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G“OLOGIC STUDIES OF YELLOWSTONE LATTOTAL PARK IMAGERY
USTHG Al ELECTRONIC IMAGE
EFHANCELMENT SYSTEM

By Harry W. Smzdes

PURPOSE

This report describes the image enhancement system developad by
the Philco-Ford Corporation: the kinds of enhancewmznt attained; the
results obtained from various kinds of remote-sensing imagery (mainly
black and white wultiband, color, color infirared, thermal infrared,
and side~looking Keband rddar) of parts of Yellovstone Watiocnal Park;
and possible additional fields of application of these technigues,

TNTRODUGTION

Most diwmages contain significant 1ﬁ10rmau10n wnich cannot be
extracted by visuel m=ans orly. Techniques or instrumsnts that can
anplify very small tone differences (coler and dens;ty) vhich are on
or even below the limit of visusel recoznition, or that cer display
arbitrarily selected density vanges and delete all other pa;ts of en
imege, ars important because they enable thz iuterpreter to extract
additional information.

In contrast, there nay be more detail visible on oh° image than
is desireble., Then it mray be helpful to poritray broad ranges in tone
uniformly as & single tonz or color., In this wvay, certain relationships
previously camouflaged by tone wottling may bz enhanced.

Somz technigues for enhiancing differences in tone are:

1) FPhotographic; by careful selection of types of film,
nevtral-densgity filters, printing paper, and
develcpar, and conbtrol of exposure end {(or)
developing time,

2) Optical/elzctronics by use of isciensitomesters end
iscdensitracers, winich reasure density of film
cenulsion and can autCﬂatlcally 'map aresas of

emmllm%ﬁdamlq

*3) Electronic; by conversion of the film emulsion
gray-scale into continuous or stepwise electronic
signals that can be maalpa ated in varions ways.-



One electronic system, called IDECS (the acronym for Image’
Discrimination, Enhancement, Combination, and Ssmpling) was developed
at the Center For Research, Inc., University of Kansas (Dalke, 1958).
In this system, as many as four images are scanned simmltanécusly and
the electronically processed signals are displeyed on a color TV
(television) screen. A somewhat different electronic technique is
the subject of this report. ' : .

Barly in 1968 the Space and Re-entry Division of Philco-TFord
Corporation began to develop a video enhancement system (fig. 1)
which portrays differences in film emulsion gray-scale as differences
in color. Their present system comprises an electronic image processor
capable of handling two separate multiband or color separation
transparencies, a color video displey, and a light teble and waster
power panel. This system provides a msans of electronically scanaing
either 1 or 2 transwerencies and displaying variocus cerbinations of
the video and digitized video signals on a 1,000-line TV screen. The
information is displayed in color by mixing various awmounbts of two
components of the video signals and viewing the screen throuzh a

_transparent color wheel--a precess that was vsed in some of the early

color TV sets.

The following brief descripiion of the enhancement system is
included so that the reader will rnore fully uvnderstaand vhat the
resulbting image represents. A more detailed descripbion is contained

in a report by the Philco-Ford Corporation.l/ T am gratéeful for the-,

;/Philco—Ford Corporation, April 18, 1969. Multispectral Scanner
Dats Redundancy Study, secticn LIX. Descripvtion of Processing Louirment,
p. 3-1 to 3-11L. TP-DA 0612 in response to RFP-731-hoL2§/216; submitted
to National Aerorautics and Space Administration, Greenbelit, M.

assistance and coopsration of Reece Jensen, Donald Ross, Hal Shuort, and

Calvin Teague of the Phileco-Ford Corporation, Palo Alto, Calif.

o



Figure 1.--Console for electronic image enhancement system.
Right, electrnic image processor; center, color video
display; left, light table and master power panel.



, . DESCRIPTION OF PROCESSING SYSTEM

In simplified form this system works as follows: transparencies /
consisting of pairs of color-separation negatives, multiband photographs~ ,

gléolor—separation neegtives are made from color prints or
transparencies by successively photographing the color image with
black and wvhite film using different color filters. Tor example,

. only the red component of the color imzge will be shown on the black
and white film exposed using a red filter. The red, green, and blue
.color-separation nezatives collectively contain all the color
information contained in the original color image.

Multiband photozraph transparencies were obtalned by photographing the
natural terrain with an aerial 9-lens camera system--each lens Filtered
to receive a different restricted part of the spectrum from violet to the
near infrared. These 9 simultaneously obtained Tiltered images are unalogous
to 9 different color-separation negatives. -

or single black and white images can be used. As shown in the diagram
(fig. 2) .the system utilizes a high-intensity flying-spot scanner (S)
for generating electronic images analogous to those recorded op a pair
of the transparencies (T). A partially silvered beamsplititer end a
mirror provide simultansous iilumination Tor these. slides, wilich are
images as much as 3 x 4 inches in size made in each of two preselected
‘ spectral bands. The flying spot scans rapidly across the tube face
and is focused by lenses (I,) onto the slide transparencies. The amount
of light from the scanner which passes through the slides is proportional
to the density of the film emulsion. FPhotomultiplier tubes located
behind each slide measure the smount of transmitied light. The cutput
signals from the tubes pass through identical amplification and
processing channcls to mixers (shaded). The resultant video display
signals are processed in an amplifier/multiplexer (1) for synchronous .
mixing and display on the black-and-white TV monitor. The observer
vieys this monitor through a rapidly rotating red and green color
wheel. The red and green video signals are synchronized by a TV
synch-generator with a 60-cycles per second pover source seyving as a

z

common tlming reference throughout.

The current from each photomulitiplier tube is apportioned into
tivo separate circuits by means of mixers. Although only in the form
- ——of" electrical current, these circuits are labeled "Red--video" and
"Green video," for they will be secen on the screen as red and green.

Both circuits called "red" are combined and both called "green"
are combined. An autozstic switch alternately flashes_one circuil and
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then the other onto a TV screen, each at 30 cycles per sccond. The
switch is syunchroniged with a motor-driven color vhieel with aliernating
red and green filters, located in front of the TV monitor. When the
circuit labeled "Red video" is the TV screen the red filter is in
front of the screen. When the circuit labeled "Green video" is on,

the green filter has moved into position in front of the screen. Thus,
red and green images are alternately displayed, but the speed of
alternation is faster than flicker spzed; the resulting sensation is
onz of continuous mixed color in various huﬂs of red, orange, yelleow,
and green.

ENHANCELMENT FUNCTIONS s
Mizxing ’

By means of the itwo mixers (shaded areas on fig. 2), the proportions
of red and green from each transparency are controlled and can be
changed from entirely red, through all provorticns, Lo entirely green.
I7 only one transparency is used, end the current in the two circuits
from it is about equal, the image on the TV monitor is various shedes
of yellowish orange. Auplicaticns of mixing are glwcn below in the
section on density maitching (p. 12)

Color mizers can,be adjusted so that all the current from
transparency 1 gees. to thie red circuit and all from transypavency 2 gozs
to tho green czrcultp for example. In that case, ve have dcune axvoy
with the pr VU“TbLOﬁiﬂby and this wouwld be closely analogous 1o & two-
projector ophtical system of studying multiband imagery. Important
differences are thac, with the electronic devices, we can arbitrarily
" reject all deus ti that fall outside selectzd thresholds, perform a
vider range of positive and negative displaying, and do quentising and
differentiating.

Change of mpolarity

In addition tc a simple video display, one or both of the circults
(red and green) from cach of the %o chonnels can be displayed in normal
or reverse polarity so that at the flick of & switch ve can change from
a positive to a nzgative image on the screen, or positive red and
negative green, or the positive image of transparency 1 registered with
the negative ivage of transparency 2. Examples arve ypositivee-nzgative
?askin§ wihich are described in the section on two=band processing
“(p. 119 .- - - e e L

Quantizers for density slicing

- Provision is mede for breaking or slicing the continuous gray-scale
curve of the image emulsion density into 16 discrete steps, or fewer. -
ted

Each of the inputs is associs vith a 16-level quantizer. The input



waveforn, hence the Pilm density, is broken or sliced into 16 contiguous
levels, each of which is assigned,; electronically, a specific color
proportion of red end green. (This is achieved through a color-selection
matrix which consists of a set of potenticmeters.) When operating in

this mode, specific density levels in the transparency correspond to
specific colors on the TV screen., This is illustrated in figure 3.

The smooth line is a standard photographic density curve which shous

film emulsion density versus log of the exposure. The steps illustrate
how the quantizer treats the continuous curve of density as a discontinuous
step function of 16 discrete levels.

The 16 levels can be spread evenly over the entire density curve
(upper part of fig. 3) or they can be shifted up or doim the curve so
that only the densest or least dense parts of the image are quantized
(fig. 4).. Straight shifting of this ramp would result in fewer
slicing levels--for example, 4 at A and 3 at B (fig. 4). Howevdr, the
spacing of the levels can also be adjusted, being made broader or
narrover. For example, all 16 levels may be restricted to the to2
(fig. 4C), to the straight part (fig. LE), or to the shoulder (fiz. U4D)
of the curve; in the third instance all other density levels are deleted.
In this way, espscially small differences in tone can be enhanced. Hole
that the spacing of the slicing levels can be adjusted to £it the
nonlinear parts of the density curve (fiz. LD},

The 16-level quantizer in each chanunel provides the electronic
equivalent of photograrhic isodensity contouring over a selected range
of film density or scene brightness. Differentictors are supplied at
the outpuibs of the quantizer for optional provision of signals to enhance
the edge of the iscdensity conbours by triggering at each change iu
discrete level. The film=-density or scens-brightness bands defined by
each of the 16 levels are conbiguous. The 16 output signals feed a
resister~-surming network that produces a stepwise-constant video
waveforim which is then sent to the two mixers. The end wesult is a
signal-processing circuit having a nonlinear transfer function. The
desired trensfer functiocn can be tallored for a spzcific task by
chanzing the resistors in the swming getvork. In addition, by
rasistor selection, each of the 16 digitized beightness levels mway be
assigned individually to either of the display colors.

Processing
The presént system is capable of processing 1 or 2 images. The
Philco-Ford Corporation plans 10 expand th2 system to accommedate four
imsges. Two cr more iwmages would be used for processing multiband or
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Figure 3.--Diagram illustrating 16-level quantizing of image density curve.
Color photographs were taken by means of an internally generated ramp
waveform which determines position, Width, and color of the density
levels or slices. Upper photograph illustrates subegual spacing of
slices throughout the density range. Lower photograph illustrates how
the spacing can be made nonlinear, to fit nonlinear parts of the
density curve.
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Figure 4.--Diagram illustrating different positions and widths and density
slices. Color photograph illustrates all 16 levels equal in width and
restricted to the central part of the density curve. Letters are
referred to in the text.




color-separation transparencies. TProcessing of one image only is
principally for one-band rather than multiband imagery (that is,
vhere spectral filtering cannot or has not been dene, such as X-ray,
radar, and thermel infrared images, and conventional black and white
aerial photographs).

Examples of the following kinds of processing of one-band and
two-band (multiband) images are illustrated in figures 5-13.

ONE-BAND PROCESSTNG
Density slicing

The 16-level quantizer permits dispiaying zomes of equal density
ranzge. By selection of proper quantizing levels on single black and
white photographic images, all or most areas of bare bedrock and talus,
of vegetated areas, or of water can be delineated because cach of
these categories of material tends to have different and limited ranges
of reflectancsa.,

The contacts between adjacent density renges constitute isodensity
contours. Therefore, thermal IR insges can bz transforimed into thermal
contour displays (fig. 5 and 6). With ground information or other
thermal conbrol, these images become quantitative thermal maps.

Enhanced single images &ére shown in figure 134, vaere surficial deposits,
timber, and grassland are contrasted with hot spring deposits and
landslides., Similar processing of other images can yield gquantitative
contour data on depths of bodies of water.

Enhancing different varts of the density curve

ting the position and widtn of the 16-level quantizer,
verious density conbrasts can be emphasized. Subtle differences in the
least dense rcgions of the scane cah be enhanced if the ramp is shifted
toverd the toe of the density curve; dznser regions can be enhancad by
shifting to the shoulder of the curve (C and A, respectively in fig. 4).

By shif
1

,) was processed in this way, to enhance
t trends.

TWO-BAND PROUESSING
By electronically combining the signals frem two (in-the -future, -
Tour) iwazes, additional kinds of processing can be performad, as
shown in figures 9-13,

The images used for the two~band- exrﬂz1men\s vere color-seraration _
negetives made from color and ccolor infrared film, and rultiband images

10



from the ITEK 9-lens camera. The color-separation negatives were made
by Philco-Ford Corporation. The transmission curves3/ for the 9-lens

§/Data from: .Introduction to NASA 926 and NASA 927, Remote Sensor
Aircraft as applied to the earth's resources survey program. Flight
Research Branch, Aircraft Operations Office, National Aeronautics and
Space Administration, March 19, 1966. o

imagery are shown in figure 8.

The following enhancement techniques were tried using the
Yellowstone National Park imagery: density slicing, enhancing different
parts of the density curve, masking, redundsncy test edge enhancemenn,
density matching, and generalizing of tones.

Density slicing

The 16-level quantizers, described above, can be adjusted so that
the relative widths of the 16 levels are different for one channel than
for another. This permits a wider range ¢f enhancements than with one-
band processing, and permits additive as well as subtractive
manipulation. The effects of wide versus narrow spacing, and position
of the quantizer ramp can be exemined rapidly by switching on first one
guantizey and then the other and by exchanging positions of the two
imac'eu o

Enhancing different parts of the density curve-

The guantizer for one image can be shifted to enhance one part
of the curve while the quantizer for the other image can be used to
enhance some other part of tne curve. IFurther range is afforded by
switching polarity.

Masking

One function of changing yolarity is to accomplish positive-
o e

negative masking. In this wey, all materisis c‘ the ground that have
high reflectance in wavelength band {frame) 2 and low reflectance in

band T, for example, can te enhanced by ccmblnLng the positive of

transpgarency 2 with the negative of transparency 7. Areas of high
reflectance in band 2 but 8100 hlqn or 1nuermcd1ate Ln T woula not be

enhanced. , : - - -

The detection of bedies of gypsum is an example of a possible

applicaticn of this mzsking Yechnique. Weathered gypsum at the earth's
surface has high reflectance in the ultraviolet and very-low emittance -

11



in the thermal infrared (Wolfe, 1969). By combining the ultraviolet
positive (=brignt) and the thermal infrared negative (=bright), areas
underlain by gypsum should be reinforced and markedly enhanced on the
resulting image.

Redundancy ‘test

Another function of masking is to test for redundancy of data. Ve
know that we don't need all 9 imsges of the 9-lens multiband camera for
any one experiment; in fact, 4 probably is the maximum number. To test
vhether, or how much, new Information is contzined in image 1 ccmpared
to image 2, etc., we can balance the red-green mix on each so that we
have roughly a neutral--that is, yellowish orange--image of each, and
then reverse the polarity of one of the images. This gives us a
superimrosed positive of one, and negative of the other. If the screen
is featureless, there is complete redundancy of data. When details
show up; it indicates that one transparency contains information that
the other does not. An example 1s shown in figure 9. The high contrast
obtained from widely separated spectral hands by this positive/negative
nzsking technique (fig. 9B) also is a means of edge enhancement.

Idge enhancement

If ve now vse the same sebup as just described for the redundency
check, and deliberately misaline the two btransparencies, the result is
high contrast or edge enhancement along the contacts bebween areas of
different density or brightness (fig. 10D). In fact, with any
c0mp1ementary pair of transpareacies, if one is positive and the other
is negative, we will get an edge enhancement even without misslinement
(fig. 10C). :

Advantages of this precess over other techniques for'edge
enhancement include the visual display (versus computer printout, for
example), several color zones shown simultaneously, and the preservation
of geomelric image fidelity.

. ‘ Density matching

One of the reasons for proportioning the signals for each of the
transparencies to both the red and green video circuitvs is as follows:
If we adjust the color in such a way that the sane density in each of
" the 2 trensparencies is,-for -example, red, then when these 2 signals are.
cormpined they reenforce each other so th at we have a still brigater red
on the video screen. In this way we know that the same density value
(that is reflectance) occurs in that given spot on the scene for both the
spectral bands and we know that wherever else red appears that same density
occurs cn both transparencies. ther colors will indicate different
densities. In a sense this is a redundancy check because it shows us that
wherever cne particular color (in this case red) cccurs the same information
is contained in both transyarencies.

12



-Generalizing of tones

As ncted above it is desirable at times to be able to subdue the
amount of debtail and range in image density in order to see or portray
more conspicuously the distribution of material of & certain brosd
category. By correctly positioning the quanbtizer ramp, with increments
spread to maximwm width, this generalizing of tones can often be

‘ accompl..;.shcd° An example is given in figure 11.

RESUIZS--ANFKOTATED IMAGES

The following pages contain selected examples of images used and
the enkanced product. Expanded captions provide the necessary
descriptions. . .

All the ephanced images were produced by vhotographing the black
and wvhite TV monitor throvgh the red and green color vaeel using 35 mm
color f£ilm. The camera was placed in the position nozm.lly take n by
the obgerver {fig. 2). 4 , .



C

Figure 5.--Thermal infrared and enhanced images of area near Floating Isiand
Lake, north-central Yellowstone National Park.
The 8-12 & m thermal infrared image (A), was taken at 2 a.m., mid-September
1967. The warmest object in the scene is the lake, which appears as a light
tone contrasting strongly with all other tones on the image. A blacktop road,
bedrock and talus of volcanic rock, and forested areas all appear as medium
gray tones, and meadows appear as dark tones (coldest objects in the scene).
The first color display (B) presents the lake as orange, 2ll intermediate
temperatures as green, and all cold areas as black. This is an example of
clarifying categories by deleting tone mottling that conceals broader
relations of categories (or generalization of tones).
In another display of the same scene (c), the objects of intermediate
temperature (tone) are subdivided into 4 thermal slices, and the cold materials
into 2, all distinctly bounded in contrast to the hazy ill-defined boundaries
shown in the original image (A).
In the last display (D), a great variety of detail and color tones are shown
subdividing the scene into six color slices as in C, except that the greens
and reds are reversed, and the darker scene elements (shown as green) show
far greater detail than in C, although there is little or no geologic value
in obtaining this detail.

1k
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Figure 6.--Thermal infrared and enhanced images of an area west of the
Buffalo Plateau, north-central Yellowstone National Park.
The 8-12 # m thermal infrared image (A) was taken at 2 a.m. mid-
September 1967. The warmest object in the scene is a lake (1left
edge). The Yellowstone River (lower edge) and a large mass of
granitic gneiss (left-central area) shown as intermediate temperature.
Grasslands are darker gray, and forested areas black.
In the processed image (B) the lake, river, and all bedrock exposures
(granitic gneiss) have been enhanced to show as orange, in contrast
to soil meadows, and forest, which show as green. This image
constitutes a "map" showing distribution of bedrock ocutcrops.

15



Figure T.--Side-looking K-band radar image and enhanced images of an area
in north-central Yellowstone National Park. Look direction is to the
south (north is toward top of page).

The radar image (A) covers an area along the Yellowstone River from the
mouth of Crevice Creek eastward to the mouth of ILava Creek. Lineaments
of northwest and northeast trend, respectively, are enhanced in images
B and C. In B, the light-colored lineaments are enhanced; in C, the
dark lineaments are enhanced. Also, in C, and dark areas of radar
shadow and the extensive surfaces of low relief in the central and
east-central parts are shown as red in contrast to the areas of high
relief, shown as green.

16




$O|0IA —

IONVLILINSNVYL IN3D&3d

- 700 €00 900
IN NANOM

600

LENGT

500
WAVE

400

ETERS

b}

Figure 8.--Hominal tremsniscion curves for multidend filters used

Foubers identify frenes descrived in

o
o1
1]
i
[
4]
(&3]
£
)
~t

Qs
7

I

e

o QPR
£ R
wi Q)
P

Data Trom HASA,

17



Figure 9.--Example of redundancy test. Multiband photograph images of an
area in the southern part of the Gallatin Range. Area same as shown in
figures 10 and 12.

A. Positive of frame 3 superimposed on negative of frame 4. High
degree of redundancy is indicated by low contrast.

B. Positive of frame 3 superimposed on negative of frame 9. Low
degree of redundancy is shown by high contrast.
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Figure 10.--Examples of edge enhancement by positive/negative masking.
- Photographic images from multiband 9-lens camera of an area in the
southern part of the Gallatin Range; area same as shown in figures 9
and 12.
A. Video image of frame 3.
B. Video image of frame 9. )
C. Positive of frame 3 superimposed on negative of frame 9, as in
redundancy test (fig. 9B).
D. Same as C, but with images slightly misalined to enhance edges.
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Figure 1ll.--Print and enhanced image from color-seperation negative of
area west of Floating Island Lake.

A. Print from red color-separation negative made from color film,
showing meadows on kame terrace deposits surrounded by forest.
Highway from Mammoth to Tower Junction shown near bottom edge.
Though both large meadows are on kame terraces--note the great
difference in appearance--one is mottled and the other is rather
uniform.

B. Enhanced image from the red and green color-separation negatives
showing generalizing of tone such that both meadows appear
uniform (green) in contrast to the forest (red).
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Figure 12.--Photogmaph and enhanced images of an area in the southern

part of Gallatin Range. Area same as shown in figures 9 and 10.

A. Photograph (frame 5) from multiband 9-lens camera.

B. Enhanced single image (frame 6): red, outcrop, sliderock,
and coarse moraine; green, finer surficial deposits, timber,
and grassland.

C. Enhanced combined images (frames 2 and 7): red, outerop,
coarse sliderock, and moraine; green, finer surficial
deposits, timber, and grassland.
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Figure 13.--Photograph and enhanced images of Mammoth area.

A. Photograph (frame 5) from multiband 9-lens camera.

B. Enhanced single image (frame 6): red and orange, hot spring
deposits (bottom), landslides (top), and some cultural features;
green, other surficial deposits, timber, and grassland.

C. Enhanced images (frames 2 and 65: red, hot spring deposits;
green, most surficial deposits and all vegetation.



' CONCLUSIONS AND RECOMMENDATIONS

‘The described limited tests indicate that the Fhilco-Ford
Corporation electronic lmage enhancement system can be very useful in
geologic studies. In many places bare rock can be distinctly separated
from soil, grass, or forested areas; and, although different kinds of
rock were not separated in these experiments, such separation is within
the capability of the systenm.

!

In terms of reflectance, bare rock in place (bedrock) cannot always
be distinguished on the basis of reflectance from bare rock {debris)
that has moved as talus, sliderock, or as large boulders in surficial
debris, but in surface formns they each generally are distinchive. :
Simjlarly, in areas largely covered by surficial deposits, the surface
form is en important criterion for distinguishing between different
genetic kinds of surface debris whose reflectance and, hence, image density,
are indistinguishable. For these reasons, it is important to conduct part.
of the test using the straight video display rather than quantized or digitized
video, in order to discern the surface form. After inspection of the
straight video display, proper selection of position and widths of quentizine
levels can be used effectively to enhance the appearance of the surface
form or texture.

With mpltiband images--both 9-lens and color-separation images--the
blue or green and the reflective infrared (frames 2 or 3, and 9) generally
proved o be the rost nseful combination. This confirms results of the

. redundancy tests. - ’

An important advantage of the electronic image enhancement system is
that the results of a wide variety and combination of enhancement
experiments can be displayed and studied in "real time'--that is, the
output is an immedisie response to the input. Displays can be evaluated
and adjusted promptly to achieve ovtimum enhzncement. Oiher enhancemeni
systems, most of which can perform only one or a limited number of
enhancement procedures, necessitate a time lapse before the enhanced
product can be viewed. : '

Tnis system has already proved (unrublished data.by Fhileo-Ford
Corporation) to be effective in showine different depths of water bodies,
and has promise for use in study of such thinegs as sedimentation and water .

~pollution. ‘ '

All of the present studies were based on images obtained from 10w-
‘altitude aircraft. Studies of high-altitude and spacecralt images are
varranted on the basis of results from low altitude. For example,
enhancement of different scil color types seems quite feasible,



This need for prior knowledge holds true especially for electronic

Although there is no direct evidence from the described experiments,
it seems highly likely that this enhancement system can elfectively map
out subtle differences in reflective infrared photogravhs to show
location and extent of diseased or poisoned vegetation, whether the
poisoning is due to geochemical ancmalies, changes in wvater table, or
some othier factors. In the present studies it was possible to delineate
water-logged areas because of their effect on the vegetation. Also,
deciduous forests were clearly distinguished in most places from
evergreen forests.

A display or “"map" such as that of figure 6B, which shows all areas
of rock exposure as a unit, would be invaluable in places such as
northern Maine and parts of Canade where a geologist might spend several
days wandering around im the muskeg looking for en outcrop.

Any form of image evhancement has some drawbacks. In the deliberate
distortion of image color and tone values; many tone values which identily
familiar objects also beceome distorted--cscometimes enhsnced, -sometimes
suppressed-~-thus changing their interpretative significance,

With the possible exceptions of such operations as edge enhancenent,
nearly all methods of terrain study by wmeans of enhancement of imases
require that the interpreter already have considerable knowledge about the
geology or {errain shown iun the imsge. He mst know what kind of material
he wants to enhance and vhere some of that material lies in the ilumaze,

g
enhancement systems because of the literally infinite number of settin
possible.

Success of enhancement of image data is divectly related to the
interpreter's understanding regarding the problems and goals, and his
knowledge of enhancement processes. TFor example, investigalors
interested in ocean depths have vastly different requirements and
approaches than do those interested in crop differences, and they in
turn differ markedly from those of us interested in geologic data.
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