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A Physically-Based Transformation of Thematic
Mapper Data—The TM Tasseled Cap

ERIC P. CRIST anDp RICHARD C. CICONE

Abstract—In an extension of previous simulation studies, a transforma-
tion of actual TM data in the six reflective bands is described which
achieves three objectives: a fundamental view of TM data structures is
presented, the vast majority of data variability is concentrated in a few
(three) features, and the defined features can be directly associated
with physical scene characteristics. The underlying TM data structure,

based on three TM scenes as well as simulated data, is described, as are .

the general spectral characteristics of agricultural crops and other scene
classes in the transformed data space.

I. INTRODUCTION

NALYSIS of remotely sensed scanner data requires syn-
A thesis of information contained in several discrete spec-
tral bands into information which can be associated with the
physical characteristics of scene classes. This process might be
thought of in three parts: 1) understanding the relationships
among the spectral bands for the scene classes of interest, 2)
compressing the n spectral bands of information into a man-
ageable number of features, and 3) extracting physical scene
characteristics from the spectral features. Application of
Landsat-MSS data to vegetation monitoring (forests, agricul-
ture, etc.) has included a variety of approaches to accomplish-
ing one or more of the necessary steps in the process. Ratios
of bands such as MSS7/MSS5 or the Normalized Difference
(Rouse et al. [1]) are examples of features which partially full-
fill these functions: they are based on known spectral interac-
tions in green vegetation canopies, provide some limited data
volume compression, and are more readily associated with
scene attributes than are the raw MSS bands. Principal com-
ponents analysis provides data volume reduction, but pre-
sents substantial obstacles with regard to physical interpreta-
tion of the derived features, particularly between dates or
scenes.

The Tasseled Cap transformation of MSS data, developed by
Kauth and Thomas [2], accomplishes all three functions.
Analysis of Landsat data from agricultural regions has shown
that, on any given date, the four-band MSS data primarily oc-
cupy a single plane, with the various band pairs providing
skewed views of that plane. This planar distribution of the data
results from correlations between the two visible bands and
the two infrared bands which arise as a result of plant and soil
reflectance properties. The Tasseled Cap transformation ro-
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tates the MSS data plane such that the vast majority of data
variability is concentrated in two features, i.e., the plane is
viewed ‘“‘head-on.” For a single plane, this view and one which
presents the edge of the plane (thus establishing its two-dimen-
sionality) can be considered “fundamental views,” since they
present the most basic structures of the data in the most direct
manner.

The MSS Tasseled Cap transformation further orients the
data plane such that the two features which define it are di-
rectly related to physical scene characteristics. Brightness, the
first feature, is a weighted sum of all the bands, and was defined
in the direction of principal variation in soil reflectance. It thus
measures soil brightness or total reflectance. The second fea-
ture, Greenness, is a contrast between the near-infrared bands
and the visible bands. The substantial scattering of infrared
radiation resulting from the cellular structure of green vegeta-
tion, and the absorption of visible radiation by plant pigments
(e.g., chlorophyll), combine to produce high Greenness values
for targets with high densities of green vegetation, while the
flatter reflectance curves of soils are expressed in low Green-
ness values. A third feature, termed Yellowness, was originally
defined in the spectral direction expected to correspond to
plant senescence (Kauth and Thomas [2]), but was subse-
quently redefined to serve as a haze diagnostic (Kauth e al.
[3]). As a linear transformation (rotation), the MSS Tasseled
Cap transformation preserves the euclidean relationships in the
raw data, but captures typically 95 percent or more of the total
variability in two readily-interpretable features. Furthermore,
since it is an invariant transformation, features are consistent
between scenes, and can be so interpreted once the data have
been normalized for external effects such as haze level and
viewing and illumination geometry. These desirable character-
istics have resulted in the widespread acceptance and use of this
transformation of MSS data.

In the last several years, anticipation of the now completed
launch of Landsat-4, which carries the Thematic Mapper,
produced interest in the possibilities of a Tasseled-Cap-like
transformation for TM data. The scene reflectance character-
istics which result in the planar concentration in MSS data,
and the similar placement of some of the TM and MSS bands,
suggested that such a transformation might prove useful, while
the increase in number and dispersion of spectral bands of the
TM as compared to the MSS made data volume reduction and
improved interpretability even more attractive.

Crist and Cicone [4] briefly summarize the work of other
scientists in the pursuit of a TM Tasseled Cap transformation,
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PLANE OF VEGETATION

PLANE OF SOILS
Fig. 1. Basic dimensional relationships in TM data.

and present such a transformation based on simulated TM data.
That work showed that vegetation and soils TM data in the six
reflective bands primarily occupy three dimensions defining
two planes and occupying a “transition zone” between the two
(Fig. 1). This paper carries that simulation-based transforma-
tion to actual TM data, presents a rotation matrix with which
to adjust TM data in the six reflective bands to TM Tasseled
Cap coordinates, and describes some of the physical processes
which cause and are expressed in the TM data structures.

II. MATERIALS AND METHODS
A. Data

The data set used in this analysis consisted of portions of
three TM scenes, as described in Table I. All three sub-scenes
contain some proportion of agricultural fields, natural vegeta-
tion, forest, water, and manmade features (e.g., roads, airports,
urban areas). The North Carolina scene, which includes an ex-
tensive agricultural holding with unusually large fields sur-
rounded by forest and water, constitutes an ideal scene for
derivation of a data transformation, in light of the proximity
of a diverse set of cover classes. In addition, because of the
long growing season in this locale, a range of crop development
stages and conditions was present at the time of data collec-
tion providing, in effect, an entire season of data in a single
acquisition. As a result, this scene served as the primary study
site in the reported research, with the other two sub-scenes
serving to corroborate the results achieved with the North
Carolina sub-scene. Samples ranging from 1-in-25 to 1-in-225
were selected, resulting in 9000-13000 pixel samples from the
three sub-scenes. These samples constituted the actual spectral
data used.

B. Experimental Approach

The process of understanding the structure of TM data, and
deriving a TM Tasseled Cap transformation, logically includes
both the simulated and actual data analyses, and so the exper-
imental approach encompasses both phases of the analysis.
The simulation analysis approach is described by Crist and
Cicone [4]. In making the transition from simulated to actual
TM data the simulated data transformation was first applied to
the actual data, and then adjusted based on the resulting pre-
sentations of the data.

The approach taken with regard to understanding the struc-
ture of the data, and the expression of physical processes within
the data structure, can perhaps best be described as a synthesis
of physical understanding (including the spectral characteris-
tics of important scene classes, the expression of particular
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TABLE I
DESCRIPTION OF THEMATIC MAPPER DATA SETS
Sub-scene
Scene Name Scene # Date Lines Points
Arkansas/Tennessee  40037-16031 22 Aug '82 1-1600  2975-4775
Iowa 40049-16262 03 Sep '82 1-965  1990-4235
North Carolina 40070-15084 24 Sep '82  1755-2225  3125-3810
TABLE II
THEMATIC MAPPER TASSELED CAP COEFFICIENTS
(present configuration—see text for details)
TM Band
Feature 1 2 3 4 5 7
Brightness .3037 .2793 .4743 .5585 .5082 .1863
Greenness  -.2848 -.2435 -.5436 7243 .0840 -.1800
Wetness .1509 L1973 .3279 .3406  -.7112  -.4572
Fourth -.8242 .0849 .4392  -.0580 L2012 -.2768
Fifth -.3280 .0549 .1075 .1855  -.4357 .8085
Sixth .1084  -.9022 .4120 .0573  -.0251 .0238

physical processes in those scene classes, the radiometric char-
acteristics of the sensor, and the interactions of the three) with
a degree of intuition based on experience with Landsat MSS
data. Corroboration and refinement of the expectations derived
by this process were accomplished through analysis of data for
particular scene classes in both the simulated and actual data.

III. RESULTS AND DiscussioN
A. General

Application of the simulation-based coefficients to the ac-
tual data resulted in presentations of the data which closely re-
sembled the simulation results, but with slight misalignments
of the coordinate axes. A series of small (<10 degree) rota-
tions applied to the various feature coefficients corrected the
misalignments, and resulted in the single transformation matrix
which achieved the desired result for all three sub-scenes. This
matrix is provided in Table II. Fig. 2 illustrates the three fun-
damental views of the TM data, transformed to TM Tasseled
Cap coordinates, for the North Carolina sub-scene. These re-
sults correspond closely to the simulation results shown in Fig.
3. Here as with the MSS data, the “fundamental views” are
those which present the data structures in the most direct man-
ner. For TM data from vegetated scenes, these views present:
a) the Plane of Vegetation, b) the Plane of Soil, and c) the
edges of these two planes.

The three primary features of the TM Tasseled Cap trans-
formation will be discussed first, after which the three funda-
mental views provided by the transformation will be considered.

B. The TM Tasseled Cap Features

Brightness: The first feature, Brightness, is a weighted sum
of all six reflective TM bands (Fig. 4). As such, it is responsive
to changes in total reflectance, and to those physical processes
which affect total reflectance. Thus differences in soil charac-
teristics such as particle size distribution will be clearly ex-
pressed in Brightness, while increases in vegetation density,
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Fig. 2. TM Tasseled Cap transformed data—North Carolina sub-scene: (a) Plane of Vegetation view, (b) Plane of Soils view,
(c) Transition Zone view.

GREENNESS

(v)

Fig. 3. TM Tasseled Cap transformed data—Simulated data: (a) Plane of Vegetation view, (b) Plane of Soils view, (c) Tran-
sition Zone view.

which would tend to increase near-infrared response while de-
creasing visible response, will cause less substantial changes in
Brightness. '

The naming of the feature reflects its close similarity to MSS
Brightness, which is also a weighted sum of all bands. However,
because of the influence of the mid-infrared bands, TM Bright-
ness is not identical to MSS Brightness—in the simulation stud-
ies, the two had a correlation of 0.77 (Crist and Cicone [5]).
Further, MSS Brightness was defined by the primary direction
of soil reflectance variation. TM Brightness, on thq other hand,

is defined by, or defines, the intersection of the two planes as
illustrated in Fig. 1. Because soil variation is decidedly two-
dimensional in the TM Tasseled Cap space, TM Brightness is
not equivalent to the primary direction of soil variability.
However, as we will show later, the definition of TM Brightness
is comparable to MSS Brightness in terms of Kauth and
Thomas’s Tasseled Cap ““philosophy.”

Greenness: The second feature, Greenness is also named
to reflect its similarity to MSS Greenness. Both are contrasts
between the sum of the visible bands and the near-infrared
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Fig. 4. TM Tasseled Cap Brightness coefficients.
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Fig. 5. TM Tasseled Cap Greenness coefficients.

band(s). The coefficients of TM Greenness, illustrated in Fig. 5,
are such that the two longer infrared bands essentially cancel
each other. Thus only the blue band is left to represent the
broader spectral range of the TM, and this band, particularly
for green vegetation, is closely correlated to the other visible
bands. Thus in the simulation work, TM and MSS Greenness
were found to have a correlation of better than 0.99, allowing
one to conclude that the two are, for all practical purposes,
identical.

Like its MSS counterpart, TM Greenness responds to the
combination of high absorption in the visible bands (due to
plant pigments and particularly chlorophyll) and high reflec-
tance in the near-infrared (due to internal leaf structure and the
resultant scattering of near-infrared radiation) which is charac-
teristic of green vegetation. Greenness (MSS) has been shown
to be moderately to well correlated with percent canopy clo-
sure, leaf area index, and fresh biomass (Bauer etal. [6]). With
TM Brightness, TM Greenness defines the “Plane of Vegeta-
tion,” which will be discussed later.

Wetness: Thus far the TM Tasseled Cap features have been
comparable to those of the MSS Tasseled Cap—the third TM
Tasseled Cap feature represents entirely new information. This
feature, which contrasts the sum of the visible and near-infrared
bands with the sum of the longer-infrared bands (Fig. 6), has
been tentatively named Wetness. While the reason for this
choice of names will be more fully explained later, it is in one
sense a logical selection, since the longer-infrared TM bands
have been suggested to be most sensitive to both soil moisture
(Stoner and Baumgardner [7]) and plant moisture (Tucker
[8]). One would therefore expect that changes in moisture
status would affect these longer-infrared bands more substan-
tially than the visible or shorter-infrared bands, and thus that a
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Fig. 6. TM Tasseled Cap Wetness coefficients.
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Fig. 7. Crop spectral development in the Plane of Vegetation view.
Point descriptions: (a) bare soil, (b) greenning up, (c¢) full canopy clo-
sure, (d) senescence.
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Fig. 8. Scene classes in the Plane of Vegetation view.

contrast of these two sets of bands would highlight moisture-
related scene characteristics. Wetness, with Brightness, defines
the “Plane of Soils” in TM Tasseled Cap space. In both the
simulated and real data analyses, soil moisture status was found
to be the primary characteristic expressed in Wetness, although
only a limited amount of plant moisture variation was repre-
sented in the data sets.

C. TM Tasseled Cap Fundamental Views

The three features just described combine to define two
planes, which can be viewed in three fundamental ways. A dis-
tinction must be made between a particular view, in which all
the data are projected onto two dimensions, and the planes
themselves, which only contain specific scene classes. Both will
be discussed. Figs. 7-13, used as illustrations in this section,
are schematic representations based on actual data.

Plane of Vegetation View.: The Plane of Vegetation view, as
in Fig. 2(a), contains TM Greenness and Brightness information
and is thus, based on the discussion of these features int Section
III-B, equivalent to the MSS Tasseled Cap plane. As in the
MSS plane, bare soil data points fall in a region along the bot-
tom of the distribution sometimes called the “soil line” (Fig. 7).
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Fig. 9. Crop spectral development in the Plane of Soils view. Point de-
scriptions: (a) bare soil, (b) greenning up, (c) full canopy closure, (d)
senescence.
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Fig. 10. Scene classes in the Plane of Soils view.
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Fig. 11. Principal direction of moisture variation in the Plane of Soils.

As plants begin to emerge in a field, the spectral charactistics
of the plants themselves cause an increase in Greenness, while
the shadows they cast will, unless the soil itself is very dark,
tend to cause a decrease in Brightness (point b in Fig. 7). Con-
tinued green vegetation development eventually results in less
bare soil or shadowed soil in the field of view, and an increas-
ingly dense vegetation component. During this phase both
Greenness and Brightness increase (point ¢ in Fig. 7). The onset
of crop senescence results in decreasing Greenness, while the
Brightness effect differs with various crops. The crop trajectory
in Fig. 7 is, in this respect, most like that of a cereal crop,
although the trajectory as depicted is not intended to precisely
correspond to any particular crop.

Fig. 8 shows the approximate location of selected other cover
classes in the Plane of Vegetation view. All these results are
consistent with those obtained in the MSS Tasseled Cap plane,
and lend further support to the claim that the TM Plane of
Vegetation is in fact equivalent to the MSS Tasseled Cap plane.
This equivalency greatly aids the development of our under-
standing of TM data, since all our insight into the MSS Tasseled
Cap plane can be directly applied to this view of the TM data.
As a result, we are placed in the position of a) knowing a good
deal with regard to scene class responses and the expression of
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Fig. 12. Crop spectral development in the Transition Zone view. Point
descriptions: (a) bare soil, (b) greenning up, (c) full canopy closure,
(d) senescence.
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Fig. 13. Scene classes in the Transition Zone view.

physical scene characteristics in the Plane of Vegetation, and
b) being able to more quickly and fully understand the new
TM information by using the well-understood Plane of Vege-
tation as a reference point.

Plane of Soils View: The Plane of Soils view provides one
look at the new information present in TM data. In Fig. 2(b)
we are looking at the edge of the Plane of Vegetation (lying
along the Brightness axis) and at the Plane of Soils “head on.”
All the vertical variation in the figure is new information, while
the horizontal or Brightness variation is the same as that in the
Plane of Vegetation. Fig. 9 shows the same type of crop tra-
jectory as in Fig. 7. In this view, bare soil data may fall any-
where in the data distribution (for example, point a in Fig. 9).
As the green plants emerge, shadowing again causes reduction
in Brightness, while the vegetation’s spectral contribution drives
the data point toward the Plane of Vegetation (the result of in-
creasing near-infrared reflectance changing the balance in the
Wetness computation—see Fig. 6). When full canopy closure
has been achieved, the crop is found in the Plane of Vegetation
(point ¢ in Fig. 9). Additional vegetative development causes
variation in this plane toward higher Brightness values since
the shaded soil component is largely or entirely removed (point
d, Fig. 9). Crop senescence affects Brightness differently for
various crops, as mentioned earlier, but the trajectory seems to
remain in the Plane of Vegetation until the very end of the
development cycle. This is probably a result of an offsetting
influence in the reflectance of a senescing canopy—the near-
infrared reflectance decreases while the visible reflectance in-
creases, with the net result being fairly constant Wetness values.

Fig. 10 shows the approximate locations of other scene
classes in the Plane of Soils view. Here we note that the water
and forest classes both appear “wetter” than the other classes.
The water result is, of course, intuitively agreeable, while the
location of the forested class appears to be the result of shad-
owing in the forest canopy. The difference in Wetness values
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between clear and turbid water can be explained by referring
to the Wetness coefficients in Fig. 6, and remembering that the
reflectance of water in the infrared wavelengths is extremely
low. If the infrared bands are taken out of the equation, Wet-
ness becomes a weighted sum of the visible bands, and turbid
water, which will by nature of the sediment it carries exhibit
higher visible reflectance, will thus appear “wetter” than clear
water. Of course, this is an artificial distinction, and the pri-
mary point to be made here is that Wetness loses its meaning
in distinguishing between water classes or others which exhibit
little or no infrared response.

By combining various classes from the simulated and real
data sets, a clear direction of moisture variation can be identi-
fied. In addition to moist and dry soils, we can treat water as
the ultimately wet material, and dry concrete as an extremely
dry material. The resultant moisture direction is illustrated in
Fig. 11. This direction is obviously correlated to both Bright-
ness and Wetness. Crist and Cicone [4] demonstrate, however,
that Brightness alone fails to capture much of the important
moisture-related information, particularly with respect to ab-
solute variation in moisture status between soil classes which
differ significantly in other characteristics likely to influence
Brightness. Such information is contained in the third TM
Tasseled Cap feature, and hence the name Wetness is associated
with this feature.

Transition Zone View: The final “fundamental view” of
the TM Tasseled Cap space is that shown in Fig. 2(c), the Transi-
tion Zone view. Here only the edges of the two planes are vis-
ible—the Plane of Vegetation along the vertical, and the Plane
of Soils along the horizontal. In both the simulated and real
data, those samples falling in the Plane of Soils are from bare
soil fields, while the samples occupying the Plane of Vegeta-
tion are from fully vegetated fields (Crist and Cicone [4]). The
data not in either plane are from fields with partial vegetative
cover, where both green vegetation and soil are visible to the
Sensor.

A typical cereal crop trajectory in this view is illustrated in
Fig. 12. Starting somewhere on the Plane of Soils (point a in
Fig. 12), the addition of green vegetation causes increases in
Greenness and Wetness (point b in Fig. 12—see earlier discus-
sion of the two plane views for further explanation). Around
the time of complete canopy closure, the trajectory reaches
the Plane of Vegetation (point ¢, Fig. 12). All subsequent green
vegetation development, and nearly all of the process of crop
senescence, takes place in the Plane of Vegetation—only at the
very end of the development cycle does the crop begin to move
back out onto the Plane of Soils.

From this description, one can easily understand the reason
for the name ““Transition Zone.” Samples in this spectral region
are “in transition” between the Plane of Soils and the Plane of
Vegetation. Further, since bare soil and full vegetation are, in
this view, confined to perpendicular linear regions, a simple an-
gular measure between the two may serve as an easy means of
determining the relative soil/vegetation mix of any particular
data point. Various such means of extracting information from
this Transition Zone view are currently being investigated.

Fig. 13 shows the same scene classes as previously displayed,
this time in the Transition Zone view. Once again we see
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Fig. 14. Comparison of standard deviations--TM bands and TM Tasseled
Cap features (North Carolina sub-scene).

water and forest at higher Wetness values than the other classes,
projected “in front of” the Plane of Vegetation as seen in Fig.
2(a). This projection in the three-space which contains most
of the TM data variability suggests that the forest class may be
more readily distinguishable from crop or natural vegetation
data than it was in the MSS data space.

D. Lesser Features of the TM Tasseled Cap Transformation

The TM Tasseled Cap transformation, as a linear rotation of
the six TM reflective bands, includes six features. Fig. 14 il-
lustrates that the vast majority of data variability is captured
in the first three features, but some residual variation can be
seen in the lesser three features. While the coefficients for these
features, as they currently exist, are presented in Table II,
most of what will be discussed will be possible shortcomings in
their current definition.

“Leakage” from Other Features: Our underlying assump-
tion, based on observation of simulated and real data, is that
the TM data occupy three dimensions and define two planes
(Fig. 1). The coefficients of the TM Tasseled Cap transforma-
tion are intended to rotate the TM data such that Brightness,
Greenness, and Wetness exactly correspond to the directions
which define the two planes. Graphical analysis of the results
of this transformation indicates that this correspondance is very
close. If in fact the correspondence is exact, then variation in
the lesser features is indeed residual variation above and beyond
that seen in the three primary dimensions. It is likely, how-
ever, that the correspondance is less than perfect. In this case,
some of the variation seen in the lesser features is in fact vari-
ation in one or more of the three primary dimensions, and
shows up in the lesser features only because of inaccuracies in
the applied rotation. Kauth (personal communication) has
named this phenomenon “leakage,” e.g., some amount of Green-
ness variation “leaks” into a lesser feature.

As more experience is gained with TM data, adjustment of
the TM Tasseled Cap coefficients may be indicated, leading to
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increasing precision in the data rotation. In this first version
of the transformation, caution must be used in assigning too
much significance to variation seen in the lesser features, with
the need for caution increasing from the fourth to the sixth
feature.

Physical Association: A second consideration with these
lesser features is their association, or lack thereof, with physical
scene characteristics. While the first three features are defined
by the structures observed in the TM band space, and are asso-
ciated with particular physical scene characteristics, the lesser
three features are more strongly driven by purely statistical
(principal component-like) considerations. Thus while some
apparently significant soils-related variation was observed in
the fourth feature in the simulation analyses (Crist and Cicone
[4]), there may be no clear association between physical pro-
cesses and the fifth and sixth features. The one remaining de-
gree of freedom represented by these two features may, as a
result, be used to define a new feature associated with some
other important scene characteristic such as atmospheric haze.
This potential is currently being investigated.

IV. SUMMARY AND CONCLUSIONS

In discussing their general approach to understanding MSS
data from agricultural regions, Kauth and Thomas [2] wrote:

The first step is to find a variety of ways to display the data.
Given the displays, one will notice the structure of the data, will
name the data structures, will create some visual model of the
data structure. Such a model may suggest a physical interpreta-
tion or a quantitative test. One then subjects the description to
quantitative tests, resulting in gradual elaboration and refinement
of the description, or, in some cases, in its destruction.

In deriving the TM Tasseled Cap transformation, we have
first displayed the data, three dimensions at a time, from a va-
riety of perspectives to determine the basic data structure (Crist
and Cicone [4]). Through analysis of both simulated and ac-
tual TM data (transformed by equivalent but not identical co-
efficients) from fields about which at least some physical char-
acteristics were known, associations between the transformed
features and such physical characteristics were hypothesized,
and confirmed through additional data analysis. While the
process of gradual elaboration and refinement has only begun,
the transformation at this point in time represents a useful tool
for interpreting and understanding Thematic Mapper data.

The transformation is not equivalent to a principal compo-
nents transformation. Principal components analysis can fail
to capture the complex structure of TM data (Crist and Cicone
[4]), and is extremely scene dependent. The TM Tasseled Cap
transformation, on the other hand, specifically emphasizes the
inherent data structures, and is intended to be an invariant
transformation which can therefore be applied to any TM scene
(although atmosphere and illumination geometry will affect
results, as may substantial deviation from a mid-latitude, tem-
perate environment). Although to date only three actual TM
scenes have been analyzed, the facts that this transformation
produced comparable results for all three scenes, separated
geographically if not temporally, and that the results were
comparable to those achieved with the more diverse simulated
data set, suggest that the transformation could indeed be ap-
plied directly to other scenes as well. Of course, additional
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TM scenes should be evaluated to confirm the invariance of
the transformation.

As it differs from purely statistical transformations, so the
TM Tasseled Cap transformation differs from transformations
based purely on a priori assumptions regarding important scene
characteristics or data structures. As mentioned earlier, TM
Brightness is not the axis of primary soil variation (That axis
would roughly correspond to the direction of moisture variation
in Fig. 11), but rather is defined by the intersection of the two
planes in the TM space. Defining Brightness based on the soil
variation alone would result in distortion or loss of vegetation
information, since that information is most fully represented
in the Plane of Vegetation view. To assume that the directions
associated with key physical properties in the spectral space of
one sensor will necessarily be duplicated in the spectral space
of a different sensor can thus result in overlooking the impor-
tant and inherent structure of the data. Knowledge of the
spectral expression of physical scene characteristics is clearly of
central importance, but that knowledge is best used to help
understand the structure of the data, rather than to force the
data into preconceived structures.

Finally, it should be noted that the “Planes” of Vegetation
and Soils are not, in the strict geometric sense, planes, but are
rather plane-like three-dimensional data concentrations, even
as the MSS “soil line” is not, in the strict geometric sense, a line.
In both cases, the geometric terms serve to convey a general
idea which facilitates visualization of the actual data structures.

Employing the process described by Kauth and Thomas, TM
data from the six reflective bands have been found to primarily
occupy three dimensions, defining two planes and occupying a
zone of transition between the two. The features termed
Brightness and Greenness are comparable and equivalent, re-
spectively, to their MSS counterparts, while the third feature,
named Wetness, contains new information related at least to
soil moisture status. The Plane of Vegetation view provides an
equivalent data plane to the MSS Tasseled Cap plane, while the
Transition Zone view may provide improved ability to deter-
mine the relative mix of vegetation and soil components in the
sensor field of view.

The “fundamental views” of the data provided by the TM
Tasseled Cap transformation provide a means by which the
spectral expression of physical processes, and various ratios or
other derived features, can be better understood. It represents
no alteration of the basic data, but simply a change in viewing
perspective, a rotation which presents the TM data in a more
accessible fashion. By concentrating the vast majority of data
variability in three features, the transformation serves a data
volume reduction function which should be of particular value
in the processing of large regions and/or multiple acquisitions.
Finally, the direct link between features and physical scene
characteristics enhances both the interpretation of observed
spectral variation and the prediction of the spectral effects of
particular changes in scene characteristics.
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Thematic Mapper Image Quality: Registration,
Noise, and Resolution

ROBERT C. WRIGLEY, DON H. CARD, CHRISTINE A. HLAVKA, JEFF R. HALL, FREDERICK C. MERTZ,
CHARNCHAI ARCHWAMETY, anp ROBERT A. SCHOWENGERDT

Abstract—This paper provides an assessment of Thematic Mapper data
quality in terms of band-to-band registration, periodic noise, and spatial
resolution. Based on the Thematic Mapper images analyzed so far, the
band-to-band registration accuracy is very good. For bands within the
same focal plane, the mean misregistrations are well within the specifica-
tion, 0.2 pixel, except for the thermal band. The thermal band was
misregistered by three pixels in each direction in early data products.
The error in the across-scan direction was close to zero in later data
products. For bands between the cooled and uncooled focal planes,
there was a consistent mean misregistration of 0.5 pixels along-scan
and 0.2-0.3 pixels across-scan, larger than the specified 0.3 pixel error
for bands between focal planes. An analysis of the standard deviation
of the misregistration indicated all band combinations would meet the
registration specifications if the mean misregistrations were removed by
the data processing software. Analysis of the periodic noise in one image
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indicated a noise component in bands 1-4 with a spatial frequency of
0.31 cycles/pixel. Other lower amplitude periodic components were
also present. The periodic noise components obscured detail in areas
of low contrast. Modulation transfer function (MTF) analysis in a com-
parative mode showed no difference in MTF between the forward and
backward scans. The difference in MTF between radiometrically cor-
rected data and geometrically corrrected data appeared to be attrib-
utable largely to the cubic convolution resampling used to derive the
geometrically corrected data.

Keywords—Thematic Mapper, band-to-band registration, periodic
noise, modulation transfer function.

I. INTRODUCTION

HE LAUNCH of Landsat-4 provided the remote-sensing

community with two new imaging radiometers: the re-
designed Multispectral Scanner (MSS) and a second generation
instrument, the Thematic Mapper (TM). To evaluate the per-
formance of these new sensor systems in terms of engineering
precision and data utility, NASA’s Landsat Image Data Quality
Assessment program (LIDQA) was initiated. The intent of
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