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PRACTICAL PAPER

Applications of the IHS Color
Transformation for 1:24,000-Scale
Geologic Mapping: A Low Cost SPOT
Alternative

Abstract

The spatial resolution of multispectral satellite imagery can
be greatly improved through the application of the IHS color
transformation. This numerical transformation allows di-
verse forms of data from space- and air-borne platforms to
be combined into a single hybrid data set. Procedures are
given for merging readily available Landsat MSS bands with
digitized aerial photographs to produce color imagery hav-
ing spoT-like spectral (green to near-infrared) and spatial
(10-m) properties. Geomorphic interpretation is improved be-
cause both sources of information are available for large-
scale spectral discrimination of surface materials and spatial
analysis of associated landforms.

Two alternative methods, both using only the reverse IHS
transformation, are also presented for combining spectrally
dissimilar data. These methods enhance geologic discrimi-
nation by allowing short-wave infrared data to be used in
conjunction with the spatial information content of an aerial
photograph. Spectral image maps that depict the mineralogy
of geologic surface materials in progressively changing
colors can be prepared and integrated, for example, as the-
matic overlays for high-resolution photographic base images.
These “colorized” images improve terrain inferpretation and
mapping by revealing critical geologic relationships between
the lithologic composition of surface materials and associ-
ated landform morphology.

Introduction

Earth scientists commonly use aerial photographs to map
landforms on the basis of their morphology, pattern, texture,
and spatial association to other photographically identifiable
landscape features (Avery and Berlin, 1985). While these
methods have proven adequate, advancements in multispec-
tral satellite coverage and computer technologies for integrat-
ing diverse forms of digital and analog terrain data provide a
greater assortment of remote sensing tools.

The broad spectral coverage of modern satellite sensors,
such as Landsat, extends our view of the Earth well beyond
the visible capabilities of human perception into the geologi-
cally important short-wave and thermal infrared regions of
the electromagnetic spectrum, These multi-band data enable
surface sediment composition and soil patterns to be inter-
preted and their geologic relationships to be revealed
through the application of well established digital enhance-
ment and analysis techniques including band ratioing, den-
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sity slicing, principal components analysis, and multispectral
classification (Drury, 1987; Jensen, 1986: Lang ef al., 1984a,
1984b; Shih and Schowengerdt, 1983; Rowan et al., 1983;
Goetz and Rowan, 1981; Segal and Gillespie, 1880; Moik,
1980; Kahle, 1980a, 1980b).

A notable limitation of Landsat is its relatively poor spa-
tial resolution for large-scale (1:24,000) geologic analysis and
mapping of small landforms. The digital (raster) format of
these data does, however, provide a means for integrating
higher resolution information from such sources as aerial
photographs, space- and air-borne radar images, and large-
scale thematic maps. The merger of readily available NASA or
NHAP aerial photographs with multi-band Landsat data, for
instance, permits the topographic (spatial) resolving power of
the photograph to be used in conjunction with the geologic
(spectral) discrimination capabilities of Landsat.

Combining High- and Low-Resolution Image Data

Previous Approaches

Several methods have been devised to combine remotely
sensed data. Common pixel-by-pixel mathematical proce-
dures including adding, subtracting, and ratioing have been
successfully used lo merge Landsat spectral bands with digi-
tized aerial photographs (Chavez, 1986) and 10-m SPOT (Sys-
teme Pour 'Observation de la Terre) panchromatic data
(Chavez and Bowell, 1988). Other, more complex procedures,
such as selective principal components and band replace-
ment (an image compilation method using a co-registered
digitized aerial photograph in place of a Landsat image band
for the red-green-blue color display), have also been em-
ployed to improve the resolution of multi-band satellite im-
ages (Chavez, 1986; Cliche et al., 1985; Chavez et al., 1982,
1984).

While these procedures may offer improvements in spa-
tial resolution, the ensuing images often exhibit residual
noise, when input bands are highly correlated, or colors that
are difficult to explain; the latter being a distinct disadvan-
tage of selective principal components merging. Addition-
ally, the merger may be limited to imagery having similar
spatial (pixel size) traits. Chavez (1986) noted for instance
that band replacement is best applied to data with small (2 x
to 3 x) differences in spatial resolution. Another problem is
that the method used to combine the data sets may adversely
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alter the information content of the resulting image product
(Chavez and Bowell, 1988). Such an alteration might create a
particularly undesirable situation if the original multi-band
data set is needed for subsequent spectral analysis.

IHS Transformation Merger

A digital color enhancement technique that has recently re-
ceived noteworthy atteniion as an image merging tool is the
IHS (intensity-hue-saturation) transformation. This numerical
procedure was developed to convert a three-band RGB (red-
green-blue) display into its fundamental physiological (IHS)
elements of human color perception (Buchanan and Pender-
grass, 1980). Various IHS transformation algorithms and their
remote sensing applications have been reported on by Judd
and Wyszecki (1975), Gillespie (1980), Haydn et al. (1982),
Daily (1983), King et al. (1984), Gillespie et al. (1986), Lille-
sand and Kiefer (1987), Robertson and O’Callaghan (1988),
Carper et al. (1990), and Harris et al. (1990). All are based on
the tristimulus theory of color (Gillespie, 1980), and differ
principally in their method for deriving intensity (Carper et
al,, 1990).

Two notable virtues of the IHS transformation are (1) its
ability to effectively separate spatial (intensity) and spectral
(hue and saturation) information from a standard RGB image,
and (2) its ability to convert IHS elements back to RGB display
components. The forward (RGB to IHS) transformation pro-
duces intensity images that contain average brightness (spa-
tial) information (Gillespie, 1980) corresponding to surface
roughness or morphology, and hue and saturation images
that contain color (spectral) information related to surface re-
flectivity or composition. If the intensity image is enhanced
using an edge-enhancement or high-boost filter, or replaced
with an image having higher spatial resolution, the reverse
(1HS to RGB) transformation will produce RGB output images
having similarly enhanced spatial resolution and color (hue
and saturation) comparable to the original RGB input bands.
The IHs transformation can, therefore, be used as an image
merging tool to integrate spatial and spectral data by allow-
ing a co-registered, high-resolution image (e.g., a digitized
aerial photograph) to be used in place of the intensity com-
ponent prior to performing the reverse transformation.

This technique has been used to merge SPOT 20-m multi-
spectral (XS) and 10-m panchromatic (PAN) images (Welch
and Ehlers, 1987; Carper et al., 1990), and to combine Land-
sat image data with radar, air-borne geophysical, and the-
matic map information (Harris et al., 1990). Carper et al.
(1990) demonstrated that the intensity image from the for-
ward IHS transformation of SPOT XS data can simply be re-
placed with high-resolution PAN data before performing the
reverse [HS transformation. As a result, the output image re-
tained the multispectral color (hue and saturation) informa-
tion of the XS bands and gained the 10-m resolution of the
PAN (intensity) image; a two-fold increase in resolution.

Unlike SPOT, however, where XS and PAN data are simulta-
neously recorded (co-registered) digital images (Carper et al.,
1990), the merger of dissimilar data (e.g., a digital Landsat im-
age with an analog aerial photograph) requires several prepro-
cessing steps before the IHS transformation merger can be
performed. The benefit is that diverse forms of terrain informa-
tion can be combined into a single hybrid data set to improve
interpretation and mapping. Moreover, multi-band images with
spectral and spatial properties comparable to SPOT can be pro-
duced from more readily available image data.

Study Site

The procedures presented in this paper were developed to
improve identification and mapping of small, remnant land-
forms at the margins of a late-Quaternary paleolake, Lake
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Wamsutter, from available Landsat data and aerial photo-
graphs (Grasso, 1990). This lake, named for the town of
Wamsutter, Wyoming, once occupied some 2,000 km? of the
Great Divide Basin in the high desert area of south-central
Wyoming (Figure 1); an area for which SPOT data was un-
available. At its maximum level of 2,040 to 2,045 m (6,693 to
6709 ft), the lake was about 67 lo 72 m (220 to 236 ft) deep
at Battle Springs Flat (1,973 m; 6,473 ft) and engulfed two
subbasins: Red Desert Basin (RDB) to the west, and an east-
trending valley now occupied by Lost Creek Basin (LCB), Bat-
tle Spring Flat (BSF), and Chain Lakes Flat (CLF). Today, rem-
nant wave-cut shorelines, channel-mouth deltas, and lake-
marginal sand dunes demarcate the former extent and littoral
zone of the lake. From large-scale geologic interpretations of
these paleolake landforms, it was possible to reconstruct the
paleogeography of the lake and to ultimately decipher the
late-Quaternary evolution of the basin.

Methods

Three available data sets were used to investigate small pa-
leolake landforms at lake-marginal locations such as the
Stratton Draw site (Figure 1). They were (1) Landsat Multis-
pectral Scanner (MSS) and Thematic Mapper (TM) image data,
(2) NASA high-altitude, color-infrared aerial photographs
(1:100,000 scale), and (3) USGS 7%z-minute topographic maps.
Although Landsat image data furnished spectral information
for differentiating surface sediment composition, they lacked
essential spatial resolution for large-scale mapping (Figures
2a and 2b). Conversely, aerial photographs were indispensa-
ble for mapping paleolake features (Reeves, 1968), but lacked
important multispectral information (Figure 2c). A merger of
these data was therefore necessary so that both spectral (sed-
iment composition) and spatial (topographic) information
would be available in a single data set.

In the following sections, the IHS transformation merger
of Landsat MSS and aerial photographic data for the Stratton
Draw (delta) site is presented. The merger entails five-steps:
(1) digital preprocessing, (2) geometric correction and co-reg-
istration, (3) forward 1HS transformation, (4) reverse IHS trans-
formation, and (5) display of hybrid image data.

Image processing was conducted on an 80386-based mi-
crocomputer workstation equipped with Map and Image
Processing System (MIPS) software developed by Micro-
Images, Inc., Howtek Scanmaster color flat-bed digitizing
scanner, and high-resolution (1280 by 1024) color display
system. Digital image data were prepared from nine-track
Landsat MSS (ID 30104-17185; 06-17-78) and TM (ID 50127-17174;
07-06-84) computer-compatible tapes and a NASA color-in-
frared aerial photographic transparency (08-09-73).

Digital Preprocessing

The 1HS transformation is a mathematical procedure that op-
erates on digital, raster-based images. An analog aerial photo-
graph (or map) must, therefore, be converted to a digital
format compatible with Landsat by a process known as digi-
tizing. To obtain maximum spatial information, the photo-
graph should be digitized in panchromatic mode at the
highest possible resolution (i.e., smallest pixel size) appro-
priate to its use. Two factors that constrain pixel size are (1)
the resolution of the scanner, and (2) the scale of the photo-
graph. A digitizing scanner with a maximum resolution of
300 dpi (dots per inch), for example, will produce a pixel
size of 8.47 m from a 1:100,000-scale aerial photograph (i.e.,
100,000 + 300 = 333.33 inches or 8.47 m).

In the examples presented here, the maximum resolution
of the scanner (300 dpi) was used to achieve the highest pos-
sible spatial resolution (8.47 m) from the aerial photograph.
A pixel size adjustment to 10 m was subsequently made by
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resampling the image during geometric correction and co-
registration.

Geometric Correction and Co-Registration

In this second step of the merger, the digital Landsat bands
and aerial photograph were geometrically corrected and co-
registered to a common pixel size and map projection. A se-
ries of ground control points (GCPs) of known latitude and
longitude were used to correct the images and remove distor-
tion due to topographic irregularity and system inherent er-
ror (Friedmann et al., 1983; Jensen, 1986). At the same time,
the images were numerically resampled (Lillesand and Kief-
fer, 1987) to a common pixel size and rotated north. An even
pixel size of 10 m was used to retain the maximum spatial
resolution of the aerial photograph.

Figures 2a and 2b show the results applied to Landsat
MSS and T™M bands. In these cases, cubic convolution resam-
pling was used to enlarge the images rather than simple
pixel duplication because of the inherent ability of the algo-
rithm to reduce (smooth) image blockiness (Jensen, 1986).
Although the images still appeared blurred due to the re-
quired 8 X (MsS) and 3 x (TM) enlargements, this was of little
consequence because only the spectral (hue and saturation)
information was needed for the merger.

For the digitized aerial photograph, nearest neighbor re-
sampling was used to adjust its pixel size from 8.47 m to
10.0 m and to rotate the image 17.63 degrees (counter-clock-
wise) to north. Figure 2c shows that the spatial integrity of
the aerial photograph was maintained during these steps.

As a final preprocessing step, the geometrically corrected
images were co-registered, using GCPs as reference, and
trimmed to a common line and column (matrix) size, The ac-
curacy of these steps was essential in that any error in geo-
metric correction or co-registration would have resulted in a
mismatch between spectral and spatial information during
the 1HS transformation merger.

Forward IHS Transformation

Using the forward (RGB to 1HS) transformation, the standard
false-color-infrared Landsat image (MSS-7 as red, MSS-5 as
green, and MSS-4 as blue) was orthogonally transformed into
its corresponding IHS components. As a result, the intensity
component conlained spatial information corresponding to
surface morphology, while the hue and saturation compo-
nents contained spectral information related to the average
color of surface reflected light and its apparent brightness (or
purity), respectively. Thus, the Landsat multispectral color
information, as detected in the green to near-infrared spectral
range of the MSS bands (0.50 to 0.60, 0.60 to 0.70, and 0.80
to 1.10 wm), was effectively separated by the forward trans-
formation into hue and saturation components.

Reverse IHS Transformation

At this point of the merger the Landsat intensity component,
which contained only lower resolution (80-m) MSS spatial in-
formation, was replaced by the higher resolution aerial pho-
tograph and the reverse IHS transformation was performed.
As a result, the 10-m spatial information of the photograph

basin west of SF, (after Grasso, 1990)

Fig. 1. Digjtal elevation model of the Great Divide Basin, Wyoming. The basin is
internally drained and encircled by the Continental Divide. Five-metre elevation lev-
els are displayed in 240 shades from dark gray (low) to light gray (high). Shown
are the maximum extent of Lake Wamsutter at the 2,040- to 2,045-m level in
white; the locations of three well preserved deltas at Lost Creek (LCD), Stewart
Creek (SCD), and Stratton Draw (SDS); and the former site of basin closure (dot-
ted line) west of Separation Flats (SF), Today, Separation Creek cuts near-vertical
rocks of the west flank of the Rawlins uplift (A). Sites of Holocene (?) closed-basin
pluvial lakes are shown in black (less than 2,010 m) in the deepest parts of the
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was effectively combined with the spectral information of
the Landsal hue and saluration components. This merger is
particularly appropriate because the approximate spectral
range of the color-infrared photograph (0.50 to 0.90 pm) is
comparable to that of the Landsat bands (0.50 to 1.10 pm).
Thus, very little spectral (color) modification occurs during
the merger.

Display of Hybrid Image Data

Red, green, and blue output images from the preceding step
could now be displayed as a color composite. The display
was comparable to a standard false-color-infrared image be-
cause Landsat multispectral data were preserved during the
IHS transformation merger. The most noticeable consequence,
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however, was that the 80-m resolution of the MSS scene (Fig-
ure 2a) was elevaled to the 10-m resolution of the aerial pho-
tograph (Figure 2c); an eight-fold increase in topographic
resolving power,

Results of the IHS Transformation Merger

Plate 1 shows that the 1HS transformation merger is particu-
larly well suited for combining image data with large differ-
ences in spatial resolution. At the Stratton Draw site, the
improved resolution of the color hybrid image was particu-
larly valuable for mapping small lake-marginal landforms.
The image reveals, for example, that a well-preserved delta
extends from the mouth of Stratton Draw onto the dry lake
bed of Lake Wamsutter, whereas on the MSS scene of the site

lLandsat MSS
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Fig. 2. Comparison of Mss band 7 (a), T band 4 (b), and digi-
tized aerial photograph (c) of the Stratton Draw site. The images
are geometrically corrected to a latitude-longitude map projec-
tion, rotated to north (top), and co-registered to a common 10-
m pixel resolution. The resolution of the aetial photograph is
clearly superior to the 8 x - and 3 x -enlarged MsS and T™ im-
ages for identifying landforms at the site. It shows clear textural
contrast between dissected uplands to the north (A) and smooth
paleolake bed (C), and permits detection of a remnant shoreline
(B) and the irregular terrain of lake-marginal sand dunes (D)
downwind (east) of the delta.
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(Figure 2a) this feature could not be explicitly identified. The
image more clearly shows the former maximum lake bound-
ary due to textural differences between the dissected terrain
to the north (A) and spectrally homogeneous lake bed (C),
and reveals important geomorphic relationships between
these features and remnant shoreline (B) and lake-marginal
sand dunes (D). The spatial association between these land-
forms served to document their lacustrine origin.

Two additional attributes of the 1HS-transformed RGB im-
age components are (1) they are raster images, and (2) they
are co-registered to the original Landsat bands. Thus, digital
enhancements (e.g., edge-enhancement filtering) can be ap-
plied to improve discrimination of geologic landforms and
structures, thematic map information can be added as a digi-
tal overlay to improve analysis, and co-registered Landsat
bands can be used for spectral analysis or other digital inter-
pretation and classification activities. For example, the su-
perimposed 1:24,000-scale topographic map was particularly
useful for morphometric analysis and mapping at the Strat-
ton Draw site (Plate 1). These contour data effectively show
the maximum lake level, that the delta is approximately 1.0
mile (1.6 km) long (north to south) and 0.75 mile (1.2 km]
wide (east to west), and that it has an average slope of 0.45
degrees from its proximal to distal ends.

Thematic Applications of the IHS Transformation

An important disadvantage of the 1HS transformation as an
image merging tool is its apparent inability to combine spec-
trally dissimilar data, While the merger provides a significant
improvement in overall interpretability, the narrow spectral
coverage of the image (green to near-infrared) limits its use to
general landscape interpretation or vegetation and agricul-
tural applications. Goetz et al. (1983, p. 575), recognizing
this limitation, noted that for geologic purposes the spectral

TM-5/7 Ratio of Selected Landforms
Stratton Draw Site

TM-5/7 Ratio Value (x 100)

Shore LakeBed L-Bed(d)  Delta

Paleolake Landform
—— TME7L) - TM-8/7(EQ)

Fig. 3. TM-57 ratio spectra of select paleolake land-
forms. Higher ratio values correspond to increasing
concentrations of clay. Delta deposits contain the
greatest amounts of clay, while eolian sand dunes con-
tain the least. Clay-rich fluvial deposits (Delta) were de-
rived from weathered Tertiary bedrock in the north and
transported to the lake margin by Stratton Draw.
Higher concentrations of clay in lake bed deposits at
the toe of the delta (L-Bed(d)) are the result of this in-
flux. (Contrast stretches: Ln=linear; Eq=-equalize)

Dunes
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coverage of Landsat MSS “does not extend into regions of the
spectrum most useful in characterizing the spectral proper-
ties of geologic surface materials.” The same can also be said
of course for infrared photography and SPOT imagery because
of their analogous spectral ranges.

For geologic remote sensing, the merger of short-wave
infrared (SWIR) or thermal infrared spectral data and high-
resolution spatial data would be particularly valuable. In the
SWIR region, unique spectral reflectance and absorption fea-
tures were shown by Hunt (1977, 1979) and Hunt and Ash-
ley (1979) to be directly related to distinctive mineralogical
properties. Within this region, most geologic materials ex-
hibit reflectance maxima near 1.60 pm wavelength (Prost,
1980). A suite of phyllosilicate minerals (e.g., hydroxylated
silicates such as clays) additionally has reflectance minima
centered at 2.20 pm due to absorption bands in the 2.10- to
2.35-pm region caused by vibrational processes associated
with the Al-O-H bond (Prost, 1980; Goetz, et al., 1983). The
sensitivity of this absorption feature was demonstrated by
Hunt and Ashley (1979) who were able to detect hydroxyl
absorption in rocks containing only 13 percent clay.

The presence of these spectral traits has led to the wide-
spread use of the SWIR spectrum in geologic remote sensing
(Rowan et al., 1974; Abrams et al., 1977, 1983; Goetz and
Rowan, 1981; Lang et al., 1984a, 1984b; Yamaguchi, 1987;
Campos-Marquetti and Rockwell, 1989; Pontual, 1989). For
example, Podwysocki and Segal (1983) used the 1.60/2.20-
pm band ratio to detect the abundance of clays in geologic
surface materials. They found that areas of intense 2.20-pm
absorption were dominated by high concentrations of hy-
drothermally altered minerals (clays) associated with subsur-
face economic mineral deposits.

Spectral Detection of Sediments at Stratton Draw

At the Stratton Draw site, Landsat bands T™-5 (1.55 to 1.75
wm) and TM-7 (2.08 to 2.35 um) and the T™M-5/7 ratio (1.65/
2.20 wm) were used to differentiate sediment types associ-
ated with paleolake landforms. In this lake-marginal area,
eolian sand dunes contain very little clay and have low T™M-5/
7 values, whereas clay-rich fluvial-lacustrine and lacustrine
landforms, such as the delta and lake bed (L-Bed(d)) at its
terminus, have higher ratio values (Figure 3). These ratio
spectra additionally showed that the shoreline (Shore) and
nearshore (Lake Bed) contain only minor amounts of clay
due to the winnowing action of waves that once dominated
this higher-energy lake zone.

The problem was, however, that, while the T™ ratio
clearly revealed sediment composition of paleolake land-
forms at the site, the lower resolution of the enlarged ™ im-
age (Figure 2b) and noise generated by the ratio yielded
inadequate spatial resolution for accurate large-scale map-
ping. Thus, a merger of the T™-5/7 ratio image and the digi-
tized aerial photograph was necessary.

IHS Transformation Merger of Mixed Spectra Data

Two techniques, both using the reverse IHS transformation,
were found to be appropriate for merging these mixed-spec-
tra data even though the spectral content of Landsat T™-5
and T™-7 bands was only weakly correlated with that of the
digitized aerial photograph (correlation coefficients of 0.335
and 0.355, respectively). The methods are similar in that
only two variables, intensity and hue or intensity and satura-
tion, are used to produce high-resolution “colorized” dis-
plays. In both, base (spatial) information is supplied by the
intensity component (e.g., a co-registered digitized aerial
photograph), while color (thematic) information is provided
by either hue or saturation, which is added to the base as a
type of thematic overlay by the reverse IHS transformation.
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An important advantage of these techniques is that color
interpretation is limited to a single variable,

In the first approach, hue is used as the dominant the-
matic component and saturation is held at a constant value.
The reverse IHS transformation, therefore, adds color to the
base (intensity) image in response to the information content of
hue. Using this technique, Harris et al. (1980) showed that di-
verse forms of satellite image data and map information can be
successfully integrated. The problem is, however, that large
variations in hue can generate broad color spectra differences
that may be difficult to interpret from the resulting RGB output
display.

In the second approach, saturation is used as the domi-
nant thematic component and hue is held at a constant
value, The advantage of this approach is that an individual
color (hue) can be used for the thematic overlay. Variations
in color purity (saturation) will, therefore, systematically
change within the range of the single hue value in response
to the information content of the saturation component (Ya-
maguchi, 1987). For example, if a TM-5/7 ratio image is used
as the saturation component, areas of higher clay content as
detected by higher T™-5/7 values will be exhibited by purer
or more vivid (i.e., more saturated) colors. Conversely, areas
of lower clay concentrations would be shown in pale (pastel)
or unsaturated colors.

Results of the Mixed Spectra Merger

Plate 2 shows the results achieved at the Stratton Draw site
using the second of the above approaches. This thematic im-
age map of sediment composition at the site was prepared
using a digitized, 10-m resolution NASA aerial photograph as
intensity and a 9 by 9 low-pass-filtered T™™-5/7(Eq) ratio image

197 54 oo 187 537 oo

107 50 00

1a7 40 00

Plate 1. False-color-infrared “hybrid” image map of the
Stratton Draw site. Its 10-m resolution is governed by the
digitized aerial photograph (intensity). Color information
(hue and saturation) is comparable ta a Landsat MSS 7-5-4
(R-G-B) display. Shown are rough dissected terrain above
the maximum level of the lake (A); remnant shoreline (B);
spectrally homogeneous paleolake bed (C); and lake-mar-
ginal sand dunes (D) downwind of the delta. Heavier
growths of sagebrush and grasses are revealed by red
mottling. The triangular morphology of the delta and loca-
tion of slope measurement sites (A to B) are show on the
2 x-enlarged (5-m pixel size) inset map.

as saturation. Hue, the third IHS component, was furnished
by a neutral gray level image with pixel values of 96 (0 to
255 scale). These IHS components were subsequently com-
bined using the reverse 1HS transformation, and the resulting
RGB image components were displayed.

As Plate 2 illustrates, low-to-high clay concentrations
detected by the T™M-5/7 ratio are systematically portrayed in
shades of yellow-orange to deep-red over the full saturation
range of hue equal 96. In areas where sediments are excep-
tionally clay poor, low TM-5/7 values produced poorly satu-
rated colors in shades of gray-blue to gray-green depending
on the intensity value for the area. The sand dune field, east
(downwind) of the delta, is one such area where clay-poor
(silica-rich) sands dominate. Here, TM-5/7 values of 60 to 70
and intensity values of 125 to 150 produced poorly saturated
gray-blue colors, whereas lower intensity values of about 75
in the interdunal areas generated gray-green colors.

An important result of the merger is that the T™-5/7 ratio
furnished lithologic information as a single-variable color
overlay for the high-resolution aerial photograph. Paleolake
landforms at the site could therefore be interpreted and
mapped on the basis of both sediment composition, as re-
vealed by the T™-5/7 ratio (Figure 3), and morphometric in-
formation supplied by the high-resolution aerial photograph
(Figure 2c). Furthermore, geologic analysis was simplified by
the single-variable color information and its direct corre-
spondence to color purity.

In preparing these images, it was found that different val-
ues of hue can be used to produce image maps in any desired
color gradation (blue, green, purple, etc.). A hue of 64, for ex-
ample, would have exhibited changes in clay content at the
Stratton Draw site in systematically changing shades of laven-
der to purple.

107 54 00 JaT an 0o

107 53 08

87 50 00

T™-5/7 Ratio

L) o 4

Plate 2. Reverse IHS transformation merger of digitized,
10-m resolution aerial photograph (intensity), T™M-57(Eq)
ratio (saturation), and neutral gray level image (hue). A 9
by 9 low-pass filter was applied to the ratio image before
the merger to reduce ratio-generated noise and image
complexity. Low to high clay concentrations are shown in
shades of yellow-orange to deep-red, respectively. TM-57
values for select paleolake landforms (green circles) are
given in Figure 3. (D= Delta; SD=Sand Dunes (Dunes);
LB =Lake Bed; LBD =Lake Bed at Delta toe (L-Bed(d));
S=Shoreline (Shore))
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Conclusion

The IHS transformation is a useful and powerful tool for com-
bining remotely sensed image data having large (8 x) differ-
ences in spatial resolution, while other merging techniques
(e.g., band replacement) are restricted to smaller (2X to 3x)
differences. Its application permits readily available Landsat
(Mss or T™) multi-band imagery and high-altitude aerial pho-
tography to be merged into single hybrid data sets having
spectral (green to near-infrared) and spatial (10 m) properties
comparable to SPOT imagery. An important benefit of this ap-
proach is that these high-resolution multispectral images can
be produced for study sites where more advanced satellite
data, such as SPOT, are unavailable or when their higher
costs are prohibitive.

Although the IHS transformation merger is best suited for
remotely sensed data having similar spectral coverage (e.g.,
Landsat MSS bands 4, 5, and 7 or T™™ bands 2, 3, and 4 with
color-infrared aerial photographs), short-wave infrared, ther-
mal infrared, band ratios, and multispectral indices or classi-
fications can be integrated with the information content of a
digitized aerial photograph through the application of two al-
ternative methods, These mixed spectra mergers, both em-
ploying only the reverse IHS transformation, are particularly
important to geologic remote sensing because they allow di-
verse forms of spectral and spatial landscape information to
be combined into a single data set for analysis. The spatial
distribution of exposed rock, sediment, or soil can, therefore,
be examined in conjunction with other forms of pertinent
morphologic or thematic data that may be available from
such sources as aerial photographs, radar images, digital ele-
vation and slope models, and thematic maps. Through the
application of these techniques, digital and analog terrain
data can be combined to prepare two- and three-dimensional
thematic image models of the Earth that show complex rela-
tionships in more easily interpretable formats.
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