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- - The application of automation to enrivonmental

geogr aphic data collection is cre~~tiny an information

explosI on which threatens to comple tely inun date and

I paralyze even the most efficient systems for data analysis.

Faced with such tremendous volumes of Iota as are now being

collected relevan t to the spatial arrangements of phenomena

over the earth’s sur face, methods of data storage , retrieval

and analysis which are at least as efficient i.n the

wand~ement of the data as the data coiiectjo , devices must

be developed. Indeea, given the current state of the

techniques of geo graphical analys is ,  it is highly d ouotful

that more than a very small percentage of the d~ to collected

- 
in such progr ams as the 1970 Census or oy the Earth

Resources Technol ogy S a t el l it e  ever w i l l  oe exami ned more

than cursorily .  The problem is one t r’tat has to be seen at

the extremes. At one end, A s the problem of  the de tec tion

of slgniticant variation when the cycles range from less

than seconds to more than decades. On the other end, lies

the magnitude of the scope of the dat a collection devices

tv -at  ar~ capable of saipl ing the entire surface of the earth

acre i.y acre. The problem becomes one of Adent i  ty ing and

Iso$at inj  the d if fe rences  and s & n & l i a r it ie s  betw een

L phenomena half an earth’s circumfer ence apart.
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t It Is clear that an attitude of indifference con not be

assumed. Continually, it is being demonstrated that

variations exist above and oelow the scale of numan activity

which have importan t effects upon all life on this planet,

• whether these variations be the l ong term c~c~ e of ice ages

or the diurnal fluctu ations of the wi nus. m e  pr oblem is

that until too)~ to aetec t the char.jes A n the ex tremes of

the envir onme nt have oeen created , i~ wi l l  r.,e impossiblr~ 1-0

know i-f there are var iati ons occurin~ tr ~a3 ~io att e ct 1h.~

r human environment either bene fi cialI p or not. Thus, the

proolem to oe faced in the analysis of tne masses ot new

data being made availaole is the one of transcendi ng the

limi tations of the scale and scope of norma l human activit y,

that leve l for which the analytical tool s are most sharp ly

defined , and moving on to the study of realis of activit y

wnich up to now only have oeen conjectured .

An examination of the caoacity of normal modes of

scientific analysis portrays the inherent limitations of the

tradl Uonal aoproaches for the management of geoyrapnic

Infor mation. Cons ider the f o l lo w i ng  examples .  The norma l

i i 24 ,IhI O United States Geological Survey 7 i/~ minute

topograpnic nap, it has been estimated, contains

approx Imately 1.0 x bits worth of information on each

sheet. This is appr oximate ly the amount of infor mat ion that

the avera ge human can effe ctive ly ana l yz e at any given

— IntrodJction t
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instance in reaching a decisi on. A 1024 by 1024

microdensitometer scan An~ 32 dIfferent gra y levels will

produce approxImately 1.0 x 1O~ bits wor th  of inf ormation,

pretty near the upper end of the level of professiona .

analysis. However, this is only the middle of the range of

the analytical ability of sequential digi tal compjters and

at the lower end of the capab ility range of p ara ll el dig ita l

processors. The standar d 4—band tRT~ 1.~iage increases the

comp lecity of the Information handlin g ~r~j4em op another-

order and about exhausts the cap au lils t i of the parallel

digital processors. m e  norma l h ome teiev ision set is

capable of transmittin g tremenoou~ volume s of signal

information operat ing at the 1.0 x oits per second

leve l and far surpassing the analytical speed o f  the largest

conceivaole computer. This level is the begi nning the

capabilities of parallel optical processing . m e  throughput

limitations of optical processors are limited only by the

speed with which images can be generated for analysis (Bray

and Jacobs, 1965, p.677). Thus, in terms of analytica l

power, para llel optical processing appear s to offer the

greatest potential for handling these masses of new

geogr aphtc data.

Standard geogr~ ohic methodolo gy provides a tneoretical

lraae worR to address pr oblems posed at all level s of scale

and scope . Optical processing would malce it oossiole to

int roduction 2
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extend the channe l capacity of the availab le analytica l

1 mo des imoroving and ampli fyiri 9 data handling aoilities so

that variations in the envi ronment ~t the extremes of scale

p and scope could be detected and phenomena tnat operate at

those levels coula be studied and analyzed. It may well be
-I

that there are no variations of significance -to ~umans at

-~~ these ex tremes or that within the ~uman environ ment such

wi de ran~ Any analyses yield no meaningfu l results. However,

the possible existence of such signif icant va”iation shou l~

not be over l ooked until at least the ba.~A c  descriptions of

the phenomena sensed at the extremes ar~ made. However, the

question ari ses as to whether A t is wise to continue to use

procedures developed for problems statea at the t.u x iu
6

leve l when faced with problems on the order of 1.0 x 10

or l arger.

In many wa ys this problem represents a new age of

discovery , where questions on the order of ~‘what where?” are

asked. After the basi c descriptions a-c made it will be

pOsslole to advance to 0sKAn3 analyt ical questions of “why

where?” and making predict ive state men t~ . With  ever—

incre asing stress on the world’s environmental systems and

the greater inter dependence of the nations and peoples, it

As even more essential to be able to ef fect ive ly monitor the

status of the soaceship earth. Tne massive throughput
V

capabil it y of optical processing techniques when applied to

- Int roduction 3
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environmen tal and geographic analysis perhaps may be the

means oy which It w i l l  be possible to live in harmon y with

the finite resources of this planet.

I
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The goal of this preliminary investigation has been to

assess t~ e current state of the ar t  in optical data

processing with an eye towards the pot~ nt ial contribut ions

of this technolog y to geographica l data flanul ing . Chief ly,

the focus has been upon the app licat ions of l aser

holography, as related to the storage , retr ieval, analysis,

and dis~ lay 01 g e sjraphical da~~~ Tni~ nas lead t’) d

consideration of geographic data str~ ctures and the

potential of holography Os a storage medium and analytical

tool in conjunction wi th digital computers . It was not

— intended that new techniques of opt ical anal ysis oe invented

-
, 

S or hybrid aigital—opt ical applications be ueveloped, out

that the app licability of the current technolo gy to

geographical anlysis in general and the needs of the

sponsoring agency in specific oe assessed. ~ome experiments

have been conducted in order to evaluate selected optical

processing and display techniques and to juxtapose some

procedures that have not been combine d nereto foree It was

f e l t  tha t  it was necessary to demonstrate the r e l a t i v e  ease

witi wh ich holography might be used in a Si i iply  equipped

opt lcd l  l z ~boratory, as well as the sopnistication that could

~e achieved In a state—of—t he—art facility. Furt her , the

direction of continued research and app l ication through the

improved inter f ace between optica l and digi ta l processing As

• In trodJction 5
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pointed towards oy this project.

V
Thi. research project originally was proposed while the

principal investigator was a member of tne Jepartment of

~~ography at the Ohio State Jniversity, Columous, Ofl~ o.

Considerable assistance and advice was ootained 
- 
from Prof.

Stuar t A. Co ll ins , Jr., of the )ep~ rtaen t of c~lectric al

Engineering and the clectro—Sc ien- . e Laooratory at Ohio

State. 3rior to the awaralng of tne contract, the princi pal

-

~ investigator accepted a position with tie tiniver sit~ of

Washington, Seattle , 4asn i ng ton, and the oul,c . of t h e

research work has oeen conducted at that institution.

Prof. collins continue d his partic ipation in tie project

under suocontracts to Ohio State from tri e Universit y of

Washington.

.Ln trod~ ction 6
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Holography is a kind of photograpny that uses c ;herent

laser li g ht to 1) record the three dimen.~ional nat ure of

objects, and 2) utilize more comp letely tn-i resolving power

of photographic emulsion. Holograpny was invented in t~ k8

t~y Denis 1,abor, a ~ritA sh physicist who was trying to find i

way to increase the magnification of the electron microscope

(1948 and 1949). C~aoor’s invention Came to be called a

“holograa,” after the breek word ha holos * w h ich  means

whole ,j.e. Hologram——the whole message. utt er ~is init ial

discovery and some experimentation which verified tne

a concept, holography fell into disuse oecause ~f tne lac~c of

a reliable and prdctical source for conerent illjm inatjon,

the necessary element in holography . In 1~ ui, two en~ ineers

at the Universi ty of  Michigan, Leith and upatnie lcs ( 1964) ,

working with tne brand new $a~ er, a convenient  source o f

coherent light , revive d holography to snow that it was

practical. From t riis  initial work ~as flowed many

~xtensions and the development of mathemat ica l formulat ions

for hol oyraphy as well as various forms of ootical

pro:essing L~ased on the l aser. Today, the l aser ranks ~s

one of the cno~~ powerful new scientific devices, perhaps

second onl y to the computer , and hologr aphy is one ot the

simp l est, yet most powerfu l applications of the laser. A

comprenensive scientific discussion of the c,aracterLstics

Hologra phy——A Primer F
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and metnous of riolography can oe found in Goodman , An

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (19o8).

Holography, l ike almost all f orms of ohotograohy, is a

two—ste p process. In the first step, the hologram is

recor ded, that is tne fi l m  is exposed and then ch emi cd l l y

- . deve l oped . The second step consists of ~st n .~ the holo gram

to recon;truct the origina l scene. Hologr~ pr~.: images are

recorde d b y the encoding in a photographic emulsi on ~ f

O p t L C d l  interference pattern. the pattern is form ed ~ y
C.

l igh t waves inter fering in spac €~. in order that a

consisten t spatial interference pattern oe ~~~~ oaring the

• exposure, conerent light from a l aser £ 5  used. Coherent

lign t oasically may oe understood to be lig h t  waves in which

any part of the waves maintain a constan t relationshi p to

an y otner par t across the— entirety of the waves. This means

that the phase and amplitude of all  ligh t waves in coherent

l ight  ar~ i n u n ison r e f l e c t in g their concentration in very

narrow oands of the energy spectrum. Furthermore, coherent

wave. maintain a fixed relationsnip oetween any point

~* l ong their path and any other point. Thdt is, they proceeu

es:3en~~k - .~ ly In . p~~ra4 lel form over -great distances

divergin ; only Ai a miniscu le amoun t from the source of

f l lum n~~~1~,.  In deed , it Is often necessary to use a

c oll L rn~ ting lens to spread them wider in order to provide

illum . r~ ion sufficient for the compl ete coverage of the

• Holo graphy——A Primer 8
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objec ts to om nolograpried.

a
during the recording process coheren t light from a

la ser A -~. jseci to illuminate the ou1e~ t of tne hologram. The

coherent l ight reflected from the Ob ject , sach as t~ e lLgh *

reflecte d from a flasn gun, is made to interfere in space

with a secon~s oeam from the laser. ihe Second beam is

usuall y Jerived from the first oy me ans of beam—splitter.

) In that region of the space where the tw~ oeam s are crossing

a photograpnic emulsion is placed as ~ ri ~~jure 1. Th~

emul sion then ~ecords the inter f erenc e pattern of the two

beams. the inter ference pattern recorded on tfl e film is a

comp l ex series of dark and light line s— -li ght where the

am ol it ud ~s of the interferin g waves comoine cor~structively

and dark where the waves counter act eac h otner. The

distanc e between any typ ical dark anu light line is on the

order of about half a micron , hence a fil m  with a high

resolution emulsion is required . This very fine— graA ne d ,

black and whit e t i l e  is developed in the normal manner and

the first step is completed .

• Tie reconstr uc tion of the image is accompl ished by the

‘~~iil $ r- di ct Ion of the coherent reference ueain. The series

f v~ ry ~~~~ ~Lne s i-i the interference pattern of the

hologram act -~s a diffraction grating .

Holography-—A Primer 9
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Object Beam -

Beam Splitter

Loser J D ~~~~~~~~~~~~~~ Mirror

- 
Spat al Collimating

Filter Lens

I A 
Object

Mirro,’ 
Photographic Plate

Re ference Beam

Figure 1

CREATING THE HOLOGRAM

‘~~~Apporent Object

_ _  

Holog~~m

Figure 2 

- 

Reference Beam

Observer
HOLOGRAP HIC RECO NSTRUCT ION

Holo9rapny——A Primer 10
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th. ligh t of the reference oeaa is bent by this diffraction

pattern so as to reconstruct the original reflected light

wave. Therefore , looking into the hologram one sees the

objec t via the reconstructed ligh t wa ve exactly as one would

have seen the real objec t via the reflected obj ec t light

• with fu ll depth and complete parallax , figure ~~.

Oepending on now tne tw~ beams were caused to interfere

during the creation of the hologram , uifferent types of

holograms can oe created. The most conventional hologram,

the transmission hologram, is forme d when both interfering

beams impinge upon the pnotographic emulsion trom the same

direction. Ouring the reconstruction the transmission

holograms acts upon the l igh t transmitted thro~ gh it as in

• figure ~ so as to generate a virtual image oehind the

• hologram. Variations in the geometr y of the taking

situation can lead to the formation of other types of

holograms such as the reflection hologram in which the

hologram acts upon reflected rather than Transmitted light

during reconstruction to cause a virtua l image behind the

plate, the focused image hologram in  which the hologram

plate is included in the image space, and the real image

hologram in wh ich the image appears to hang out in front of

th. hologram.

Inc advantages of a hologram over the traditiona l

__ 

~~~~~ 11~~~~~ 
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• photograph are several. First, the fu l l triree di mensional

form of the real object as observed in a f ie ld of view

Subtended by the Piolographicy plate is preserved and may be

viewed without special optical apparatus such as red and

green anag l yphic glasses or optical stereoscopes. Unlike a

norma l pnotograph, the ho l ogram is not a recording of the

• variations in reflected l ight as gray—tone images in which

the direction of the incidenc e of the light is not recorded

but only the total intensity . In ho l ography, the objec t

beam is used to prooe the surface of tne obj ect, the

variations in the paths of the two oeams create the encoding

4 of the geometry of the obj ect. tiecause of the use of

optical interference to record the scene, it is merel y

necessary to reintroduce one of the oeams in order to

reconstruct the other. If one returns to the origina l

tak ing scheme and reintroduces the object oeam reflecting

from the object to the photoyrapnic plate, one can view the

reconstruction of the reference beam in the same manner tnat

reversing the situation allows the viewing of the

reconstructed Obj ec t oeam .

A second advantage of the hologram is that by a varying

the angle of incidence of the refer ence beaa wi th the

recordi ng photographic plate, and thereoy, varying the

spat ial frequenc y of the interference pat tern of the plane

or Spnerical waveform of the referenc e beam, man y f u l l

• Holography-—A Primer 12
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holograpnic images may DC interspersed . Since the lines of

the diffraction pattern do not fully occupy the entire space

of t he emulsion , there exists in betwee n the diffraction

lines consideraole unutilized space for the storage of

additiona l images. One needs only to oe careful to vary the

angle of incidenc e sufficiently to prevent crosstal k between

ad3ac en t images. Using such proceuures, tnick film

holograrn~ have oeen used to record some JUD to i.U O seperate

images.

A third advantage of the multiple image hologram is

that the random data access format of the hologram provides

more ready access to the data than the seiuential structure

of m icroform medi a wnicn must be searcn uefore the proper

image can be retrieved. The the multi p le image hologram

need only oe indexed to the proper angle of incidence to

simult aneousl y recall all of the information in that frame.

It should be further nQted tha t the hologram yields a

re lativel y high information packing rate which approaches

and in many cases exceeds tne capacities of microform

recording media .

A fourth advantage of the hologram is its potential for

infor mation preservation. ~3ecause the information for all

images is stored in all sections of the pnotograp-iic plate,

physical damage to a portion of the plate destroys a little

Ho lography——A Primer 13
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of all images and not all of some i mages. The holographic

plate may be dropped and broken, out tne brol~en pieces each

will reconstruct in a field of view reletea to their size

all of t,e original images stored in them.

-1 Oes~ ite the many inherent advantage s of the hologram ,

there a—e several major difficulties ~ssociateJ with their

construction and use. One of the fund~ime ntal problems is

that associated with the creation of tne image. It is

necessary to have a very staole and nearl y vioration—free

platform, as well as qual ity optical components, in oroer to

be successful in tne cre3tion of the nologram . The

p otentia lly high startup co5ts of sucn e~iu ipm ent may deter

many fr-on venturing into hologr aphy. )ptica l systems are

now ava ilaol e however wnich w i l l  e r ivid e some Dasic

• Cap abilities in a price range no more cost ly than that of a

fine 35nm photographic caaera. A secunu problem is the

necessity of us ing coherent ligh t to recoru the image and at

leas t monochromatic light of a sharply defined frequenc y to

view the hologram , thus, in audition to naving a oasic

optical oench, ~t necessar y to have a laser of reasonaole

quality .inu at leas t 3 metal vapor lamp in order to view the

hologram. Thirdly, the images are generall y mono chromatic

and usuall y red, the spectral line associatcu with the most

commonl y avai laole helium—neon laser. aecause of this -
•

problem all tne advantages of selective frequency

Holography--A Primer 14
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enhancement , such as tnat associated wi tn color infrared

pflotograohy or density slicing, are lost with holography.

• Some work has oeen oone with mu ltico l or holography, but the

results nave oven inconsistent and pr imar ily limited to two

colors. the fourth and perhaps the most disconcerting

-~~ 
aspec t ot a holo g rap hic image is the tendency of holograms

to appear grainy aue to the ever—present conerent light

speckle. m i s  image qualit y proolem Is related to the

reflection of conerent ligh t from non- polisned surfaces

which ca~ses Interference An the reflection and ca~ not be

overcone easily in uirect ly vieweu holograms.

I

Ho lography—-A Primer 15
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Tn e ~uest. ion tnat tnis rvsearcn f l ds  attempted to

address &~~ whether those advantages that’ hol~~graphy presents

can oe Drough t to Dear upon the proo l ems of geographical

data handling. A survey of the geog~ aunic literature

reveals tnat tnere have oeen onl y scattered references to

the p3ter~t ial of holo graphy. tven in the comprehensive work

of tne International ~eographical Union Commission on

~eogr aphi~ ol J ata  Handlin g , there is onl y a brief

aescriotion of the riul ographic process and the statement

that “holo graphy has many app lic~ tions ”(T~ m lAnso n, 1972,

p.4.5~~). ueographer~ have made cons ideraole use of opt ical

proce.~sA ~~g in investi gating the use of tne Fourier transform

in the spectral ar~a ly 3 i s of ~p at ial patterns (HacUougail,

1g70 Jarton and Tobler, 1971; icCu llagh ano Jav i s,  19i~~).

Some i’iterest nas oeen snown in the use of opt ical

correl ation techniques for pattern recognit ion work.

Wingert (19731 iemonst’rated th~ use at arall e l optical

processinj in tne app lic at ion of tne Wejver—~,oodman optical

correlation tecnnique in onoto interpretation. Rayner,

&olledye and Collins ( L~~71) did u~ e a nul o~ raphic techni~iue

in the ai a lys is of sp atial patterns out on l y for storing the

phase of the fourier transform. None of thi s work nas

addresseJ the capab ilities of holograph y as an optical

processing tecnai que for image storag e or u&splay . An area

(eo-graphtc App licat ion s 16
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with ge~egr aphic overtone s that nas reciaved some atten t i on,

• especial ly from the military, is the use of hol ograms in

automated navigation and guidance systems (KAlpatriclc, Lgbg;

8urton and Clay, 1972). It does not appear however that

geographic considerations ever have played a role in these

deve l opments. The area of geograpnic interest that nas

received the most attention and in which the holographic

applications are the most deve l oped is the use of coherent

optics in engineering mapping ,rucedjres . Tnese

applications are typ ified by the pioneering work of Plikhall

and his associates at Purdue Universit y in the deve l opment

and use of holo~j’aphic stereomodels (~,laser and Pfikhail,

1)70; l(-jrtz, 1971). A major force in the :ontinutng

researc h ettort L f l  t~ is area has Deen Leighty at t~ a United

States Arm y Engineering Topograpru c caooratories Research

Instituta. A Sup erb statement of the state of the art in

this area is to be found in ~~~~ ~~~~~~~~~~~~~~~~~~~~~ the

proceedings from a meetin g organizeJ oy Leighty and

Balasubraaanian ano jointl y sponsored oy the American

Society if Photogrametry and the society of Photo optical

Instrumenta tion engineers (1974).

Geographic Applications 17
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oefore one can consider the nature of noloyraphic data

system for geog raphic information, it is necessary to

examine the general classes and cate gories of spatial data.

Geogr aphers like to distinguish spatial data from data

util i~ e~ Dy otner scientists oy emphasi~~in~, tne fact tnat

they are interesteo in the occurance and oenavior of

phenomena over space and through time. t~~js means tnat

wnereas , ome scientists may oc concernea auuut the variation

in tne characterisitics or oehavior of s~ime portion of the

real world , the geographer couples tnis con~,~eri with one for

the interralationsnio of sucn pnenomeno logical

characteristics wit h those associateo with t-i e Jt5tr ioat ion

and int -araction of the pnenomena over sp ace ana also with

time. T-~ie phenomena may oe seen as essent ially static

distriout ions existing at jiven nonen t~ in time or as

Oynamic orocesses in action over tine and space.

The ;implvs t conceptual structures for spatial data are

tnose t~~at relate to the dimens ional cnaracteristics of the

phenomena, Point geographic phenomena then are those tnat

are cri arac teri~ ed as as existing , occuring or having oven

measured at a particular deflnauie location in space and

time. ~xten sionally , such phenomena n-ive no dimensions ano

are mainl y Interpreted as incident ~ t the specified

Spatial Ucta--Form ana Forma t 18
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location. Many tnings are treated as point phenomena

however , in realit y only the existenc e of  some indiv idua l

specimen~ or the occurance at som~ a ct iv ity or behavior at a

~iven point are true point geograpr ic pnenonena . Linear

geographic phenomena are concei-veu as c~ nciitions existing

along a line or as interact ions aetween two points. such

phenomena are one dimensiona l in tnat soaetntng exten ds from

one point in spac e towaris anotner or exists along a path

such tni t its location can ue ~ecit ie~ oy a single number

denotin g it-s position with in the lineal frame at reference.

Traffic alon g a h i a hway or the n~~ighooring oetween memoer s

of oil fere r t social groups ar~ exam p le~ ~f geograpnic

phenomen a that have oven conc ep tuahiLeJ as linear. The

tnird tor n of spatia ! data relate~ to tnos~ thing that are

conceptualiiei dS h d VA n - J  extension in two JirecttonS , i.e.,

areal uata . m ere are relat i vel y few tnir ~gs which occur

sim ply in two dimensions; howvle r , there are many tnings

which exist over sp ace ana for #~nich the ~esjAnation of

areal data is useful. Cen-3us tracts, lana use and zoning

categor i~~3, po litical Juris diction ;, and property rights are

all ex aupl es of the p artitionin g of space on an areal

basis. Tnese phenomena are ua ;ically seen as existing

within the bounds of some two Jimensio~ a lly variant

description of tneir extent. On the otner han], the fourth

form of ~p at i-a l data, vo l umetric, reflects the variation of

Sp atial Jata-—F- orm ana Forma t 19
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pnenomena in three soace. Thus , a means i5 provided for the

• analysis of the continuous variation of pnenomena as with

atmo Spneric pressur e which is present everywhere at the

earth’s surface. Furthermore, enumerations carried on

within Uata collection areas can oe treateu as a count of

the numoer of things existing withi n a samp le and can be

j  handled v olumetricall y A n the sane manner as the volume of

water in a ti dal rush or tne v o lu ne of mater ia l in a terrain

surface. f~ distinction must oe urawn oe tween the

concept .ajlj~~atjon of the sp at j-.~l cnaracteristi :s of the

geograohic phen omena ani the id entif ication of the location

of tnat pnenomena . 3ften there is confusion over the fact

that tne position al information relates to measurement in

two or tnree spatial axes and one temporal axis. Whereas,

the dat a element ; mu ;tbe aistingu ished on the oasis of

furtfler tntor rna tion di to tUna, rank or amount.

Many sp atial phenomena are active at le vels other tnan

those at which they are conceptu -ali zeu . for examp le,

aut om ooile accidents wnicn are mos t oft en viewed as oeiny

point ohenomena are in reality tnv enu proauct of the

conjun :tion of at least one linea r process w ith another

point, linear or volumetric phenomenon . Linear features

like a tide line are conceptu alized al-so as one spatial form

when it is actual ly represent tne operation of a second set

of forms. In this case, the interaction between two

Spatial Uata—-For m anu Format 20
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volumes. Consequently, it is necessary to be aware not only

• of the na ture of tne pnenomena as it actu al l y exists in

reality, out cautious as to the oiases introduced in the

capture and recording of dat a rel ated to t~ e phenomena.

Any new system for handing geographic pnehomeha must be

-
~ interfaced with tne existing me thod; and tecnni~ ues for the

storage and manipulation of such informa tion. it serves

well to look at the natur e of geographic realit y as it is
r.

sensed, encoded, recorded, and represented.

T~ e primary perception of sp a t i a l  re a l it y oy human ; is

related to their senses, in that a successilon of stimuli

are allowed to course tnrough tnem ~~ the inJiv idu als

cnange; their Location in space and time. Tnu , a feeling

is developea for the extent and d imens io r~~ of the wor ld, as

well as the relative organiz ation of pneno.nena within tnat

world. In order to better unaerstan~i tne nature of the

world , a variety of technological aids nave oeen devised

which assist in sensing ana recording tne variations that

occur in the dimensions and the extent of t~~is rea lity as

well as phenome nologica l characteristic ;. ..hief ly, these

devices allow greater precision in sp ecify ing the

differences between sensory ooser~iations . Take, for

example, the proolem of tne measurem ent of temoerature. The

simple st observation of temperature is tne ;ubI*ctive

Spatial data—-Form and Format 21
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statement of tne condition of an indi vidual in relat ion to

their environment, statements on tne order of nit’s freezing

in here ,’ or “It’s a scorcher today .’ A more refined , ou t

st i ll suo j ect ive set of statement5 are those relatin g to the

comparison of tne sensib le temperatur e~ Of ooject;. Thus,

j it is os~ A Dle to dlstinguisn oetween ice cuoes that nave

Just come out of the freezer anu a pot that nas come oft the

stove anu to rank accoru ingly tne sensiole temperatures of

other obj ec t~ in relation to these. it is not possiole

however to specify exactl y tne ui fferences among such

oojec ts. In order to do tnis, it is ne..esi-ar y to resort to

some farn of instrument ation . ~h A e f L y ,  the li i u i d expansion

thermometer ha~ ocen relied upon for thi5 function. The

calibration of such thermometers against oujects ot known or

theoretLal temperatures provides relative 5caJes for the

assi9nment of more precise differen ces between the

temperatures of given oojects. Contact sensing devices such - - 
-

as the liquid thermometer ano neat sensitive electronic

aetector~ , are perhaps the third most com~non measuring

device created after the mass measur ing scale and the vo lume

measurinj CUP. These contac t sensing aevices ma y oe

instrumented f o r  continuous or discrete interv al sampl ing of

the variation in phenomeno logical temperature, or reauings

may oe recorded manu al ly . It is impor t ant to note that the

use of such info rmation imp l ies tne reduction of the

Spat ial Jata——F ur m and ormat 22
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cont inuous analog values presented uy these devices to

di screte numerical annotat i ons. such a data recording

process a llows the entry of man y different torus of error as

we ll as the po sioili ty of the wel l— Known rleisenour g

effect. A numoer of procedures for non—contact sensing of

temperature have Deen created which allow measurement from

within near distances to sensing from great ly removed

position5, i.e., remote sensing. r~e ly ing on t he aoili t y of

cryogenically cooled sensors to detect min ute changes in

long—wav e infrared radiation, devices .~ucn as t~ e ~arnes

thermogriph and the dendi x AR sc anner have oeen created

which orovide either ana l og fil m  or dig ita l readouts of the

temperature patterns of an imajed scene.

With respec t to the consiueration of  the range and

scope of geographic information, it wi l l  ~e seen that data

can oe code d and recorded in a wide nunoer of ways, even for

such a simp le phenomena as temperature. Fur example, in

Just one study a data system cou ld be called upon to handle

informati on as diverse as manual ooservations of sea water

temperature taken oy discrete sampl ing , continuous logs of

air ana ground temperature from a land—oased weather station

and tnerma l infrarec images recording tne spatial extent of

surface temperature variation. AII I of these forms of data

col lected with one obj ect in mind——the analysis of

temperature variation in ani around the action of some

Spat ial Data——For m anu Forma t 23
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• phenomena under study, yet the y are all Das ical ly d ifferent

in their forms and format as well as tneir accuracy.

Another important aspec t of geographic real ity is the

manner in which that reality is representea. ~epresentation

involves the permutation of recorded dat a through a series

3 of step s in order to create a useful for m of presentation

for the data. Primarily, the problem is one of taking

recorded ddta and creating a structure fo r- it such that its

integrit y is preserved ana its use is facil itated , that is,

creating a data structure. data structures ma y oe formal ly

organized tt~ings Suc h as elaborate, random access disk

systems or very simp le procedures suc h as urawing a diagonal

line across the top of a card deck. Inc most important

function of a data st ucture is that in some way or another

it prevents the data from ta ilin g into disorganization wnich

leads to the loss of par t or d i i  of the information.

Additi onall y, it provides a means by wnich tne user of the

data can f ind all of that information tha t is pertinent to

the proolem under consideration. Urdinar i l y, for the

representation of geographic rea lity mos t people imme diatel y

think of the map as the sole means for portraying the

spatial arrangemen t of phenomena. Indeed, maps and other

map— like or~janizations of data into two uimensiona l data

struc tures such as orthophotos , stereomo dels, and act u al

physica l models are very efficient and useful techniques for

Spatial Jata—-For n and Format
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represen ting geograpnic realit y. piowever , there is a

variety of otner techniques that ~-e Jus t as use ful in

recording and representing geograpntc inf ormation. One of

the most common is tne gazeteer. This represents an

ordered , sequential list of coordinates of geographic

phenomena. Tariff scheou l es and time taoles represent a

means for reporting the struc ture of a network of linear

pheno mena. Tide tables record the variations of the water

mass with respect to the terrain anu indirectl y can be used

for tne calculation of tidal currents.

T~ e preparation of a graphic or the printing of a taule

however is only the fina l aspect of the representation

[ 
problem for geographic phenomena. Qata as it is initially

collected mus t oe organized and stored in some form amenaole

to the fina l nodes of representation, out not necessarily in

the fina l mode. For example, the coordinates of a gazeteer

may be initially recorded in this form, out the coordinates

of map information which are to oe portrayed later in a flat

graphic also may be in numerica l form and stored

accordi ngly. Furthermore, the data as collected may be

g lobal in natur e and may not be related to the lo cal * and

phenoCena undir considerat ion. Therefore, it As often

nec•ssary to extrac t from a large data set smaller , more

cogsnt ones that relate more directly to the problems under

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~nsideration. In 9ener:a ; tne data
::iiec1o:
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by t rie entire problem of the reduction of the recorded

I. information to a comprehens ible form or cipher- in the

language of the communication med ium to oe utilized. This

process often necessitates the appl ication of a set of

classificatory criteria and the assignment of symbolic

ciphers to the classes. Once the encLpri e~— ing process haS

been coapleted, it is necessar y to allow some means for the

3 generation of the final representation which may be

accomplished in a numoer of different manners.

Hop e ful ly, this discussion of the ways in which

— geographic reality comes to be known has ue4nonstrated the

vast scope of act Av Lt ie~ and the ran~ e of potential

infor mation tha t coul d De used with a holographic data

storage system. It is possible to conceive of situat ions in

which it would oe necessary to store geographic information

at any stage of its use clear from the initial recording to

the final representation.

As nas happened in the application of tne computer to

geogr aphic investigat i on, the application of nolography

potentially could proceed along similiar lines. On the one -

hand, holography could be used for the augmentation and

expansion of the current modes of geographica l analysis. On

the other hand, holoyrapn y might provide a method of

approac h to problems and means for askin g questions tnat

Spat ial Data——Form and Format 26
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would extend far beyond current modes of analys is. Thus ,

- ,  two broadly de f ined areas must be examined to identify what

holography mught be aole to do for geograpr%y . First , is the

yenera l ap pl ication of ho l ography to a var iety of p roblems

that are already known in terms of tne storage, retrieval,

ana lysis, ana dis p lay of geograpnic information. secondly ,

ho$ograpr% y has the potential for providing tota lly new

approaches to geographic proolems.

p.

I.

L
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Ihe direc t app lications of hologra phy to the storage

and analysis of g .ograohical data mus t DC viewed in terms of

-. - th. modes in which data can ~e stored. basica lly , a

distinction must be 4r~ wn between those me tnods in which no

image is created and those that are image forming. In the

j  former procedures, the data must already be in a numerical

or co ded form or amenab le to such encoding. Ni th tne latter

systems , geographical data in the for m of yrapriics, maps an d

photos say be directly stored withou t translation into

numerically coded data structures. Most of the work that is

being don e with non—image forming pro cedures is related to

either the develo pment of computer memories and periphe rals

or ot her electronic app lications such as vi deo recording.

(Rajchman , 1970). Compu ter data storage devices capable of

storing 1.0 x to to bits retrievable at opt ical speeds have

been proposed by Pohi (19?k,p.31.6) and slower access devices
L

capa bl e of storing 1.0 x 10 13 oA ts are currentl y are in use

with the Illiac IV computer (uusik, 1914, p.24). Any

advances that can be made in increasing th , analytical

capa bilities of d igi tal computer by the use of holographic

procedures will prove bene ficia l An the end to geo graphical

app licati ons Just because of the grea t use to which

computers are alread y bein g put in geography. Such

deve l op ments will not be covere d here since the y represent

Dat a Storage and Anal y sis App li cation s 28
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primarily the extension of known capabilitie s rather than

different approaches to geograpnical analysis. The area

which bears greater potent ial for ennancing the reoertor y of

geographical analysis methods is the integration of optical

and digital computing techniques through tie use of a

variety of new image forming techniques.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ The dichotomy between

the opt ical and digita l processing of imager y is a we l l—

recognized fact .  Opt ica l  processing is near ly  instanteous

and processes all parts of an image equ all y in a p arallel

format. Digital processing, on the otner hand, provides

only capaoility for the sel ective anal ysis of an image.

Scientists concerned with the processing of images,

includ ing cartographers, photogrammeters , and computer

scientists, have searcned for methous ano techniques that

would allow the effect ive interfac e oetween the two

processing techniques. The difficulty to ~ate has been in

achievi ng an effective cross connection be t4een the two

proceUur~s (Vander- Lugt, 1971). Until recent ly, the most

effectiv e procedures have oeen photographic and -do not allow

for any effective interactive anal ytical capaoility . The

prob l em is essentiall y one of finding not ‘us t a means of

producing a coherent light image from a digital record, out

the creation of differentiall y translucent optical filters

under digita l control. The inverse procedur e has Deen

Data Storage and Anal ysis Applicat ions 29 
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hampered oy the coarseness of the detectors available for

measuring the resultant images. Therefore, most of the

previously created systems have useu cumb ersome , non-real

time procedures and are characterized by an overal l lack of

quality in the digital—to—optical and op tical—to—di gital

- 

- 
- inter faces.

A number of new and practical interface procedures are

or ma y soon become available. One of these new procedures

being developed by Nisenson, Feinhieb , and Iwasa at the Itek

Corporation is tne Poc~ els ~ead—out Optical Modulator or

PROM crystal (1914). This crystal, a thA n slice of bismuth

silicon oxide, is electro—o pt ically sensitive to that it may

be written op tically and erased at near elec tronic speed .

The images are of sufficient optical density and the crystal

possesses transmission characteristics adequate for the use

of the P~(OM as a input i mage or as a optica l filter. A blue

light Is used to record the image on tne crystal and the

duration of the image is l ong enougn to permi t the optical

modulation of a coherent ligh t beam shown through it. A

device wi th such capaoilities could be useu to -replace all

of the ohotographic images An an opt ica l analysi s procedure

with dig itall y driven optical modulat ors under the control

of a computer . Such a capaoility coupled with optical

detec tors in the form of a sector and ring Fourier anal yzer

or and an x,y array detector, would provide the bui l ding

Data Storage and Anal ysis Applications 30
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• blocks for an electro-optical image processing facilit y

cap able of dynamic interaction be tween the digital and

optical computers.

A hybrid digital—optical processing system would be

composed two chief elements : an image processing computer

and an optical bench . The image processing computer

ostensibly would have availaole a full complement of the

norma l data storage facilities as we l l as the speciali zed

digital—to—o ptica l output and optical— to—digital input

devices. It is anticipated that the PROM crystal s could be

driven either oy a retreshaole vector drawing graphics
I

screen a~ wel l as by a raster scanning digital IV, thus

providing interactive graphics capabilities to further

ex tend tr~e utility of tne system. It appears tha t with

three PkUM crystal output modules most of the currently

devised Ima ge analysis procedures could oe performed. Two

types of opt ical detectors also would be nee ded. One would

be a sector and ring dev i ce for sampling the symmet rical

di f fraction pattern of a simp le fourier analysis.

Thomasson, Pliddleton , and Jensen of ~(ecogni t&on Sy stems,

Inc., nave develo pe d a d.t•ct or wit h 3~ wedges covering one—

h a lf of the op tical po.er spectru. and 32 e q uall y spaced

rings on the otner half ~iich wi l l  allow a fa i rl y accurate

interpretat ion of Pie sp atial frequencies of an

iaage (197’i). Information de rived from tne sector and ring

Dat a Storage arid Ana l ysis App lications 31
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-, detector would be used to construct spatial and correlation

filters in other P~O M s  in the Fourier plane. The other

opt ical detector woul d be an x ,y array detector for use in

- 
- the re— quantizing of the optica l image.

The second major component of the system is a staole

optical oench for the optical train and coherent light

source compatible with the PROM crystals. It is anticioated

that the most useful system would include servo—controlled

lens and opt ical module mounts, such that the alignment and

- 
- line tuning of the optical processor could be achieve d under

- program control.

The application of such a hyorid optical computer would

be limited only by t~e creativit y and skill of its operators

An app lying it to the multAt u de of image processing tasks

that are faced in the geographical sciences. Three

app lications are reaoily apparent based upon proven

experimental procedures: three dimensional yra~hics, Sp atial

filtering, and image correlation.

C
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THREE DIMENSIONAL COMPUTER GRAPHICS
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3 ~~~~~~~~~~~~~~~~~~~~~~~~~~~ the PROM mod u I e cou I d be used

as the image output device for tne construction of (ing

No ll— t3e rry holograms in conjunction with a relatively simp le
fr- ~
I -

film transport mechanism (king , et.al .,1glO). The KNB

hologram is bas ically a series of ver y siall nolograms

present ing the view of some pers p ective ly projected three

dimensional image. A numue r of views of the objec t varying

by only ~a few degrees uf rotation along the x axis of the

hologram or by a few aegrees of eIeva tio~ along the y axis

are recorded as normd l transmission holograms. Presentl y,

it is necessar y to create these seperet e views as microfilm
p

from a computer output on m i crof ilm dev ice or film of a

graphics ter~nLnal . Oue to the photographic transfer of the

images from the computer to the hologram tatting situation ,

the process is aruuous anJ time—consumin g . Replac ing the

photographic steps wjtri a PROM crystal would make the King—

No ll—derr y hologram a useful and ~irectical disp lay

procedure , figure 3. 3y such a technique, it would be

possible to generate a computer graphic output that appeared

to the viewer to oe trul y three dimensional in nature. By

judiclou3 selection of the i ncrenent for the f i lm transport

and the use of a slit rather than a series of small cells, a

three dimensiona l animation coyl i be achieved. This effect

would be accomplished by the movement of a continuous KNU

holoyrapnic film across the line or tne reterence oeam . A

Data Storage and Ana lysis App lIcat ions 35
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modification of the film holder mechanism to provide angalar

variatio n rather than fil e movement  wo uld a l l o w  the creation

of multi p le image holograms from di g itall y encoded data

facilitatin g the disseminat ion of up—to-date maps and

graphics for holographic navigat ion and guidance systems.

~~aLA.~L_EkL1g.cin~ spatial filtering tecnniques are used

quite commonly in geographical research in order to isolate

elements on the basi s of their spatial frequencies or

orientations. In the optical arrangement illustrated in

figure k an image is introduced into the system through the

first PRO l crystal P1. Its Fourier transform is de tected by

the sector and ring device JI. after the beam has been sp li t

by the ha lt -sAl vered mi rror. The computer can anal yze the - 
-

informat ion derived from the sector and ring sensor in order

to construc t a s~ atial filter in the second PR OM P2 so as to

eliminate either certain orders of spatial tr~~aencAes found

In the original image or particular orientations of spatial

frequenci es. The result of the ~pat iaI filterin g can be

read in an x,y format compatible with the origina l Input by

the array detector D2. Such a system in an inter active mode

would provide a high ly fl ex iol e tool for tne analysis of

spatial iatterns.

I
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•1 Liia~e~~.acceIatL9a carrying on from the spatial filtering

idea, it can oe seen that if the filter t~ at is Interjected

into the optical path is the Fourier transfor m of an irnage

element , its location v .ithin the origina l image can be

aiscerned in a photo interpretation mode. In figure 5, the

coher en t l ight beam is split and part of the beam proceeds

down an optical path identica l to that of the spatial

filtering setup. The other part of the beal proceeds

throu gn u simi liar spatial filter ing setup; however , instead

of an ima ge being presented oy the PR~M crystal P2 for

analysis, a spatial element of some form , is presented and

its Fourier transform is detected oy tri e sector and ring

device UI. From the Four i er transform of the spatial

element , a filter is constructed for tne origina l image and

introduced into the optical path oy the second PROM crystal

Pd in the spatial filt ering scheme. The points of

correlation between the sp atial element end the origina l

image are detected as brigh t spots oy the array detector 02

in x,y posit ions corresponding to the origina l image. The

computer could ~e pro gramme d to change the orientation of

the spatial elements In order to achieve the highest overall

correlation between the filter and the original image.

Conceivaol y, the computer could creat e a oank of spatial

filters of a variety of different spatial elements and the

computer could se l ect from aeon; these for element

Data Storage and Anal ysis App lications 38
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• IaentitLation in a photo iriterpreation mode.

There is some evidence that this iiage correlation
- 

- procedure could be used to solve a variety of non—image

probl ems including matnematical programming problem s such as

spatial -allocati on and classification . In the abstract, the

image correlation and analysis proolem is not unlike a

number of geographical problems involving the classification

of ent i t ies on the basis o~ their measured sAm.lli aritie~.

There appears to be no reason why tne multi 0Ai.ensLonal data

pertinent to a partic ular set of entities could not be

converted into some ana l og optical representation. The

f programmed selection of spatial filtering c ombinations could

lead to a classificator y ordering of the ooservations. Many

mathematical programming problems are structured sieili arly

and their solution constraints could be expressed as fixed

spatial filters.

I !
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- e  One of the things that holography has caused a number

of people to consider is the general manner in which the

holograpnic recording process operates as a model for the

storage of information in other contexts. One of these

contexts is related to epistemolo gy and the organization of

memory.
-
‘-

Consider what happens In an abstrac t sense when a

hologram is created. A regu l ar, predictaole pattern, the

reference beam , Is allowe d to interfere with an irregular ,

unpredictable pattern of light, the reltected objec t oeam ,

-
- 

• and this inter f erence is recorded . Inc reintroduction of

the regular pattern allows the recreation of the irregular

pattern. However, the inverse is dlso true the

reintro duction of the irregular pattern reconstructs the

— regu l ar image. In t-i e case of optical holograahy, this

procedure is not very interesting . elowever, there is no

reason wny the reference beam could not Dc of some form

— other tnan a regular spherical or plane wave. Indeed, the

reference beam theoreticall y coul d ~e filtered and

transformed in any manner as lon g as it was possible in

reconstruction to exactl y duplicate the nature of the

reference oeam in the origina l tai~ing situation.

Now consider the mind which also may be thought to use

Associative Uat a ~tructurms 40



_ _ _  

-
~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_
~~;;—w .~~~ — — ~~~

j -
~ 

—
~~~~~~~~

- ‘-_‘~_____1 ~~~~~~~~~~~~~~ —

_  - -- 

• 
a holographic interference techni que for tne storage and

manipulation of information. The entire education process

-: may be seen as one involved in the development of a large

and useful set of mental holograms to be used in the

recallin g of information as w ell as its processing. For

example, throughou t an individual s experience with written

language many examples of the letter ‘a~ are encountered.

r Host persons are so familiar with the general structure of

this letter that it is possible for them to identify it even

when it is grossly distorted or only partially discernable.

How does the mind do this? Part of this process is

accompl i~ hed in the psycho—physica l manipulation of the

sensory image in its transmission to the sensory store and

the short—term memory. The oroken par ts of line may be

filled in mentall y in order to generate a more complete

figure. However, the mind can wor~ rernar icable

transformation on the basic geometry and relationships of

the figure, performing extreme , nonlinear permutations of

image s in order to fit them into some comprehensible form of

reality. It may oe that in this initial pr ocess somewhere a

holograpriic filter is utilized by the mind in order to

transform the irregul ar, unpredictable patterns represented

by the broken and distorted figure Into the regular ,

predictaule pattern known as the letter a .

In this situation, analogous to the reconstruction of

ASSOCTtivC 
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the op tical hologram, the retrieval is perform e d In is

p arallel. - That is a given stimuli is taken as a whole ad

the referent Is retrieved a~ a whole simu lta neousl y . The

mind nas the additiona l capability of being able to feed

infor mation oack into Itself to further ref ine its

understanding and to add information together in order to

— recognize words, phrases, sentences, and ideas.

All of this makes for an interesting excursion out how

does A t relate to geography? general information storage

systems as the y now exist wor k on simple, direct input and

retrieval. Fundamentally, information is stored in a data

struc ture with some reference scneme related to ~nown

external characteristics of the data or internal addressing

procedures and through the use of the refer ence scheme the

information can be directl y recalled. As an examp le , one

-~~ might have a set of nealth statistics for each county in the I -

United jtates randomly stored on a disk ana for which

direc tories have been bul It which index counties by states.

It is a simpl e matter to access the dat a for the jth county

of the ith state by referenc ing the directory for the ith

state and offsetting oy j to find the address the record for

the jth county. Regardless of flow comp lex sucn a directory

scheme or record format may oecome, systems like this one

only provide directl y the  information tnat was stored within

it. That infor mation is returned only in the simp le

Associative Oata Struc tures 42
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sequential manner in which it was originally stored. The

access to the data may be greatl y expanded by the

t introduction of spatial retrieval techniques, but the

information still onl y comes back sequentially within the

context of the imposed organ i zational struc ture. This kind

of syste, is good for record keeping but poor for analysis.

For examole, if one wishes to study the high incidence of

heart di~ ease then the tile containing that information must

~e inverted on the basis of the information related to near t

disease, and then specificall y searcned for those elements

that could be defined as high. ~ucn a sy~ teC facilitates

access to the information but it does not facilitate the

development of higher undrestanding about the distribution.

Consider, however, the concept of an associative date

storage system where data is stored ind irectly as a result

of the presentation of the information to tne system and is

retrieved when information aoout tne ~&mension of the

problem under consideration is presented. In oteer words,

in the example given aoove, the general terms in which the

problem was defined , the high incidence of heart disease,

would oe used as regular pattern to Dc input to the data

structure in order to affect the retrieval (kugel, j~~3).

Meant b~ high incidence and hear t disease. The digit ial

simulation of the functioning o~ an associative data

structure is performed only with great difficult y and each

Associative Data structures 43 

~~~- -~~--~~-~~- —- -~~~~-- ,—~~---- ---~~- - - -----—— 



¶11W

accession incurs cons ider able system overhead. The use of

an integrated digital-opti cal processor with holographic

memory units might make such a soph isticated sy stem

feasiole.

The relevant use of this idea of associative data

structures for geographic information sy~ tems is that they

would allow attention to oe directed towards to the

struc ture of the problems rather than upon the manipulation

of the data. In other word5, instead of pnrasing the data

retrieval questions ~n very specific terms necessar y for

direc t se iuential access where it is possiole to bypass

important interrelationships in the data, the questions

could oe posed in general terms such that the associative

data store would extract tne most mean ingfu l portion of the

infor mation from storage that was relevant to the problem.

As the system was repeatedly used for simi liar accession, it

would learn ana lyti cal strategies suitable to the specific

form of the analyses and further facilitate the data

access. if this type of the machine were allowed to free—

wheel Such as the human brain, it mi gh t f ind relationships

In the particular prob l ems that were theretofore

unsuspected.

t Associative Dat a Structures
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