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Abstract
An analysis of the digitising units attached to stereoplotting instruments
reveals four main approaches to their design and construction. The first
three are based on hardware, firmware and sofrware respectively and are
applied to individual units: the fourth comprises multistation, time sharing
systems based on the use of a minicomputer. The advantages and disadvantages of each approach are outlined. The software based approach is then
described in detail, based on experiences with a system which has been
implemented on an Oficine Galileo Stereosimplex IIc plotter and which uses
a Wang 2200 desk top computer and inexpensive, widely available digital components, A large suite of highly interactive programs has been developed and
three of these (the basic digitising program and those for relative and absolute
orientation) are described in some detail as examples. An account of practical
experiences with the system is given and the difficulties which arise in transferring programs between desk top computers are discussed. The software
based digitising system is shown to be an extremely powerful, versatile and
effective addition to a stereoplotting instrument.

CHARACTERISTICS
OF DIGITISING
UNITS
VARIOUSAPPROACHES can be followed in the design of the electronic units which
decode, display and output co-ordinates and control the operational modes of a
photogrammetric digitiser. From an analysis of these different approaches, it is
possible to distinguish four main types of device. These can be termed (1) hardware
based units; (2) firmware based units; (3) software based units; and (4) multistation,
time sharing units.
Unit based on Hardware
The classical type is the hard wired electronics unit in which the pulse counting
and display, mode selection (point, time or distance), the setting and resetting of
co-ordinate values, and so on, are all carried out by discrete purpose built electronic components. This is the type of device which has been developed by almost
all the main photogrammetric instrument manufacturers who, as electronics technology has evolved, have based their systems first on electrical mechanical relays,
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then on printed circuits and transistors and finally on the use of integrated circuits.
The series of Wild units, the EK2, EK3, EKS, EK8 (Berger et al., 1972) and EK22
(Berger et a/., 1974), shows the typical progression in design over the last 20 years.
In these units (Fig. l), the console or cabinet contains all the circuitry required
to process the signals from the encoders and their associated counters so that the

FIG.1. Wild EK22 hard wired digitiser console with X, Y and 2 display, magnetic tape
transport and a keyboard for entry of numerical codes and descriptors. ( WildHeerbruggLtd.)

co-ordinate values may be displayed and passed to an output device. Mode selection and the entry of the time and distance values when digitising in either of these
modes are implemented through the operation of buttons, keys or switches. The
numerical values required for point descriptors or for setting the co-ordinate
counters to some predetermined values are normally entered via banks of keys or
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thumbwheel switches which actuate mechanical or electronic counters. The most
sophisticated of these units based on hardware also incorporate scalers and transformation circuitry to allow processing and display of ground co-ordinates and
digital planimeters to carry out area calculations, again using specially designed
and built electronic components. The specialist North American digitising firms,
such as Dell Foster with the RSS-400 Graphic Quantizer system (Fig. 2), have been
the main suppliers of these more elaborate units.

FIG.2. Keuffel and Esser/Dell Foster RSS-400 Graphic Quantizer.

Usually hard wired units are rather inflexible with regard to the format of
data, although the more elaborate and expensive units have plug boards whose
settings can be altered to change the output format. Almost all of these hard wired
units offer various purpose built interfaces so that a variety of output devices
(electric typewriters, teleprinters, card and paper tape punches and magnetic tape
recorders) can be used with them. In recent years, some users have attached a
desk top or minicomputer to these units. It must be realised, however, that the
computer is merely attached to the electronics console as a peripheral which can
carry out computations on the measured co-ordinate data. Thus the computer is
not used to execute, control or interact with the digitising operations, which are
still controlled entirely by the hard wired electronics unit.
Unit based on Firmware
A second approach, which has been adopted recently, is to substitute a microprocessor for the hard wired electronics unit. This was introduced in 1975 by the
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Norwegian Kongsberg firm with their PDSM-8 unit and by Kern in 1976 with
their DC-2B unit (Klaver, 1978). In the United Kingdom, similar types of device
have been introduced recently by Surveying and Scientific Instruments Ltd. with
their MDR-1, MVR-1 and SM-2 units (Fig. 3). The microprocessor is programmed

FIG.3. Surveying and Scientific Instruments MDR-1 digitising unit based on a
microprocessor. (Sivueying and Scientific Instruments L t d )

via a PROM (a Programmable Read Only Memory) to carry out all the functions
which are normally executed by the discrete components of a unit based on hardware. Thus the scanning of the co-ordinate counters, the set and reset facilities
and the selection of the digitising modes are all controlled and executed by the
microprocessor.
In principle, it is also possible to use the microprocessor to execute those operations which involve computational tasks, for example absolute orientation, the
transformation and real time display of ground co-ordinates and area calculation.
The screen based Kern DC-2B unit implements most of these operations and also
certain other functions such as building squaring and manuscript preparation, since
it is designed to be used in conjunction with Kern’s microprocessor controlled AT
table for on line plotting and drafting.
The great advantage of this approach is that, since microprocessors are now
mass produced and are available as very low cost items, the whole unit should be
much less expensive than the corresponding unit based on hardware. Also it is
inherently more versatile with the much greater range of functions and operations
that can be implemented via the PROM. However, this statement requires qualification. Once the program has been “burned” into the PROM of the microprocessor (so producing the “firmware”), it cannot be altered or reprogrammed
by the photogrammetrist. If a new range of operations has to be implemented or
modifications made to existing functions, the PROM has to be returned to the
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manufacturer for reprogramming and production of new firmware. This process
is time consuming and by no means easy to implement. It can also be expensive.
In practice, therefore, the units based on a microprocessor are only a little more
flexible than the hard wired units, although they normally have a much wider
range of control and processing functions and operations.
Unit controlled by Software based on a Desk Top Computer
The third approach is to use a small desk top computer interfaced directly to
the measuring/digitising devices of the stereoplotter. The computer can be programmed to carry out all the functions of the hard wired units or those controlled
by microprocessor and also many additional functions. Thus it is, in essence, a
device controlled by software which permits both a high degree of interactivity and
considerable flexibility, since existing programs are readily modified and new
programs can easily be added.
The first attempt at implementing this approach was that of Dorrer and Kurz
(1972) who successfully interfaced a Wang 700A desk top calculator to a Wild A10
at the University of New Brunswick (Dorrer, 1972). The Wang 700A has a very
limited processing capacity, so that only certain restricted tasks could be carried
out. Some further developments took place using a Data General Nova 800 minicomputer substituted for the Wang 700A (Dorrer et al., 1974; Tsivos and Dorrer,
1975, 1976). These experiments proved the validity of the basic idea and led to the
further development of this approach by Dorrer for Zeiss (Oberkochen) who offer
it commercially as their CASP (Computer Assisted StereoPlotting) system (Dorrer,

FIG.4. Zeiss (Oberkochen) Planitope with DIREC-1 display and HP-9810A desk top
calculator. (Zeiss (Oberkochen) Lrd.)
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1975). This system was shown at the ISP Congress at Helsinki in August 1976 in
the form (Fig. 4) of a Zeiss (Oberkochen) Planitope stereoplotter equipped with
linear encoders, a DIREC interface and display unit and a Hewlett Packard HP9810 desk top calculator (Dorrer, 1976).
In 1975, Kern introduced their similar DC-2 system which is also based on
the use of the HP-9810 and carries out a similar range of tasks (Klaver, 1978).
However, like the Wang 700A, the HP-9810 has a rather limited storage and computational capacity. Also it has no visual display unit (VDU) to give information
to the operator (only a simple three line numeric display is provided), so that only
a few of the simpler functions and operations can be implemented.
One of the present authors (Petrie, 1972) had already advocated the use of
a more powerful desk top computer equipped with a VDU to permit a higher
degree of interactivity, including the supply of information to the operator and
the use of prompts, questions and error messages, as well as the implementation of
a wider range of operations. However, lack of money prevented this being done
until May 1976, when the system discussed in this paper was at last acquired.
Multistation, Time Sharing System based on a Minicomputer
The fourth approach is to utilise a large minicomputer in order to control the
digitising operations of several stereoplotters on a time sharing basis as well as
executing the subsequent data processing. This is the most sophisticated and complex approach and also the most expensive in terms of capital cost and software
development. Typical are the multistation systems developed by Matra for the
Algerian National Cartographic Institute (Vigneron, 1974) and by Hunting Surveys
Ltd. (Keir, 1976; Leatherdale, 1977). The latter is based on the use of a large
DEC PDP 11/50 minicomputer equipped with 96 K of 16 bit word memory which
controls the digitising operations carried out simultaneously on eight Wild A8
stereoplotting instruments and records the co-ordinate information on a central
large capacity disc store. Alphanumeric VDUs equipped with keyboards are available
at each stereoplotting instrument to provide information and co-ordinate display
to the operator.
Even with the larger time sharing systems, it is an open question whether some
of the computing/controlling operations should not be distributed to local individual units based on a microprocessor or desk top computer in order t o provide
local intelligence. The advantage of this approach is that, if the central time sharing
minicomputer has a hardware fault or software failure, it is still possible for the
digitising operations to continue locally. If the system is based wholly on the large
minicomputer, any fault brings the whole digitising operation to a complete halt.

DIGITISINC
HARDWARE
The system (Fig. 5 ) which has been developed at the University of Glasgow
consists of the following elements:
(i) incremental linear encQders attached to an Officine Galileo Stereosimplex IIc;
(ii) a small console containing the X , Y and Z co-ordinate display and the interface
electronics; and
(iii) a Wang 2200s desk top computer with an 8 K byte (8 bit word) memory, a
hard wired BASIC interpreter and a matrix ROM (Read Only Memory).
Fig. 6 shows the overall hardware arrangement. The use of linear gratings as
measuring elements permits free movement in the model area without recourse to
linear/rotary converter mechanisms and the accompanying problems of gearing,
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FIG.5. Officine Galileo Stereosimplex IIc with computer assisted digitising system based
on software, including display, Wang 2200 desk top computer, Data Dynamics teleprinter
and Baydel cassette drive.
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FIG.6 . Block diagram of digitising hardware.
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wear and loss of accuracy (Petrie, 1972). The gratings, reading heads, counters
and nixie tube displays are standard low cost items from the Teletrak range manufactured by Whitwell of Glasgow for attachment to machine tools. A choice of
glass gratings using reflected or transmitted light or stainless steel reflective gratings
was available; the reflective glass scales were chosen for the purpose. These were
mounted on square sectioned tubes and were readily fitted to the Stereosimplex
using simple brackets (Fig. 7). The resolution of the encoders is 5 ym and the

FIG. 7. Linear grating mounted on a square sectional tube and attached to the frame of
the Stereosimplex IIc with simple brackets. The reading head is attached to the cross
slide carriage and moves with it, so measuring, in this case, the Y co-ordinate.

co-ordinates are displayed on nixie tubes as a six digit (five decades and one binade)
set for each axis (Fig. 8). These standard display units also include preset and reset
buttons and thumbwheel switches. All three ( X , Y and Z) co-ordinate values are
passed continuously from the counters and the display to the buffer store. On
command from the digitising footswitch (in point mode), the clock (in time mode)
or the Wang (in time, distance or co-ordinate mode), the co-ordinates are passed
into the serialiser unit. This arranges the data into a series of successive characters
or bytes for transmission, via the interface cards, to the standard 8 bit parallel
(byte or character serial) interface of the Wang processor. These interface cards
were designed and made up by Whitwell and are the only purpose built piece of
electronics in the whole system. Every other component was available as an off
the shelf item from either Whitwell or Wang.
In point mode, the X, Y and Z co-ordinates are stored and transferred to the
Wang 2200 when the point footswitch is depressed. In time, distance or co-ordinate
mode, a data transfer hold is incorporated so that the co-ordinate counters are
static during data transfer to the buffer. However, the recording takes place “on
the fly”, so that no waiting time is necessary and the operator continues to move
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on to the next point to be measured. The operation of these three dynamic modes
is initiated by a command from a second footswitch which operates the pen up/
down movement on the plotting table. When the pen is dropped, recording in time,
distance or co-ordinate mode can then take place.

FIG.8. Three axes nixie tube displays with the preset and reset buttons and thumb setting
mechanical counters to the right of the displays.

The time mode is normally controlled by a hard wired clock, but it can also
be controlled from the Wang 2200 using software. In the latter case, the interval
is set as a multiple of the “pause” statement of the Wang. The distance and coordinate modes are wholly organised by software with the appropriate interface
commands being transmitted to the serialiser from the Wang to initiate data transfer
to the computer. The feature code, point number or event number are also controlled by software, being initiated or inserted via the keyboard of the Wang. The
electronics console has point and time buttons, but these could be dispensed with,
as indeed could the co-ordinate displays on nixie tubes, since the co-ordinates are
displayed continuously on the screen of the VDU. However, these buttons were
incorporated in the original design as a safety measure in case the proposed software
oriented approach was not successful, since we had no experience of this when
beginning the project. In practice, the nixie tube display has turned out to be a
convenient, bright, large figure display which is easily read at a glance by the
operator during all the many operations which can be carried out on the system.
PROGRAM A N D DATARECORDING
A N D STORAGE
Programs are written and stored on standard digital tape cassettes which are
read into the memory using the cassette drive which is an integral part of the VDU
of the Wang2200S (Fig. 9). On the output side of the system, standard teletype
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FIG. 9. Wang 2200 visual display unit with alphanumeric keyboard, numeric pad and
integral cassette drive for writing and reading programs held on standard cassettes.

FIG. 10. Wang 2200 processor with interfaces to send and receive instructions and data
from its peripheral devices.
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and telecommunication serial interfaces (Fig. 10) allow transfer of data to a Data
Dynamics fast teleprinter for hard copy and to a Baydel cassette drive for recording
in digital form. This second cassette drive is used for the logging of co-ordinate
data, which allows the first (Wang) cassette drive to be used exclusively for the
storage and input of program information. Thus large programs which exceed
the capacity of the small Wang processor can be written in segments on the cassette. Each segment can then be called up automatically when the previous part
of the program has been executed, without need to change physically from a program tape to a data tape or vice i'ersu.
The second (Baydel) cassette drive (Fig. 11) writes the recorded data on the
same standard digital tape cassettes as are used on the Wang drive, but in ECMA34 format. This European standard format for cassettes has recently been adopted

Fic;. 1 1 . Baydel cassette drive for logging co-ordinate data and Data Dynamics teleprinter
for hard copy output.

as an international standard (ISO-3047). Provision of this second cassette drive
is a vital feature of the system, since similar drives can be found on many other
computers and the use of cassettes written in a standard format allows easy transfer of the recorded data. In our case, use can also be made of the data transfer
satellite computer available at the University of Glasgow to read these cassettes
and to transfer the data on to standard half inch (12.7 mm) wide seven or nine
track magnetic tape at any specified density or format. By these different means,
measured co-ordinate data have been supplied to various users who carry out their
subsequent processing on a wide range of mainframe computers, for example on
ICL, IBM and DEC machines.
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The use of floppy discs as recording media with their greater storage capacity
and random access capability has much to commend it and is, in many ways, a
much more attractive solution. However, the total lack of standardisation in floppy
disc recording formats meant that their adoption would have resulted in an inability
to supply measured data to the wide range of users who are currently supplied.
Also, at the present time we have no need for random access to the data during
the digitising and associated operations, since all major editing and processing are
carried out in mainframe computers where the data are stored on magnetic tapes
and discs. Thus we have had no cause to regret the use of the cassette drives,
although other organisations operating in a different computing environment
would probably make a different choice. A telecommunications (RS-232) interface was also supplied with the Wang to give an on line connection to the University of Glasgow ICL 2976 mainframe computer in order to allow direct transmission of the co-ordinate data. This has not as yet been implemented, although
it is hoped that it will be shortly.
Recently, a small Houston DP-11 Complot drum plotter has been added to
the system in order to provide graphical output. This is mainly used for checking
purposes. Once the checking has been done, the data are transferred to the mainframe computer where the main processing takes place, the final output being
plotted on the large format plotters attached to these machines. Some additional
form of graphic display based on the use of a storage tube or a refresh VDU driven
by the Wang and located close to the operator would obviously be a most convenient and suitable form of device for checking and editing purposes, since the
continuous display would allow the operator to observe errors and omissions and
to make corrections while in the area being digitised. However, finance has not
been available to implement this possibility, although a program to drive such a
graphics display has already been acquired.

SOFTWARE
DEVELOPMENT
Before describing individual programs, some discussion as to the overall
philosophy and approach adopted for software development may be useful.
Programming a Desk Top Calculator

The series of papers published by Dorrer and his associates are most instructive and they give a good outline of the development of programs using both the
Wang 700A and the Hewlett Packard HP-9810 desk top calculators. However,
the approach which they have adopted is matched, understandably, to the characteristics of these calculators: in particular, their program storage is very limited
and there is only a limited display capability with both machines.
In the case of the Wang 700A, 120 storage registers (which may be used either
for data or programs) are available, permitting a maximum of 960 program steps
to be stored in the core memory (Dorrer and Kurz, 1972). The HP-9810 has a
rather different architecture comprising two quite separate memories; a data
memory of 111 storage registers and a program memory of 2036 steps were used
by Dorrer (1 975) which represents the maximum configuration of the machine.
Dorrer has exploited this capacity to produce a series of five separate programs,
three of which comprise the basic digitising software including point and stream
digitising, and two, the absolute orientation of a stereomodel (Dorrer, 1976). Each
of the five programs is held on a separate magnetic card and is organised into a
set of subroutines, any one of which can be called individually by the operator
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using the special user definable keys which are a feature of this type of programmable calculator. Display is limited t o two lines of numerals in the Wang700A
(which allows the display of X and Y co-ordinates for example) and three lines
(used for X, Y and 2 co-ordinates) in the HP-9810. Thus no text can be displayed.
Programming on both calculators must be executed in a machine code which
is unique to each machine. As Dorrer (1975) mentions, because of the primitive
language, more complicated programming has to be accepted, and the task of
designing, writing, debugging and editing programs is demanding, tedious and
onerous.
Programming a Desk Top Computer

With the availability of a Wang 2200, many of the constraints inherent in the
use of these programmable desk top calculators disappear. The exact boundary
between programmable desk top calculators and desk top computers is sometimes
difficult to draw, but in the case of the Wang2200 the distinction is clear. It is
based on the following features: programming in a high level language (BASIC)
with extensive facilities for error detection and editing; a comparatively large
memory of 8 K bytes (8 bit words); the computer-like organisation of the memory;
the availability of several input/output channels using standard computer interfaces;
a vast choice of peripheral devices including printers, plotters and mass storage
devices; and a VDU equipped with a full alphanumeric keyboard and a numeric
pad. Furthermore, the availability of twin cassette drives, each with 500 K bytes
storage capacity allows storage and access to large programs and simultaneous
recording of large quantities of data. A matrix ROM permits easier programming
and rapid execution of mathematical operations involving the addition, subtraction,
multiplication, inversion and transposition of matrices.
The result of this augmented capability is that a completely different approach
to software development may be implemented. The alphanumeric screen, which
displays 16 lines each of 64 characters, allows not only interactive program development, but can be used to display information, instructions, prompts, coordinates, instrumental settings, and so on to the photogrammetric operator. This
allows him to make use of the stored programs and computational capabilities of
the desk top computer to control and execute not only the functions of a digitiser
unit but a very wide range of other activities associated with stereoplotting. Therefore the programs have been designed around the use of the VDU with interactivity
and decision making by the operator as their central theme.
The Wang 2200 still has one feature in common with the programmable desk
top calculators in the use of multiple user definable keys to call and execute subroutines. We have taken little advantage of this feature since frequent use of the
numerous keys appeared to us to demand considerable knowledge and training on
the part of the operator and was likely to cause interruptions in the measuring
process which might affect his concentration. As far as possible, therefore, various
choices are put to the operator before measurement commences, using a question
and answer technique. Thereafter the operations are designed to flow with a
minimum disruption to the operator, although he can still interact with the programs whenever necessary.
All the programs are written in BASIC, utilising the ROM containing the
BASIC interpreter which is integral to the small Wang2200S and T processors.
The use of this interpreter is particularly advantageous for program development,
since each line of the program is scanned and checked as soon as it is written and
an error message is instantly displayed where necessary, allowing immediate
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rectification of the error. The use of BASIC makes program development very much
easier than if it had to be executed in a low level assembler or machine code. While
the use of a higher level language utilising an interpreter or a compiler will obviously
result in slower processing than in a processor where machine code is used directly,
we have not found any part of the digitising or the associated control or processing
operations which is limited by the speed of the Wang 2200 processor. If heavier
processing or higher speeds were necessary, then the much faster and more powerful 2200 VP and MVP processors could be used. However, the philosophy adopted
here is to carry out the main processing, manipulation and editing of data in a
mainframe computer so that a simple, low cost processor can be dedicated to the
tasks of digitising and computer assisted stereoplotting.

PROGRAMS
The programs which have been developed for the system so far include:
(i) the basic digitising program which controls all the digitising operations required
for procedures such as stereoplotting and the generation of a digital ground model
(DG M);
(ii) the orientation programs, including both relative and absolute orientation;
(iii) programs utilising grid measurements for the calibration of the stereoplotter
and the determination of its perspective centres;
(iv) a program for model connexion and strip formation in aerial triangulation by
independent models which permits checking of the model joins and any necessary
remeasurement while the stereomodel is still in the instrument; and
(v) a program to allow perspective plotting of ground detail, including buildings, in
combination with an existing program package on a mainframe computer.
It should be emphasised that all of these operations are carried out on line and
interactively, with the Wang desk top computer assisting the operator with checks
and prompts which speed up the operations and allow mistakes to be detected
and rectified. It is not possible to describe all of these programs in this paper;
three have been selected to illustrate various tasks that can be carried out with
this software oriented system.
Digitising Program (DIG I )
The flow diagram shows how the digitising operations are controlled by the
Wang 2200 desk top computer (Fig. 12). After loading the program, the operator
receives a set of instructions on the VDU (Fig. 13) which tells him how to operate
the digitising system and also offers a series of alternatives as to the manner in
which the operation may be carried out, for example:
(a) a choice of digitising mode-point, time, distance or co-ordinate;
(b) a choice of numbering system-individual point numbering, event numbering
or feature coding; and
(c) a choice of output device-VDU, printer or cassette drive.
Once these choices have been offered and made, the program then selects the appropriate mode and measurement can proceed immediately.
As mentioned previously, operation of a footswitch causes the co-ordinates
of an individual position to be recorded in point mode. The second footswitch
linked to the operation of the up/down movement of the plotting pencil on the
Stereosimplex IIc controls recording in time, distance or co-ordinate mode.
When the time mode is selected, the required interval is set by the operator. AS a
safeguard against the recording of redundant data, a small subroutine is built
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into the program which checks whether two successive points have the same
co-ordinate values. If they agree to within k 5 pm (the resolution element of the
encoders), then recording is inhibited. If the distance mode is selected, the operator
is asked via the VDU to define the vector or distance between the successive
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FIG. 12. Digitising program: overall concept and flow diagram.

points to be recorded. Selection of this mode means that a continuous computation
of the distance increment from the measured co-ordinates must take place in real
time. The required vector is entered via the keyboard. When measurement starts,
the new co-ordinates are compared continuously with the set previously recorded
until the required vector is reached. The Wang then passes the co-ordinates to

5
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whichever output device has been selected and they are recorded on that device.
The co-ordinate mode is organised in a similar way. The operator defines the
increments in X and Y between successive recordings and these are typed in
via the Wang keyboard. This allows, for example, the possibility of recording
points in a rectangular grid (AX# A Y) rather than a square grid (AX = A Y ) .

FIG.

13. Wang VDU display of information and prompts to the operator.

Provision has been made in the program for the use of different numbering
systems which act as descriptors of the feature being measured. The first allows
a simple point number to be entered by the operator via the Wang keyboard, for
example to give a previously assigned number to a specific control point during
aerial triangulation operations. A second possibility is event numbering. If this is
selected, the number of each new point is automatically incremented after each
previous measurement has been recorded, no matter which measuring recording
mode has been selected. A third choice is provided through the use of a menu
which gives the operator the appropriate header or feature code for all possible
objects which have to be measured during stereoplotting. This menu can be called
using two of the special user definable keys of the Wang and can be displayed o n
the VDU at any time while the stereoplotting measurements are being made. The
operator then selects the appropriate three or four character code from the displayed list and types it in via the Wang keyboard before undertaking the measurement. The codes are hierarchical in nature, so that the second character is a subgroup of the first, the third character a sub-group of the second, and so on. While
the selected code number remains fixed, the second part of the header comprises
the event number and continually increments with each new recording.
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The possibility of erasing a feature which has been wrongly identified or
poorly measured is, of course, an essential feature of a computer assisted system.
This is achieved by retaining in the memory of the Wang the previous eight points
which have been measured, before they are read into the Baydel cassette drive.
The latter is set to receive blocks of 256 bytes (8 co-ordinate sets each of 32 bytes).
I f a point has been wrongly measured in point mode, the block of eight points is
recalled, the number of the feature code of the point is typed in, remeasurement
is carried out and the new co-ordinate values automatically displace the old. In
any one of the dynamic modes, the whole block of eight points can be erased and
a new measurement can be made replacing the complete set of old points. If points
which have already been recorded need to be remeasured, then these remeasured
values are flagged using a special character which allows easy identification when
the main editing takes place later in the mainframe machine.
On the output side, the various devices attached to the Wang can be selected.
Obviously the choice has to be related to the previously selected mode of operation.
For example, if time mode is chosen, the time interval selected has to be compatible
with the speed of the output device.
(i) If the teleprinter is selected, its speed is 30 characters per second. Thus if a
header comprising four characters, plus three co-ordinate sets each of six digits,
plus the appropriate spaces between is being used, then a minimum of 1 s is required
to print out one co-ordinate set. This is the slowest device. (A much faster printer
could have been attached, but a higher speed was not required.)
(ii) If the cassette drive is used, three full co-ordinate sets and headers can be
accepted per second, so that the minimum interval between recordings is 0.3 s.
(iii) If the VDU is used, up to 10 co-ordinate sets per second can be displayed,
allowing an interval between points of 0.1 s. In practice, these speeds are almost
never reached. The measurement of point data for a DGM or for aerial triangulation involves many seconds between recordings because of the considerable traverse distance between the points being measured. In continuous stereoplotting of detail or contours, the maximum rate of plotting likely to be achieved
is from 1.5 mm ss1 to 2.5 mm s-l (Petrie, 1970). With recording normally occurring
at intervals of a few millimetres, it is unlikely that the speed of the output devices
used in the present configuration will be a limiting factor. However, audible and
visual warning devices have been incorporated in the display console to signal
this to the operator, if it should occur.
Ahsolirte Orientntioti Program (ABSO R)

ABSOR is a more sophisticated and complex program, involving greatly
increased computational work. It is also a much more lengthy program (17 K
bytes) and since the processor which is available has only 8 K bytes (8 bit words)
of memory, a substantial proportion of which must be reserved for data, problems
could arise. However, as has been mentioned, the Wang 2200 allows the program
to be held on cassette in segments, in this case ABSOR 1 to 4.
The small size of the processor also results in the computational solution
being done in stages (Fig. 14). For an absolute orientation, seven parameters
must be defined: the scale factor A; the three absolute rotations R, @ and K ; and
the three translations or shifts Cx, Cy and C,. It is not possible with the small
processor to solve for all of these simultaneously. Various methods can be devised
to solve the problem. The one which has been adopted is to initially reduce both
sets of co-ordinates (the measured model co-ordinates and the given ground coordinates) to their respective centres of gravity. The comparison of the two sets
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of reduced co-ordinates allows the solution of A, a, 0 and K. If there is redundant
control, a least squares solution is implemented. The computed values of A, Q,
0 and K are then used to derive corrections to the orginal set of reduced model
co-ordinates. The whole cycle is then repeated, starting with a new comparison of
the two sets of co-ordinates and ending with refined values of the four parameters,
the number of iterations having been decided in advance by the operator. Once
the final values have been obtained, the translations C,, C y and C, are computed.
From the operator’s point of view, the sequence of operations is as follows:
(i) The operation starts as before with a set of general instructions displayed to
the operator on the screen of the VDU.
(ii) All required external data are typed in by the operator via the Wang keyboard,
for example locality, model number, photograph and model scale, the a, a, K
and bx settings on the machine, and the given ground co-ordinates of the ground
control points. U p to eight control points may be used, which may be one, two
or three dimensional or, in other words, any combination of plan only, height only
or full control points.
(iii) The control points are then measured in the same order in the stereoplotter, the
co-ordinates being passed to the Wang processor automatically.
(iv) The remaining part of the procedure is purely computational and is executed
entirely automatically by the Wang processor as outlined above. At the end of the
cycle, the results are displayed on the VDU, including the co-ordinate discrepancies at each control point and the corresponding standard deviation. Acceptance or rejection of the settings is decided by the operator.
(v) If the operator is not satisfied with the solution, for example when it lies outside the accuracy specification or when he has detected the wrong entry of the
co-ordinate values or misidentification of the control points, then the entire orientation sequence can be repeated. The computed values of the base setting and the
SZ and 0 rotations can be set on the Stereosimplex and a new set of measurements
carried out. When the operator is satisfied, the final results are printed out and the
transformation parameters saved so that, if required, on line processing of ground
co-ordinates can be carried out during stereoplotting or DGM operations.
The overall feature of this type of program is that it is very fast and highly interactive, the operator making the decisions as to the number of computational iterations which will be executed or whether remeasurement is required or not. Since
absolute orientation can be a very long and frustrating process when carried out
empirically, for example when the control points are poorly distributed, a fast
on line solution of the type described makes a valuable contribution to the stereoplotting operation.
Relative Orientation Program (RELOR)
It is perhaps open to debate whether such a program is useful or not. With
small tilts and small height differences, skilled operators can complete a satisfactory
relative orientation within 10 or 15 minutes using the well known empirical optical
mechanical procedures. When numerical orientation methods are used, they are
normally implemented as the final step in an otherwise empirical procedure and
it must also be acknowledged that these methods are little used in British photogrammetric practice.
The normal empirical orientation procedures are, however, based on the
assumption of flat terrain, small tilt values and ideal positions of the standard
relative orientation points. Large deviations from these assumed conditions lead
to many iterations of the orientation procedure so that relative orientation can be
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a frustrating and time consuming procedure, especially in the presence of heavy
tilts and mountainous terrain. This is particularly the case when a continuous
series of relative orientations has to be executed as in aerial triangulation with
independent models. Taking these factors into account, it was decided to implement a relative orientation program.
The availability of the desk top computer and accurate X, Y and 2 model
co-ordinates for any point mean that a completely different approach can be
taken to achieve a relative orientation. Obviously, a procedure which involves
a single set of measurements leading directly to the computation of values of
orientation elements which can be set on the stereoplotting instrument is to be
preferred. It should also be able to deal with more than the minimum five points,
so that a least squares solution must be implemented and, preferably, it should cope
with incomplete models in which the points used for the orientation are located
in other than the standard positions.
To fit this prescription, several methods have been investigated, especially
those suggested by Harley (1971) and Wood (1974). Harley’s method, which is
an exact rigorous solution, has been adopted for this particular program. Attention is drawn to the alternative solution of Tsivos and Dorrer (1976), which became
known after the decision to follow Harley’s method had been taken. The detailed
derivation is given in Harley’s paper and need not be repeated here. As with all
the methods mentioned, an accurate calibration of the zero points of the rotation
elements is to be preferred and a prior knowledge of the co-ordinates of the projection centres is an essential feature of Harley’s method. This information is
derived through grid measurements supported by the appropriate Wang programs.
The relative orientation procedure then involves the elimination of y parallax at
,
by the recording of the X, Y
the two principal points using K , and K ~ followed
and 2 model co-ordinates and the w , value at each of the relative orientation points
after removal of y parallax using the w2 movement. The former values are passed
directly to the Wang processor from the encoders; the latter are read from the wa
drum and entered via the Wang keyboard. The computational procedure need not
be discussed in detail here since it follows that set out in Appendix 3 of Harley’s
paper. The implementation of the procedure is greatly assisted by the use of the
Wang’s matrix ROM.
Experiences with the program are mixed. Satisfactory relative orientations
are usually achieved in one measuring cycle, although sometimes parallaxes occur,
making it necessary to repeat the procedure. The possible reasons for this, such
as errors in the parallax measurements or in the actual physical setting of the rotation elements, are not always clear. However, much more restrictive is the fact
that the Stereosimplex IIc, like the Wild A8 and B8 plotters and the Kelsh Plotter
for example, does not have fixed positions of the projection centres. The act of
scaling during the absolute orientation which is carried out subsequent to the
relative orientation involves shifts of both mechanical projection centres via the
6x1 and bx, movements. Thus for routine plotting work, a recalibration of the
co-ordinates of the projection centres needs to be carried out for each new model.
This is time consuming and begs the question as to whether it is worthwhile implementing the method at all in this situation. On the other hand, in aerial triangulation work, an initial calibration of the projection centres is normal and since the
instrument base is fixed thereafter, no recalibration is required. The method is
then quite practical and worth implementing as a computer assisted procedure,
assuming that relative orientations are being carried out many times in each day
or shift.
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CONCLUSIONS
The digital system based on software has proved to be a practical, extremely
powerful and versatile addition to a stereoplotting instrument. The various tasks
which can be usefully speeded up or assisted by the system range across the whole
spectrum of photogrammetric operations from the calibration of the instrument
through the orientation procedures to applications such as the production of
digital information for DGMs, aerial triangulation and perspective plotting. A
digitising unit based on hardware is two or three times more expensive than a
unit based on a desk top computer and has only a fraction of the capability. Comparisons are, however, difficult to make since the approach based on software
involves a very considerable effort and expense in developing efficient programs.
Furthermore, the final result is a system with a totally different purpose and capability.
One would like to think that, once the software has been developed in a commonly used language, it could be used on a variety of small desk top computers.
However, it must be acknowledged that, in practice, this will be difficult. For
instance, while most desk top machines use BASIC as the programming language,
there is no standard and each computer manufacturer implements a different
version or dialect of the language. The restriction, during software development,
to a subset of BASIC common to most manufacturers’ machines, would prevent
the use of many of the special features of a n individual computer. For example,
the Wang 2200 has a special ROM for fast implementation of matrix operations
which has been used extensively in the programs described in this paper. On desk
top machines without this feature, a considerable amount of reprogramming will
be necessary.
However, given the plethora of low cost, screen based desk top computers
which have appeared in the past two years, several of which are priced at well
below El000 for a single unit, one can be quite confident that the type of system
based on software described in this paper will be implemented widely on analogue
stereoplotters in the coming years and with great advantage to a wide range of
photogrammetric operations.
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Rtsumt
Une analyse des dispositifs de traitement numtriques attachts aux
restituteurs permet de les classer en 4 groupes. Les 3 premiers sont basks
respectivement sur l'usage de mtcanismes analogiques, d'unitts compactes
et de logiciels sptcialists associts h un seul appareil; le 4hme peut stre
associt a plusieurs appareils et fonctionner en temps partagt. On discute
avantages et inconvtnients de ces solutions. On dtcrit la solution logiciels
spkcialists d'aprhs des essais faits avec un ordinateur Wang 2200 coup18 h
des periphtriques peu coiiteux, associt avec un restituteur Galileo Ilc. On
a mis au point un ensemble de programmes hautement interactifs dont certains sont ici dtcrits en dttail; on fait part des dificultts rencontrtes dans
leur usage. I1 s'agit finalement d'une solution h la fois trhs puissante et tr2s
souple.
Zusammenfassung
Eine Analyse von Digitalisiereinheiten, die an Stereokartiergerate
angeschlossen werden konnen, ergibt bezuglich des Grundaufbaus und der
Funktionsweise 4 Haupttypen. Die ersten drei beruhen auf Hard- und
Software und werden an Einzelgerate angeschlossen. Der 4. Typ umfasst
mehrere Messplatze, die im Time sharing-Betrieb von einem Minirechner
gesteuert werden. Jedes System wird bezuglich seiner Vor- und Nachteile
skizziert. I m Detail erfolgt dann eine Beschreibung eines auf Software
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basierenden Systems, das auf Erfahrungen beruht, die mit einem Wang 2200
Tischrechner und billigen, uberall verfugbaren digitalen Komponenten
gesammelt wurden. Dieses System wurde mit einem Stereokartiergerat
Stereosimplex IIc von Oficine Galileo gekoppelt. Es wurde eine grosse
Anzahl von meist interaktiven Programmen geschrieben, von denen drei
(das Hauptprogramm zur Digitalisierung und die Programme zur relativen
und absoluten Orientierung) unter Angabe von Beispielen etwas im Detail
beschrieben werden. Zusammenfassung der bisher vorliegetden praktischen
Erfahrungen und Angabe der Schwierigkeiten, die bei der Ubertragung von
Programmen zwischen Tischrechnern entstehen. Es wird gezeigt, dass das
auf Software beruhende Digitalisierungssystem sehr leistungsfahig und
variabel ist und eine eflektive Erganzung fur ein Stereokartiergerat darstellt.
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