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RE( JONNAISSANCE imagery provides the b}ibls
for 4’ wide Vdriéty 'of' targeting, intelli-
gence,” maps,' charts,"dnd ‘weéapon dthEry
materials. After joining’ Rome Air Dév Top-
ment Cenitet tdhbt*)"’n Tuhé! 1957 I was 6‘1#-
gaged in devel nf)'1 ng'technology to i ' effaie!
tively the 'vast ‘abray of 11600:111311:.5‘111:,6 and
dartographic itndgefy colldetdd by ‘the' UT'S.
AiY Forcé. T!‘\é‘“f.‘i,irrent trrzﬁds of' stafed and
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Conversely, our, elected, Iaaders baturated
with options and ‘dependent on real-time
control may fail to develop and explain un-
derstandable policy guidelines f'[(:r lower
echelons facing difficult situations, I'm afraid
it 'will’ always be easmr to demand more in-
f'm-ma ion than to create ef'qutwe policy and
courses ‘of action. The unintentional delega-
tion of these ﬂunctwm to the pre'im,ned won-
ders of éIeitmmca commumcatlons, and
dita processmg pould create the Achllles
heel Uf’ democracy
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Visualizer is concewpd (but not yet ¢ngmeerec£) to aid in g
'Not'only is the wncépt titended to be more effecth tjmn present,
o8 I 'p aciice bu’t_{dso to #mke smal’ler demandf; on mahpower

: ﬁmwmc*{' In qu efforf to ensure t:me.’me.ss e!ectromc amagery, and 7
ackgrmmd mterpretwe d’ata to mu’:tarJ deczswn makers, _a {h
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the process.
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be ablc tn see everything in, the wq;rld on a
real- time basis, [Furthermore, it should bhe
poamhle to, dls,playmfo.rm,}hon in real time to
top mmmqmdqla theycan dl,re(.t individual
actions, such as .Anﬂe shotor l)on(i ) drop,, Of
course the tg:(_hnplpg,y requ:red to do this and
organize aI]l the options of whqt cleuslqn-
makers might view provides a challenge to
the Defemb R & D Ebtafﬂ.lbhment whu.h wll]
keep image processingand data handlmg
people busy for decades Whlle consuming a
measurable penentflge of the Gross National
Product. If without senoumthought we im-
agine th:s,a desnrable and achievable objec:
tive, we may fail tp dqu:]op a human coms
mand and contml structure under which our
elected le.;tders can trust Iuwer echelnm tu

‘Heslgned as Cblef o' Rome Air Development
Center's Reconhaissance and Nfa‘ppmg Br:rmch on
March 29, 1974, Cotfimiénts ‘and ' observitions ‘ek-
pressed in this article do'not represent opinion of
Rome ‘Air Development iCenter; The (U, S, Ai¢
Force, on the Dept. of Defense; Criticisms; and
comments are weleomed. |+ | y

‘Basically, man makes plans and decisiohs,
founded on, mental pictures which can be
powerfully. augmented by images, of sitna-
tions or scenes asithey were, are, or might be.
Timeliness is having an image of the proper
scene when it fits praperly into the thought
process and represents, a great potential for
decoupled technology, . . . a term I use to de-
seribe tools to augment individual action
without linking them together to function ef:
fectively. A bicycle, pocket computer, or
running shoes are examples of decaupled
aides to man, whereas telephonea, timer,
shared computers, and electronic trains rep-
resent coupled. techne]ogy As/I recently ter-
minated, 17 years.with the Defense R & D
Establishment, I want to take this opportun-
ity to reflect on some past experience and
comment on where future requirements for
mmg,e processing technulogy ‘might be di-
rected !

Soxus Onsa‘.nv.moms FROM THE Past

At;rml reconna:saance lmagery prov:des A
substantial portion of the, Intelligence and
targeting information_for military planning
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and operations. During World War I1, 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 I 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 of 20 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 lines/mm resolution to 80
to 120 lines/mm adding the dimension of
color in the process. These improvements al-
lowed us to image tens of thousands 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.

I 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
of collection 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-
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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 recon-
naissance to assure acquisition of lucrative
targets with their narrow field sensors such as
Forward Looking Infrared (rLiz) and Low
Light Level TV (LLLTv). Sending a gunship to
a segment of route where a low resolution
Moving Target Indicators (m11) radar had de-
tected moving objects was typical of this. The
targets were then reacquired and struck with
other sensors ranging from the human eye to
FLIRs.

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. Ourinterpretersin 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 photographyis 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 (rFLir, LLTV) the trend is toward sensors
like Side-Looking Radar (suz) or mit radars.
These provide broad area coverage with the
image non-existent or at most an interim step
in the detection process. rapc recently dem-
onstrated on-line real-time reduction of sLgr
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 rapc (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.

Animportantaspect 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 leadsin 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-
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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 rabDC 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 (Tip1) which grew out of
a rapc 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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IMAGERY PRODUCTS FACILITY [ DEFENSE MAPPING AGENCY

* EARTH RESOURCES DATA CENTER

COLLECTION
MANAGEMENT |

* COMMERCIAL ENTERPRIZES
* OTHER VISIONIZER CASSETES

—

COLLECTION - RE AL
8 NON REAL TIME
INPUTS, VARIOUS
SCALES, SENSOR COKTROL
TYPES, CONDITIONS
ETC.

ON SELECT AR

PREPARATION E?\FS TIME HISTORIES

IMAGERY MANAGEMENT,CATALOGING

PRODUCTION OF CERTAIN ABS
TION FUNCTION (MAPS & CHARTS

IMAGERY EXPLOITATION FACILITY
=)
NORMALIZATION & WARPING TO

5 HARD COPY, MAPS,
MOSIACS, ETC.

DIRECT DISPLAY
—_—
TO USERS

L

Fic. 1.

USER REQUIREMENTS
AREA,FREQ ETC.

Imagery exploitation facilities.
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VISIONIZER

Fic. 2. Individualized pocket Visionizer.

Needless to say, this conceptual Visionizer
assumes a good deal of technology not cur-
rently available, such as preparing input
(warping, normalizing, abstracting, etc.),
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
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distribution in a form or forms which will
have wide application rather than automati-
cally deriving reams of information that no-
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.

ProLocuE To THE FuTuge (7)

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, pop 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.




