTSCRE20), (LUNDOCS®QR), (1BLANKS RN )
DATA (DUBIOUS®1,0E9), (UNKNOWNS] ,RELB), (MASKYTT78)

DATA(IFORM aeH(BALR))
DATA (NBITSs=5d,248,=42,=36,=30,=24,=18,=12,=6,0)

CALL ERRSET(UU,1202)
CALL YODAY(IDATE)
REWING LUNODOC 8 REWIND MTOUT 3 REWIND MTSCR

READ IN QUTPUT FILE LABEY
READ 2@, LABEL
LABEL (8) = IDATE
READ IN METHOD, I1F EDF END PROCESSING
READ 28, METHOD
FORMAT (8418)
IF (EOF(6@)) 200,39

CALL MAPGRID YO SEY UP LATITUDE AND LONGITUDE ARRAYS
IF (METHOD,EQ,10M«MAPGRID ) 608,40
PRINT 50

FORMAT(/,10X,1@(1He),« PROCESSING STOPPED AS NEw MAPGRIU CARD CAN

INOT BE FUUND®)
&0 1O 208

CALL MAPGRID

READ NAME, IF «COMPRESS « COMPRESS PRINTOUT
IF «ANNIRILATE = SUPPRESS PRINTOUT

LOCATE INPUY FILE, IF NOT FOUND STOP

1LAST = |} 3 READ 28, NAME

IF (NAME(1).EQ,1PHaCOMPRESS ) 61,63

ILIST = g 3 READ 2@, NAME

G0 T0 &7

IF (NAME(1) ,EQ,1QH&ANNIHILAT) 85,67

ILIST = 1043023 §  READ 28, NAME

CALL GETFILE (LUNDOC,NAME,2,NFLAG,6))

1F (NFLAGLED,1) STOP

.NERRORSs B

READ CARQ-IMAGE FROM INPUT FILE
CALL READIN(LUNDOC,IFORM,8,NNORD, IFEQF)
G0 TO (92,18) IFEQF

NCHAR & SHIFT(NWORD(1),=58) ,AND,MASK

IF CARD IS MAPCARD, CALL ROUTINES TO SET UP GRID VERTICES,
CORRECT FOR ROTATION AND SKEW OF GRATICULES, AND COMPARE
THEORETICAL AND DIGITISED GRATICULES FOR ESTIMATE OF ERRORS,

IF (NCHAR,EQ,1RM) 120,110 i

CALL MAPDATA

CALL SCALER

CALL MAPERR

GO TO 70

IF CARD IS FILECARD, EXTRACY FILE NAME
IF (NCHAR,EQ,1KF) t2a,130
CALL EXTRACT(79,NwORD,2,NAME, 1)
NAME(8) = 1DATE
G0 7O Y0

IF CARD IS RUNCARD, CALL ROUTINES TO CONVERT DIGITISED DATA
INTO STATIUN NUMBER, LATITUDE AND LONGITUDE, THEN SAVE DATA
1F (NCHAR,EQ,IRR) 149,150
CALL RUNDATA(ILIST)
CALL INDEXER(MTSCR)
60 TO 70

PRINT MESSAGE IF ILLEGAL ODATA BLOCK, SKIP TO NEXT EOF AND
RESUME PROCESSING
PRINT 169, N«QRO

1 OF DATA BLOCKw,/,20X,1He,8A10,1He)

NENRORS s NERRORS+{

CALL READIN(LUNDOC,IFORM,1,DUMNY, IFEQF)

GO TO (172,72) [IFEOF
AT END OF PROCESSING CaLL OUTAPE TO PRODUCE FINAL OUTPUY
IN REQUIRED FORMAT

CALL OUTAPE(MTOUT)

PRINT 210
FURMAT (///,10X,10(1HS),1@X,4END OF PROCESSING«)

ENU

SOURCE PROGRAM DIGMAP

APPENDIX 3

2Y/84/76 15,40,59 PAGE 1
DIGMAP 2
DIGMAP 3
DIGMAP q
DIGMAP E]
DIGHAP .
DIGMAP 7
DIGMAP 8
DIGMAP 9
DIGMAP 10
OIGMAR 1
DIGMAP 12
DIGMAP 13
DIGMAP 18
DIGMAP 15
OIGMAP 16
DIGMAP 17
DIGMAP 18
DIGMAP 19
DIGMAP 20
OIGHMAP 21
DIGMAP 22
DIGMAP 23
DIGMAP 24
DIGMAP 25
OIGHMAP i
DIGMAP 27
DIGMAP 28
DIGMAP 29
DIGHAP 3o
DIGHAP 3
OIGHAP 32
DIGHMAP 13
DIGMAP £1 ]
DIGMAP 35
DIGMAP 38
DIGMAP n
DIGMAP 38
DIGMAP 39
DIGMAP 4@
OIGHMAP 41
DIGMAP 42
DIGMAP 43
DIGMAP a8
DIGMAP 45
DIGHAP as
DIGMAP ar
DIGHAP 48
ODIGHAP 49
DIGMAP 30
DIGMAP 51
DIGMAP 52
DIGMAP s3
DIGMAP 54
DIGHMAP 55
DIGMAP 54
DIGMAP 57
DIGMAP S8
DIGMAP 59
DIGMAP Y]
DIGMAP 0!
DIGMAP 62
OlGMAP 3
DIGMAP (1]
DIGMAP (1]
DIGMAP 66
DIGMAP [
CIGMAP 68
DIGMAP 69
DIGMAP 78
DIGMAP 71
DIGMAP 72
DIGMAP 13
DIGMAP 14
DIGMaAP 18
DIGMAP 76
RIGMAP 17
DIGMAP 78
DIGMAP 19
DIGMAP (1]
DIGMAP 81
DIGHMAP 82
DIGMAP 83
DIGMAP 84
DIGMAP as
OIGMAP 86
DIGMAP [}
DIGMAP 88
DIGMAP 89
DIGMAP 92
DIGMAP 91
DIGMAP LT
DIGMAP 93
DIGMAP 9
DIGMAP 95
DIGMAP 96
DIGMAP Sy
DIGMAP 98
DIGMAP 99

DIGMAP 108
DIGMAP 1e1
DiGMaAP 102
DIGHAP 1e3
DIGMAP 124
DIGMAP 1e%
DIGMAP 106
DIGMAP 107
DIGMAP 108
DIGMAP 129
QIGHAP 112

Record No.1976/65 G449-165A
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APPENDIX 3

SUBRQUTINE MAPGRID 16770 OPTw} FIN 4a,4e¢RQ08Y 27708/76 15,412,855 PAGE
SUdROUTINE MAPGRID MAPGRID 2
MAPGRID 3
Con THIS$ SUBROUTINE COMPUTES THE LATITUDE AND LONGITUDE GRI1D MAPGRID 4
Ces VALUES USING THE LIMITS AND INTERVALS GIVEN ON THE MAP MAPGRID s
Can NAME AND SPHERDID CARDS, THE THEORETICAL X=Y COORDINATES MAPGRID 6
Cas OF THESE GRID VALUES ARE ALSO COMPUTED MAPGRID ?
Con MAPGRID 8
Con SUBROUTINE REQUIRED "XYCOORD™,"MAPZONE® HMAPGRID 9
- ] MAPGRID 10
COMMON/OATAPLY, SIZE,MAPNAME(3),MAPAREA{3I) , MAPNUM(2),MAPTITL (8) MAPGRID 11
COMMON/MAP/ L, M, GRIDLAT(2@),6RIDLON(2®),LRIDX(20,20),6RIDY(20,28) MAPGRID 12
COMMON/HMAPPLOT/ TLAT,BLAT,WLONG,ELONG,SINROT,COSROT,XL,YB,XR,¥T MAPGRID 13
COPMON/XYCUDRD/. SFEROID({3),MAPTYPE(9),SCALE,KLATINT,RLONINT MAPGRID 14
MAPGR]ID 15
TIMEINT » SECOND(UU) MAPGRID 16
PRINT 203, TIMEINT MAPGRID 17
20 FONMAT(1H1,//7,10X,+DIGITISATION OF MAP COMMENCEDe,F9,1,s SECa,//) MAPGRID 18
MAPGRID 19
Ce CALL MAPZONE TGO READ MAP CARD AND ESTABLISH LIMITS DF MapP HAPGRID 2e
CALL MAPZONE MAPGRID 21
MAPGRID FH]
Cw CALL XYCOORDS 7D SET UP CONSTANTS NEEDED LATER MAPGRID 23
CALL XYCOOROD(N,U,u,V) MAPGRID 24
- MAPGRID 25
C» SET UP LONGITUDE GRID VALUES, INCLUDING EDGES OF MAP MAPGRID 26
NEXRRQR 3@ MAPGRID 27
\ * (ELONGeW|,ONG+P,0281) /RLONINT#1 MAPGRID 28
1F (L,LE,22) GO 7O 43 MAPGRID 29
NEXROR » 1| $ GO T0 &8 MAPGRID 3e
ap vo se  lsy,L MaPGRIQ 31
LRIDLON{1) & WLONGe(I=1)2RLONINT MAPGRID 32
SP CONTINUE MAPGRID 33
MAPGRID 34
Cw SET UP LATITUDE GRID VALUES, INCLUDING EDGES OF MAP MAPGRID 35
6p M 8 (BLAT=TLAT#0,0221)/RLATINTe] MAPGRID 36
IF (M,LE,208) GO TD B8n MAPGRID 37
NEKROR ® 1 l G0 YO 1R MAPGRID 38
82 00 92 Jei, MAPGRID 39
GRIDLAT(J) = BLAT (J=1)»RLATINT MAPGRIO 4
92 CONTINUE MAPGRID at
MAPGR]D “2
Ce WRITE ERRQOR MESSAGE THAT LAT « LONG GRID TGO BIG ANU STUP MAPLRID a3
1@@ 1F (NERROR,EQ,2) GO TO 13¢ MAPGRID 44
PRINY 120, L, H MAPGRID 4s
120 Fcunat(xul,ga(xu-),18!,15,- Xs,15,% LATITUDE = LONGITUDE GHID TOO MAPGRID [
1816%) MAPGRID a7
CALL ABORT MAPGRID 48
MAPGRID a9
Cw DETERMINE Xay COORDINATES OF LATITUDE=LONGITUDE GRID MAPGRID S8
130 00 154 lsy,L MAPGRID 51
00 14@ Jag,M & MAPGLRID 52
CALL CUORDS(GRIDLAT(J),GRIDLON(I},GRIDX(I,J),GRIDY(I,J)) o MAPGRID s3
180 CONTINUE MAPGRID 54
152 CONTINUE MAPGRID S5
MAPGRID 56
RETURN MAPGRID S7
MAPGRID S8

SUBROUTINE MAPERR T6/T6  OPTsy FIN 4,4eRA01 @7/88/76 15,42,59 PAGE
SUBROUTINE MAPERR MAPERR 2
MAPERR 3
THRIS SUBROUTINE COMPARES THE THEQRETICAL AND DIGITISED MAPERR a
GRATICULES AFTER CORRECTION FOR QRIENTATION UF MAP ON MAPERR 5
OIGITISER, DIFFERENTIAL SHRINKAGE OF PAPER, AND SKEw OF MAPERR [
DIGITISER DR MaP, a TABLE 18 OUTPUT OF THE ESTIMATES UF MAPERR ?
THE DIGITISING ERARQORS MAPERR 8
MAPERR 9
Con SUBROUTINE REQUIRED "XYCOORD" MAPERK i
MAPERN 11
COMMON/INPUT/ NWORD(8),NERRORS,GRIDU(20,20),6RIDV(22,20) MAPERR 12
COMMON/MAP/ L, M,GRIOLAT(28),GRIDLON(2A),GRIDX(28,28),6RIDY(20,20) MAPERR 13
COMMON/SCALE/ XSCALE,YSCALE,XSHIFT,YSHIFT, USHIFT VSHIFY HAPERR 18
COMMON/DATAPLT/ SIZE,MAPNAME (3) MAPAREA(3),MAPNUM(2),MAPTITL (8) MAPERR 15
COMMON/ROTATE/ XSINRDY,XCOSROT,YSINROT,YCOSROT,SINSKEW, CUSSKEW MAPERR 18
MAPERR 17
TIMEINT 8 SECOND(UY) MAPERR 18
PRINT 10, MAPNAME,TIMEINT MAPERR 19
10 FORMAT(1WY,///,10%,«ESTINATE OF ERRORS IN DIGITISING *,1He,3440, MAPERR 20
1 the,e FROM GRATICULE VALUES =  COMMENCED#,F3B,1,w SECw,//, MAPERR 21
2 24X,91 Ja,6X, #LAT#, TX,4DLAT®,6X,¢LONGw,6X,s0L0NGs,/) MAPERR 22
HMAPERR 23
SUMLAT ® SUMLAT2 = BUMLON = SUMLON2 = @,2 MAPERR 2a
00 ag Juf,M MAPERR 25
LATD » GRIDLAT(J)+Q,27283 § RULATM s(GRIDLAT(JI~LATD)wb¥,8 MAPERR 26
00 32 1Isi,L MAPERR 27
LONGD » GRIDLON(I) ¢ 0,02083 S RLONGM a (GRIDLON(I)=LONGU}#60,0 MAPERR 28
UU w GRIDU(I,J)=USHIFT [ VY ® GRIDV(I,J)=VSHIFT MAPERR 29
UU » UUSYYSINSKEW 8§ VYV ® VVveCOSSKEW MAPERR 30
X » XCOSROT#UU = XSINROTevY ¢ XSHIFTY MAPERR 31
Y 8 YSINROTSUU ¢ YCOSROTevY + YSHIFT MAPERR 32
CALL POSITN(RLAT,RLONG,X,Y) MAPERR 33
DLATe (RLAT=GRIOLAT(J))262,8 $ DLUNGS(RLONG-GRIDLON{I))#60,0 MAPERR © 38
SUMLAT = SUM_LAT4DLAT § SUMLATR = SUMLAT240{ATwex2 MAPERR 35
SUMLON ® SUMLONDLONG 8§  SUMLON2 s SUMLON2+DLONGee2 MAPERR 36
PRINY 2@, 1,J,LATD,RLATM,DLAT,LONGD,RLONGM,DLONG MAPERR 37
20 FORMAT(20X,215,2(17,Fa,B,n «,F8,3,* ») ) MAPERR 38
39 CONTINUE MAPERR 39
PRINT 38 MAPERR 48
35. FORMAT (10X) MAPERR 4y
4Q CONTINUE MAPERR 42
MAPERR a3
Ce COMPUTE AND PRINT MEAN AND SO OF LAT ANO LONG ERRORS MAPERR 40
COUNT » LM MAPERR 1}
AVLELAT & SUMLAT/COUNT ) AYGELON = SUMLON/COUNT MAPERR as
SOLAT s SQRT(SUMLAT2/COUNT=AVGELAT#e2) MAPERR a7
SDLON = SGRT (SUMLON2/COUNT=AVGELON=42) MAPERR “a
MAPERR 49
PRINT 5@, AVGELAT,AVGELON,SDLAT,80LON MAPERR 5@
8P PORMAT(/, 36X, sMEANS,2(F10,3,4"%¢,10X),/,38X,28D,2(F10,3,3"*,108X) ) MAPERR 51
MAPERR S2
RETURN MAPERR S3
MAPERR 56
END MAPERR S5

DIGMAP SUBROUTINES

MAPGRID AND

Record No. 1976/65
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SUBROUTINE MAPDATA 76/76 UPTRy FTN 4,4eRap1 @T/0a/7s
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L1

5%
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%2
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4
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C»
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e
LT]
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120
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SUBROUTINE MAPUATA

THIS SUBROUTINE EXTRACTS THE DIGITISED GRATICULE VALUES,
CHRECAS DATA FOR CONSISTENCY AND STORES GRID VALUES IN INCHES
IN ARRAYS "GRIDU™ AND "GRIDV"

SUBROUTINE REQUIRED M“EXTRACT®,"READIN®,"XYCODE®

DIMENSION LABEL(3)

COMMON/INPUT/ NWORD(S8),NERRORS,GRIVU(20,28),GRIDV(22,20)
COMMON/MASK/ MASK,NBITS(10)

COMMON/MAP/ | ,M,GRIDLAT(20),GRIDLON(28),GRIDX (2@,20),6RIDY(28,20)
COMMON/DATAPLT SIZE,MAPNAME(3),MAPAREA(S) ,MAPNUM(2),MAPTITL(8)
COMMON/CUNST/ MTOUT,MTSCR,LUNDOC, IBLANK,DUBIOUS ,UNKNOWN, IDATE
UATA(IFORM spH(8A1R))

CHECK MAPNAME WITH LABEL = IF DIFFERENT PRINT MESSAGE
CALL EXTRACT(3@,NWORD(1),2,LABEL(Y), 1)
V0 7@ Kei,3
LF (MaPNAME(K) ,EG,LABEL(K)) 70,82
CONTINUE
G0 10 102

PRINT 9@, MAPNAME,LABEL
FORMAT(/,1RX,1@(1Ha) ;e ERROR IN MAPSHEEY LABEL = SHOULD BE .,

1 IMw,SAL0,1He,/, 46X, «NAME INPUT n,1M#,3410,1He)

NERRQRS » NERRORS»)

READ CARD IMAGE FROM INPUT FILE
CALL READIN(LUNDOC,IFORM,8,NNORD, IFEQF)
G0 TO (12¢,100) IFEOF
NCMAR = SHIFT(NWORD(L),=5a) ,AND MASK
IF (NCHAR,EG,1RG) GO TO 150
PRINT $ap, NwORD
FOMMAT(/,10%,1B(1Ha) ¢ UNRECOGNISED INITIAL CHARACTER IN MAPGRID I
INFURMATION « SHOULD BE GRID SIZE STARTING WITH "G*,/,

2 2¢X,1He, 8410, Hw)

192
248
220

232
240

252
269

28
293

e

320
332

362
372

382
392
420

410

NERRORS = NERRQRSei

EXTRACT GRID DIMENSIONS (LXM)

»
152 IMAX » JMAX = KOUNT » p

00 218 K®2,1d

Ki & Kef

NCHAR ® SHIFT(NWORD(1),NBITS(K)),AND MASK
1F (NCHAR,EQ,{RX)} 220,190

IF (NCHARLEQ,{R ) 219,200

IMAX ® IMAX#1B¢(NCHAR={RD)

CONTINUE

00 2a@ KeKy,i0

NCHAR & SMIFT(NWORD(}),NBITS(K)) AND MASK
IF (NCHAR,EG,IR ) 248,232

JMAX u JMAXe1B¢(NCHARaLRD)

CONTINUE

CHECK IF GIVEN GRID YALUES EQUAL TO CALCULATED GRID VALUES
= IF NOT PRINT MESSAGE
1P (IMAX,NE,L,OR,JMAX NE,M) 2S@,278
PRINT 260, IMAX,JMAX,L,"
FORMAY(/,10X,18(1He), 110, Xs,13,» MAPGRID VERTICES SAID TO BE PRE
13ENT = THERE SHOULD BEe,15,n Xs,13)
NENRORS w NERRORS+)

EXTRACT X=Y COORDS OF GRATICULE

STORE VALUES IN GRIDU AND GRIDY IN INCHES
PRINT 282
FORMAT(///,17X, #COUNTw, TX, sVERTEX®, TX, 20w, 9X,0Ve,/)
CALL READIN(LUNDOC,1FORM,8,NwDRD,IFEQF)
G0 TO (31¢,382) IFEOF
CALL XYCODE (UU,VV,NWQRD, IFERROR, IFEND)
KOUNT = KDUNTef
JMAY » (KOUNTe3)/L4+} 3 IMAX » KQUNTwie(JMAX=])
G0 TO (368,320) IFERROR
PRINT 33@8, NWORD
FORMAT(/,108%,18C(1Hna), 0 NONeNUMERIC INFORMATION IN MAPGRID DATAe,/,
1 20X, 1He,8410,1%%)
NEKRORS & NERRORS#1
GRIDU(CIMAX,JMAX) & GRIDV(IMAK,JMAX)} 3 UNKNOWN
G0 TO(310,290) IFEND

PRINT 372, KOUNT, IMAX,JMAX,Uu,VY
FORMAT (1OX,2110,18,2F10,2)
GRIDU(IMAX,JMAX) ® yU/2,548
GRLDV (IMAX,IMAX) ® VYV/2,54

GO TO(312,290) IFEND

IF INSUFFICIENT GRID VALUES FOR CALCULATED GRID PRINT HESSAGE
IF (1MAX,NE,L,OR,JMAX,NE,M} 399,419
PRINT 423, IMAX,JMAX,L,M
FORMAT(/,10X,10(1Ne) 110, ¢ Xu,IS,» MAPGRID VERTICES DIGITISED « TH
$1ERE SHOULD BEw,31%,s Xu,13)
NEXRDRS @ NERRORS+|{

RETURN

ENV

DIGMAP SUBROUTINE MAPDATA

Record No. 1976 /65

MAPDATA
MAPDATA
MAPDATA
MAPDATA
MAPDATA
MAPDATA
MAPDATA
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MAPDATA
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MAPDATA
MAPDATA
MAPDATA
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MAPDATA
MAPOATA
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MAPDATA
MAPDATA
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MAPOATA
MAPDATA
MAPDATA
MAPDATA
MAPDATA
MAPDATA
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MAPOATA
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MAPDATA
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MAPDATA
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MAPDATA
MAPDATA
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MAPDATA
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MAPDATA
MAPDATA
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MAPDATA
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SUBROQUTINE "SCALER T6/76 QPTey FTIN 4, 4+Ra01

SUYROUTINE SCALER

THIS SUBROUTINE COMPUTES AN ITERATIVE LEAST SQUARES SOLUTION
OF FOUR PARAMETERS (XSCALE,YSCALE,ROTATION,SKEW) USING THE
METHOD OUTLINED BY WHITTAKER,E,.T, AND ROBINSON,G, ,1942

"YHE CALCULUS OF OBSERVATIONS: A TREATISE ON NUMERICAL MATHI®

SUBROUTENE REQUIRED PMATINV®

DIMENSION A(4,4),B(Q)

COMMON/INPUT/ NWQRO(8),NERKQORS,GRIVU(22,20),GRIDV(2D,20)
COMMON/SCALE/ XSCALE,YSCALE, XSHIFT,YSHIFT,USHIFT VSHIFT
COMMON/ROTATE/ XSINRQT,XCOSROT,YSINROT,YCOSROT,3INSKENW,CAUSSKENW
COMMON/MAP/ (L ,M,GRIDLAT(20),6GRIDLON(20),GRIDX(20,22),GRIDY(22,20)
DATA(EPSILONE) ,BE=]Q)

COMPUTE MEAN VALUES AS LOCAL ORIGIN (TO XEEP NUMBERS SMALL)
COUNT a LaM
SUMX e SUMY & SUMU = SUMVY w 0,0
00 110 Jai,M
0o 100 Is,L
SUMX 8 SUMXGRIDX(I,J) s SUMY = SUMYSGRIDY(I1,J)
SUMU 3 SUMUSGRIDY(1,J) S SyMY = SUMYeGRIDV(I,J)
CONTINUE
CONTINUE
XSHIFT & SUMX/COUNT 3 YSHIFT ® SUMY/COUNTY
USHIFT » SUMU/COUNT $ VSHIFY s SUMY/COUNT

SET UP INITIAL PARAMETERS
KOUNT s D
ASCLALE a YSCALE = 31,0 s ROTATE » SKEw 2 p,02
SINROY s SINSKEW » 0,2 3 COSROT » COSSKEW ® 1,2

PRINT 10
FORMAT(//,22%,#XSCALE®, 14X, oYSCALE®,{aX,sROTATES, JaX, «SKEWx,
1 7%, 04VUEn, 16X, eRMS0,/)

COMPUTE CORRECTED “U"™ AND ®V® USING LATEST ESTIMATE FOH
UNKNDWN PARAMETERS AND CALCULATE RESIDUAL ERRORS
AOUNT = KOUNTe}
SUMDR = SUMORSG ®» 2,8
CALL MEMSET(2,0,4,16)
CALL MEMSET(2.0,8,4)
00 21e Jai,M
DO 2@ I’1,L
XX 8 GRIDX(L1,J)=xXSHIFT L ] YY ® GRIDY(I,J)=YSHIFT
Ul s GRIDU(1,J)~USHIFT $ yv = GRIDV(I,J)=YSHIFT
USKEW 2 UUSVYeSINSKEW 5 VSKEW ® vVaCOSSKEW
URUT o =VSKEWASINROTSUSKEWSCUSROT
VRUT & VSKEWaCOSROTUSKEWeSINRQT
DX & YSCALEwURQTeXX 3 DY & YSCALEavROT=YY
URSE s DX#w2 ¢ DYa#2 ] DR » SGRT(ORSQ)
SUMDR s SUMDR+DR L] SUMDRSQ » SUMDRSG+DRSQ

1F DR SMALL, SET SIN AND COS TO AVOID DIVISION BY ZERO
TWMEN CALCULATE DIFFERENTIAL CORFFICIENTS CORRESPONDING
YO "u® AND "y*"
IF (DRSG,GT,EPSILON) GO TO 192
COSk « 8,8 8 SDNA = 1,B
G0 T0 195 )
COSA # DX/DR S  SINA & QY/OR
Ci s COSA#URQT 3 €2 » SINAeVROT
C3 » «(COSAeXICALE«VROT = SINA+YICALEAURGT)
C4 n COSA#XSCALEa(VROT=UUSSINROT) = SINAaYSCALEw(URGTeUU-COSROTY

CREATE COEFFICIENTS FOR SIMULTANEOUS EQUATIONS IN PORM A(X]eB
8(1) » BL{1)eCiaOR 8 B(2) ® B(2)+C2#0R
8(3) = B(!l'C!tDR 3 B(4) » B(a)+CandR

ACl,1) w A(4,y1)9CLeeR 3 Afl,2) = A(1,2)+C1eC2
AC1,3) w A(1,3)0C8eC3 §  ACL,4) ® A(3,4)4CisCa
A(2,2) ®» A(2,2)9C2e02 3 A(2,3) = A(2,3)eC2uC3
Af2,8) = A(2,8)eC2eCa ] A(3,3) = A(3,3)+C3eCy
Al3,8) = A(Y,a)¢CSeCa s AC3,8) ® A(4,8)eCanw2
CONTINUE

CONTINUE

COMPLETE SYMMETRIC MATRIXK) FIND SOLUTION AND CHECK IF SINGULAR SCALER

A(2,1) = A(1,2) S A(3,1) 8 A(1,3)

Al4,3) = A(1,4) $  A(3,2) v A(2,3)

Age,2) » A(2,4) $ A(4,3) ® A(3,4)
SOLYVE MATRIX

CALL HﬂTlNth(l.l),l.Btl).l,DET IRR)

IF (IRR,EG,y) GO TO %2

COMPUTE ADJUSTED VALUES USING WEIGHTING FUNCTION TO AVOID
OSCILLATION IN ADJUSTMENTS
ALPHA » 8,5 ¢ @,5/KOUNT
XSCALE » XSCALE=ALPHA#B(S) 8  YSCALE » YSCALE-ALPHA#B(2)
ROTATE = ROTATE«ALPMAGB(3) 8§ SKEw » SKEW=ALPHA#B(4)
AVGEOR & SUMDR/COUNT 8 RMSDR s SGRT(SUMDRSQ/COUNT)
PRINT 32@, XSCALE,YSCALE,ROTATE,SKEW,AVGEDR,RMSDR
FORMAT (18X, 6F23,10)
SINRDT s SIN(ROTATE) 8  CQSROT a COS(ROTATE)
SINSKEW v SIN(SKEW) § COSSKEW = GOS(SKEW)

QUIT AFTER {P ITERATIONS AND PRINT SOLUTION
1f (XDUNT,LT,18) GO 7O 52

ROTATE « ROTATEST,295

IKEW s IKEWeSY,29%

PRINT 530, XSHIPT, YSHIFT,USHIFT,VSHIFT, ROTATE,SKEWN,XSCALE, YSCALE
FORMAT (7/,28X, s XSHIFT aa,FiQ,2,# lNcnza- 7.28%,«YSHIFT ws,F10,2,
1 o INCHES®,/7//7,28%,%USHIFT se,Pid,2,+ :N:n:s../.zll.-V!NlFT s,

1 P10,2,% INCHES®,//7,22%X,«ROTATION s4,F12,2,¢ DEGREESS,

3 I,?al,n!lil sa,Fi@,2,« DEGREESe,//,24X,

a sKSCALE =,F10,3,/,24X,8Y3CALE 9e,F12,3)

COMPUTE PARAMETERS REQUIRED IN OTHER SUBROUTINES
X3INROT ® XSCALE=3INRQT ) XCOSROYT » XSCALECOSROT
YSINROT » YSCALE*SINROT s YCOSRAT s YSCALEaCOSROT
RETURN

END

DIGMAP SUBROUTINE : SCALER

Record No.

1976 /65

ar/24/76 15,40,59
SCALER H
SCALER 3
SCALER a
SCALER ]
SCALER s
SCALER v
SCALER [
SCALER 9
SCALER 12
SCALER 11
SCALER 12
SCALER 13
SCALER 18
SCALER 13
SCALER 16
SCALER 17
SCALER 18
SCALER 19
SCALER 28
SCALER 21
SCALER 22
scaler 23
SCALER 24
SCALER 23
SCALER 26
SCALER 27
SCALER 28
SCALER 29
SCALER 3g
SCALER 31
SCALER 32
SCALER 33
SCALER 3a
SCALER 35
SCALER 36
SCALER 37
SCALER 38
SCALER 39
SCALER ag
SCALER ay
SCALER a2
SCALER q3
SCALER a4
SCALER as
SCALER ap
SCALER '3
SCALER a8
SCALER a9
SCALER se
SCALER 51
SCALER 52
SCALER 53
SCALER 54
SCALER sS
ScaLER 56
SCALER sY
SCALER 58
SCALER 59
SCALER (1)
SCALER 61
SCALER %]
FCALER 53
SCALER 1)
SCALER »
SCALER .
SCALER (34
SCALER 68
SCALER (1]
SCALER 18
SCALER 14
SCALER 12
SCALER 73
SCALER 74
SCALER &
SCALER 78
SCALER 17

78
SCALER 79
SCALER (1]
SCALER [ 3
SCALER 1]
SCALER a3
SCALER aa
SCALER as
SCALER 86
STALER '3
SCALER 11
SCALER 1]
SCALER 98
SCALER T
SCALER %2
SCALER 93
SCALER 9
SCALER 98
SCALER 9%
SCALER 97
SCALER L1}
SCALER . [1)
SCALER 180
SCALER 181
SCALER 182
STALER 1oy
SCALER 104
SCALER 183
SCALER 126
SCALER 1er
ScALER 128
SCALER 129
SCALER 110
SCALER 11t
SCALER 112
SCALER 113
SCALER 114
SCALER 118

(CONT.)

PAGE 1

G449-168A




APPENDIX 3

BUBROUTINE AUNDATA T16/76 QPYag FIN a,8eRa01 87/04/76¢ 15,402,%9
1 SUSROUTINE RUNDATA(ILIST) RUNDATA H
RUNDATA 3
Cus THIS SUBROUTINE EXTRACTS THE DATA FOR EACH DIGITISED TRACK RUNDATA [
Cen VALUES ARE STORED IN INCHE3 IN ARRAYS "U® AND Pyn RUNDATA H
E] Coe RUNDATA [
Cae SUBROUTINE REQUIRED "EXTRACT®,"READIN®,"NUMCDUDE®,"TRACKER™ RUNDATA 4
RUNDATA []
COMMON/INPUT/ NWORD(8),NERRORS,GRIOU(22,20),GRIDV(22,28) RUNDATA L]
COMMON/CUNST/MTOUT ,MTSCR,LUNDOC, IBLANK,DUBIOUS, UNKNOWN, IDATE RUNDATA 12
te COMMON/MASK/ MASK,NBITS(18) RUNDATA 11
COMMON/ZRUNDATA/ RUNNAME (B),KOUNTY,PFOTO(220),U(200),Y (200) RUNDATA 12
INTEGER FQTOLAB,FOYO RUNDATA 13
DATA(IFORM sen(8410)) RUNDATA 14
RUNDATA 13
15 ISTARY = KOUNT = g RUNDATA 18
INC & | RUNDATA 17
RUNDATA 18
[ EXTAACT AND PRINT RUNNAME RUNDATA 19
CALL EXTRACTY(T9,NWORD,2,RUNNAME, ) RUNDATA 20
29 JF CILIST LY,19000) PRINT 60 RUNDATA 21
qQ FORMAT(1H,/) RUNDATA 22
PRINT 45, RUNNAME,TIMEINT RUNDATA 23
Qa9 FONMAT(//,1@X,sDIGITIZATION OF RUN «,{He,8A10,18+,4X, RAUNDATA 2a
1 eCOMMENCED®,F6,1,e3ECs) RUNDATA 25
25 1F (ILIST.LT,1¢020) PRINT Se RUNDATA 26
53 FORMAT(//,17X,8COUNTH, A%, «LABEL e, X, 8Us,9X,uVe,/) RUNDATA 27
RUNDATA 28
1# CALL READIN(LUNDOC,1FORM,8,NyORD, IFECK) RUNDATA 29
0 Yo (20,10) IFEQF RUNDATA 30
i RUNDATA 31
Ce EXTRACT AND PRINT INCREMENT VALUE RUNDATA 32
20 NCHAR s SHIFT(NWORD(1),=58),AND MASK RUNDATA 33
LF (NCHAR,EG,1NI)3D,13% RUNDATA 34
32 CALL NUMCOOE(NWORD, 3, INC,I1FLAG) RUNDATA 35
'35 IF (IFLAG,EQ,Y) 423,420 RUNDATA 38
RUNDATA 37
aag PRINT 410, NWORD RUNDATA 38
4@ FORMAT(/,10X,18(1Hn),» ERROR IN DECODING INCREMENT VALUE ,/, RUNDATA 30
1 20X, 1H®,BA12,1Hs) RUNDATA 42
4a ING 0y RUNDATA a3
RUNDATA [t
42@ PRINT a3d, INC RUNDATA 43
430 FONMAT(/,10X,1d(1HS), Q) , #INCREMENT YALUE » «,18,7) RUNDATA Y]
RUNDATA as
as 110 CALL READIN(LUNOOC, JFORM,8,NNORD, IFEQF) RUNDATA [T
G0 10 (132,38@) IFECF : RUNDATA ay
RUNDATA a8
139 NCHAR » SHIFT(NWORD(1),=%4) ,AND MASK RUNDATA a9
135 IF (NCHAR,EQ,1RN) 130,62 RUNDATA 5Q
50 RUNDATA 51
60 IF (ISTART EQ,0) 40,200 RUNDATA 52
9@ PRINT @4, NWOKD RUNDATA 53
10@ FORMAT(/,10X,18(3He),» UNRECOGNISED INITIAL CHARACTER AFTER RUN LA RUNDATA S8
1BEL=SROULD BE PHOTO NUMBER STARTING WITH 2N7w,/, RUNDATA FLS
5S 2 ePx, He,8A12,1He) RUNDATA 96
NEKRADRS B NERRURS+} RUNDATA s?
1SIanT = § RUNDATA 58
NFOTD = B 3 FOTOLAB m IBLANK ] GO TO 200 RUNOATA 5%
RUNDATA (1]
(1.} Cx EXTRACT RUN NUMBER TO BE USED A3 PRACTIONAL PART OF STATION NO RUNDATA [ 1}
188 NCHAR ® SHIET(NWORD(L),»48) ,AND MASK RUNDATA 62
IF (NCHARLEQ,i1Re¢) (133,1148 RUNDATA [ 3]
1130 NPOTO = NFOTD + { RUNDATA «a
ENCODE(3Q,240,FO0T0LAB) NFOTO RUNDATA (1
[+ ISTART o | RUNDATA (13
60 TD 11P RUNDATA [34
RUNDATA 68
1148 NFOTQO = @ 8 FOTOLAB » IBLANK RUNDATA 69
00 198 Ked,1@ RUNDATA 70
70 NCHAR ® SHIPT(NWORD(1),NBITE(K)) AND MASK RUNDATA 71
1F (NCHARLEQ,tR ) 192,182 RUNDATA 72
182 NFOTO & NFOTDei@e¢ (NCHAR=IRD) RUNDATA 73
FOTOLAB ®» SHIPT(PFOTOLAB,*6),AND, NOT MASK RUNOATA 74
FOTOLAB » FOTOLARB,DOR,NCHAR RUNDATA 7%
18 190 CONTINUE RUNDATA T4
ISTART o 1 RUNDATA 1”7
G0 TO 1@ RUNDATA 78
RUNDATA 79
Ce EXTRACT XeY COORDS OF DIGITISEQ TRACK = STORE IN INCHES IN RUNDATA ap
(1] Cw ARRAYS ®y® AND "y®, AND CREATE PHOTO NUMBER RUNDATA 84
209 CALL XYCODE (UY,VV,NWORD,IFERROR, IFEND) RUNDATA a2
KQUNT s KOUNTey 3 1F (KOUNT,GT,202) 320,205 RUNDATA 83
285 G0 YO (28e,21e) - IFERROR RUNDATA 84
210 PRINT 222, KOUNT,NWORO RUNDATA LH
a5 222 FONNAT(/,508X,10({Ha),» NONeNUMERIC INFORMATION IN RUNDAYA AT XDUNT RUNDATA 86
1 8,18,/7,12%, 14,8410, Hs)} RAUNDATA a7
NERRORS s NERRORSe) RUNDATA (1]
V{KOUNT) ‘s V(KOUNT) s UNKNOWN RUNDATA 89
FOTO(KOUNY) a 1DHMISTAKE RUNDATA L5
90 GO TO 295 RUNDATA 91
RUNDATA 92
282 IFUCKOUNT/ZJLIST) I 18T, EQ, KOUNT) PRIKT 290,KOUNT, NFODTO,UU,Y¥Y RUNDATA 93
290 FONMAT(10X,2[10,2F10,2) RUNDATA 94
U(KOUNT) = QU/2,54 RUNDATA 95
93 VIADUNT) » Vv/2,54 RUNDATA 9%
FOTO(KOUNT) o FOTOLAB RUNDATA 97
29% NFOTO » NFOTD o INC RUNDATA 93
ENCODE(3@,240,F0TOLAB) NFDTOD RUNDATA 99
24Q FONMAT(I1Q) RUNDATA 122
109 60 TO (200,110} IFEND RUNDATA $1081
RUNDATA 182
C» TRUNCATE AND SAVE DATA IF MORE THAN 2P@ RECORDS RUNDATA 183
322 XOUNY s KDUNTef RUNDATA 184
PRINT 330 RUNQATA 185
123 319 FORMAT(/,12X,18(1H3),10xX,«MORE THAN 2002 RECORDS IN RUN = LIST TRUN RUNDATA 106
1CATED AND SAVED») RUNDATA 107
CALL TRACKER(ILIST) RUNDATA 108
KOUNT = |§ 3 TIMEINT s SECOND(UUU) RUNDATA 109
IF (ILIST,LT,12808) PRINT 4%, RUNNAME,TIMEINTY RUNDATA 110
119 GO TO 203 RUNDATA 11
RUNDATA 132
389 CALL TRACKER(ILIST) RUNDATA 113
RUNDATA 114
RETURN AUNDATA 115

DIGMAP SUBROUTINE : RUNDATA
' Record No. 1976 /65
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10

15

]

es

i

35

3

45

50

S5

[k}

T?

Co

Ce

SUBROUTINE TRACKER Te/Ts UPTsy

129

135

14¢

14a5%

159

16¢

170

182

FIN 4, 36401

SUDRDUTINE TRACKER[ILIST)

TWIS SUBWOUTINE USES THE CORVENSION PARAMETERS SET UP IN
SCALER TO CONVERT THE DIGITISEU VALUES INTU GEQGRAPHICALS
ANO STURES THEM IN AkRAYS IN STANDARD SURVEYFILE FURM

SUBRUUTINES KEWUIRED "EXTRACT","TQOAY","XYCOORO®

LONMUN/THDEX /L ABEL (8) JNSEGS,NSUM, ENRSUM(11),

1 INDEX(84202),STNSUM(200),57(3,200) (NERROR(11,200)
COMMUN/SEGMENT/ SEGMENT (B),ISTNS,T(3),LRROR(LL) 4STNOATA(IR,3440)
COMMUN/CONST/MTOUT ,MTSCR,LUNDDC, IBLANK,DUBIOUS, UNKNONN, TDATE
COnMON/SCALE, XSCALE,YSCALE,XSHIFT,YSHIFT,USHIFT,V3HIFT
COMMON/ROGTATE/ XSINRQT XCOSRQT,YSINRQUY,YCOSROT,SINSKEW, CUSSKEW
COMMUN/RUNDATA/ RUNNAME (8) ,KQUNT,FUTQ(2@2),U(20d),v(200)

VATA (BLANK a3 1DH )

LXTRACT TRACK LASBEL AND CREATE SEGMENT MEALER
VELDDE (5,73, RUNNAME(1)) TRACK
PORMAT(F5,2)
CALL EXTWACT (74 ,RUNNAME, T, SEGMENT, )
CALL TODAY(SEGHMENT(B))
LAnD = D 3 IF (TWRACK,GT,100,8) . LAND »

IF (ILIST,LT,10@00) PRINT 120, LABEL,SEGMENT

PONMAT (//7,10%,«POSITIONS OF SnIPS TWACKS ON  #,iHe,8410,1Ne,
1 #/,18%,%3URVEY, SKIP ANDJOR CRUISE *, IHw,8A10,1He, 27/,
2 15X ,enECORDe, 4K wTRACR S, 6K, 0L ABEL® 99X, 0X2,TX,eYu,

3 11X, ATITUDE®, 53X, oLONG]ITUDEw, /)

V0 190 Iel,KQUNT
IF (ISTNS,GE,144P) CALL INDEXER(MTSCR)

COMPUTE STATION NUMBER AS THACK LABEL PLUS RUN NUMBER
ISTNS 5 ISTNSei
VECODE (4@, 13%,FOTO(1)) POINT
FORMAT(F10,0)
1F (LANDEd,2Y GO TO tu@
STNNUM s TRACK ¢ POINTep, punj
LD TO 1ab
STNNUM = TKACK ¢ TSURVEY(POINT)
1IF(U(I) LT, 0UBIOUS]) GO TO 157
wLAT 8 LATU s KLATM & KLONG s LONGD & RLUNGM a UNKNOWN
60 TO ted

COMPUTE LATITUDE AND LONGITUQE FOR EACH DIGITISED POINT
YU 8 U(1)=USHIFT 8 ¥V = V(I)=vSHIFY
WU 3 UUeYVaSINSKEW 11 ¥V 3 y¥«COSSKEW
X 8 XCUSROT&UU = XSINRUTeVY ¢ XSHIFT
Y = YSINROTeuU + YCOSROTsVY ¢ YSHIFT
CALL PUSITN(RLAT,RLONG,X,Y)
LAID = RLAT+p,000083 s RLATM 8 (RLAT=LATD)}n62,0
LONGD & RLONG*0,P00083% 3 RLONGM ® (RLONG=~LONGD)} 60,0

IF((ISTNS /ILIST)aILIST EU,ISTNS) PRINT 17D,18TNS,TRACK,FOTO(1),
1 V(I),u(l), LATD,RLATM,LONGU,RLONGM
FORMAT(120,3x,F7,2,810,4X,2F8,2,5%,2(16,F86,2))

STORE DATA IN STANDARD SURVEY OATA PILE FORM
STNDATA(L,I8TNS) s STNNUM
STNDATAL2,I3TNS) » RLAT
STNDATA(S,18TNS) 3 AMOD(RLONG#360,0,362.9)
00 180 K»3,1)
STNDATA(K,1STNS) & UNKNOWN
CONTINUE
STNDATA(12,I8TNS) = BLANK
CONTINUE

RETURN
END

APPENDIX 3

Qr/24/ls

TRACKER
THACKER
THACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRALKER
TRACKER
THACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRHACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
THACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
THACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
THACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRAUKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER

DIGMAP SUBROUTINE : TRACKER

Record No.1976/65

15,22.59

-
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#CY,CPDMRXSA,DIGMAP
DIGMAP(T202) .

COMMENT, " how %
COMMENT, AN
COMMENT, R T T

MOUNT (VSNSPMC5Q2, SNaDMR134S5)

L A TILBURY

EXT 253

ATYACH(A,EROMANGAQONE , SNsDOMR1345, TOSDMRXMD, MR8 1)

COPY(A,TAPEGD)

ATTACH (B, EROMANGATNO, SNeDMR1345, IDRDMRYMO, MR )

COPY(B,TAPE4Q)
REQUEST(TAPEL1Q,nPF,SNaDMR 34

3)

ATTACH(LIBS,DIGITISINGBINARY, I0aDMRXMD, SNaOMR134S, MREY)
» IDSDMRXND, SNsDMR134%,MRe])
ATTACH(LIBS, TRANSVERSEMERCATOR, 108DMRXMD, SNaDMR 345, MRB1)

ATTACH(L1BG,SERVICEBINARY

LIBRARY (%,LI1B5)
LIBRARY(#,LI86)
LIBRARY(«,LIB8)
MAP (PART)
DIGMAP,

CATALOG(TAPE{Q@,NORTHEROMANGAOIGMAP, IDaOMRXMD, XRsPASSKWORD)

EXITCU)

RETURN(TAPELD)

EXIT(S)

RETURN(TAPELQ)

= « = = « END OF SECTION FOKR
GALILEE BASIN

*MAPGRID

BMR LAKE GALILEE

AUSTRALIAN NATIONAL SPRERUID
*COMPRESS

BMR LAKE GALILEE

*MAPGRID

BOWEN DOWNS MAP 1
AUSTRALIAN NATIUNAL SPHERUIV
wANNIHILATE

TOWERHILL MAP g

*MAPGRID

BUWEN DUWNS MAP 1}

AUSTRALIAN NATIONAL SPHERUTV
*ANNIHILATE

BOWEN DOWNS YARKOWGLEN MAP |
*MAPGRID

TOWERHILL MAP 2

AUSTRALIAN NATIONAL SPHEROIU
«ANNIHILATE

*EDITFILE

TOWERHILL MAP 2
»UPDATE 95
*INSERT 96
X+1271,81 Y+p114,89
*UPDATE 98
o0 rgoreroPtoeveotory
*INSERT 98

CYBER 76 =«

6378160,0

6378160.0

6376160,0

6378160,0

298,25 -183, 6.
298,25 =183, 6,
298,25 ~183, 6,
298,295 -183, 6,

PROPIPIPICPOPOIOICPOIIPYS

» % %

APPENDIX

»> % »
> % ®»
. % %
[ 3N BN
- wn e

2200 22321454514645
igpage, 15, 15,

eP45 2100144P014505
100009, Se S.

2102 213a144901450¢
irpoee, S, 5.

2100 2131450014600
170002, S, S.

X+1233 .33 Y+¢Q100,96 X+1222,03 Y+U1P0,96 X¢1211,.,83 Y+0098,36 X+1200,93 Y+0P93,06
~ = w =« = END OF SECTION FOR CYBER 76 = ® @ « w = =
* * % » » END OF INFORMATION FOR CYBER 76 % & % # &

EXECUTION DECK :

DIGMAP

Record No. 1976/65
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APPENDIX 5 PART (1)
l DIGITISATION OF  enMR LAKE GALI.FE . COMMENCED .9 SEC
2T XY TILE +3MY LAKE GaLILEE s FOUND ON LUN 40
' EJITFILE IFAD FROM CARD [NPUTY
COUNT VERTEX J %
I i 1 1 50:12 25,86
2 2 1 60.47 204,04
3 3 1 70,77 26415
4 4 1 81.11 26.28
5 5 1 91.4¢ 26,38
3 1 2 49.95 36.95
7 2 2 60.31 37.10
3 $ 2 73,64 37.21
? 4 2 Bg.98 37,35
10 5 2 91,32 37.45
I 11 1 3 49,76 48,02
12 2 3 60,13 48,15
13 $ 3 73,45 48,31
14 4 3 80.31 48,44
15 5 3 91.1% 48,54
I XSCALE YSZaL: ROTATE SKEW AVGE RMS
2,4R81200151 2,4947007391 =,3105484864 .0046405079 9.,3588706728 10,1109922887
213137783706 231983799443 ".0721135223 100226406817 4473249068177 5111102349331
l 2.4471649154 2145190023538 =.0383898,79 10020506902 1:7022490878 11836749178,
2,4769142215 2,4827B35383 ~.0191963343 ,0019449832 5604248464 16032653130
2.4R60904012 2,4914373523 -.0120714666 10018827582 12103189866 1221676812
214893404297 214948734337 =.0792305841 0017685901 10856964079 10908877763
2:49p7249846 2:4959373799 -.008p110554 10016014191 00381881332 10403017885
2,4920054845 2:4996562352 ~.0273583248 0020121591 10208135107 10220045636
24919341741 214939799132 =.0975069855 10015621565 .01687S7499 10184535863
214921216980 214992069533 10074113212 +0018010171 10165887603 w01796p7282
XASHIFT = -30,43 INC4zs
I YSHIFT = ~968,80 [NC4:i3
USHIFT = 27,81 [NCH:s
VSHIFT 14,65 INCH:S
I ROTATIQON = -,42 DEGRIES
SKEW = +10 DEGIZES
XSCALE = 2,492
I YSCALE = 2,499
ESTIMATE OF ERRORS [N DyGITISING  #34R LAKE GAL[LEE ¢ FROM GRAT|CULE VALUES =~  COMMENCED 9 SEC
1 J LAT D_AT LONG DLONG
1 1 22 3n, 1308 145 45, -,034
? 1 22 31, =319 146 0, -, 000
3 1 22 39, 1316 146 15, -,020
4 1 22 39, -0t 146 3¢, 013
5 1 22 39, =302 146 45, -,008
1 2 22 15, =.3p8 145 45, 000
2 2 22 15. -,208 146 0, 027
K 2 22 15, 1332 146 15, 018
4 2 22 13, 1302 146 30, 027
5 2 22 15, V311 146 45, 026
1 3 22 n, -,305 145 45, ,002
2 3 22 M 1324 146 0. 022
3 3 22 0. =309 146 15, -,022
4 K] 22 1, =,317 145 30, -,nN21
5 3 22 0. =324 146 45, -,030
MEAN ~,300° ~-,000°
S0 ILY 021
' DIGMAP SAMPLE OUTPUT PRINTOUT

Record No. 1976/65 G449-175A



APPENDIX & PART (2)

DIGITIZATION OF RUN =1402, B¥R .INE 2 LAKE GALILE WELL 1 COMMENCED D,0SEC
COuNT LABEL u v
10 1upe 59.52 33,83
s EQF WRITTEN AFTER CARD 47 #Xe0504,16 Ye03g1,67 Xe0593,06 Y+0375,50 .
POSITIONS OF SHIPS TRACKS ON #GALILZZ RASIN 1975/09/12«

SURVEY, SHlP AND/UR CRUISE #B4R LIVE 2 LAKE GALILE WELL 1975709712+

RECORD TRACK LABEL X Y LATITUDE LONGITUDE
10 1402500 1006 15429 23,43 22 12,63 145 58,92

$I55558388 TOTAL oF 14 RZCORDS SAVED [V SEGMENT pN SCRATCH LUN 20
$555353383 LABELLED #3MR LIVE 2 LAKE GALILE WELL 1975709712

DIGITIZATION OF RUN #3401, BYR _INE & Te COMMENCEY 0,.,0SEC
COUNT LABE(L J v
10 1676 68,16 32,40
29 1u86 70,25 31,98
30 1U96 71.8% $0,46
490 1106 73.65 29,72
59 1116 75.81 27,36
60 1126 77.97 29,33
70 1136 80.08 27,38
80 1:46 82.14 29,43
90 1156 84,24 27,84
100 116 86.30 27,37
1176 88.42 25,92
POSITIONS OF SHIPS TRACKS py #GA_I 22 RASIN 1975/09/12s
SURVEY, S4[P AND/UR CRU[Sg YR LINg & 1975/0971¢»
1]
RECORD TRACK LABEL X Y LaTiTyDE LONGITUDE
10 1401409 1075 12,76 26,83 22 21.5¢0 146 11.32
20 1401200 1086 12.59 27,66 22 22.10 146 14,35
30 1401:00 1096 11.99 28,28 22 24,19 146 16.62
40 1401,00 1106 11,70 29,00 22 25,23 146 19,24
50 1401:00 1116 11.56 29,85 22 25,75 146 22,37
60 1401;00 112% 11,55 30,70 22 25.82 146 25,50
70 1401,00 1136 11,45 31,53 22 26,19 146 28,56
83 1401100 1146 11,19 32.34 22 27.10 146 31,54
99 1401:00 1156 10,96 33.17 22 27.93 146 34,59
100 1401:00 116% 10,78 33,98 22 28,59 146 37,58
110 1401.00 1176 1069 34,81 22 29,23 146 40,65
585835383 TOTAL OF 113 R:CORDS SAVED IV SEGMENT 0N SCRATCH LUN 20
$$59385333 LAHELLED  #34R LIVF 4 1975/09/712»

DIGMAP SAMPLE OUTPUT PRINTOUT

-
-
o

Record No. 1976/65 G449-174A
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APPENDIX 6

#CY,CPDNRXSA, TRAKMAP

TRAKMAP (TS50, MLE)

COMMENT, "B EEREER)
COMMENT, "N EEERER
COMMENT, BT EEREREE
STAGE(PLOTORL,MT,H],STe]l0S,PO8Y)
LABEL(PLOTOQ1,N,LsSEROMANGASHOTPTSS)

MOUNT(VSNsPMCS02,SNaDMR{34S)

ATTACHCTAPEL ,NORTHEROMANGADIGMAP,IDaDMRXMD,SN=DMR134aS,MREY)
ATTACH(LIBAG,PHASE4QBINARY »JDSDMRXMD,SNsDMR1345,MRaY)

ATTACHCLIBG, SERVICEBINARY ¢+ IDRDMRXMD ,SNEDMR {348, MRaL)

ATTACH(LIBTY,PLOTBINARY »108DMRXMD , SNsDMR 13435, MRsY)

ATTACH(LIBS,SIMPLECONIC +JDSDMRXMO,SNaDMR 1345, MR8Y)

LIBRARY(w,L1B4)

LIBRARY (»,LIBS)

LIBRARY (w,LIBT)

LIBRARY(»,L1B88)

MAP(PART)

TRAKMAP(PLOT221)

. ® v & = END OF SECTION FOR CYBER 76 ® ® w e e e e

*MAPPLOT

#STANDARD MAP

NORTHERN EROMANGA BASIN 2000 24001410014708
AUSTRALIAN NATIONAL SPHEROIU 6378160,0 298,25 1800 3600 1000000, 60, 99,
«TRACK

L A TILBURY EXT 2353

I AR
» % B
» % ®
» % ®
- B
» 8 B

|
GALILEE BASIN _
w @ w » o« END OF SECTION FOR CYBER 76 » = « w = = =
NORTHERN EROMANGA BASIN SHOTPOINT LOCATIONS
wMAPPLOT ‘
*EXTENDED MAP
NORTHERN EROMANGA BASIN 2000 24001410014700
AUSTRALIAN NATIONAL SPHEROID 6378160,8 298,25 1882 3600 S00000, 60. 9@,
*TRACK

1 10
GALILEE BASIN v
w ®w o » w END OF SECTION FOR CYBER 76 ©» = o w o = =
NORTHERN EROMANGA BASIN SHOTPOINT LOCATIONS
wENDPLOT
* ®# & &« x END OF INFORMATION FOR CYBER 76 * w » #» &

*CY,CPOMRXSA,LISTAPE

LISTAPE(NLY,T30)

COMMENT, L A TILBURY X237

STAGE (TAPEY4D,PE,VSN=10293)

LABEL (TAPEWD,R,L=SEROMANGADATAS)

MOUNT (VSN3PMCS10,SNsDMR1345)
ATTACH(LIBS,SERVICEGINARY,IOSUMRXMD,SNapMR1345,MRse1)
LIBRARY(*,L1B5)

LISTAPE(PL=100MB)

DISPOSE(OUTPUT,ST3DADCA, wPR)

w @« w o« « END OF SECYION FOR CYBER 76 » » @« o « = «

=INPUT FILE

TONERHILL MAP 10

BOWNEN DOWNS MAP 12

BOWEN DOWNS YARROWGLEN MAP 1

* = & &« *» END OF INFORMATION FOR CYBER 76 # » » % «

EXECUTION DECKS : TRACKMAP AND LISTAPE
Record No. 1976/65 G 449-JT71A



APPENDIX 7: THE USE AND EDITING OF CARD IMAGE FILES (after R. Whitworth,
in prep.).

One of the main problems with the CDC 7600 aystem,isvthe time
taken to input large card files through the terminal. Repeated input is
inefficient and creates unnecessary delays in turn-round for other users.

The policy has been :adopted of creating card image files as
documents on disc, either by direct input through the terminal, or as output
from a program in lieu of punch cards. Multiple files within one disc
document are allowed, but then the internal structure of the document must
follow a consistent pattern if individual files are to be identified.

Each file has a8 card image header describing the file contents in
free format. This header is not considered as part of the file, and usually
contains the date of creation of the file in columms 71-80 in the format
YYYY/MM/DD. A particular file is found by comparing a card supplied by the
user with the file headers in the disc document.

For the system to be of much value, it must be possible to correct
for mistakes in punching and erroneous data, and to carry out simple editing
procedures. Editing is done in terms of card images, i.e. a whole card is
deleted, inserted or replaced, and consecutive groups of cards can be treated
in the same fashion. There is an option to delete or replace individual
characters; but the program still works in terms of the card image. A
numbered 1list of each card image file is required to allow identification of
any particular card: the header is not included in this count. All marine
programs that produce card-image output also provide the necessary listing.

A program is informed as to which file is required by the user
supplying a card identical to the header of the card image file wanted. The
miltiple file is searched sequentially until agreement is reached between
card and header. Forward search only is allowed, so should & series of files
be needed, they must be requested in the correct order.

When editing of this file is needed, the single card header is
replaced by:

#*EDITFILE :

CARD WITH HEADER OF INPUT FILE REQUIRED

EDITING CARDS

AR R RE  CONTINUE

EDITING CARDS

esecssssesssessecsscsscsccscccssccse BND OF SECTION FOR T600 eocveecccceccne

The editing cards include instructions to the program, all of which
commence with an asterisk, and data cards to be inserted or to replace existing
cards in the file. The edit list is terminated by a single E-0-S card. There

a;e fi;e basic edit instructions which can operate on a single card or sequence
of cards.



To delete a single card, N
*DELETE N

To delete cards N{ to N2 inclusive
#*DELETE N1 N2

- To insert an end-of-file after card N
*ENDFILE N

To insert one or several cards after card N
*INSERT K

Followed by data cards - ended by next * card or E-0-S card

To replace a singlé card N by one or more data cards
*REFLACE N

Followed by data cards - ended by next * card or E-~0-S card

To replace cards N1 to N2 inclusive by one or more data cards
*REPLACE N1 N2

Followed by data cards - ended by next * card or E-0-S card

To update certain characters in card ¥
*UPDATE N : , ,
Pollowed by a card containing the updated characters in their respective
columne (other columns left blank). To insert a blank an up arrow '
is placed in the appropriate column.

The numbers N and N1 are right adjusted in columns {11 to 20
vhile numbers N2 are right adjusted in columns 21 to 30.

The main file and editing instructions are read in parallel by the
program and the corrected file used within the program. This means that the
main file is not altered in any way by the correction cards. The original
numbered listing can be used to set up the edit cards for one or more runs
until the user is confident that he has the information he wants.



APPENDIX 8: SUMMARY OF DIGITIZATION

1.

2.

Se

4.
5.

6o

Te

9.

Set up tabie, turn on power switches, reset origin on bottom left~hand
cross-hair.

Tape down map on table.

Determine digitization 1limits and intervals.
Write these in note book

Log into GRADI, answer questions (XY, O, POINT, YES)
Digitize Graticule data block

mapname éLFg
M mapname LF

G lxm - 1
m

no., of longitude points
no. of latitude points

Digitize graticule points from left to right, bottom to top._'

. EOP (LF) - to close graticule block
« ALTER « optional to suppress printing

Digitize First Seismic line
Rssll. Survey Name line no. (LF) - where ss = survey number
11 = line number
Im LF - Interval between consecutive shotpoints
Nnnnn LF - First shotpoint number

Digitize shotpoints in increasing order

Nnnnn (1F) ~ New shotpoint number following jump in
sequence :
. EOP (LF) - to close seismic data

Repeat above block for each seismic line

Rssll. 3urvey Name line no. (LF)

Im (LF)
Nnnnn (LF)
« EOP - to close seismic data

Continue until all lines on map digitized

« EOP - to close data file

Exit from digitizer program GRADI by
«END

Save file in HP document region.



APPENDIX Q: DERIVATION OF FORMULAE USED IN LEAST-SQUARES TECHNIQUE

To provide control over the conversion of digitiged data to
latitude and longitude, a regular graticule of latitude-longitude points
is digitized. The X-scale, Y-scale, orientation of the map relative to
its theoretical counterpart, and skew in the axes of the digitizer are
then determined that minimime the residual distances between observed and
theoretical points. As the transformation is non-linear, the technique
outlined in Whittaker & Robinson (1944, chapter IX, p.214) is used.

Approximate values are first adopted for the unknown parameters.
The distance between each transformed point and its theoretical counterpart
may then be calculated. From these, adjustments to the estimated parameters
may be calculated that will minimize the distances. These adjustments are
applied in an iterative loop which stops only when the adjustments fall below
a specified value or ten iterations have been completed without reaching this
value, '

We must therefore set up equations relating the distances to the
errors in the approximate values in the parameters

letd=1¢ (p,q.r,B)
where d is distance, p,q horizontal &nd vertical scale, r,s rotation and
skew respectively. ' '

If each variable is written es an approximate value Plus an error term we have
d=f(P+Ap,7+Aq,T+Ar,5+As)

Following Whittaker & Robinson we assume the error terms to be
small, and to first-order accuracy

d=f($,q,7,5) +(§8'£JAP+{§8—;)AQ+(§—:)Ar+ %L)As

Values for the four differential terms may be calculated using the approximate
values for the variable parameters. To begin with these also are only
approximate, but they become increasingly accurate as the iteration converges.

Suppose we now have a series of estimates of d, derived from
observation, g say, which are liable to observational error. We need to

find the most plausible values of p, q, r and s from a set of equations of
the form '

g=1 (Pv‘h rvﬂ)

With more equations than there are unknowns there will not be a unique
solution. .But an optimum solution can be found where the sum of the squares
of errors in all the equations is a minimum, where the error is defined as:

e= ’g—LlAp+('g—:,Aq+{’g‘:’ Ar+ ‘Sf\As-H (P,4,7,5)—4g

3s
'Substituting C,» C_, C,, C, for Of 3f 3f &

172" ’3" "4 8, 8q, 3r, 8s
the above equation may be expressed as

ez €, Ap+CyAq+CyAr+CyAs—Al

where Al =g - f (D, g, ¥, 8) is the residual distance between the obs
and estimated coordinates. . observed

The sum of the squares of the errors is



t=262: X (C Ap+CyAq+CyDr+C, As Al )2

For t to be a minimum the following conditions must hold:

21 I 8t .o B .o 3t .o

SGn 20" BB O BlAN ' B(As)

Fartially di{ferentiating with respect to each varizble we obtain:
3t . ‘ _

3 | _
S(0a)" T(C,CoAp+C2Aa+C,CxAT+C,C,As=CoAN0

5t -
BAN * 5(C 05 Ap+CoCyAat CArCyCAs=CaAl=0
Sl s »

8(As)  Z(C,CaAp+CoC, Aq+CaC Ar+C, As=C4AIEO

Since the number of equations now equals the number of unknowns,
a unique solution may be found tc fit the least-squares condition. The
solution is most easily found by matrix inversion. We may express the
equations in the following matrix form:

B, (4, 212 A3 Ay Al

By . Ry by Ay Ay x q

Bs Ay Agp Az Ay r

K1 A1 P2 R4z Rag] s |
where B, = RAOIC and 4;, = | E:Clkc)k

The adjustments Ap,Aq,Ar and As that minimize the errors
are added to the original estimate and the process repeated. Initially these
ad justments are too large to be of sufficient accuracy considering the linear
approximation made, but as the computation is repeated they progressively
reduce until they become smaller than the precision desired of the variables.
The values of the variables will then be of the required precision.

To obtain a solution using the above technique we must be able to
calculate the coefficients 3f 3f 3t 3¢
3p, 8q,8r,8s
Let u,v and x,y be the horizontal and vertical coordinates of a point on the
digitizer and its counterpart on the scaled surface of the #arth; p,q the
horizontal and vertical scaling factors; r,s the rotation of the map and

skew of the digitizer respectively. Then applying the transformetion step
by step

x+y sin (s) s Yy =Y cos (s)

x' =

"= y' sin {r}) + x' cos (r

y" = y' cos r) + x' sin (r
Ax = px" - x; Ay = " -y

the error in the transformed coordinates then‘becomes



Al = /Ax2+Ay fpx —x)2+(qy -y)2

S5t Bf 3¢ 3t
We have to determine Sp, 5q,8r and 8s o With suitable

differentiation we obtain:

| §L uqu St
8p "Al; 8q "

_si=_( pvuﬁ_lx_ _qunl_él)

3
s = ptv -u sln(r)) Al q(u"-u cos(r)\ AI

Ox Ly
A thing to note is that - 4!, A4l are the direction cosines
of the residual distance vector At . If the residuals are small the vector
will chenge direction very dramatically for small changes in p,q,r, and s.
¥With few observations the resultant adjustments may fluctuate erratically and
the solution becomes unstable. It has been found empirically that a minimum
of nine grid points plus a reduction in weight of the adjustments as the

iterations proceed avoids unacceptable oscillation in the solution in most

cases.
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