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P HOTOGRAMMETRY-The science and  a r t  of 
extracting useful information from photo- 

graphs by measurement and interpretation of 
images-has evolved during t h e  past century 
to become a useful, even widely accepted, tool 
of today's science and technology. A number 
of functional instrument types a re  available 
covering a broad spectrum of accuracy char- 
;icteristics and  offering a range of production 
capacities which a re  roughly proportional t o  
the tolerable errors. Within this availability 
of instrument types, the  potential user can 
usually determine in a short time whether or 
:lot his particular problem can be econom- 
ically solved by  photogrammetric operations 
-in a disconcerting number of cases, he de- 

termines t h a t  i t  cannot. 
The material universe exists. with resDect 

to man's senses, a s  a continuum which can be 
interrogated sensually t o  furnish information 
! t~ r  reasoned actions by  man. From this is the 

hole of man's apparent  rationality derived- 
$:)deed, this is the  set of conditions which de- 
1;nes man a s  "sapiens," t h a t  he manipulates 
illformation before he moves matter,  t o  a far 
!.water extent than  d o  a n y  other known forms 
c t f  life. 

Early in his existence, man learned t h a t  a 
\ c'ry small amount  of ordered matter  can con- 
t .~in a verv laree amount  of information. and  . - 
that manipulation of some small masses can 
I I V  used to communicate information to many 
ntcn about  larger masses. With this discovery 
of alphabet and  number a s  d a t a  symbols, 
civilization became possible. However, i t  is 
imperative t h a t  we remember t h a t  the symbol 
hut evokes the sensual concept held in 
memory-it does not and  cannot define or  
duplicate the quant i ty  of information repre- 
sented directly in even a microscopic mass. 
For this reason, a t t empts  t o  reduce a n y  por- 
tion of the material continuum t o  pure sym- 
bolic form are doomed t o  failure. This  does 
not mean tha t  symbolic transfer of informa- 
tion is less than the  civilizing catalyst i t  has  
proven t o  be; i t  does mean t h a t  reduction of 
the material world t o  symbolic form must be 
highly selective, if the  task is  not  t o  over- 
whelm both scribe and  reader. Useful infor- 
mation must be sensed, and  may be manipu- 
lated into still more usable form, with o r  

without conscious symbolization; and selec- 
tive filtering may occur a t  a n y  point in the  
information system from sensing t o  final 
utilization. 

Within this philosophical framework, t h e  
field of photogrammetry can be defined a s  the  
manipulation of information in the  form of 
light energy (a  continuum of essentially zero 
mass) which has been modulated in ampli- 
tude,  frequency, o r  both, by  passing through 
and  reflecting from mass. This  varying energy 
pat tern does not embody all possible useful 
information contained in the  masses which 
modified it ,  but  i t  does contain a much larger 
~ r o ~ o r t i o n  of this information than does a n v  . . 
conceivable symbolization intended t o  repre- 
sent these masses. Thus,  the  photographic 
sensing offers for man's manipulation a pack- 
age of information about  the  material world 
which is more comprehensive (hence, poten- 
tially more useful) than  a n y  symbolic struc- 
ture. T h e  photographic sensing may be di- 
rectly manipulated, o r  i t  can be made t o  
react with matter  ("exposure") t o  arrest the  
light-energy continuum at chosen points in 
time (with some considerable loss of informa- 
tion content, b u t  still containing more in- 
formation than can be consciously sym- 
bolized). 

Because photographic sensings contain 
such a relatively high proportion of the avail- 
able information about  masses, we should 
logically expect photogrammetry t o  be the  
principal information-processing system in 
use by  man t o  obtain and  manipulate d a t a  
about  the  material world. Wherever man 
performs actions based upon information 
about  real objects-whether in  shaping 
masses with tools, directing the  flow of traffic 
in transporting masses, evolving theories 
about  micromasses from cloud-chamber ex- 
periments, and  about  macromasses from 
astronomic sensings-even in mapping the  
earth!-photogrammetry a s  a n  opt imum in- 
formation system should play a part ;  in many 
if not in most cases, the  principal part. T h a t  
photogrammetry is not today so applied t o  
the  extent of i t s  theoretically high potential 
is obvious. 

I t  is pertinent t o  discuss t h e  possible rea- 
sons for t h e  present restricted use of photo- 

* The American Society of Photogrammetry was founded in 1934, fifty years ago. In recognition 
of that founding, appropriate material will be included in the Journal during this fiftieth anniversary 
year. This month's selection is reprinted from Photogrammetric Engineering, XXVI, No. 1 ,  March 
1960, pps. 223-227. 
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grammetric techniques, and if possible t o  de- 
velop a logical framework for planning i ts  
wider acceptance and utility. 

Photogrammetry involves both measure- 
ment and interpretation functions, and  because 
present systems require t h a t  the human 
operator perform both of these functions (in 
addition to  systematic interrogation of the  
d a t a  and recording of the manipulated infor- 
mation), we have reached a point where the  
amount  of photographic sensings available 
vastly exceeds our  capacity to  manipulate and  
interpret the d a t a  they contain. Since the 
supply of manpower gifted with the required 
aptitudes is limited, while our potential 
ability t o  sense photographically is virtually 
unlimited, our a t t empts  to  solve this dilemma 
by recruiting and training more and more 
photogrammetric instrument operators and 
photointerpreters will not d o  more than em- 
phasize the criticality of the problem. I t s  
solution must lie in the discovery of means t o  
increase the productivity of the photogram- 
metric process, without reducing the validity 
of the information extracted from photogra- 
phy. 

Automation may offer this increased pro- 
ductivity-IF we first can derive and sup- 
port conclusions categorizing those functions 
which are  best performed by machine meth- 
ods, and those which require human judg- 
ment beyond the economic or theoretical ca- 
pacity of machines t o  perform. 

Empirical d a t a  and  considerable theoreti- 
cal work in operations research and the infor- 
mation sciences tend t o  demonstrate t h a t  
human beings a re  very much superior t o  
present-day machines in deriving analogies 
and synthesizing conclusions ( the interpreta- 
tion function), while machines can be utilized 
t o  greatest advantage in performing pro- 
grammed comparison functions (measure- 
ment, for example, is a form of comparison; 
a s  a re  many transformation and  translation 
operations). I t  follows t h a t  a n y  operation 
which can be reduced t o  direct comparison 
routines, however complex, can probably be 
automated t o  advantage;  while those opera- 
tions which cannot  be reduced to'some con- 
scious form of comparison are, at the present 
time a t  least, not likely subjects for auto-  
mation. 

An opt imum system designed on these 
concepts would probably be approached: 

First-By defining the  operations which 
must  be performed. 

Second-By determining the  logical se- 
quence of these operations. 

Third-By ascertaining t h e  man-machine 

relationships which this sequence defines, 
and  

Fourth-By specifying the operational 
characteristics of the  required men and 
machines and  their points of contact. 

When such a n  ordering process is completed, 
we should then be ready t o  design and imple- 
ment the machine structures and operator 
training programs to act ivate  the  system, 
with reasonable assurance not only t h a t  it  will 
work, bu t  t h a t  i t  will work better than  a n y  
alternative system which can be advanced 
today. 

Applying this approach t o  photogram- 
metry, we must group a t  the beginning of the 
photogrammetric information processing sys- 
tem all of those operations which are  likely 
candidates for automation; for, if the task of 
designing and building the  automatic ma- 
chines t o  perform this group of operations is 
competently done, we shall thereby release 
the human operator entirely from the  exact- 
ing and time-consuming tasks of interroga- 
tion and measurement, and may expect sig- 
nificant increases in overall productivity 
from his release. This  follows because: 

First-those tasks which machines d o  well, 
they d o  very well indeed by  comparison 
with human speeds and human accu- 
racies, and 

Second-the human operator, functioning 
now in his superior capacity a s  interpre- 
ter and filter, can select material from a 
vastly augmented store of pre-interroga- 
ted and pre-measured and recorded da ta .  

In a n y  photogrammetric d a t a  system, the  
functions of interrogation and  measurement 
("systematic looking" and  "comparison with 
standards") on the photographic images a re  
fundamentally translation and  comparison 
operations; while the identification of pat-  
terns and determination of their meanings 
and relative usefulness a s  information a re  pri- 
marily human interpretation functions, far 
beyond the  economically feasible capacity of 
man-made machines. (Analogously, if I wish 
t o  know t h e  number of vehicles passing a 
given milestone, a machine can be devised t o  
systematically count the  number of things 
heavier than  M or  larger than  A which pass- 
and my machine will d o  this without ap-  
preciable error o r  fatigue. If, however, I wish 
t o  categorize these vehicles a s  "commercial 
o r  private," "make and  model," "male o r  
female driver," I can no longer economically 
design a n d  build a machine which will ap- 
proach t h e  average high-school boy in per- 
forming this categorization.) 



I t  may be impracticable to  realize the ideal 
grouping of all functions in all real photo- 
grammetric d a t a  systems, since in some ap-  
plications, identification and interpretation 
of a few images are  required human functions 
a t  or near the beginning of the process (for 
example, in the case of topographic photo- 
grammetry, control identification is a re- 
quirement). However, even where this situa- 
tion exists, the difference between human 
interpretation of four, or even twenty images 
,ind human interrogation of thousands is 
Yignificant; and  a n y  system which reduces 
~nitial human operations by this amount  
\ \ o d d  be a major improvement over i ts  
;)redecessors. 

In almost all i ts  applications, the photo- 
:rammetric process is used t o  manipulate and 
leliver d a t a  concerning three-dimensional 

objects; and since (with rare exceptions in- 
leed) the photogrammetric sensings a re  
-ampled in two-dimensional perspective pro- 
sections, the overwhelming proportion of 
)hotogrammetric information handling in- 
olves stereoscopic pairs, or perspective point 
iew-pairs, of photographic sensings. The  

p t i m u m  system, then, should be able t o  ac- 
.ept a s  input  these perspective pairs and  t o  
i~erform the required manipulations t o  de- 
liver transformed and filtered d a t a  in usable 
iormat and language-often in more than one 
iormat or language for different uses. Fur- 
I her, because we a re  dealing with sensings of 
real objects having real relative positions, 
configurations, and dimensions, we must in 
some way relate the  two views and the images 
they contain t o  each other and  t o  the  field 
in which the objects a re  sensed (relative and 
absolute orientations). We must then sys- 
tematically interrogate the  images in the area 
common t o  both sensings, a d a p t  the  informa- 
tion thereby obtained t o  a consistent refer- 
ence system, and record selected portions 
of the reduced d a t a  in the  desired format and 
language on or  in t h e  proper media. In  a n y  
real system, we will impose realistic limits on 
each of these operations, with the  intention of 
expanding these limits wherever economic 
justification exists. Important  t o  this analy- 
sis, however, is the  understanding tha t ,  re- 
gardless of the  limitations of sensors, emul- 
sions, reference systems, language forms, o r  
output media; the  fundamental operations of 
orientation, interrogation, manipulation, re- 
cording, filtering, a n d  interpretation must  be 
performed before the  stereophotogrammetric 
information system can yield d a t a  for human 
decisions. 

Taking these in  order, orientation opera- 
tions t ake  two forms; relative a n d  absolute. 

In the first form, only image correlation is 
required, which indicates susceptibility to  
automation. Absolute orientation, however, 
requires both identification and interpreta- 
tion of images a s  well a s  image correlation- 
thus  requires human intervention (although, 
since some correlation is involved, machine 
assistance should be advantageous in this 
operation). 

Interrogation, the next s tep in the logical 
sequence, is defined a s  the systematic ob- 
servation of the area covered by the  stereo- 
pair of sensings, and  may involve some hu- 
man interpretation and selection in special 
cases; bu t  in the  general instance, interroga- 
tion must include image correlation and  
hence is properly a subject for automation. 

Manipulation of the information t o  a d a p t  
i t  to  a common reference system requires 
only the translation of a set of measurements 
to  conform t o  a n  assumed set of criteria-a 
correlation operation which is again suitable 
for automation. 

Recording the  d a t a  presently involves selec- 
tion (a  human function a t  the decision level. 
bu t  one which for many cases can be decided 
once and criteria defined, then set up  a s  a 
constant correlation factor, hence, auto- 
matable), translation to  the required lan- 
guage and  format, and  the impression of this 
format and  language in or on the chosen 
media for use and storage (in this sense, a 
machine tool impresses form on matter  and 
thus records). Since i t  should be feasible, and 
certainly would be advantageous, t o  post- 
pone selection until after the recording stage 
in many photogrammetric systems, the  en- 
tire recording operation may well be auto- 
mated-in fact,  the  translation and  form- 
impressing functions of recording a re  being 
done automatically in more than one pres- 
ent-day photogrammetric information sys- 
tem. 

Filtering can be defined a s  the  rejection of 
d a t a  interpreted a s  unimportant,  in which 
definition "interpretation" retains i ts  classic 
meaning of identifying ("attaching human 
meanings to") da ta ,  on t h e  basis of which 
identification human decisions may be made. 
Both filtering and  interpretations required 
for filtering almost certainly demand the  
exercise of human judgment, and  if they are  
performed elsewhere than  a t  t h e  ou tpu t  end 
of t h e  decision system, all subsequent opera- 
tions in the  photogrammetric system must 
await  the  completion of t h e  relatively slow 
interpretation process. If, however, interpre- 
tation is t o  be performed only a t  t h e  ou tpu t  
end, t h e  whole of the  d a t a  contained in the  
original photographic sensing must  be avail- 
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able t o  the  interpreter and must therefore be 
processed and manipulated through the  
entire system, with a n  absolute minimum of 
accidental o r  deliberate filtering during sens- 
ing, interrogation, manipulation, and record- 
ing. (As a n  alternative, the  original photo- 
graphic recording may be preserved in the  
form of prints for interpretation outside the 
system and  application of the interpreter's 
results to  the  d a t a  recorded in the system.) 

When the manipulated and  recorded d a t a  
can be correlated with a preinterpreted form 
(as in the case of machine-tool and  aualitv- 
control applications), no human interpreta- 
tions are  required and  the  entire sequence of 
operations from master to  replica may be 
automatically performed. 

Since all the d a t a  t o  be manipulated must  
pass through the  interrogation process near 
the beginning of the system, i t  appears t h a t  
design and implementation of operational 
automatic interrogation equipment is crucial 
to  the development of the  opt imum photo- 
grammetric data-reduction system. Some 
important  and fundamental work has already 
been done in this area, both by  private and  
by Governmental mapping and  engineering 
organizations concerned with increasing pro- 
ductivity in the field of stereophotogram- 
metric reductions of aerial photography. T h e  
most promising developments t o  da te  appear  
t o  be those of Gilbert Hobrough in Canada 
and Paul Rosenberg in the  United States. 
Mr. Hobrough's automatic  scanning correla- 
tor for anaglyphic stereo-models ( the Stereo- 
mat)  is expected to  automatize much of the 
interrogation and recording function for t h e  
fixed focal-length, standardized format pho- 
tography for which i t  is designed; and #in 
combination with automatic  recording ele- 
ments presently being adapted t o  i ts  prin- 
ciple by  Benson-Lehner Corporation for the  
U. S. Air Force, may be further developed for 
use with other types of photography and  
projection. Mr. Rosenberg's digital d a t a  sys- 
tem for recording and  reducing photogram- 
metric information about  the  ear th (PHOTO- 
GRAMMETRIC ENGINEERING, Vo1. XXI, 4 and  
Vol. XXII, 5) appears t o  offer a promising 
s ta r t  in the  direction of automating the  d a t a  
reduction process for many  applications of 
aerial photogrammetry, and will be watched 
with profit by  everyone concerned with the  
advancement of this field. 

Existing stereophotogrammetric instru- 
ments usually employ t h e  simulator prin- 
ciple, in t h a t  optical and mechanical repro- 
duction of t h e  positions of photographs at-  
t empt  t o  recapture t h e  projective relation- 

ships existing a t  the  moment of exposure of 
each photograph. Where rigid restrictions on 
the  size and  optical characteristics of the  
camera used can be enforced without seri- 
ously limiting the  system utility, relatively 
inexpensive instruments of this type yield 
quite satisfactory results. Where more ver- 
satility is required, the cost of instruments 
can increase quite rapidly, a s  evidenced by  
the so-called "universal!' plotting instruments 
available today. Automatic interrogation 
can be applied to  most, if not all, such 
simulator instruments, and  automatic  re- 
cording can almost ce;tainly be applied to  
t h e  ou tpu t  of the  automatic  interrogation 
applied t o  these instruments. However, the 
ultimate accuracy of even the finest and most 
costly simulator systems is limited by the  
deviations from theoretically exact projec- 
tion which a re  always present in these instru- 
ments a s  a class.' T o  obtain a n  increase in 
theoretical accuracy with versatility and re- 
duction in instrumental bulk, mathematical 
projection systems in which image-point 
ideal positions are  computed, instead of be- 
ing physically reprojected, appear  t o  offer 
high potential  benefit^.^ T h e  adaptation of 
some of these principles is being undertaken 
in a t  least three different countries today, and 
it  appears safe t o  predict t h a t  the  photo- 
grammetric d a t a  reduction systems of the  
future will embody mathematical projec- 
tions, in whole o r  in par t ,  in their interroga- 
tion and  transformation operations. 

I t  should be recalled a t  this point, how- 
ever, t h a t  we a r e  dealing with the  interroga- 
tion of a n  energy continuum, in  all photo- 
grammetric processes; and  a t tempts  t o  re- 
duce this continuum t o  symbolic form must 
be very carefully planned if we a re  not t o  
filter ou t  and lose valuable information, on 
one hand, o r  overwhelm the  symbolization 
process with d a t a  on  the  other. Since digiti- 
zation is symbolization, i t  is highly probable 
t h a t  the  digitization of photogrammetric in- 
formation should be applied only after the  
interpretation a n d  filtering processes (human 
operations) a re  complete. Where most of the  
d a t a  can be predicted in  advance a s  not im- 
portant  t o  the  decisions desired, a s  in t h e  
case of some engineering applications of 
aerial photography (notably some special 
cases of highway location, for example), the  
symbolization-digitization may well be ap-  

' "New Principles for Photogrammetric Plot- 
ters"-Prof. U. V. Helava, October, 1957 Report 
of the National Research Council of Canada. 

Ibid. 



plied quite early in the  system, even during 
the interrogation phase of operations. Where, 
however, the  end use t o  be made of the  d a t a  
contained in the photographic sensings is not 
so certain, o r  so rigidly defined, i t  is likely 
that  early digitization will either overwhelm 
the system* or  will require human selection 
and elimination a t  t h e  s ta r t  of much of the  
information contained in the  photographic 
bensing, t o  avoid this saturation of the  digiti- 
zation process. Wherever the  totality of end 
decisions, and  the d a t a  required t o  render 
them valid, cannot  be predicted with cer- 
tainty in advance, early digitization of the  
information is certain t o  result in  loss of 
\.aluable information which was available in 
;he photographic sensing of the  analogic 
mergy continuum. In the  great majority of 
photogrammetric d a t a  systems, therefore, i t  
ippears valid t o  assume t h a t  the  economically 
feasible machine operations of manipula- 
:ion, transformation, and recording t o  pro- 
\,ide the store of pre-reduced d a t a  for human 
llecisions should use analog processes and  
not digital reductions-that is, should s top  
jhort of symbolization, o r  postpone symboli- 

* (E.g., with the best present-day data recording 
-ystem using high-density magnetic tapes, a single 
1/10,000 stereo-model using 6-inch focal length, 
' ) X 9  inch photography, contains enough digital 
iriformation if interrogated only a t  0.1 millimetre 
intervals to fill over 17,000 feet of tape-represent- 
Ing a major filtering of the data which was origi- 
~ially contained in 162 square inches of photo- 
graphic film-a multiplication factor of more than 
700 times in area of medium for recording, with a 
loss in information content as additional penalty.) 

zation t o  the  end of the  process (a t  the human 
decision stage). 

With the  implementation of the  opt imum 
photogrammetric d a t a  reduction systems 
embodying the  maximum of economically 
feasible automation principles, we may within 
a few years hope t o  close the  existing gap 
between our  ability t o  obtain photographic 
sensings and  our  capacity t o  process these 
sensings into meaningful information for hu- 
man decisions. Ultimately, perhaps, the  
sensor and the  d a t a  reduction systems will be 
combined, and processed information will be 
transferred directly t o  the decider, with or 
without intermediate stops in  a n  information 
storage medium. T h e  basic operations of - 
sensing, interrogation, manipulation, meas- 
urement. transformation. recording. filter- -. 
ing, and  interpretation kill still be found 
even in this advanced s tate  of photogram- 
metric information processing-and the same 
machine and human functions may be ex- 
pected t o  still apply. 

T h e  ear th,  and  all t h a t  is material in  t h e  
universe, are  three-dimensional analogs. Pho- 
togrammetry is the  use of light energy t o  ob- 
tain and  manipulate information about  these 
analogs, so t h a t  reasoned decisions can be 
made with a minimum of material manipula- 
tion. When photogrammetric systems a re  
fully designed t o  take advantage of their. 
potential-that is, when actions involving 
matter  a re  preceded by manipulations of in- 
formation about  matter ,  t o  the  extent which 
photogrammetry can provide, we shall have 
attained our majority. 

NOTICE! 
1984 SURVEY OF PRIVATE FIRMS IN 
.PHOTOGRAMMETRY .MAPPING 
.SURVEYING @REMOTE SENSING 
The  American Society of Photogrammetry will conduct the second Survey of Private 
Firms i n  Photogrammetry, Surveying, Mapping and Remote Sensing in July 1984. TO 
assure that your firm is included on  the  mailing list for receipt of the  questionnaire, send 
us the  following information. 
To: ASP 1984 Survey of Private U.S. Firms 

210 Little Falls Street 
Falls Church, VA 22046 

Firm name: 

President's name: 

Address: 

City: State Zip Code 


