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ABSTRACT 

Detailed analysis of remotely sensed imagery 
is an important f i r s t  s t e p  i n  determining the  
v i a b i l i t y  of an area f o r  geothermal i n t e r e s t .  
Advances i n  qua l i t y  and quantity of imagery 
require t h a t  t he  ana lys i s  process be improved. 
Where gross information is required, computer 
programs scan imagery, measure gray sca l e  l eve l s ,  
and co r re l a t e  density information t o  previously 
defined subjec ts .  I n  area of geothermal i n t e r e s t ,  
de ta i led  ana lys i s  of small information elements is 
required. Instrumentation cons is t s  of imagery 
support, t ranspor t  and i l lumination, stereoscopic 
viewer, and graphic information t r ans fe r  device. 
Instrumentation must support the  human operator 
from one of t he  geothermal d isc ip l ines .  New and 
f u l l y  capable ana lys i s  explo i ta t ion  and equip- 
ment is ava i lab le  and should be used i f  t he  t o t a l  
economies of remote sensing are t o  be rea l ized  
i n  geottierdal studies.  

INTRODUCTION 

A block diagram of a remote sensing ana lys i s  
system, Figure 1, w i l l  include a co l lec t ion  
system providing the input,  an in te rpre ta t ion-  
ana lys i s  block supported by a se lec t ion  of equip- 
ment, and a repor t  t o  t he  user  as the  system out- 
put. It should be noted t h a t  the system a c t i v i t y  
is not considered complete un t i l  the  remotely 
sensed imagery has been analyzed and the  r e su l t an t  
information presented in a log ica l  format t o  a 
decision making l eve l  of personnel. 

Collection 

Illumination lronrfor p Report to 

During the  pas t  severa l  years,  many d i f f e r -  
en t  imagery co l lec t ion  systems have been devel- 
oped and put i n t o  ac t ive  use. These co l lec t ion  
systems have the  capabi l i ty  t o  co l l ec t  and deliv- 
er imagery a t  a r a t e  t h a t  f a r  exceeds the t o t a l  
ana lys i s  capabi l i ty .  

A review of the  f i lm l i b r a r i e s  a t  the  EROS 
Data Center i n  Sioux Fa l l s  and the ASCS i n  S a l t  
Lake City w i l l  graphically demonstrate t h a t  t he re  
are mill ions of frames of imagery ava i lab le  t h a t  
a r e  not being and cannot be analyzed. This over- 
abundance 
f o r  help i n  completing the  ana lys i s  task. 

cf imagery has made many people ca l l  

For many years,  whenever a da ta  volume prob- 
l e m  becomes too l a rge  t o  handle conveniently, one 
so lu t ion  has been t o  write a new program and l e t  
a computer manage it. This has been done t o  some 
exten t  with the  imagery analys.is da ta  problem. 
Sophisticated programs-backed by reasonable s ized 
computers can divide images i n t o  shades of gray 
and, by assigning ce r t a in  gray l eve l s  t o  s p e c i f i c  
land use, t he  computer can evaluate la rge  land 
areas and present t he  information a s  a land use 
print-out. 

The d i g i t a l  da ta  base f o r  cartographic pur- 
poses contains some 1015 b i t s  of da t a  and w i l l  
cost  about 500 mill ion do l l a r s  t o  generate. 
Storage w i l l  require development of the  p l a s t i c  
bubble memory and w i l l  occupy space about l i k e  a 
home garage. 
geodetic and planimetric information. 
contain contour o r  land use information 

This da ta  base contains only t h e  
It does not 

Many users of remote sensing imagery are not 
ye t  prepared t o  go a t  f u l l  speed toward the  
d i g i t a l  concept because of the  cost  and because 
they are in te res ted  i n  a l eve l  of d e t a i l  much 
f i n e r  than the  r e l a t ive ly  gross a reas  cur ren t ly  
within t h e  ana lys i s  capab i l i t i e s  of t he  computer 
programs. Also, the  t o t a l  area involved may be 
less than the  multiple quadrangles which makes the  
computer ana lys i s  so e’fficient.  It is t o  these  
users  of d e t a i l  information over smaller areas 
t h a t  t h i s  paper is directed.  

I n  developing the computer ana lys i s  approach- 
es, every e f f o r t  has been made t o  remove the  
human operator o r  t o  reduce the  system dependence 
on him because of h i s  l imited a b i l i t y  t o  handle 

~ 

Figure 1. 
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gross quan t i t i e s  of data i n  a timely fashion. 
This concept is f u l l y  va l id  i n  some major programs, 
but i t  tends t o  ignore the  ana lys i s  a c t i v i t i e s  i n  
which a human operator is f a r  more capable than 
the  computer. These a c t i v i t i e s  cover the  obser- 
va t ion  of minute imagery d e t a i l  and the  ana lys i s  
of t h i s  d e t a i l  t o  determine the  a c t i v i t y  which 
has been imaged by the co l lec t ion  system. The 
c l a s s i c a l  concept of i n t e rp re t a t ion  cons is t s  of 
t he  four bas i c  s t eps  of Detection, Recognition, 
Iden t i f i ca t ion ,  and Evaluation. This is true 
"Imagery In te rpre ta t ion"  r a the r  than gray l eve l  
de tec t ion  and recording. There are many imagery 
ana lys i s  problems i n  which the  human "Eye-Brain- 
Fingertip" combination st i l l  performs i n  t h e  most 
e f f ec t ive  manner. 
a c t i v i t i e s  wherein the  d e t a i l  may be small, the 
a c t i v i t i e s  within the  a rea  of i n t e r e s t  are varied,  
and the  "Imagery Noise Factor" of extraneous 
information is high. 

These problem areas  include 

SYSTEM DESCRIPTION 

The system under discussion here cons i s t s  of four 
bas i c  elements: 

(1) A l i g h t  t ab l e  f o r  imagery support, 
t ranspor t  and i l lumination; 

(2) A stereoscope fo r  de ta i led  stereoscopic 
imagery study; 

(3) A graphic da ta  t r ans fe r  instrument f o r  
preparing the  information i n  a usable 
format; 

(4) The human operator.  

The Light Table 

The requirements f o r  t he  l i g h t  t a b l e  a re  
based on the  s p e c i f i c  a c t i v i t i e s  of t he  in te r -  
p r e t e r  and the imagery with which he  is working a t  
the  time. The in t e rp re t e r  may be working with 
e i t h e r  opaque p r i n t s  or  transparencies.  The imag- 
e ry  support, t ranspor t  and i l lumination require- 
ments are, of course, d i f f e ren t  i n  each case. 
Most users of transparencies maintain them i n  ro l l  
form f o r  ease of storage.  Therefore, t he re  m u s t  
be a r o l l  f i lm handling capabi l i ty  on the  l i g h t  
tab le .  This may be e i t h e r  hand driven o r  motor- 
ized. I f  it is motorized, speed and torque con- 
t r o l s  m u s t  be carefu l ly  designed t o  prevent f i lm  
damage during transport .  The i l lumina t ion  system 
must have an even in t ens i ty  throughout the e n t i r e  
observation area. 
s ince  the  dens i ty  of t he  observed material may 
vary. 
a tu re  of the il lumination system s ince  much of t h e  
imagery used today is e i t h e r  t rue  co lor  o r  color 
in f ra red .  The i l lumination source co lor  w i l l  
na tu ra l ly  influence the  co lor  observed by the 
i n t e r p r e t e r  and could improperly influence the  
analysis.  These, then, are some of the  general 
requirements f o r  the  l i g h t  t ab le  i n  t h i s  system. 

This i n t ens i ty  must b e  var iab le  

A fu r the r  consideration is the  co lor  temper- 

A b r i e f  review of h i s t o r i c a l  equipment w i l l  
sometimes make t h e  current operator r e a l i z e  the  

e f f o r t s  which have been expended on h i s  behalf .  
A very simple l i g h t  t ab le  w a s  used extensively 
during and a f t e r  World War I1 and through the  
Korean conf l i c t .  
rescent tubes, and the  in t ens i ty  cont ro l  w a s  an 
on/off switch or the  plug i n  or  out of the 
socket. 
and required two pins (which were usually l o s t )  
t o  lock the  rear spindle i n  place. 

The l i g h t  source was two fluo- 

The f i lm dr ive  system was hand-operated 

A small but modern f i lm  viewer is produced 
by N. Yingling Associates i n  Amherst, Ohio. It 
is portable with detachable film spool cranks so 
t h a t  i t  becomes e s sen t i a l ly  a su i t case  f o r  carry- 
ing. For use i n  t h e  f i e l d ,  a convertor is  avail-  
ab le  f o r  operation from a 12V source such as t he  
c i g a r e t t e  l i g h t e r  i n  a car. 
source is f i v e  fluorescent tubes with a low- 
medium-high in t ens i ty  se lec t ion  switch. 

The i l lumination 

One of the  extensive l i n e  of l i g h t  t ab le s  
produced by the  Richards Corporation of McLean, 
Virginia,  is the  Master In te rpre ta t ion  Module 
(MIM-3). 
11 x 36 inches. It can be equipped with hand o r  
motor operated f i lm t ranspor t ,  and i t  has a f i lm  
accumulator f o r  spec ia l  co l lec t ion  systems where- 
i n  conjugate s t e r e o  images are separated by more 
than the  nominal distance.  

This un i t  has an illuminated surface of 

The l i g h t  source of t he  MIM-3 is a cold 
cathode gr id  with a surface in t ens i ty  of 2500 
foot lamberts and a co lor  temperature of e i t h e r  
5500W o r  3500OK. This i l lumination is  var iab le  
throughout its range by rheostat .  
t a b l e  i s  mounted on an elevating stand t o  accom- 
modate various height operators. 
mount which w i l l  accept e i t h e r  of the Bausch & 
Lo& zoom stereoscopes. This mount is on an x-y 
scanning bridge which permits the  operator t o  scan 
the  e n t i r e  s t e reo  model without moving the  film. 

The l i g h t  

The MIM-3 has a 

Bausch & Lomb has designed a high in t ens i ty  
l i g h t  t ab le  spec i f i ca l ly  f o r  use with the  Zoom 
240 stereoscope. 
halogen lamp with parabolic ref l ec to r s  . Since 
the  only area under observation is the  r ing  
described by the  moving rhomboids, only t h i s  r i ng  
is il luminated. 
centrated l i g h t  over the  useable area. 
scanning car r iage  permits moving the  f i lm  under 
the  s t a t iona ry  op t i ca l  head. 

The l i g h t  source i s  a quartz- 

This permits a more evenly con- 
An x-y 

The Stereoscope 

The purpose of t he  stereoscope i n  any imagery 
ana lys i s  system is t o  d i r e c t  the ana lys t ' s  eyes 
t o  the  proper image of t he  s t e reo  pa i r ,  provide 
some magnification f o r  imagery study, and t o  
accomplish these  with a minimum of eye s t r a i n  on 
the  operator. 

One stereoscope has been used t o  produce more 
"PI" repor t s  than a l l  o thers  i n  the f r e e  world 
combined. It is the  two power, w i r e  legged, fold- 
ing  pocket stereoscope; and it  is sti l l  used by 
many i n t e r p r e t e r s  today, espec ia l ly  those who must 
car ry  them i n t o  the  f i e l d  f o r  on-the-spot in te r -  
p re ta t ions .  
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The mirror stereoscope provides the analyst  
with the  capabi l i ty  of viewing the e n t i r e  s t e reo  
model without overlapping the  p r i n t s  and without 
scanning. However, the  magnification is s l i g h t l y  
less than l X ,  so fo r  de ta i led  imagery study, 5X 
fixed power binoculars were added. Of course, 
as i n  any o p t i c a l  system the  increased magnifi- 
ca t ion  resu l ted  i n  a decrease i n  the field-of- 
view and, therefore,  moving the  stereoscope is  
required for  scanning the  e n t i r e  s t e reo  model a t  
the  higher magnification. 

. 

The Olde Delft  scanning stereoscope provides 
two d i f f e ren t  f ixed magnifications and a means of 
scanning the  s t e reo  model i n  x and y by moving 
mirrors within the  o p t i c a l  system without physi- 
ca l ly  moving the  instrument. 

The Zoom 70 stereoscope was the forerunner 
of t he  modern stereoscope ava i lab le  today. 
was designed t o  accommodate 70mm wide f i lm i n  
r o l l  form and had a var iab le  zoom magnification 
from 7X t o  60X. The o p t i c a l  t r a i n s  could be 
zoomed independently t o  accommodate imagery of 
d i f f e ren t  scales, and the  bas ic  pod could be 
used a s  a StereoZoom microscope f o r  de ta i led  
study of s ing le  images. 

It 

Today, t he  Remote Sensing Analyst has 
ava i lab le  three  stereoscopes which use the  
highest  qua l i t y  opt ics  with a var iab le  magnifica- 
t i on  capabi l i ty .  

The Zoom 95 stereoscope has a var iab le  
magnification between 2.5X and 40X. 
rhomboids have a var iab le  separation between 3 
and 7-3/4 inches. 
adjustable between 5 5 m  and 72mm, and the  high 
eye r e l i e f  eyepieces permit the  use of t he  
instrument by operators with o r  without correc- 
t i v e  eyeglasses. I n  addition, an image ro t a t ion  
capabi l i ty  may be added t o  the  op t i ca l  systems 
f o r  crab cor rec t ion  when using uncut r o l l  film. 
The Zoom 95 is normally supplied with a l i g h t  
t ab le  and an x-y scanning s tage ,  making it a 
complete s t e reo  in t e rp re t a t ion  system, the  SIS-95. 

The objective 

The in te rpupi l la ry  distance is  

The Zoom 240 stereoscope is  mechanically 
similar t o  the  Zoom 95. The magnification is 
var iab le  from 3X t o  9OX, and the  var iab le  rhomboid 
separation is 1.3 inches t o  15 inches on the  X- 
axis and up t o  10 inches on the Y-axis. This 
capabi l i ty  w i l l  accommodate conjugate image sepa- 
r a t ion  of 70mm t o  9'' x 18" frames i n  almost any 
or ien ta t ion  on uncut r o l l s  of film. 
image ro t a t ion  featured is standard on a l l  Zoom 
240's. I n  addition, t he  rhomboids of t he  Zoom 
240 may be e a s i l y  removed from the  op t i ca l  path, 
and the  pod may be used as a d i r ec t  StereoZoom 
microscope fo r  ana lys i s  of s ing le  images. 

The op t i ca l  

two sets of eyepieces. 
t he  analyst  t o  view e i t h e r  the r igh t  photo o r  
t h e  l e f t  photo monoscopically with both eyes, o r  
t o  view the  two images superimposed as  w e l l  a s  
viewing them stereoscopically.  The system reso- 
l u t i o n  a t  a l l  magnifications is well beyond the  
threshold of t he  human eye. 
are motorized, and each op t i ca l  t r a i n  may be 
zoomed independently f o r  stereoscope sca l e  
matching purposes. 

An op t i ca l  switch permits 

The Zoom cont ro ls  

The Graphic Data Transfer Instrument 

Once the  imagery analysis i s  completed, t he  
information must be prepared i n  the  form of a 
repor t  usually containing graphic information. 
The task  of t r ans fe r r ing  graphic da ta  from a new 
input  t o  an ex i s t ing  base a t  a d i f f e ren t  s c a l e  
w a s  formerly accomplished using a r e f l ec t ing  
pro jec tor .  This un i t  w a s  operated i n  a darkened 
room, and because of the  l i g h t  l imi ta t ions ,  used 
a l a rge  aper ture  lens  which produced a less than 
sharp image. 

Today the  Bausch 6 Lomb Zoom Transfer Scope, 
o r  Z.T.S., graphical da t a  t r ans fe r  instrument i s  
ava i l ab le  which operates i n  normal o f f i ce  illum- 
ina t ion  and uses high qua l i ty  microscope op t i c s  
which provide a sharp image. 

I n  use, t he  Z.T.S. operator observes the  
base graphic at a fixed magnification and, 
simultaneously, the  new input with a var iab le  
magnification system. The operator op t i ca l ly  
matches the  scales of the  two images, super- 
imposes them and draws the  new information onto 
the  old da ta  base. 

The da ta  base information may be observed 
using any Z.T.S. model a t  fixed magnifications 
of 0.7X, l X ,  2X o r  4X. The new input material 
may be opaque o r  transparent and is es sen t i a l ly  
l imi ted  t o  the  10 x 10 inch a rea  of a standard 
aerial photograph using the  v e r t i c a l  s tage  model. 
This new imagery may be observed a t  any magnifi- 
ca t ion  r a t i o  of from 1:l t o  14:l. 

The transil luminator is a color-corrected 
cold cathode gr id  f o r  proper viewing of co lor  
transparencies.  The opaque p r in t  i l lumina tor  
and the  da ta  base i l luminator a re  incandescent 
lamps. 
is ind iv idua l ly  cont ro l lab le  by the  operator.  

The in t ens i ty  of each i l lumination source 

I n  addi t ion  t o  the  zoom capabi l i ty ,  t he  image 
of t he  new input may be s t re tched  by a 2:l r a t i o  
i n  any d i r ec t ion  t o  compensate for  t i l t e d  imag- 
e ry ,  e r r o r s  i n  V/H r a t i o s  i n  scan imagery, and 
fo r  some of the  image displacements of panoramic 
imagery. 

The Zoom 500 stereoscope is the  latest un i t  The hor izonta l  version Zoom Transfer Scope 
i n  the  Bausch 6 Lomb l i n e  of imagery ana lys i s  
instruments. This instrument is a major advance v e r t i c a l  un i t .  The changes a r e  the  input da t a  
i n  t h a t  the o p t i c a l  system has been designed t o  
provide maximum information with images of low 
contraet.  The t o t a l  magnification range is from 
3.0X t o  135X with three  s e t a  of objectives and 

instrument operates i n  the  same manner as t he  

s tage ;  instead of being l imited t o  a 10 x 10 inch 
area, t h e  s t age  has been made a hor izonta l  p l a t en  
20 x 42 inches t o  permit the  use of map shee ts  o r  
o ther  l a rge  graphics without cu t t ing  o r  folding; 
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The preceding paragraphs have described 
some of the  equipment ava i lab le  f o r  use by the  
imagery analyst .  
t he  system t o  describe and define i s  the  human 
operator.  Since the  ana lys t s  a r e  human, they 
are ava i lab le  i n  d i f f e ren t  shapes, s i ze s ,  and 
sexes with varying technica l  backgrounds and 

The most d i f f i c u l t  element of 

t he  new da ta  zoom system, var iab le  between 0.75X 
and 14X; and the transil luminator,  a standard 
incandescent lamp. 
i den t i ca l  between the  two units.  

A l l  o ther  functions are 

I 

The latest development i n  the 2.T.S. l i n e  
is t he  s t e reo  model. The s te reo  model operates 
i n  the  same manner as the  other models except t he  
o p t i c a l  t r a i n  has been duplicated so the  operator 
may view the  aerial photos i n  s t e reo  while a l so  
looking a t  the  map. 
extended t o  0.6X t o  16.1X. 

The zoom range has been 

The s t e reo  Z.T.S. instrument is equipped 
with an op t i ca l  switch so the  operator may use 
the  instrument i n  e i t h e r  the  stereoscopic o r  
monoscopic mode. 
adapter por t  so the  operator may photograph the  
overlayed images with e i t h e r  a 35m camera f o r  
s l i d e s  o r  a 4" x 5" Polaroid camera f o r  p r in t s .  

I n  addit'ion, there  is a camera 

The Operator 

SUMMARY 

The system discussed i n  t h i s  paper is not new, 
complex, o r  a revolutionary concept. However, 
once i n  a while, i t  is advisable t o  s top  and take  
a look a t  simple and ava i lab le  a l t e rna t ives  t o  
the  extensive and expensive computer-supported 
systems which have been developed t o  support t he  
mass of imagery ava i lab le  from a l l  of t he  collec- 
t i o n  systems i n  operation today. 

Zoom 70, Zoom 9 5 ,  Zoom 240, Zoom 500, StereoZoom, 
Zoom Transfer Scope, and Z.T.S. are trademarks of 
Bausch & Lomb Incorporated, Rochester, N.Y. 
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