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LANDSAT TM band combinations for crop discrimination

Sherry Chou Chen, Getulio Teixeira Batista & Antonio Tebaldi Tardin

Departamento de Sensoriamento Remoto, Instituto de Pesquisas Espaciais (INPE), Sao José dos Campos, SP, Brasil

ABSTRACT: LANDSAT Thematic mapper provides not only more spectral bands but also improved spatial resolutions
in the visible and infrared wavelenghts as compared to the MSS data. However, problems are encountered by
analysts in working with the increased number of wavelength bands. In order to learn how to analyze T™ data
for agriculture studies, LANDSAT data of a 15x15m area in Parana State, Brazil, were acquired on Jan. 19,
1985. The predominant crops in the study area were soybeans, corn and sugarcane. To choose the best
combination of three TM bands, which represents most information of the agricultural scene the entropy
criterion was used. Once the triplet bands were chosen, the color of green, red and blue were associated to
them according to the magnitudes of their variances to form the color composite. Interpretability of these color
images were evaluated visually. For digital analyses the criterion of Jeffreys-Matusita distance was applied
to verify the best band combination if 2,3,4 or 5 ™ bands were used. A classification algorithm based on
the maximum likelihood decision rule was then employed to classify the study area using the designated ™
bands. Classification performances were compared pixel-by-pixel on alphanumeric printouts, the computer

time consumed, the classification matrice and the upper bounds of the probability of error. After these
analyses, the TM bands which should be used for an effective digital analysis of this agricultural scene

were decided.

RESUME: Le LANDSAT TM

fournit davantage de bandes spectrales et une plus grande résolution spatiale que

le MSS. Cependant, il existe des problémes qui apparaissent lors de 1l'utilisation des sept bandes spectrales.
Pour tester les données TM dans les applications agricoles, on a utilisé des données TM LANDSAT dans un
carré de 15x15km dans 1'Etat du Parana (Brésil) durant le passage du LANDSAT, le 19 janvier 1985. Les
principales cultures de la région étudiées étaient:sojamais et canne a sucre. Pour choisir la meilleure
combinaison des trois bandes T™ qui comportent le plus d'informations intéressantes, on a utilisé le critere
de 1l'entropie. Apres le choix des trois bandes, les couleurs verte, rouge et bleue ont été associées a ces
bandes selon les grandeurs de leur variance pour former une camposition coloree. ILés résultatsde L'interpretatin
visualle des images produites ont été compares. Pour vérifier les meilleurs combinaisons de

bandes pour la classification par ordinateur, on a utilisé le critére de la distance de Jeffreys-Matusita.
Ensuite, on a utilisé un algorithme de classification qui utilise les meilleures combinaisons choisies

pour 3,4 ou 5 bandes du TM. Des analyses ont été faites avec quatre types différents de présentation des
résultats: a) les sorties alphanumériques; b) les matrices de classification; c) les limites supérieures

de la probabilité d'erreur, et d) le temps d'ordinateur utiliseé. D'aprés ces camparaisons la meilleure
combinaison de bandes TM pour la classification des cultures a été determinee.

1. INTRODUCTION

Since 1982 a new sensor, called the Thematic Mapper
(TM) , was mounted on the Land Observation Satellite
(LANDSAT) together with the Multispectral Scanner
System (MSS). The TM sensor provides data from
seven better selected spectral regions. There are
three bands from the visible, one from the near
infrared (NIR), two from the middle infrared and
one from the thermal infrared spectrum region. The
reflected energy from the Earth surface is encoded
into 8 bits per band, with an improved spatial
resolution of 30m instead of the 6 bits data and
80m resolution provided by MSS. In short, the ™
sensor has considerably better spectral, spatial,
and radiometric resolution than the MSS system;
consequently a superior data quality and a much
larger data volume are cbtained. This new sensor
design was mainly for vegetation discrimination
considering the charecteristic spectral response
of vegetation of the selected TM bands (Solomonson
et al. 1980). Thus, TM data are expected to
improve crop identification and area estimation
accuracy in Parana State, where the problem of
strip fields is presented. However, one of the
problem encountered in the analysis of TM data is
to decide how to handle this huge data quantity
efficiently. Experiences of the passed decade

demonstrated that for MSS data bands 4,5 and 7 are
used to form false color composite, and for digital
analysis, normally all four bands are employed,
event though information contents of the two visible
bands (band 4 and 5) or infrared bands (band 6 and
7) are intercorrelated. Now, for the seven TM bands,
questions arise about which three bands should be
used for color image production, and how to reduce
the dimensionality of TM data for digital analysis
in order to achieve cost-effective results
considering the crop identification and area
estimation accuracy and computer time consumed. The
knowledgement of how to produce color image using
T™M data for visual interpretation is especially
important for developing countries, where the
lacking of computer facility and properly trained
analyzer are limitations for the implementation of
digital analysis at local government agencies or
research institutes. On the other hand, in many
application areas, information contents can only

be extracted by digital analysis. Thus, there is an
urgent need for exploiting how to handle and analyze
TM data both visually and digitally.

In this study TM band combinations for visual and
digital analyses in an agricultural scene were
investigated and the best band cambination for crop
discrimination was selected. Note that band 6 was
not included in this study due to its low spatial
resolution (120 m).
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2. EXPERIMENTAL METHODS

Thematic Mapper digital data with path row annotation
223/76 were acquired on Jan. 19, 1985. Within this
area, a segment, of 512x512 pixels, which locates
on the margin of the Ivai river and about 50 km
south-west of Maringa, Parana State, was selected
for investigation. This segment was chosen not only
due to its representativeness for the crops in the
region, but also the cooperation provided by an
agrobusiness company, where ground information

such as crop type and variety, planting/harvesting
dates, crop conditions, field practice, yield etc
were available. On the date of imaging, predominant
cover types in this subscene were soybeans,
sugarcane, corn and gallery forest. Pasture and a
small amount of reforestation and bare soil (i.e.
plowed fields) were also presented. Soybeans were
at the flowering stage, corn plantations were
entering senescence, while sugarcane fields of
various varieties were at different phenological
stages and percentages of ground cover depending
whether the field under consideration was planting
or ratoon crop. Information contents of this segment
was extracted from CCTs and stored on disk file

for subsequent analyses. Based on the field
information, 25 samplesvarying from 36 to 200
pixels,were chosen for the above cited cover types,
and located on the image monitor of an interactive
image analysis system in INPE. These sampled areas
were used for band combination study and served later
as training areas for supervised digital analysis.

2.1 Triplet band selection for color image
composition

For color composition, a subset of 3 bands should
be selected from the available TM bands and for
this purpose we used the criterion of entropy. The
technique of principle component analysis was not
included because the color image resulted from the
first three eigenvectors is

scene dependent and the unknown color-surface
relationships make the understanding of the
physical meaning difficult. Any three TM bands form
a three-dimensional feature space and the
associated variance-covariance matrix defined an
ellipsoid within the space. According to the
entropy criterion, the triplet with the ellipsoid
of the maximum volume should be chosen (Young and
Calvert, 1984). The advantage of this criterion
over other feature selection methods, based on the
maximum total variance, is discouraging the
inclusion of highly correlated bands in the
selection. Theoretically, the maximum ellipsoid
volume represents the maximum variation in tonality,
thus it should be a proper criterion in band
combination selection for color image production.
In this study the entropy with and without a priori
of normal distribution were both tested. Once the
band triplet was chosen, the color assignment was
nade as suggested in Sheffield's study (1985):
green, which is most sensitive to humam eyes, is
assigned to the band with the highest variance, red
to the band of the second largest variance, and
blue to the band of the smallest variance. The
program implemented in our image analysis system
gives the first six-band triplets, the prime colors
were then assigned, slides were taken from the
image monitor and visual evaluations were made on
these slides for their interpretabilities.

2.2 Band selection for digital analysis

The best TM band combination for digital analysis
should take into account the accuracy of the
classification results and the computer time
consumed. The discrimination function, "Jeffereys-—
Matusita distance" or the J-M distance, was used as
the criterion for band combination. In multiclass
classification problem we can chose the band
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combination, which maximizes the mean J-M distance
between two classes or that maximizes the minimum
J-M distance. In this study both criteria were
applied to select the best hand combination if 2,3,
4 or 5 T™ bands were used for digital analysis.
Plotting the separabilities of the best 2,3,4 and 5
bands the optimal band combination was chosen. For
classification, training statistics of the 25 "samples
were used to charecterize the spectral responses of
the cover types considered. These training statistics
were then utilized to classifythewhole area using a
maximum likelihood decision rule of the image
analysis system. Comparisons were made on: (1)
alphanumeric print-outs (2) the classification
matrix, (3) the computer time consumed, and (4)

the upper bound of the probability of error by the
J-M criterion. After these comparisons the best
band combination for crop discrimination was
selected.

3. RESULTS AND DISCUSSION

3.1 ™ color image composite

Table 1 shows the basic statistics and coefficients
of correlation for the six TM bands investigated.
As expected, intercorrelations were found among
visible bands, between bands 4 and 5 and between

5 and 7 for this highly vegetated area. The NIR
band 4 has the highest variance and a wider spread
of grey level indicating more information content
than the other bands. Decreasing variances are
observed from NIR to middle IR and then to the
visible bands. The ranked first six band triplets
by the entropy criterion, with and without the
Gaussian priori, are listed in table 2. Independent to
whether the priori was used or not, band 4 was the most
important ™ band for color compositing. The second
band included in the triplet was band 5 and the
last was a visible band or band 7. Once the band
triplet was decided color coding was assigned
according to the amplitudes of their variances; in
our case green to the NIR band, red to middle-IR
band and blue to the visible band. If both middle-
IR bands were included in the combination, then red
was assioned to band 5 and blue to band 7. Visual
comparisons of slides taken from the image monitor
for the selected color composites showed that when
bands 4 and 5 were included in the band triplet
together with any one of the visible bands or band
7, color appearances of vegetations were similar.
Thus, we could not claim preference over any one
of the combinations. Comparing the conventional
false color composite (FCC); assigning blue to band
2, green to band 3 and red to band 4, to any of the
ranked combinations no significant improvement in
visual crop discrimination was noted. Under this
cordition the conventional FCC is favoured over the
entropy selections because no additional training
of photointerpreter on the color-surface relations
is required. This conclusion, drawn from the 512x
512 pixels subscene, may be too local-specific.
Acquisition of FCCs for the quadrant using
conventional and the first ranked band combination
will be requested fora further investigation.

3.2 Band selection for digital analysis

The ranked first six band combination, when 2,3,4
or 5 bands were used in digital analysis, are
shown in table 3. Plotting the separabilities of
the best combinations (Fig.l) we note that the
statistical structure for crop discrimination had
three or four dimensionalities. These results are
in agreement with that obtained in previous studies
by Townshend (1984) and Anuta et al. (1984). No
matter whether the criterion of Max. J-M mpean Or
Max. J-M min was used, the best three-and four-
band combinations, which should be included indigital
analysis, were the same; they were bands 2-4-5 and
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Table 1 — Correlation Matrix for LANDSAT-5 Thematic
Mappen Subscene

Table 3 - Ranked Results for Discrimination Using
2,3,4 or 5 Bands.

1 - C .. > 2 RANK MAX. J-M
2 0.94
3 0.70 "0 =74
L 007 -0.23 ~0.50 2 Bands 3 Bands 4 Bands 5 Bands
5 0.22°  0.10  =0:22 0.75
00 0.3 0.08 021 083 dpwsody 3 23 Righy B, 7. 12 Byl
2 2,4 3455 25,87 R By
X 8 £ 4 : . ¥
X' 167 .814 <BOL61VEY2YL 1245 X530 84048, *19¢91 3 3,4 2,4,7 1,2,4,5 1,2,3,4,5
2
g 10.12 21.60- 76.23 1082.08 604.26 86.10 4 4,7 145 3,4,5,7 1,3:4,5,7
*n = 512x512 pixels 5 il 2 i 2:374,7 1,2030857
6 2,5 2.3.4 1.3 4.5 123,57
Table 2 - Ranked Results for the selection of
Band Triplet to form color composite RANK MBX. JM .
min
Rank . Entropy with Entropy withont
Gaussian assumption Gaussian assumption s SRR 4, By 3R
B* G R B G R 1l 2,4 2,4,5 2285 7 pARE pt sl
2 4,7 2,4,7 2;874+5 1,274 5,7
1 2 4 5 7 4 5
2 3 4 5 1 4 5 3 359 Sod S 15245 192,3,4,5
3 i 4 5 3 4 5 4 1,5 3,4,7 37455, 1,374,557
4 7 4 5 2 4 5
5 > 4 7 1 4 7 5 4,5 S 1.3,4.,5 1. 2,3:5,7
6 7 4 3 3 4 7 6 225 2y3%4 2,3457 1,2,3,4;7

* Colors are assigned according to variances.
B = Blue G = Green R = Red

2-4-5-7 respectively. Classification performances of
both combinations for the training areas were similar
based on percentages of correct classification,
average omission and commission error. The maximum
upper bound of the probability of classification
error was 9% for corn and sugarcane using the
three-band and 7% for the four-band combination
(Table 4). Comparison of alphanumeric printonts
showed that no significant difference was found for
soybeans, sugarcane and corn fields. The computer
time consumed using the three-band combination for
this 512x512 pixels area was five seconds shorter
than the four-band's. This means a eleven-minute
difference in computer processing time for a full
frame classification which may not be crucial, but
another advantage that has to be taken into
consideration is the smaller data storage volume if
three-bands are used in digital analysis. For
example, for a quadrant scene only one CCT (computer
compactable tape) is needed, while for four-band
analysis 2 CCTs are required. Thus, we concluded
that for crop discrimination of the study area T™™
bands 2,4 and 5 should be used in digital

analysis.

4. CONCLUSIONS

IANDSAT TM data of an agricultural area were studied
to select the best band combinations for color
composition and digital analysis. The following
conclusions are found:

- According to the entropy criterion band 4, band
5 and one band from either the visible or band 7
should be used as the triplet for color composition.
However, no apparent improvement in visual
discrimination of agricultural cover types was
observed on the FCC, formed using the entropy
criterion, comparing tothe conventional FCC (bands
2,3, and 4). Thus, considering the well-established
color-surface relations, which is known by most
photointerpreters, the conventional FCC is selected

Table 4 - Classification performance of the
training areas using T band combinations
2,4,5 and 2,4,5 and 7.

TM BAND COMBINATION

P4 2l

Average corret S o
Classification RELE it
Average Omission 0.2 0.1%
error

Average Conmission 0.7% 0.8%"
error

Upper band of the 9% 79

probability of error
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| cl5
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\91 lﬁ
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T pE AN Siae
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]

ig. 1 - Separability of the best TM band
combination selected by J-M distance.
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as the best todiscriminate soybeans, corn and
sugarcane in the area.

- Separability of J-M distance indicated that the ’I’llf: (
statistical structure for crop discrimination was
three-or four-dimensional. Comparison of the
classification matrices of the training areas using fk)]f tl
band combinations 2-4-5 and 2-4-5-7 showed similar
results and a small difference in computer
processing time. However, the smaller data storage
volume of the three-band classification makes it the J.G.PV
most appropriate for crop discrimination using Dept. of .
digital analysis in this study area.
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