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and operations. During World War 11, when 
the art and science of aerial photography 
came into its own, we made significant use of 
imagery for everything from targeting to 
bomb damage assessment. Post-mortem re- 
view of World War I1 photography revealed 
approximately 25 percent of the imaged 
targets and items of intelligence interest had 
been detected during the interpretation proc- 
ess. Similar figures were derived during the 
Korean conflict from tactical reconnaissance 
imagery. We therefore succeeded in deriving 
25 percent of the pertinent information im- 
aged at manual interpretation rates of20 to 50 
square miles per hour. 

During the 1960s, our collection capability 
made spectacular advances as we applied 
sensor technology to the problems of finding 
a shadowy enemy in the jungles of Southeast 
Asia. What had been a predominantly fair- 
weather, daytime capability was extended to 
night with infrared sensors and foul weather 
with a variety of radar sensors. The aerial 
camera itself was immensely improved as we 
went from 10 to 15 lineslmm resolution to 80 
to 120 lineslmm adding. the dimension of 

LJ 

color in the process. These improvements al- 
lowed us to image tens ofthousands of square 
miles daily with ground resolutions in inches 
creating an overwhelming problem for the 
limited staff of skilled interpreters. 

The combination of tremendous quantities 
of high-resolution detail and an enemy skill- 
ful in camouflaging his activities probably 
decreased the percentage of imaged intelli- 
gence actually detected to what I estimate at 1 
to 5 percent. I define this as the ratio between 
items detected and the total that would have 
been derived by an individual totally familiar 
with the area and the adversary's tactics. Dur- 
ing our interpretation experience in South- 
east Asia with photography and other imag- 
ing systems such as infrared, we repeatedly 
found that less than 10 percent of imaged 
elements had been found by operational per- 
sonnel working under time-pressure with lit- 
tle or no collateral intelligence. I'm sure we 
missed many significant items through our 
ignorance so the ratio between actual and a 
theoretically perfect solution would be far 
lower. 

1 must add that our tactical recon- 
naissance/intelligence in  Southeast 
Asia was the best in history, but note that it 
was achieved by a tremendous expenditure 
ofcollection resources. In addition, we began 
to find that much of the information being 
derived from high-resolution photography 
was too late for effective action against a 
mobile adversary. This led to a series of real- 

time sensors associated with strike systems 
such as the AC-47, AC-130, and AC-119 gun- 
ships. Deployment of these awesome attack 
systems required planning based on recop- 
naissance to assure acquisition of lucrative 
targets with their narrow field sensors such as 
Forward Looking Infrared (FLIR) and Low 
Light Level TV (LLLTV). Sending a gunship to 
a segment of route where a low resolution 
Moving Target Indicators (MTI) radar had de- 
tected moving objects was typical ofthis. The 
targets were then reacquired and struck with 
other sensors ranging from the human eye to 
FLIRF. 

Our first reaction to the problem of utiliz- 
ing high-resolution imagery in massive quan- 
tities was typical of pursuing an elegant tech- 
nical solution to the wrong problem. During 
the 1960s, with a strong push from the pattern 
recognition technologists, many efforts were 
starting which investigated approaches to- 
ward automatically recognizing targets im- 
aged on high-resolution photography in the 
hopes of raising the percentage of imaged 
targets detected a few points. In retrospect, 
this might be viewed as solving the problem 
of over-eating by developing and swallowing 
a machine to digest the results of over- 
consumption. 

In general, my observation is that the im- 
portant intelligence derived from high- 
resolution photography -is not compatible 
with automatic detection. For example, we 
can design and build machines to recognize 
trucks on photography because we can define 
their characteristics somewhat precisely. 

However, the most valuable information 
derived from photography is frequently not 
defined a priori. Our interpreters in Vietnam, 
for example, made tremendous use of mod- 
ern photographic technology in breaking the 
back of the enemy seige of the Khe Sanh. In 
that instance, every mission was carefully 
analyzed by individuals concentrating on the 
immediate area. They began to detect subtle 
indications of enemy trenches, positions, and 
supply caches. These in turn became targets 
for air strikes that, among other things, de- 
foliated the adjacent areas so more detail was 
imaged on subsequent missions. The team of 
Air Force interpreters became so familiar 
with the area around Khe Sanh that every 
movement or activity imaged had a high 
probability of detection. Although I would 
estimate the percentage of targets imaged 
around Khe Sanh that were found during in- 
terpretation exceeded 75 percent, I doubt 
that many significant elements would have 
been discovered through automatic tech- - 
niques because their characteristics were 
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never well-defined, and in many instances, 
individually unique. 

What we have concluded is that high- 
resolution photography is an excellent means 
for finding things and clues of activity we 
don't know and can't define in detail. For 
targets that we can define (trucks, objects 
painted with Soviet OD, etc.) with detailed 
parameters a priori, we are better off design- 
ing sensors that collect what we need and are 
coupled to well-conceived exploitation sys- 
tems. Of course, in the process, we might as 
well focus on eliminating the constraints of 
weather and darkness in order to observe at 
our option. 

Although many of the first generation "real 
time" reconnaissance systems produce im- 
agery (FLIR, LLTV) the trend is toward sensors 
like Side-Looking Radar (SLR) or MIT radars. 
These provide broad area coverage with the 
image non-existent or at most an interim step 
in the detection process. RADC recently dem- 
onstrated on-line real-time reduction of SLR 

imagery through automatic-change detec- 
tion, presenting the analyst with an Order of 
Battle superimposed on a map, not high- 
resolution imagery. Where we are investigat- 
ing augmenting inflight detection of selected 
targets, we are exploring the design of the 
sensor-exploitation package as a unit. This 
technology is currently being pursued on a 
cooperative basis between RADC (exploita- 
tion) and Air Force Avionics Laboratory (sen- 
sor) and should eventually lead to a new gen- 
eration of real-time target acquisition-strike 
systems. 

An important aspect of real-time operations 
which we tend to overlook is the decision- 
making cycle. In talking about real-time 
weapon delivery, one should remember that 
many a priori decisions have already been 
made-such as evaluating the cost of 
error-will we hit our own troops or allies? 
Can we afford to expend weapons on decoys, 
etc.? Therefore, not only are the targets to be 
detected and struck well-defined, but also 
the background conditions thoroughly re- 
stricted to certain areas, trails, roads, etc. 
Simplistic augments on the problem of man- 
ually interpreting vast quantities of high- 
resolution detail as justification for automatic 
image analysis really lead to elegant tech- 
nical solutions to the wrong problem. 

Our experience in improving the exploita- 
tion of high resolution photography leads in a 
different direction. Because, as I mentioned, 
the clues are frequently subtle, everything 
possible to augment the interpreter's knowl- 
edge of the area or problem is beneficial. 
Application of modern data-processing tech- 

nology has been a tremendous aid in this area 
by giving interpreters on-line access to the 
vast quantities of collateral intelligence that 
make clues imaged on high-resolution sen- 
sors meaningful. In addition, this has allowed 
us to manage much more effectively our col- 
lection so that we get only what we need. 

In the past, we frequently flew repeated 
missions because there was no convenient 
means of knowing what we had collected in 
the past or what we had or should have 
learned from it. Under the direction of one of 
my RADC associates, Bill Moore, the Air Force 
achieved a tremendous improvement in its 
ability to exploit imagery rapidly and fully 
with a program known as PACER (Program As- 
sisted Console Evaluation and Review). This 
was a combination of computer hardware and 
software giving the interpreter on-line access 
to a tremendous quantity of collateral infor- 
mation. Furthermore, the interpreter's re- 
sults were immediately available to collec- 
tion managers and significantly reduced the 
cycle time. This has in turn actually reduced 
the amount of imagery required although im- 
proving the quality of the information pro- 
duced. 

The Tactical Information Processing and 
Interpretating System (TIPI) which grew out of 
a RADC program will provide much of this 
capability to the Tactical Reconnaissance 
Forces. It is important to note that neither of 
these capabilities involves any form of re- 
placing the interpreter's function of perceiv- 
ing and identifying targets or subtle clues to 
enemy operations. They merely augment his 
access to important relevant information and 
make his routine image-management func- 
tions more efficient. For example, although 
the thought of missing 75 percent of the 
targets imaged on photography is disturbing, 
the fact that tactical interpreters frequently 
spent 40 to 60 percent of the allocated time 
with a reconnaissance mission plotting and 
filling out paperwork should be horrifying. 

I'm sure many of you are aware of the fact 
that Air Force funding of R & D for Automat- 
ic Imagery Pattern Recognition has dropped 
significantly during the past four years. We 
are now focusing on different image process- 
ing problems. Little work is addressing the 
question of automatically finding targets on 
extremely high-resolution imagery based on 
spatial characteristics, but rather is being fo- 
cused on interactive imagery analysis con- 
cepts. The automation efforts are directed 
toward sorting targets (carefully defined) 
from background on the basis of combined 
collection-exploitation systems, using 
spectral/spatial and collateral factors. Al- 
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information fit into the planning-decision 
cycle on an "as available or cost effective 
management" basis. The input to a user's 
Visionizer could be updated periodically so 
that it always contained the latest imagery 
available consistent with the needs and prior- 
ity of the user. 
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L 4 0 d distribution in a form or forms which will 
have wide application rather than automati- 
cally deriving reams of information that no- 

ELEMENT DIGITAL 
body really needs. The  concept of the  
Visionizer and the technology required to re- 

= + @ @  @ duce a massive quantity and variety of imag- 
ery to easily stored and carried cassettes 
could represent augmentation of what man 
envisions. 

FIG. 2. Individualized pocket Visionizer. PROLOGUE TO THE FUTURE (?) 

Needless to say, this conceptual Visionizer 
assumes a good deal of technology not cur- 
rently available, such as preparing input 
(warping, normalizing, abstracting, etc.), I 
high density, small volume store (1 x 1012 
bits on a cassette) and foldout-panel high- 
resolution (color(?)) display technology. 

The concept of the Visionizer is that a de- 
coupled technology to augment individual 
planning, decision and action-not tie him 
continuous to a centralized image exploita- 
tion facility. One can imagine such a device 
in use by pilots, field army personnel, high- 
level decision-makers, low-level planners, 
and numerous private taxpaying citizens. 
The variety and frequency of update would 
vary but, in essence, the definition of in- 
terpreter would change from one who trans- 
forms reconnaissance into words, view- 
graphs, and briefing aids, to anyone who uses 
imagery or digital maps to plan, move, target, 
fly, shoot, analyze, or decide. 

In essence, my message is that the value of 
imagery perhaps depends more on astute 

In conclusion, before you enterprisers rush 
to bombard the Defense R & D Establish- 
ment with proposals to study, investigate, 
develop, and design technology for the 
Visionizer, or your better schemes to accom- 
plish the function, stop and think. A huge 
commercial Visionizer market exists among 
customers ranging from hunters to real estate 
agents. Challenge your management or 
private investors for venture capital 
-innovate-produce an effective, affordable 
product at the cost of today's HP-45 pocket 
computer. Five years from now I hope to buy 
one on the open market. If I do, DOD will be 
buying them by the thousands, irrespective 
of whether the inevitable Interdepartmental 
Committee on Standardized, Reliable, Main- 
tainable, Compatible Visionizer specs are 
met or not. In  conclusion, I believe the 
Visionizer concept has tremendous military 
and commercial potential. The major De- 
fense Department requirement is for enter- 
prising men and women who can present 
them capability as an off-shelf item. Good 
luck enterprisers, I'm betting on you. 


