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1e INTRODUCTION

In the four year period since the last I.S.P. Congress at
Helsinki, a large numher of mapping organisations have either entered
the digital mapping field or have developed their existing capability
substantially, Indeed there are few agencies of any size in the more
highly developed countries that do not have some digital mapring
capability, however limited or experimental this may be, It must be
recognised however that, in quite a number of cases, this activity is
based on the digitizing of graphic documents, even though these are
often produced photogrammetrically in the first instance.

Digitizing of Photogrammetrically=-vroduced Graphic Plots

The philosophy of those mapping organisations which avoid digital
photogrammetric measurements can perhaps be exemplified by the
Ordnance_Suryey which has a large and well-developred digital mapping
system (Thompson 1979). The basic mapping scales for Great Britain
are 1:1,250, 1¢2,500 and 1:10,000. Up to the present time, most of
the 0.S. digital mapping activity has been concentrated on the 1:1,250
scale which covers urban areas, and on the 1:2,500 scale which covers
the more highly developed rural areas. Both series are planimetric
only, i.e., they are uncontoured. At these large scales, there is
much alteration and supplementation of the photogrammetrically-plotted
data, for example the setting back of the plotted roof lines of
buildings to give correct ground lines, the measurement of features
obscured by trees and vegetation, etc. (Gardiner-Hill 1974). As much
as 25 to 30% of the detail in a single map sheet in urban areas may be
of this altered or supplemental character. Thus it is argued that it
is better to digitize only when a thoroughly field-completed and
checked document is available, rather than attempt to make the
extensive alterations and additions to digital photogrammetric data via
an inter-active editing process. Certainly having a fully annotated,
classified and complete map does simplify the digitizing process. On
the other hand, it also means an enormous duplication of measurement
with first the basiec plotting carried out in the stereo~plotting
machine and then later the digitizing process carried out on a graphics
digitizer. PFurthermore, there will almost certainly be a loss of
accuracy digitizing the graphic document as compared with that of the
original photogrammetric measurements, which may be significant if the
data is also required for a digital data base of terrain information.

The hardware for graphic digitizing has certainly undergone some
very considerable development over the last four years. For manual
digitizing, solid=state tablets based on a variety of measuring
principles have almost entirely eliminated previous designs using
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cross-slides. Also the first really effective semi-automatic line=
following digitizer, the impressive Laser-scan Fastrak (U.K.y; has been
introduced into several mapping agencies. Finally, several new fully-
automatic raster-scan digitizers have been introduced, notably the MBB
Kartoscan which has an array of high-resoclution photo-diodes mounted on a
cross-=slide which traverses the map laid out on a flat-bed, so converting
it into the form of digital data.

Direct Photogrammetric Digitizing

At smaller scales and in less complex and developed terrain, a very
much lower proportion of the total map information will be produced by
field completion and from other sources and by far the greatest proportion
will have been measured photogrammetrically. Given, too, the much more
efficient hardware which is now available for inter-active editing, the
merging of digital data from different sources poses fewer and somewhat
less severe problems than was the case previously. Thus many more
mapping organisations have been willing to implement direct photogrammetric
digitizing than before,

This paper will concentrate on the hardware aspects of digital mapping
and not the more limited and specialised collection of digital height
values for a D.T.M., (Digital Terrain Model) or D.E.M. (Digital Elevation
Model) or for controlling the production of orthophotographs, Since the
paper is to be presented to a photogrammetric audience it will concentrate
on those operations which are mainly photogrammetric in character and, in
particular on the digitizing operations necessary to collect the basic
digital data. Also, to keep the subject area of coverage within
manageable proportions, this paper will confine itself to systems based on
analogue stereo=plotting machines. Thus analytical plotters will not be
considered except in a single instance.

2, CHARACTERISTICS OF DIGITIZING UNITS

There are a large number of digitizing systems which can be
attached to an analogue type of stereo~plotting machine,
Traditionally these comprise measuring devices (linear or rotary
encoders) mounted on the cross-slides of the machine model space with
electronic units for the decoding, display and output of the measured
coordinates and the control of the digitizing operations,
Increasingly however these specially=~built hard-wired electronic
devices are being replaced by units which make use of computer
technology in the form of a microprocessor, microcomputer, desk=top
computer or mini-computer,

(i) Hardware~based (i.e, hard-wired) Units

These are still produced in some numbers mainly by the
manufacturers of photogrammetric equipment, Wild's EK-12,
20 and 22 units, the Zeiss Oberkochen Ecomat 12 and the
Zeiss Jena Coordimeter typify this traditional approach,

The pulse counting and display; mode selection (point, time
and distance); the setting of coordinate valuess etc., are
all carried out using purpose=built electronic components,
The more sophisticated of these units incorporate scalers
and transformation circuitry to allow the display of terrain
coordinates and sometimes digital "planimeters® to give the
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length of line and the area covered during messursment, Although
a few new units have appeared in the last four years such as the
Logik 5000 (from Denmark), development in this area is really at a
standstill, in that no new concepts have appeared for some time.

Nevertheless, one must not overloock the fact that a good deal
of the basic data collection for digital mapping systems is still
being carried out using these hard-wired units to which a data
recording device is attached, An example is the U.S. Forest
Service automated mapping system implemented at its Geometronics
Service Center (Chamard 1979). Machines as varied as the
Stereoplanigraph, Topocart, Stereosimplex IIC, Planitop F2, Kelsh
Plotters and the SMG 410 approximate instrument are all interfaced
to individual Altek AC74 digpitizing units which perform off-line
data collection. This data is later edited on M & S digitizing/
editing stations with final output on a large Kongsberz 5000
automatic coordinatograph,. A similar situation is reported by the
U.S. Geological Survey (McEwen and White 1979) which uses Altek AC
189 digitizing units attached to Wild B8s and Kern PG=2s for the
stereo=plotting component of its Digital Cartographic Apvlications

Program (DCAP),

(ii) Firmware~based Units

By contrast with the situation regarding hard-wired digitizers
an area of rapii development has been that of digitizers based on
the use of a microprocessor. In these devices,the various functions
of the digitiziung unit are normally executed by the pre-programmed
instructions contained in a PROM (Programmable Read Only Memory).
Examples of such units produced in the last two years include the
Kongsberg PDS-M80 (successor to the pioneering PDS-M8 shown at the
1976 Helsinki Congress), the Kern ER 34 (Roberts 1979) and the
series MVR=1, MDR=1 and SM=2 produced by Surveying and Scientific
Instruments (UK). Although the microprocessors used in these
devices are often the same « e.g, the BR 34 and the MVR-1 both use
the Zilog Z=80 = the manner in which they have been configured is
highly diverse. Thus the MVR-1 and the PDS-M80 both employ VDUs
as standard integral devices for the display of coordinates, text
and prompts and for the entry of commands, data, etc., whereas the
MDR-1 (Fig. 1) and ER 34 (Fig. 2) use numerical LED displays for
coordinate display with a numeric pad for data entry and pre-
programmed buttons for executing specific functions,

While certain simple functions, such as point, time and
distance modes, event counting, programmable output formats, etc.
are standard, the designers of these various units have totally
different and opposed views as to how the power of the microprocessor
should otherwise be used, Thus the ER 34 features the real=time
display of terrain coordinates, area measurement and an ingenious
algorithm for data collection, while the PDS-M80 has built-in
programs for relative and absolute orientation as well as the real-
time display of ground coordinates,

Still more elaborate and expensive units have appeared, the
best-known being the Eezn_Dg-gB_Digitizing/graphics System (Klaver

1978) which uses two separate microprocessors (FigZ. 3). The first
is a DEC LSI/11 (termed the General Input Processor) which adds
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(iii)

manuscript preparation, control point plotting, building squaring
and spot height annotation to the normal digitizing functions,
absolute orientation and area computation, The second (called the
Plotter Control Processor) is a Motorola 6800 which is programmed
to perform the main graphics=related operations = the intervolation
of lines and curves and the generation of vectors, area, circles,
alphanumeric characters and graphic symbols =« involved in driving
Kern'®s AT automatic drawing table. So a very direct type of
digital mapping = described by Klaver as "computer-supported
stereocompilation™ -~ can be implemented.

Clearly, the development of these digitizing units based on
the use of microprocessors represents a quantum jump in capability
and versatility over the hardewired units., The programs
contained in the PROM are instantly available to the
photogrammetrist as soon as the unit is powered on, Thus there is
no need to read them in from a peripheral device or to cope with an
operating system and the other elaborations associated with a
computer system, However, it must also be recognised that there
is a certain lack of flexibility inherent in these units, Once
the range of functions and operations has been decided upon by the
designer and has been programmed and implemented as the "firmware®"
in the PROM, there is little prospect of the photogrammetrist being
able to re~=configure or re-program the microprocessor with a view
to modifying or to altering the functions or to implementing a new
range of operations, Such possibilities are however present in
the next group of devices,

Software~based Units utilising Desk-top Computers, Micro-computers

or Small Mini-computers

The development of these units has bheen another area of
considerable activity in the four years since the last I1.5.P,
Congress. The computer can be programmed to implement all the
functions discussed above and many others besides. Programs may
be written to carry out some or all of the following operations:
area and volume computations associated with road design and
stockpilesy independent model strip formation and adjustments
perspective plottings etc, besides orientation and map compilation,
All of these may be carried out on-=line and irter=actively with a
large choice of possible operations or procedures being offered to
the photogrammetrist,

The pioneering efforts of Dorrer and his associates in this
field have led to a2 commercial realisation in the CASP (Cnmputer
Assisted Stereo-Plotting) package offered by Zeiss “Oberkochen at
the Hefe{hfi.CGhé}ess (borrer 1976) Originally implemented in
rather restricted form using the Hewlett=Packard HP=9810
programmahle desk-top calculator (Fig. 4) it has since been
modified, re-developed and expanded for use, first with the HP~3825
and very recently with the screen-based HP=-9835 and HP-9845 desk-
top computers. A parallel development is the §A§P_p§p§ege
developed in the United States by Hogan also using the HP=09825
(although an HP=983%5 version has also been developed) This is
alsco available commercially, both from HASP Inc. and recently
through the Wild organisation. The HASP graphics software allows

the implementation of direct digital plotting with a choice of
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characters, symbols, line widths, pen types, etc. in much the same
manner as that of the DC=2B system already discussed,

Similar university-based developments in this area include the
systems developed at the Q@Q;sh Technical University (Dueholm 1977
and 1979) and at the University of Jlasgow (PetTi€ and Adam, 1980).

The former are based on the HP-9815-aHd.H§—98?5, the latter on a
screen-based Wang 2200 desk-top computer (Fig. 5).

All of these systems utilise similar hardware, with linear or
rotary encoders suvplying the measured data to a small controller
which then passes it on to the desk-top computer. Quite a number
of other mapping organisations have embarked on similar in-house
developments based often on a micro=computer or mini=-computer but
essentially carrying out the ssme tasks (e.g. MeLeod 1978).

The work of developing highly-interactive, user-oriented
software is extrerely demanding for the programmer, especially if it
has to be executed on desk-~top calculators such as HP-9810 and 9815
which have rather restricted hardware facilities and have to be
programmed in a special machine code, The availability of better
hardware such as a larger memory, VDU, etc., and the use of a higher=
level language such as BASIC (features available on the Wang 2200 and
HP 9835 and 9845) eases the problem to a considerable extent,
Nevertheless, the experience of those who have undertaken this type
of development is that it involves a high degree of knowledge and
background both in photogrammetry and in computer programming for its
effective and successful implementation. Furthermore it does take
much more time to develop than can possibly bhe imagined at the outset,
S0, although the hardware costs of this type of system may be
relatively low, the additional software costs are far from negligible.

When it is implemented successfully, the degree of assistance
given to all stages of the stereo=compilation process has to be
experienced to be fully appreciated. The flexibility is high and
the more knowledgeable users can modify or augment the operations
rather readily through a change of v»rogram, a feature not available
when the programs are locked into the firmware of a PROM.

(iv) Multi-station, Time-sharing System based on a large Mini-computer

It will have been noticed that in the above account there has
been a steady progression in capability and sophistication from the
simplest hard-wired digitizing unit such as the Wild EK-=12 to the
CASP and HASP developments which are integrated hardware/software
digitizing systems of enormous power and potential for digital
mapping. The degree of sophistication culminates in the multi-
station digital mapping systems based on large time-sharing mini=
computers which have been developed by a number of mapping agencies,
While many of the hardware elements will often be similar to those
discussed above, the software moves into yet another realm of
complication and cost,. A complete paper could be devoted to this
subject alone, Therefore only the essential elements of a few
representative systems will be discussed here,

(a) An early system is that of the Algerian National Cartogzaghic

Institute (Vigneron 1974 and 1975, Boulaga 79787,  ~This

o we  mw ww D
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comprises three sterso-plotting machines all interfaced to & Data
General Nova computer equipped with a large disk and two magnetic
tape drives which also drives an output drum plotter for the
production of intermediate check plots. Final plotting is carried
out off=line on a Benson flat=bed plotter. The applications
include mapping for road surveys and for agrarian reform projects.

(b) Another larger digital mapping system along the same general lines
is that of a commercial air survey firm Hunting Surveys (Keir 1976,
Leatherdale 1977, Leatherdale and Keir 1373), = Burrenfly, this
utilises a DEC PDP 11/50 which controls the digitizing carried out
on eight Wild A8 stereo~plotting machines simultaneously and records
the digital information on a central large=capacity disk store
(Fig. 6). Alphanumeric VDUs equipped with keyboards (Fig. 7) are
available at each A8 to provide prompts, error messages, header-
code menus etc., to the operator. Final output graphic documents
are produced on a Ferranti Master Plotter, again controlled by the
large central computer, The range of applications discussed in
the papers bv Keir and Leatherdale is very wide and encompass
mapping at scales from the largest to the smallest.

That such complex systems can be implemented successfully is a tribute to
the abilities of the teams of hardware and software specialists involved
in such projects, The sheer skill, labour, determination and expense
involved should certainly not be underestimated. It is no criticism of
those involved in the creation and implementation of these successful
digital mapping systems to raise the question of basing such large systemg
wholly on & single central computer, A hardware fault or software
failure can result in the whole computer system crashing so that all
activities come to a halt until a repair can be effected, Therefore the
possibility of distributing some of the controlling/computing operations
to individual digitizing units based on a micro~processor or a desk=top
computer must be considered seriously as an alternative so that the data=
collection process is not so heavily at risk,

(¢) This leads naturally to a short report on a third digital mapping
system, albeit based on the use of analytical plotters, where the
idea of distributed computing power has been implemented to the
highest possible degree, at least given our present level of
technology. Such a system is that first discussed as a concept
(Fig. 8) by Helmering (1976) and since reported on as a working
system, the Integrated Photogrammetric Instrument Network (1PIN)
of the DMA Aerospace Center by Elphinstone (1979). In this, each
Bendix AS=11A or AS-11B-1 analytical plotter is controlled by a
Modcomp 11/25 mini-computer, Two groups of twelve AS=11 machines
are each linked to a Modcomp 11/45 central mini-computer which is
equipped with numerous storage devices and other veripherals and
acts as a database storage, transfer and management machine, A
third group of four of these analytical plotters together with
several TA-3P stereocomparators is also linked to a Modcomp 11/45.
Several more of these powerful mini-computers act as specialised
processing systems for height data, file handling, editing and
final outpute. The sheer daring and scale of the system is gquite
staggering to the non-nilitary mapper; the cost of actually
implementing it must be almost as staggering to the agency
concerned, but presumably the gains in speed of output make it
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worthwrile, One notices *that a sinil-r btnt zraller ayrten
invelving sir AS~!1A machires and similar Modcomnp T1/25 and I1/45
comnuters is beinz imrlemented at a civilisn agern~y, tne U.3.
Geolgricgl~52rzez {Brunaon and Olsen 1978), -

HARDWARE INTEPFACES

With the a’dvent and rapid srowth of digital wenning, a matter
nf considerable importance to photograrmetrists iz *ne interfacing
of the steres-tvlottine machine to the ountpat electronics unit.
microprocessor, desk-top computer or mini-comvputer and their
further interfacing teo a leree variety of input/outpuf devices -
tape, disk and disketrte drives, nprinters, rlotters, sranhic
digsvlavs, alphanumeric VDUs, etc, Many of these devices have
cheracteristics which maike them quite incompatible with 0-e
arotner. Some have differine =i-azl l:=vels (valtare, c.rrent, ete.)
snme use different data formats: some are ca»2ble of uri-direct-
ional eigralline only, while others are bi-directicnal; most
ocrerate a*t speeds which could slow down comrvuter verformance and
many operate at wijely different sneeds from o-e another. The
job of the interface iz to act as an intermediate device or
translator which brinegs any two inierconnected devices into a
state nf compatabilityv so that they are able to commuricate with
each other.

UnTortinately the resconse of many of the rhotorrammetrien
manufacturers hos been to develop special-purpose interfaces for
each gvecific perinheral device, In particenlar, the catalogues
of the manufacturers o° hard-wired digitising units show a
bewilderins list of *he device-gpecific interfaces., Inevitably
these have repercussions in their incompatability with other
devicen, their Tich initial cost and in a need for specialist
service »and repzir facilities and personnel,

With the recent develonment of compuier-hased digitising
units, tre situstion may improve and the use of standard inter—
faces should become more common, thus allowing a much wider choice
of peripheral devices and a better matching of systen reguirements
with actual hardware. In practice, it is now possible to find
peripvheral devices which car be interfaced using one of four
standard interfaces:- Binary Coded Denimal (BCD); Parallel Input/
Qutput; IFFE=488; and the RS=232C Serial interfaces., A fifth -
Direct Memory Access (DMA) -~ is only of interest to photogrammet-
rists in very unusual situations requirins ultra high-speed data
transfer,

(1) BCD Inierface : With this type of interface, the signals or
mlses from the measuring elements are encoded in a binary code
which represents decimal numerals. Four binary bits are used to
represent the numerals O to 9. Thus each dircit of a coordinate
display for example requires 4 signal wires to transmit it., A

grour of six digits for a sinsle set of coordinates from one

rachine axis will need 24 signal wires and the readings for a full
set of X, Y and Z model ccordinates, three times as many. Thus

a direct interface would have an enormous number of sisnal wires

to handle simultaneously. The difficulty may be resolved by first
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transformin« and then serialising the digits into a stream of ASCIT
characters which are passed throurh a suitable interface to the
computer processor. A notable characteristic of a BCD interface is
that it is uni-directional, i.e, information can be sent to the
computer but normally it will not accept information from it.

(2) Parallel I/0 Interface : With this interface, data may be
sent bi-directionally between computer and peripheral using a

parallel set of data lines. Thus data is passed between devices at
high speed several bits at a time, 8-bit and 16=bit arrangements being
the most appropriate for vhotogrammetric work. Additional control
wires carry signals which regulate the flow of data between any pair
of devices. In most cases, a single parallel interface must be
provided for each device,

(3) IEEE=-488 Interface ¢ This is a standard general-purpose
interface for instrumentation introduced by IEEE in 1975 (and later
modified in 1978). In the published standard, the form of signal,
logic level, logic sense and physical connection are all precisely
defined without defining the actual use of the interface. Basically
it is a parallel-type interface with a bus structure which allows a
large number of peripherals (ur to 14 or 15) to be connected through
a single interface. Each device has a sevarate address and is
designated either as a "talker” (which is only able to send data to
the system), a wlistener" Tbnly able to accent data from the system)
or a "controller" (able to control the whole system). Thus the desk-
top computer or microprocessor in a digitising system will act as
thgq controller, the encoders will be talkers only and a printer will
be a listener. Certain devices, e.g. a diskette or cassette drive
may be both a talker and a listener. This tyvpe of interface has
been adopted by several manufacturers of computers and peripherals,
e.g. Hewlett-Packard (as the HP-IB interface), Tektronix (GP-IB)

and Commodore, whose products are much used in digital mapping
systems,

Since basically it is a parallel-type of interface, data
transfer is rapid. However, if there are several active output
devices (listeners) these may not all be capable of accepting data
at the same rate. Therefore the speed of data transfer will have %o
be set at that of the slowest device of the group, otherwise data
will be lost.

(4) Serial Interfaces : The antecedents of this type of inter-
face can be traced back through the historv of telecommunications
to the telegraph and to early radio communication using Morse Code.
Data is transmitted over a single wire since the cost of providing
several wires in parallel over long distances is prohibitive. Thus
each piece of data is sent one bit at a time, i.e, in bit-serial
fashion instead of bit-parallel as in a parallel interface. A vast
number of devices, e.g. teletypeprinters and tape punches, had been
developed extensively for telecommunications purposeg before
computers had been devised. These were readily adopied as low=-cost
data entry and display devices when computers appeared. New and
faster terminals have since been designed and produced in large
numbers but they still retain a serial mode of operation.
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The most common serial interfaces are those built to the
the interface and designates certain pins on standard 25=pin connect-
ors as those to be used for passing transmitted and received data,
control sigmals, etc. No specific character codes are designated by
the standard, but normnlly one of the commonly-used telecommunication
codes e.c. 5-bit (Baudot), 7-bit (ASCII) or 8-bit (EBCBIC) is used.

Teletvpewriters are available which do not adhere to the
RS-2%2C standard. Instead of using certain positive and negative
voltage levels to represent Logic O or 1 (as in RS—232C), these use
the presence or absence of current for this purpose, hence they are
termed current loop devices., 20mA and 60mA current-loop devices are
most usual. While RS=-?32C devices are limited to 50ft (15m) for a
direct connection hetween devices, current loop devices can be used

over much greater distarces,

It is obvious that passing data through a serial interface
one bit at a time is intrinsically a slower mode of operation than
doing so with the multiple bits possible in a parallel interface.
However, in practice, serial lines and interfaces may be driven at
speeds up to 4,800 or 9,600 bits/sec which is more than sufficient
for most digital mapping operations.

(5) DMA Interface : This revresents the other extreme iw Aais
trarsfer rates, WMost peripheral devices are very much slower in
operation than the computer processor. However, there are a few
peripherals requiring data rates approaching that of the computer
memory, in which case, the computer processor which controls the
flow of data would be unable to process data as well. The solution
is to have a direct connection between the memory and the veripheral
device using a DMA interface which may allow up to 400,000 transfers
of the data per second. Such rates have not as yet been found
necessary in dirital mappineg work, but thev are required in inter-
active dynamic displays of 3-D data which include a change of scale,
rotation and translation of the data. It would apvear inevitable
that such a requirement will arise in similar manipulations of large
data sets in digital marving operations,

The outcome of the above disucssion is to welcome the trend
among the constructors of digital mapping systems to use these
standard interfaces., Indeed several digitising units are now offered
with two or three of these interfaces fifted to the unit as standard
items of equipment. This has led to a consequent easing of the
previously daunting task of interfacing the individual components of
a digital mapping system. PFurthermore, it has allowed the opening-up
of a verv wide choice of peripheral devices to the designers and
operators of such systems without the previous need to design and
build expensive specinl interfaces for the purpose. To those photo-
grammetrists who have not been concerned with these problems, this
discussion may appear narrowly technical and of little importance.
However those who have been concerned with these problems of inter-
facing photogrammetric devices to computers and their peripherals
can only assure others of its vital nature, second only to that of the
provision of software.
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GRAPHICS DICPLAYS

Over the lact 1fwo or three wvears, “here nave heen msigr
develorments in erecviie displavs, larcely a conseiuetce of the
extlosive development and crowth of intecratedi-circuit and micro-
processcr technolosy, As a resmlit, there "oz been ar inc-~eased
capahility ard son%iqtica*lon in srapvhics dis-lay nzrdiware
accomoanied bv a drarstic raduetion ir itz ceost.e Thus ar ares
formerly of little przvulrdl irterest tc the photoeranmsetrisi is
now available for exvleitation in the cortext of digital maprine
overations. '

Those graphics dispnlays which are of interest ic *the maponire
communitv are all hased an the use of the £, R,T. in one farm or
nother, Their principul characteristics are as follovs:-

N . . FARR R .
(a) They employ either vi) the weebor nr line_ar=:
. .
or(ii) ire ragter-drawin < aethod of
cenerating the map imarce,

(b) In addif10“ there is the aistinction bn(wpon (i‘ +he
of t%ﬁ S.R.T.. 1g 9*0?9& o~ malntaan“ :hﬁrn w,uhou, need
to refresh it {rom the comvuter or device mewory; ard
(i1} tne refresnh tvye_nf tube which, as the name susreests,
reaui~es the disvlzar to be continually refrested at s
speed »f 20 o 60 Hz from a display merory.

Of the four possibvle combinations »of these parameiers, onir three
are available as actral dzvices:=

s . N

(1) ire vector-driven stors«e tute:

{i1i) the ve:tor-driven refresh tvoe; and
(111) tre raster-drivenr refresh tute,

(i) Vector—driver Storase Tube

uprly of
agonal
el 4014)

A sinele company, Textronix, has a virtual moerovoly o7 s
this type of tube. Various models are offerad havins di
screen widths ransin~ {rom 28cw (Mode14010) tn 48em (lod
and 63.5cm (Model 401A), Reszoluticn is hieh, the imepe is fiicker-
free and althoush the contrasst ie rather voor, the aquulity of the
disvlay image is generally good {Fig. 9). 4lso the cost is moderate
at least for the smaller-sized tubes. Since it is vector-dariven,
the time taken to write the mar ilmage will be proportional Lo ihe
length of line to be plo*ted which can resuli in a percentible delay
in displaying a comnlex ana detsiled plot. Another defeat is that,
since the image is stored on the face of tne tube, any need to alter
or edit any vart of the photogrammetricallv-derived data vezults in
the whole of the existing disvlaved informaticn havine to be deleted,
As a consequence the whole plot has to be redvawn to ulsplay the
newly reviced information.

Whatever these disadvantages, their resoluticn, quality and
relatively moderate cost make storase tubes the vreferred display
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dsgice “or vhotegreommetric work (®i~,10), since the extent of inter-
active editing carried ovt on-line ‘o the stareo-pic'tine machkine
ic often a anite srsll rropoviion of “he total iime stent rloittine,
However a aiite different asituation will be ercountered when wmaior
editing or revision of the diriltised data hns tn be nudertaken after
collection of t

&

!
i
e pagic photosrammetric data. Fefresh tubes arle
display changes quickly moy thern A7 ar sienificant advaﬁﬁaveq avew
atorage tubes,

€
bl

{11) ¥ectoredriven Refrash Tube

-

These devices are the
most gopnisticated sd exvensive forms of egrevhicsdisvlay. The:
are nvailable fvrom specialist computer grashics display menufacturers
such as deratek, Vecter Genereal, Tvans_and _Sutherland, _Adage, etc.
A1l of ther 5+i1ise Fivn res~lution nlsnlayo aeolgned For hirhlv-
interictive craphics work involvineg tre continuous dizplay of
complex sravhical images whirh are contimually changine in position,
as recuired for czample in aireraft simulators and the inspection
and manimilation of molecular structures in chemical modelling,

arilities include war, zoom, rotation, verspective tlctiine of %D
irformatior witn hladevnllﬂn remeval, selective erase, etc. The
need for ulira-rapld processings and the transfer of consideraile
amcunts of data for such dynamic disrlays leads inevitably to a

equirenent for either a large and fast mini-compubter or a special
wruph!cq processor dedizated to driving tne disnlayv arnd often for
D.M.A» dinterfrces for fast date trarsfer,

While the carabilitv of being able to ssze immedisztelv any
deletions, additinr~ or changes after editing would be useful in
dieital mapvine work, ftnis woulid only be reauired at relatively
infrequent intervzls dvring stereo-plotting This fact combired
wilh the very high cost of these devices (f)” 00 to F80,000 per
unit) means that trere is, at oresent, little prospect of them beine
untilised in the photogrammeiric stages of the digital navpine process.

iii) Raster-driven Refrest Tuhe

U

Since most dieital mapping data is genersted, edited, stored and
plotted in vector (i.e, line) form, the need to convert it to a
raster “orm,f in order to view it on a raster-driven disvlay device
ie a major drawback., Cn the other hr=nd, raster—-driven gravchics
1ur11vs are well-develored, relatively inexvrensive and well under-
stood, @ince hasically the technolopsv which is emvloyed in the actual
dizplay device i~ similar to that ured in domestic television sets.
The prehles of rasterigdmg and continuously refreshins the displev has
recenrtly been overcome with the availability of suiitehle inexvpensive
miernprocessors., The result has been a dramatic fall in the nrice of
these devices oaver the last two o» three years. Many raster-~driven
refresl srazriag digrleve have arveared on the market at a price
well below that of commnrable-sized storase tubes.

Their inexpenzive rrice =i their ability to execute selective
crasure of information and to disolar ranid changes in granhics data
means that rasier esravhies tubes nesd to be ianspected closely for
their possible avrnlicatiorn te dipital marring. At present, their
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principal defect lies in their lower resolution which is typically
512 x 256 lines on low=cost devices and therefore below that of the
competing storage-tube technolosv. However, more exvensive devices
can already give 800 to 1,000 lines, If the resolution continues

to improve and the cost remains low, then this will be of ereat
interest to the designers of digital marping systems for toposrarhic
purposes, Alreadv there is considerable use of these raster-scan
displays in the field of thematic mapring where resolution require-
ments are less demanding,

An especially interesting development with considerable vossib-
ilities for dirital mappine is the multi-plane cavability (Fig.11)
now available on a few raster-scan displays. For example in the
Sigma T567Q display (UK), four sevarate pixel planes each of
768 x 512 bits can be provided at present. These allow the storage
of four wholly independent monochrome plots and their display either
singly or in any combination. Thus, for example, contours, plani-
metric detail, hydrology and vegetation may be viewed either
separately or together, which has obvious advantages in digital
mapping work,

This type of hardware development has also been exploited to
produce relatively inexpensive high-resolution raster colour displays
which permit each class of feature present in the map to be displayed
in a different colour. Areas can also be displayed in different
colours using polygon fill methods, It will be interesting to see
whether these capabilities of raster=scan colour displays will be
exploited for digital topographic mapping operations, as has already
started to take place in the fields of thematic mapping and digital
image processing.

5. INTER-ACTIVE GRAPHICS SYSTEMS

%

Arising from the developments discussed above, a
considerable amount of experimental work has taken place since
the 1976 Helsinki Congress on the direct attachment of inter-
active graphics systems to stereo-plotting machines generating
data for a digital mapping system, While there have been some
developments by one or two other firms, the company which has
principally been involved in this work has been M & S Computing
of Huntsville, USA which has supplied inter-active sysTems to
many mapping agencies and firms in North America, Most of these
are used as editing devices in large digital mapping systems, the
main data collection having been carried out at an earlier stage
using dedicated photogrammetric or cartographic digitizing ‘
equipment, However attention will be focussed here on the cases
where the inter-active graphics system is connected directly to
the photogrammetric digitizing unit.

Stereo-plotting Machines interfaced to Inter-active Graphics
Systems

The M & S system consist of a computer (one of the
DEC PDP 11 series is normally employed) with associated disk and
tape drives; a work=station which includes a storage tube
display, a keyboard and a small digitizing tablet used for menu
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commandss and (usually) some type of hard-copy graphics plotter. The
system can be exvanded so that a single processor can handle several work
stations. In the photogrammetric context, between one and three stereo-
plotters have been connected to a single processor so far, The standard
M & S graphics software runs under the DEC RSX=11 operating system.
Unique to the M & S system is the use of twin graphics displays, One
storace tube is normally used to present an overview at a small scale of
the whole area bheing digitized, while the other gives an enlarged view of
the detail in the immediate area of the digitizing operations. (Fig. 12).

The advantages of using this type of inter-active system at the
stereo~plotting machine providing continuous display of digitized features
during data capture are as follows:=

(a) It eliminates the time-consuming re-measurement of a graphic
manuscript with ifs accompanying loss of accuracy:

(b) It provides the possibilities of checking the digitized
photogrammetric data while the stereo=-model is still in the stereo=
plotting machine thus allowing the detection of errors and omissions
leading to the immediate correction of wrongly or incompletely
digitized features: and

(¢) It allows the matching of digital map data collected in adjacent
stereo-models with that being measured in the current model,

Quite a number of agencies have interfaced M & S systems to a variety of
stereo=plotting machines - to Wild B8 Aviographs (Topographic Survey of
Canada; Minnesota Department of Transportation): Kern PC-2 (Florida
Department of Transportation); Zeiss Oberkochen Planicart E3 (Macmillan
Bloedel): Galileo Stereosimplex IIC, (Michigan Department of
Transportationg Chicago Aerial Surveys): and unspecified (M.J. Harden
Associates), All of these organisations have kindly provided details of
their experiences, as have two other agencies (Texas State Department of
Highways and Transportations U.S. Forest Service) which make use of
stereo-plotting machires for data capture in an off«line mode with
subsequent use of the M & S inter-active graphics system in a separate
editing procedure.

Experiences with Inter-active Granhics Systems

Experiences vary considerablye. The most positive responses have
come from the Topographic Survey of Canada where the system (Fig. 13)
comprising three B-8s attached first to a DEC PDP 11/45 (Zarzycki, 1978)
and later to a PDP 11/70 (Allam 1979) provides digital data which has been
used for topographic mapping at scales between 1:10,000 and 1:50,000 to

standard map accuracy specifications, A generally favourable experience

o wme  cme  em  wip  ema  gwe  meo  eie  em W mes G

that the operator is not tempted into non-productive perfectionism®. Only
the third machine has a granhics capability to allow the detection and
correction of errors in the digitized photosrammetric data. '

Another respondent, Macmillan Bloedel, revorts that "unfortunately, due
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to freo com levity of tororrarnie mane and Fhe Jorce rmmher of users on
our syster, our vhotorrammetrist feal~ that the syatem resnonre is foo

slow to achieve itre volume of ~roauriisn he needs, Congeaventlyr Ye has
had to revert to —wanmsl rroducticn of his »rolurts which will he 1isitized
at a later time, ™is ig oa durlication o~ effort, hut 1t i the anly

available remedv o achieve his niogduction rate”

51111 other nasrz sannesr to he auite havov with the irterneiiate
vocitior, i.e, of collectins the 4i-itized vhetarrarreiric dats off-line,

recording it on masmetic fape and fren elitins it later usin-s *he W 2 S
inter-active syster, The Texas State Der-riment of Hirhwavs anAd

Transportation makes use of ~lsver stersovlot fers, the di~ifal data frow
These Feinr recorded on the isk drive of a Data Gereral Nova Commtar
which acts as the overall controlling device Tor all the data acquisition
fevices, The data is then transferred to an TEM noin="rame ~~router to
under;ro =n initial ecit routine followed HV the irter=nciive editirs-
nrocess carried on* on the M & 9 stations hased on s DEC PLP 11/35

comm: ter, "Because the number of sterearlolitars available for wap
onpilation is usually a limited rescurce and hecmuse of the f=ct that it
a3 been determined that less than five ~ercent of all errors detected
uring the edit process reaquire corrections at the stereopletter ctation,
espousinilities of tha nlotter orerators have reen reijuczed to an

absolute rminimam und model set-in ic not retained durirns the edit nrocess,
A decinated verson is assisned to sccomvlish this task for all eleven
°ferponlo ters uringe model rlofs othtained from a hichesveed drum plet ter
and the Bdit Station of the Interactive Gyanhics Svetem® {Howell 1970},
Obviously the encrmous cost of nroviding all eleven stereo~nlotting
machines with dual srachiecs displavs of the M & 3 type must playv a
3ignilicant part in this decisior alzo,

3 Qx oy (T/
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It can be seen from the {oreroing discussion that Ailferent
organisations make quite different use ol the same basic system
dependin: nartly on the nafure of the work nnd fthe exnarticre of the staff,
but also on other criteria, not all of whizh will be riven the same
welrht in different acencies, What is certain however is that we are
only at the very besinning of an era in which many of *he gtereo=ploiting
machines enrared in dieital meoring overations in tre more highly
developed countries will eventually heve inter-sctive -rarhic displeys
attached to their diritizing syetems, At vresent, the cost is still
verv nigh Q?100,000 for s singsle station M & O SJ?tem} but for a eriven
capability this cost may be exvected to fzll in the fufure,

6. CONCLUSION

As the sbove account has attemrted to show, the whole technology
available for photogrammetrically=-derived disital maprines has undergone
a great advance over the last four vears. In fact, one can say that,
in many cac<es, these develouments on the hardware side 'ave
substantially outpaced the users' abilities to implement them,

Several reasons may bte offered to exnlain this vhenomenon.

(i) The present capital cosfts cof the mere advanced devices or
systems such as vector-driven refresh tubes, inter-active
graphic displavs, etec. are enormous - in many cases, they far
exceed *the value of the vro*ogrammetric eouirment to which they
are attached, One can be reascnably certain from reneral
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trends and developments in the fields of computing and computer
graphics that the price: performance ratio of this tywe of
equipment will become much more favourable in the future. But
even then, the financial implications will still be a matter of
extreme concern, especially to commercial photogrammetric firms
who need to recover their cost and make a profit on the enormous
investment which they will have to make, However, guite
substantial gains in productivity can be made from the much
smaller investments involved in the adoption of firmware=based and
software=based digitizing systems, These less-sophisticated
systems also offer the chance for users to gain experisnce of
digital mapving systems in a modest but meaningful manner before
adopting larger and more complex systems.

(ii) The second point is that extensive software needs to be supplied,
acquired or developed before the new hardware can be implemented
at all. This takes a great deal of time, effort and money, the
extent of which is almost always underestimated in any digital
mapping proliect. Closely associated with these software
requirements is the need to have clearly-defined operational
procedures and standards, since any failure to implement these or
to deviate from them can often have unforeseen but severe effects
on the whole digital mapping system (Zarzycki 1979).

“(iii) Furthermore, as Zarzycki has also pointed out, while the technology
is now well develoved, its effectiveness denends too on the
sophistication of the classification system of tonogranhic
features, which must not only meet the needs of the digital
mapping system itself but also those of geograrhically referenced
information systems.

The final remark must also be a cautionary one. The high technology
of the digital mapping system is something which at present can hardly
exist far from the hishly-develoved countries of North America, Western
Europe, Australia and Japan. In particular (and rather sadlys it has
virtually nothing to offer the poorer developing countries at this vresent
time. Without large capital investment (of precious foreign exchange) and
a very sophisticated infra-structure including such items as reliable
electricity supvlies, comprehensive technical supnort and a cadre of
experts in computing, electronics and analytical photogrammetry, digital
mapping cannot be implemented, One reads sad tales of sophisticated and
exnensive digital imace vprocessing systems purchased to make use of
remotely-sensed satellite data lying useless and unused in certain
developing countries; it is to be hoped that these stories will not te
repeated with digital mapping sysztems,

7. ACKNOWLEDGEMENT

The author wishes to acknowledge the assistance givern by
manufacturers, mapping agencies and individuals from many different
countries, They have supplied a great deal of relevant and
interesting material, much of which has had to be condensed down to a
few lines or sentences fto fit within the limit and scope of this review
paper, Nevertheless, sincere thanks are due to all of those who have
contributed information used in this paper.

809



REFERENCES and BIBLIOGRAPHY

Allam, M.M., 1979. The Role of the GPMII/Interactive Mapping System in the
Digital Topographic Mapping Program. Proceedings, I.3.P, Comm, IV
Symposium, "New Technolozy for Mapping®, Ottawa, p.5~23.

Boulaga, M., 1979 Digitizing at the National Cartograrvhic Institute.
Proceedings T,5.P. Comm, IV Symposium, "New Technology for Mapping",
Ottawa, p. 24=51.

Brunson, E.B. and Olsen, R.W., 1978. Data Dirital Elevation Model
Collection Systems. Proceedings, Digital Terrain Models (pTM) Svymposium,
St. Louis. p. 72=99,

Chamard, R.L., 1979. Automated Mapning Procedures at the U.S. Forest
Service Geometronics Service Center. Proceedings, I.S.P. Comm, IV
Symposium, "New Technolosy for Mappingt, Ottawa, p.52=66,

Cogan, L. and Roberts, T.P., 1978, Servo Driven Plotter Conauers the
Andes. Presented Paper, 44th Annual Meeting, A.S5.P., Washington,

Dorrer, E., 1976, Software Asvects in Comvuter-Assisted Stereorlottine.
Presented Paver, Comm, II, 13th I.3.P. International Conrress of
Photogrammetry, Helsinki, (Also nublished as Dorrer, E., 1977. Software
Aspects in Desk-Top Conputer-assisted Stereovlotting. Phologrammetria,
33(1), p.1-18).

Dueholm, XK.S. (Bd), 1977. Dirital Kortlegning. Meddelece nr. 9,
Instituttet for LandmBlins og Fotorrammetri, Danmarks Tekniske Heojskole.

Dueholm, K.S. (Ed), 197G, Geological and Tovograrhic Mapring from Aerial
Photographs, Meddelse nr, 10, Instituttet for Landr&ling og Fotorrammetri,
Danmarks Tekniske Hojskola.

Elphinstone, G.M., 1972, Intesrated Photorrammetric Instrument Network
(IPIN). Proceedinss, I.3.P. Comm, IV Symvosium, "New Technoloxy for
Mapping", Ottawa, 1.102-110.

Bverett, M.J., 1979. Interactive Digital Photogrammeitry at B.C. Hydro,
Proceedings, I.S.P. Comm. IV Symposium, "New Technolo=v for Mapping",
Ottawa, 1.284=292,

Gardiner~Hill, R.C., 1974. The PFuture of Diesital Mapvring in the Qrdnance
Survey. Proceedinggs, 34th Anmial Meeting, A.C.S.M., Washingtor -

Hall, D., 1974. Direct Cartographic Compilztion. Proceedings, 34th
Annual Meeting A.C.S.M., Washinston, 1.248-311,

Helmering, ReJe, 1976. Analytical Stereovlotters in a Distributive
Computer Network. Presented Paper, Comm, IT, 13th T.S.P. International
Congress for Photogrammetry, Helsinkie

Howell, T., 1979, Automated Mavving System for Transportation
Avplications. Presented Paper, Inter-American Geocdetic Survey Seninar,
Panama.

Keir, XK.M., 1976, A Digital Mavping System Desiened for the Commercial
Air Survey Market. Presented Paver, Comm, II, 13th 1.S.P. International
Coneress for Photogrammetry, Helsinki.

Klaver, J., 1979, Computer-suprorted Stereocompilation, Proceedings,
1.5.P. Comm, IV Symposium, "New Technology for Mapping", Ottawa, p.152=165,

310



Leatherdale, J.D., 1977. Production Experience with the Hunting Digital
Mapping System. Proceedings, 36th Photogrammetric Weeks, University of

Leatherdale, J.D. and Keir, K.M., 1979, Digital Methods of Map
Production. Photogrammetric Record, 9(54), 1.757=778.

&

licEwen, R.B. and White, J.C., 1979. Development of Digital Techniques
for Mapping and Charting. Proceedings, Conference of Commonwealth
Surveyvors, Paper No. H4, Cambridge.

- McLeod, Rey, 1978, An Automated Standard Mapping System. Cartography,
10 (3), po145-149,

Petrie, G., 1972, Digitizing of Photogrammetric Instruments for
Cartographic Applications. Photogrammetria, 28(5), Pe145=171,

Petrie, G, and Adam, M.0., 1980, The Design and Develomment of a
Software Based Photogrammetric Digitising System. Photogrammetric
Record, 10 (55)1 p039-610

Roberts, T.P., 1979. New Digitizer for Photogrammetric Avplications.
Joint Proceedings ASP=ACSM, 1979 Fall Technical Meeting, Sioux Falls.
D.84-88,

Thomvson, C.N., 1979, Digital Mapping in the Ordnance Survey, 1968-1978.
Proceedings, I.3.P. Comm, IV Symposium, "New Technology for Mapping",
Ottawa, p.195=219.

I
Vigneron, C., 1974. Un systeme d'acquisition numerique adapte a un group
d'appareils de restitution. Bulletin de la Societe Francaise de
Photo-rammetrie, No. 54, p.53=55.

Vigneron, C., 1975. Digital Aquisition Systems for Automatic
Cartography and Data Bank. Proceedings, 41st Annual Meeting, A.S.P.,
P.104-111,

Zarzycki, J.M., 1978, An Integral Di~ital Mapping System. Canadian
Surveyor, 32(43, P.443=-452,

Zarzycki, J.M., 1979, Opportunities and Perspectives in Digital Mavping
and Automated Cartogravhy. Proceedings, U.S3.G.S. Centernial Symposium,
Reston (to be published),

511



KERN ER 34

FPigz,1 MDR=1 Digitizing Unit Fig.2 Kern ER 34 Digitizing Unit
\ *erpge The Kern DC 2-B
S Y Computer-Supported

Plotting System

Encoders

000

Operator Control Panel

Point Number Tag Box]
Dual Foot Pedal '

J

|
|
— e ! ,
. i
ppm— J 8 bit parallel i —— 4 i
ener communication channel | r —
Input Processor L Control Processor !
GIP | pcp ! 8]
- | |
Qutput Port RS 232C | Input Port | I | Hand
To Storage Device L RS 232C B Controller

Fig.4 Zeiss (Oberkochen) Planitope Fi~.5 Galileo Stereosimvlex IIC with
with DIREC-1 Display and HP-9810 Wang 2200 Desk-Top Computer for
Desk~Top Computer computer-assisted stereovnlotting.



CONTROL

VISUAL  STEREOPLOTTERS YELETYRE ]
uNniTs [ = h
~ach
= REGIS-
= (3 i = TRaTION oisc
- /% ; UNIT
/ g PAPER TAPE
9 S J I READER | PUNCH
DAt -
b 9V ot
. oy Py GRAPHIC
b Y g || DIGITISER
== |9 v ST TABLE
= 2
=1 W
MAGNETIC
—~ o~ COMPUTER TAPE UNITS
] e T || P A LA
7= = PAPER
O PA ey
== ¢ —
—BE= L | Fig.7 Wild A8 with alphanumeric VDU
9 ' o FLATBED PLOTTER ( fO:E‘ pror{lpts aryldAme-§sages
Hunting Digital Mapping System)

Fig.6 Hardware of the Hunting Digital
Mapping System
LEVEL ¢
(LARGE-SCALE
COMPUTER) Unvac 1108

LEVEL B
ICENTRAL HOST s-ul:::’::u.} e P

MINI-COMPUTER)

LEVEL A
(ANALYTICAL
PLOTTERS )

£ P g

AS 11 B-1 Anal Plotter AS 11 B1 AS 1181

Fig.8 IPIN Concent
(after Helmering 1976)

Fig.9 Tektronix Storage tube display
of vhotogrammetric data

Fig,10 Wild A10 with Nova computer, Tektronix 4014 graphics
display and alphanumeric VDU (McLeod 1978)



planes data
value written

th

pixel planes

plane selection for writing p

Fig.12 (a)Stereosimplex IIC and (b)Wild B8 with M&S dual

1

i
16 word loo
table
16 grey scales
overlay multiplane

kup

[N

AP

graphic displays

UNIBUS UNIBUS —
DA-110
INTERFACE ”{.‘é:ﬁ:ﬁo
GRAPHICS CALCOMP-960 INTERFACE
GRAPHICS LINE 4
PROCESSOR el PRINTER PEN PLOTTER
POP-11T10
2 CONSOLE PO
E RKO05
DISK DRIVE
MAGNETIC
TAPE 9TRK
CONTROLLER| \ 8008P1
& DRIVE
12|
=
M&S
DISK FILLER
ALTEK
LARGE SURFACE
RJPO4
DISK DIGITIZER
CONTROLLER

SCREEN

Pig.13 Hardware of eéxperimental interactive photogrammetric
system of Canadian Topographic Survey (Zarzycki 1978)

814



	SKMBT_36313102316230

