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OPENING REMARKS

MR. JAMES E. CHAMBERLAIN, CONFERENCE CHAIRMAN: Good morning,
ladies and gentlemen. We are pleased and happy to see so many
people for the opening sessions of AUTO CARTO III, the Third
International Symposium on Computer-Assisted Cartography. The two
previous meetings were held on the East Coast, and were sponsored
by the Cartography Division of the American Congress on Surveying
and Mapping. That proved to be highly successful, and we have been
very encouraged with the response that we have received thus far to
the West Coast version of AUTO CARTO III. We are happy to report
that the meeting Tooks to be a complete success. Our registration
is higher than we had anticipated, and the exhibits have proved to
be the best we have ever had, and we are very encouraged by all
this. I would like to say at this time that this meeting is a
success because of the hard work of a good many people that a lot
of you here probably may not even see during the meeting, but they
have been involved for a year in the preparation and organization
of this meeting, and I think they have done an outstanding job. If
I went through the list to name these people and give them their
due recognition it would consume too much time. But they have
worked long and hard, and they are dedicated to the complete suc-
cess of the meeting and to making your stay with us here an enjoy-
able one.

I would 1like to introduce these people at the head table now and
ask them to say a few words of welcome, beginning with Mr. Jon
Leverenz, who is the President-Elect of the American Congress on
Surveying and Mapping. Jon is very active in the automated cartog-
raphy program here, and has been for years. He is associated with
Rand McNally in Chicago. It is a real pleasure, Jon, to have you
with us. Would you Tike to say a few words for ACSM this morning?

MR. JON M. LEVERENZ: Thank you, Jim. On behalf of the American
Congress on Surveying and Mapping I would like to extend a hearty
welcome to each one of you today for what I would hope would be a
very Tlively and thought-provoking week. A number of years ago--

I will make these remarks short, but I think there are some good
things to be said about this conference--a number of years ago it
seemed that the time had come for a conference that would focus on
automated cartography. The American Congress on Surveying and
Mapping, the Cartography Division of that group, planned and
organized, with the USGS, AUTO CARTO I; and I think many of you
were here at that time. Following on its heels was AUTO CARTO II.
Now we have come to AUTO CARTO IIl. Having attended each one of
these, I think I have always gone away rather inspired by the
information that I have gained and by the way in which the AUTO
CARTO Conferences have been handled. I think the fact that there



has been this continuity and this need shown and this tremendous
turnout in each one of these is because, first of all, I think the
papers -- and I have attended all of the AUTO CARTO Conferences --
the papers and panels were good. The format for the delivery of
the papers and for the interchange of ideas from the audience to
the panel members was good. That format worked.

The third thing, as I recall, I think there was always a lot of
uninhibited questioning from the audience. In fact, it became
very thought provoking, and it was very interesting. The fourth
thing I think is obvious from the many people that I keep seeing
showing up here is that the people that attended, both the
speakers and the people listening and interacting in the audience,
went away from the Conference obviously with new knowledge and a
good update on their AUTO CARTO III knowledge. I think and I hope
because of this continuity and this organization we see developing
here that this week will be no different than AUTO CARTO II and I.
We will all, I think, go away with an increased knowledge of the
AUTO CARTO field. So, again, I want to extend on behalf of ACSM a
very hearty welcome to everyone, and I hope you will have a good
and lively week. Thank you. (Applause.)

MR. CHAMBERLAIN: Thank you, Jon. I would like to acknowledge now
also that although this is a meeting of the American Congress on
Surveying and Mapping and the US Geological Survey -- It is a co-
sponsored meeting -- it would not have been a success I am sure
without the complete cooperation of the American Society of
Photogrammetry. They have been a big help to us in every way, in
organizing and conducting this meeting. It is a pleasure now to
introduce to you the current President of the American Society of
Photogrammetry, Dr. Vern Cartwright. Vern?

DR. VERN W. CARTWRIGHT: Thank you, Jim. On behalf of the
American Society of Photogrammetry, I wish to welcome you all to
San Francisco. How many are from outside San Francisco? That is
pretty good. Last year this was going to be a great desert if we
did not get any rain this year. So, please, when you go out in
the streets, smile at the San Franciscans and say, "You've got
beautiful weather here." (Laughter.) But we love it this way.
You know, we have a change in the weather; we also have a change
in technology. In the next decade there will be more changes in
photogrammetry and surveying, I predict, than there will be in our
Tifetime. This is brought about by, in the photogrammetric field,
by interactive graphics. We have new tools. Whether you call it
data banks, computer cartography, data management systems, data
systems -- anything you want to call it -- it is still a matter of
semantics, and it is still making maps.



Sometimes you tie demographic data to a geographic basis, which in
a way gets outside of map making. In map making you have, for
instance, a photogrammetric base, you might have a land survey
base, and then you add the different data levels of information.
You can add thousands of data levels of information. You can sit
down with a 1ittle computer, and out pops the information on just
the data Tevels you want to the scale. It is tremendous technol-
gy. MWithin surveying, things are going to be changing in what I
would say a drastic manner. I predicted, along with Charles
Andrea, that it is going to revolutionize surveying within the
next decade. This is all going to be brought about by the

NAVSTAR geographic positioning satellite. There will be 24 of
these satellites. There are about three up there now. But in
1984 there will be 24 of them up there at 20,185 kilometers. What
these satellites will do, they will give us the X, Y and Z posi-
tioning to within inches. So, what will be the survey of the
future? Will he carry a 1ittle black box around, put it out, push
a button and get the X-Y position, feed the data mag tape infor-
mation from that into a computer, have all the controls laid out?
The technology 1is really here.

I can envision in the police department, for instance -- we came
up with a system using digital data banks to show the traffic
people the conditions that may exist. Say, for instance, there
was an accident at Mason and Eddy. Up pops a map on the screen,
say on your CRT. With this Telstar information satellite, you
will have the police cars, all of the emergency vehicles on this
digital map placed in their geographic positions. As they move
you can see it, you can see the equipment. This would apply as
well to fighting fires and disasters. So, in my opinion and in
the opinion of many, this black box revolution is going to start
taking place in 1984 when the NAVSTAR positioning satellite is
going to revolutionize a lot of our areas. We have a change and
challenge in our technology, and I am glad you are all here. We
are going to see state-of-the-art conditions. Thank you very much.
(Applause.)

MR. CHAMBERLAIN: Thank you, Vern. Before introducing the next
speaker here, I would Tike to take a minute to recognize Dean
Edson, who is on my immediate left. Dean is our Program Chairman
and Chairman of AUTO CARTO I. He has been involved in digital
cartography for a good many years. Dean has worked tirelessly to
ensure the success of this meeting. So you will be seeing a lot
more of Dean throughout the week. But since he is not speaking
to you right away this morning, I just wanted to acknowledge that
and give him publicly my wholehearted thanks. Thank you, Dean.



Now, I would Tike to introduce the current Chairman of the Cartog-
raphy Division of the American Congress on Surveying and Mapping,
and the one who is principally responsible for getting this
meeting under way. It was just a Tittle over a year ago that Dean
and I met with Dr. Morrison here in San Francisco, and the seed
was planted for this particular meeting. I am not sure when Dean
and I agreed to organize this meeting when we really realized that
all this was involved. It has been a long year of hard work, but
we really have enjoyed it. I am sure -- and I cannot speak for
Dean, but I have learned an awful lot about the field of automated
cartography in just organizing and associating with so many of
these very fine people.

Dr. Morrison, the current Chairman of the Cartography Division of
the American Congress on Surveying and Mapping. Joel?

DR. JOEL MORRISON: After that introduction, I feel that I should
1imit my remarks to thanking the organizing committee, because
they did most of the work--all of the work, let us put it that
way.

On behalf of the Cartography Division of the American Congress on
Surveying and Mapping, I would Tike to welcome you to this, our
third in a continuing series of international symposia on computer-
assisted cartoaraphy. It was in Decembey of 1974, a little over
three years ago, that the American Congress on Surveyina and
Mapping, together with the United States Geological Survey, initi-
ated this series of symposia at the U.S. Geological Survey

National Center in Peston, Virginia. 1In spite of our current
preference for the term "computer-assisted cartography," the
nickname, "AUTC-CARTO" series quickly took hold.

People have eagerly awaited each successive symposium. The first
symposium highlighted the technical progress in computer-assisted
cartoaraphy, with general attention being paid to what could be
done and what was possible. Following that successful symposium,
the United States Census Bureau teamed with the American Congress
on Surveying and Mapping, and staged AUTO-CARTO II, again at the
United States Geological Survey National Center in Reston.
AUTO-CARTO II highlighted graphic design and the map reader's
reaction to the computer production of maps. We all remember the
huge success of the AUTO-CARTO II symposium. Most of us have
been repeatedly asked when and where AUTO-CARTO III would take
place. Fortunately again, the United States Geoloaical! Survey
agreed to co-sponsor with the American Congress on Surveying and
Mapping this third symposia, and the site was selected in San
Francisco.



The theme of this symposium could not be more apropos to my way
of thinking: Let's put computer-assisted cartography to work.

The "gee whiz" days of computer-assisted cartography are in the
past. A few years ago one could reasonably expect major devel-
opments to take place in rather rapid succession. Today, the
routine aspects of computer-assisted cartography are evident, and
will remain so. Implementation problems and data management
problems are not insignificant. Economic considerations for small
users are extremely important.

Computer-assisted cartography is an established fact of life for
most of us today. It probably is true that many of us still tend
to think initially in terms of manual cartographic production, and
we still seek the map as output. But with each succeeding year

we feel more comfortable with the transitions in our thought
processes to computer-assisted terms. It is not unlike the coming
conversion to the metric system where the thermostat set at 20
degrees means comfort, where the home is seven kilometers from

the office, or where 15 milliliters replaces one tablespoon.

For the cartographer, the conventional map produced with computer
assistance can be hard copy output. A computerized relief model
can be called a DTM, or a photohead can renlace a scriber. Transi-
tions are usually difficult, and they take time. The move from
manual cartoaraphy to computer-assisted cartography is proving

to be unusually difficult because of the rapid speed of the
transition, the introduction of jargon and because of the almost
complete change in technology utilized by computer-assisted
production. We are not through this transition yet. That is why
the theme of AUTO-CARTO III is so poignant to us today. We know
we can produce maps with computer assistance that not only meet
established standards of accuracy and visual effectiveness, but
also that are economically viable. Our job today is to translate
what can be done technologically and economically into common
practice. Computer assisted cartography must become synonymous
with the mainstream of cartography so that the adjective "computer-
assisted" can be dropped. This is not an easy task, and it is not
necessarily as fun or as exciting as it once was.

I hope that each of you during this coming week, in addition to
gaining information on recent developments pointing in future
directions, gains a greater sense of feeling "at ease" with
computer-assisted cartography. You must auestion the discussants.
We need honest appraisals of what does not work as well as the
glowing reports of what doés work. We need to know the ineffi-
ciencies and bugs of a system as well as its efficiencies and
selling points. We need to be precise in our terminoloay and

not create needless jargon. These things, I believe, will help



to maximize the success of this conference, and it depends to a
large extent on each of you in your willingness to ask questions
that you have had in the back of your mind, or your willingness
to admit shortcomings of your experiences with computer-assisted
cartography.

Finally, I must acknowledge the interest expressed by the American
Society of Photogrammetry. Increasingly, a welcome commonality
of interest among photogrammetrists, people interested in remote
sensing, and cartographers is in evidence. This symposium
welcomes the addition of the cooperation of the American Society
of Photogrammetry in seeking to satisfy this interest.

I bid you all welcome to AUTO-CARTO III. Have an enlightening
and enjoyable week. Thank you. (Apnlause.)

REVIEW OF TECHNOLOGY INTRODUCED AND DISCUSSED AT AUTO
CARTO I AND II

MR. DEAN EDSON: The object of AUTO CARTO III, as has been the
case in AUTO CARTO I and II, is transfer of knowledge.
Certainly one of the fitting ways to start a meeting like this
is to review the essence of much of the discussion, much of the
technology that was introduced and discussed at previous
meetings. I think that we need this refreshing Took backwards
in order to better appreciate and understand what we are going
to be exposed to the remainder of the meeting this week.

To do this I have selected a person who simply excels in
qualifications regarding this review of technology, and that
is Dr. Bob Aangeenbrug. Dr. Aangeenbrug is presently a
geographer at the University of Kansas, and is a super
member of ACSM. I say that because he has been extremely
active. Dr. Aangeenbrug received his doctorate in
cartography from the University of Wisconsin in 1965, and is
a Ford Fellow in urban studies and is a past president of
Urban and Regional Information Systems Assoication. He was
also the chairman of AUTO CARTO II, held.two or three years
ago in Reston, Virginia, co-sponored by the Census Bureau.
Bob, I think with that we will hear from you, and hopefully
be super smart and be able to pick up from where we left off
a couple years ago and forge on. Bob? (Applause.)
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AUTOMATION AND CARTOGRAPHY: A PROGRESS REPORT 1974-1977

DR. ROBERT AANGEENBRUG: Thank you, Dean. It has been a couple of
years since the last AUTO-CARTO conference, and some of us are still
slightly exhausted from the experiences. There is little question
about the importance of these kinds of experiences. Something rather
caught my attention as I listened to Joel Morrison. He said that the
time perhaps is past for what we may call the cult of "what was invented
here works better than that invented any other place, and we can
transfer our achievements to ever, cther place'. Objectivity is a
difficult thing. One of the things I liked about AUTO-CARTO I, and one
of the things that convinced me to consider holding another of these
conferences, was the kind of atmosphere of give and take and the
seriousness of our purpose.

I came back to Washington in the early 1970's out of an atmosphere of
revolution that was foisted on us at the University of Kansas in the
late 1960's and early 1970's. I was not particularly impressed with
the establishment, but I was taught a very quick lesson at AUTO-CARTO
I about the massive accomplishments in the federal sector. Literally
(quite honestly) for three or four years I pretended that these were
not really of any consequence, and, moreover, these feds--particularly
the military types—-were wasting the taxpayer's money. That was not
at all the case. It was a rather humbling experience in part taught
to me by the likes of Edson and Schmidt, who involved me in the first
AUTO-CARTO conference. An interesting thing in reading over the
proceedings was that the reasons why we held AUTO-CARTO I and II, to
a considerable extent, were the same. Both Radlinsky and Overstreet
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stated that essentially we were hereto learn about the experience of,
say, a large agency's point of view.

First of all, the production demands in cartography require automation.
Second, there is a desire for currency, and it is an extremely
important one. If we do not do it, I can assure you the television
people will take over cartography, if they have not already. At least
that was my interpretation. And, by George, if you look at the Sears-
Roebuck ad which shows a wall full of little snap-in cassettes for
hundreds of computer games--there is a large maket and the retail
industry is telling me that they can sell computer graphics and cartog-
raphy, without substantial input from cartographers. Another thing

is, at AUTO-CARTO I I was reminded of the fact that I am not really

a cartographer. I was trained at Wisconsin in geography, although I
did have some cartographic training, that, according to Robinson, may
or may not have sunk in--(laughter). And it did not really matter to
me because, for instance, like my colleague, Duane Marble, I was not
really interested in cartography. It was a technique that you needed
if you studied certain kinds of spatial allocation and/or urban
information systems problems. Some of us got involved in automation
because the cartographers did not want to get involved. I think that
is still occurring. I like the interdisciplinary nature as well as

the open-endedness of the mix of designers, academic, and "real' users.

Currency is still a problem for us. We will still have people
flashing around new hardware and software which they are either selling
us or giving away, while claiming they have the ultimate systems

which will solve all your problems with no transferability problems.
Currency is important in the public sector, there is no question about
that. Instant weather mapping will probably be demanded by the public
before long. We now actually find among some of our students in the
introductory geography courses an understanding of what a cold front
is and what it looks like from the air. Perhaps in four or five years
they will be expecting this stuff and perhaps might even understand
some of the mathematical attributes of such surfaces. Maybe you do
not believe that, but some of our students seem to be looking at the
world differently because of graphic images they have seen on TV.

That was not so clear to us in AUTO-CARTO I and II.

Another thing that we did learn and we knew about in the previous
conferences were the problems we now face with scarce resources. Such
resources are viewed in our domain primarily from the point of view
that "this great nation cannot do everything, this great nation can't
fight all these wars, invent this, and cure all diseases and solve

all of humanity's problems". But even as we have become a more
introspective society, we are still facing serious problems. For
example, something which occupies a lot of the legislators' time is,
how to prevent the medical profession from absorbing the entire GNP.
The AMA currently appears more threatening in the eyes of some folks
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than even some of the military-type spenders in the Pentagon. That
is kind of good, and it is kind of interesting. The use of graphics
in health problems is something that we must be involved in and we
have been remiss. The next AUTO-CARTO conference had better discuss
some different scalar operators so we can do the cartography of the
inside of a lung. I can hear some of the cartographers saying why
they do not want to be interested. But the technology and the solu-
tion to the problem can in part be contributed to by the likes of
yourselves and we can certainly use the results.

Resources are also scarce because the number of educated human beings
in this society is limited. Rostow and others, when they talked about
the development strategies of the great countries, primarily in the
Western world, more or less came to the conclusion that the ultimate
society as they understood it was one that was market-oriented, that
the real strength of this country is in its market economy based on

a skilled labor force and an educated public. The desperation sensed
in Saudi Arabia or in a small underdeveloped country is primarily

due to a lack of human resources. We are beginning to equip ourselves
with technology. Our tools are not half as important as our knowledge
about their proper use and utility within the national societal frame-
work. I hope that the return of mathematics as an accepted attribute
of a real college degree will return to our universities. Because

if you are going to be involved in automation of cartography any
longer and really understand it and really use it, you may have to
re-evaluate your capacity to use the technology. This may mean you
may have to go back to school. Because of this scarcity problem in
our society and in others, more of us may actually have to be employed
longer and know more in order to assist our own society with its
complex problems.

We have developed a need, I suppose, for high-speed and direct dissem-
ination of maps. This was pointed out in both AUTO-CARTO I and II.

We are creating something that has been called at various times the
virtual map--that is, the map that exists primarily in machine storage
and is rarely used as paper copy. No one is going to worry about
shrinkage of paper or heat, etc. I think I had several lectures on
that, including examples and fieldwork. That may be irrelevant for
virtual maps. Of course we are now going to have some new problems.
Can you store something electronically and really understand the
difficulties you have when you conflate that map with its previous
states? A number of other types of difficult problems are going to
raise their heads. The virtual map is not going to be a solution to
all problems, but it is likely to determine to a great extent how we
will be seeing the world. I do not think we will have the end of
paper maps, but they are certainly not going to represent the majority
of maps or pictures that may be in existence a few years hence.
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I was quite impressed in both previous conferences, and I am sure I
will be here, with the extensive long-range planning that took place,
particularly in several of the larger federal agencies--DMA, USGS,
NOAA, Bureau of the Census, CIA, and what-have-you. Obviously some
bureaucrats took some risks, spent some money, and did some pretty
substantive work in trying to anticipate the need for essentially
automated mapping on a continuing basis. I am not really sure whether
we can meet those needs. Maybe in the 1980's. I do not think we are
ready yet to have machine-readable topographic mapping delivered to
every civic agency in every county of the United States and have any-
one actually use it. We are still at the stage that these experimental
maps are still carried around, in a manner of speaking, in the same
flashy way we carried the printout under our arms in the early days

of computing, for instance. We are beginning also to address the
extended product notion to the variable needs for maps. We are talking
about, say, a map that can be rescaled. Its contents can be screened,
re-evaluated, added to and deleted from. In a manner of speaking, we
are going to demand and develop some massive kinds of overlay systems.
This has been anticipated in the previous two conferences, and we

hope to find out what progress is being made.

Part of this demand is tied to the need for the facilitation of revision
From my perspective at AUTO-CARTO II, I learned of the experiences of
the urban mapping folks who had had the benefit or the plague,
depending on the point of view, of having to live with the GBF/DIME
files or the super geographic base files somebody else gave them.

The utility of these files was very marginal because the maps could
not be revised very easily. Although intellectually and in terms of
some specific experiences they were and could be useful, often they
were quickly put on a shelf. That reminds me of the planning reports
produced for urban agencies between the 1950's and 1970's, which were
made from essentially the same format; you change a few numbers and
names, and practically the same comprehensive plan for 1975, 1980,
and 1985 is produced by XX and Associates for any city.

I think we are now beginning to re-think what kind of maps we will
make available, for example, to urban users. I am not really sure
what we are going to do about having to develop, or even think of,
engineering accuracy types of maps that the urban folks that are
thinking about for cadastral mapping may want. Certainly it is not
the kind of stuff I am going to be able to do on my little old "xyz"
mini computer. It simply will not do it. In fact, even some of my
students are getting bored with the interactive graphics we are doing
in our small minis. The demand has changed for more complex mapping
systems even in the classroom. This was pointed out, at least in
part, at the previous conferences.

Reduction of errors is, of course, something that really concerns us.
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Something I learned when I worked at the Bureau of Census and dealt
with the urban environment is that the thing most politicians ask
first when they get a map or a booklet with numbers about their city
is: "Is the thing accurate in terms of my interests or will it
emabrrass me or make my city look bad?" They will look at a specific
item on that urban map or on the statistical table. The obsession of
the public with apparent or real errors, or accuracy, is going to
increase as these kinds of products enter public domain in larger
numbers. Their expectations are going to be that your maps are, in
fact, accurate. This problem of reduction of errors was in part
addressed by some of the papers on statistical mapping held in the
last conference, and I think we will probably have to re—address
ourselves to these. Another reason for holding these conferences is
to examine some of the lessons we learned about basic map design. The
designer must be in charge, Robinson argued, and the bad map is not
primarily the result of the technician's error. One thing I want to
point out: no cartographer, pseudocartographer, or geographer can get
away with blaming the software, the hardware, or even good old Ray
Boyle. If you do not do your homework and do not understand the basic
mathematics and the technical aspect of a computer mapping and cannot
get someone who can translate for you, please do not put the blame on
the technician. As the designer you are responsible in every sense of
the word. I was a little frightened by both Robinson and Jenks, as I
sometimes am--not for long, as you can be assured. But they kept
assuring me and the audience that the cartographer has to be in clHarge
of the map message. Now, we do not know a heck of a lot about learning
models. One of the things that rather humbled me was to listen to
some of these speakers at the previous two conferences telling us that
they do not really know how the human mind operates, or let alone how
you would make a mathematical model out of it. Part of these digital
maps and part of the design problems we face really have to do with
our understanding or our ability to preduct the perceptual consequences
of the image we are processing or representing? The answer is, 'We
don't really know very much.'" The standard cartographic texts are
useful, but they can hardly be used by themselves to address that
question.

Obviously, the designer has not really crept into cartography quite as
far as he or she should have. Simplicity is a recommendation. And, ir
fact, the thing the American cartographer is always telling you is
that "it's got to be simple". It does have to be simple, especially
in the thematic maps. I come from an environment where you put every-
thing on the map, sometimes including stuff you wish was not there.
But, nonetheless, I am not ready to really buy the presumption that
cartographers, for that matter artists or propagandists in central
government, are always able to tell you what to think, or let alone,
how to think. That was kind of an unresolved controversy left over
from AUTO-CARTO II, and probably a good one to have. Obviously, the
cartographers have a great deal of design wisdom. But unless they
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design maps that are useful for urban analysts or the medical profes-
sion or somebody else, others will make their own. After all, Howard
Fischer wasn't a cartographer but he got something started. In other
words, we may continue to see an increasing number of maps produced
by non-cartographers.

Speed of production is, of course, going to cause a real problem for
us. It is usually our first concern and, as Dean Edson pointed out

in the last conference, it is one.of the reasons why USGS is seriously
thinking and perhaps has already completed a system of digital
cartographic data bases to replace the manually developed series.
Speed of consumption will then be our next problem. Are you really
ready to produce these many maps? Do you think the public will like
what they see? I suppose it is an old rehash of "garbage in-garbage
out". But, nonetheless, one of the things that led to AUTO-CARTO II
was partially Vince Barabba's concern for the feedback he got when

he gave his flashy presentations. He came back home wondering why

the reaction of the public was not entirely favorable. They did not
like some of the maps. They were expensive, and they sold many copies.
But many cartographers and many urban analysts did not understand

what they meant. The rate of comsumption is going to increase whether
we are involved or not. Somebody will produce some kind of virtual
image, and at an increasing rate. Their utility will not be decided
primarily by the inhabitants of this room. Hopefully, we will be
contributing.

The statistical utility of these maps is something we need to further
examine. Kruskal was not really too impressed with the research that
has been carried on within the cartographic profession. In the pro-
ceedings he indicated that the real basic research in how we measure
statistical properties of maps is really fairly marginal. Not enough
research has been done. I would like to remind you that basic research
is still very, very crucial. Show me a federal agency or university
that is not doing basic research in cartography prior to starting new
applications work, and I think they will be headed for problems. What
encouraged me is that in AUTO-CARTO I and II there were reports on

a lot of basic research. My advice to you is, listen to the folks
involved in it. Do not be too "quick-results" oriented. We have to
learn more about the basic structures, including that of statistical
utility.

Let me shift for a minute, though, to one of the things that came out
of AUTO-CARTO I and was not stressed as much in AUTO-CARTO II, and that
was the emergence of large cartographic systems. They were still
developmental in those days. And until T am conviced otherwise, they
probably still are. They are expensive and they are impressive; they
cost millions of dollars and employ a lot of people. But they are not
as yet in the public domain. At the University of Kansas we cannot
really use a lot of this technology, but until that moment comes we
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will not be satisfied. There is some progress on the horizon that I
want to talk about.

The USGS is now releasing some products that come essentially from
large systems at the, I believe, 1 : 125,000 scale. This is something
we all need to take a look at. I hope to hear this time that World
Data Bank II is effectively in the public domain. The large systems
are not yet delivering to us users what we like to hear or, for that
matter, what we can use. But then we will always be disappointed-~
we always want more. Nevertheless, the first payoffs for automation
and mapping in the public sector, I think, probably are going to
depend more on large systems work than they are on small systems work.
We do not really understand massive amounts of information and massive
data structures. We need to know about them. Indeed, I think this
conference is in part possible because of the many men and women with
vision that convince large agencies, including DMAC, EPL, CIA, USGS,
NOAA, Bureau of the Census, and several large agencies in Canada, to
go ahead and build these large systems. The problem of the utility of
these to others still remains. The payoff is generally internal;
transferability has yet to be accomplished on a large scale. The
ultimate payoff, though, is cartographic wisdom; I think that is a
worthy goal.

Some remarkable advances have been made in terms of line following,
for instance, raster and cathode ray types of interactive systems,

in part were made possible because of the investment made by the large
system folks. The products are in part here: The DMAC has computer-
generated topo maps. CIA has World Data Bank I still in use, and it
is a useful teaching and training tool. Hopefully, the second edition
will be in the public domain. NOAA is actively engaged. The Depart-
ment of Energy, Mining, and Resources in Canada is similarly producing
goods. We need to know what other progress has been made.

The most dramatic changes took place probably because the small
systems were responsible for the transfer of computer mapping to the
public domain and within the academic ranks. The small systems brought,
say, operational systems within the universities and, in many cases,
in small local and state government. That, I think, was of profound
importance. That, in turn, may result in state government and uni-
versities investing in larger systems. The birth and development and
adoption of the mini-based interactive system was accomplished from
about 1970 to 1975. This is indeed a remarkable rate of technology
transfer. But manual editing is still nearby. I do not think Ray
Boyle is yet satisfied that there is a public utility around where a
local government can get digitizing and some basic geo-processing
done, so that one does not have to depend on a large interactive
system and a manual pack-up.

Data storage and transmission is still a problem in small systems.
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Map files of medium complexity cannot really be processed. All my
students want is a map of 105 counties--after all, it is the number
of counties in Kansas--and some data and the lines and the roads and
a few other things in order to study a real problem. Well, we can
hardly get it through out '"x-x-x'" mini-system at the band rate to
the x-y-z hardware that we have on the main frame. This problem has
to be resolved, and I hope that it will be.

Another problem is the absence of standards. We do not really have
any standards for how one digitizes a line, not that I know of any-
way, and none that I can provide for my students. Oh, I can get 19
pieces of advice, including two or three gurus who emerge to tell me
they have the only way to do it. Good. If it is documented, I will
more than likely listen to you. But that is something we will need
we do not really have, although I believe it is emerging, by that I
mean very good standards for feature generalization. We do not have
very good standards for editing maps. Oh, we have some, but they
are still kind of on the horizon.

Classification is another problem. Although, historically, cartog-
raphers have done more work with it, it is primarily work on thematic
classifications. Cartographers haven't a clue what to do with all
that linear spaghetti. That is the kind of classification I am
talking about. It does not have to matter who is going to do it,

but that is going to have to be sorted out.

At AUTO-CARTO I and II we did have some papers and some discussion
about the topologic data structure. As far as I am concerned, that
is perhaps one of the most important areas of research. We do not
really have very good answers. And altlough the various speakers
were convincing in their wisdom and the need for topology, with which
I agree, we need to know even more and we need to have more basic
research done. In addition, we really do not know very much about,
say, data structure's simpler problem, say, the theory of the line.
Peucker was willing to address this and did an excellent job in
AUTO-CARTO II. But I am not really sure, and I would like to hear,
whether he is satisfied yet. It is difficult, you see, for an urban
geographer to teach computer mapping with the off-the-shelf wisdom.
That, I hope, will come out of this conference or perhaps some other
one.

What are the implications of all this? I think Joel Morrison put

his finger on one important point. We are beginning to get the decay
of the not-invented-here syndrome. T really like that. Part of the
comments made by our keynote speaker in the previous meeting pointed
out that the federal agencies are beginning to be forced together for
one reason or another, and are beginning to think of not repeating
somebody else's work again. In part, the pioneering efforts of some
of the international agencies--UNESCO, IGU, and others—- have been of
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great assistance. Some insightful folks have begun this very difficult
and academically not very rewarding process of getting folks together.
I think you ought to commend these people for doing that. It is very
important that we minimize the duplication. Users must be persistent,
though. I would like to see fewer dilettantes. I would like to see
people commit, say, ten years or so to pursuing computer mapping.

Now, that may be hard and there may not always be a payoff for that,
but we will still need it. We will need to support some devoted
academes or bureaucrats who do nothing but topologic or line research,
color mapping, or something else. We need to demand that they be
supported. Because we really do not know a lot of things about auto-
mation and cartography.

The federal emphasis, of course, is going to continue in large system
work. I would urge you during AUTO-CARTO IIT to examine the larger
scale systems, and to discuss the third dimension. We are currently
exploring fish-net type interactive cartographic representations of
medical potential service needs for the State of Kansas.

Are we really ready to bring automation to cadastral or utility
mapping? Are we ready to map the space outside of the earth? It is
becoming a resource, you know, not only of the spirit but also for
real. We need to define the purposes of our maps, particularly these
virtual or fugitive maps. As was pointed out at the previous con-
ferences, these maps will only exist for a little while. It is kind
of marvelous about them; perhaps your mistakes will be short-lived.
That is the problem with paper maps, you know. (Laughter). But, on
the other hand, automation is also going to allow us to bring folks
into the design process who will bring new ideas to it, the ideas of
artists and others. In order to take advantage of these ideas we
really need to know more about cartographic data structure.

One of the things that AUTO-CARTO I and II tried to accomplish was to
get discussion of cartographic data structure started. Although we
congratulated ourselves endlessly on how much fun we had and how many
good presentations we heard, it is an unfinished task, and probably
should be. The cartographer, as a scientist is, of course, somewhat
ill-equipped for this task. In fact, much of the contributions to
automation in cartography has been made by people like electrical
engineers, physicists, and English and Philosophy majors who became
programmers. Their contributions will extend the dimensions of the
map and the image. Perception and cognition, though, are still going
to be problems. We need to think of the creation of mathematical
models for what we see, how we see, and how we present it. As Al
Ward pointed out, we still need to think on how to express a design
through automation. I do not think we are quite ready for that yet,
although some of our smaller interactive systems are allowing us to
think we are doing it. But I do not think we are quite there vet.
But, hopefully, we will hear a report on how far we have gotten.

19



Another concern we will need to address even in computer graphics, is
confidentiality. In the city of Lawrence and in the city of Wichita
Falls, where I have some experience, the cable TV systems are tech-
nically designed to be two-way communication devices. That is, you
could, with some electronic attachment, actually manipulate informatio
back to City Hall or some central station. With the addition of mobil
communication, sooner or later we will know exactly where you are. I
think the public may begin to challenge this kind of worrisome problem
I do not want anybody to know where I am in my car. Of course, I am

a man of excellent moral principle. That is not really the reason why
I just do not want anybody to know. And I think the public is going
to examine that question. But then it is not all that profoundly
important.

Another issue is a political one, that what we are doing is sometimes
so magic that the public, including City Commissioners or directors
of X, Y, or Z divisions may say to us, "We love your research and we
would like to give you more money, but there are other priorities".
Sometimes your dazzling graphics are going to have to be a blend of
practical results.

I hope perhaps we can convince some of these agencies that have done
so, to begin laying out the specifications for maybe something like
the SPSS or BMD package for computer graphics for both large and small
systems. I think its time has come. Now we have many people here--
Wittick, Marble, Tomlinson, and others--who have really been pioneering
in software exchange and documentation. But we need to pin them down
and ourselves, and provide support to see that this ultimately gets
established, mainly because duplication of software is getting
frightfully expensive.

Well, I always have a tendency to go on and on if I let myself. But
I really think this conference is going to be one of interchange.
Five minutes more of my time remains. Use them for meditation or
discussion. Thank you very much. (Applause).

SR, tuauw: Lt is always exciting and iateresting to
revalize wnat, as Wr. Aangeenbrug polnted out, we have ex-
perienced two meetings that could be characterized as
associated with anticipation. Indeed, we are looking for-
ward to the emergence of reality in this conference and
from here on. In order to better focus on that reality,

I will turn the meeting over to Jim Chamberlain to
introduce our next speaker.

WiR. CHAMBERLAIN: It is a real pleasure for me to intro-
duce to you our keynate speaker for this meeting, #r.
Rupert 8. Southard, better known as Rupe to all of us here.
Rupe is a close personal friend, and it is a real pleasure
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for me to do this. He is a real friend also of all of us
in the surveying and mapping profession. He has supported
this meeting from the very outset, and is responsible for
the Geological Survey being the co-sponsaor of this meeting.
There are a number of other things that I could say about
Rupe that are not listed in the biographical sketch that

is published. 1 do not know whether he would want me to
say all this, but he is a singer of note, a piano player,
an actor, and has a wanderful family. I know that it has
been a real effort for him to be here with us at this meet-
ing. He has come at considerable sacrifice to himself

and his family, and we are deeply in his debt.

Rupe received his degree in Civil Engineering from Syracuse
University, where he majored in photogrammetry. UOuring
World War II he served with the fMlarine Corps as an artillery
officer, and in his second tour of duty in 1950 through

1952 he was a Survey Officer for the 10th flarines. Rupe
began his Geological Survey career in topographic field
surveys with our Atlantic Region in Arlington, Virginia.

He transferred to our Washington staff in 1955, where he

has progressed to positions of ever increasing responsi-
bility. He was involved with the development of the orth-
ophotoscope, which has contributed much to the revolution
that is in progress now in our mapping operations, and the
early applications of orthophotography. Following this,

he directed the Topographic Division's international ac-
tivities. 1In 1965 he became the Assistant Chief Topographic
Engineer for Plans and Program Development. He has repre-
sented the Topographic Division at many international sym-
posiums and meetings, and has authored numerous profession-
al articles on a wide variety of subjects. He has received
a number of awards, including the Department of the Interior
Distinguished Service Award. He has been active in pro-
fessional organizations, and in 1863 was Director of the
National meeting in Washington, D.C. of the American So-
ciety of Photogrammetry and the American Congress on Sur-
veying and ffiapping.

In 1972 and 1973 Mr. Southard participated in the Office
of Management and Budget Federal Mapping Task Force. He
was the Lepartment of the Interior representative. This
task force did an intensive study of all the mapping op-
perations in the Federal government. In 1970, Rupe was
named as our Associate Chief Topographic Engineer, and
presently he is our Acting Chief of the Topographic Div-
ision of the Geological Survey. Rupe, it is a real pleas-
ure to have you here with us, and we are anxious to hear
what you have to say.
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MR. RUPERT B. SOUTHARD: Thank you. Jim, just a couple
of comments about your introduction. You say I am a great
friend of all of you in the surveying and mapping commun-
ity. There are a couple of exceptions. (Laughter.) I
notice they are not here today, though. Jim said I sup-
ported this meeting from its very inception. Actually,
Dean Edson called me after having talked with Joel Mor-
rison, and said that there is a strong request being made
for G5 to co-sponscr AUTO CARTO III. My recollection is
that all I said was "Yes, go ahead." And that is the last
time I had any connection with it until this moment.

It is a pleasure for me to be here to give the second
keynote address. (Laughter.) I didn't underst@nd & thing
Dr. Aangeenbrug said, but I fully believe it -- (Laughter.,
-~ but I fully believe it, and 1 agree with all of it --
(Laughter.) -- and 1 am going toc take advantage of some

of the things he said to simplify my talk. It has been

a very busy weekend for me. Over the weekend I was down

at fresno attending the convention on surveying and photo-
grammetry at California State there. I was so busy that I
lost 50 pounds. That is, with the help of United Airlines.
(Laughter.) They misplaced my suitcase, and rather grudg-
ingly returned it to me just before I got here. 5o, 1
stand before you in this sartorial splendor courtesy of
United Airlines and Fresno.

A few historical items of relevance -- at least I think
they are relevant. Back in the early 1880°'s was a day
when Nicephore Niepce pointed his camera out an attic win-
dow overlooking his sleepy little country estate in Lille,
Eastern France. He hardly dreamed at that time that the
result, the world's first photograph, would change the
course of society. Niepce was a polite, modest man who
preferred his caountry study to the brilliant salons of
Paris. He worked with admirable persistence through 20
years of slow and groping progress befaore the final break-
through came. In 1813 a craze for lithography swept over
France. Nicephore, who could not draw -- he was an early
cartographer -- (Laughter.) -- tried to find ways of
copying designs on lithographic stones. He spent three
years with various cameras of his own design, using stone,
glass, metals and paper, from materials which he sensi-
tized with various chemicals. In 1816 came a success of
sorts. He produced weak negatives on paper treated with
silver chloride.

The next progress came when he managed to reverse the
tones and produce a photoengraving of a lithograph of
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Pope Pius VII, which was a winner -- (Laughter.) He lent
it to an excited cousin. It is not entirely clear to me --
This part was prepared for me -- It is not entirely clear
to me what the cousin was excited about. (Laughter.) He
showed it to a friend who promptly dropped it and smashed
it. Then he wasn't excited any more; he was sore. (Laugh-
ter.) Then Niepce tried his first ever photograph of na-
ture by aiming his camera out the attic window. Eight
hours later he closed the camera shutter, and the world's
first photo had been taken. The long exposure produced

at least one strange effect, in that the sun seemed to be
shining on both sides of the courtyard. We still get that
a lot. (Laughter.) Except now, of course, with advancing
technology it doesn't take eight hours; we can do it right
on the spot.

But this very important breakthrough was not to earn a
franc for Niepce. In 1829, four years before his death --
and he was in a very fimancially impecunicus stage; he
was broke, was what he was -- (Laughter.) -- he signed
a contract to share his secret with Paris showman Louis
Daguerre, who had dabbled in the field of cartography.
And he was excited too. Daguerre saw the immense commer-
cial possibilities of the camera, and it was he who adop-
ted Niepce's original invention so that photography be-
came practical as distinct from possible, and made all of
this (indicating) possible. Updating further, June of
1874. Wuotation from the June issue of Scientific Amer-
ican. "The French papers seriously discussed today trans-
ferring the work of the surveyor to the aeronauvt. It
has been found necessary to revise the real estate maps
throughout France, and it is proposed that a balloonist
should photograph each tract of land. This may be prac-
tical, since balloonists have already taken such photo-
graphs. The estimated expense, however, of three and a
half million dollars, makes doing the work by surveyor
cheaper."

A hundred-year update. In 1970 at the ASP Symposium on
Computational Photogrammetry, our own Dean Edson, who is
here and is Program Chairman for AUTO CARTO III, gave a
paper suggesting that a digital topographic data bank be
established with some rare, but forgivable understate-
ment; he concluded that the total file size for the topo-
graphic data bank of the United States will be about three
times ten to the 13th characters. To collect such a vol-
ume of data and store it in useful form, Dean said, a
well thought out system must be developed if the topo-
graphic data bank is to be any economic and technical
success. Except for the numbers, the point is well taken
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today. I did not invent that wheel. DOean mentioned it.

In August, 1973 at the ICA meeting on auvtomation, a new
trend in cartography in Budapest, the opening address was
given by a colleague, Dr. Sandor Rado, who was then chair-
man of the Hungarian National Committee of the ICA. He
called attention to the growth in cartography of automatior
He pointed out that reason for auvtomation in cartographic
work -- and the American language is his, not mine --

"has these following manyfold purposes: rationalization

of cartographic work; the updating of the map contents;
the objectivation of the map compilation; the improve-
ment of map's expressiveness; and the improvement of

the labor condition of people doing cartographic work".
There was not much mention in Dr. Rado's remarks of the
value of the data itself rather than perhaps in map form.

Jim mentioned that I was a member of the Federal Task
Force. He just knew I was going to quote something from
the Report of the Federal Mapping Task fForce -- didn't
you? I'11 give you a small segment from that report

which is on the subject: "Eighteen federal agencies ex-
pended 37 and a half million dollars and 2500 man-years

on cartography. This effort includes domestic cartographit
compilation and map finishing, but not photographic pro-
cessing. fost of the cartographic work is accomplished
inhouse at numerous facilities throughout the country.

The complexity of cartographic techniques varies consid-
erably among the agencies. Ffor example, the efforts of
G5, NOS, Forest Service, Soil Conservation Service, Cen-
sus, and TVA, amount to approximately $24 million, and

are devoted to products distributed widely for multipur-
pose uses, whereas the remaining civilian agencies usually
compile products for internal use, which in most cases
have less demanding requirements for content and accuracy,
and, as a matter of fact, accessibility. Generally, con-
ventional manual methods of compilations and map finish-
ing prevailed through the community." We also found that
major agencies with cartographic capability are in the
process of developing and implementing computer-assisted
automated systems, although no complete system has emerged
So far there has been no concerted effort to make these
separately developed systems compatible with each other.
Complicating the situation are fast-growing requirements
to understand the proper relationships of points and areas
to social, ecological and economic phenomena in any com-
bination, and to present them in digital or hard copy

form as required. The overall national effort to collect
and store interrelated spatial data, therefore, can be
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facilitated by implementing standard automated procedures
Bbased on knowledge and principles inherent in the carto-
graphic process.

"We concluded that in aggressive implementation of computer-
assisted techniques for digitizing and displaying spatial
data the following advantages will accrue: Formation of
a sufficiently large base to support fast growing require-
ments, Greater flexibility to manipulate and portray mas-
sive amounts of time-sensitive data through integrating
incomplete existing systems; production of digitized in-
formation as well as standard hard copy products during
one operation; reduced manpower per unit of output; and
shortened map and chart production cycle." Remember,
this was only about four years ago.

At AUTD CARTO I, when Bill Radlinski gave the keynote
address, he called attention to three things. He wrung
his hands abogut the extreme length of time it took to pro-
duce a standard topographic map, and gquoted some figures
which you may remember as taking a project-oriented map,
that is, first to last map in a project, of 59 months.

And he allowed that was pretty much too long, and that with
advancing technology one of the things that must be accom-
pliched is to reduce the time in which we can get that
cartographic data into the hands of the user. Regarding
cost effectiveness,; he pointed out that not very many
years ago people presented papers on the subject of auto-
mation, they pretty much avoided the cost effectiveness
factor like the plague. I think they pretty much still
do, but this is my keynote speech, and I am now talking
abput his. Today it is a different scene, he said.
EQuipment effectiveness is rising with ever ‘increasing
speed to the point where in spite of inflated hardware

and software costs, nmew techniques can truly be compet-
itive. Then he concludes that by continuing to use the
new technology aggressively we can at least hold the line
on costs, if not indeed reduce them somewhat. Considering
the directives of cartographic data, digital cartographic
data, Radlinski estimated that the average U.S. topo quad
contains many million separate bits of information. That
means more than the average map reader could absorb in a
year's time, and the topographic sheets of many other
countries, as DOr. Aangeenbrug pointed out, contain even
more data.

While maps were extremely efficient devices for storing

data, even more information together with positional co-
grdinates can be stored in computers. A major advantage
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(this is an important point, and it is very true and will
continue to be true, and needs emphasizing) a major ad-
vantage of cartographic data in digital form is the con-
venient interface with other geographically related in-
formation and management systems. Such interfaces pro-
vide a means for numerical data in machine-readable form
to be utilized in complex modeling and problem analysis.
At AUTO CARTO II, Bill Overstreet pointed out many of the
same things, that it is a good thing we are about to in-
vestigate, and we needed to be on with it.

A recent article that I will call to your attention in
the ACSM Bulletin for November of 1977 is by Bill Riordan,
who is Deputy Director for Program, Production and Oper-
ations at the Defense WMapping Agency in Washington. Here
are a few comments excerpted from that. "Over the past
few years a basically manual graphic operation has been
rapidly evolving into a mechanized digitized process.
What is more, the combination of accelerating technology
and aggressive government agency competition for limited
resources is driving the community toward a full range of
digitally-oriented production eguipment. An outstanding
example of this is the relatively new LANDSAT technology.
LANDSAT-C, soon to be launched, will expand present dig-
ital collection capability and produce a lot of data.

"Doppler, along with its logical replacement, the Global
Positioning System, will locate positions an the earth
within inches -- and many other systems which could be
named will lean ever more heavily on digital technology
in the future.

"At the beginning of a vigorous and growing program, the
Defense Mapping Agency (DMA) has now digitized elevation
data over almost seven million sgquare nautical miles of
the earth's surface. At the same time, DMA has digitally
encoded two and a half million square nautical miles of
the earth's surface as far as cultural details such as
roads, cities, waterways and so forth. Judging from to-
day's requirements alone, terrain digitization and cul-
tural digitization each will cover ultimately 18 million
sguare navtical miles. A recent internal DMA study was
made to forecast the size of the digital data base nec-
essary to meet the needs of weapon systems of the future.
It showed a potential requirement for a base composed of
ten to the fifteen bits of information. To face these
challenges we require more than equipment. We need imag-
ination, we need concepts, and we need organization. It
is not hard to foresee that the rising wave crest will
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have an impact on civilian mapping agencies as well in
the not too distant future."

Now, these observations are but a few. They clearly mark
the inevitable development of computer-assisted cartog-
raphy and systems related to it. The development is inev-
itable; successful development is not. Let us take a few
examples of what is presently going on. I will talk to
you about what is going on at the Geological Survey.
There are people here from Geological Survey who will be
taking an active part in the workshops and sessions this
week who can tell you & great deal more and in greater
detail. We recently conducted, with the help of the In-
ternational

We recently conducted, with the help of the International
Geographical Union, a searching study of spatial data
handling techniques in the Geological Survey. I will
point out to you later, from another source, something of
the major findings of that study, which was highly en-
lightening and very helpful. Organizations like IGU, and
in particular the Commission on geographic Data Sensing
and Processing can be of great help for people to under-
stand problems they may not even know they have yet. Or.
Roger Tomlinson, who is here, is connected with that ef-
fort. Roger has talked to me for several years, saying,
"Rupert, you must exert some leadership in this area.
Follow me." (Laughter.)

To some extent we are exerting leadership. In the Topo-
graphic Division (USGS) we have formed a Digital Applic-
ations Team in the Office of Research and Technical Stan-
dards. That office is headed by Roy fMullen, who is here
(indicating). The Digital Applications Team is headed

by Dr. Robert McEwen, who is also here. The team is set
up with five or six people at the moment. The efforts
that they are ocverseeing are connected with monitoring
and setting in motion the research and development nec-
essary for us to get into digital applications. It is,
of course, importanmt alsoc for us to do some pilot pro-
jects in connection with that effort. Some of those pilot
projects are being done with other federal agencies so
that we will learn together about what is needed, what
can practically be delivered, and what the costs, baoth

in time and resources, may be. Elsewhere in the Geolog-
ical Survey, the IGU found somewhere arocund 55 data base
efforts going on -- not 8ll big anes, some little ones,
some rather specific ones. I will point out a few to you.
0f course, one that is very close to our own work is the
Land Use and Data Analysis project, involving land use

27



mapping and the digitization of land use and land cover
data,

OQur Geologic Division is heavily involved with the Coal
Resource Data Base, which will require considerable sup-
port in digital cartographic data, digital terrain data,
property ownership or jurisdictional data, as well as
transportation and drainage. The Water Resources Division
has considerable data bases, primarily point data for well
locations as well as digitized boundaries of hydrologic
units such as drainage basins. And on and on and on.

As 1 said, 50 to 55. It is guite possible that as we now
are more aware of what others are doing in the Geolaogical
Survey, that some of those data bases can be organized

in a more efficient and effective way. It may also be
that some of them would be better left separate.

Other data system activities in the Geological Survey

are: Conservation Division is into digital activities in
the coal lease reserve. Royalty accounting is being done,
digitally. In the Geoclogic Division they are also doing
0il and Gas field data digitally as well as Earthquake/
Strong Motion Studies. In the Topographic Division work
is being done on development of a national digital carto-
graphic data base. Topo is doing, in connection with
other federal agencies, an Aerial Photography Summary Re-
cord system, which shows both where photography is being
flown, has been flown and is about to be flown. We are
going into digitized geographic name information as well.
Those are just a few examples of the kinds of things that
are going on. We are going to be a great deal more heav-
ily involved in spatial data activity, not because we
know so much about it, but because we need to know much
more. And we feel sure that within ten years we will be
primarily digital. Our production system, our operation
system and the data that we deal with will be primarily
digital, we believe. That is not to say that printed maps
will be discontinued, because they won‘t. People will
always want them. They freeze data in time, and they will
always be a useful record for that time.

But the requirements for data these days, of course, are
voluminous. They have tremendous appetites for data,

The more you give the more you have to give. I should
mention thiss QOur prigrities for the data we are pres-
ently considering digitizing are civil boundaries, rec-
tangular survey systems, surface hydrography, terrain sur-
face and transportation. Those are our primary data cat-
egories at the present. The secondary ones are geographic
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names, manmade structures, woodland, orchards and so forth,
and non-vegetated features.

Dr. Aangeenbrug did a better job than I believe I was
prepared to do to mention some of the problem areas that
need to be not just looked at, not just talked about,

but addressed. You will be talking about those problem
areas this week, but the list that I would have is exactly
the same as the list he would have. We have to deal with
digitizing problems.

An estimate that was done by the IGU for what it might
take the Geological Survey to digitize all these quad-
rangle maps of the United States, (which will ultimately
number 56,000 at the 1:24000 scale) an estimate ranging
from 400 million to 500 million dollars®' worth of activ-
ity. That is a lot of digitizing. Before we produce that
much digitizing we need to be sure people want it that
way. 5o we are going a little slow. We have been crit-
icized for going so slow on getting the right kind of an
answer to that problem. O0One can clearly see that the
maximum payoff in putting computer-assisted cartography

to work will result only from a carefully planned approach
to design of a data system to serve both shert-term and
long-term requirements of an array of users that we may
not even know about yet. That array of users will have

a further array of both comprehension and sophistication
in either the way they could handle data or the way they
would be willing to handle data.

A number of relevant remarks on the subject were offered
by Dr. Hugh Calkins, who is with the Geography Department
at the State University of New York at Buffalo. In a con-
tribution to the Proceedings of the IGU Commission I men-
tioned earlier, the Commission on Geographical Data Sens-
ing and Processing in WMoscow two years ago, in a paper
titled "Information Systems Developed in North America,"
Hugh cited five important lessons to be learned from the
North American experience. I think these apply just about
everywhere. "Almost all of North American geographic
systems (Hugh said) have been developed in response to
specific problems or needs. Consequently, there is no,

or little, compatability between systems. Each project

is started and proceeded independently, and it is almost
impossible to move a system to a new location and use it
in solving different problems. Five specific points are
discussed below as critical to the future of geographic
information system development. There is no clear con-
cept of what constitutes a full geographic information
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system. The term is used to cover activities such as the
Canada geographic information system at one extreme, to
simple plotting programs or subroutines at the other.

Some standardized concepts of geographic information sy-
stems are obviously needed. Two: The format of data
before encoding is significant. Well prepared graphic
documents, maps, can in fact mean the difference between
success and failure. Digitizing is currently the most
difficult task to complete. Three: The volume of spatial
data is also very significant. This has often been under-
estimated, and has led to excessive costs or outright
failure. Four: The resulting utility of geographic in-
formation systems has frequently been reduced by decis-
ions made when the data are encoded. Substantial loss

of information such as systems based on a large grid cell
cannot be tolerated by all users. Five: The non-tech-
nical problems, essentially the management of the system,
are equal to or greater thanm the technical problems.

Sooner than we think, sooner than we guess, virtually all
spatial data will be computerized. In most cases the data
will be collected and accessed in response to the immed-
iate needs of the primary user. Great care must therefore
be taken that secondary and tertiary requirements be con-
sidered to the maximum extent possible for effective mul-
tiple use of the data. Growth must be planned, not allowec
to happen accidentally. Agencies handling large amounts
of data must increasingly make known what that data is

and how it can be gotten and used. Education of all, but
most particularly managers, is a crying need.”" In that
connection, the work that I have mentiocned of the IGU
Commission on Geographic Data Sensing and Processing can
be very helpful. There is excellent work going on at a
number of universities, including Kansas and Harvard, the
State University of New York at Buffalo, the University

of California at Santa Barbara, Wisconsin, and many others.
We must take advantage of that work that is going on, and
we must talk to each other about what we have learned.

I think symposia like this one are extremely useful in that
educational process. The education will need to continue
because the rate of change in that technology is at a breal
neck pace already, so you cannot turn your head for even

a moment. An important point from my cwn personal obser-
vation: Professional societies like ACSM, ASP, IGU, ICA,
I5P, and FIG, and others, will need to begin working to-
gether for examination of problem areas, as the input of
many disciplines will be reguired for most effective
splutions. The whole payoff for this is much too import-
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ant to let it fall apart over turf battles.

The government agencies, federal agencies, must continue
to take an active role rather largely because of the ex-
treme cost of some R & D efforts. If R & D is to be done,
it has to be paid for, and the government agencies can
make that contribution. While they are making that con-
tribution their work should not be kept secret. It would
be much more to the point to sing it from the house tops,
even if the research has failed. Sometimes that is more
useful than reporting successes, and there is a lot more
of it. (Laughter.)

The challenge is an exciting one. Not for a long, long
time and maybe never again will cartographers, geographers,
surveyors, photogrammetrists, mathematicians, computer
scientists, have a rich and rare opportunity like this
one to make a real contribution to mankind's wise pro-
gress. I would like to give my congratulations to the
organizers of this symposium for holding this symposium
in sun-drenched California. (Laughter.§ The program
looks like a very good one. The people that are on the
program as speakers and moderators are the best or among
the best in the business. I wish you luck. Thank you.
(Applause.)
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ECONOMIC REQUIREMENTS

MR. DEAN EDSON: The first afternoon session of AUTO CARTQO III is
now convened, and the first panel session of this afternoon will
be on the Economic Requirements. This is an important aspect that
we felt should be covered and should be addressed honestly and
openly. I think we have a panel that will give us some real in-
sight as to the problems associated with justifying a lot of the
things that we are either doing or thinking about doing. To head
up this very important panel we have Jon Leverenz, who is currently
the General Manager of Cartographic Creative of Rand McNally,
Chicago, and, being in the private sector, is very concerned about
the economic impact of the kinds of things that are being imple-
mented because, obviously, a commercial firm has to make a profit,
and unless you can get hardware and software systems working for
you in a profitable way it does not make any real sense. It is
certainly a pleasure to again introduce Mr. Leverenz, who, I will
remind you, is the President-Elect of ACSM, and will introduce the
subject and his panel. Jon?

MR. JON M. LEVERENZ: Good afternoon and greetings again. Thanks
a lot, Dean. The Economic Requirements Panel was assembled, and
the personnel were chosen to bring us information on the economics
of computer-assisted cartography from a number of varied segments
of the mapping community. Roy Mullen is from a federal civil
agency, United States Geological Survey, and he will talk on
economics of digital mapping from the United States Geological
Survey's perspective. Dr. Joel Morrison, from the academic commu-
nity, University of Wisconsin, will talk on a university's special
automated cartography requirements and economic considerations.
Fred Hufnagel, from a federal military agency, DMAAC, will discuss
DMAAC's advanced cartographic system.

As Dean said, I am from a part, only a part of the private industry
segment in cartography. I will start talking about the economic
requirements by discussing the considerations, some of the consid-
erations of a commercial map firm on the threshold of automation.
In talking about a commercial firm on the threshold of automation,
my thoughts are going to center basically around the more important
considerations that a mapping firm would have to make. Possibly,
the title "brink" of automation, rather than "threshold" may be
more appropriate, because it connotes a greater risk, and that is
usually how the financial management of a firm usually thinks of
automation, as quite a risk. But I did settle on "threshold,"
thinking that it was the doorway to something new, or hoping that
it will be the doorway to something new.

The cartography firm of which I speak is concerned with the
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preparation of maps that are based upon a variety of information
obtained from diverse sources, such as existing maps, census data
and other statistical data that is being mapped. The operations
run the gamut of cartographic operations such as the gathering, in-
terpreting and selecting of data, the geographic research and
editing, the compilation of the manuscript map, and the final con-
struction of the various kinds of art work needed to produce mul-
tiple copies of the maps.

I will briefly run through these slides to attempt to illustrate some
of the operations and some of the materials that are used in map
making. (Slide 1) This is the gathering of information and the
original manual compilation of the material, the type of detail

that is found in such an operation for a land use map at

a very small scale. (Slide 2&3)This is the scribe 1line work, showing
the detail again, and a peel coat, which gives you an idea of the
intricacy of the open windows to produce a published map of this
sort. (Slide 4) The relief and type -- the type is sparse, but

this is the relief rendering, giving you an idea of some of the
techniques that are needed and must be considered in making a map.
(Slide 5) These are the final positives that are used to make the
plates which are then used to print the multiple copies. (Slide6)
This is the finished map that is usually produced by one of these
firms.

I want to focus the examination even more and make sure that we all
understand the type of commercial enterprise that I am talking about.
It is really a segment of the community which encompasses those
companies that manufacture cartographic products, the sales of which
yield a sufficient monetary return on their total investment to en-
able them to stay in business and to continue to re-invest in pro-
duct development and production facilities. This cartographic firm
is, therefore, quite distinct from non-profit institutional carto-
graphy, government cartography, as well as those surveying firms or
other industrial and commercial companies where the mapping activities
produce products for internal use only or for a few specific tech-
nical users.

The basic difference really in all of these is in the Erofit motive
and in the mass market, which, in the Tong run, determines what wi
be produced.  For if the market accepts the product and buys it,
this will enable the return to create that product, will enable a
return to cover other expenses as well as the cost of capital in-
vestment for that product. The converse is true: If they do not
buy it, the profit is not made and it cannot be reinvested, and
therefore, eventually the company will not find itself in business.
I emphasize market and profit, even though they appear to be rather
elementary, because they are the most fundamental considerations
when a firm is on the threshold of automation or when it is on the
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threshold for any investment, for that matter. These commercial
firms of which 1 speak, by and large will produce travel aids such
as road maps and street maps. This is just the type of map that I
am sure you are most familiar with. (Slide 7) Other examples are
globes, and general reference maps for atlases of the world. (Slide
8) These are usually the products that the firms I am talking about
produce.

Now, aside from these complexly produced esthetic products, the
general market has really rarely shown a great need for the rather
unesthetic computer-drawn maps showing specialized distributions.
What small market there is for such automated products has usually
been satisfied by certain companies' internal map production opera-
tion or by an academic or a government source.

Another aspect of the commercial map makers' considerations is that
generally its products have the following range and scales. A.)

The first scale range is 1:30,000 to 1:50,000 for street maps. B.)
The second scale range is 1:300,000 to 1:2,000,000 scale for indivi-
dual state road maps and atlasas. C.) The third category is the
1:1,000,000 scale to 1:10,000,000 scale for worid general reference
maps and atlases. Those particular scales and sizes are partly
dictated by the size of the printing and manufacturing equipment
that can effectively and efficiently produce multiple copies of maps.
The mass market also influences the scale for it will spend money
for only a limited number of maps and/or a limited size of atlas.
So, those two things very much help to determine the map scale and
the size of any particular product.

What these two aspects mean to a firm is that when it considers
automation, it must consider the type and amount of information it
needs in relation to the purpose of the map, which is partly dic-
tated by the market and the detail of information in relation to
the scale of the map, which is partly dictated by the manufacturing
equipment. These are very important considerations.

Although data banks produced by some government agencies are available
to the commercial firm, they usually are too detailed, containing
much non-essential information, and they are not structured ‘to the
commercial needs. I think this is understandable, but what it does
mean is that the firm must consider the fact that it must totally
underwrite the cost of developing a file structure and a data base
suited to its own needs, both in structure, information, detail and
the efficiency of the retrievability of data. The firm is not going
to get a tremendous amount of help from the government agencies.
Another characteristic of the commercial firm that must be considered
when contemplating automation is its map-film library. The size of
the map-film library varies, but it generally contains 25-50 pieces
of film elements for each map produced. The elements carry the
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scribed Tines (see Slide 2), the area open windows which are utilized
to print the area tints (S1ide 3), and the type and the final plate
making positives (Slides 4 and 5). These elements and positives

are for a rather complex map, but serves to show the amount of infor-
mation e¢b?died in a map-film Tibrary and indicates the large invest-
ment in film.

The number of map elements (sheets of film) also serve as a graphic
data base. It would seem that with such a source of separated and
classed data that it would be a logical decision to utilize it as

a source for digitization. But, on the contrary, these elements
are in such condition that they may be updated and redesigned by
manual methods, and reasonable size changes may be photomechanical-
1y produced at Tow cost. Actually, the availability of such a map
film library raises this question: Is it necessary to invest --
and this is to the people making decisions as to where to invest
corporation money -- is it necessary to invest dollars in computer
equipment and programs to convert the graphic data base now in
element form to digital form only so that it may be plotted in its
original graphic form or similar to its original graphic form?

This is a basic question. The map film 1ibrary, therefore, and its
value, makes it less likely that the firm will invest in the auto-
mated cartography field.

You will recall that the mass market we are serving does not call
for great numbers of new maps. I want to emphasize that. There-
fore, the commercial firm's work consists of about 20 percent new
map work a year and about 80 percent revision of existing map ele-
ments. For instance, in the Tast 30 years in the United States,
there have only been about six major completely new commercial
world reference map series produced in the United States, only
about five series of new state road maps, and only about four new
road atlas map series. These are the large series of maps that
appeal to the general market that I am talking about which this
commercial segment must service.

There have been hundreds of street map titles that have been pro-
duced, but once they are produced, the elements are relatively
easily updated by manual methods.

So, given these considerations and these factors: 1.) a mass market
that supports relatively few well defined map products and does not
support frequent new map programs; 2.) an industry with considerable
jnvestment in relatively easily revised map elements; 3.) an auto-
mated technology and data that has been developed by government agen-
cies and that has had little direct application to commercial needs,
and 4.) an ever-changing technology where the emphasis has been upon
large expenditures of funds on experimentation with methodology rather
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than on refining economically sound production facilities; I believe
one can understand the firm's less than enthusiastic endorsement of
automation.

I have presented the foregoing just to establish a basic understanding
of the commercial motive, its market environment, and its complex

map making system, and how these factors help shape its general at-
titude toward automation.

In the following few slides, I have set up a model used to compare

the manual map-making operation to the automated assist operation in
order to arrive at the cost benefit and the economic justification of
an automated assistance system. This model may be used by the firm
once it overcomes the preliminaries and recognizes some of the automa-
tion may be a potential investment. For these slides, unit values and
percentages have been used to show the relationship between the auto-
mated assist and manual method of map making. This comparison that

I am going to make assumes both manual and the automated assist
starting from scratch to build a map series. It does not consider,
unfortunately, the amount of time and money to develop preliminary
data file structures and so on. Slide 9 shows the map making opera-
tions and the percent of time in each operation necessary to produce

a Targe scale map of a state. Only the operations that have been
proven to work in an automated production situation are considered

for this model.

On review, over a long period of time, I feel that efforts in auto-
mation have produced operational production systems which have made
the automated scribing of lines, the flashing of symbols, and some
dye-strip, the blockout work commercially feasible, I feel that
efforts in the automation of the stickup of names have not been
successful, and, as far as I can see, no operational production
system exists that is commercially feasible. Another area that
automation has aided has been in reducing the amount of checkina
necessary by making the checks more efficient and thorough than the
manual operation. If you look at Slide 9 you will see that the
automatable operations amount to about 30 percent of the time of the
total task.

Another fact that we can derive from this chart is that the automated
operation decreased the work load in the production area of map
making, and less so in the compilation area. Because the production
is a Tower rate operation, the cost benefits are not as great as 30
percent displacement in time might indicate, because it displaces

it into a higher wage-rate area.

Slide 10 shows the manual compared to the automated assist method if

we assume that there would be two plots from one set of input infor-
mation. Based upon a review of our particular manpower at Rand
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Slide 2

Slide 3
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Slide 4
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MANUAL MAP-MAKING OPERATIONS (Slide 9 )

PERCENT OF PERCENT OF
COMPILATION & RESEARCH LABOR COosTS

Planning; research; linework, area
place, type compilation; and editing - 33% 40%

PRODUCTION (FINAL DRAFTING)

Scribing; stickup of type; area
tints; contact and checking. 67% 60%

Proven automatable operations of line-plotting and symbol
flashing eliminates:

1. Some preliminary contacting = 4%
2. Scribing of linework = 20%
3. Point stick-up = _6%

TOTAL POTENTIAL TIME SAVINGS WITH AUTO ASSIST =30%
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McNally, and physical plant, and because 30 percent automation had
to be integrated with the total map making effort, it was determined
that we could support three manual digitizing stations, two shifts
on 240-day year to turn out roughly 25 maps per year all the way
from compilation to digitization to plotting and production.

Slide 11 shows the arithmetic to arrive at the cost benefit of auto-
mation-on a per map basis for one plot. This compares the cash
flow between the manual and the automated assist operation, as I
said, The operations and the percentages indicated in the charts
that I just showed were used along with approximate wage rates and
approximate equipment costs.

If we take a five-year amortization of the equipment costs we can
arrive at an equipment cost per year.

Slide 10 shows the arithmetic. As I say, we are using 25 maps a
year as a yearly output, as I mentioned, and we arrive at 5% less
out-of-pocket wage, material and equipment cost per map for the
automated assist

Because these figures are actually expense items in determining the
corporate income taxes, as many of you may know, they may be de-
ducted from the amount of income the corporation makes and thus
reduce the taxable income and the outflow of cash. Because the

tax rate is about 50 percent, it means that, in effect, only one-
half of this expense is actually deducted, which allows a new savings
of only 3% for automation over the manual method. At this particular
stage in the cash flow, the savings because of automation is really
slight. However, the effect of purchasing equipment is where the
large savings of cash is found.

The depreciation of equipment is also an expense item, as you know,
and it becomes a credit {tem, and in effect allows Tess cash to
Jeave the corporation. So, therefore, the net result is an out of
pocket cash flow of 23% less for the automated assist method.

Maturally, the digitizing process and the computer storage would be
structured so that it would build a data bank from which maps of
varying scales, sizes, and coverage could be recalled and plotted,
as I mentioned. It is here, of course, that the real benefit accrues
to automation, but, of course, only if the market, as I mentioned,
indicates that there is a need for another series of maps. Now, on
this particular model I have assumed the ratios on Slide 10 for a
second plot, and the savings is 38% more per map for automated over
manual. It should be interjected here that no Teasing arrangement
would enable a sufficient savings for the automated assist method,
mainly because leased equipment really cannot be depreciated by the
firm and therefore no cash savings can be derived.
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CASH FLOW COMPARISON BETWEEN
MANUAL AND AUTOMATED ASSIST ON
A PER-MAP BASIS (Slide 11)

MANUAL AUTOMATED ASSIST
Cost/map Cost/map
1.00 = Total wage & materials/map .67
Cost/year
Total automated equipment cost:
25,71 5 years = 5.14
Total maintenance, rent, power,
tax, etc. 1.89
Total/year equipment, maintenance
cost 7.03
Approxinately 25 maps/year:
7.03 25 = .28
1.00 Total expense/map .95
.50 Corporate Income Tax (50%) 47
.50  Out of Pocket Expense w/o depreciation 47
-— Depreciation of Equipment/map .20
5.1 25 maps)
.50 Total out of pocket expense/map .27

Approximate Net Savings/Map = .23
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Slide 12 is the final slide. It shows that with a total equipment
investment of a unit value 7.00, and a savings per map that I just
determined, and assuming that the market will demand two 50-map series
in a four-year period, a four-year payback results which, according
to many firms, is a reasonable payback period. So, you are paying
back your equipment costs essentially in 3.3 to 4 years. It would
appear, therefore, that the cost benefit model indicates the invest-
ment to be sensible if the assumptions about the market are true.

I do want you to recall that this example did not discuss the money
necessary to set up a file system and a structure for the data bank,
and that would be one of the final considerations and probably a
Targe number of dollars. It would appear that with the facts that
are accumulating concerning cartographic automation, the value of
the data bank itself will be positive and will probably exceed the
value of the investment to develop the initial file structure and
the first series of maps. It is also evident that once the initial
series has been produced, there would be a savings in revision,
especially at the compilation and research stage. For instance, one
entry in the data bank would enable revision, at the appropriate
time, of all the map series.

More consistency and accuracy is another positive advantage of an
automated plot. These, however, are what I call intangibles, and
become tangible only after the data bank has been developed. There
are other final considerations before a decision can be made such
as, how fast will the equipment become obsolete? Will the positive
tangibles of re-use offset the fact that a large deal of money must
be expended to deliver and develop a file structure? Then, finally,
can the company get a safer and/or larger return on its investment
in some other venture? This is always the trade-off.

To summarize and conclude. 1.) The general market requires or
demands a relatively few types of maps in large enough quantities to
make automation economically feasible to be used in their production.
2.) The cartographic industry that I speak about has a large invest-
ment in a film library capable of easily updating to satisfy almost
all of the general market needs. 3.) Relatively few operations of
the map making process have been really proven to be automatable on

a production line basis, approximately 30 percent of the total time.
4.) Relatively little technology is directly transferable from
government to industry at this time. 5.) Once the market indicates
a great enough need for a new map series, the equipment investment
and depreciation makes it a viable investment or so it would appear
from the model we had here. (But there still are the unanswered
questions of development costs of a file structure and data retrieval
systems, and how that will affect the economic decision to automate.)
and 6.) How can one really get a measurement on the intangibles of
new markets for map products, and re-use of data base material? How
can we get a better idea of the economics of this so that we can plug
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them into the model and get the effects they will have on the invest-
ment payback model? Thank you.

Slide 12
TOTAL EQUIPMENT INVESTMENT 1.00
PAYBACK

T. Varies: _but assume minimum return is 30% pre-tax return per
annum on investment. Therefore, payback should be about 3.5 years

2. Assume two 50 map series over four years.

23% out-of-pocket savings per map on first series of
50 maps = 44

38% out-of-pocket savings per map on first series of
50 maps = .74

TOTAL PAYBACK IN ABOUT FOUR YEARS 1.18

The second person to speak is Roy Mullen. I think many of you know
him. He has had 25 years of experience with the United States
Geological Survey, and at the present time he is the Chief of the
O0ffice of Research and Technical Standards at the United States
Geological Survey in Washington, in the Topo Division. He is going
to talk about the economics of digitizing from the USGS perspective.
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MR. ROY MULLEN: Thank you, Jon. Good afternoon. If Rupe Southard
is here I want to say just one thing about that introduction. After
the one he got this morning I want to point out that the importance
of the job is not directly in proportion to the length of the intro-
duction that you received. I want Rupe to be sure to understand
that. (Laughter.) I would also like to say one other thing about
that short introduction. I Tiked it, but I would like to add one
thing: There was another highlight in my career, and I do not say
that just because I am back here in San Francisco. From 1972 to
1976 1 had the opportunity to head the West Coast operation of the
Geological Survey's Topographic Division, and I still consider that
to be a highlight in my career. There is one other thing I would
like to say--If Vern Cartwright is present, and if Vern Cartwright
is not present he should have been observant enough this morning

to have noticed when he asked how many people were from out of
town--1 could have told him who all the Californians were, because
they all had mildewed shoes. (Laughter.)

I would Tike to say something about the economic requirements for
digitizing in the Geological Survey. I could have, in trying to
find a title for the speech, or presentation--it is not a speech;
don very carefully informed us that we all had 12 minutes. I do
not know exactly what that meant after I heard his presentation.
(Laughter.) But I would like to say that I want you to listen
very carefully, because the amount of money that the Geological
Survey--and I should refine that--the Topographic Division of
Geological Survey, which are the programs I am going to be speak-
ing about, for the amount of money we spent on digital activities
and plan to spend in this fiscal year, you are hearing, in 12
minutes, about $333,333 worth of information per minute. So don't
turn your head and don't blink your eyes or anything else, because
you will miss about a third of a million dollars' worth. The
question arises, can you afford to digitize? There are two para-
doxial questions: Can you afford to digitize? And the answer is
probably no. The reverse of that is, can you afford not to digi-
tize? And, unfortunately, the answer to that is also no. So

that is the kind of position you are in. We do not think we can
afford not to digitize map information. We are also, of course,
in a position, and I think that position has been stated, and Jon
referred to it himself: We do not have the philosophy to digitize
to produce another graphic. We do not believe that that is a cost
effective way to go. We firmly believe that the collection of the
digital data and the management uses of that information after it
has been collected are far more important than going through the
process of producing digital information so that we can produce
some more graphic map products.

The size of the task facing the Topographic Division of the Geolog-
ical Survey was referred to somewhat by Rupe Southard this morning.
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We have about 55,000 plus 1:24,000-scale maps, and I might say that
we have adopted the 1:24,000-scale map series as the largest scale
map that we should begin collecting digital data for. It also has
about the amount of resolution that we think the mapping community,
the users of this information, need at the present time. This
presents us with a couple of problems. Fifty-five thousand plus

7 1/2-minutes quadrangles; about 40,000 of those are already in
existence as graphic products. So how do you go about the process
of digitizing those some 40,000 maps that already exist? We are
already in the process of producing those other 15 to 17,000 maps.
The question arises: Should we begin collecting digital infor-
mation now at the map compilation stage to produce those maps? The
Jury is still out on that question. We do not have the answer to
that question yet. But I will say this, that we are not doing very
much of that kind of thing--that is, digitizing straight from the
stereo model.

We have concluded several things about digitizing. As I say, can
we afford not to? We have concluded that enough demand exists now
for digitizing cartographic information, and are thus devising what
we are calling a multipurpose cartographic data base.

We feel it is our responsibility under the National Mapping Program
to be the base data collection agency for the federal government.

We also feel that producing graphics, cartographic map products

like we do in the Geological Survey, to turn over to another federal
agency like the Forest Service, who is interested in terrain infor-
mation, the Bureau of Land Management, who is interested in the

land net on the maps, the Water Resources Division, who is interested
in the hydrologic units and the hydrology on the maps--we feel that
producing those graphics to turn over to them to digitize is not the
proper way to go either. Consequently, we are looking at addressing
the digitizing problem from those objectives. Our objective is to
devise, design, and implement within the federal government the
multipurpose digital cartographic data base. How easy that is to
say and how difficult that is to do. Because I know there are many
of you in the audience who have had some experiences in trying to

do these things, and you know how difficult it is.

I might also say that we are taking an approach which somewhat par-
allels the suggestion made this morning by the good doctor from
Kansas who suggested that research not stop. We are doing research
at the same time we are doing production work, and we intend to keep
it that way and probably not only intend but will have to keep it
that way for probably the next several years.

The enormity of the collection task, plus the cost of the task, is
staggering. The cost of the task for digitizing the 1:24,000-scale
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cartographic data base for the United States was estimated by the
people who produced the IGU study; it being on the low side from
about 60 cents per line inch to $4 per line inch. If we take those
figures and apply them to the numbers of inches of line information
on the maps, the figures do become staggering--for contours alone,
from $141 million to $938 million. The study does point out that
these figures are not accurate, that they do not have sufficient
data to support those numbers. After reading the report and trying
to come up with some numbers from that, extrapolating numbers from
that, I assumed, okay, we will average the low- to the high, but the
number still comes out to be somewhere in the neighborhood of about
$500 million. At the risk of giving away company secrets, that is
more than we have spent in producing the entire topographic map
series for the Geological Survey for the past 25 years.

Also another factor that might be of interest is the fact that
while those figures, as I say, did not have any data to support
them, we do have some recent figures on a recent digitizing con-
tract that we Tet. We are doing some digitizing outside the Geo-
logical Survey as well as inside, and some interesting numbers

come from that. One of the proposers said they could do the work
for about 20 cents per inch, which is one-third of the cost used

in the IGU report. The highest proposer on that particular request
for proposal was $2.20 per inch, more than ten times as much. But
some other interesting figures come back in there. The coding,

for instance; the proposer who could do the Tinear digitizing for

20 cents an inch also required 75 cents an inch to code that data.
When you consider those two figures together: comparing a company
who proposed to produce digital line information at about $1.20 an
inch and code it for 15 cents an inch and the company that was going
to produce it for 20 cents an inch and code it for 75 cents an inch,
it would cost almost $6,000 less to pay $1.20 an inch than it does
to pay 20 cents an inch, so that is kind of an interesting little
sidelight there.

FROM THE FLOOR: You said $2.20 earlier. MR. MULLEN: What I said
was the highest proposer was $2.20. It was not the highest proposer
who came in with the lowest bid. One dollar 20 cents an inch is
from the proposer who happened to come in with the lowest bid but
had a very high cost per inch but a low cost to code that data per
inch.

We suggest in the Geological Survey that there are many, many
problem areas, and there need to be some important decisions made
as soon as possible on the data base design, on developing a true
multipurpose data base, on hardware to support such a selection
task, and on the software programs in support of the collection,
storage, and then support in the dissemination of the volumes of
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cartographic data that will be developed in this country in the
next few decades.

Now what must be done, or should I say, what must we do? And that
is not a self-serving statement. We, the people in this room, who
are here obviously because we are interested in the development of
digital data bases, we think that before any economies can be truly
realized, we think that there are these three areas--and there are
many others--but these three areas where we need to do some further
work. We, the Geological Survey, are involved. I know that the
DMA is involved, and I know others are involved also. One, we

must truly solve the raster to vector conversion problem. Two, we
must be able to tag and code data without requiring labor intensive
interactive intervention. We must, say, get after the industry to
develop mass storage devices. Another area which I mentioned, the
on-Tline versus the automatic scanning, comes into consideration
when we are talking about the development of digital cartographic
data bases. There is another factor that we could perhaps consider,
and that is the fact that if we have truly automatic digitizing
systems, we would not necessarily have to develop that total national
cartographic data base at the present time, but do what I would call
on-demand digitizing; when someone asks for a certain graphic to be
digitized, be able to produce that digital information in a very
short period of time. We think that is an area that needs some
development work, and I think it is an area where perhaps a philos-
ophy ought to be developed as to how we approach digitizing from
that aspect.

I have not addressed the economics of manual or free cursor digit-
izing versus automatic scanning of line data. The procedures fol-
lowed to produce the cartographic information are labor intensive,
but in spite of that we believe there are certain cartographic in-
formation data which may almost always best be digitized manually,
not necessarily total automation of the entire process. We are
going at developing digitizing capability in that way also. One
best guess is that a four- to five-year time span lies ahead before
we realize any economies or many economies in the digitizing process.
We do not, if you will permit a pun, we do not believe that we can
wait to buy in that far down the digital stream. Thank you for
1istening. (Applause.)
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MR. LEVERENZ: Thank you, Roy.

The next speaker is Dr. Joel Morrison, who is the Chairman of the
Department of Geography at the University of Wisconsin. Joel is
going to speak today on a university's special automated cartography
requirements and economic considerations.

DR. JOEL MORRISON: This will be quite a change of pace, I think,
from the two speakers we have just heard. There are special
economic considerations which a computer-assisted cartography
instructional program faces in a university setting. In order to
talk to you about these, I would first Tike to describe the basic
characteristics and constraints that mold any computer-assisted
cartography instructional program within a university setting. I
will then describe three possible stages of capabilities that a
university cartographic program could aspire to, and, finally, I
will detail our experience at the University of Wisconsin, Madison,
in developing our computer-assisted cartography program.

An initial word about economics is in order. As everyone is aware,
there is a tremendous cost squeeze in most universities today. 1
will cite what I believe to be two principal contributory factors:
First, a university is heavily invested in human resources, not
material or machine resources, and as we all know, the cost of
labor has risen drastically recently. Secondly, bureaucratic paper
shuffling is consuming an inordinate amount of these university
human resources.

Other industries may not be as heavily invested in personnel relative
to materials and machines as is a university. And although the cost
of human resources in a university has not risen as rapidly as the
cost of human resources in the federal government in the past five
years, the rise in cost has still been drastic. The second reason

is the tremendous waste of the university's human resources that

is being forced upon it under the guise of "accountability." These
rules are especially prevalent in public universities such as my

own, which must answer to both the federal and a state government.

A Tion's share of the blame, though, must be placed with the federal
government. A sizable bureauracy is now a necessity at each
institution to merely answer the numerous federally required reports.
Much of this is to demonstrate that the university is not discrimi-
nating against people on the basis of sex, race or creed, while
another large chunk of the reporting concerns the economics of the
use of the monies within the institution. These two areas of

report answering alone probably ensure that we at the university

do discriminate against both instruction and research, the two items
that should be our primary aims at the university. However, I will
leave my pet peeves for a moment. In summary, let me say that a
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university does not have a lot of unencumbered money lying around,
and I want you to keep that fact in mind as I continue.

It is simply out of the question within the university's budget

with which I am familiar to purchase at one time all of the capital
equipment necessary for a complete computer-assisted cartographic
system. And I am talking about a really small system at this point.
Setting up a computer-assisted cartographic facility at a university
must be done under constraints in addition to the economic one,

and within the following setting.

First, by 1978, it is a pretty safe assumption that any university
has a rather large-capacity computer facility. In most cases, this
facility has been in existence for some years, and has existed to
serve a whole spectrum of disciplines ranging from the university
business office to the departments of engineering, physics, art,
and so forth. This facility will, in all probability, have the
standard statistical and mathematical routines that a cartographer
will need in order to classify map data. However, few will have
strictly cartographic routines. This is what Bob Aangeenbrug
talked to us this morning about; we do need the equivalent of a
BMD or an SPSS or something Tike that in cartography. Most
facilities may have some graphic output device and a modicum of
graphic software to draw graphs, curves, et cetera. However, few
will be able to draw finished copy for map products. Furthermore,
interdisciplinary professional jealousies do exist. Assume this
scenario, and consider the economic fact of university life
described above; then let us view the cartographic discipline in
this setting.

A university cartographer usually can get his first map drawn with
computer assistance by requesting time on the university's
existing large CPU and by taking a set of data, processing it,

and requesting hard copy output. By analysis, one can characterize
then the first two requirements for a computer-assisted university
cartography program. These are merely a set of data and the
requisite software. This immediately brings to mind an initial
stage of development consisting of two priority items for the
establishment of a computer-assisted cartographic system at a
university. First, a person who can develop or obtain and modify
the necessary cartographic software, and second, some equipment
that can create or "capture" machine-usable data that can be of
use to a cartographer. This represents a basic Tevel capability.

Generally speaking, the cost of processing the data at a university
is subsidized, and thus is not of major concern in an academic
environment. Likewise, the need for speed is not critical. In
instructional use, the need for high resolution is also not
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critical. The University is not a map production agency, and, there-
fore, to wait overnight or even over the weekend is not critical.

On the other hand, the need for full, complete and easy to understand
documentation is critical. The university, when not filling out a
required federal form, must impart information to its students.

Ease of access, therefore, by many individuals with various levels

of training becomes a major requirement. Another major requirement
is flexibility of the individual system components.

Truly, one should seek to maximize capability for the minimum cost
in a university setting, while utilizing the available human
resources to the utmost. This means that it is not necessary to
buy a complete working system from one manufacturer at one time,
even if that were an economic possibility, but, rather, it is
necessary over an extended time period, as money becomes available,
to pick and choose individual pieces of equipment, to be able to
program the links between these different pieces of equipment, and
to select equipment that is, and will Tikely remain, flexible.

A11 of this selection of components represents an integral part of
a university's education function. Obviously, when one does buy
from a number of manufacturers, efficiency is lost in setting up

a working system. However, once again, it must be remembered that
the university is not a production shop. Therefore, downtime or
inconvenience for a few months is not that critical, and often the
solution to these problems may turn out to be as instructional as
would actual production. Thus, in a university setting, the capa-
city to create or capture cartographic data and to generate software
represents an initial stage in the development of a computer-
assisted cartography program. The availability of both machine-
readable data and software is increasing each year. Thus, most
university cartographic instructional programs should be able to
attain a Level I computer-assisted system, provided personnel are
present.

A second stage probably consists of gaining in-house remote
access to the central university CPU. This, I beljeve, is the
next priority in the game of developing a university computer-
assisted system. After the software development and the data
creation capabjlities have been met, the cartographer, for ease--
because we do normally deal with large amounts of data--obtains a
remote access terminal to the main CPU for processing purposes.
This may be the final stage for some university cartographic
programs. It is possible to perform some fairly sophisticated
cartographic manipulations with a Level II capability. In fact,
some manipulations, because a large CPU is being used, can be
more complex than those available in what I will refer to in the
Level IIT system shortly. What a Level II system does not offer
is the instructional benefits of in-house, hands-on computer
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assisted cartography.

A third stage that a computer-assisted cartographic department
could follow consists of a major step. This step is not one that
all departments should take. This step is to gain a complete in-
house capability. 1In most instances, Level II capabilities are
retained as a program moves to a Level III system. The obtaining
of an in-house capability is a step of considerable magnitude, and
represents a substantial commitment on the part of the university
to a cartography program. Accompanying this step are some built-
in inefficiencies. Initially, for example, all software must be
modified to fit on the smaller capacity CPU that is brought in-
house. Considerable redocumentation may also be necessary. Never-
theless, a Level III system coupled with Level II capabilities
probably represents the optimal system for educational purposes.

I have outlined three possible stages of levels of development for
a university computer-assisted cartographic capability: (1)
Software development and data creation capabilities. (2) Remote
access to a large CPU. (3) Complete in-house capabilities. Not
all departments should strive for Level III development. For those
that do, the economics of the university setting will usually
dictate, unless some wealthy alumni can be enticed to give the
required sum of money, that the third Tevel will be reached with
due caution over a number of years. To attain it takes almost
continual lobbying for monies from various sources.

I would 1ike to share with you ncw the information about the system
with which I am most familiar, the one we have at Madison. We
started in April 1968, by getting a Thompson Division Pencil
Follower Digitizer, which was interfaced to a rented IBM 026 Key-
punch at a cost of about 18,000 dollars. In September of 1970 we
got authorization for a part-time employee to be a software
programmer. In March of 1972 we got a magnetic tape recorder
interfaced to the Pencil Follower Digitizer at a cost of $8300.

In January of 1973 we were authorized a full-time specialist in
computer-assisted cartography.

In July of 1974 we purchased a Bendix DATA-GRID digitizing table,
with a magnetic tape recorder and keyboard at a cost of a little

in excess of $19,000; and in March of 1975, we purchased a Princeton
Electronics Products Model 801 graphic terminal at a cost of about
$9500. In May of 1976 we purchased the IBM 029 Keypunch interfaced
at that time to the Pencil Follower Digitizer for about $2,000, and
in February of 1976 we were authorized to purchase a PDP 11/34.

The cost was $10,300. We were further authorized to purchase a
DIGIDATA 1730, nine-track magnetic tape unit, $6.700, an AED800O
Controller for an 80 megabyte CDC disk drive, $14,900; a DEC writer
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LA-36, $1,440, and RT11 operating system and Fortran compiler, an
additional 16 K memory for the PDP 11/34 and a disk pack, $3,350.
The total cost was in excess of $30,000. Finally, in December

of 1976 we were authorized the purchase of a Versatec Model 1200 A
electrostatic printer/plotter at a cost of $12,000.

A11 components are operational by mid 1977. Thus, we can see that
essentially we, in Madison, reached a Level I system in September
of 1970, a Level II system by March of 1975, and a Level III system
was authorized by December 1976. The total expenditure in hardware
of the pieces I have mentioned came to slightly in excess of
$100,000, not including numerous interfaces, software development
to 1ink all of the equipment, and personnel time. This capital
equipment cost spread over essentially a ten-year period averages
to a Tittle in excess of $10,000 capital dollars per year. Viewed
in this light, it is not an especially expensive investment.
Granted, the actual investment total committed to the system must
be, at a minimum, two and a half times that figure per year when
personnel time and material costs are included, still, this
translates into only the cost of a full-time senior professor.

The hardware costs for the system that we have are finished for

the moment, and no additional hardware is contemplated. The
benefits from a facility for student training have been considerable,
and I think now we are in a position where we can offer in-house
full-time hands-on training.

Therefore, for the future the hardware within our instructional
program will prove to be cost effective, and one can conclude that
the system is a wise investment from an instructional point of view
for a university who makes a commitment to go into cartographic
education. I thank you. (Applause.)
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ADVANCED CARTOGRAPHIC SYSTEM

MR. LEVERENZ: The final presentation is going to be made
by Fred Hufnagel. Fred has been an employee at DMAAC
since 1948. During this period he has worked on a wide
range of cartographic programs there that have led to
his responsibilities dealing with advanced automation
technology. As I said, Fred is in the Advanced Tech-
nology Division of DMAAC, and he serves as a project
manager and staff consultant on the development of new
techniques and applications dealing with cartographic
sources and equipment. The topic of his discussion will
be DMAAC's Advanced Cartographic System.

MR. FRED HUFNAGEL: Major advances in computer technology
have affected us all, one way or another. In the case
of aerospace programs, these advances have had a pro-
nounced impact on aircraft, missile and space navigation
systems, as well as aircrew simulators used for training.
In turn, these systems are demanding increased numbers

of highly sophisticated digital products from our Defense
Mapping Agency Aerospace Center, in favor of graphic
products. DMAAC recognized this distinct trend in chang-
ing user requirements in the mid-1960s. Work was begun,
in conjunction with Rome Air Development Center at Rome,
New York, and various commercial companies, to acquire
and implement a series of automated systems. The new
breed of products left no doubt whether to automate.
Rather, the question at our Center was what type of
systems would best satisfy our production requlirements
economically and responsively? Today, the developments
started in the 1960s are continuing. New capabilities
are being integrated into existing processes on an
evolutionary basis, as technology progresses. This

group of equipments and related software is collectively
known as the Advanced Cartographic System, or ACS.

Before describing some of the major ACS components, I
want to show a few examples of those programs that are
driving our digital data production. First, great
emphasis has been placed in recent years on training air-
craft crews in digital flight simulators, such as that
for F-111A aircraft (Figure 1). Substantial savings will
be realized in funds, fuel and aircraft operation and
maintenance. Essential to the operation of the simulator
is data in digital form that defines the basic character-
istics of both relief and planimetric features having
radar significance. This data is used in the simulator
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for computation and real-time display of radar scenes
for various sets of aircraft location and range para-
meters. Derivation of the cartographic input data is
performed by the ACS at DMAAC. The right side of the
vugraph shows sample portions of the main training area,
near Las Vegas, Nevada, that has been analyzed and
simulated. The next slide shows, in more detail, how
the DMAAC data is produced.

“ F-IIIA Simulator Systen

Figure 1

Using a variety of source materials, mostly photography,
radar significant features are thoroughly analyzed in
terms of size, location, orientation, composition, etc.
(Figure 2). Outlines of the features and identifiers
are compiled on a manuscript and a related descriptive
record--called a Feature Analysis Data Table--also pre-
pared. The manuscript is digitized by the ACS equip-
ments. The descriptive data is also converted to digital
form. Both digital records are then merged in our
UNIVAC computer system to produce the magnetic tape that
is provided the simulator user. The data is used in the
simulator computer with a set of transformation software
to produce the desired radar scene displays.
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_ FEATURE ANALYSIS PROGRAM
VELOPMENT

Figure 2

LAS VEGAS SIMULATION

SIMULATED

ACTUAL

(Figure 3). This slide contrasts an actual radar scene
of the Nellis AFB, Nevada, area with a synthetic one in
which the radar return from terrain and planimetric

features has been simulated.
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I'd 1like to now discuss some of the more important equip-
ment of the ACS that produce digital data. One of the
first digitizing systems brought onboard in 1973 to ini-
tially satisfy very urgent digitizing requirements was
this CALMA system. (Figure 4). At that time, manual
line-following systems were about the only kind of digi-
tizing capabilities on the market. We advertised our
specification requirements under a competitive bid pro-
curement and the CALMA Company turned out to be the
lowest cost bidder to meet the specification. This is
how this particular brand of line-follower was acquired
and through the years, it continues to be a good produc-
tion system. After some use of the system, we quickly
learned the importance of being able to examine and
interact with the ditital records created at the digi-
tizing station. The right side of the vugraph shows a
CRT display that we retrofitted to the computer for
these purposes.

Figure 4
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Figure 5 shows the cost figures, in terms of thousands
of dollars, for the different CALMA system components.

CALWAGRAPRIC STSTEW GOST (S000)

PER 0.
[mmuv URITS  TOTAL
O DIGITIZING TABLES s 2 §4
O HOYR RINICONPUTER B 12
DIt UNIT 13 2 26
MAG TAPE WNIT 0 1 10
TELETVPES 1 2 2
READER PUNG 11 1
O IRVERACTIVE EDIV STATIOR 73 1 13
TOTAL:  $164

(NOTE/ SOFTWARE DEVELOPED IN-HOUSE)

Figure 5
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Figure 6 depicts the next, more elaborate, digitizing
system that became operational in 1974. This is our
Lineal Input System, or LIS. As you can see, eight work
stations are on-line with a DEC PDP-15 computer. A
Xynetics proofing plotter and interactive edit station
round out the LIS components. Now let's look more
closely at one of the digitizing work stations.

DEC
POP 15

CONTROL
COMPUTER
48K

Figure 6
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Figure 7 shows the Gradicon table interfaced with an
IMLAC PDS 1D minicomputer and CRT display. The CRT not
only displays segments of cartographic features for
cursory examination and editing, but also menu code
listings as shown on the slide. The listings facilitate
input of the code identifiers that must accompany the
feature data in the digital record.

Figure 7



The LIS cost is itemized on Figure 8. As you can see,

a large part of the cost was expended on software, both
system and application software. In addition to typical
functions dealing with feature and feature identifier
entry, deletion and related modifications, the software
performs a wide variety of other functions such as
clipping and joining features, sectioning, table to
geographic coordinate transformations, datum shifts,
projection transformations, etc.

LINERAL INPUT SVSTER GOST (S000)

PER 0.

O HARDWARE: URIT WRITS TOTALS
GRADIGON DIGITIZING TABLES  § 19 § 152
ILAE MIVICOMPUTERSICRTS {1
INTERACTIVE EBIT STATION 200 1 207
DEC PDP-15 CORPUTER SUSTEM 205 1 205
INTERFAGE MARDLYARE 5 1 25
XVETIES PLOTTER 8 1 _ 93

§ 770

O SOFTWARE: 840

TOTAL:  $1610

Figure 8



Figure 9 is a picture of our Raster Plotter-Scanner, or
RAPS, System that will begin to be operational at our
Center later this year. It will be capable of both
digitizing single color graphics in a scan mode, as well
as plot final negatives, in sizes up to 127cm (50'") by
178cm (70"). It will perform either of these functions
for a given graphic within 30 minutes, or a fraction of
the time and cost now required. While raster systems
entail considerably more computer processing, we are
taking steps to expand our computer capability for this
and other reasons. With the proper balance of computer
power, we believe raster technology is the direction to
strive for in the future, particularly if one has large
volume digitizing and plotting requirements.

Figure 9
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Figure 10 is a picture of the type of color raster
scanner system we plan to bring on board in a couple of
years. It carries the raster digitizing function one
step further by distinguishing between colors, and
therefore feature categories, when scanning multi-
colored graphics. One application will be to rapidly
convert source maps to digital form for more efficient
exploitation in the compilation processes.

Figure 10



The Aerospace Center has a number of AS-11 stereoplotting
systems in operation today. The system shown on Figure

11 is the latest and most sophisticated model of the AS-11
family. The vast majority of these stereoplotter equip-
ments were designed to perform tasks other than digitiza-
tion of various photographic source materials. However,
all of these systems and future acquisitions will be con-
figured to efficiently scan and extract relief data from
photo sources, as well as manually collect planimetric
features.

AS-11B-X SYSTEM ORGANIZATION

DIGITAL CONTROL
CORRELATOR COMPUTER

TELETYPE

Figure 11
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Figure 12 simply shows what the actual components of the
AS-11B-X stereoplotter system look like. An effort is
underway which 1s termed Integrated Photogrammetric
Instrument Network, or IPIN, System. When fully imple-
mented in about two years, the IPIN will pool all the
individual AS-11 stereoplotters together into a single
system for increased flexibility and productivity.

Figure 12



We have several different types of plotting systems and
I'm sure most of you are familiar with the type of
Gerber plotter shown here on Figure 13. This is our
Model 2032 that has been in operation for about five
years, and uses a strobe light to plot line work at
optional speeds of 75, 150, or 225 inches per minute--
depending upon the complexity of the cartographic
features.

Figure 13
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About mid-1978 we will he retrofitting a CRT onto the
plot head gantry (Figure 14). The electron beam of the
CRT will "write" symbology and alpha-numeric characters
onto sensitized film as it sweeps across the CRT face.
After all data is plotted for a given CRT location over
the film, the process will be repeated for another data
set at the next location on the film. The CRT print
head is expected to speed up our Gerber plotting by four
times.

Figure 14
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Figure 15 depicts what the CRT head will look like
mounted onto the Gerber Plotter. As shown, part of the
system is a DEC PDP-11/45 processor system which will
manipulate the data and store the digital fonts for the
typographical plotting applications.

!

Figure 15

Although the volume of our chart production is diminish-
ing in favor of digital data production, DMAAC expects to
continue to support aerospace users with graphic products
for a long time to come. As such, we have taken positive
actions to automate many of those processes dealing with
chart production (Figure 16). In the area of source
maintenance, we have reorganized files and established
automated management systems to better control the
accountability and use of the thousands of map, photo,
and textual materials we have on file. As to the funda-
mental phases of compilation, we are just initiating an
R§D effort that will design and implement a system that
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will mechanize many of the steps comprising these phases
and be operated by professional cartographers. At this
preliminary stage of development, it is expected that
significant use will be made of advanced display devices
to take advantage of their ready access and relatively
easy interaction with digital data records. With respect
to scribing, software programs are already available for
one of our major chart series, and others continue to be
written, that allow direct plotting of final negatives
from digital compilation data, thereby eliminating the
need for scribing certain chart assignments. Also, many
of our negative engraver personnel who previously accom-
plished the scribing have recently entered into a major
retraining program and have begun to operate automated
equipments such as the LIS components I discussed earlier.
Regarding lithography, another R§D effort is underway that
is expected to lead to a system whereby press plates will
be prepared directly from digital records, again possibly
eliminating the burdensome task of producing and maintain-
ing large size film negatives.

CHARYT PRODUCTION AUTOHATION

O SOURCE MAINTENANCE
O GCOMPILATION
o SOURCE SELECTION
o [EATURE SELECTION
o FEATURE DELINEATION
O  SCRIBING
O  LUTHOGRAPRHY

Figure 16
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As a final slide, I've attempted to highlight some
thoughts on the pros and cons of implementing automated
systems on Figure 17. First, as it did at DMAAC, it
allows you to produce new types of digital products that
previously was not feasible, regardless of how much money
or time was available. With more powerful computers being
marketed every year, coupled with higher speed digitizing
and plotter devices, improvement in production speed and
shorter response times are certainly major benefits.
Similarly, expanded use of computer processing increases
flexibility of operation in terms of the options avail-
able for such considerations as workflow, product output,
and data exchange. This last consideration is especially
important to the Defense Mapping Agency where separate
Production Centers are involved. I think there is no
question about the ability to raise volume output with
automated systems. As to economic savings, each agency's
requirements are different and obviously, the cost of any
given system has to be weighed against the anticipated
savings and analyzed and evaluated on its own merit. By
system I mean all three basic components of hardware,
software, and people. However, I think generally it can
be said that integration of automated systems into manual
processes can usually be economically justified where
production needs demand high volumes over several years.

Under disadvantages, a heavy outlay of funds is necessary
at the start and this, of course, has to be considered

as part of the overall economic analysis. Different
skills will be required. This necessitates retraining,
such as in the case I mentioned earlier at DMAAC involv-
ing negative engravers, and sometimes hiring of new
personnel. For systems of any size and complexity,
facility modification must be recognized and planned for.
As an example, it cost 73,000 dollars to prepare the pro-
duction area for the Lineal Input System I described a
few minutes ago.

I hope I have enlightened those who are contemplating

the introduction of automation into their cartographic
processes. Thank you for your attention.
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CARTOGRAPHIC AUTOMATION FACTORS

O RDVANTAGES

WEW PRODUCT FORWATS
PRODUCTION SPEED (MPROVEMENT
INCREASE 1N FLEXIBILITY

MIGH VOLUME OUTPUT

ECONORMIC SRVINGS

(WIEH VOLUME-LORNG PERIOD)

O DISADYANTAGES
O LAREGE INITIAL COST
O  DIFFERENT SHILLS
O FRGILITY IRIPACT

CHONONONG

Figure 17
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MR. LEVERENZ: Dean has informed me that we are going to have about

15 minutes for questions. A1l questions should be asked from the
floor. I would like you to give your name, and address your questions
to a particular person on the panel, please.

MR. TOM WAUGH: My name is Tom Waugh from Edinburgh, Scotland. I
would Tike to go back to Mr. Leverenz's first discussion we had this
afternoon. I find it somewhat amazing, somewhat amusing, in fact,

in that if you take the kind of figures he quotes and the kind of
attitude that he suggests, and divide the figures by a constant
factor, I think that talk to a certain extent could have been given
by David Bickmore ten years ago. I do not think the difference be-
tween automation and manual methods of producing atlas maps is any
cheaper now than it was ten years ago. I think what has happened, is
that hardware is cheaper, manual costs have gone up, and hardware has
gotten better. Therefore there is a slightly increasing gap there
between the efficiency of one versus the other., I disagree with
quite a few of his assumptions, one being this business of automating
a complex manual process. As has been shown time and time again, and
I think some of the British Ordinance Surveys in the UK are a graphic
example of that, that it is the by-products of automation that will
save you the money and the other productions you can produce, not the
original thing you actually got in for.

However, it is very interesting that the atlas companies have not
really gotten into it, considering it was the atlas company, or
Clarendon Press, in this case, that actually started this whole busi-
ness way back in, what, '63, '62, something of that nature. I think
it is surprising that none of them have actually gotten into it. I
have a sneaky feeling that when the atlas companies actually take
less risk, as they call it, and go into automation, then finally
automated cartography has arrived.

MR. LEVERENZ: Thank you for the comments. I think you are right.
There were in 1963 or thereabouts, early '60's, there was a tremendous
grandiose plan proposed by David Bickmore. However, I think at that
time Rand McNally as well as many other commercial firms were looking
closely -- and many of the things that David suggested were implemented
in various parts of the automated cartographic field. However, still,
an automated system, even automating part of a commercial production
system such as, as you say, an atlas company, is still not an eco-
nomically sound investment. That is based upon the fact that the market
market does not call for the by-products you talked about. I think
that is the one main item. We cannot say, as in many countries, you
are going to use this product, and get subsidized by the government,
and therefore, produce that product. I tried to make it clear that
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the market must support the product that is produced. There just
are not that many by-products that the market wants right now --
the general market, I speak of. Are there any more questions?

MR. CRAIG SKALET: My name is Craig Skalet with the Geological Survey
in Menlo Park. When I was going to school in Wisconsin someone said
something to me that has become etched in my mind, and I do not want
to name any names, but he was a professor, and his initials are JM.
(Laughter.) He said to me that in the future he did not expect
automated cartography to be anywhere but in government. The implica-
tion being that it was not at that time cost effective for private
industry to get involved in it, and he did not see that the future
held anything for private industry. I would 1ike someone to comment
on whether that has changed, and whether the future holds anything
for private industry with respect to automated cartography.

MR. LEVERENZ: I guess I will have to at least make one comment. I
think some of the figures that I showed on the slide probably went
by rather quickly. Maybe there will be time to talk about them
Tater. But I do think that, yes, in fact I do think that the
commercial industry, commercial cartographic industry that I described
will be into automation very shortly. I think the cash flow figures
shows that there is a 1ot of potential. Incidentally, this, as the
first question intimated, this has changed in the last four years
very dramatically to where a four-year payoff is possible, as I
indicated. Would there be anybody else who would Tike to speak to
this as far as their idea of the commercial firm and whether they
might get into it in some way?

MR. MITCH MODALESKI: My name is Mitch Modaleski. I am with Environ-
mental Systems Research Institute in Redland. Don Cocke helped, I
think it was, Pizza Hut locate some 10,000 facilities several years
ago using DIME files. That is a commercial application. In fact,

I think Don is a millionaire today because of that project. Just the
other day, Utah International, situated here in the city, was adver-
tising for a systems programmer type person to do geographic data base
development. 1 do not think there is any question that the commercial
sector is already in the business of building geographic data bases
or digital cartographic data bases, whatever you want to call them.

MR. JOEL ORR: I am Joel Orr. I am a computer-graphics consultant.

I feel obligated to add a few words of motherhood to what Mitch was
saying. Maybe mappers just do not realize it, and the map has become
an end unto itself, but information is power, and not only for govern-
ment. Geography happens to be a very convenient way of looking at
that information. Whether it is Pizza Hut or the First National Bank
who is analyzing good ways to spend their money and probabilities in
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terms of loaning money and so on, there is a great deal of activity
going on in the public sector in this country involving automated
cartography as a means to an end, and not as an end in itself. Of
course, Rand McNally and people who produce maps in and of themselves,
have to look at the potential of automation as far as saving them
money and what they do. However, it would probably be wise if these
companies -- I am sure Rand McNally has explored this -- would consider
the possibility of selling the byproduct, as our friend in Scotland
called them earlier, to people who are more interested in the by-
products than in what Rand McNally would call the main product.

MR. RAY DILLAHUNTY: My name is Ray Dillahunty, and 1 am from Geo-
science Division of Petty-Ray Geophysical in Houston. When you were
talking earlier, you were really referring to what I would consider
road maps. Rand McNally, in my opinion, sells more of a public type
map than do some companies in the commercial markets that make aerial
survey maps, topographic maps, more similar to government type maps.
Do you think your figures hold true in that type of application also,
or is there a bigger cost advantage or disadvantage in those kinds of
applications?

MR. LEVERENZ: I tried to define the fact that there was a different
approach for the firm that I was talking about from the firm that is
making studies for McDonald's or so on, or for internal use, as I
call it, even though, granted, there may be a need for that and a
market for it. I cannot really speak for the photogrammetric or the
aerial survey type of operation. I am not really that familiar with
what market there is, but it would seem the market would be more for
a specific product that would be used internally, for 0il exploration
or something like that, that would be more speciatized, as I would
call them, computer products. I think the figures that I have for
investment and the method of analyzing it is a standard economic
method of analyzing a payback. It all depends what figures you plug
in there.

MR. PETER WILLERUP: I am Peter Willerup from the Pacific Gas &
Electric Company in San Francisco. We are on the verge of entering
into the mapping age through the computer. A coupie of our sister
utilities south of here, in San Diego and Los Angeles, are actually
into this computer mapping. I feel sorry that there are none of
those representatives sitting up at this panel to discuss that type
of computer-assisted or cartographic output that was not only men-
tioned before that results in maps, that results in information, in
management information of such things as utilities, whether they are
gas, electric, sewer, water and so on. And I would like to have
heard some financial analysis on those types of computer-assisted
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cartography. Because I think that has been left out completely.
You are sitting up there as basically governmental agencies, with
one type and a very special type, in Rand McNally, but there is a
wide range of uses and management tools, for instances, utilities.
But I am sure many other industries would be in the same boat as
we' are.

MR. LEVERENZ: Thank you. I agree. That was a shortcoming of the
panel. Vern?

MR. CARTWRIGHT: Yes. Private industry has come up here. And what
they are involved in -- American Society of Photogrammetry, there
are about 400 map-making firms in photogrammetry in the United
States. A large majority of those have been in digital mapping one
way or another for ten years. More and more of them are getting
into the interactive graphic system. The thing I would Tike to ask
Roy Mullen, I would 1ike to see if you would share your sofiware
with some of us fellows, and also the data you are getting into your
data banks. Can we borrow that to make our own maps to the scales
we want?

MR. MULLEN: I was prepared, if no one asked any questions -- I had
a question to ask myself, and that was: Why didn't somebody say
what can you give me tomorrow? That is the good question. Vern,

as you know, all of the programs that are developed, software pro-
grams to support digital cartography, all of the processes of mapping
that the United States Geological Survey develops are all available
to the public. They are generally sold for the cost of the repro-
duction. None of the costs of the gathering that went into that

map -- And I would 1ike to comment on that. I wonder how much --
Who was it, Pizza Hut? I wonder how much Pizza Hut would have been
willing to pay for the information that they had available from the
DIME files to begin with to begin that study of locations? Would
they have been willing to pay the access costs for all of that data
to make those studies? 1 think that is the thing. And that is why
I feel when I mention our responsibility in the national mapping
program is to be the federal collection agency for that data. I
will assure you that when that data is collected it is available

to anyone and everyone who asks for it and pays for the reproduction
cost of it.

Now, what is available? At the risk of delaying and cutting into
somebody's coffee time, and everybody that knows me knows that I
don't give a damn about your coffee time . . . (Laughter.) . . .
there are what we call digital elevation tapes available from the
GPM. We have a complete, for those of you who are developing a
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sofiware system, we have complete 7 1/2 minute quadrangle contour
information, totally cleaned data, that is available for any testing
or proving of systems that you would 1ike to work with. I would
like to be able to say that I knew how much that costs, but I
honestly do not. It cannot be very much. It has to be less than
$15 or $20 or $30 at the most. A1l of our information is available
and is in the public domain and is requested constantly. We give

it out constantly. The DMA tapes, which the Geological Survey has
and put into distribution through the NCIC, are an interesting set
of data to us, because we continually get requests for information
which even DMA agrees was not the cleanest, not the best, but it was
the first, and it is available. We have many, many people asking
for that information. I have the statistics on it, and it amazes

us how many requests, how many repeat requests we have for those
tapes from various entities, agencies and commercial people as

well. So, people are using that data.

With respect to planimetric information, we are collecting that on

a somewhat unorderly fashion -- and I will say "unorderly" from the
aspect, as I mentioned, we are going after the development of the
digital cartographic data base at the same time we are doing research,
and also doing production work. We have a series of pilot projects,
those categories that Mr. Southard mentioned this morning: land
net, hydrography, transportation net; some of those things are avail-
able for some quadrangles. I would hope that someday when the job
gets further down the line, somewhere near the percentage of comple-
tion of the 24,000 scale quadrangle base of the United States, that
we will have most of those data categories all digitized, all ready
and available for anyone who asks for them. I might say one other
item. Tom Waugh talked about the work done in the British Ordnance
Survey, at least partially with respect to the question that Jon
addressed with respect to the costs of preparing a map digitally to
produce another graphic; I think their estimate, we have found, is
pretty good. If you are going to digitize graphic data to produce
another or digitize planimetric map data to produce another graphic,
it is going to cost you from 15 to 25 percent more to do it that
way. The big advantage, as I perhaps only mention slightly, but I
will say once again, the big advantage is the thing that Peter
Willerup addressed, and that is all of the management uses that that
information could be put to if it were available. I think that even
if we had the digital cartographic data base, of the one to 24,000
scale maps available, I think you would be glad to get them. But
we still have the same problems. Your specific use is going to re-
quire larger scale, higher resolution digital data than the one to
24,000 scale base will allow you to use. But, as a planning tool, I
think it will still serve the same purposes that the 24,000 graphics
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do today. It would be the base from which you may further build
a digital base for your specific purpose.

We know we are not going to devise the digital cartographic data
base that is going to answer every user's needs. We could not
afford to wait that long, and we could not afford the cost of
developing a cartographic data base that has the answer to every
single request that every single user would have, because there are
some mighty strange strange requests sometimes for cartographic
data. Thank you.

MR. LEVERENZ: I want to personally thank the panel, for the presenta-
tions, for their answers to questions, and for the questions from
the floor, )
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CARTOGRAPHIC DISPLAY REQUIREMENTS

MR. DEAN EDSOM: The Tast panel for today concerns the Cartographic
Display Requirements. This is intended to be an overview of what
people expect of the cartographic community in terms of a more
meaningful presentation of information. We have asked Waldo Tobler,
currently at the University of California at Santa Barbara, to
gather a group together to discuss this very important subject.

Waldo, as I explained, is currently at the University of California
at Santa Barbara. He received his Doctorate in Geography from the
University of Washington in Seattle in 1961, and has been very
active as a U.S. member of the International Geographical Union,
the Commission on Geographical Data Sensing and Processing. This
has been an extremely meaningful activity, servicing many spatial
data activities throughout the world in the last few years. Waldo
notes that he is currently teaching analytic cartography, and is
also involved in teaching geographic information systems and
regional analysis. He reminds me that he used a Benson-lehner
plotter in 1957 to draw a U.S. outline map, a long time ago. So,
this whole subject does date back. Waldo's hobbies include but
are not limited to the invention of map projections, some of which
are useful. (Laughter.) I think that is enough for me. If you
are ready, I am. Waldo Tobler.

MR. TOBLER: Thank you very much, Dean. What I have tried to do
here is get three people with contrasting backgrounds to show you
and discuss some technologies. I will intrcduce them in more de-
tail a 1ittle later. But in the order they will give their pre-
sentations, Jim Blinn in the middle, is an expert on computer gra-
phics. The reason for asking Jim is to introduce to the carto-
graphic community some of the techniques that they have been devel-
oping and which are not sufficiently familiar to cartographers.

In the same vein, Harry Andrews is from the Image Processing
Institute in Los Angeles, who will do the same thing for image pro-
cessing techniques. Finally, Carl Youngmann, a cartographer is
going to take the perspective of a cartographer on all of this.

Dean Edson mentioned that I had been in computer cartography for
20 years now. My recollection is that the first outline map on
the Benson-lehner plotter consisted of 343 points. Since that
time there have been much bigger and better data sets prepared.
The history of the technology, however, has been that the first
attempts were to mimic draftsmen--that is, get the machine to draw
a map. We were not too much worried about data structure. I can
foresee as an ultimate objective getting the information into the
computer and never having to prcduce the map at all; solving the
problems right in the computer. We are a long ways from that
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objective, if it is really a valid one.

I think my first slide demonstrates, in fact, the importance of
graphics. I will show just a few slides, and then we will get
right into the substance with the speakers. This diagram is a set
of profiles, but they are demographic profiles. On the Z axis is
the number of people, and on the X axis--I may have the axes con-
fused here--is the age group. Then, along this way is from 1801 to
1947. I find this is a terrific graphic because you can see the
effects in the canyons as they progress. You can see the effects
of wars and so on, and it is really a dramatic visual impact. It
is quite clear that humans are very good at processing visual in-
formation. I do not expect that we will ever not want the computer
to do illustrations, and to just solve the geographical problem

in the computer. People are very good at solving problems.

The next slide is a map. It is Minard's map, again, very dramatic,
of Napoleon's march and return into Russia. You see the broad

1ife 1ine starting with many, many troops, and it gets narrower

and narrower as he gets to Moscow, and the black Tine shows us
how he gets back, with hardly anybody left. Again, a very drama-
tic graphic. I think the point I am trying to make is fairly ob-
vious. Can we go on to the next one? This, to cartographers,

will be familiar: ways of showing relief. We have on the left a
Tady's face with contours ard shading, and on the right the Crimean
peninsula with relief shading.

The next slide shows this in more practical application. This is
a Swiss topographical sheet with shaded relief. I think it is
perhaps appropriate--it has been done once already today--but, to
remind people in the computer field of the tremendous amount of 7
information on a topographic sheet. It is estimated at about 10
on a single sheet. You can calculate very quickly how many sheets
it takes to cover the world surface.

The next slide shows a computer shaded relief. This one was dore
by Mr. Batson, et al., on the image processing facilities that they
have in Flagstaff. I show this particularly because the people in
computer-graphics have also been doing shading of objects for

some years now. The first person in cartography of course was
Pinhas Yoeli, who was doing it in 1961 on a line printer. This
shows how far the technology has come. I think Jim Blinn will

show some things that show how much further one can go with this in
computer-graphics.

The next slide shows the kind of illustration you have seen now,

quite frequently, probably; it demonstrates the increasing resolu-
tion when one changes the spot size. Some of you, I am sure, are
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familiar with the digital terrain tapes--that is, the sampling
using the multiplication with the Dirac brush of the continuous
function at fairly coarse intervals. This demonstrates the ques-
tion of resolution, which I think is going to become more important
in cartography, and the next few slides illustrate that.

Some of you may know that in the 1850's geographers were collecting
data 1ike the number of whales per five degrees square. If you see
the movie, Moby Dick, for example, you will see that in there.

Here is the world population by five degrees square, which I assem-
bled. The next slide, please. You will see more of this, I am

~ sure, in the future. Here is the U.S. population. I have now in-
creased the resolution by a factor of 25. U.S. population by one
degree squares. Well, quadralateral, technically. The next slide
shows the data by county resolution. If you define the resolution
of a geographical data set as the number of pieces of data divided
into the geographical area involved, to the Kth root of the dimen-
sion--in this case, two dimensions, you find that the county reso-
Tution is--I have forgotten--3,200 divided into three million,

the square root of that. From the sampling theorem we know that
you can only see phenomena of a wave length which is twice the
sampling interval, if it is not noisy data. So if you wart to get
real detailed information on the behavior of people, and people
have a mean activity locus of about 20 miles a day, that means you
need resolution of about a 20th of a county to detect anything in-
teresting about individual behavior. The next slide, please. Also,
geographical data are arranged hierarchically. Here we have a
typical socioeconomic type of data where we have municipalities,
economic areas, provinces, regions, and, finally, the whole country.
This happens to be the Netherlands.

One question that I think will be developed further in the future
is how you take these very interesting algorithmic manipulations
that people do on raster pictures, as I am sure Dr. Andrews will
talk about--how do you apply that to polygonal data?

I will introduce Jim Blinn, who is currently at the Jet Propulsion
Laboratory, and also at the Computer Science Department at Cal
Tech. I first met Jim at the University of Michigan, where he

was doing work on a music synthesizer. He was at that time in the
computing center. He received both his Master's and Bachelor's
degree at the University of Michigan. He was also very influential
in developing integrated graphics system, which runs under the
Michigan thermal system, essentially a device-independent graphics
system, where you sign on on the terminal, and the computer quer-
ies your terminal to find out what kind of terminal it is, and
then the software appropriately modifies itself so that it will
handle output for that terminal, so it does not matter whether you
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are on a Tectronix or a Hewlett-Packard, or working with a Calcomp
or what have you--you use one set of software for all of them.
This obviously is the way technology is going to have to go.

He has also worked at the New York Institute of Technology on com-
puter animation, and currently does consultant work for Information
International, which does computer animation. Jim left the Univer-
sity of Michigan and went to Utah where, of course, Ivan Southerland
and Dr. Evans were working, and got his Ph.D. there in, I guess it
is technically, Electrical Engineering. But he is interested in
computer representation of three dimensional objects. Jim, do

you want to come up here?

( EDIT NOTE: The presentation by Dr. James Blinn has been
omitted because his closely-related illustrations were

not available for publication. Some other illustrations
shown at the meeting were unavailable, or unsuitable for
printing, without the need for omission of the speaker’s
remarks. Or. Blinn's remarks are omitted, however, fol-
lowing his suggestion, and our concurrence, that they
would have little meaning without accompanying illus-
trations.)



MR. TOBLER: Thank you, Jim. As a cartographer I would have a lot
to say about these objects that do not exist, but I will leave that
to Carl Youngmann to talk about. Jim has only recently joined JPL.
As you probably know, JPL has had a lot of experience with image
processing, and I look forward to seeing the two technologies merge.

The next speaker also has a lot of experience in image processing,
Dr. Harry Andrews. He worked at Stanford and at Southern Cal. The
Image Processing Institute is located there. He has some literature
which describes that operation. Harry has published two books on
this. I took a course from him one time at Purdue on image process-
ing. He is going to tell us about the work they have been doing
there. His own work, I know, has been in image transforms, and I
found it very interesting. They are most recently, I think, getting
into satellite picture processing, but I will let him tell you about
that. Harry?

DR. HARRY ANDREWS: I would just like to say very briefly that,
thank you very much, Waldo, for inviting me. I do not know anything
about this group. I made the unfortunate mistake of spending two
weeks at DMATC, if you know what that means, in Washington, D.C.,
‘during the summer. And after that I thought I was an expert. But
it is true, I am not. 1 did leave a little brochure out there in
the next room, if you are interested in finding out what we do.
Some other material I will leave up here describing the Image Pro-
cessing Institute, which is an educational facility at USC. Our
goal in life is to train image processors. I will leave a lot of
this up here. If you are interested, feel free to take some of
that material.

I think what I will do today is represent the Department of Defense
community. You see, what I do is size up an audience and make sure
that nobody in the audience knows anything about what I am talking
about, then I represent that other side. Probably you all know
about the Department of Defense, but, in any event, we have been
funded for -- I guess I should not admit this -- they may want to
redirect their funds. We have been funded for a while by an organ-
ization known as ARPA. ARPA is a group in the Department of Defense
that gathers its funds from the other services before they get their
money, so they manage to offend everybody, and then they give it to
the university. (Laughter.) We established the Image Processing
Institute quite a few years ago, and have been actively involved in
trying to manipulate imagery with digital computers for the benefit
of mankind. If ARPA is paying for it, it may be to the detriment

of the enemy but to the benefit of us.
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In any event, what I would like to do today is briefly go through

a somewhat historical synopsis fairly rapidly to show you some of
the things that have been developed in the past, and to show you
some of the direction that we are moving in right at the present.

I will go as rapidly as possible, because I would rather entertain
questions than entertain you with slides. May we have the first
slide. The first slide is where I am from. The next slide is the
block diagram which you also saw of our computer facilities. I
will not spend much time describing it, simply pointing out that we
have a couple of KL-10 computers, which we do our number crunching
on interactively, and we pass that data to our exploitation facility
station. One of the topics or highlights that I think this confer-
ence might be most interested in is in the area of exploitation
facilities, the use of high speed digital interactive computers and
displays to allow a human to interact with large digital data bases.

Next slide. Before we get into that, I want to show our typical

USC girl. Actually, this is an SMPTE slide, but you have probably
seen her around. Just to set the tone, let us look at the next
slide. She is made up of bits. Those are the four most significant
bits of the green component. The next slide shows the four least
significant bits of green component.. Essentially what we did was
sliced her into 256 levels of brightness for each color, thereby
resulting in 24 bits, or eight times three levels of brightness per
pixel.

Next slide, please. That is what a digital girl looks like. Now,
to just show you some of the things we do interactively on our dis-
play devices, we have developed what we call a little menu system,
but it is an interactive or visible menu system. If you look very
closely you see a little white dot that is approximately adjacent
to a box to the right of the imagery. That essentially tells the
computer what the operator wants to do next. In this case, the
operator simply zooms down onto the airplane, which happens to be
an aerial photograph of the Los Angeles Airport. The next slide.
That sort of thing can be pursued in greater depth. You can mag-
nify it all sorts of factors; two techniques showing the difference
in magnification. All of this is done somewhat instantaneously on
less than a 30th of a second type of interaction.

The next slide. Waldo mentioned the concept of image transforms.
Really what that means in academia you had to do something mathe-
matical or else you get fired. So what we did is we have tried
applying a little mathematics to pictures. It turned out that we
kept one step ahead of the reviewers for about three years and
managed to publish a paper every time we invented a new transform.
Actually, we did't have to invent new transforms; we just looked in

86



some mathematical literature and then published in the engineering
literature, and nobody reads both. (Laughter.)

The next slide. Essentially, one way of viewing an image, albeit
somewhat artificial, is the fact that an image is nothing more than
a matrix in a computer. It could be a very large matrix, maybe
2,000 by 3,000 pixels or picture elements, if you are talking about
ERTS type of photography, or LANDSAT. You can break that image up
into a sum of other images, as illustrated in the top row, or the
bottom row, and you can add them all up and form the original. Now,
why might you want to do this? Well, you may want to discover some
underlying structure of the image that was not readily evident in
the original photograph or original digital version. If you break
it up into a set of basis functions known as frequencies, then you
end up doing a two dimensional Fourier transform. If you break it
up into a set of basis functions known as sequencies, then you are
breaking the image up into a set of Walsh transforms.

As I mentioned earlier, we generated as many transforms as we could
get away with. Let me show you what just a few of those look like
on image. Next slide. Here is our little toy tank broken up into
its frequencies. The frequencies are then colored: The low fre-
quency, red; the intermediate, green; the high frequency, blue; and
then put back together, so you can get a little feel for what spa-
tial frequencies mean. That is the combination of the individual
frequencies. Let us look at the next three slides in succession.
There is the low frequency, red. Notice the center of the star,
low frequency, and just the circle comes out. The next slide,
green, shows the edges of the star, and the number twelve. The
spatial frequency of the ''12'" was an intermediate band of frequen-
cies. The next slide, the blues, show the edge effects and the tank
treads.

Next slide. If you are breaking imagery up into square waves rather
than sine waves, you could break them up into these functions known
as Hadamard or Walsh basis functions. There was a tremendous inter-
est in this sort of decomposition of imagery back when semiconduc-
tor technology was running rampant,I guess there still is. The

idea here is that switching functions can very easily decompose an
image into these sets of functions.

Next slide. There is one transformation that is optimally matched
to the image in terms of least squares approximation. That trans-
form comes to us from a technique in numerical analysis known as
singular value decomposition. What we will do is we will find the
set of basis functions which are best suited for a given image,
because that in turn will give us the best means of compressing an
image into a few number of coefficients for image compression and
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transmission over communication channels.

Let us look at the next slide. What I want you to do is tell me in
the sequence of slides coming up when you recognize what the image
is. This is the sum of the first image and its coefficient.

The next slide is the sum of the first two. The next slide is the
sum of the first four. Does anybody wish to hazard a guess?

The next slide is the sum of the first eight. Are there any guesses?
MR.TOBLER: A girl?
DR. ANDREWS: It's a girl? Waldo. Will you be embarrassed. (Laughter.

The next slide, the sum of the first 16. The next slide is the sum
of the first 32. The next one, the sum of the first 64. The final
one, the sum of the first 128. That is a building, Waldo. And I
think we should send you back to the university. (Laughter.) That
technique is utilized for image compression. The idea of image
compression -- if we may have the next slide -- is to transmit
imagery over communication channels with as few bits as possible.

I mentioned earlier the possibility of exploitation facilities where
you had digital data bases and wanted to manipulate those data bases.
One of the real problems with image exploitation and human inter-
action with such data bases is keeping the human entertained, or
essentially keeping the bandwidth high enough so that the human is
not sitting there waiting for an image to be brought up for display
purposes. One way of observing this phenomena is simply to admit
that we in the industrial, military and civilian complex will never
control that industry out there known as television. So rather

than trying to get higher resolution displays, why don't we live
with the 512 by 512 color real time refresh monitor, and use that

as a window to zoom around much, much larger data bases? What we
are going to do is a scenario in the next sequence of slides in
which we zoom in on this data base, and, if you can imagine, we
would be doing this in real time.

Let us go through the sequence. The next slide we zoom down a little
lower. The next slide, closer in. The next slide, even closer.

The next one -- Does anybody know where this is? Yes, this is Gary,
Indiana, one of the garden spots of the nation. (Laughter.) That

is not smoke. That is effluent going out into the lake.

Let us go to the next slide and suggest that we may want to even go
further than a one-to-one mapping. The previous slide was a
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mapping. The previous slide was a mapping of one

pixel in the original image domain to one pixel

on the display. We may want to magnify and artificially introduce
data that does not really exist. We might call that interpolation.
The mathematicians tell us how to do interpolation under certain
mathematical criteria. Here are four or five interpolating functions.
The first is called a sample and hold, or a replicator; the second,

a bi-linear interpolator; the third a quadratic; and the fourth, a
cubic. These all have certain properties in two dimensions. The
next slide shows what they look like.

These interpolating functions allow you to have continuity in the
zeroth, first, second, third and higher order derivatives at the
intersections of the true data points with the interpolated data
points. The next slide shows a simple illustration of this where
we have taken a 32 by 32 image and interpolated it up to 512 by 512
using the various different techniques. Now, I cannot say or you
cannot prove it with this slide, but I am told that certain indivi-
duals with trained eyes can actually see the difference in the se-
cond derivative of an image and its interpolation function.

Next slide. I would like to now discuss very briefly the idea of
spatial warping, the idea of automatically in a computer regis-
tering scenes or images from platforms that were never originally
intended to be registered. As an illustration, we may consider
taking an ERTS photograph or LANDSAT photograph and registering it
with a U-2 photograph to see if there have been changes, to see if
seasonal effects have been measured, et cetera. What one might
consider doing then is taking the first image, number one, and the
second image, number two, and finding control points or points of
commonality between the two images. This might be done automatical-
ly or with the human interacting and then refined automatically, et
cetera. Then a two dimensional polynomial might be computed and a
"warping'" function, as they are referred to, describing the mapping
of Image 1 onto Image 2. Naturally, that warping function will not
exist in terms of the discreet components or sampling rate of the
second image, so we will have to do some interpolation.

When you begin to think a little more about this problem you realize
you do not even have to map Image 1 onto Image 2. You could map
Image 1 onto Image Imaginary and Image 2 on Image Imaginary, and

do all sorts of intermediate types of maps. So let us do that with
our favorite building. The next slide will show an original. This
is the original building that we will do some mapping with. The
next slide is an original. These are the only two originals. Every
image hereafter will be phony, phony in the sense that they were
generated from those two,
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The first sequence will be -- Let us look at the next slide. We will
simply map the original, and rather than taking a photograph of the
front of the building with the helicopter, we will simply let the
computer rotate it. Now you see some difficulties with this process.
The fellow who put in the control points forgot a little bit about
perspective, and the building gets wider as it goes away from you
rather than narrower. So the roof does not look too appropriate.

But every pixel in there and every bit of information is in the ori-
ginal.

Next slide. Here we have taken the end view of the original building
and simply magnified it by a factor of three and put it in the upper
right-hand corner of that imaginary scene. Now, the next slide
shows the warping of the front end of the building to exactly regis-
ter on the end of the building. Now, this is difficult for you to
envision without seeing both of them simultaneously, but, take my
word for it, if we now take the original end view and this warped
front end view and look at the two images through stereo we will see
stereo information on the end of the building, because, naturally,
you cannot perfectly register two image which were sensed from plat-
forms at different positions. The resulting information, of course,
must be stereo if you have done it right.

The next slide shows what happens if you introduce a bit of control
point error. You see the curvature that youmay not believe in.
The next slide shows that on the second sequence.

The following slide is my favorite. This is the one that I always
claim is the original, and the first one you saw is the result of
undoing the rubber sheet. Imagine what you could do in a court of
law with this sort of image process. That is why we keep getting
thrown out. (Laughter.)

Next slide. This is a calibration slide. It serves no purpose
other than to prove to you that you all have normal vision. You
probably see scalloping. By scalloping, I mean you do not see steps
of brightness change, you see differentiation or brighter edges at
the left than at the right, when in fact with a densitometer or
light measuring device there is nothing but a staircase. This is
known as Mach banding phenomena, and typically is the beginning of
what we call the model of the psychophysics of vision. If indeed
you are going to have a computer display imagery at an exploitation
station, you might as well realize what your eye is going to do with
the image so that you in the computer can precompensate and undo or
take advantage of your own visual processes. So this is a technique
now being utilized in image compression laboratories to try to get
as much information out of the image ahead of the transmitter,
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knowing that you will never see that information because of your
own visual process.

Next slide. This introduces and displays the common spatial fre-
quency response of the eye. You should see, hopefully, a ramp going
up and a tapering off of the spatial frequencies over to the right.
That is the MTF of your eye. In other words, you cannot see cer-
tain spatial frequencies beyond the sampling rate of the retina,

and at low frequencies your eye tends to be a differentiator. That
is why, in fact, you enjoy crisp images, the edge effects the infor-
mation content and image enhanced in the high frequencies is very
appealing to viewing. Next slide. Using that and some other models
of human vision, we put together an image compression system which
is compressing imagery in color. The eye has a very, very natural
response to color in the following sense: That we do not see sharp
edges in chromaticities, we only see sharp edges in brightnesses.
You probably have already known that because of your television
system in fact takes advantage of that; the NTSC color transmission
system does not send high frequency edge information in color; it
only sends high frequency brightness information in monochrome.
Using this and other models of the human visual process, you will
find that we can undo and remove a tremendous amount of information
that the sensor gathers, but which you will never see, so we remove
it prior to transmission through communication channels. That is
what this block diagram is supposed to illustrate.

The next slide shows some intermediate stages. If you could in fact
find a volunteer either in this audience or anywhere else who would
be willing to let us remove the eyeball and see what an image looks
like on the retina after the nonlinear devices, we would expect to
see the images on the right. Now, there is no way you can disprove
that, right? (Laughter.) Unfortunately, there is no way I can
prove it, either. But we think that is what the retina sees after
the nonlinear photochemical processes.

Next slide. This shows our original girl in four quadrants, and
shows various different color combinations. We have not yet removed
the bandwidth. These are 24 bit per pixel images. This is just to
prove that we can take the mathematical models we have described,

go to the coding domain, and come back. Yet we have not yet com-
pressed. The next slide shows the effect of compression. This is
from 24 down to two bits per pixel using what is called a block
cosine transform with the various mean square errors there.

The next slide shows the result of a one bit per pixel communication
system. Degradation is now starting to be introduced.
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Next slide. We have considered developing what we call smart sensors.
Actually, we haven't; ARPA has, and therefore we do. ARPA would like
to be able to do the following: They would like to be able to put
you people all out of business. But, don't worry, don't worry. With
us on the project -- (Laughter.) -- you can feel confident.

Essentially, they would like to design what are known as smart
sensors. A smart sensor is a device that tries to do things as close
to the focal point as is possible, such things as possibly taking
advantage of the fact that images are highly non-stationary. By

that I mean that the information content, the energy, the edge in-
formation, the things we as humans like to see, are very different

as you move around the field of view. So we have tried to design

a technique that captures automatically this information content and
essentially resamples or adaptively scales the imagery such that we
can only send over the communication link that which is of most
interest to the viewer. So, here we have a little APC, armored
personnel carrier. You can see on the right the density of what we
call sampling or knots, which is a mathematical term. It explains
how you would have to transmit and re-sample the image to get the
various parameter reduction ratios you see on the left. The next
slide is a down-looking slide of our airport. You can see the system
automatically keys on the airplanes and the high edge effect.

The next slide shows the result of an artificial ERTS type of photo-
graph. You can see the airport, et cetera. Next slide. We have
done quite a bit of modeling of the process if imaging and what
mathematically you might' expect an object to suffer when it indeed
is imaged onto some sort of film or CCD or other digital sensor.

If we can go through these slides. Typically, today with the tech-
nology of discrete sensors, we use a model which is known as a con-
tinuous-to-discrete model. We hypothesize that the object we are
looking at is continuous, but one that object is in digital form is
discrete. Then we ask the question, how can we mathematically mani-
pulate our discrete information to better appropriate the original
object, knowing all about the lenses, knowing about the atmosphere,
knowing all about the sensor and its nonlinearity, knowing as much
as we can about the statistics of the image and of the noise, et
cetera. So that is the typical mathematical model that we would
play with. Incidentally, if anyone is interested in a lot of the
gory details of this and other research, you are certainly welcome
to contact me or come up and look at the publications list. We put
out a report every six months.

Next slide. Here is a technique developed by the Aerospace Corpo-
ration in which we observe a real world imaging system. This slide
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does not really do it justice. On axis this system is space-variant,
but off axis the point spread function is non-symmetric. It really
tells us that the image that you would expect to obtain from such

a set of optics would have blurs that would vary as you moved around
the field of view. The next slide shows what you might do with this
sort of information. Here is a simulation in which the imagery is
better in focus in the center of the squares and more out of focus
at the edges. The question is, what type of mathematical techniques
can we utilize to undo this type of blurring distortion? We call
this a space-variant distortion because indeed the blur varies as
you move around the field of veiw or the space of the image. The
three dimensional perspective shows that effect.

Keep in mind the idea of moderate distortion and severe distortion.
The next slide will show what we can do to try to undo this type of
blur. Now we are talking abour restoration; we are trying to undo
the degradations of the previous slide model. Here we have our
favorite subject. She is known as Tiffany. Tiffany is available
in digital form on magnetic tape, for anybody who might be inter-
ested. Up there we see the blurred version of Tiffany with a mo-
derate blur, a blur that was in the middle slide, the previous
slide. Here we have an iterative restoration of Tiffany up to
about K equals 100; that is our index of information. We call this
coarse tuning.

The next slide shows the fine tuning and also illustrates what
happens if we try to put too much back into the image that was not
allowed to pass through the optical system. The system blows up on
us. This is typical of most image restoration processes. They are
known as ill-conditioned, a mathematical expression that says
"there ain't no free lunch"; you don't get more out than went into
this system. So, in fact, we are getting or approximating singu-
larity. You can see in the very last slide a very faint version of
Tiffany.

We will look at the next slide, the same simulation with coarse
distortion, where she falls apart much earlier at a lower index, K
equal to about 58, compared to 100 previously. This was the severe
situation. Let us go on. This final sequence is just to illustrate
what we are doing with an industrial group that is tied to USC.

A couple of years ago ARPA decided that they wanted to speed up what
is known as technology transfer -- that is, getting the ideas out
of the universities into the industry without waiting for publi-
cation and review cycles, and then somebody in industry picking up
the ideas, et cetera, taking two or three more years before they
became product lines. So ARPA decided that they would let the tail
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wag the dog, and they gave the monies to the universities for them
to distribute to the industry. You can imagine how far $100,000
goes at a university where graduate students still work dirt cheap,
and you can imagine what pain it does when I have to give that same
amount of money t0 the Hughes Aircraft Corporation with an overhead
of whatever it is, and they tell me, '"Well, that will buy ten minutes
of somebody's time." In any event, we twisted and begged and bor-
rowed, and we have teamed up with the Hughes Research Labs to build
a smart sensor. This sensor is essentially a CCD device that is
designed to fit on the focal plane of an imaging camera that does
some non-linear processes known as the Sobel operation; this is an
operation that essentially looks for edges, and is very insensitive
to noise.

Let me briefly go through these slides, because I really do not know
what I am talking about -- You have to be some sort of solid-state
physicist to understand. Let us look at the next one. What we want
to do is a two dimensional signal processing process in which the
charge passes under the various CCD devices that has been sensed
with an electronic optical-to-charge transducer. We then take the
outputs of these devices, and we want to do a non-linear process.

In image processing, non-linear processes are probably the most use-
ful ones. We take the outputs of these four lines, and pass them
through an absolute value detector. The unique thing about this
smart sensor -- next slide -- is the fact that here is what they
call a spill and fill network. In addition to being a solid-state
physicist you have to know about plumbing, because they do all sorts
of things with charges and wells and 1liquids which really do not
exist.

In any event, this does take the absolute value of the difference
of the outputs of the previous pixels, and the output of this then
becomes essentially the Sobel operator. The next slide shows
essentially the chip that exists. This is a rather large magnifi-
cation. This device actually is 190 mils by 190 mils, which is
very, very tiny.

We are now in the process of building a much smarter device that
measures texture off of sensors, and hopefully someday we hope to

be able to automatically on-board the platform or the sensor,segment
images so we can just transmit segments of interest rather than the
entire imagery. Thank you very much. (Applause.)
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MR. TOBLER: Thank you very much. I certainly found that very in-
teresting, even if I can't tell a girl from a building in the
truncated transform. (Laughter.) Image processing people always
pick pictures of interesting things 1ike baboons and girls and
buildings.

The next speaker, Carl Youngmann, from the University of Washington,
trained in cartography at the University of Kansas. He then went
to Columbus, Ohio, and taught cartography there at Ohio State Uni-
versity, did some work with Tasers and worked on geographical in-
formation systems. At the University of Washington he teaches
computer cartography, and has also been involved in what might be
called semi-automatic generation of the Coastal Zone Atlas of
Washington. Carl?

MR. CARL YOUNGMANN: When Waldo asked me to provide the cartographic
perspective on the use of computer graphics, image processing and
other advanced technologies, 1 felt like the housewife or house-
husband who had won an unTimited shopping trip in a grocery store
promotion. I could buy anything I wanted in the technological
store, but I didn't know how many guests there would be and whether
there would be any vegetarians. To try to sort out what the present
menu of technologies can do for us on a practical day-to-day basis,
my feeling is that after we have accepted the existence of the things
we have talked about and have seen here in the past few minutes, the
real problem will be being able to know what we want and how we are
going to utilize these devices and processes to represent what we
want: What do we require in a computer-generated display? How are
we going to utilize image processing systems such as that we have
seen? Or a smart sensor? How would we utilize a device such as the
one Jim Blinn talked about with which we could create an unnatural
world as we would Tike to see it, and move through it? Where does
such a device fit into the day-to-day problems we have to solve as
cartographers? We must communicate spatial information to people
who are not necessarily going to believe that these things really
exist and that the manipulations are, as we have seen them, quite
fascinating, but more importantly, reliable.

From the cartographic point-of-view the concerns are many and they
are difficult to sort out--indeed, it is hard to get on top of a
high enough hill to look over the variety of things we feel are
important about cartographic displays. Immediacy of response,
accuracy of communication, volume of data to be handled, scope of
data to be represented, level of detail, scale, updating and ex-
tending images, inversions and analyses that can be made of the
information, static-dynamic aspects of information--all seem to be
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very important. Can we reduce these concerns so that we can at
least start to give some structure to the cartographic shopping
Tist?

One thing that we could say first is that accuracy is not really a
representation problem. We have been shown that we can take some-
thing at one level of accuracy and really give the impression that
it is much more accurate than it is, up to a point. Graphic
devices are accurate. We will have to accept that.

Secondly, we can assume that the ultimate needs will generate the
ultimate response; that technology does provide us the ability as
cartographers to do many things--really the capability of doing
more things than we actually want to do or need to do at any given
point. Basically, we can take the approach that cartography is not
wholly, from the computer scientist's point-of-view, an "NP
Complete" problem--that is, although there are minor problems that
we would say defy computation by sequential digital analysis, car-
tography is basically a computable problem. It can be addressed by
sequential digital processes and probably can be handled in most
contexts.

Successful methods, thirdly, are or will be the ones that are low
cost, high quality, widely distributed and technologically simple.
It is hard to make a technological forecast for 25 years from now.
Various advances in solid state physics may end up radically
changing the cartographic displays that we have to deal with. We
may never ever have a machine such as the one that Harry Andrews
works with day to day, but maybe some day we will.

The function of cartographic communications really determines the
need for cartographic media. May we have the first Vu-graph (Fig-
ure 1), please. To this point, in many cases we have had the tail
wagging the dog in that the media available to us many times has
determined how we were going to communicate. Perhaps we should
now Took in the other direction and define what we want to commun-
icate and then select a medium.

Cartographic communication is used in five general functions.

Those functions include first what we might call the dispatching
function, in which we provide information for decision making in

a network--routing of trucks--giving delivery people something on
a day-to-day basis so that they can perform their job more effici-
ently; routing of emergency vehicles; and similar questions of
spatial dispatching. The second area is what we might call status
reporting, very quickly delivered information about the location
and distribution of objects interacting in space. Aircraft control
and vessel traffic control systems fit within such a scheme. Item
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three deals with research, an all-encompassing topic which involves
summarizing and analyzing the distribution of geographic phenomena.
Such communication is not so much directed to somebody else as it

is to oneself, giving oneself the information about the location and
distribution of phenomena that are of interest to him or her and
being able to change the representation in some way or another so
that one might learn something. In that way, researchers come to
generalizations, so that they can then proceed to the fourth
function: reporting. For reporting,information must be presented

in a manner that meets special criteria, 1ike the high quality
graphics used for planning documents, census reports, and other
similar items. The fifth area is recording, the actual placing of
information in a highly retrievable spatial context, useful for ref-
erence--surveying data, cadastral information, general purpose atlas
information, etc.

These five functions dictate certain kinds of needs. May I have

the next Vu-graph (Figure 2), please. I think the graphic environ-
ment in which these functions fall really can be boiled down to
three major axes. These axes may be independent orthogonal, or

they may be interrelated. I show them here as orthogonal. The axes
relate the requirements of a cartographic communication function to
a display system's capability for immediacy of response, the data
capacity, and graphic quality. Each axis is divided into a set of
relative classes ordered by increasing capability.

In regard to immediacy of response, we have available cartographic
display systems which run from instantaneous response--a second or
less, to those systems which provide a timely response--within a few
seconds to one minute, and systems that provide what I would call

an "assured" response--"If I submit the job, I know I am going to
get it back sometime." The second axis, data capacity, starts at
the lowest end with one element of information and runs through Tow
data capacity systems--up to say a hundred map elements; then,
moderate capacity--a hundred to a thousand elements; next high
capacity--a thousand to fifty-thousand elements; and finally, very
high capacity systems--over 100,000 individual elements in an

image. The third dimension is graphic quality of the final product.
This axis extends from extremely crude resolution, the one-tenth by
one-sixth of an inch SYMAP style graphic, to what we might call a
coarse graphic--the matrix printer, a tenth of an inch by a tenth
of an inch output; to moderate graphic quality, on the order of a
hundredth of an inch resolution and finally, to fine, high quality
graphics of one-five-hundredth of an inch resolution.

The five communication functions are then placed within a framework

to show the different levels of graphic quality, immediacy of
response, and data capacity required for each.
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For dispatching the delivery truck driver can get by with a coarse,

SYMAP style output. The output has to be ready once a day when the

trucks go out, and the data capacity is of a moderate level. Status
reporting has to have a moderate capacity. The information must be

clearly presented, although it does not require extremely fine reso-
lution. However, the system must respond almost instantaneously.

In research we can deal with coarse quality, but we must have assur-
ed response and a high capacity. Reporting and researching require

higher quality and higher capacity but only assured response.

Each of us, of course, will see our own specific communication
needs in a different light. Indeed, my presentation of the dimen-
sions of our requirements oversimplifies the complexities encoun-
tered in matching a graphic medium to a communication function.
Furthermore, I have ignored two other significant dimensions:

mode of use, which ranges from statis representation to dynamic,
interactive graphics and in the extreme to intelligent, reactive
representation; and dimensionality--representations of variation
in multiple phenomena, multiple spaces, or time.

Now, with this understanding of our requirements we can approach
image processing and computer graphics. I think this shows us a
place to begin our search. I do not know how interested designers
are in creating systems that will match these requirements, but I
hope that at least now we have some idea of what kind of dinner we
can begin to serve, having won the cartographic grocery shopping
contest. Thank you. (Applause.)

MR. TOBLER: Thank you very much, Carl. As an academic, I would
have a question for Harry. How do you convince the government to
give you money for academic research? Are there any questions?

Thank you all very much, and have a good evening. (Applause.)
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DISCOVERING AND EVALUATING SOFTWARE

MR. DEAN EDSON: In order to cover ane of the really dy-
namic dimensions in computer-assisted cartography we have
to, of course, address the subject of software. The or-
ganizing committee has called upon one of the foremost
experts in the field of software to organize and bring

to you a look at the present and the future in software.
Professor Marble is currently on the faculty at the State
University of New York at Buffalo, and has been teaching
at various institutions and has had a number of teaching
assignments in engineering, business, regional science
and geography, and is currently the U.5. member of the
IGU Commission on Geographical Data Sensing and Proces-
sing. Professor Marble received his Doctorate in Geog-
raphy from the University of Washington. We are very
pleased th have Professor Marble here to help us look at
where we are going in the way of software. Professor
Marble?

DR. DUANE F. MARBLE: Thank you, Dean. I will say one or
two things at the start about the organization of the
software sessions today. We are dealing with essentially
90-minute periods. The first hour of each period will be
devoted to formal presentations by members of the panel.
The last third of the time period will be given over to
open discussion. We hope that the members of the audience
will join the members of the panel in the discussion.
There are several explicit topics set forth. The sesions
themselves are ones that I have tried to develop in a
focused fashion. They deal, first, with the guestion of
evaluating and developing software in the field of com-
puter cartography and geographic information systems.

The two following sessions deal with specific research
topics, things that are not yet major and active parts

of the field of computer cartography. 0One of these deals
with raster-based approaches to cartographic processing,
and the other to problems of management of large volumes
of spatial data.

I would like to begin the session on discovering and eval-
vating software by talking a little bit about the devel-
opment of geographic software. I have been hooked on
computers for a long time, and since it is one of those
games people play, to say, "How far back do you go?", I
will note that I was once the author of a facetious little
pamphlet entitled "How to live with an IBM 604 Calculat-
ing Punch," which was a delightful device, and our super-
extended installation had, I believe, 34 characters of
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memory attached to it. We have progressed a great deal
since those days. 0ne of the things that we tend to gloss
over is how fast we have progressed, particularly in the
field of software. This has become evident to us because
of an effort that was undertaken about two years ago by the
IGU Commission on Geographical Data Sensing and Processing
as part of the larger study for the U.5. Geoleogical Survey
that Rupe discussed in his keynote address yesterday,

One of the things we did was to prepare a draft inventaory
of computer software for spatial data handling. This was
an attempt to provide fairly comprehensive descriptions

of program units, giving enough information so that the
reader could find what the unit did and could discover
whether it was transferable, or not, in terms of the par-
ameters of his or her own installation. Our effort uncov-
ered about 320 program units. The program unit was a rath-
er loose definition, ranging from things that, on the one
hand, looked to be on the order of magnitude of the Canada
Geographic Information System, which is & comprehensive
system covering all phases of input, storage, manipulation,
graphic and other types of output, and constituting some-
thing on the order of 120 to 130,000 lines of code, down
to specific subroutine modules, many of which were written
to assist in cartographic operations. O0One of the reasons
for doing the inventory was to try and find out what was
going on, because if we look at the published literature
in cartography we find very little dealing with the types
of things that we must know in order to progress in soft-
ware development. Many of the things that we need are
relatively unknown. This seems a strange thing to say,
but if you cast your mind back on the kinds of things you
do when you start to write a program, you will find that
there are several critical factors. You need to know
something about your data and its data structure. You
need to know something about the algorithms; the processes
that are used. O0One of the things that we found in the in-
ventory was an incredibly high level of redundancy in many
areas. The simple physical problems of carrying out the
inventory were complicated by the fact that we ran out of
six letter acronyms for contouring programs. There are
more contouring programs and interpolation programs than
one would reasonably expect. There is also a great deal
of misinformation about how these work.

In many cases there is no information about how they work.,
Many of the software modules were and still are real black
boxes, their operation understood not by the users or the
proprietors, but in some cases only by system analysts and
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programmers who have long since disappeared from the scene.
At one time in the course of the draft inventory, we fa-
cetiously decided we were going to try and present an a-
ward for good documentation. This soon became in my mind
an attempt to present an award for the poorest documenta-
tion, but we were overwhelmed with candidates, and decided
not to present it at all. Most of the systems and pro-
gram units are very poorly documented. This is one of the
factors that has come to light in practically every case
that we have looked at. 0One of the things that contributes
to the high level of redundancy is that, when one under-
takes software development, one is faced with the problem
of how to do it and finds that there is no library of al-
gorithms for spatial data handling that one can turn to.

Suppose you want to find out how to write a contouring
program. Where do you go to find out what the prior ex-
perience has been, and what is the current state of the
art? VYou will find articles on contouring algorithms
scattered here and there in the literature, some in geo-
physics, some in geology, one by John Davis in the pro-
ceedings of AUTO-CARTO II, and others in places that are
not normally likely to be found by people interested in
cartography.

The common interest in the display and presentation of
space and time dependent data covers a variety of disci-
plines. O0One of the activities of COGEODATA at the present
time is an examination of the methods for handling space
and time dependent data in a variety of disciplines such
as geocgraphy, geology, meteorology, soil science, space
science, chemistry, physics, and certain areas of math-
ematics which are particularly susceptible to graphic dis-
play. But the literature in these fields is not really
open to people in other fields. If 1 wanted, for example,
to examine the soil science literature to try and find out
what they have done on the display of spatial data, I
would, quite frankly, not know where to start. O0One of the
things we hope to do in the course of the current inven-
tory operation is to point out where things are happening
and to try and identify some of the more interesting ex-
isting algorithms.

The draft inventory was completed in March, 1976 and with
the sponsorship of the U.S. Geological Survey, the Commis-
sion is currently updating and extending the inventory.
Outside the door there is a small information sheet which
discusses the structure of the previous inventory and the
kind of things we are trying to do in the present one.
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It is also an invitation to assist us. We need help, be-
cause the only way we are going to find the types of in-
formation that we require is through individual contact,
hopefully with each and every one of you. You are here
because you are interested in computer software and in-
terested in spatial data handling. I am sure that in this
audience there is probably a volume of software undiscovered,
at least as large as that reported in the original inven-
tory. We have been working aon the inventory for several
months, and have already identified enough new entries

to cause us to considerably expand the scppe of the final
presentation. We had originally thought we would pub-
lish a volume, and that now begins to look as if we may
have some difficulty in publishing it-in three volumes.

Another thing that we are trying to do on this pass
through the system is to cover an allied area which is
not programs, but rather, cartographic bases in digital
form. We received many requests from people interested
in cartographic base files, typically something on the
order ofWorld Data Bank One. There are a lot of organ-
izations and individuals engaged in producing these files
today, and many of them are essentially in the public
domain or could be placed there with little effort. But
no one really knows where they are or what their char-
acteristics are. So, in addition to the programs, we

are going to attempt, at least in passing, to cover those
cartographic data bases that have come to our attention.

The inventory results, as I said, will be presented in

a8 series of published volumes which will be available
about the end of next year. We are also working with

an interagency advisory committee on the operations of
the inventory, and after we have completed our initial
efforts, there will be a special workshop held in Wash-
ington, D.C. for staff people from a number of the fed-
eral agencies to examine and discuss our results. I
would like to invite your cooperation in this inventory
since I think it is an effort that is valuable to all of
us. If we can eliminate some of the redundancy and if
we can make it easier to find out what others are doing
in the area, I think we may begin to progress far more
efficiently than we are presently. We have gone through
a long, slow period of development. The development path
in time follows the typical S-shaped curve, and we have
now gone past the bottom inflection point, and we see
the field of computer cartography developing rapidly in
depth and complexity. Without some central source of
information such as the inventory, it is going to be
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very easy for us to waste significant guantities of re-
sources in the future.

Qur panel members today were chosen to talk about some of
the problems that people face today in trying to find out
about software and how it can be incorporated into a sy-
stem design. The first speaker is Mr. Carl Reed. Carl
is with the Western Governaors® Policy Office in Colorado,
a 14-state organization which is currently carrying out

a system design study for the U.S5. Fish and Wildlife Ser-
vice. Carl will talk to us about some of the experiences
they have had in trying to examine existing software and
evalvate it in the light of their systems needs. Carl?
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EVALUATION AND SELECTION OF
EXISTING GIS SOFTWARE FOR THE U.S. FISH AND WILDLIFE GIS

ABSTRACT

The purpose of this paper is to present the results of and lessons
learned from the evaluation of geographic computer software as part
of the development and implementation of a U.S. Fish and Wildlife
Geographic Information System. The main emphasis of the evaluation
was on cartographic software, since many of the analysis functions
are unique to the U.S. Fish and Wildlife Service. The evaluation
was done between March and July 1977. The evaluation criteria

were based on a five-month user needs assessment. Originally, 85
systems were discovered. Lack of documentation narrowed this field
to 52. Detailed descriptions were prepared for these 52 systems.
Each system was then evaluated in terms of 1) operational character-
istics, and 2) functional characteristics. This initial evaluation
further narrowed the field to 11 complete systems and 14 partial
systems. The next phase of the evaluation centered on such things
as 1) in-Tine code, 2) functional characteristics, 3) interface
difficulties, and, 4) level of documentation. From this evaluation,
we have been able to obtain some of the software (about 30%) re-
quired to implement the U.S. Fish and Wildlife Information System,
which is now known as MOSS (Map Overlay Statistical System).

1.0 INTRODUCTION

1.1 Goal of Project

This Geographic Information System project is sponsored by the
Western Energy and Land Use Team (WELUT) of the U.S. Fish and Wild-
1ife Service (contract #14-16-0008-2155) to promote more effective
consideration of the impacts on fish and wildlife resources from
land, energy, mineral and water development.

The goal of this two-year project is to develop an operational capa-
bility within the U.S. Fish and Wildlife Service (FWS) to accept,
store, manipulate and output spatially-related data for use in a
variety of FWS programs. This includes not only the data that has
been and will continue to be collected by the FWS, but also includes
data available in computerized and non-computerized data files of
other federal and state natural resource management agencies.

This goal is to be achieved by attempting to minimize development
of new computer software for the display and analysis of map data.
The project started on a prototype basis within selected test ap-
plications and will broaden to other applications.

The primary users of this system in its developmental stages are in
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the Billings Area Office (BAQ), WELUT, and the Region Six office.
The biologists in these offices are faced with the weekly task of
assessing the wildlife resource impacts of various land use changes.

1.2 Description of Major Tasks of the Project

It is helpful to outline the seven major tasks of this project.
This report falls within Task II.

Task I Assess the spatial data needs of three groups of users:
1) the Denver Region Six offices of FWS, 2) the Billings Area
O0ffice within Region Six, and 3) Special Projects of the Office of
Biological Services. Development of a preliminary system design
based on these needs.

Task II Survey, assess, and compare existing computer software
systems and geographic data bases which are relevant to FWS de-
termined needs. This may include federal, state, and private soft-
ware and data bases. :

Task IIT  Develop an interim software system and test data bases(s)
covering the pilot test area(s). (WELUT Montana-Wyoming test area).

Task_ IV Benchmark-test and evaluate the most promising geographic
information system software as determined from Task II.

Task V Integrate and implement the selected software system on
a government computer as determined by FWS-WELUT (presently, it is
a CDC CYBER 172). ’

Task VI Test and debug the new FWS-WELUT geographic information
system and document it with both users and technical manuals.

Task VIT  Train FWS personnel in the applications, use and Timit-
ations of the system. This task will be on-going throughout the
project.

As we shall discuss later, for a number of reasons, Task IV has
been dropped.

1.3 Purpose
This report presents the results of the initial evaluation of

the "off-the-shelf" computer software for possible inclusion in the
U.S. Fish and Wildlife GIS. This evaluation was based on three pre-
vious efforts:

A five-month User Needs Assessment (Project Report 1.1)

1)
2) A General GIS System Description (Project Report 1.2)
3) A Detailed GIS System Description (Project Report 2.1).
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Based on the user needs assessment, the GIS is visualized as con-
taining four major sub-systems. Each sub-system in turn is com-
prised of other modules (Figure 1). The FWS-GIS must operate under
certain operational constraints and must perform certain logical
functions. This initial evaluation of existing GIS
software was based on 1) operational criteria, such as programming
language and documentation, and 2) functional criteria, such as,
does the software do polygon intersection. Both operational and
functional criteria had to be considered. Suppose a piece of
software were not operational on a favored computer, but the funct-
ion it performs is vital to meet FWS requirements. This software
package then received a higher rating.

2.0 THE CRITERIA USED IN EVALUATION

As mentioned above, two sets of criteria were considered.
“Operational"” criteria refer to the general hardware/software
characteristics of a particular program. "Functional" criteria re-
fer to the actual logical function(s) or tasks performed by a piece
of software. The initial evaluation and selection process was based
primarily on the operational criteria. A second evaluation was
based on the functional capability criteria alone. This two-phased
selection process was followed to allow the large number of GIS pro-
grams to be systematically evaluated.

Table 1 presents the operational criteria for the FWS-GIS. The
definition of operational criteria was constrained by the fact that
FWS (Region Six) must use either a Data General Eclipse or a CDC
CYBER for a mainframe. FORTRAN was selected as the favored language
because it is universally applied and generally understood in the
GIS user community. The remainder of the operational criteria are
based on FWS user specifications, good programming practices, or
software transportability considerations. The functional criteria
whiqp gffige required display capabilities of the system are listed
in Table 2.

3.0 THE SYSTEMS EVALUATED

Concurrent with the user needs assessment and preliminary system
design, documentation was gathered on existing GIS. For the purpose
of this project, a system is defined as any piece of GIS software
that performs more than one unique GIS function, such as data input,
data analysis, and data display. The reason for this division is
to separate single-purpose software from multi-purpose GIS software
in order to keep the number of systems to be evaluated as small as
possible. However, some stand-alone packages were considered for
unique capabilities.
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Figure 2 Operational Criteria for Software Evaluation

Hardware environment (most to least preferred)

1. Data General/Nova Eclipse

2. (CDC

3. UNIVAC

4. IBM

5. Interdata

6. Digital Equipment Corp. PDP II or PDP 10 series

Programming Language (most to least preferred)

1. FORTRAN 1V
2. FORTRAN V
3. BASIC

4. (COBOL

5. PASCAL

6. ALGOL

7. other

Available Documentation (most to least preferred)

application, user, technical, and implementation instructions
application, user, and technical

application and user

application

B wny —~

Modularity of software

yes modular
no non-modular

Operation environment (most to least preferred)

interactive (end user operated)
batch (end user operated)
interactive (analyst operated)
batch (analyst operated)
interactive (programmer operated)
batch (programmer operated)

AN WN —

Cost of software - Given comparable levels of performance between
programs, the least expensive is most preferred.

Machine independence - the greater the degree of machine independence
of a program, the more it is preferred for further evaluation.

Any "off the shelf" program requiring exotic libraries will receive
a Tow priority as to its usefulness to FWS.

Whether the software included all necessary modules for a "complete
system" input, data base management, spatial analysis, output, and

user interface support.
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COMMAND
*ACTIVE

DEVICE = LINE PRINTER
PRNTR/PLTR
PLOTTER
SCANNER
TAPE
DISK

*DISPLAY 1,2.3,...N

*ERASE
*BLOWUP
PROJECTION
*W INDOW

*RESET

*SYMBOL

*LINE

*SHADE

*CONTOUR

TABLE IX
FUNCTION

What maps, or parts of maps, are currently
active (i.e., can be manipulated and dis-
played)

Assign a display file to a peripheral
other than a CRT so that alternative
hardcopy options are available for map
display.

Display a set of maps on some output de-
vice (see the DEVICE command). These
may be either line or cell maps.

Erase the CRT
Magnify a portion of the CRT
Change the map projection

Manually set a viewing window for display
purposes

Reset the viewing window to the data base
default

Generate a symbol map for point data.
Somewhere between 20 and 35 symbols are

to be available, including the most com-
monly used cartographic symbols (churches,
swamps , and so on).

Generate a line map utilizing different
map symbologies. These are 18 dash types,
railroad tracks, and thickened Tlines.

Generate a choropleth map (discrete
shading) with ability to rotate cross-
hatch 1ines and either have the program
or the user set the class interval in-
formation.

Generate a contour map from either point
or grid data.
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LABEL

LEGEND

THREE-D
*TESTGRID

*GRID

Place label information on a displayed
map.

Generate a map legend with 1) title,

2) north arrow, 3) scale, legend to label
information, 4) different fonts, and 5)
either tic marks or a grid overlay. (Note:
LABEL and LEGEND will require software
generated characters).

Three-dimensional block diagrams

Draw a grid overlay on a map of user-
specified size.

Point-to-grid interpolation

*Commands with an asterisk are presently operational (8/11/78).
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References to different systems came from many sources, including
the IGU (1975), McDonald (1975), Power (1975), and from personal
experiences of the staff. For each system, documentation on actual
system applications, users manuals, and technical manuals were ob-
tained where available. The documentation search ended July 15,
1977. Eighty-five different systems had been defined. Of these

85, we obtained sufficient documentation to write two 5-page stand-
ardized descriptions on 52 systems. The standardized descriptions
were used as the information base for evaluation.

4.0 EVALUATION PROCEDURE

Only the 52 systems with sufficient documentation were further
considered,since undocumented software generally are not portable.

A set of the standardized system descriptions were prepared and
distributed to several technical and managerial staff. Each in-
dividual was given a week to read and relate each system to first,
the operational, and second, the functional criteria. Based on

this evaluation each individual decided whether a system should be:
1) considered further for adoption, 2) considered only for functions
or algorithms, or 3) dropped from further consideration.

At the end of the week, the group convened to compare the results
of individual evaluations. Each system was discussed and voted on.
A summary table was prepared of the results and is available in a
project report. In some cases, local modifications to the systems
will result in characteristics different from those shown in the
summary table. The summary should then be viewed as an overview of
some of the geographic information systems.

Originally, the evaluation was intended to be purely objective,
quantitatively based on the operational criteria. However, in real-
ity, this initial selection process was both an objective and sub-
jective decision process, due to trade-offs in the operational and
functional characteristics of each system. A quantitative number
could not be derived that would adequately reflect all the compon-
ents of the evaluation process. Thus, the final decision became

one of professional judgement.

5.0 SUMMARY AND FINDINGS OF THE INITIAL EVALUATIONS
Based on the initial evaluation, eleven complete systems and

pieces of fourteen systems have been selected for further study.
The eleven complete systems are:
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COMPIS -Comarc Corporation

CRIS -BLM

CMS-11 -Department of Commerce

EPPL 4 -Minnesota Land Management Information System
GIMMS -University of Edinburgh, Scotland

LUMAD -USGS Geography Program

ORRMIS -0ak Ridge National Lab

PLUSX - PLUS2 -University of Western Ontario

WRIS -U.S. Forest Service

CONGRID -U.S. Forest Service X

MAPDRAW -Fish and Wildlife Service

The partial systems varied from complete modules to algorithms.
6.0 PHASE II EVALUATION

Both the eleven complete systems and the fourteen "selected
functions" were then analyzed in more detail.

Actual systems architecture and program code were studied to deter-
mine the transportability, programming techniques, and efficiencies
for each system. The pieces of software that rank highest in this
evaluation form many of the basic units for the FWS-GIS.

6.1 Phase Il Evaluation Procedure

The actual code and additional documentation were obtained for
the eleven complete and fourteen partial systems. Two complete
systems were immediately dropped at this point. For one, the master
backup tape was not readable and for the other, because it was a
commercial package (WELUT had made the decision not to purchase com-
mercial software).

The remaining systems were then evaluated on:

1) in-Tline documentation

2) adherence to ANSI standards

3) user interface procedures

4) options available for a given function

5) did a given function in a given piece of software really do what
the Fish and Wildlife Service needed

6) modularity of code

7) did the code Took extremely inefficient

8) potential interface problems when integrating into a larger sys-
tem

9) core required

0) types of data they could handle (point, network, polygon, and/or

text)

113



Each piece of software was evaluated given these criteria. On the
basis of this evaluation, it was discovered that no system fulfilled
even half of the U.S. Fish and Wildlife requirements. Therefore,
every system dropped to partial system status. Of the now 26 partial
systems, 12 were dropped due to the lack of proper documentation and
a complete disregard of both modern and standard programming conven-
tions. We are now left with 14 partial systems from which to draw
software.

7.0 PHASE III EVALUATION

Initially, the chosen systems were to be benchmark-tested. These
benchmark tests were to use a standard data set to test the ease of
use, efficiencies, and costs of using the different systems. How-
ever, for various reasons, the benchmark testing is not being done.
These reasons are:

) insufficient time

) insufficient manpower
)

4)

W=

thesystems are too diverse in their data requirements
budget considerations in the project.

The decision not to do the benchmarking is understandable. Given

previous attempts by other groups and given the reasons above, re-
sults of any benchmark testing would have been either meaningiess,
disastrous or both. I can only caution others who are considering
benchmarking to have the time, money, patience, personnel and en-

durance required of such an undertaking.

8.0 SUMMARY, LESSONS LEARNED

The major finding of the software evaluation is that no system
fulfilled even half of the U.S. Fish and Wildlife requirements for
a geographic information system. The second major finding is that
only a small percentage of existing GIS and cartographic packages
are sufficiently documented to merit the stamp "transportable".

The impact on our project is that we have to do much more design
and programming than we originally intended.

During the evaluation we learned several things:

) the evaluations took much longer than expected;

) no matter how one tries, objective evaluation is not possible;
)

4)

W N =

personal bias and ego can almost completely block effective
evaluation;

what the documentation says and how the system performs may be
two different things;

5) much cartographic software coding is "primitive";
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6) cartographic and GIS software standards are many years behind
MIS and other industry software standards;

7) the political atmosphere of the organization within which one
works can effect the evaluation;

8) quite often a piece of software may look very useful, but due
to tricky programming, or lack of in-line comments, or lack of
subroutine specifications, or machine dependencies, it cannot
be used.

Based on these findings, I would Tike to suggest that when prepar-
ing for and doing software evaluations:

a detailed Tist of system requirements be formulated;

do not fall for the "my system does everything you need" hard
sell;

have a committee with people from different cartographic, re-
mote sensing, and GIS backgrounds do the evaluations;

know your organization environment;

prepare detailed system evaluation criteria (in case your de-
cisions are questioned);

consider cost, time of transport and implementation, ease of
use, and maintenance;

be prepared to take more time than desired;

be prepared not to find a complete system that meets your needs.

(2l w N =
Lo = e e e

o~ O

Lastly, and perhaps most importantly, be ever wary, do not be overly
optimistic, and do not Tet people press you into making a hasty de-
cision.
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DR. MARBLE: Thank you Carl. I would 1ike to underline one point
that you made in your discussion, and that is the question about
the availability of code from commercial sellers of software in
this area. We talk to an awful lot of people, many of whom are
end users of this type of thing. I will say that one of the things
that seems to bother a lot of them is that they do not 1ike buying
something that they cannot see. Many people treat their code as
proprietary. I think that this in the long run is probably in
error, but probably not as much in error as one system salesman
who is even treating his system documentation as proprietary, so
that if you buy it you cannot even see the documentation

Our next speaker from the panel is Dr. David Cowen. David is with
the Geography faculty at the University of South Carolina during
the current year he has been on leave and attached to the Divi-
sion of Research and Statistical Services of the State of South
Carolina. He is in the process of initial design of the statewide
information system, and an examination of other systems in the
southeast. David?

DR. DAVID COWEN: Thank you, Duane. The purpose of this paper is
to report on how five states are coping with the promises as well
as the frustrations associated with automated methods of cartog-
raphy and analysis. It will describe existing software activities
in the five states. However, it will also attempt to conceptual-
ize the process by which agencies with statewide responsibilities
get involved in the business of automated cartography. The paper
is based on the results of a survey of resource information systems
in the Atlantic Coastal states stretching from Virginia to Florida
which was conducted for the environmental affairs section of the
Coastal Plains Regional Commission.

The survey, which spanned more than a year, consisted of both a
mail-out questionnaire and a series of on-site visitations. My
first conslusion is that questions relating to spatial data handl-
ing cannot be easily handled on a written questionnaire. Our on
-site visitations often revealed things about operations that would
not have been possible from the written response; both understate-
ments and exaggerations indicated on the questionnaire became evi-
dent during the interview process. Perhaps a major problem could
be solved, or at least alleviated, by correctly identifying the
appropriate personnel tc answer the questionnaire. Responses
seemed to vary systematically between administrative, production
and systems people.

It should be recognized that state government bureaucratic struc-

tures are likely to be more politically entangled than those at
either the federal or local levels. In state government redundancy
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and overlapping responsibilities abound. Based on my experience,
this is especially true in the fields dealing with natural re-
sources. Responsibilities are rarely clearly or adequately de-
fined. Agency decisions are based on the growth potential of the
agency itself, rather than on demand or efficiency. Concurrent
with the goal of self-aggrandizement, is a basic conservative na-
ture of the agencies that mandates for failures to be avoided at
all costs. Any discussion of state wide geographical data proces-
ses must be constrained by these assumptions.

Applications of automated cartography, in particular, and geograph-
ical information systems, in general, in the five Coastal Plains
states are limited essentially to six groups of distinct activi-
ties. Three of these are located in Florida, with one each in
Georgia, South Carolina and North Carolina. Except for a few activ-
ities at the highway department and some experiments at VPI, Vir-
ginia tends to be sitting back and observing what the other states
are doing. This probably is related to Virginia's excellent USGS
Cooperative program and the elimination of its Department of State
planning. The six ongoing operations can be grouped as follows:
two largely in-house developmental efforts at universities: these
are at Florida State and my own university, the University of

South Carolina. There are two commercially obtained stand alone
mini-systems. One is a M & S system at the Florida Highway De-
partment, and the other is a COMARC system at the North Carolina
Land Resources Information System. There are also two operations
that are closely Tinked to federally developed data bases and soft-
ware. One is a USGS LUDA based operation at the Florida Division
of State Planning, and the other is the only truly operational
LANDSAT data processing center in the region. The latter is sup-
ported by the Georgia Department of Natural Resources, and is
located at Georgia Tech. I have a few copies of a handout which
describes these six operations in terms of concept, hardware,
software and future development.

Instead of going through these descriptions, the remainder of the
paper will deal with what I believe are some crucial issues in
terms of automated cartography and information systems as viewed
from the state government perspective.

One overwhelming conclusion derived from our survey is that any
involvement of a state government in automated cartography should
come only after a set of serious questions have been asked and
some serious research to seek answers has been attempted. This
has rarely been the case. Before setting a program, a state must
ask itself why it wishes to become involved with automated cartog-
raphy in the first place. Most of the people in this room may
view this as a trivial question. After all, "Isn't automation
necessary to get the job done better, faster or cheaper?" 1
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suggest that any honest appraisal of the question would raise seri-
ous doubts. For all of its glamour, the actual, day to day opera-
tion of automated cartography, at the state level, has a pretty
miserable track record, and consequently it still must be consid-
ered a risky business. Furthermore, institutional considerations
represent considerable barriers to the successful implementation of
even the best conceived plan. For example, automation is certain to
disrupt interagency relationships. It may be viewed as a direct in-
sult to existing manual operations, particularly those in powerful
highway departments or geological survey offices. It also requires
the sharing of data among rival agencies. There also remain the
more obvious and measurable costs in terms of capital and personnel
expenditures involved in automating.

It can be argued that, with but few exceptions, states have been
badgered into the business of automation as a result of federal ini-
tiatives or federal demands. It has been estimated that there are
now more than 130 different pieces of federal legislation that de-
mand display and analysis of various land and water related data.
When translated to the state level in the Coastal Plains Region, the
requirements for the Coastal Zone Management Act, EPA 208 planning,
and environmental impact statements have severely stretched the data
processing capabilities and the resources of the states. Thus,
states often find_ themselves being unwilling consumers of federally
sponsored programs. When existing data, maps and analytical tools
are found to be sorely lacking, automation is offered as a flashy
means for overcoming deficiencies.

The next topic to be addressed concerns the manner in which a state
agency actually gets started in the business of automated cartogra-
phy. I suggest that there are three alternatives:

1. a push by a university;

2. a push by an ambitious individual within state government who has
the proper political connections;

3. an orderly development process whereby statements of objectives
and system components are a logical outgrowth of a careful assess-
ment of needs.

The first two approaches prevail by a wide margin over the third.
Computer cartography is now a common part of a university curric-
ulum. Universities, especially state supported ones, love nice
public service functions with high visibility. Appropriate agency
personnel, often ex-students themselves, are easily convinced to
channel some money, in the form of grants, to the university cof-
fers. The university can easily conceal the high cost of research
and development and usually it can produce some pretty good proto-
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research and development costs, little or no opportunity to evalu-
ate your products, no benchmarks, and 1ittle technical support.

The second approach to software procurement involves a search in
the public domain. Geographical information system software is
available from numerous sources such as those Tisted in the Inven.
Although this approach may minimize initial capital expenditures
it suffers from lack of support, poor documentation, pdor evalua-
tion procedures, high implementation costs, and a lengthy opera-
tionalization period.

The third procurement alternative involves sending out an RFP to
commercial vendors. This is exactly the approach both the Florida
High Department and the North Carolina Land Resources Information
System followed when they obtained their M & S and COMARC systems,
respectively. In fact, it may be argued that this is the only
logical and legal alternative that a state may have. State law
often forces agencies to put out RFP's, obtain three responses to
a bid, and go through an evaluation process. Unfortunately, the
use of commercial software requires considerable faith in the ven-
dor. It also locks one into a particular method of performing
functions and may be unable to manage the masses of data that fre-
quently develop over time. Furthermore, many commercial vendors
refuse to provide source code that greatly restricts the ability
to modify functions or plan for future system designs. Finally,

I will leave you with a question, concerning the resolution of

the problems provided by the third alternative, that is near and
dear to me at this time. Where does one find commercially avail-
able software that can be evaluated, installed on an existing

main frame, is available in source code and will be supported? 1
suggest that there are presently very few alternatives on the mar-
ket.

The six activities in the five states of the Coastal Plains Region
are still in their infancy. I believe that they offer an interest-
ing set of diverse case studies which should be observed carefully
over the next few years. Hopefully, we will have some more light
to shed on these state level perspectives on geographical data
handling at AUTO CARTO IV.

THANK YOU.
(APPLAUSE. )
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APPENDIX

Recent Geographical Information Systems in the Coastal Plains

1.

Florida Department of Administration, Division of State Plan-
ning--Information Systems Section.

a.

Concept: The system is the only geographical information
system in the region based primarily on the USGS LUDA data
base. The Information Systems Section has put together a
hybrid set of display and analytical programs. The group
is currently producing Tand use area calculations for each
county and developing analysis of land use by soil type
for drainage basins.

Hardware: The system runs on the CDC-CYBER 74 Computer at
Florida State University. Communication is handled via a
Tektronix 4013 graphics tube and two NCR terminals. A UNI-
VAC printer and Tektronix 4954 digitizer, with a 30" x 40"
table complete the in-house system. The system utilizes an
11" Gould 80 dot/inch electrostatic plotter and a 22" Ver-
satec 200 dot/inch electrostatic plotter at FSU.

Software: The base for this system is the automatic poly-
gon building program from the USGS. The program takes LUDA
arc segments to construct the necessary polygons. The pro-
gram has been modified to detect and correct some additional
errors. Other programs have been developed to create addi-
tional files, perform simple interactive editing functions,
merge adjacent sheets and convert to other coordinate
systems.

Some particularly innovative software converts arcs to ras-
ters for area calculations and polygon overlaying. Graphic
display, until recently, has been limited to packages such
as AUTOPLOT, however, now they have developed their own
plotting functions. A1l programs are in FORTRAN, however,
they are not presently well documented.

Future Developments: The group is presently working on the
development of a grid cell to polygon conversion program
and examining the utility of the Defense Mapping Agency's
digital terrain tapes.

. Florida Bureau of Coastal Zone Planning and the Florida Re-

sources and Environmental Analysis Center (FREAC).

a.

Concept: FREAC, which is part of the Geography Department

121



at FSU, is a software subcontractor to the Bureau of Coastal
Zone Planning. Using maps derived from color aerial photog-
raphy from the Department of Transportation, the group is
digitizing bio-physical data for the coastal zone. The pur-
pose of the project is to produce an inventory of land use.

Hardware: This system is also connected to the FSU CDC-
CYBER 74 computer which is accessed via Tektronix terminals
and digitizers at both installations. The Gould and Versa-
tec plotters are the basic display devices.

Software: Since the basic function of the system is area
calculation the data areas are double digitized. For graph-
ic display they have developed a procedure to "desliver"

the overlapping line segments. Programs also exist to con-
vert polygons to grid cells and alter coordinate systems.

Future Developments. There is a close working relationship
between FREAC and the Department of State Planning Staff.
Since programs developed by the two groups exist on the
same computer there is easy interchange. Consequently,
they often work together in the development of new programs
that improve the system capabilities.

3. Florida Department of Transportation, Division of Road Opera-
tions-Remote Sensing Section.

a.

Concept: This group maintains one of the most fully inte-
grated systems in the Region. They have recently installed
a highly sophisticated interactive graphics system. This
system is used to supplement a full range of geographically
related operations (e.g., stereoplotting, county highway
map production, land use and vegetation mapping). The sys-
tem is considered to be the final stage of a process that
begins with aerial photography, and includes photographic
processing and photo-grammetric engineering.

Hardware: The basic configuration consists of a fully in-
tegrated interactive graphics design system which was pur-
chased from M and S Computing, Incorporated. The system is
based on a Digital Equipment Corporation (DEC)PDP 11/70
mini-computer. There are two disk packs and a disk data
scanner attached to the CPU. Each of the five digitizing
stations is basically equipped with two Tektronix graphics
terminals and Summagraphics digitizers which have extensive
menu capabilities. A large flatbed, Kongsberg drafting
table is the main plotting device. The office also posses-
ses a Spatial Data 704 color image processor.
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c. Software: The key part of the software is an extensive set
of modular programs which are addressable through the key-
board or the menu. The programs have considerable internal
documentation and conversational language commands. The key
programs for geographical applications consist of: inter-
active construction of geometric elements, with up to 32
line weights, which can be created by digitizing or by draw-
ing directly on the screen; graphic manipulation; geometric
element grouping; selective display modes; geometric meas-
urement, Tine drawing and symbology; automatic dimensioning;
and an elaborate text system, with up to 255 different
fonts. (Geographical applications are considered by M and
S to be simply a subset of the general graphics problem).

d. Future Developments: The Department plans to add digital
linkage of the color image processing system to the M and S
network. This will enable them to automatically classify
and digitize land cover characteristics from photography.

M and S is developing additional geographical software for
the Department. The major part of this involves polygon
overlaying capabilities.

4. South Carolina Consortium (Coastal Zone Planning Office, Budget
and Control Board--Division of Research and Statistical Services,
Land Resources Conservation Commission, and USC Computer Ser-
vices Division).

a. Concept: Over the past four years the USC Computer Ser-
vices Division has developed an extensive high quality dig-
itizing, editing and plotting system. This system has pri-
marily been employed to produce updated USGS quad sheets
for the Coastal Zone. The sheets were developed from or-
thophoto quads and new aerial photography. The system now
consists of a complex set of display and analytical proced-
ures. By digitizing soil survey sheets, the Land Resources
Conservation Commission is utilizing the system to produce
composite soil maps at the quad sheet scale.

b. Hardware: The system runs on the University's IBM 370/168,
which is augmented by 7 megabytes of real core and a mass
storage unit. There are two Bendix digitizers on-line to
the 370. Access and manipulation functions are conducted
on Tektronix terminals, Telray CRTs and a Princeton graph-
ics terminal. The graphics hardware consists of a CALCOMP
738 flatbed plotter and a 21" Gould electrostatic plotter
that runs on-line through a DATA 100 remote job entry ter-
minal. The graphics hardware consists of a CALCOMP 738
flatbed plotter and a 21" Gould electrostatic plotter that
runs on-line through a DATA 100 remote job entry terminal.
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Software: The programs consist of about eighty modules,
written in APL. Permanent data storage is contained in IMS
and retrieved through APL. A key feature of this system is
the ability to access the functions and edit from remote
terminals via telephone. The graphics system was original-
ly designed to digitize and display line segments. Each
Tine was considered to be a boundary between two areas (e.g.,
Tow marsh to high marsh). Lines were stored with two labels
and could be retrieved as desired to produce a set of over-
lays or a composite map. Symbolizations and labels were
entered through the digitizer. Programs were developed to
scale, window, merge, plot various line types, and perform
selected editing functions. The system now has evolved into
a more extensive information arrangement. At present, poly-
gons can be formed by double digitizing. Other procedures
have been developed to form polygons interactively from the
existing line segment data base. An extensive set of soft-
ware packages are also available. These include: SYMAP,
CALFORM, SYMVU, AUTOMAP, SURFACE II, STAMPEDE, GRID, GRIDS,
and POLYVRT.

Future Developments: The S. C. Consortium has a number of
procedures in the Developmental stage. These include auto-
matic polygon construction and polygon overlay. They are
also involved in several demonstration projects with NASA.
Plans are presently underway to install LANDSAT processing
software and make it part of the overall system.

5. North Carolina Land Resources Information Service.

a.

Concept: The North Carolina Land Resources Information Ser-
vice evolved as part of the 1974 Land Policy Act. The mis-
sion of the Service is to provide the necessary geographic-
al analysis and display capabilities for practically any
conceivable application. After developing an extensive re-
quest for a proposal, the group surveyed the private market
for a total integrated stand-alone system eventually decid-
ing upon COMARC Design Systems. This system has recently
been installed and has begun functioning. The service plans
to use the system for numerous projects, such as EPA 208.
The philosophy of the service, however, is to allow individ-
ual agencies to utilize the system themselves for their own
specialized requirement. DMA digital terrain tapes have
been obtained and a one degree square is being analyzed.

Hardware: The system is based on a Data General Eclipse
mini-computer with 128 KB core storage and 96 MB disk space.
Peripherials include a 9 track tape drive, 300 line/minute
printer, a Data General CRT, a Tektronix graphic terminal,
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a Zeta drum plotter and a Talos digitizing station.

Software: The COMARC approach is to provide a full range
of data input modes (e.g., polygons, grids, and topography).
These data can be stored, manipulated and displayed in a
variety of manners. The software consists of two conversa-
tional packages. The first, DBI (Data Base Implementation),
handles the functions necessary for creating the file. The
second, COMPIS (COMARC Planning Information System), handles
the analytical and display functions. The software has ex-
tensive manipulative and transforming capabilities. Its
polygon input format was based on double digitizing, however,
the company has developed the ability to read LUDA arc
files. The analytical aspects of the software relies on
polygon to grid and grid to polygon conversions. The lat-
ter procedure being a recent addition to the system. The
system also incorporated a polygon overlay system and ex-
tensive reporting procedures. Topographical data can be
input from grids or directly by digitizing contour Tines.
Innovative programs convert the contour into grids which
can be employed to calculate aspect, slope, drainage, cut
and fi1l and view exposure. The three dimensional perspec-
tive plot has an option for overlaying polygons for refer-
ence. Polygon plots are typically enhanced manually with
the aid of color markers. The company considers their
software to comprise an analytical system first, and a car-
tographic system second. The software is Ticensed and not
distributed in source code.

Future Developments: The North Carolina group has request-
ed COMARC to upgrade some of their display programs. They
also plan to incorporate LUDA and LANDSAT classified tapes
as part of their system. Future plans call for several
additional digitizing stations.

6. Georgia Department of Natural Resources--Office of Planning and
Research, and Georgia Tech Department of Experimental Engineering.

a.

Concept: These groups have established the only truly opera-
tional LANDSAT computer tape processing system with the Re-
gion, at the state level. They are presently experimenting
with the use of LANDSAT as the basis for an integrated sys-
tem. This system will include a wide variety of other data
formats. At present, they are also planning an extensive
test of these procedures for one county. The group is in-
volved in producing statewide land cover maps and EPA 208
projects for several regional planning organizations.

125



b. Hardware: The system is based on a Data General NOVA 2
mini-computer, with 32 KB core storage. There are two disk
packs and a dual density tape drive. The system uses a
COMTAL color image processor and a Versatec electrostatic
plotter. This configuration is one of the least expensive
LANDSAT processing systems.

c. Software: The key components of this software relate to
LANDSAT data processing. These procedures consist of a hy-
brid of NASA's classification and geographical referencing
programs. The software permits a compliete set of inter-
active analysis of the data on the COMTAL unit. Graphical
display programs include IMGRID, from Harvard, and other
plotting procedures.

d. Future Developments: The experiments planned by this group
should provide excellent information regarding the compara-
tive merits of LANDSAT and LUDA. The intensive experiment
within one selected county are designed to obtain detailed
cost and manpower requirements.

DR. MARBLE: Thank you, David. That was an illuminating
discussion on some of the problems that are faced in a sta
getting into this type of activity. One of the things tha
both Carl and David have underlined is the difficulty of
evaluating existing software. This is something that we
originally thought of doing as part of our inventory, and
soon stopped for many aof the reasons that Carl outlined,
because it is very difficult to design any type of & bench
markwhich is usable on more than one or two systems. They
have widely varying requirements for data in terms of form
quality, data structures, and, in many cases, the productit
of the benchmark information for evaluation would be more
work than reproducing or rediscovering the software itself
The evaluation of software as a computer science topic is
a very recent development, and the notion of a software
science is a new one. There are techniques being devel-
oped, and it is hoped that within the next few years uwe
will be in a better position to design benchmark tests for
much of the spatial data-handling software.

The final speaker from the panel is Or, Kurt Brassel, a
colleague of mine from the faculty at Buffalo. Kurt re-
ceived his training in cartography in Switzerland, and has
been particularly interested in the development of algor-
ithms for work in computer cartography. He is also in char
of the section of the inventory dealing with computer car-
tography and computergraphics. Kurt?
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FUTURE TASKS IN CARTOGRAPHIC SOFTWARE DEVELOPMENT

DE. KURT BRASSEL, Department of Geography, State University of New
York at Buffalo.

The Author has participated in the activities of the IGU Commission
on Geographical Data Sensing and Processing to compile an inventory
of computer software for geographical data handling; in particular
I have been in charge of mapping and display procedures. Based on
these experiences, this paper points out some unsolved problems or
problems which the author at this time does not know solutions for.
I am not a forecaster; I am presenting a very personal view based
on my background and my special interests in the field. I am pre-~
senting questions rather than giving answers. I would not be sur-
prised that if during this conference someone would tell me, "Well,
the future you are talking about is today."

I would like to compare the development of automated mapping with
the civilization of a continent and distinguish the following three
phases:

DISCOVERY
SETTLEMENT
LAW AND ORDER

Overall, I would assume that computer mapping today is in the
settlement phase, and the unofficial theme of this conference:

"Let us Computer Cartography Bring to Work" is a good indicator of
this. Of course, discovery processes should go on simultaneously.
On the other hand, some efforts to set up standards for computer
graphics are under way, an indication of first elements to establish
a state of law and order.

It is my contention that traditional cartography as an overall
discipline has reached a state of 'law and order.' This has caused
some problems in the past in that cartographers have not been en-
tirely in charge of developments in automated map production, and
non-cartographers have been active in the field. The activities of
these cartographically untrained outsiders may be labelled as "map
mechanics', and their products were quite often below traditional
cartographic standards. But we are now in the phase of settlement,
and the need for remarrying map perception and advance map mechanics
is generally recognized. Thus, where do we stand today, what is
needed, what are the tasks and developments ahead with respect to
cartographic computer software? Our future efforts have to be di-
rected toward problems on various levels. The following list summa-
rizes the several points which will be addressed in this brief dis-
cussion of future tasks and developments:
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DOCUMENTATION AND COMMUNICATION
. STANDARDS
IMPROVEMENT OF ALGORITHM EFFICIENCY
. DEVELOPMENT OF ADEQUATE DATA STRUCTURES

. IMITATION OF TRADITIONAL CARTOGRAPHIC
PROCESSES

. MODELS BEYOND THE TRADITIONAL MAPPING
CONCEPTS

DOCUMENTATION AND COMMUNICATION: The compilation of an inventory
of cartographic computer software as mentioned above is a first
effort to get an overview of the multitude of programming activities
in the field. Experiences with this material show a duplication of
efforts (33 choropleth shading programs and 25 contouring programs
have been recorded so far) and a general lack of information ex-
change between the various program authors. A first step to remedy
this situation is a more rigorous documentation of program packages
and the establishment of channels for systematic mutual communi-
cation. This then leads to the establishment of meaningful priori-
ties and avoids wasteful duplication. Other efforts are needed to
establish reasonable institutional transfer mechanisms for graphics
software: Some institutions and individuals distribute their soft-
ware free of charge, others take full commercial advantage of their
products.

CARTOGRAPHIC SOFTWARE STANDARDS: The special interest groups on
computer graphics of the association for computing, SIGGRAPH, is in
a process of establishing standards for computer graphics. This
brings up the question as to whether similar endeavors should be
undertaken with respect to mapping software. Should we define base
rules for the definition of map design features in mapping pack-
ages and the structuring of command language elements? Is the time
ready now, or has computer cartography to settle down further first?
An answer to these questions will have to consider such aspects as
freedom of the program authors and ease of use of cartographic
software by a wide range of users.

IMPROVEMENT OF ALGORITHM EFFICIENCY: A further area to work on is
the improvement of algorithm efficiency, i.e. the technical improve-
ment of processes for which algorithms are available at the present
time. They include more efficient codification of given algorithms,
the development of new and faster algorithms and the design of new
strategies to perform a particular cartographic task. To illustrate
the last point we use isarithmic shading as an example: If the

data base for this task consists of contour records of strings of
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coordinates without any additional information attached to then,
this shading task is rather tedious, if not impossible. If, how-
ever, to each contour record some reference pointers to neighbor
contours are added, the search for neighboring contours is elimi-
nated. My point here is that for this task it is not necessarily
important to develop fast search procedures, but rather, a clever
and mutual scheme of algorithms and data structures which will then
yield best results. This brings us to the next point of discussion.

DEVELOPMENT OF ADEQUATE DATA STRUCTURES: In the overall automated
mapping process, raw data are subject to a data capture process for
the creation of machine-readable information in 'input-related'
data organizations. Rather than accessing this data by the display
routines directly, the spatial information is restructured into a
'goal-related' organization. A display task may become trivial if
it can be based on an appropriate data structure. Goal-related
data organizations are dependent upon the respective applications;
they may range from simple to very complex. Base files to be used
for sophisticated cartographic tasks should allow access to the
totality of geographical reality. Cartographic base files as
virtual maps should facilitate the same mental operations as paper
maps or the actual geographical reality. They should be able to
provide information about the total neighborhood of a feature if

we want to use them for such tasks as generalization or name place-
ment. We may have to go even further by defining neighborhood re-
lations in hierarchical manner, and design data structures which

do not only connect map features with adjacent map elements but
with significant elements at farther distances as well.

IMITATION OF TRADITIONAL CARTOGRAPHIC PROCESSES: In this phase of
settlement, computer cartography has to make efforts to develop
procedures for the imitation of traditional map products of suf-
ficient cartographic quality. Being aware of the fact that highest
cartographic standards as provided by manual craftsmanship may not
be achieved by automated means in all respects the development of
more sophisticated models may still provide acceptable map results
which are economically feasible. As examples we may mention the
imitation of manual hill-shading, map generalization and automatic
name placement. In order to approach these problems, we have to
go back to the source and find out how traditional cartographers
have solved these problems, take their work as standards, and try
to find automated solutions.

Other problems relating to higher standards in computer mapping
have to do with efforts to improve the map design. Some of these
deal with, as it seems, minor details, but they are nevertheless
indicative of map guality. Each cartographer is aware of the ir-
regular point symbol densities along boundary lines in vector type
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shading programs. It is a minor problem, but it needs some at-
tention. Further, the problem of legend design must be taken more
seriously by producers of computer maps in order to allow for ade-
quate map communication. Map design adjustments in automated
mapping require the computation of non-trivial global map para-
meters. An example would be the computation of the scaling factor
for the unit circle radius in graduated circle mapping which gener-
ates an optimum symbol density. A common response would be that
this can be done by interactive methods. It is my contention, how-
ever, that whenever it is technically possible and economically
feasible to fully automate a task, this should be done. Inter-
active handling of an automatable job is a waste of human and com-
puter resources. Interactive methods have their place where per-
ception and design problems occur. My recipe: Produce by auto-
mated means a map which on the average is expected to be the best
solution, and then adjust with interactive methods the inadequa-
cies due to individual features on the map.

MODELS BEYOND TRADITIONAL MAPPING CONCEPTS: A further category of
future tasks is the development of new cartographic methods which
go beyond the imitation of representation by traditional cartog-
raphy. Recent examples in this group are the design of contiguous
and non-contiguous area cartograms by Tobler and Olson, and the
use of Chernoff's cartoon faces for multivariate data represen-
tation. BAmong cartographic methods to be developed are displays,
which enable the simultaneous representation of two statistical
surfaces, and models for dasymetric mapping.

Let me conclude with mentioning a class of envisioned developments
which clearly go beyond traditional mapping: Based on recommend-
ations of a group of cartographers, the Defence Advanced Research
Projects Agency (ARPA) has put together a catalog of desirable
developments in search for maps which allow for improved access to
spatial information. We should develop map methods which allow us
to feed more information to the brain per time unit. They also
desire mapping-by-yourself systems, where the map user can design
a map for his needs and according to his map reading capabilities.
They further promote real world graphics dynamic displays, which
simulate real world experience by 'flying' through geographic base
files. Other ideas include maps which match the cognitive abili-
ties of the map reader by replacing the concept of accurate maps
by the concept of accurate mental maps, maps which compensate for
perceptual distortions. Finally, they offer to rethink the
relationship between verbal and visual means to describe space:
Are visual maps in all cases the most efficient means to communi-
cate spatial concepts or would verbal description of space in
certain instances be advantageous, and how can the various methods
be more efficiently combined?
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DR. MARBLE: Thank you, Kurt. The presentations that we have had
so far have been designed largely to lay a groundwork for dis-
cussion. One point I would like to make, particularly about the
inventory operations and about some of the things that Kurt has
talked about is that the existence of the inventory not only en-
ables us to isolate areas of redundancy, it also enables us to
isolate the gaps as well; things that people are not doing. This
is very interesting in a research sense.

One general plea about software, particularly in the area of com-
puter cartography: There is a recent book by Nicholas Wirth which
is entitled Data Structures Plus Algorithms Equals Programs. It
is a good book and I recommend it to your attention. Here we have
the converse problem in that we have programs, and from them we
must deduce the algorithms and data structures. This is devilish-
ly hard to do. So, one plea I would make to you is that you docu-
ment your work so that others can benefit not only by your bright
ideas, but by your mistakes. In very few of the programs en-
countered do we see explicit discussion of either data structures
or algorithms, and to try to pull them out of existing code is very,
very difficult. This is one of the things that we need to do if
we are to improve the information transfer in this area.

I would now like to throw the floor open for discussion. You can,
as far as I am concerned, make individual points, address ques-
tions to members of the panel, or to the panel as a whole. Please,
when you speak come to the microphone and identify yourself and
your organization.

MR. SID WITTICK: 1 do not believe that we should forget the bene-
fit of experience that has been brought forth today from the panel
members -- these are a set of rules which are going to be useful

in our own planning. I think it is perhaps worthwhile to add an
encouraging note to some of these comments, and that is that there
are some exceptions. At least one system that is attempting to
come a ways in this direction. I speak of the GIMS system. There
will be a bit of a display outside. I think there are on the order
of 20,000 Tines of code, including a lot of in-line documentation
within those 1lines. But there are also 10,000 lines of algorithm
description that are also associated with that system. It provides
an example of a university environment where there has been some
continuity, where they have produced a product that is being main-
tained. It is an example, I think, of a dynamic system that is
working towards many of the futuristic things that are being asked
for.

DR. MARBLE: Sid, before you go away, let me ask you a question:
You have mentioned the documentation that has been developed by
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you and Tom in Canada. Is it intended to make this widely avail-
able? Can people write and get copies?

MR. WITTICK: I remember that you did not get the copy you asked
for. (Laughter). We received a request from the director of the
program library at the University of Edinburgh, where the program
was or is resident, asking whether or not this documentation is
available to them. We more or less replied that we would like to
make it available to the Program Library Unit so as to make it
available to others, but added the catch that they not charge for
it.

DR. MARBLE: Do we have other comments or inquiries from audience?

MR. FRED BROOME: Fred Broome, U.S. Bureau of the Census. [ would
Tike to ask Mr. Reed or Mr. Cowen if they have found any automated
cartographic systems in use in a policy making mode, in a daily
activity? If so, would they mention them.

MR. REED: I am aware of one system that is used in a policy mode.
The San Jose Police force, about two years ago, got together with
IBM to utilize a system called GADS, which is a geographic analysis
and display system. The used GADS to work up beat scheduling for
the different precincts in the city. I think they are still using
it. It is a totally interative system that uses a geographic base
file, a street network associated with the police beat, crime and
other information, and it uses a refresh CRT. They got all the
police officers and the management involved in doing this beat
assignment procedure. It is the only one that I am aware of right
now.

MR. COWEN: Speaking from strictly the state government level in
the five states that we were involved in, I would have to at first
glance say, no, I do not see anything that is working on a daily
basis in a policy decision role. I think actually some of the
work that we have going on in South Carolina comes closest to that
in terms of a series of updated maps of seven and a half minute
quadrangles and wet lands inventories and land uses that have been
developed for the Coastal Zone. Presently those materials are
being put into a form where they can be used to make actual decis-
ions about permitting land use activities in the State of South
Carolina, in the Coastal Zone.

Part of the evaluation that we are going through right now, to
change what essentially was a cartographic system into an informa-
tion system, is trying to address exactly that need. People are
beginning to realize that we are not just interested in pretty
maps, we are interested in a Tot more than that. We are interested
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in the area calculations and inventory and overlays and other
things that are essential to come to real decisions about things
1ike getting a permit. You have to realize that in most of the
states that we are talking about in the Southeast there has
traditionally been -- "Well, if you did not tell somebody he could
not do something. . ." So now we are faced with the problem if we
are going to say, "No, you cannot do that particutar development,"
we need good information to back that up. Otherwise we are going
to be in a Tot of trouble.

MR. REED: I just thought of two other systems as well. Boulder
County in Colorado has the Boulder County mapping project where
they digitize a lot of their land use and demographic information
and use it to help win arguments in the Common Council to get more
bucks. Is Carl Youngmann here? He has been doing some stuff in
Washington on the coastal survey and assessment, that is also going
to be used, I think, if I remember correctly, in some policy de-
cisiaons.

MR. AL GORNY: Al Gorny from Central Intelligence. Just a few
points. In discussing GADS, which was being used, we had looked
at GADS, and GADS was always considered from what we could find to
be an R & D effort on the part of IBM and has never been actively
marketed or pushed. I agree with the speakers, that it is very
difficult to find some of the geographic information systems which
are available. As a point, I noticed that Carl had mentioned he
had surfaced about 85 originally, and Kurt's Vu-graph mentioned he
had found 22. We have also experienced that, when you write away
you get back "person not found, system not found, laboratory dis-
appeared," or something Tike that.

We have also come to the conclusion that it is much easier to
evaluate the hardware and the software in the systems of others
than it is to define the perfect mix for yourself in a system and
to objectively evaluate yourself. In-house development usually
requires coordination between various offices within an agency,
and sometimes you end up trying to make system analysts or pro-
grammers out of geographers and cartographers or vice versa. In
many cases current programs or projects may not allow you to get
the proper manpower mix or even the manpower at all. You also run
into a lack of experienced people within certain agencies in us-
ing some systems, and that when system availability, as is in our
case, is imperative, that with a mix of hardware and software, it
is just much easier to pick up the telephone and make a single call
for maintenance versus trying to identify the exact problem your-
self and then trying to get the people to come in and agree whose
problem it is. Thank you.
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DR. MARBLE: Thank you.

MR. AVI DEGANI: My name is Avi Degani, Department of Geography,
Tel Aviv University. I was Tistening with great interest to the
three speakers. By listening I could relate much of what was said
to my experiences, and I think I would 1ike to share some of this
with you. 1 think that one problem that I have been facing all
the time is the increasing recognition that what at one time was a
map user has turned out to be a map maker by the aid of computers.
I think that we tend to overlook or underestimate the severe
problems that arise because of this. What I mean is very simply
in the past many people who make use of maps, such as the planners
and many other people, used to just refer to existing knowledge in
the map making sciences, and prepare just those types of maps that
they were asked to prepare and had to use, or else they would go
to the map maker and ask him to do one for them.

At present, when so many software packages are available for sale,

I think that many people buy the packages and are able to use them
as they are, but are not able to understand the algorithms, partial-
1y because we do not have the write-ups or the analyses of algor-
ithms, and partially because they are not in the business of doing
this, they are just in the business of using maps. There is a

great gap developing, and a great many of the maps that are pro-
duced today -- and, ironically, by good computers, terrific hard-
ware -- are just very bad maps. I think this trend is increasing
and this is very bad.

Another interesting problem which is related somehow is how govern-
ment at various levels is utilizing the type of thing that we are
able to produce in terms of automated cartography. We tend to for-
get sometimes that a map is only a tool, and cartography is only a
technique, and of course, a computer is only a piece of hardware.
Because when we go to the government at various levels and we try
to promote usage of what we are creating, they most times are un-
able to define what their problems are. It tends to be a proced-
ure, from my experience, at least, and I think I have heard some-
thing of this from Dr. Cowen's remarks and also in Mr. Reed's
remarks -- it tends to be a procedure whereby we go to the field,
we ask the people what actually do you have to do, what actually
are your problems, and they find it very difficult to define.

I have been working for better than a year in Israel on a develop-
mental, what we call "ISRAMAP," which is "Information System for
Regional Automated Mapping Analysis and Planning," for the Ministry
of Interior. It is supposed to handle regional as well as urban
levels building a data bank and so on. We have been spending the
better part of the last year going from one mayor to another mayor,
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from one city official to another city official, and trying to ask
them what really are your problems. It turns out that we think we
can do more for them than they can appreciate at the moment. I
would suggest very seriously that we devote in the next meeting
more discussion along this line, because this is quite a gap we
have to bridge. Thank you.

DR. MARBLE: Thank you very much. I would like to take an oppor-
tunity to underscore your comments. We are somewhat off the
question of software per se, but we are getting into the critical
area of what constitutes adequate system design. Too often we are
concerned mainly with things 1ike software and hardware, and do

not pay enough attention to the things that you have mentioned

just now and the type of things that Rupe mentioned in his dis-
cussion yesterday. In many cases we have found in our examination
of systems, not only mapping systems but other types of geographic
information systems as well, that the major reasons for failure in
the system have not been technical. The hardware has been adequate,
the software has been adequate; the system is nearly unused. This
is a common scenario, and most frequently it arises out of the fact
that system building has been viewed as a technical design problem,
and it has been constructed by technicians to do what they think is
most useful. It turns out that the system is a perfect tool for
answering questions that no one particularly wants to ask. We must
be very careful to avoid that. The system design model developed
by Hugh Calkins provides a sound basis for this.

One other problem, of course, in the software area is the tendency

that if something is there and can be used, then pick it up and use
it, whether it is really appropriate or not. We see many cases of

that. I think your suggestion about the emphasis in the next AUTO

CARTO program was a good one.

MR. TOM WAUGH: I am Tom Waugh, University of Edinburg. I have
been a bit distressed by the notes of gloom and despondency that
have been passed around this morning. I think I would Tike to
bring a slightly more optimistic or sunny note. I am going to re-
late it completely to the United Kingdom, and it relates back to
Fred Broome's question, which systems are there that are in exis-
tence and are being used? And Carl thought one, maybe two, maybe
three or something that he knew about. I can give some examples
from the United Kingdom where in fact there are systems that are
running and have been running, are well documented, the software
is available, and are used in a day-to-day production and policy
environment. Probably the most obvious is the work of the
Ordnance Survey, who produce up to 3,000 maps per year, cne to
1250 scale in a production environment by computer methods. They
are working on a one to 10,000 scale, the one to 25,000 scale, and
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they have now started on the one to 50,000 scale. If there were
somebody here from the Ordnance Survey I am sure he would say they
were all still pilot projects, but I think that they are really
being quite serious about it. The Department of the Environment
runs a system called LINMAP, which produces fairly crude line
printer maps. They produce up to 700 maps a year. It is decreas-
ing at the moment, since the use of the '71 census is dropping.
That is used day-to-day in production with fairly well documented
software and is used in a policy environment by central government
in London.

In my own town, in Edinburgh, the Department of Geography runs a
service bureau which services central government agencies in the
Scottish area, particularly the Scottish Tourist Board and the
Scottish Nature Conservatory, the Scottish Development Department,
the Department of Forestry; there are about three or four. They
run at least three different sets of software on a day-to-day
production environment, two of them being mapping, one coarse
mapping, one medium quality and high quality, and they also run
SPSS and other facilities. That is day-to-day and is used in a
policy environment. These maps and charts and everything are used
in committees up the national level. Now, it comes down to whether
or not you believe these maps are useful or the tables of statis-
tics or whatever are useful. But I think it should be made gquite
clear that there is software available which is being used in a
production environment, and it is not quite as bad as perhaps has
been painted this morning.

MR. REED: I would like to add a little note. I was not trying to
be overly gloomy. The reason for that final 30 percent figure was
that the U.S. Fish and Wildlife Service does have a fairly unique
set of requirements, especially spatial analysis. I should append
my little talk by saying that well over half the cartographic re-
quirements are going to be fulfilled by existing software. The
most problems we have had are in such things as spatial searches,
such as proximity, the kind of thing Wildlife people call inter-
spersion and stuff Tike that, that just does not exist anywhere in
any usable format that we have found. The cartographic software
does seem to be in much better shape than that in spatial analysis.

DR. BRASSEL: I would see this problem in a slightly different
light. It is not that the products that are produced are not
necessarily good for the task which they could be used for, but
maybe it is a public relations problem, that government or the
agencies are afraid or maybe they are not introduced properly to
the new tools. Maybe we should Took at that. But a careful in-
troduction and a Tong process of making these people aware of these
tools is probably important.
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MR. COWEN: I would 1ike to respond to that also. I have no doubt
as to the technological capabilities of a number of systems. Part
of my work in terms of giving advice to people, say in South
Carolina, has been to look extensively through the inventory to
see what is going on. We are well aware that there are a number
of places where things are working. The next question, though, is
somebody says here is some amount of money, acquire that material
and make sure that it works. Now, how can you go to a university
setting or even public domain, ask them, "Are you willing to re-
spond to an RFP? Are you willing to do a benchmark test for us?
Will you come and install your system and train us in how to use
it?" I think there is the big dilemma that one is faced with --
given the constraints in a governmental setting where they think
they can go out and buy what they want to off the shelf, they can
have somebody install it and give them some training; it does not
exist in the field of automated cartography.

MR. TONY VAN CUREN: I am Tony Van Curen from San Bernardino
County. We have an application which is one I think is fairly
common among government agencies. We are trying to institute a
mapping program to handle an enormous data base that was never in-
tended to be mapped. In setting system standards, I would like to
emphasize something that I think we are all aware of, and that is,
quite often mapping systems are going to have to be integrated into
an environment which was not intended for mapping. I hope to see
in the future people in computer sciences, people who are more
familiar than we geographers, planners and various user groups;
put more effort into coming up with means by which we can inter-
face these relatively incompatible data sets. This has been a
burning issue with us because we end up having to write a Tot of
software that we would much rather buy, but we do not have anyone
offering it to us.

MR. WITTICK: Just a couple of short comments. With regard to be-
ing able to find firms or agencies that would be willing to do all
these things in terms of installing and training and so forth; it
is a matter of money. If you are willing to pay for it, most
places will provide anything, especially in the private domain.

We have another system for what I call reference mapping, and there
are some people here from private firms, and I am sure they will
confirm the fact that if I am willing to pay, they will train me
until I am sick of being trained, document till I am sick of docu-
mentation.

I have had the good fortune of coming from a conference in Hawaii
on management information systems. A1l the problems we are having
here are the same for management information systems as well. We
now have the technology and are trying to bridge the gap between
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the tools and the user. I guess I am going to pose a very simple
question: What makes us thing that there are not supposed to be
problems? We have tried all the advice being given by various
people. We have tried to plan, and people say, "What are you
thinking about '86 for? It is only 1977." We tried to get equip-
ment in early so we would have Tead time so we can train, and
people say, "Well, what are you really going to use the equipment
for?" What makes us think that there are not problems? If there
were not problems, maybe we would all be out of jobs.

DR. MARBLE: There are certainly problems, Sid.. One of the major
problems, though, is recognizing what are the problems in the sy-
stem. As a general comment about attempting to acquire software

in this area, one of the things that I would say, based on personal
experience and observations, is that it is absolutely disastrous

to go into the market with an RFP for a large sum of money. You
will get every single commercial firm that has ever done any soft-
ware for anything coming out and saying, yes, we will do it for you.
And I know several systems that have been developed this way at
great expense by firms with no knowledge-of spatial data handling
which at best just "sort of run."

Spatial data is not airline reservations, nor insurance company
records, nor bank accounts. We have various special -problems with
spatial data. These problems are ones that we tend to recognize
intuitively because of our work in cartography and allied areas.
They are problems that are not generally intuitively obvious to
someone from computer science or engineering who suddenly takes up
a spatial data handling project. The cases in this area are numer-
ous indeed, as are the horror stories associated with them.

We must remember that in dealing with spatial data we are dealing
with something that is quite different from the standard forms of
data handting. Sid, and, I think, someone else also mentioned the
work in management information systems. There are some commonal-
ities, but there are also some differences. We have to be alert
to both the commonalities and the differences. On that point I
will close this session.
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RASTER-BASED APPROACHES TO MANIPULATION OF CARTOGRAPHIC DATA

DR. MARBLE: The second session today in the software area is one
entitled Raster-Based Approaches to Manipulation of Cartographic
Data. In the previous session we talked about data structures,
and which refers to the way data is logically organized. Typical-
1y, in cartographic work we have worked with a relatively simple
and traditional set of data structures. The presentations of this
panel are designed to introduce us to an alternate approach to
cartographic data handling.

The first presentation is by Dr. Donna Peuquet, from the State
University of New York at Buffalo. Donna is the technical chief
of the SUNYAB Geographic Information Systems Laboratory, and has
been conducting NSF sponsored research on interactive editing of
raster-mode line data. Donna?

THE NEED FOR RASTER PROCESSING OF CARTOGRAPHIC DATA

Dr. Danna J. Pequet
Geographic Information Systems Laboratory
State University of New York at Buffalo

The Development of slethodological "Traditions" in Automated
Cartography:

The earliest computer programs written to manipulate car-
tographic data most commonly performed repetitive compu-
tations which are tedious and prone to human error when
performed by hand. These programs represented direct trans-
lations of manual techniques for performing these tasks in-
to computer-executable instructions. The data itself were
also stored in a format which most faithfully reproduced
man’s standard analog model of geagraphic space, i.e., the
map. This usually meant that the map was copied, point

for point and line for line, into strings of digital coorag-
inates. The necessity of recerding these points by hand
kept early volumes of digital spatial data very small.

With the advent of efficient graphic input and output de-
vices for the computer, an increasing number of operations
with an increasing level of sophistication are being per-
formed on larger and larger volumes of cartographic data.
These operations, as well as the storage format of the data
on which they are performed generally continue to replicate
manual methods. This can be attributed to two factors:
first, the software was usually written, or at least de-
signed, by individuals trained in traditional (i.e., man-
pyal) cartography and not in computer science. Second, the
first available devices designed for graphical i/o lent
themselves most readily to replication of existing manuval
methods.
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As reliance on the computer for cartographic data proces-
sing continued to increase, large collections of data were
shared for a variety of uses. €Economy of data storage space,
efficiency of computer time needed for processing, and the
ease and flexibility of using the data became major con-
cerns. A direct result of this was the development of in-
tegrated comprehensive software systems to perform all
phases of data management as well as a wide variety aof de-
scriptive and analytical processes for cartographic data,
Thus, it often became necessary, particularly in the case
of such a system, to tailor both the software and data
storage methods to the characteristics of the computer
hardware for the sake of cost-effectiveness. However, in
practice this has meant that traditional cartographic tech-
nigues were only modified to the extent necessary and

not abandoned.

The Representation of Cartographic Data:

Graphic input devices transform area, line and point struc-
tures into numeric, computer-readable form by recording spa-
tial coordinates of mapped entities. The basic groblem un-
derlying this transformation is that cartographic data are
two- or three-dimensional in nature. The coordinates must
therefore be structured so as to preserve the two- or three-
dimensipnal relationships, such as "above" or "left of”
which are inherent in these data and yet be capable of being
recorded in linear or list fashion so that they can be sto-
red in the normally one-dimensional medium of computer
memary .

The many formats which have been developed for storing
cartographic data in digital form can be classified into two
basic types; vector organization, where the basic logical
unit corresponds to a line on a map such as a contour line,
or raster organization where the basic logical unit aof data
is a strip or scan line across a data surface with data
values recorded along each scan line (cf., fig. 1). The
standard television image is the most common example of a
raster display. 0ata organization on the basis of regular

or irregular grids can be viewed as a special case of raster
organization, since the data can still be referred and pro-
cessed as rasters. The basic distinction of gridded or cell
formats is that the data can be divided just as easily into
either vertical or horizontal strips, and the data can be
referenced in both the X and Y directions. This contrasts
with a raster structure where there is not necessarily a
one-to-one correspondence between locations of equal X-values
which occur on different rasters (i.e., have different
Y-values.)
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The most common format used for computer storage and pro-
cessing of cartographic data has been vector format. If a
raster or grid format is used for storage, the data is al-
most always vectorized before cartographic processing. The
reason for this is that vector format is best adapted to
retaining the logical map entities familiar to humans., All
rivers, ropads, areas, and so on are recorded as distinct
lines or groups of lines (i.e., vectors). However, it is a
very difficult task to retain spatial and topological inter-
relationships given that all of these vectors must be stored
as lists of coordinates. Often, the relationships which are
of particular interest have to be explicitly recorded in some
way such as separate data items, links or pointers between
items. Not only does this inflate the volume of data to be
stored and processed, but other relationships not explicitly
recorded either have to be calculated using additional com-
puting time, or are forever lost without redigitization.

In contrast to this, individual map features are not re-
tained as discrete entities in raster format. It is there-
fore extremely difficult, if not impossible, for people to
conceptualize cartographic data in terms of arbitrary slices
across the data surface. However, this format easily lends
itself to representing cartographic, or spatial, data in
list form. Individual rasters can simply be listed in se-
quence. The X - Y locations are alsc necessarily pre-sorted
and location specific within the data list. This means that
all spatial and topological relationships are retained as

an important part of the data format and do not need to be
explicitly recorded.

In addition, individual data items can be accessed directly

on the basis of location. Raster formatted cartographic date
therefore has neither the time nor space efficiency handicaps
that are unavoidable when processing vector data by computer.

Processing of Carteographic Data:

The internal processing of cartographic data is also most
commonly performed in terms of vectors. This is again
primarily due to the fact that manual cartographic manip-
ulations are predominantly vector-oriented as a result
of the relative ease of human conceptualization. This means
that vector-oriented techniques or algorithms are the most
commonly known and "traditional". In additieon, the reper-
toire of vector algorithms is more developed than raster-
oriented algorithms for performing cartographic manipulation:
This does not mean that raster-oriented algorithms do not
exist to perform all forms of cartographic manipulations.
Based upon a preliminary literature and software search, it
has been found that at least one raster-oriented technigue
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presently actually does exist to perform each of a wide
range af tasks (Pequet,1977a; Pequet, 1977b). However, the
majority of these algorithms were developed within other
disciplines, most notably image processing (cf., fig. 2).

Even with the existence of these raster technigues, the
growing number of installations which utilize data captured
in raster format, such as landsat imagery or drum scanner
outputs generally have chosen to undergo the time and ex-
pense of reformatting these data into vector format for
processing. Then, the vectorized data are often converted
back to raster format for output.

These raster-to-vector and vector~to-raster conversions
represent not only extra processing steps that one may

want to avoid simply for general efficiency considerations,
but it also turns out that many raster-oriented algorithms
are much simpler and thus more efficient than their vector-
oriented equivalents. For example, perimeter and area cal-
culation, simple sums and averages and sums of points within
areas are reduced to mere counting operations. Calculating
the area of a polygon in raster mode requires counting the
total number of pixels or their equivalent inside the poly-
gon and then, given the size of each pixel, converting into
the desired unit of measurement. #lap overlaying consists
of performing a logical "and", or summation, of the contents
of each of the corresponding pixels or positions ef the
separate overlays. Windowing and clipping also become sim-
ple, again because of the presorted coordinate structure of
raster-formatted data. For both tasks, all data before and
after the file locations of the desired minimum and maxi-
mum spatial locations are simply disregarded. Each loca-
tion in the file does not have to be tested for being within
the desired limits, unlike vector mode clipping and window-
ing. Many other procedures are just as simple to perform
in raster mode since they are non-contextual in nature. 1In
other words, once certain global parameters have veen cal-
culated, determination of the new value for any point is
independent of the values for any other point. Rosenfeld
calls these parallel procedures (Rosenfeld and Kak, 1976).
By his definition, parallel precedures are those which can
be performed "in parallel” or simultaneously; on each pixel
or raster element. Included here are scale change and
projection conversions.

The conclusion drawn from this can only be that machine
efficiency, and therefore time and money, are being sacri-
ficed so that computers can imitate traditional paper-and-
pen methods.
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Present Hardware and Trends for the Future;

As the volumes of automated cartographic data and the
sophistication of cartographic systems increase, users are
becoming more sophisticated and numerous. Developments in
avtomated cartography have been greatly facilitated by ad-
vancements in hardware technology which have increased the
speed, capacity and reliability of computers and related
hardware.

I/D gnq data capture devices for spatial data have experienced
significant technological advances in the past two decades.
Remote sensing devices for spatial data have advanced from
aerial photography to complex aircraft and satellite scan-
ners. JSatellite imagery, such as that produced by LANDSAT,
generates vast amounts of raster-formatted digital datla.

For example, take the case of a simple orbital satellite

with a single scanning system that uses a six bit (64 gray
level) code for each pixel. This can scan the entire earth's
surface, approximately 5.1 * 10%%8 KWM**2, say, once every 17
days. With a ground resoclution on the close order of 80
meters per pixel, one global data set (17 day's world of

data capture time) would require a storage capacity eguiv-
alent to 3,060 nine track, 800 BPI, 2400 foot magnetic com-
puter tapes. As the ground resolution increases, the amount
of data increases geometrically, as shown in Table 1. Con-
templating the amount of computer time needed to process
these data further helps in appreciating the magnitude of
these data volumes. The processing time shown in Table 1

is based on a nominal 10 milliseconds per pixel of CPU time.

TABLE 1

MAGNITUDE OF SATELLITE IMAGERY DATA

NUMBER OF TOTAL

GROUND RESOLUTION DATA BITS PROCESSING TIME
100 KM 0.003 x 10° 0.5 SECONDS
10 KM 0.306 X 10° 51 SECONDS

1 KM 30.6 x 108 1.4 HOURS

100 METERS 3,060 x 108 142 HOURS

10 METERS 30,600 X 10° 591 DAYS

1 METER 3,060,000 X 108 -162 YEARS
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A major drawback of most X-Y digitizers is that they require
an operator. This limits the speed of recording amd intro-
duces human error. With drum and flying-spot scanners, in
contrast, the data recording process is automatic once the
map is mounted on the device. They can record greater vol-
ume of data than manual digitizers and are not as subject

to error.

A standard device for graphic output is the digital vector
plotter. Since these devices are necessarily mechanical,
there has always been a trade-off between speed and accuracy
The matrix plotter, however, outputs the image in raster
format. This means that the complexity of the map has no
effect on the plot time, in direct contrast to a vector
plotter where plot time is in proportion to the total line,
or vector, length drawn. Matrix plotters use an electro-
static process which is more compatible with solid state
technology, thus allowing them to be designed with fewer
moving parts and avoiding the trade-off between speed and
accuracy while increasing reliability.

Another graphic output device which has come to the fore-
ground in recent years is the cathode ray tube. The re-
fresh CRT allows dynamic and interactive graphics and is
useful in the display of space-time dependent data. Raster
refresh CRT's are not only tailer-made for the output of
raster data, but are also more suitable for drawing com-
plex maps since, similar to the matrix plotter, drawing
time is not necessarily adversely affected by drawing com-
plexity although complex maps can cause screen flicker.

0f course, performance always deteriprates if vector data
are to be displayed because of the then needed scan
conversion.

Thus, the devices being developed at present which show

the greatest capabilities in terms of reliability, flexi-
bility, and data handling capability operate in raster mode
(IGU, 1976a). This is particularly true in the areas of
spatial data capture. As a result, there has been and

will continue to be a distinct trend toward the use of
raster devices for graphical input and output (Teicholz,
1875)., There is also an increasing need for efficiency in
automated cartography systems due both to the size of the
data volumes to be handled and the users®' needs for fast
and economical response. This means that the space in
which the data are stored must be kept as small as possible
in order to minimize the amount and consequent cost of the
hardware required. Cartographic systems also retrieve and
process data efficiently in order to keep response time
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down to a level which is reasonable to the user.

When technological advances are compared with performance
requirements of cartographic systems, a problem becomes
evident: cartographic data handling technigues have not kept
pace with technological advances in computer related hard-
ware. In many systems, the one installed at the Engineer-
ing Topographic Laboratory (ETL) at Ft. Belvoir being a
good example, data are entered into the computer in raster
format, converted to an internal vector format for storage
and processing, and then converted back to raster format
for output. These raster-to-vector and vector-to-raster
processes are very expensive in terms of computer time
(Kothe, 1973). In systems which utilize raster input and/
or raster output, a raster-type organization for internal
data storage and processing could be used tao eliminate
these expensive conversions. To decrease the load of vec-
torization put on their system ETL, a part of the Defense
flapping Agency, has found it necessary to purchase a
STARAN associative array processor at a cost of $1.3 mil-
lion dollars. The irony of this situvation is that, while
it will do vectorization faster, an associative array pro-
cessor is specifically designed for matrix and raster
oriented operations (Goodyear, 1974).

Conclusions:

Given that the total volume and proportions of cartographic
data which are initially captured in raster format instead
of vector format will continue to grow at a very rapid

rate in the foreseeable future and that the trend of hard-
ware technology toward raster-oriented graphic i/o devices
is also a continuing fact-of-1life, the inherent ineffic-
iencies of vector format storing and processing cartographic
data will soon render this approach economically unviable
for a number of production applications. The most direct
alternative is for authors and users of cartographic soft-
ware to make an ahout-face and start conceptualizing in
terms of rasters. Not only may this be beyond the capabil-
ities of the human mind, but traditions do die slowly.

Human efficiency is a factor which cannot be disregarded.
The ideal solution would be to physically store cartographic
data and manipulate it in raster format within the computer,
while at the same time allowing the user to think in terms
of vectaors.

This best-of-both-worlds approach of allowing both the

machine and the user to operate internally in terms which
each can most efficiently use is not nrew. This is the
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basic philosophy behind operating systems, language com-
pilers and database management systems. A substantial
ampunt of literature already exists within the field of
computer science on the problems of man-machine interfac-
ing encountered in implementing these types of software.

The fact that almost all current cartographic software
vtilizes some operating system and higher-level language
means that we have already been using this approach, either
knowingly or otherwise. The file structure, or format in
which data is physically recorded, on & disk, is organized
and referenced in terms of sectors, tracks and blocks.

This format is logically interpreted by the operating
system as another format organized in terms of files and
records which are usually ordered differently than their
physical location an disk. This format ar "schema" is
again logically interpreted by a given application program
as still anaother format in which data is organized in
terms of map lines or pixels. The final translation is
made be the user of the program who usually has yet another
logical conceptualization inte which he interprets the
given data. ilap lines may be thought of as topographic
contours or census tract outlines. All af these do not
require any physical reorganization of the data.

In order to utilize raster techniques in software for
cartographic manipulations while allowing the user to con-
ceptualize the data and the processes involved in terms of
a vector format, a "front end" needs to be built onto the
software which acts as an additicnal level of buffering
between the computer and the user., As with the translation
between other schema, no physical shuffling of data is
necessarily performed. This does not mean that the user
should be fooled into thinking that the computer is man-
ipulating vector-formatted data. It merely offers the user
a means of communicating with a raster system via the

much more convenient vector-oriented terminology.

We do not have, however, a comprehensive body of know-
ledge with a complete collection of algorithms and design
principles ready to be plugged in. A cartographic soft-
ware system could be built immediately. However, much
basic research on raster algorithm development and the
comparative merits of different algorithms to perform
equivalent tasks needs to be done. Relative efficiency
of varigus raster and vector algorithms and how _each is
affected by varying data volumes and combinations of
algorithms needs to be rigerously quantified. It there-
fore needs to be drawn together and interpreted in a

146



cartographic context.

This research is necessary not just for the development-
of raster-oriented avtomated cartographic manipulation
and production systems, but for the advancement of auto
mated cartography in general. Very little basic research
has been systematically carried out on development and
analysis of either raster or vector algorithms. Only
after this has been remedied can we knowledgeably select
the best algorithm for any type of automated cartographic
application.

DR. MARBLE: Thank you, Donna. The general ground that you laid
will now be explored in some depth by discussions of two specific
systems, one of which was to be presented by Dr. Nevin Bryant of
the Jet Propulsion Laboratory. I was sorry to learn that Nevin
has suffered an accident, but the discussion of the IBIS System
from the Jet Propulsion Laboratory will be given jointly by David
Wherry and Steve Friedman, who have managed to take Nevin's notes
and graphics and put together a presentation for us. David, I
believe you are going to start.

147



CARTOGRAPHIC APPLICATIONS OF AN
IMAGE BASED INFORMATION SYSTEM

David B. Wherry
Informatics Inc.

Steven Z. Friedman
Jet Propulsion Laboratory, Pasadena

INTRODUCTION

Machine assisted cartography is often thought of synonymously with
vector based computing systems. Recently, raster based processing
has established itself as a competing technology in this field.
Far beyond its beginnings as an offshoot of unmanned space mission
imaging systems, cartographic applications based on raster tech-
nology blend the ingredients necessary to obtain rapid, flexible,
and accurate processing of highly complex data.

The Image Based Information System (IBIS) is a raster based approach
for mainpulating spatial data. Characteristic of IBIS operations
are modeling applications integrating a variety of data types, and
spatial display methods enabling rapid transformations of data into
useful cartographic products. General data management considera-
tions, as well as two IBIS case studies undertaken at the Jet Pro-
pulsion Laboratory (JPL) will be presented.

IBIS Data Management Considerations

IBIS is a fully automated raster (image) based information system.
The IBIS design is based on a sequence of general purpose programs.
The Togical grouping of these routines into processing steps enables
the handling of very complex problems. Easy operation of the rou-
tines by the system user has always been a consideration of the
system's designers.

The user of IBIS can integrate raster, tabular, and graphical data
types for the analysis of spatial phenomena. Image data sets can
be acquired from Landsat imagery or other multispectral scanner
sources. Still other image data are encoded or scanned from aeri-
al photographic products. Graphical data, such as maps, are elec-
tronically digitized into Cartesian coordinate space and are sub-
sequently transformed into image format. Tabular forms of data are
entered into IBIS via a table-structured input. In order to estab-
1ish a Tink between these different types of data, an interface
between image-based data files and all varieties of graphical and
tabular data sets has been provided.
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IBIS utilizes digital image processing technology to perform most
data base storage, retrieval, and analysis operations. A major
advantage of this approach is that the locational aspects of data
(x,y reference) are implicitly recognized by position in the ras-
ter scan. Representation of data in this manner simplifies the
algorithms used in data set editing, the construction of multiple
overlays, and the reformatting involved in changes of scale or
adaptation of maps drawn in different cartographic projections.

Registering data images and the removal of distortions caused by
different map projections are important features of IBIS. These
geometric corrections are performed by the implementation of an
automated "rubber sheet" alignment procedure. The operation is
based on feature location, or some common reference grid such as
longitude-Tatitude.

Special purpose algorithms have been developed for the overlay,
aggregation, and cross-tabulation of data from one image with data
from other images. The analysis capabilities of the system are
extended by the implementation of multi-purpose algorithms designed
to perform mathematical and logical operations on these data.

IBIS Case Studies

An examination of two case studies: I1linois coal reserves de-
scription, and Orlando, Florida, urban growth mapping, will aid in
clarifying the flexibility and desirability of the image processing
approach to the manipulation of cartographic data.

The approach selected in these studies employs the Image Based
Information System developed at the Image Processing Laboratory of
JPL. IBIS was conceptualized and implemented by N. Bryant and A.
Zobrist (1977) as an extension of the VICAR image processing system
which was originally designed to reconstruct and enhance image data
obtained from spacecraft.

ILLINOIS COAL RESERVES DESCRIPTION
Approach

JPL is currently involved in an effort to define and develop ad-
vanced systems for mining deep coal seams. In support of this
effort, Image Processing Laboratory (IPL) has assisted in develop-
ing an image processing scheme to describe regional coal reserves.
The Herrin No. 6 coal seam, the most important seam in I11inois in
terms of reserves and production, has been selected as the initial
target for description and analysis.
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Essentially, the image processing scheme utilized for the descrip-
tion of regional coal deposits is quite simple in concept (an over-
view of the map to image processing steps are provided in Figures

1 and 2). First, the requisite geological information is assembled
in the form of maps which are typically isopleth plots of salient
geological variables such as surface and seam structure, thickness,
local slope, roof quality, etc. Next, the isopleths are transformed
into a computer compatible format as strings of x,y coordinates via
digitization. After editing and transformation into a special for-
mat required for IBIS processing, each isopleth is converted to an
image-base. Each image-based map is then assigned gray values to
portray a specific data aggregation chosen for analysis. For in-
stance, a seam thickness map might be assigned brightness values

to exhibit thickness classes of 0-12, 13-30, 31-48, 49-60, and
more than 60 inches. In subsequent analysis steps, the maps are
processed to obtain answers to questions or to test hypothesis re-
garding the Herrin No. 6 coal seam. At the discretion of the ana-
lyst, output is produced in the form of maps or tables.

DIGITIZE LINES INTO IDENTIFY EACH POLYGON  SET THE GREY VALUE OF
X,Y COORDINATES AND  WITH A UNIQUE PAINT EACH POLYGON TO A
'SCRIBE' ONTO IMAGE NUMBER OR GREY VALUE  GREY VALUE REPRESENTING

THE APFROPRIATE MAP CLASS

ORIGIMAL BASE IMAGE BASED RAW 'PAINT' IMAGE FINAL IMAGE
MAP LINE MAP (DATA BASE)

Figure 1. Processing steps in converting an input map
to image format. The Herrin No. 6 seam thickness map.
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DIGITIZE LINES INTO IDENTIFY EACH POLYGOM SET GREY VALUE OF

X, ¥ COORDIMATES AND WITH A UNIQUE "PAINT" EACH POLYGON TO OME
*SCRIBE' ONTO GEO- NUMBER OR GREY VALUE OF FOUR COLORS FOR

REFERENCE IMAGE VISUAL DISCRIMINATION

ORIGINAL DISTRICT IMAGE BASED DISTRICT 'PAINT! IMAGE FOR
BASE MAP DISTRICT LINE IMAGE DISTRICT DISPLAY
MAP (GEOQ-REFEREMNCE BASE)

Figure 2. Processing steps in converting an input
map to image format. The I1linois county map.

Procedures

Map Digitization and Transformation to Image Format. Four proces-
sing steps are required to convert mapped information into IBIS
format. First, tiepoints (markers common to all maps) are identi-
fied on a selected base map so that each subsequent map can be
registered to those exact locations. Second, features of impor-
tance such as county boundaries or isopleths are manually digitized
on an electronic coordinate digitizer. Third, each digitized map
file is converted to image format and simultaneously registered to
the base map. Finally, maps are edited to remove any errors intro-
duced during digitization and map to image conversion.

In the Herrin No. 6 study, all image formatted maps are line-
representations of geologic variables or political boundaries.
These Tines which are "scribed" onto an image-base are constructed
of Tinked paths of grid cells (picture elements or "pixels") within
a common grid scheme used for all maps. A grid of 1000 x 586 was
selected for the Herrin No. 6 application, resulting in an elemen-
tal grid cell area of 0.154 square miles.
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Editing. Editing procedures are used to correct either the image
formatted map (image) or the original file containing the digitized
data. Editing is simplified by "painting" regions in the image
with unique values (brightness values or shades of gray) and visu-
ally inspecting that image for errors.

Painting. For ease in interpretation, painting is also employed
to group data into distinct categories, such as zones of equal
thickness or elevation. For example, in creating the Herrin No. 6
coal seam thickness image, brightness levels were assigned to equal
the upper class Timits of any particular thickness map class. In
this specific case, every region or polygon representing 30-60
inch thickness on the final seam thickness image (data base) was
assigned a brightness value of 60 (see Figure 2). The I1linois
county map was painted in a similar manner. However, brightness
values were assigned in a manner so that each county is identifi-
able in extent and location by a unique gray value (see Figure 1).

With one exception, all images were created via a similar proces-
sing stream as described above. The Herrin No. 6 map of overburden
depth was obtained by differencing images of seam structure and
surface relief (Figures 3 and 4).

TOPOGRAPHY STRUCTURE OVERBURDEN

Figure 3. Construction of the overburden map by a process of image
subtraction. Data and results for the Herrin No. 6 seam.

152
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Figure 4. Construction of the depth of overburden
map by the process of image subtraction.

Qutput Format Options. As will become apparent in both case stud-

“ies, two types of output are available with IBIS -- maps and ta-
bles. Tabular output is similar in style and organization to the
Tists common to many kinds of computer analysis. However, map out-
put is a unique feature of IBIS. Image formatted maps are easily
converted into photographic products for display and may be stored
on tape or disc as input for future analysis.

Results

Multi-Attribute Analysis. Identification of coal reserves or re-
sources which satisfy a specified 1ist of conditions can be a valu-
able tool in the evaluation of advanced mining systems. A multi-
attribute analysis of maps containing information pertinent to
mining systems can produce an inventory of resources containing
coal deposits of a specified character. Maps and tables can be
output as answers to questions regarding physical, chemical, and
locational characteristics of the coal addressed by a new mining
technotogy design. Questions regarding construction access, envi-
ronmental impact, market transport, and land lease information can
also be answered quickly.

A multi-attribute analysis was performed on Herrin No. 6 image maps.
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The analysis is focused on identifying the location and tonnage of
coal satisfying the following conditions:

Seam thickness of 30 to 60 inches;
Depth or overburden 1000 feet or more; and
Energy content of at least 12,000 Btu/pound!.

The resource is located by interpreting the above specifications as
a logical intersection of the form:

(30<t<60) and (d>1,000) and (e>12,000);

where t represents thickness in inches, d represents depth of over-
burden in feet, and e represents energy content in BTU/pound. In
deriving results, first an attribute window is created for each
component in the expression. This is done by masking out areas
that do not satisfy the conditions. For instance, coal that does
not satisfy the thickness criterion is assigned a value of zero
(black) on the final seam thickness image (Figure 5). In like

SEAM THICKMESS SEAM THICKMNESS IMAGE WITH
MAP ATTRIBUTES NOT SEAM THICKMNESS
DESIRED ARE BLOCKED ATTRIBUTE WINDOW

OUT WITH 'BINARY
MASK'

Figure 5. Construction of an attribute window by applying
a binary mask to the final seam thickness image.

1This 1ist of specifications describes a portion of I1linois coal
resources which may be attractive to developers near the end of
this century.
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manner, masks are applied to the energy content and depth of over-
burden images to create windows for those attributes. The three
attribute windows are logically intersected to form a multi-attri-
bute window (Figure 6). The multi-attribute window is then re-

SEAM THICKNESS MAP

POLYGON
SEAM THICKNESS OVERLAY
ATTRIBUTE WINDOW

i
BTU CONTENT MULTI-ATTRIBUTE ' %

ATTRIBUTE WINDOW | WINDOW

MULTI-ATTRIBUTE  GEQ-REFERENCE
_ DATA IMAGE  IMAGE

OVERBURDEN DEPTH
ATTRIBUTE WINDOW

Figure 6. Formation of a multi-attribute window and
integration of the I11inois county image (geo-
reference base) for IBIS process of polygon overlay.

assigned gray values representing seam thickness which are lost in

logical intersection processing. These thickness values are used
in subsequent calculations of coal tonnage.

The process of polygon overlay facilitates the aggregation of
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multi-attribute pixels (image grid cells) per each I1linois county.
Subsequent processing transforms these data to an expression of tons
of Herrin No. 6 coal satisfying the prescribed conditions in each
county (Figure 7). A final output map clearly shows the location of
this multi-attribute coal (Figure 8). Associated tonnage calcula-
tions are displayed in table form (Table 1)2

COAL SEAM THICKNESS IMAGE

IQ—O 4 mlles——>1

\/

1 PICTURE ELEMENT (PIXEL) S e e

1S APPROX 0.4 MILES PER e s s e 60 INCH SEAM
SIDE OR 0.16 SQ MILES IN THICKNESS
AREA

PIXEL TONNAGE = PIXEL AREA X COAL SEAM THICKNESS X COAL DENSITY

Figure 7. The calculation of Herrin No. 6 coal tonnage.

2Accuracy of the IBIS Herrin No. 6 output tabulations was assessed
by Farrell and Wherry (1978). Areal accuracies were observed to be
of a high order -- inaccuracies of less than -0.18 percent differ-
ence were observed upon comparison to other published materials.
Certain tonnage figures produced via IBIS processing exhibited in-
accuracies due to differences in coal reserve definitions between
agencies supplying input maps to the IBIS process and other verifi-
cation sources.
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Figure 8. Final I1linois
county map displaying the
location of Herrin No. 6
multi-attribute coal.

STATE OF ILLINOIS HERRIN NO. 6 COAL BED
COAL RESOURCES BY COUNTY

(TONNAGE EXPRESSED IN THOUSANDS OF TONS)

COUNTY TONNAGE

CLAY 1734339

COLES 283047

Table 1. Coal CUMBERLAND 783821
tonnage satisfying DOUGLAS 44226
restrictions on EDWARDS 621885
thickness, Btu EFF INGHAM 1081155
content, and over- GALLATIN 2041
burden depth. HAMILTON 410281
JASPER 1204988

JEFFERSON 491929

MARION 467435

MOULTRIE 124513

PIATT 9525

RICHLAND 1469664

SHELBY 217728

WAYNE 2139857

WHITE 558609

11645043
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ORLANDO, FLORIDA, URBAN GROWTH MAPPING

Approach

The Image Processing Laboratory at JPL is developing a data proces-
sing package for the Geography Division of the U. S. Bureau of the
Census. The package, consisting of IBIS programs and other image

. processing programs contained in the VICAR system, will be utilized
by the Census Bureau to update urbanized area boundary files of the
Metropolitan Map Series. It is essential that these maps are kept
up-to-date since Federal aid is often appropriated as a function of
urban area size. Furthermore, the demarcation of census enumeration
districts used in subsequent field applications is partially based
on the urbanized area boundary.

Data Processing Requirements. Beginning with the 1980 decennial
census, the Census Bureau must provide five year updates of urban-
ized area boundaries for all Standard Metropolitan Statistical
Areas (SMSA) in the United States. Current field based map updating
practices cannot be carried into the next decade while still main-
taining efficient operating levels. Data must be obtained from new
sources, and the time-lag between data collection and map revision
must be greatly reduced. Remotely sensed data, such as Landsat
imagery, can be processed in a digital image processing system to
obtain much of the needed information for map revision. Elapsed
time between data collection and map compilation can be greatly
reduced with the advanced technology employed.

To complete the map revision process, Landsat data must be inte-
grated with socio-economic data currently available to the Bureau
of the Census. Revised maps as well as tabular reports used to sum-
marize urban perimeter changes must be produced. In view of the
complex data handling requirements of the task, IBIS has been em-
ployed for data management, map revision, and statistical reporting
purposes. The Orlando SMSA, located in central Florida, has been
se]ecged as the first study area for testing the new package (Fig-
ure 9).

Procedures

Since the population of the Orlando SMSA has risen sharply since
1970, it was expected that a significant amount of urban area expan-
sion would be detected. In order to determine if any significant
expansion has occurred, three types of data must be integrated: (1)
census tract boundary files, (2) census population statistics, and
(3) thematic data from Landsat. These data types are integrated
through the use of IBIS software.
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Figure 9. A Landsat image covering the Orlando SMSA.

Forming the Geo-Reference Base. The initial task undertaken is the
construction of a geo-reference base consisting of census tract bound-
ary information (Figure 10). The geo-reference base is the primary
data plane of the information system. Census tract boundary data,
obtained in Cartesian reference form, are transformed into a raster
type file to facilitate IBIS processing. Since data will also be
obtained from Landsat imagery, the geo-reference base must be in reg-
istry with the satellite data. A surface fitting algorithm is uti-
lized to obtain the desired geometric correspondence. The data sets
may be superimposed for verification purposes (Figure 11). Once the
census tract image has been geometrically corrected, the construction
of the geo-reference base is completed by assigning a unique gray
value to each region (census tract) within the image (Figure 12).

In order to establish a link between the gray tone representing a
specific census tract with the geographical name of that census
tract, a special file, termed an interface file, is produced. The
interface file can also contain data from other image planes in
registry with the geo-reference base, and non-image data as well.
Additionally, data within the interface file may be utilized in
mathematical functions to derive higher-order information.
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Figure 10. The geo-reference base for Orlando
is based on census tract boundaries.
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Figure 11. A census tract outline map has
been registered to a Landsat image. The
two files are merged for visual analysis.
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Figure 12. The completed geo-reference base for
the Orlando area is composed of several regions,
each region having a unique gray tone.

Map Generation. In order to produce a map depicting urban land
cover in 1970, areal measurements of each census tract and popula-
tion statistics by census tract are entered into the interface file.
Consequently, population density values can be derived for each cen-
sus tract. The Census Bureau has determined that a census tract is
urban if the population density in 1970 is at least 1,000 people per
square mile. This criterion can be used to separate census tracts
into two classes, urban and non-urban. A map generating routine

may be implemented to obtain an urbanized area map for the Orlando
SMSA based on these statistics (Figure 13).

The Bureau of the Census has requested information pertaining to
urban expansion since 1970. However, no enumerative data has been
gathered since the 1970 census. To obtain an updated map of urban
land cover in 1975, a Landsat image has been analyzed. Through the
implementation of various digital image processing procedures
(Friedman and Angelici, 1978), a map of urban and non-urban land
has been produced (Figure 14).
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Figure 13. An urban land cover map has been
derived from 1970 census statistics.
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Figure 14. An urban land cover map derived from
digital image processing of a Landsat image, 1975.
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Map Integration. Before the areas of urban expansion between 1970
and 1975 can be delineated, the two urban area maps must be inte-
grated. The two images are combined in an additive process, reduc-
ing the number of data planes to one. A final map product depicting
urban land in 1970 and urban expansion between 1970 and 1975 is
obtained (Figure 15).

ORLANDOs FLORIDA
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Figure 15. With the integration of remote sensing data
sources and conventional data sources, a map depicting
urban expansion between 1970 and 1975 is derived.

Results

The Geography Division of the U. S. Bureau of the Census has ob-
tained a depiction of the extent of urbanization within the Orlando
SMSA in 1975. Major areas of urban expansion as evident in the
final map have indicated where census tract boundaries and enumera-
tion districts may require revision prior to conducting the next
census. A tabular report summarizing the land cover changes be-
tween 1970 and 1975 has also been generated (Table 2).
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Table 2. An excerpt from a statistical report.
Urbanized land cover statistics have been derived
for 1970 and 1975.

CONCLUSIONS

It is hoped that the two applications covered have facilitated an
understanding of the utility of IBIS for cartographic applications.
Modeling of data with either of the two data bases described in
this paper is not limited to the specific problems addressed. Once
an IBIS data base has been constructed, numerous questions may be
posed. In the Herrin No. 6 coal seam study, the parameters of
depth of overburden, seam thickness, and Btu content, may be modi-
fied to derive more extensive information about coal reserves. With
the addition of other data planes, questions of a more diverse na-
ture can be answered. Other types of information may be derived
from the data base constructed. For Orlando, population density
levels may be subdivided into several classes to portray a more
complex model of the urban environment (Figure 15).

Several other applications have been implemented with the Image Based
Information System. For the Columbia Regional Association of Govern-
ments, a pollution potential model was constructed of the Portland,
Oregon area (Logan, 1978). A model has been used to predict the
potential benefits of a conversion to solar power energy sources for
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the city of Los Angeles (Angelici, 1978). Other applications
requiring an information storage and retrieval system with carto-
graphic display capabilities are coming into view.

ORLANDO: FLORIDA
TTDET PCTRDVG LTa §IR wra

et STREISTICA

FOPULATION DENSITY
PER SQUARE MILEs 1970

POPLATION STATISTICS QBTRINGS FEOM TWE $97C CERGUD OF POFLLATION 0 WOUTING

Figure 16. A choroplethic map depicting
several levels of population density has
been constructed from the Orlando data
base.
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DR. MARBLE: One point that I would like to make which is implicit
in the previous presentation which I would Tike to make explicit,.
is that all this work was done using raster-based data structures.
The same type of work could have been undertaken using vector
organization of the data, but, in many cases, some of the opera-
tions shown, specifically the polygon overlay operations, would
have been considerably more difficult to implement.

The third panel presentation is by Dr. Robert DeZur of ESL, Incor-
porated. Dr. DeZur received his Ph.D in mathematics, and is
currently manager of the analysis group in the Earth Resources
Laboratory of ESL. He will talk about the IDIMS system.

DR. ROBERT S. DEZUR: I had no really prepared talk. What I
thought I would do is talk about the data flow through our system,
and, if we have enough time, I will go through some examples of
some of our recent projects. First slide. I should say first of
all that our GIS type system is quite a bit 1ike the IBIS system,
as the previous speakers have discussed. It consists primarily of
three basic modules, a GES or geographical entry system; an IDIMS,
or interactive digital image manipulation system; and, an ERIS, or
earth resources inventory system. Most of our application projects
have to do with resource inventories and are reasonably complex.
The reason that we do raster type processing is that the bulk of
our data is in that type format.

I am speaking now of an operational and production oriented system
as evidenced by the number and sizes of the various projects that
we are completing or have completed. For example, we have just
completed a timber inventory of Western Washington that consisted
of an area of about 20 million acres. We did a water resource
study for the State of Idaho of about 18 million acres; a Tansy
Ragworth inventory in the State of Oregon, of about 15 million
acres; and we have done various demonstration projects varying
from three to five million acres. So we are talking about a lot
of data going through our systems in a rather short time.

The GES system is set up to digitize polygonal boundaries, control
points, flight lines or sample points and the like, and provides
the framework for generating the transformations by which to
register the map base to LANDSAT imagery or whatever the data base
might be. IDIMS itself is a collection of image processing rou-
tines that are used in digital data processing. ERIS, the earth
resources inventory system, basically provides the framework for
handling the tabular data, generating and manipulating such files,
and providing for the statistical analysis and regression routines
that are used in our various studies.
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One word about the tabular data, for example a project for the State
of Oregon. In the course of this study we had something Tike 3,000
sample photo points that were photo-interpreted, where at each point
information was provided for about 75 different variables. In
addition to this PI data, we had some 300 sample ground plots where
75 to 100 variables were measured ox reported on for each of these
particular data points. Each time an operation is performed in the
ERIS system a file is generated. So there are hundreds and hund-
reds of files being generated and deleted during the course of an
inventory analysis.

May we have the next slide, please. I took this slide from one of
Dr. Bryant's papers that he wrote in September of last year in which
he compared the IBIS system to the ESL system. One unfortunate
thing about this particular slide is that it gives one the idea

that we are discussing sequential processing when indeed parallel
processing is being carried out. A lot of the tasks noted here are
going on simultaneously. The Vu-graph is to be read top to bottom,
left to right, and continues across the page that way.

Several of the routines mentioned here have been updated, so it is
not entirely correct as presented. But the Teft-hand column
essentially has to do with the image processing phase of our
analysis, and handles LANDSAT or digital terrain data, or any type
of multispectral data. The middle column has to do with our GES
system in which we define the study areas. In our particular GES
system we begin by defining a geoblock. May I have the next one,
please. So our basic GES structure data base looks something 1like
that. We first of all identify geoblocks on either the map base
or on LANDSAT imagery. Then, associated with each geoblock, we
have a number of overlays to control the data. So, following down
through the chart, for exampie, Geoblock 2, Overlay 2, we have a
number of areas, a number of junction points and a number of line
segments. These are reassembled in our system then as shown in
the Tower right-hand corner. Over on the right-hand column,
basically we do our data summaries and enter the tabular data into
the ERIS portion of our system and process it to generate either
graphic products or a formal written report.

I will go through each portion of the data flow more carefully.

Next slide, please. Again, this is an overview of the GES system,
taking the map data, generating the strata, utilizing the classified
results from LANDSAT processing, and providing strata summaries
using the various routines that are available in the IDIMS system,
and outputting tabular data to the ERIS system. Next slide. This
is going to overflow the board. But starting up in the top center
with the design of the geoblock, this generally pictures a flow of
the data showing some of the parallel processing going on within
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our system.

First of all, design or choose geoblocks, digitize administrative
strata, flight 1ines, control points and so forth, coming down the
center portion, and then start generating various transformations
that are used to register the raster type data with other data
types. While this is happening over on the left-hand column, we
are beginning the pre-processing of LANDSAT data, if that is our
data source, and going through more or less standard routines to
turn out a classified image. At the same time control points are
being selected from the imagery, generating more transformations
and storing all of these so that they are available for the strata
summaries that will be utilized by the ERIS subsystem. Going now
to the extreme right, we are able in our GES or IDIMS routines to
summarize data, taking combinations of up to seven strata overlays.
So, thinking of these are seven images, looking at the intersections
of the various polygons that result from these, we can summarize
our data in this particular manner, feed the results into our ERIS
system for use in the statistical analysis portion of an inventory
study, if that is what we are doing. Also, we generate graphics
files, register and geometrically correct our imagery, so that
certain customers can have their pretty pictures, I gquess.

Next. This is a slide showing some of the transformations occurring
during the GES phase of our processing, showing how we register
uncorrected LANDSAT data, change to a 50 meter grid, and generate
transformations between the LANDSAT and the ground coordinate system
to locate various sampling units and that sort of thing. This is a
schematic showing how a very simple stratsum algorithm might work.
On the upper left-hand corner we have three strata that have been
digitized. 1 am thinking of these as images now. In the upper
right-hand corner we schematically represent these three strata,

and just counting across each Tine we note the number of pixels

that occur in that particular line segment, and creating a file for
this purpose we record that information. Then we manipulate such
files in an appropriate manner.

The ERIS portion of our system, is essentially a collection of
software routines, again for data and statistical manipulation.

We have the general routines noted -- under file manipulation --
filter, append, merge, sort, and sample pairing. Sample paring is,
of course, important, because we usually utilize three kinds of
data, and we pair them and analyze the paired data quite frequently.
Under arithmetic and statistical routines--sample amalgamation,
predict, and minitab. Out minitab statistical routine is a stand-
ard version that comes from Penn State University. Next, please.
This is a description of the minitab capabilities. I will not go
through all of them. One thing I can say about the ERIS portion
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of the analysis is that it is the most time consuming part of the
entire study. Image processing probably occupies about ten per-
cent of an effort. The geographic entry system, digitization and
so forth, probably about 20 percent. The remainder is taken up by
our ERIS processing--a very large volume of data is being processed
through the system.

Next. This is an example of some tabular data collection sheets
that photo-interpreters use--these generate a large number of
variables for each of the data points in question. Next, Again,
just a sample of the kind of information that might be collected
by photo-interpreters while interpreting certain kinds of imagery.
Next, please. Here are several examples from an ongoing project
of the type of data flow through the ERIS system, showing how we
use various routines, and the data manipulation capabilities of
the system. I will not bother going through all of the general
routines or the descriptions. But you can see that it is fairly
complicated, and, as I say, it presents a horrendous bookkeeping
problem keeping track of all the files, what was done where, which
can be deleted, what must be kept for posterity, so to speak, and
so forth. Here is another example with large scale photographic
data. The next one has to do with Tow altitude photography.

Next, please. Here is an example of some output products, perhaps
in a forest inventory project. As a result of our stratsum runs,
we would provide the total number of acres by ownership class (in
this particular project), and by forest type. In general, there
would be a large set of tables of this sort. Or, something more
complicated, as in the next. We perhaps would fill in a table

1ike this for a forest inventory. These are basically for in-place
mapping type studies. In general, however, as a result of all the
ERIS processing, we generate an estimate of a particular attribute
for a forest inventory. For example, it may be basal area or
volume by ownership class or perhaps just a confinement to a given
area of a particular state. We would give standard error estimates,
confidence 1imits and so forth. The inventories are pre-designed
for an allowable error and an acceptable confidence 1imit for the
estimates.

Next. To demonstrate the previous material, I chose an QOregon
project, Douglas County, an area of about 3.2 million acres. The
project required a timber volume inventory, and an in-place
thematic mapping study. Both studies were supported by the
multistage sampling technology, and we used supporting photographic
data for the raster type LANDSAT data. This shows Douglas County
approximately in the center of the screen. We can go through

these rather rapidly. Next slide, please. Let me summarize what
the project was. We were to estimate the net total volume for
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Douglas County and provide an analysis of treatment opportunity
groups for managerial decisions.

Next, please. These were some flight lines that were going to be
flown to help in the second stage sampling procedure. Next. This
slide depicts the fact that we are using a multistage sampling
approach, which will use ground data, aircraft data and auxiliary
LANDSAT information. Next. Again, just a sample of a flight Tine
being flown with a different type of projection. Next. Some low
altitude photography. I think it was at 4,000, or something like
that. Next. Just a photo of a ground plot, which turned out
usually to be an acre in size. Next. That appears to be backwards,
but it is a first step output from our classifier, showing a masked
LANDSAT classification of a part of Douglas County.

Next. This is an ownership map of a part of Douglas County. I have
forgotten what the colors represent, but there are three ownerships
for the acreage represented. Next. We have here the same region,
showing eight classes that are color coded forest types. Notice
that ownership boundaries and township boundaries are also shown.
Next. This is a blown-up version of the prior slide showing 18
treatment opportunity groups along with the digitized township
boundaries and the ownership areas. Next. That is a similar sub-
section. Next. This is a similar area in Douglas County again,
showing these opportunity groups. I think that is all. (applause.)

DR. MARBLEs A number of years ago I was on the faculty

at a major WMidwestern university which had a computerized
student record system. This had been developed internally
by the university, and after some use they decided to im-
prove it. An outside system analyst was brought in and
after several days of looking at the system, he said,
"This is absolutely remarkable. It is aone of the most
beautiful examples I have ever seen and should be docu-
mented in the professional literature." We said, "Why is
it so remarkable?" He replied, "It is the most beautiful
example I have ever seen of the one-to-one implementation
of quill pin techniques on an IBM 360."

Yesterday a number of people remarked that we should at-
tempt to automate more conventional cartegraphic operations
I would like to take the liberty of suggesting that per-
haps we may not want to do just that. One of the points
in the discussion in the panel so far is that there are
alternate ways of looking at things. As our tools change,
so, in many cases, must the way we look at the world that
we deal with. This question of the organization of data,
whether it is handled in vector (line format) or in raster
format, which is a somewhat more difficult one for us to
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envision, may prove to be quite important to us. Attempts to
follow traditional manual techniques and implement them on the
computer, including traditional ways of thinking about cartographic
data, may cause us to fall into some very serious inefficiencies.
The suggestion being made here is not that raster data structures
and raster processing is going to save the world. Rather, it is

an alternate way of doing things which in some circumstances may

be considerably more efficient than traditional approaches.

We must think about new ways of doing things. VYesterday in Dr.
Tobler's panel we were exposed to a number of developments in the
display area of image processing. The two example systems that
were discussed here both evolved out of LANDSAT processing opera-
tions where a tremendous volume of data was originally captured

in raster or scanned format. The incorporation of digital line
data into these systems in raster form was, of course, more effi-
cient than attempting to convert the large volume of raster data
back into Tine format for vector processing. We have a number of
devices, some of which are on display in the exhibit area, which
are raster-oriented devices. Last night I saw a very interesting
little movie put on by one of the exhibitors about a raster device,
a scanner, and a raster color processing system. There are other
types of devices that handle data in this fashion, and I think
that we are going to be confronted with the capture of more and
more data in raster format, and we are either going to have to
decide to process in this mode or to start working very intensive-
ly on very efficient algorithms for the conversion of raster to
vector data.

At this point I would Tike again to open the meeting to general
discussion. I know there are other people that have been working
on raster systems and are interested in these things. Perhaps one
or more of them might like to make a comment.

MR. JON LEVERENZ: I waited, I think, a long enough time to let
the people that had something to say about rasters get up. This
does not deal exactly with raster but it appeared to me when I
heard the discussion on the Herrin No. 6 coal seam that it seemed
to be a rather simple process of putting together the three attri-
butes and narrowing it down to where they all occurred together.
It probably is not as simple as it looks, but I wondered what the
reason was that we, first of all, or why the State of I1linois --
and I have somewhat of a vested interest there, because I pay
taxes -- what reason the State of I11inois had for developing an
automated system to do something that it appears could be done
manually.

Perhaps I am back a few years, but I would like to know what the

174



advantage is, I would like to have them point it out a Tittle
more clearly to me the advantages of the raster scan or computer-
ization of the data and manipulation of it this way rather than
just a semiautomated type of thing where the data would be input
by manual methods and so on.

DR. MARBLE: I think you actually have two questions there. One
is the question of why go to an automated analysis scheme for this
type of operation. The second is, why do it using raster-mode
processing? Do our panelists from JPL want to comment on that?

MR. DAVID WHERRY: Let me describe the processes which were in-
volved in producing this case study. I was going to include in the
talk initially the conceptualization of the project and discuss how
it does appear to be an automation of a very old process, basically,
of that of looking through a series of overlays to find an area
exhibiting several attributes. I believe that what we have done

in automating this process, although it has taken a great deal of
money and a great deal of time to initially encode the maps into
digital form, is to provide more flexibility in data analysis.

The power of the system is that once the maps are encoded, one
might ask any one of a number of 'questions about BTU content, seam
thickness, etc., for whatever kind of maps were encoded -- dis-
tance from railroads, topography, land ownership, whatever, and
obtain multiattribute results very quickly. The results that you
saw presented of the multiattribute analysis after the maps were
encoded were pro duced in about five seconds of computer time.
Other questions can be asked after the maps are encoded, one after
another, with equally rapid results. That was the theory behind
the automation of the system.

Traditionally, I believe, that looking through a series of over-
lays will get you some results, it will define the window, but
then the window has to be perimetered, the window then has to be
manually manipulated as far as achieving tonnage or whatever. As
far as the raster approach, we only work in rasters, number one.
Secondly, to use a vector approach, an approach of, let us say,
vertices to describe polygons, to look through a series of over-
laying polygons to look at an intersection of data sets, is ex-
tremely time consuming and takes a great deal more computer time
to operate. Also, the algorithms are far more complicated. In
the raster approach it is a trivial matter of merely blocking out
those sections of the image which are excluded from the window,
one at a time, and what you have left is the multiattribute window.
It is just a matter of masking the image. I am not sure if that
answers the question. Do you need any more clarification?

DR. MARBLE: One point about manual operations on maps. They have
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been with us for a long time. One of the things that we have
learned about them is that they are very costly. If you have a
fairly simple question that is going to be asked once, you can ex-
tract the information from the map. If you have a lot of questions
that are going to be asked in a variety of different forms, then
you very rapidly run into rather substantial costs for handling

the operation in manual form. Dr. Roger Tomlinson, the Chairman

of the IGU Commission, has developed some useful data on this, and
it is amazing to me how early the crossover point is and how the
Tow cost effectiveness of manual versus automated methods.

It it were just the case of the single question presented here as
an example of the operation of the system, I suspect that we might
well worry about the comparative costs of automated versus manual
methods. But, as the panelists pointed out, the ability exists
now to answer a large number of questions, and this underlies the
development of a number of digital, spatial, natural resource data
bases, for example, the one that is being developed by the Geology
Division of the U.S. Geological Survey dealing with coal resources,
where a number of questions are to be asked about the coal re-
sources of the United States and where not only such things as the
coal content and overburden computations are available but many,
many other things as well. The operation that was illustrated
here, and quite well, was that of polygon overlay. And the poly-
gon overlay operation is one which is difficult and complex to
carry out in a vector mode data organization. It is a relatively
trivial one in raster format.

MR. DAVE DAY: My name is Dave Day. I am with Canadian National
Parks. I am not all familiar with the raster system or raster
processing, but while you were giving your demonstration of IBIS
and the three case studies, you put on the screen quite a few
photographic products with different levels of density for your
classifications and so on. Are those necessary for processing, or
are they just done for our benefit? Is most of the work internally
done, or do you have to actually go through those steps and re-
digitize as you go along?

MR. FRIEDMAN: 1In order to distinguish each of the polygons, it is
implicit that they have to have a unique gray tone value. We can
have up to 32,000 polygons in this way. Since you cannot see the
gradations, we have enhanced them using contrast stretching so
they are digitally discriminable on the screen. Yes, they do have
to have a discreet value.

DR. MARBLE: I think the question was whether the photographic

products were necessary in every stage of the process, and the
answer is that they are not.
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MR. JOHN RIDDLESEE: I have a technical question. My name is
John Riddlesee, Petty-Ray Geophysical, Houston, Texas. In terms
of the storage of raster data, particularly when it is very
voluminous -- I am thinking in terms of a thousand dot-per-inch
raster on 40-inch square sheets. Are there any techniques develop-
ed that relate to the storage of such data and sparse matrices?
In other words, where you have particularly the thematic repre-
sentations in raster form, are there any techniques where, say,
only one percent of the cover or a few percent of the area is
actually covered by the information you want, while not having to
store the regions with blank information. Is there any sparse
matrix type storage for raster data techniques that have been de-
veloped? That is for anybody on the panel.

DR. PEUQUET: VYes, there have been quite a few techniques develop-
ed to compact raster formated data, just as there have been for
vector data. One of the most common ones is run length encoding.
You simply record the significant data points and the distance
between them, instead of recording all the blank space explicitly.

There has been some mathematical research on sparse matrices that
I have read which was put out years ago as IBM technical notes,
but they have not been applied until very recently when large
memories permitted handling really large matrices. But, yes,
there are quite a few things you can do.

DR. MARBLE: I might point out that there is some similarity here
between the technique used for data compression in the raster area
and the techniques that have been successfully used in developing
the large scale mathematical optimization programs using sparse
matrix storage techniques. Are there any other questions or
comments?

MR. RAY DILLAHUNTY: My name is Ray Dillahunty, and I am with
Petty-Ray Geophysical in Houston. I have run across the concept
of collection of raster data using stereo digitizers or stereo
plotters and the consequential compaction of data using that kind
of method. Is there some work being done in this area with the
people in the cartography industry, or very much work, should I
say?

DR. MARBLE: Could you perhaps clarify what you are talking about.
Are you talking about digital terrain models?

MR. DILLAHUNTY: 1In the past I think most contours have been
digitized using stereo photographs in a vector form where you
digitize a contour of a hundred foot in a polygon type of thing,
closing the entire contour. I have run across a little bit of
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literature where you set up a rather automatic digitizing concept
so that your stereo plotter is going in an "X" direction across
the stereo photography, and you are recording only the differences
in elevation, and the distance between your digitized points in
this manner. If you are digitizing flat surfaces, you greatly
reduce the number of XY coordinates that you are using. I think
that this is sort of the raster concept that she was addressing in
her talk. Is that enough information?

DR. MARBLE: Yes, I think it is clear. A number of the automatic
devices for deriving terrain information from stereo photographs
do work in that manner. For example, the Gestalt photomapper
system that in installed at the Geological Survey. There is a
fairly complete discussion of this hardware in a recent issue of
Photogrammetric Engineering, which reviews a number of the
different systems and talks about this approach to it. I also
understaend from talking to people in the Topographic Division that
the Survey plans on releasing a certain amount of terrain data in
this form within the next few months. They will be producing
DTM's, using the Gestalt photomapper, and this will be made avail-
able through NCIC. I am not sure about the timing of this, but I
suspect it will not be very long.

As far as data compression in this format is concerned, I do not
know. I am not sure I am too aware of that. Is Bob McEwen or
someone else from Topo here that could talk about that? Well, I
guess not. You might talk to them directly if you would like a
more specific answer to that question.

MR. HARRY HEARD: Harry Heard, Institute for Advanced Computation.
I have two cost questions I would 1ike to have the panel address.
One is, can they define the cost allocation in terms of the per-
cent of total cost related to data capture. The second is, can
you give us some idea relative to raster data systems of the cost
on a unit basis to process information -- for example, something
like the cents per pixel per attribute?

DR. MARBLE: I would be delighted to have the information myself.
MR. FRIEDMAN: So would I.

MR. WHERRY: I am really not prepared to reply to that. I basical-
1y do not know anything about the cost effectiveness of the raster-
based image processing, so I think it is going to have to be re-
ferred to Dr. Bryant at some future date or perhaps somebody else
can address the question.

DR. DEZUR: 1 can say in our studies on a per acre basis for
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inventories we are about two to four cents per acre, in that range.

DR. MARBLE: There is a very real difficulty in deriving cost
figures on systems of any type. This has been something that the
IGU Commission has been very concerned with, and we have been very
frustrated over it in the past. Many of these systems are develop-
ed in a fashion that sort of parallels the way things used to work
when I was dealing with NASA some ten, twelve years ago as an

earth resources investigator, we were being asked what was the
costs of the system? We said, "Well, what is the cost to put up

the satellite?" They kept telling us that that was not important!

You have major uncontrolled cost elements in these systems. In
many of the areas we really need much more precise cost information,
not just about how many CPU seconds were consumed, we need the
actual cost functions for it. Digitizing, both table digitizing
and mass digitizing is an area in which this information does not
exist today. This is an example; some of the mass digitizers Tike
the drum scanners are raster oriented devices. But we are hard-
pressed to produce actual cost figures in this area. Even in
cases where we have examined existing systems, where they are
running these devices, many governmental agencies and scientific
institutions that do this work are not set up within a proper cost
accounting framework to produce the information. This information
is something else we need very badly in order to make intelligent
decisions in this area.

MR. BILL JOHNSON: Bi11 Johnson, Lawrence Berkeley Laboratory. I
would like to address the gentleman from JPL and ask what is the
availability of this software involved in IBIS, and, in particular,
the software involved in registering polygonal files with your
LANDSAT raster data? And under what circumstances was the IBIS sy-
stem developed?

MR. FRIEDMAN: First of all, IBIS is a subset of VICAR, which is
our image processing system. That is currently available via
COSMIC, which is a government clearing house for data. IBIS as a
subset of VICAR has currently been under development for the last
couple of years, and the software has been funded via various NASA
grants, therefore, it is also in the public domain and can be made
available at cost.

DR. MARBLE: The VICAR system is indeed in the public domain and
is available and being used in a number of places. I will note
that it is somewhat IBM dependent, which you might read "very" IBM
dependent.
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DATA BASE MANAGEMENT SYSTEM APPROACHES TO HANDLING CARTO-
GRAPHIC DATA

DR. MARBLE: Our third session today is organized around
the problem involved in storage and management of spatial
data. Many cartographic applications have utilized mod-
erately sized to small data files. Very few of them, unti.
relatively recently, have had an opportunity to use large
volumes of spatial data. One of the truisms in computer
processing of any type of data is that if you have only

a small amount of data on hand, it is difficult to pro-
duce large increases in efficiency and savings, simply
because you are not carrying out very many operations.
However, as data volumes increase we find ourselves rap-
idly confronted with the problem of not being able to af-
ford access to the data. As we look at the development
of potentially large digital data bases, we must face the
fact that we are going to have to worry and worry hard
about managing these in an effective fashion in order to
attain econamic viability in their use.

One of the technigues that has been adapted for non-spatial
data is the notion of the data base management system.
This is a very complex software system which essentially
stands between the applications user and the physical
data itself. It permits the applications programmer to
maintain a logical view of the data which may be, and
quite often is, greatly.different from the actual physi-
cal organization of the data in the computer. The im-
portant notions here are those of logical and physical
independence of the data. However, when dealing with
spatial data, particularly that containg large volumes

of coordinate information, we have found that we run into
some peculiar problems. The speakers today are going to
address, first, the conceptual problems involved in hand-
ling spatial data, and then discuss a specific example
which tries to utilize a data base management system
approach to the manipulation of cartographic data.

The first speaker is Dr. Roger Tomlinson. Roger is

chairman of the IGU Commission on Geographical Data
Sensing and Processing. Roger?
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DIFFICULTIES INHERENT IN ORGANIZING EARTH DATA
IN A STORAGE FORM SUITABLE FOR QUERY*

DR. R, ', TOMLINSON: The purpose of this paper is to identify
some of the methodological problems inherent in organizing a
store of earth data in a form suitable for query., Earth data are
here defined as those that describe the earth's shell, ocean and
atmosphere and they are attached to a specific location; they are
usually stored and displayed in the form of maps. Topographic
maps, land use maps, soil maps, geological maps, vegetation
maps, weather maps, oceanographic charts, population maps, and
geophysical maps are well-known examples of stores of such data.
To take advantage of the calculative capacity of existing computers
to analyze these data, increasing amounts of them are being con-
verted to digital form. Furthermore, instruments that gather
earth data, such as sensors mounted on satellites, automatic
gauges in streams, sounding devices on ships, and ground topo-
graphic surveying instruments, are now providing their data
directly in digital form. The volume of earth data in digital form
is thus growing rapidly, However, because of the discipline
imposed by use of current computers, many of the relationships
between data elements hitherto visually derived from maps must
be more explicitly specified if the digital data are to be organized
effectively for query, This raises some questions about the
nature of such spatial data and spatial relationships that have not
been widely discussed or resolved within the discipline of geogra-
phy, or in other disciplines., These questions are outlined below,
and some initial steps to resolve the problems are proposed.

A map can be thought of as a structured file in which entities, con-
ditions and events in space are recorded. For maps of earth data
the structure presupposes some conceptual model of the space
occupied by the globe, suitable units for its measurement, an
adequate transformation from the curved surface of the earth to

% This paper is the outcome of discussions in the past year
between Stephen Gale, Michael Goodchild, Ken Hare, David Hays,
Fred Lochovsky, Duane Marble, Dick Phillips, Azriel Rosenfeld,
Mike Shamos, Dennis Tsichritzis and Roger Tomlinson, held
under the auspices of the International Geographical Union
Commission on Geographical Data Sensing and Processing.
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the plane surface of the map, and the use of graphic conventions
for representation of real world entities. The appropriateness
and validity of current cartographic practice are not called into
question in this discussion. Extremely large volumes of useful
information can be, and are, stored on conventional maps. In
general, the locational values of the contents of the map rely on
establishing a series of identifiable points on the ground by mul-
tiple measurements between them, and between the points and
extraterrestial bodies, The established points are ''filed" on the
maps according to their measured relative positions. Elements
of thematic data are then located by observing or measuring their
relationships with easily identifiable features already stored in
the file, and they are recorded by inserting them in the appropri-
ate place in the file, that is, by plotting the observations on a map.

The spatial relationships between en’cities,1 relationships such as
contiguity, adjacency, nearness, connectivity, above, below,
between, and inside are occasionally explicitly defined by conjoint
symbols (villages connected by roads, stations marked on railway
lines) or by written values (distances between points). However,
more frequently they are implicit in the file structure and must
be determined by visual estimation or measurement and calcula-
tion,

When information is extracted from a map, it typically includes a
mixture of the values of entities and the relationships between
entities, appropriate to the question being asked. The utility of a
map as a source of information is good at first consideration, in
that the storage medium is also the display medium, When the
data of concern are explicitly recorded on the map, retrieval is
swift, Similarly, brief and simple estimations or a few straight-
forward measurements seem to yield a reasonable return for
effort. However, when information extraction requires many
measurements or calculations to determine relationships implicit
in the file structure of a map, the task rapidly becomes tedious
and error-prone, Although map sheets can be a compact and
symbolic form of data storage, the number of sheets required to
contain even a small amount of the spatial data already gathered
from a particular area of the earth may be large. The time and
effort of information retrieval increase in proportion to the
volume of graphic data to be handled. In fact, increasing the data

1. Conditions and events are subsumed.
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volume rapidly limits the type of retrieval operations that are
economical, to the point where it can be extremely time-consuming,
laborious, and costly to extract even the data actually written on
one or more maps. In short, the limitations of human retrieval
capabilities place a severe constraint on the utility ! of maps as
sources of large volumes of spatial data.

The continually improving storage and calculative capabilities of
computers have been seen as a way to overcome the limitations of
human efforts in retrieving and handling mapped data. Numerous
systems for the storage and handling of map data in digital form
have, in fact, been developed since the early 1960s. The use of
computers requires that the data be in machine-readable form,

At present, in 1978, the process of conversion from map (graphic)
form to digital form, usually referred to as "digitizing, " is still
technically cumbersome and demands effort and expense., More
significantly, the volume of digital data required to reproduce
adequately the information content of a conventional map is sub-
stantial, perhaps rather more so than anyone had realized, One
example can be drawn from the Land Use Mapping and Data
Project in the U. S, A. The entire project involved 359 map sheets
at a scale of 1:250,000., This relatively small number of maps is
estimated to have more than 1.5 million inches of line data which
will be digitally described by approximately 68 million x, y coor-
dinate pairs. Topographic maps, as a category, appear to have
somewhat larger amounts of information per square inch. A pre-
liminary estimate of 235 million line inches of contour data alone
has been made for the sheets available in the 7, 5-minute,
1:24,000 U, S, Topographic Series. At a resolution of 12 points
per inch, the contour data would require a digital record of

2,8 x 10° X,y coordinate pairs., At 175 points per inch, they
would require 4, 1 x 1010 coordinate pairs. Decisions have not
been made on whether to digitize contours as lines, and on the
resolution with which such lines should be recorded, but these
figures clearly indicate that data volumes are so large that they
must have a significant impact on design specifications for stores

1. The "utility" of a source of information for decision making
purposes is dependent on 1) the relevance of the information to
the decision, and 2) the ease with which pertinent information can
be sensibly extracted from the store of data. Human retrieval
capabilities affect the latter aspect of utility.
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of digital spatial data. One logical way of handling the problem of
data volume is perhaps to reduce the amount of information
demanded for activities that use digital spatial data, to a volume
more directly related to their needs, There is, however, a long
and valuable tradition of accuracy in cartographic displays that
will not be overturned overnight, and present practice is to
attempt to portray the information as accurately as possible within
the limitations of the instruments used.

As increasing numbers of maps are digitized and as data gathering
institutions, particularly those concerned with environmental earth
data, develop and implement techniques that generate data directly
in digital form, some of their stores of data become very large,
The U, S, Geological Survey, for example, has over 50 systems
handling a wide variety of earth data in digital form. The aggre-
gate volume of such data already in machine-readable form in

1977 is approximately 500,000 million bits.! Conservative esti-
mates indicate that this will grow by more than 250%, to 1.7
million million bits, by 1981, Other institutions have similar
objectives and expected growth patterns., It can be assumed that
computers will become better and cheaper, and that the develop-
ing processes of institutional management will tend to match data
production to handling capability, or more particularly to com-
puting capacity. There is, however, cost associated with the use
of computers, and the volume of data to be processed has a marked
impact on that cost. We are rapidly passing the point where it can
be assumed that 'the computer will handle it, ' and we should ask
ourselves how large volumes of spatial data can be organized
efficiently.

Large volumes of data are not new in the world of computer sci-
ence, Certainly, on a commercial basis, data base management
systems have been developed that permit efficient handling of very
large data bases for specific requirements of retrieval and mani-
pulation. The principle of any current data base management
system is to organize the data in such a way that paths are esta-
blished to retrieve the entities required for specific enquiries,
and at the same time to specify adequately the relationships
between the entities that are pertinent to frequent enquiries.

1. A bit is the smallest unit of normal machine-readable informa -
tion. One regular reel of magnetic tape can hold up to 300 million

bits and one regular disk pack can hold up to 800 million bits.
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To achieve this, the entities of concern, the relationships of con-
cern, and the operations to be performed on the data must be
unequivocally specified before the required data base can be gene-
rated for the data base management system. Defining spatial
entities of the kind usually found on maps presents no major
methodological problem. An adequate schema based on the repre-
sentation of entities as either points, lines, or areas (with areas
being a peculiar kind of line), can be devised. The entities have a
variety of spatial or aspatial attributes attached to them. The
spatial attributes, the coordinate or locational information attached
to the entity, define the selected information content of the graphic
image of the entity and its spatial position. The aspatial data
record the desired information content of the value or values of
the entity. Point entities are usually adequately spatially defined
by a coordinate pair. Line entities, however, are typically
characterized by a great deal of locational information, This dif-
ference in the volume and nature of spatial identifiers is what has
made some types of earth data relatively easy to handle (those
adequately represented by points), whereas others impose a sub-
stantial burden of data processing,

It is in defining the spatial relationships of concern and the suite
of operations to be performed on the data that methodological pro-
blems arise. The notion of relationships in two or more dimen-
sions has had some discussion within the field of geography, and
in other fields, but we still do not have too clear an idea of what
we mean by ''relationships between entities." It is not certain at
the moment that we could adequately define a comprehensive,
internally consistent set of relationships that would allow us to
devise a logical storage schema for a general-purpose store of
earth data, Nor is it clear how the relationships might best be
stated. The relative utility of languages of dimensionality has not
been widely examined.

The spatial relationships that need to be defined within a data base,
the most suitable language or languages for defining such relation-
ships, and the selection of the suite of operations to be performed
on the data must be determined in the context of the purpose of the
data base. Perhaps the concept of a general-purpose store of
earth data is not a useful (or desirable) objective, and earth data
should possibly be assembled in a wide variety of logical schemas,
each related to a certain category of questions. The problem still
remains of defining the purposes of concern, identifying the
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methodology, and establishing the patterns of inquiry associated
with each purpose,

Because earth data are usually gathered by some institution and
are arranged and stored for the perceived constituency of that
institution (or parts of that institution), there is a commonly
expressed feeling that pragmatic choices of data organization have
already been made in the light of user needs, and that despite a
possible risk of institutional bias in the provision of data, no
serious problems exist. That view is being called into question,
frequently by those most closely involved with digital data handling
in the traditional data gathering institutions themselves, There
are several reasons for this, Many of the systems for handling
spatial data developed to date have fallen into disuse because they
served no users adequately or economically, or served only a very
limited range of users. Many data sets are multipurpose in nature
(topographic maps, for example) and can reasonably be included in
many logical schemas for different systems of inquiry. The reso-
lution of complex questions concerning the environment and social
interaction with physical resources will require data from various
sources to be used in concert and in a way that will allow the
relationships between disparate entities to be adequately deter-
mined, In fact, little work has been done on the nature of the
questions that we ask of spatial data, and we do not adequately
understand the relationships between the logical schema of a data
“set and the types of questions that can be answered from it.

A map produced and used by a human is, in a very real sense, a
data base management system. The graphic product represents
the organization of the data in a logical schema, and displays the
data so that a human can determine the nature of the entities and
the relationships of interest. Some of the drawbacks of this pro-
cess, which were mentioned at the beginning of this paper, seem
to be repeated in existing digital data base management systems.
The following brief comparison of the human and computer-assis-
ted approaches is instructive, as it focuses attention on the
underlying nature of the problems.,

1) In both human and computer-assisted approaches, if the

required information is to be easily found in the file and extracted
from it, the entities and relationships concerned must be explicit-
ly defined (written) in that file. The greater the volume of data to
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be handled, the more this holds true, and, by definition, the digi-
tal data base management systems are designed to handle large
volumes of data.

2) 1If in either approach the relationships between entities are not
explicitly defined but are implicit in the file structure and have to
be derived by measurement and calculation, then retrieval of
required information is laborious. It can be argued that computers
have a vastly greater capacity for explicit measurement and cal-
culation than humans have, and that therefore they are useful for
such spatial data handling. However, the fundamental purpose of
digital data base management systems and, presumably, the gains
in retrieval efficiency inherent in them are based on the premise
that they provide paths that allow explicit determination of the
required entities and their relationships. It seems to be defeating
that purpose (and hence the current utility of data base manage-
ment systems) to rely heavily on computer capability to calculate
relationships within a data base management system. Obviously
there must be a trade-off between explicit definition of spatial
relationships and the calculative capacities of computers, This
trade-off is not fully understood and probably depends on how
computers compute as much as how fast they compute. It also
depends on the capabilities of a particular data base management
system and how frequently a particular relationship is queried,
This will be explored further below,

3) Computer data bases as well as maps can be displayed in
graphic form, Modern interactive display devices also allow the
human to manipulate, to some extent, the contents of computer
storage so displayed. It can be argued that this capability makes
it unnecessary to define all spatial relationships explicitly in the
digital file; when they are needed they can be observed.
Undoubtedly a human has an excellent mental facility for pattern
matching and pattern recognition, and can use this capability to
advantage on a small amount of displayed material, for recog-
nizing both the nature of entities and the spatial relationships
between them. Given simple images and straightforward tasks,
such as allocating a contained centroid to a polygon, this approach
can be very efficient. The weak link in the process is the sensory
channel capacityl of the human, which limits the volume of graphic

1, Human "channel capacity' is the maximum rate at which bits of
information can be transmitted to the brain through all human
sensory channels,
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information that can be made available to the human mind., This
limitation thus constrains the mind's effectiveness in scanning
large amounts of data, such as many maps sheets, or examining
complex features, to determine the shortest path through a very
intricate network, for example. Again, there must be a trade-off
between the explicit definition of spatial relationships in digital
spatial data management systems, and the use of display to permit
human observation and interaction. This trade-off is not now
understood clearly. Similarly, there must be advantages to be
gained from increasing the pattern recognition capability of com-
puters, perhaps through the use of array processing machines,
These ideas will be explored further below.

It was suggested above that current digital data base systems
might allow spatial relationships to be implicit in their data base
structure and even, at some cost, subsequently calculated, The
question arises as to whether the underlying structure of the
existing commercially offered systems seriously inhibits or pro-
hibits the implicit or even explicit definition of spatial relation-
ships.

Most of the well-developed commercial data base management
systems currently available assume that the relationships between
entities can be described in structures based on network models,
founded in graph theory, or on hierarchical models, which are a
special case of a network model, Systems that utilize relational
data structures based on the mathematical theory of relations are
now being developed, but there are only a few reported instances
to date of any such commercial systems being used to handle
spatial data, From the limited evidence available, some com-
ments can be made about the hierarchical structure. A data base
management system employing hierarchical data structures was
adopted for some of their files by the U.S. National Water Data
Storage and Retrieval System.l The Groundwater Site Inventory
File in that system currently contains inventory data describing
the location, geohydrologic characteristics, construction and

1. Water Resources Division, U, S. Geological Survey. 1975,
"WATSTORE - The U, S. Geological Survey's National Water Data
Storage and Retrieval System' and "The National Water Data
Storage and Retrieval System of the U. S, Geological Survey Users
Guide" U, S, Geological Survey, Reston, Va.
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production histories, and field measurements for approximately
250,000 groundwater sites., A total of 370 million bits of data are
stored. The entities are points with related aspatial attributes.
The locational information is minimal, consisting only of coordi--
nates for the point locations of the grounswater sites. The loca-
tional data are essentially treated as aspatial values amenable to
plotting, contouring, and straightforward forms of statistical
analysis, The data are indeed spatial, but little is actually
demanded in terms of spatial query. The file is, however, an
example of a large volume of point data being handled by an insti-
tution with the aid of a data base management system, in a manner
that fills the immediate needs of the institution.

In contrast, an attempt was recently made to use the same approach
of hierarchical structure to handle data that described the boun-
daries and attributes of oil leases off the coasts of Mexico and
California.! It was found that the hierarchical concept does not
allow the definition of graphic entities other than points (and pre-
sumably dendritic patterns). Links in the hierarchical model are
implicit; they do not have to-be labeled, but between any two
record types there can be at most one link. This can, to some
extent, be overcome by using two or more hierarchies in concert,
but only at the cost of data duplication. The hierarchical structure
prohibits the asking of questions that involve items from disjoint
records. This implies that definition of spatial relationships with-
in a hierarchical structure is cumbersome in many cases and
impossible in others, and calculation of spatial relationships
inherent in the data is severely inhibited.

Data structures based on the network model arrange data in one
or more interconnected graphs. Record types are used to repre-
sent the entities, and the ''links' are used to specify the relation-
ships between sets of entities. The network at once offers more
flexibility than the hierarchical approach, but it imposes the
burden of specifying every "link, " Phillips! moved to a network
structure for the representation of the oil lease boundaries men-
tioned above, but found that the data volume incurred by specify-
ing the linkages between every node used to define the graphic
polygon boundaries was prohibitive. An alternative schema was

1, Phillips, R, 1977. "A Query Language for a Network Data Base
with Graphic Entities'" University of Michigan, Ann Arbor, Mich.
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devised based on a simplified block structure of the oil lease boun-
daries. This allowed a limited set of queries to be developed and
the system was improved. The lesson that seems to come out of
this experience is that present data base management systems
employing a network approach are useful for small, simple sets

of spatial data but are cumbersome for the storage and query of
most of the data types common to topographic maps, for example,

Relational data management systems are a more recent develop-
ment. They allow the results of formal relations theory to be
applied to problem solution, but as yet none are known to have
been applied to the task of handling spatial data.

The three approaches have been compared1 in general terms, but
not in terms of their capability to handle spatial data. There
appear to be problems inherent in adapting some of the existing
data base management systems to handle large volumes of spatial
data, There is no clear understanding of the relative applicability
of the various types of data structure inherent in existing data base
management systems to the problem of specifying spatial relation-
ships. Also, as mentioned earlier, there are substantial methodo-
logical deficiencies in defining spatial relationships themselves,

Many of the questions raised so far could be regarded merely as
interesting areas for academic study, except that answers to them
are needed before any sensible plans can be laid for making large
volumes of digital spatial data economically amenable to query.

In the interim, such volumes of digital spatial data are accumu-
lating in numerous agencies.

There is a tendency to use the data base management systems that
have already been acquired and supported by an agency, simply
because they exist. Similarly, data tend to be stored in archival
formats, which are related more closely to the method of pro-
ducing the data than of using them, because it is assumed that the
user can perform the necessary reorganization of such ''pure"
data, There is an appealing logic in this approach., The user of

1, Date, C.J. 1975, "Relational Data Base Systems: A Tutorial”
Proceedings, 4th International Symposium on Computers and
Information Science. Plenum Publishing Corporation., pp. 37-54.
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the data can presumably specify the types of query more clearly
than can the data gathering organization. If the user reorganizes
the data, he clearly has an interest in organizing them efficiently.
The fallacy in the approach is that for many types of multi-purpose
data, for example, the LANDSAT digital imagery, there are many
more users than there are patterns of enquiry, and each user is
faced with the task of reorganizing archival data. Repeated efforts,
for example, must have been expended by innumerable users in
many research centers to re-orient the LANDSAT data spatially
and stretch them numerically to overlay a standard topographic
map, This surely has placed a substantial burden on the use of
the data and is typical of the multiplication of overhead costs that
occurs when data- are provided to many users in forms that are not
amenable to query. Clearly a trade-off is possible between a dis-
tributed responsibility for data organization and the centralized
provision of data organized for efficient query. That trade-off,
however, can occur only when the agencies concerned have a much
better understanding of the relationships between data structure
and query, Unfortunately, the volume of data that exists is already
large and there is a commitment to further growth., When large
commitments of funds and staff have been made in building a spe-
cific data organization, it is difficult to reverse the process.
There will be a natural tendency to try to work with the data bases
that have already been created, rather than to reorganize them,
This will limit the number of queries 