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SUMMARY

Two p ro jec ts  in the field  of cartographic automation 
a re  described , together with an inexpensive position 
d ig itizer and a novel p ic tu re  scanner developed fo r 
cartographic and o ther applications. In one p ro jec t, the 
d ig itizer is used on-line to a PDP-15 com puter fo r the 
purpose of recording data fo r  a them atic mapping data 
bank. The second p ro jec t concerns the use of the scanner 
to a s s is t  in changing m aps from  one projection to another.

iii



1 . INTRODUCTION

The Division of National Mapping of the D epartm ent of M inerals and Energy, 
and the D epartm ent of Engineering Physics in the R esearch  School of Physical Sciences 
of the A ustralian  National U niversity (ANU), have been working jointly on two p ro jec ts  
which a re  re la tive ly  inexpensive and easy to im plem ent, yet which have im portant 
im plications in the field of autom ated cartography. These two p ro jec ts  a re  the use of a 
sim ple d ig itizer to reco rd  data fo r a them atic mapping data bank and a scanning 
technique fo r changing map projections.

One aim  in these p ro jec ts  has been to m inim ise investm ent in specialised  hard
w are; some is extrem ely expensive, and it easily  gets out of date. Inexpensive and 
sim ple hardw are, when suitably program m ed, can achieve valuable economies in map 
production. One hardw are item  developed was a "strin g "  d ig itizer which has been used 
as an in teractive device fo r recording and editing data in the them atic mapping data 
banks. A second item  developed was a photo-scanning head which fits  in the pen 
c a rria g e  of a conventional X-Y drum  p lo tter. It can scan m aps which can then be re 
drawn on a d ifferent projection and at a different scale , saving much tim e.

2. A THEMATIC MAPPING DATA BASE

2.1 Introduction

A them atic  mapping data base has been developed to aid in the production of 
them atic m aps which use census data collections as raw  m ate ria l. With a new census 
being taken every  five y ears , th is type of them atic map should be produced fa irly  
quickly, so that the data portrayed  a re  s till valid when the m aps a re  issued. 
U nfortunately, a shortage of carto g rap h ers , together with extensive changes in the 
boundaries of census collection a re a s  between each census, lead to a lengthy map 
production cycle, especially with the cu rren t la rgely  m anual methods.

C ensus data a re  already available in com puter readable form . Thus, if a file  
containing geographical boundaries of the collection a re a s  is created , com pilations of 
population dot d istribution  m aps, fo r example, can be plotted autom atically. This can 
then be used  by a draftsm an to produce h is " fa ir  drawn" copy, ready fo r reproduction. 
As the com pilation phase is a m ajo r component of cu rren t m ethods, it is c lea r that 
significant savings in tim e, manpower, and cost can be achieved with a suitable 
autom atic system . By elim inating m anual collation and transcrip tion  of s ta tis tic s  and 
by automating computations of (for example) population densities, an overall im prove
m ent in accuracy  could also be expected.

The census collection a re as  a re  organized in h ie ra rch ica l fashion from  the 
level of the basic  co llecto rs ' d is tr ic ts  (CDs) up to the State level. In 1971 th e re  w ere 
about 22, 000 CDs, which usually consist of about 100 fam ilies  o r 500 people and can 
vary  in size  from  one tall building in Sydney to an a re a  approaching one q u a rte r  of 
W est A ustra lia . Each co llector req u ire s  a map showing the boundaries of his 
collection a re a  and these m aps a re  aggregated onto 3000 o r so sheets which form  the
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perm anent geographical reco rd  of the data collection. A unique four-num ber code is 
assigned to each CD: the State; the Local Government A rea (LGA); the local 
Government A rea P a r t  (LGAP); and the CD - fo r example, 03-172-02-12. An LGAP 
is a region consisting of about ten to twenty adjacent CDs, which is the responsib ility  
of an A rea M anager o r Supervisor during the census. LGAs with sm all populations 
usually  contain only one LGAP.

Mapping takes place both before and a fte r a census. P re -cen su s  mapping, 
known as field  mapping, is concerned with the design of the CDs and the production of 
m aps fo r field  co llecto rs  and a rea  superv iso rs  and for reco rd  purposes. P ost-census 
mapping displays the inform ation obtained by the census. A part from  the publication 
of a s e r ie s  of m aps showing the data collection boundaries in urban a reas  im m ediately 
a fte r the census, population distribution, population density and other s ta tis tica l m aps 
a re  p repared . F o r this purpose, base m aps showing LGA and LGAP boundaries 
within A ustra lia  m ust be p repared  and kept up to date. These a re  commonly used as 
base m aps fo r many o ther them atic m aps which the Division of National Mapping 
produces fo r clien t departm ents and fo r the A tlas of A ustralian  R esources.

The boundaries of individual CDs a re  m ost readily  digitized from  existing 
field m aps. A typical urban field map and the inexpensive "strin g "  d ig itizer used in 
th is p ro jec t a re  shown in Fig. 2. 1. The boundaries of each a rea  could be digitized 
separa te ly , but as m ost boundaries a re  shared  by two CDs this approach doubles the 
amount of digitizing and leads to problem s with supposedly adjacent CDs overlapping 
o r being separa ted  by a thin s trip  of "no m an 's  land". To avoid these problem s the 
system  developed reg a rd s  the CD boundaries as a sequence of "boundary segments", 
separating  adjacent CDs, which are  digitized only once. This saving in digitization is , 
however, offset by the need to key in m ore  encoding inform ation when the boundary is 
broken into segm ents.

There a re  severa l a re as  of difficulty associated  with the digitizing, m ost of 
which a re  a consequence of the sheer volume of data which has to be acquired. The 
22, 000 CD boundaries usually consist of four o r m ore segm ents. The sim plest method 
of encoding the boundary segm ents is to reco rd  a sequence of co-ord inate p a irs  of 
points along the segm ents, with the points assum ed to be joined by stra igh t lines.
F o r city a reas , w here the boundary segm ents a re  usually composed of stra igh t line 
sections, th is method is very  suitable. Outside city a reas  many segm ents follow 
natura l fea tu res  such as r iv e rs  o r coastlines and these usually req u ire  a la rge  num ber 
of individual boundary points fo r satisfac to ry  descrip tion. Some of the requirem ents 
to be considered are:

. 1 In view of the tim e and expense incurred  in digitizing the field 
m aps, security  of the data acquired  m ust be assu red .

. 2 As the volume of m ate ria l to be digitized and the num ber of 
people operating d ig itizers  grow s, the book-keeping task of 
ensuring that each segment is  digitized once and only once 
becom es m ore im portant.
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. 3 E rro rs  in digitizing an d /o r encoding data m ust be detected and 
co rrected  as early  as possib le , before e ither the cause of la te r  
inconsistencies is hard  to find o r  unco rrected  e r ro r s  a re  
perpetuated in production m aps.

. 4 Inaccuracies in the acquired data m ust be expected because of 
inaccuracies in:

. 1 the d ig itizer itse lf

. 2 the placem ent of the c u rso r  by the operato r

. 3 the field map being digitized (as a re su lt of 
d isto rtions of the paper map sheet and 
inaccuracies in surveys and draw ing).

With scale varia tions in the field  m aps of from  1 : 5,000 up to 
1 : 2 ,000,000, adjacent map sheets can som etim es d iffer in scale 
by a fac to r of ten o r m ore  e. g . , a town in se rt in a ru ra l a rea . 
Relative to the la rg e r  scale map, substantial e r ro r s  between 
supposedly coincident points digitized from  such m aps a re  often 
encountered.

2. 2 Advantages of On-Line Digitizing

In the light of the above problem s, on-line digitizing o ffers severa l advantages 
when com pared to the m ore usual off-line methods:

. 1 Detailed instructions may be given to the opera to r (preferably by 
m eans of a keyboard display) so that digitizing is  sim plified and 
the amount of opera to r train ing is m inim ised. Encoding of data is 
e a s ie r and le ss  e rro r-p ro n e  if a question and answ er type approach 
is used, together with fre e  fo rm at input of num eric codes and a 
facility  fo r defining abbreviations fo r frequently requ ired  codes.

. 2 Book-keeping functions can be perform ed  autom atically so that any 
attem pt to re -d ig itize  an existing boundary segm ent (possibly 
digitized by another operator) can be indicated. M issing segm ents 
within an LGA or LGAP can also be detected read ily  with a verifying 
plot.

.3 The m ost im portant fea tu re  of on-line digitizing is the potential it 
offers for early  detection of e r ro r s ,  while the map sheet being 
digitized is s till in position on the d ig itize r, ra th e r than much la te r.
Apart from  the usual checks of range and of alpha v ersu s  num eric 
data type fo r keyed-in-codes, severa l types of consistency checks 
can be perform ed  on both the digitized values and keyed-in data. 
F u rtherm ore , a check plot out of each a rea  digitized can be obtained 
fo r manual verification  before moving to a new area.
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. 4 By using a co-ord inate  transfo rm ation  based on known control 
points on the map sheet, map set-up  can be sim plified and 
lin ea r (or curvilinear) d isto rtions in the map sheet and the 
d ig itizer can be reduced. In an on-line approach an additional 
known checkpoint can be used to verify  the operation of the 
equipment and the accuracy of the transform ation  and to indicate 
if any e r ro r  has been made in the set-up  procedure (or perhaps in 
m arking the control points). In th is  case  the set up can be 
repeated  o r the map sheet put aside fo r checking. In an off-line 
environm ent such e r ro r s  may go undiscovered until a lot of 
digitizing effort has been wasted.

. 5 Editing of boundary segm ent descrip tion  codes and of individual
co-ord inate  p a irs  is much sim pler, p a rticu la rly  if cu rren t values 
a re  to be inspected o r ex tra  points a re  to be inserted .

Given the obvious advantages of an on-line approach, the question a rise s  
of how best to provide such a facility  within a typical drawing office. On-line equipment 
requ ired  by the d ig itizer o pera to r includes the d ig itizer, a keyboard display, and a 
p lo tte r (preferably both hard  copy and vecto r-g raph ics). All these devices can be 
in terfaced without too much difficulty to a rem ote tim e-sharing  com puter via several 
p a irs  of telephone lines.

Another approach would be to use  a local m inicom puter to handle the 
requ ired  com putations and file storage and there  a re  several reasons why a local 
system  with stand alone capability may be p referab le  to a rem ote tim e-sharing  system:

. 1 With the long "connect" tim es involved with digitizing, computing 
costs  for the rem ote m achine may be somewhat g re a te r  than 
those for a local m ini, p a rticu la rly  if a continuing operation is 
envisaged o r severa l d ig itize rs  a re  to be serviced.

. 2 D raftsm en using the system  as an aid to map production can see 
the com puter as a component of th is system . They will thus have 
a b e tte r understanding (and th e re fo re  acceptance) of the overall 
operation than if the com puter is something m ysterious at the fa r 
end of a 'phone line tended by men in white coats.

. 3 The response tim e following o p era to r requests  will usually be
sh o rte r with a local dedicated m achine, and the speed of plotting 
on a v ecto r-g raph ics display will not be lim ited by the data ra te  
over 'phone lines .

.4  Availability, access , data security  and backup, recovery  of
fresh ly  digitized data following a system  malfunction, etc. all tend 
to be m ore easily  controlled with a dedicated machine.
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A rea lis tic  m inicom puter system  com plete with d ig itizer, 3 0 -inch drum  
p lo tte r and vecto r-g raph ics fac ilitie s  costs  about $70,000. A disadvantage of this 
system  is that having acquired the geographical data of in te rest, only a lim ited type 
of data base enquiry is  possib le. If sim ultaneous access by many u se rs  is requ ired , 
a la rge  tim e-sharing  system  is necessary .

2. 3 The P resen t System 

2 .3 .1  Encoding of Boundaries

The D epartm ent of Engineering P hysics' PD P-15 com puter system  includes 
32K words of 18 bit core m em ory, two 256K work fixed-head d isks, DECTAPES, 
analogue to digital and digital to analogue co n v erte rs , a VT05 keyboard display, a 
PEP-400 video graphics te rm inal, and the s tring  d ig itizer shown in Fig. 2 .1 . To 
fac ilita te  the production of m aps in various pro jections and sca les , all points on 
boundary segm ents a re  recorded  in decim al degrees of latitude and longitude. As all 
longitudes in A ustralia  a re  g re a te r  than 100°E, longitudes a re  encoded with resp ec t to 
100°E ra th e r than 0°. The 36-bit rep resen ta tion  fo r floating point num bers in the 
PDP-15 has m ore than 7 digits of p recision  so that the range of A ustralian  latitudes 
and longitudes can be rep resen ted  with an accuracy  of b e tte r  than 10“ 5 of a degree o r 
about 1 m etre  on the ground. This accuracy is  m ore than adequate fo r  m ost purposes.

R eferring  to Fig. 2 .2 , each boundary segm ent is given a code consisting of 
the CD codes on the left and right of the segm ent in the d irection  of digitizing. M ore 
than one segm ent can divide the sam e two a re a s  so that an additional code (part N of 
M parts) is requ ired  to uniquely identify a boundary segm ent -  fo r exam ple, the two 
segm ents dividing CDs A1 and C3 in Fig. 2 .2 . Each segm ent is sto red  in the com
pu ter as a "head" section followed by a string  of co-ord inate p a irs . The header 
consists  of:

. 1 The codes of the two adjacent CDs 

.2  The scale of field map from  which digitized 

. 3 The num ber of co-ord inate p a irs  (must be ^ 2 )

.4  A "reconciliation" code showing if the end point co
ordinates have been adjusted to m atch the end points 
of adjoining segm ents

. 5 P a r t N of M p a rts  (usually p a r t 1 of 1).

Item s (.3) to (.5) a re  added to the header autom atically. Fig. 2 .3  shows the 
s tru c tu re  of a typical boundary segment.

2 . 3 . 2  Digitizing P rocedure

An accuracy of about 0.1 mm at the them atic m ap 's  production scale is  
desirab le  to conform with cu rren t specifications. The cu rren t production scale is 
usually much sm aller than that of the field m aps used  fo r digitizing so that a
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digitizer accuracy of + 0.5 mm is adequate. The inexpensive "string" digitizer 
shown in Fig. 2.1 was developed in the Department of Engineering Physics for 
mapping applications and is accurate to better than + 0.5 mm over an area approxi
mately 45 cm square. Two important features of this device are that it can be placed 
on top of the m aterial to be digitized and that it employs a hand-held "pen" which is 
more convenient than the usual type of cursor. See Annex A for further details.

The top 5 cm of the format area is used as a "function box" to input 
control commands such as "delete last point". A pressure-actuated switch in the pen 
tip allows co-ordinate pairs along boundary segments to be selected simply by pressing 
the pen tip on the map at the desired points. The keyboard display is programmed to 
emit a short "beep" as confirmation that each point has been accepted.

The input procedure has been designed around a single LGAP which 
usually covers a map area about the size of the digitizer's working area. An average 
LGAP contains about fifty boundaries and an operator can digitize this number 
efficiently, in about one hour, without accidentally omitting any boundaries or having 
to resort to more than one time consuming check plot (the input program allows the 
operator to obtain visual verification of his input at any stage via a plotter or graphic 
display). Sufficient core storage is available in the PDP-15 for an LGAP. A com
bination of disk and core storage will be used in a production system being developed 
by the Division of National Mapping, which will have several digitizers operating 
concurrently.

A generalised flow chart of the input procedure is shown in Fig. 2.4, 
while the function boxes employed are shown in Fig. 2.5. A useful feature of the 
input procedure is that abbreviations are employed for the codes of LGAP being 
digitized (which is given the abbreviation "A" by default) and adjacent LGAPs - see 
Fig. 2.2. The entry of the CD codes for a given boundary segment is then simply a 
m atter of typing codes such as "Al, A2" for a segment within the LGAP (between 
CDs 1 and 2) or "Bl, Al" for a segment on the LGAP boundary. The use of 
abbreviations speeds the entry of such codes, reduces the number of e rro rs , and 
improves the legibility of the plotted output.

2. 3. 3 Adjustment of Junction Points

One of the consequences of digitizing boundary data from a series of maps 
at various scales is that lines which should meet at a point fail to do so. At the time 
of data editing, the operator can call into core memory from disk all boundaries in
side a given region and compute a weighted mean of the end point co-ordinates. The 
end points will then join neatly when plotted out and calculations of areas, e tc ., can 
proceed. In searching for groups of end points which should be joined, the criterion 
adopted is that if an "erro r circle" drawn around an end point overlaps the erro r 
circle of another point then they are grouped - see Fig. 2.6. The diameter of the 
e rro r circles is a function of the scale of maps from which the points were digitized. 
An exhaustive search is made of each group to see if a closed cycle of CD codes can
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be form ed around a se t of end points. Such a cycle occurs only when all re levan t end 
points a re  within the group. The cycle 1 -2-3-4-1  can be form ed around the end point 
depicted in Fig. 2 .6 . When a cycle is  found, a weighted m ean of the end point co
ord inates is computed (with co -o rd inates digitized at la rg e  scale being given la rg e  
w eights and vice v e rsa), and th is  value is assigned to all end points in the cycle.

At this point a num ber of consistency checks a re  m ade. F o r exam ple, fo r 
CDs which lie wholly within o ther CDs and have only one boundary segm ent, the end 
points of the segment m ust coincide and th e re  m ust be m ore than th ree  points 
(including the end points) in that segm ent. F a ilu re  to "reconcile"  end points which 
a re  supposedly coincident is  often a re su lt of in co rrec t entry of CD codes, thus p re 
venting a cycle from  being form ed -  rev e rsed  CD codes (equivalent to wrong d irection  
of digitizing along a segment) a re  detected and lis ted  fo r co rrection . F igs. 2. 8 and 
2. 9 show plots of the inform ation digitized from  the LGAP shown in Fig. 2. 2, both 
before  and afte r reconciliation  of end points.

2. 3 .4  Assembly of CDs from  Boundary Segments

Following successfu l reconciliation of the end points of a CDs' boundary 
segm ents, the individual segm ents a re  used to make up CD boundaries, LGAP boundary 
segm ents, LGAP boundaries, etc. up to the level of State boundaries. As CD 
boundaries a re  com pleted, CD descrip tion  blocks containing such inform ation as  a re a  
in h ec ta re s , latitude and longitude ex trem ities, and cen tre  point of each CD a re  auto
m atically  generated. LGAP and LGA descrip tion blocks a re  form ed in a s im ila r 
m anner. Each block has a num ber of w ords set aside to be used fo r specific data such 
as population of the a re a  defined. F u rth e r consistency checks a re  perform ed as  LGAP 
and LGA blocks a re  form ed. F o r exam ple, the a re a  of an LGAP computed from  its 
boundaries should equal the to tal a re a  of its  component CDs.

All item s a re  en tered  in a disk data s tru c tu re  whose organization is 
basically  h ie ra rch ica l but which also includes index tab les to fac ilita te  access  to 
individual item s, in p a rtic u la r  to new CD boundary segm ents before they have been 
m erged into the overall s tru c tu re . A m a ste r  index table assigns regions of the disk to 
secondary index tab les fo r  CD, LGAP, LGA, and State boundaries and foriLGAs. The 
re s t  of the disk is  used fo r sto rage of the boundary segm ents them selves and o ther 
data. An example of the disk sto rage s tru c tu re  is  shown in Fig. 2. 7. The index for 
CD boundaries contains the CD codes on both sides of each boundary segm ent and a 
poin ter to the disk location of the header plus co-ord inate  p a irs . The other indices 
contain s im ila r inform ation.

To a ss is t  in developm ent of the system , all CD boundaries in the N orthern 
T e rr ito ry  w ere digitized. The num ber of boundaries was much sm alle r than in States 
such as V ictoria  o r New South W ales, but m ost of the problem s likely to be m et w ere 
found in the N orthern T e rr ito ry . Typical of these problem s w ere

(i) CDs which a re  defined only vaguely in a geographical
sense (e. g. all persons residen t in the Andamooka 
opal fields)
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(ii) CDs within CDs within CDs
(iii) D isjoint CDs
(iv) CDs which include an offshore a re a  of ocean, w here 

th is a rea  is not p rec ise ly  bounded.

2 .4  D iscussion

Once census boundaries have been digitized and collected together to form  
C ollecto rs' D is tric ts  and Local Government A reas e t c . , thus form ing a geographic 
data base , it is  a re latively  sim ple m a tte r to m arry  th is  base with o ther com puter 
files containing various s ta tis tic s . This am algam ated file can then be used  to produce 
them atic m aps. Before examining how this can be done, it is best to study the cu rren t 
manual m ethods of producing them atic m aps in o rd e r to co n trast the m anpower savings 
when using the system  developed.

A fter the census collection has been com pleted the s ta tis tic s  a re  recorded  
via a m ark  sense card  read er onto suitable m edia such as disk and m agnetic tape.
The s ta tis tic s  a re  aggregated, m anipulated, ex tracted , and output to a line p rin te r  in 
a suitable fo rm at. In the m eantim e, draftsm en have to make a pencil plot of every 
co llec to r 's  d is tric t boundary on a map base at a suitable scale and projection, using 
the various m echanical m eans cu rren tly  available to them.

To produce, say, a population distribution map, the draftsm an  then has to 
em bark on the laborious task of extracting from  the com puter p rin t-ou t, the 
population figu res fo r every co llec to r 's  d is tr ic t and has to position a dot, varying in 
size with the population, at the appropriate  place on the p repared  base map.

Com pare now, a com puter oriented system . With sim ple plotting softw are, 
all boundaries can be autom atically plotted at any desired  scale and map projection, 
and in m ost cases  dots can be plotted in th e ir  c o rre c t position, varying in size with 
the population. Note that a facility  ex ists  fo r manually changing CDs' "cen tre -po in ts"  
to the population cen tres  in sp arse  CDs (the cen tre-po in ts a re  norm ally se t to the 
m ean of the CD^ ex trem ities).

In developing this system , we have not attem pted to rep lace  the draftsm an 
with a m achine, ra th e r we have tried  to re lease  him from  painstaking and monotonous 
tasks and to shift his work load to w here it rightfully belongs -  in creating  the final 
fa ir  drawn copy, ready fo r reproduction. Maps can then be produced m ore quickly 
and cheaply, and m ore im portantly at the tim e when s ta tis tic s  a re  cu rren t. In many 
cases, the p resen t system  produces reco rd s  which a re  p rim arily  of h is to rica l value. 
When the autom ated system  is im plem ented it is hoped that m aps will be available to 
the analyst and planner shortly a fte r the census has been taken.
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2.4. 1 Other Applications

The main aim of developing this system has been to solve the particular 
problem outlined above and those of producing other thematic maps associated with 
the census. During the development phase however, it has become clear that many 
other maps for which the Division of National Mapping is responsible can be produced 
in a sim ilar manner. The Resources Atlas is a typical example. This collection of 
maps shows various themes such as forests, wheat, sheep and beef, and in each 
instance uses Local Government Areas for their basis of statistical collection. A 
file of LGA boundaries can easily be extracted from the disk data structure and 
amalgamated with these statistical data to produce map compilations ready for fair 
drawing.

Another project completed by the Division has also proven that the technique 
can be very simply adapted to suit any geographical area system which is hierarchically 
numbered. The project was to produce, for inclusion in the Commonwealth Year Book, 
new figures for the areas and length of coastline of each State. Data was to be recorded 
from a series of 1:250,000 scale maps covering Australia. Each map in the series has 
a unique number, being part of an international map numbering system. By treating 
each map as an LGAP, the land area as CD No. 1, the sea area as CD No. 0 and 
islands as a disjoint CD No. 2, the project fitted neatly into the census system. Simple 
algorithms to compute boundary lengths were added to the software library and pro
duction was able to commence immediately. Naturally, a permanent record of the 
digitized coastline and State boundaries has been kept so that it can be used for re
plotting in the future. An equal latitude/longitude plotout of the digitized coastline is 
shown in Fig. 2.10. As an indication of the level of detail, Fig. 2.11 shows Tasmania 
plotted on a larger scale - over 100,000 points were recorded around the Australian 
coastline. Incidentally it is interesting to note that although the new and existing areas 
agreed to within 0. 05%, the coastline length grew from approximately 12,000 miles to 
22,877 miles. The reason for this increase is that the present measurement was made 
at a finer level of detail than previously.

Another envisaged benefit which has not yet been fully investigated is that of 
interrogating the data base to provide answers to specific questions. A frequent 
question put to the Bureau of Census and Statistics is "How many people lie within a 
radius of x miles from point y", or a more recent example - "How many people resided 
under the flight path of the Concorde on its supersonic journey between Darwin and 
Sydney". Answers to this type of question are currently extracted manually by plotting 
the area required onto relevant maps, noting the CDs falling within it, and then looking 
up the computer printouts to add up the numbers.

Fairly simple area-intersection algorithms could be developed to extract 
this information from the geographical data base once it has been established. Use 
would be made of the recorded extremities of States, LGAs, LGAPs, and finally CDs 
to quickly eliminate areas outside the enquiry region. A more sophisticated test of 
inclusion would be applied to areas which had an extremity inside the enquiry region's
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ex trem itie s , until a l is t  of included CDs was generated. T reatm ent of CDs in te rsec ted  
by the enquiry region would depend on the type of enquiry but the sim plest technique is 
to include only those CDs which have m ore  than half th e ir  a rea  inside. Automatic 
extraction and aggregation of the re levan t s ta tis tic s  is straightforw ard  once a l is t  of 
included CDs is form ed.

When detailed enquiries such as MHow many p re-schoo l age children live 
within a given reg ion” can be answ ered readily , then much g re a te r  use  can be made of 
census data fo r planning purposes.

3. AUTOMATION OF MAP PROJECTION CHANGE

3.1 Introduction

A new projection of an existing sm all scale  map is som etim es requ ired , in 
which case  it is  usually  e a s ie r  to tran sfo rm  an existing map to the new projection than 
to com pile afresh  from  raw  data. The transform ation  d is to rts  the original map non- 
linearly . The usual method of achieving the requ ired  transform ation  is  to overlay the 
original with a g ra ticu le  of lines of latitude and longitude and the individual " tile s"  so 
form ed a re  linearly  d is to rted  by a graphical p ro cess  of ite ra tive  adjustm ent until they 
fit a corresponding gra ticu le  drawn in the new projection. The tile  size has to be 
chosen so that the e r ro r s  introduced by lin ea r d istortion  of each tile  a re  insignificant.

The manual technique described  is slow and req u ire s  g rea t care  if the 
p rec ision  of the orig inal map is to be m aintained. The m athem atical form ulae 
involved in changing projection a re  well known. An autom ated system  has been 
developed which u ses  a digital com puter to transfo rm  detail from  one projection to 
another by scanning the input m a te ria l, storing the locations of black points, and 
plotting these points in the new projection. The plotted output is used to p repare  a 
guide image suitable fo r scrib ing. A projection change task  being undertaken by the 
Division of National Mapping was used as  an example in the development of th is 
system , which has been im plem ented on the D epartm ent of Engineering Physics PDP-15 
com puter installation.

This task  involved conversion and assem bly of a set of international Map of 
the W orld (IMW) se r ie s  m aps, on the L am bert Conformal projection at a scale of 
1:1,000,000 into a four sheet map of A ustra lia  on the Simple Conic projection at a 
scale  of 1:2,500, 000. Each IMW map covers 4° in latitude by 6° in longitude and is 
photographically reduced to 1:2,500,000 before processing . The EMW map inform ation 
consists  of four overlays: contours; drainage net and coastlines; roads; and railw ays 
with town cen tres . The d isto rtion  between the two pro jections ranges up to 8% in 
longitude but le s s  than 1% in latitude. F igure  3.1 gives an example of the two pro
jections of the sam e a rea . In th is figure the L am bert Conformal P rojection, which 
was scanned, is shown in blue, and the Simple Conic P ro jection  output is shown in 
red .
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3.2 Scanning

A picture scanner has been constructed by replacing the pen assembly of a 
CALCOMP drum plotter with a scanning head - see Annex B and Figure 3.2. The 
plotter drum is only 25 cm wide and the IMW overlays have to be processed in two 
4° x 3° sections of about 19 cm by 13 cm. One of these sections is aligned with 
respect to previously plotted positioning crosses and is fastened to the plotter drum. 
The scanning head is moved across the overlay section using the Lambert Conformal 
projection equations to drive the head along meridians of longitude. The grey levels 
of points along each scan line are examined and the locations of black points are 
stored on disk in term s of the scan line number and the position in that line. The 
spacing between points along the scan line is 0.125 mm. The spacing between 
successive scan lines can be varied according to the nature of the overlay being 
scanned - a spacing of 0.25 mm may be required for the contour overlays but 0. 35 mm 
is usually adequate for the road and railway overlays. With a scan line spacing of 
0. 25 mm, a 4° x 3° section takes about fifty minutes to scan including the time 
required to write the locations of the black points on disk.

3.3 Plotting

The scanning head is replaced by a 0.1 mm pen, and a strip of acetate film 
is fastened to the plotter drum. The simplest method of plotting is to read the 
locations of black points from the disk, in the order stored during scanning, to convert 
the line and point numbers into latitudes and longitudes and thence via the Simple 
Conic equations into plotter co-ordinates. The points are plotted out individually.
This simple method of plotting takes up to l j  hours for a 40 x 3° section and the con
tinual pen lowering and raising leads to an excessive ink flow.

These problems have been overcome by writing routines which attempt to 
plot the points along lines in the original overlay, leaving the pen down between 
adjacent points. These routines plot connected sets of points by searching for adjacent 
black points as each point is plotted. There is space for only about ninety scan lines, 
each 4° deep, in the core memory of the PD P-15 computer, even when the scanned 
elements are represented by single bits. Plotting is therefore performed in several 
strips across the map.

A matrix of 1-bit elements is mapped onto the 18-bit computer words with 
those elements corresponding to black points set to 1. This matrix includes a 2 
element wide border of zeros to simplify subsequent processing. Starting at one 
com er of the m atrix a search is made in the form of an expanding square annulus 
until a black point is encountered. Any black neighbours of the point are noted and the 
bits corresponding to the starting point and its neighbours are set to zero before a 
search is made to see which of the neighbours has the most new black neighbours.
This point is recorded for use as the starting point in the next cycle of the process and 
the current starting point and its recorded black neighbours are then plotted with the 
next starting point being plotted last. When two of the current neighbours are not 
adjacent, lifting of the pen is avoided by moving between them via the starting point.
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The plotting of connected points is  term inated  and the pen lifted  when none 
of the cu rren t points being plotted has any black neighbours. Using this technique, 
all black points in a connected set can usually  be plotted without lifting the pen. 
Exceptions occur when the line in the orig inal overlay is th icker than 3 points wide. 
This causes odd points on the edge of the line to be plotted individually a t the end of 
the continuous string , When all s tr ip s  have been plotted, the output phase is  completed 
by superim posing a gra ticu le  on the plotted points, to a ss is t  in re la ting  overlays to 
each other.

A d ram atic  im provem ent in output tim e re su lts  from  plotting connected se ts  
of points -  the tim e fo r plotting a typical 4° x 3° overlay is  reduced to about twenty 
m inutes. Including set up tim e and data en try , the overall tim e requ ired  to p ro cess  a 
4° x 3° overlay  section is about l \  hours, which com pares favourably with the tim e 
requ ired  fo r m anual techniques, especially  when the lim ited amount of m anual in te r
vention is considered. Additional photo-detectors could be added to the scanning head 
so that sev era l adjacent lines could be scanned with each tra v e rs e  of the overlay.
The scanning tim e w ill then be reduced from  fifty m inutes to perhaps only ten m inutes, 
thus nearly  doubling the throughput.

4. CONCLUSION

These two p ro jec ts  dem onstrate  that by an appropria te  division of labour 
between m an and com puter, substantial im provem ents over conventional manual 
m ethods can be achieved. The investm ent in com puter hardw are is not g rea t and the 
to tal p rogram  development tim e fo r both p ro jec ts  has so fa r  been le s s  than 18 m an- 
months.

The com puter-orien ted  system  developed recognises that the com puter is 
b e tte r at repetitive  operations, data sto rage, re tr ie v a l and calculation, w hilst the 
d raftsm an is  su p erio r in aesthetics and judgment. The autom ated system  can easily 
be introduced into a drawing office as it p a ra lle ls  the existing m anual m ethods.

A s a  re su lt of the successful experim ents into autom ated cartography 
techniques at the D epartm ent of Engineering P hysics, the Division of National Mapping 
is  buying a m in i-com puter system  to estab lish  a them atic mapping data bank. Delivery 
is  expected in m id -1974.
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HEADER

CO-ORDINATE < 
PAIRS

NEXT
BOUNDARY
SEGMENT

LEFT HAND CD CODE RIGHT HAND CD CODE

(STATE) ! (LGA)
0 2  j 372

(181 BIT 
INTEGER WORD)

(STATE)(LGA P) (LGAP)

(SCALE X 1000)
I (OF) 2 OIOO OOIO

(LATITUDE)I
21.00000

(LONGITUDE)I
3 0 .0 0 4 2 8

(36 BIT FLOATING POINT WORD)
2 0 .5 0 0 0 0 3 0 .0 6 0 2 5

2 0 .3 0 5 0 0 30.14323

30.5432120 .106 57

(STATE) (LGAP) j (CD) (STATE)

1 BIT FLAGS TO INDICATE 
IF BOUNDARY SEGMENT IS 
ORIGINAL, NEW OR AMENDED.

NUMBER OF CO-ORDINATE 
PAIRS.

FLAGS TO INDICATE IF END 
POINTS HAVE BEEN MERGED 
WITH ADJOINING BOUNDARIES.

NUMBER OF BOUNDARY SEGMENTS 
WITH SAME CODE AND THE 
UNIQUE REFERENCE TO THIS 
PART.

0 2 - 3 7 2 - 0 4 - 1 2

0 2 - 3 7 2 - 0 4 - 0 6

END ^ 
POINT 0 2  - 3 7 3 - 0 1 - 0 8

Figure 2.3.: Structure of a boundary segment.
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extract centrepoint etc.

Digitise boundary, using the ten function boxes 
described in figure 2.5 to initiate plots, 
delete co-ordinates, amend boundaries, etc.

Figure 2.4 : Generalised flow chart for census mapping data entry.
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TYPICaL STORAGE a lloc atio n  on d isk EXAMPLE OP ENTRIES IN VARIOUS TABLES

I n t e g e r
Word

L o c a t io n

M a s te r
In d e x
T a b le

S u b s id i a r y
In d e x

T a b le s

L a ta
S to r a g e

F re e
S p ace

<

>

<

>

<

>

<

Figure 2 7 I Disk data structure.
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Figure 2.11 : Digitised coastline of Tasmania
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ANNEX A

An Inexpensive "String" D igitizer

F igure  2 .1  shows a sim ple and inexpensive d ig itizer which has been made by 
connecting a c u rso r o r pen by two inextensible s trings through fixed eyelets to take-up 
drum s. Changes in string  length a re  converted into voltage changes by mounting the 
drum s on the shafts of potentiom eters -  typically 10 tu rn , 0.1% linearity . The strings 
a re  lightly tensioned by winding e lastic  cord  around separa te  sections of the drum s.
This constant fo rce has little  effect on the o p e ra to r 's  ability to follow curves.
Inertial fo rces can be m ore serio u s, but these have been kept sm all by reducing the 
drum weight to a minimum .

The configuration of the s trin g s , take-up drum s and elastic  cords is shown 
in F igure  A. 1; the e lec trica l c ircu it is  diagram m ed in F igure A. 2. The take-up drum s 
and eyelets a re  at the bottom of the d ig itizer box which can be moved around over the 
m a te ria l to be digitized. This fea tu re  is very  useful with large  m aps (see F igure 2.1) 
which might o therw ise have to be cut up to fit on a digitizing table.

A spring-loaded shaft passing down the cen tre  of the pen opens a switch 
w henever the pen is p re ssed  down. F ine fib reg lass  cord with a b raided  nylon sheath 
is used fo r the s trings; a fte r stretch ing  slightly when f i r s t  used it m aintains its  length 
well. Backlash is reduced by mounting the take-up drum s on ro lle r  bearings.

To convert the string  lengths into X and Y co-o rd inates, the d ig itizer is 
connected to a digital com puter via an analogue to digital converter. The co-ord inates 
a re  then computed by triangulation. The distance 'a ' between the eyelets is known, and 
the string  lengths Tb T and Tc' a re  obtained from  the output voltages. To solve fo r X and 
Y, the cosine ru le  is  used as follows:

2 2 2 
cos B = a + c -  b

2ac

whence X
2 2 2 

c cos B = a + c - b
2a

2 2 i
and Y = (c -  X )

The above equations can be solved on m ost m in i-com puters (such as a 
PDP-11) in le ss  than 10 m illiseconds, so that to the u se r , computation appears 
instantaneous. The equations a re  reasonably insensitive to sm all e r ro r s  in the string 
lengths, except when the angle A between the s trin g s  is outside the range of about 45° 
to 135°. When Y is sm all and the angle A is la rg e , Y is  ill determ ined, w hereas when
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Y is la rge  and the angle A is sm all, X is ill determ ined. The boundary of the a rea  
w here 45° < A < 135° is shown in F igure  A. 1. It is  convenient to use  a 5 cm deep 
a rea  im m ediately below the base line, w here the accuracy is good in X but poor in Y, 
fo r a s e r ie s  of "function boxes". If the pen is  placed in a box, th is is in te rp re ted  by 
the p rogram  as a control function ra th e r  than as data.

The d ig itizer shown in F igure  2 .1  has a 45 cm base  line between the eye
le ts . Inside the a re a  of b est accuracy shown in F igure  A. 1, an accuracy of + 0 .5  mm 
can be achieved if the pen is  held vertica lly , and if the d ig itizer p a ram ete rs  (such as 
the vo ltage /string  length constants) have been determ ined carefully . This accuracy is 
adequate fo r many applications. In operational experience over 18 months of in te r
m ittent usage, the basic  accuracy  has been m aintained by recalib rating  the d ig itizer 
every th ree  months o r so, the recalib ra tion  taking only a few m inutes when a tem plate 
made fo r th is  purpose is used.
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Figure A. I . : Mechanical arrangement of strings and take-up drums.
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