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ABSTRACT

Petrie, G.. 1972. Digitising of photogrammetric instruments for cartographic applications.
Photogrammetria, 28(5):145-171.

In the first part of the paper, an analysis is made of the requirements of the various
components of a photogrammetric digitising system designed for cartographic applications.
The resolution, density and rate of measurements are established and the various possible
measuring devices and systems inspected in terms of their suitability, both for the digitising
of purely planimetric detail, e.g., on orthophotographs, and on different types of stereo-
plotting machine. The view is also expressed that new stereo-plotters might be devised, which
are optimised for digitising rather than for graphical plotting as at present., The second part
deals with the operational problems likely to be encountered, including stereo-compilation
procedures, recording modes, feature codes, and the relative merits of pre- and post-plotting
completion procedures. The possibilities of the on-line connection of stereo-photogrammetric
digitising systems to a computer for control and preliminary editing purposes are discussed
at some length. Finally some examples of photogrammetric digitising carried out both on
experimental and on production bases are described and discussed.

INTRODUCTION

The question of digitising photogrammetric measurements becomes in-
creasingly more important as computers are brought into use at an ever greater
number of stages in the surveying and map-making processes. Originally, in the
late 1950s, photogrammetric digitising was introduced for aerial triangulation
work to speed up and to remove the errors inherent in the process of reading plate
or model co-ordinates visually. Shortly afterwards, it was used in a similar way
for cadastral work and for the generation of digital terrain models in engineering
work. In these latter applications, points were still measured individually and
in a near-stationary mode so that the digitising and recording processes remained
basically the same as for aerial triangulation. However, since the last 1.S.P.
Congress in 1968, with the progress in the handling of enormous quantities of
data in relatively inexpensive computers, and the emergence, in several countries,
of a considerable and successful degree of automation of the cartographic proces-
ses which follow photogrammetric measurements, the question of digitising the
photogrammetric measurements made during the plotting of topographic line
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detail has become an important one, and one which will be intensively researched
into and developed over at least the next decade.

In a previous paper (Petrie, 1971), the author has discussed in detail the
various advantages which may be expected to accrue from such a process. They
include the preparation of topographic series at successively smaller scales, with
a selection and some generalisation of what shall be plotted at each scale; the
elimination of the re-measurement of the whole or a substantial amount of the
plot inherent in the generation of areas for cadastral or taxation purposes; the
creation of a geographical data base for data banks, planning organisations, public
utilities (supplying electricity, water, sewage, telephone services), etc. When such
digitising is being considered, the amount of digital data which will be generated
1s enormous and, again, estimates of this were made for various map scales in the
previous paper.

A major problem is the volume of data which would be generated at the
large scales (1: 1,250 to 1:10,000) which constitute the basic mapping scales of
highly developed countries such as the United Kingdom, West Germany, Sweden,
etc., and which call into question whether digitising should only be carried out at
smaller scales. To do so, however, would mean that the smaller-scale maps could
not be generated from the larger using data processing techniques, which is
one of the main reasons for attempting to digitise in the first place. Also, the
potentially large demand for digitised data from planning and public utility
agencies, which will help to pay for the cost incurred in adopting digitising and
automatic plotting, will be primarily for the urban and other intensively-developed
areas, which are those covered by the large-scale basic series. However, it is
probable that the problems regarding the amount of data being generated and the
problems of storing and handling it will grow less with technological advances in
storing data in compact form and with greater experience in processing it.

Arising from the above problems is the view that the photogrammetrist
should not attempt to digitise data for cartographic purposes and that he should
continue to produce his graphical plots in the normal way or perhaps with special
colour coding for the cartographer to digitise at a later stage for his own opera-
tions. Since this would involve an expensive, time-consuming re-measurement of
the whole plot with a possible deterioration in accuracy, and cartographers already
have the great problem on their hands of digitising the huge amount of existing
cartographic material, it is difficult to see the logic of this view, except to agree
that it would certainly be a way of not having to face the difficult technical and
operational problems of photogrammetric digitising.

However, if the photogrammetrist’s claim to a stake in the digitising field
can be upheld it is more difficult to define the point where this interest should end.
The digitising of point and line detail in the stereo-plotter is only one form of
input to the cartographic process: much additional information comes from
existing maps which have been converted to digital form by the cartographer and
from details collected in the field by the topographer. All this different information
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has to be merged together, compiled, edited and generalised before being plotted
out in the form of colour-separated manuscripts—tasks which are the traditional
preserve of the cartographer. A question which will inevitably arise is how far
should the photogrammetrist become involved with these cartographic problems?
No doubt the demarcation line will vary from organisation to organisation, but
one can see already that in organisations which are concerned principally with
engineering-type applications, e¢.g. Highway or Public Works departments, usually
the amount of compilation, editing and generalisation is small, the final product
may not be a multi-coloured map and a principal aim is the simple replacement of
hand drawing and scribing by automatic plotting, so that the photogrammetrist
can become involved to a limited extent with these traditional cartographic prob-
lems. However, in national mapping agencies, where a whole series of topograph-
ic maps at different scales and with differing degrees of generalisation may be
produced from the photogrammetric plots, then the cartographic problems loom
much larger and it is more difficult to justify the intrusion of the photogrammetrist
into this area. However, as well as considering the limits of the photogrammetrist’s
interests, one must recognise that, just as with the production of photomaps, the
introduction of digitising of photogrammetric plotting will bring the photogram-
metrist and cartographer into ever closer contact and a higher degree of co-
operation and integration with a better understanding of each other’s problems
and procedures is a necessity for successful implementation of digitising, data
manipulation and automatic plotting for topographic mapping.

Having discussed some of the general problems arising from photogram-
metric digitising operations, the remainder of this paper will be divided into two
parts:

(1) Technical problems associated with the provision of digitising equip-
ment for topographic photogrammetric operations.

(2) Operational problems, possibilities and experience.

This division approximates to the respective areas of interest of the two
I.S.P. Commissions (IT and IV} to whom this paper has been given.

TECHNICAL PROBLEMS ASSOCIATED WITH DIGITISING EQUIPMENT

When considering recent technical developments in digitising photogram-
metric measurements, one must first note some general points. First of all, the
hardware requirements for digitising photogrammetric measurements for later
cartographic plotting are often quite different to those which have been satisfied
by the first- and second-generation digitising equipment developed and used in
the late 1950’s and throughout most of the 6(s, as typified by the Wild EK-2,
3 and 5, the Zeiss Oberkochen Ecomat 1, the Zeiss Jena Co-ordimeter and similar
systems. With all of these, one could satisfy the digitising requirements for aerial
triangulation, where perhaps ten individual points per stereo-model need measure-
ment, and for the several hundred points per model required in cadastral work
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or enginecring digital terrain models. In topographic plotting work, one has to
plan for the digitising of tens of metres of line plotting per model, which, depen-
ding on the density of recording, means the measurement and recording, at speed,
of from several tens of thousand to several hundred thousand points per stereo-
model. Obviously, there has been and still is a need for new digitising equipment
to meet these quite different requirements.

Until recently, most photogrammetric instruments have had digitisers
manufactured and attached by the instrumental manufacturer. A feature of the
last few years has been the widespread installation or attachment of systems made
by specialist digitising firms, often with little or no connection with the photo-
grammetric manufacturers. Perhaps this has been due partly to the shortcomings
of the equipment offered by these manufacturers, but it also results from the fact
that the devices and systems which have been developed in many related fields
(e.g., numerical control of machine tools, non-photogrammetric cartographic
work, etc.) are readily adapted for installation on photogrammetric equipment.
Closely associated with the now-widespread use of non-factory supplied digitisers
is the use of local firms. For example, SAAB (Sweden), Instronics (Canada),
Auto-trol and Dell Foster (U.S.A.), d-Mac and Faul-Coradi (U.K.) have all sup-
plied digitisers on Wild A8 machines installed in these various countries. The
reasons given for this trend are sometimes technical (superior performance), some-
times commercial (cost, especially when shipping and customs charges are added
to ex-factory prices), sometimes operational {ease of servicing), sometimes political
(the wish to use local manufacturers), or a combination of these factors.

In the remainder of this part, an analysis of the various components and
of photogrammetric digitising systems will be made under the following headings:

(A) Resolution, speed and density of photogrammetric measurements for
cartographic purposes; {B) general principles and methods of measurement which
meet these requirements; (C) x, y co-ordinate measuring systems; (D) x, y, Z co-
ordinate measuring systems; and (E) recording and storage devices.

A fairly analytical and generalist point of view has been taken in cach of
these sections since the intention of this paper is to focus attention on the digitising
problem as a whole, rather than simply attempt a survey of devices presently
offered on the market.

Resolution, speed and density of measurements for cartographic purposes

As already mentioned, it is important for designers, constructors and
operators of digitising systems to realise that the specifications and performance
required from these for cartographic purposes arc often quite different to those
demanded for the aerial triangulation, cadastral and engineering work which have
been the chief tasks for which digitising equipment has been used till now.

Resolution. In aerial triangulation work, measurements on photographs with
comparators or in the model with stereo-plotting equipment need a resolution in
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the range 1-5 ;m; in cadastral and DTM work, resolution requirements are in the
range 5-20 ;m. However, the many measurements needed for cartographic work
will be made during continuous or semi-continuous plotting of mainly linear
features; and so resolution requirements will be less than when only a few very
precise point features (signalised points, drilled holes, reseau crosses, etc.) have
to be measured and more time can be devoted to the measurement of each in-
dividual point (as in aerial triangulation operations). Remembering, too, that the
final output will be plotted graphically in an automatic co-ordinatograph, then one
may assume that a resolution of 25 ym in the stereo-model will be more than
sufficient for the purpose.

Density. This leads directly to consideration of the density of measurements
which is needed for cartographic digitising. In aerial triangulation and other
similar work, only a comparatively few points need to be measured with a relatively
long time interval between them. Slow recording and output devices without mass
storage facilities (e.g., paper tape or card punches) are quite appropriate. For
cartographic work, the density is much higher and the interval between measure-
ments very short, with consequent effects on the measuring/recording systems.

From previous papers (Howard, 1968; Uhrig, 1970; Petrie, 1971) it seems
that the density of line detail likely to be found in topographic maps lies in the
order of 2-12 cm/sq.cm, depending on the scale of plotting and on the type of
terrain being considered: an additional, comparatively trivial number of point
features will also have to be measured.

Considering the line features, these can be divided into two main groups.
The first comprises straight-line and mainly man-made features—buildings,
certain physical boundaries (e.g., fences and walls), etc.—where only the begin-
ning and the end points of such features (plus perhaps one or two intermediate
points) need to be recorded. This is done in conjunction with a suitable coding
or instruction which can permit later plotting of the continuous straight lines via
the hardware or software of the automatic co-ordinatograph. This reduces both
the number of measurements to be made and the amount of storage to be provided
in the recording device or in the computer.

The second group comprises the more sinuous linear features—contours,
rivers, forest and field boundaries, many roads and tracks, etc.—to be plotted.
These features are at a maximum in areas where man’s activity is least and at
smaller scales. Obviously, with these lines, many more points have to be measured
and recorded if an accurate plot is to result later; the actual density depends
on the characteristics of the measuring/recording device itself; the scale of the
finally plotted maps; and the suitability of the algorithm which is adopted for
the later reconstitution of the lines during plotting.

Speed. This factor is closely related to the density of recording. Again, it is
a matter which is very different when digitising for cartographic operations than
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for aerial triangulation. With the latter, a very slow final movement is made when
measuring the actual triangulation point, but unfortunately this is coupled with
a requirement for very rapid rates of movement between these few points. This,
when associated with the high resolutions which are needed for aerial triangula-
tion work, imposes great strain on the counting (and decoding) capabilities of a
digitising system. In this respect, the designer must also allow for the considerable
accelerations which may occur due to accidental bumping or pushing of the
measuring carriage, particularly in a free-moving type. If a deliberate or acciden-
tal rate of movement of 0.5 m/sec is achieved, a counting speed of 50 kHz will
be generated in a measuring system which resolves 10 ym, and 500 kHz with a
1 «m resolution.

When digitising for cartographic operations, the designer’s problems are
lessened in some respects because of the lower resolution requirements. Also, the
normal speed of plotting linear features is not too high, 1.5-2.5 mm/sec, though
allowance has still to be made for accidental displacements. However, even at
these plotting speeds, high-density digitising at the closest practicable interval
of 0.1 mm (100 ,m) will require 15 to 25 points to be measured and recorded
per second. This is, of course, a data acquisition rate which could not be ac-
commodated by first- and second-generation digitising equipment where the co-
ordinates of a single point took from 2 to 12 sec to be measured and recorded,
and measuring operations could not be performed “on the fly”.

Summarising, one may say that, while requirements for resolution and
rates of movement are lessened when digitising photogrammetric measurement for
cartographic purposes, the requirements for the rate and density of information
to be acquired increase many fold, so that high-speed measuring, decoding and
recording have to be adopted. This has been made possible by the introduction of
opto-electronic measuring devices, integrated circuit logic and high-speed, high-
density, recording and storage devices such as magnetic and high-speed paper tape
recorders. However, if a digitising system has to be supplied for both aerial
triangulation and cartographic work, then it is obvious that the quite differing
needs for high resolution, high rates of movement, high density of recording, etc.
can stretch the digitising system to the present limits of the art.

Measurement possibilities

In considering digitising systems which will meet the requirements defined
above, attention will first be given to the basic characteristics of the measuring
devices themselves before inspecting their capability and potential when mounted
on a photogrammetric instrument.

Absolute and incremental methods of measurement. First of all one must
distinguish between these two forms of measurement. An absolute device, e.g., a
suitably coded linear scale, will record a unique value for each co-ordinate axis
for each position in the photograph or stereo-model area occupied by the
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measuring device (space rod intersection point, measuring mark or cursor, etc.).
Every other position will be distinguished by having a different and unique value.
If the measuring process is interrupted, e.g., if the power which actuates the device
were to be cut off, then, on resumption, the same value as before will still be
measured and recorded on each axis for every point in the photo or model. With
an incremental device, positions are not co-ordinated in terms of fixed values for
each co-ordinate axis, but in terms of the total count of distance increments made
from an initial starting point, which may be specified to be anywhere within or
outside the photograph, map or model area. Obviously even the smallest inter-
ruption in detection or counting of increments in such a device will lead to quite
erroneous co-ordinate values for every position measured thereafter.

While the absolute system has the obvious feature of constancy of value,
irrespective of power interruption or failure, it does require a large number of
tracks or channels to provide a unique code or value for every position, particularly
if both a high resolution and a long measuring distance are to be provided. For
example, if a 10-m resolution is to be provided over a 70-cm distance (as along
the y-axis of a stereo-plotting machine) then some 70,000 (i.e., 21%) values have
to be specified uniquely. Using a binary-based coding system, suitable for electro-
mechanical or electronic detection of values, then 17 tracks or channels must be
provided on the scale and at least one detector or counter per track. Furthermore,
such a scale is more difficult and expensive to manufacture and complex decoding
and combining of the binary signals must be provided. Also it is difficult, though
not impossible, to key in a predetermined value for a particular point, as is
desirable in some cartographic operations.

By contrast, an incremental system has a much simpler scale, e.g., a simple
grating may be provided or one with an additional index grating as in the well-
known moiré fringe system. Either system is fess expensive than the corresponding
fully-coded absolute scale. Essentially, the measured value is produced by
counting the series of increments or pulses from a starting value. To achieve
the correct value, the direction of movement has to be sensed and vibration in
particular has to be guarded against or values will be added to the count for no
change in position. The effects of deliberately or accidentaily cutting off the
power supply or of miscounting in an incremental type of device have already
been mentioned. For all that, the tendency with most recently designed or applied
photogrammetric digitisers is to adopt incremental techniques, though the ab-
solutely coded linear scale used by Sopelem for the Pressa 226 is a notable ex-
ception. The main advantage of the incremental systems is the lower cost, not
only in the manufacture of the scale, but in having to provide only two or four
channels or tracks for detection and counting of the increment. In this respect,
the extreme reliability in counting which is possible with current solid-state
electronics technology has played a considerable part in the adoption of incremen-
tal devices in photogrammetric practice. A further point is the ease with which a
given or convenient value can be entered in an incremental system.































































