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-lused to map surface soils pattarha andg to follbw the changaa

© . May 1970 and multispectral acanner missions were flomﬁ~an
May 6, ‘June 30, ‘August 11 and Saptember %, 1970 to obtain '

 lin analyzing the May and June data to~cluster relative

{ferent spectral categories. The computer wag trained with

-{Thesa patterns became less diaeinct aa tha maize canopy

. ABSTRACT
Multispectral data and automatic data processing were

in multispectral radiation from a field of maize (ZGa mnya)
éduting a period from seading ‘to maturity. | '
The &eat area. conaisted of 40 hectares located in .
Tippecanoe County, Indiana and was seeded to maize in
FnideMay 1970. | | ’ _

Panchromatic aefial’photoézaphy was obtained in eafly

energy measuremants in 13 wavslength bands.

The orange portion of the visible epectrum was uaad

radiance of the soils into eighﬁ diffé:eﬁt,radiance levels.
The reflective infrared spectral band wag used in analyzing

the August and Septémbar data to clustér.maize into dif- -

the clusters to recognize specific 3u;£ace'feature cate~
%ories and to claseif? all data within the test area.
The computer-produced soil patéefns"had a striking

similarity to the soil pattern of the aerial photograph.




increased. The reflective infrared cataegories also indi-
cated areas whexe the maize deteriorated more rapidly due

to an infection of corn blight or to a nutrient deficien®y.




B -3 4 reaearch using multispectral data and automatic data

INTRODUCTION

Dramatic a&vanqes'have been made in recent years. in
. the measurement of radiant energy to identify and character-
-iize earth surface features. A wide variety of instruments
|has been employed to m&@sure‘refleéted and emitted eneréy'

‘From taxgeta or Bubjects of interest. COmputeféimplemented :

attern recognition teehniques are being used in the analy- |
Eis of multispectral dﬁt& cbtained rapi&ly over large areas.

One of the important potential applieatiuna of thesefmih
nigques is in the rapid inventory and: aaseaameh@ mf;ﬁbﬂﬁs

resources and land use.

The puUrpose of this p%pet is to prasent the results

rocassing (ADP) to map surface aoils pattarns and to follc@
' the changes in multispectral radiatiog‘frcm a field of !
"lmaize (Zea mays)} during a pe:iod from‘aeéding to maturity.
According to Gates (5,6)‘£he epecﬁ:gl quality and
intensity of reflactance'and emittance from'a*vegetaeed
jscene depend upon the soil énd.the"ggqmatzy,,morpholu@y,
chemistry, and physiology of the,g:éeﬁ plant. As any of
these s%ila end plant variables change, ihe quality and
quantity of zadiétion from a scené;will be affacted.




The impact of radiant energy oh plants and soils can
measured under field conditions in different ways and
ith different spectral instruments. Krinov (13) worked in
he field with spectrographs mounted on tripods and with.
la gpectrograph mounted in an aifcraft. Olson (15) made
field spectral measurements with a mobile (enclosed trailer)

‘ Backman DK-2A spectroreflectometer. .Cipra et al. (1) re-

' cdrded.apectral measurements of differeng'soils.with an
xotech Model 20 spectroradidmetér. Holmes'f9), describing
echniques of apectroscopy, suééeated a»fiéld spectroscbpa
ith a relétively small field of u§§w capablelof scanning
ubjects of interesi'wtth a rotating ﬁifrof in a rectangu- .
Ear, ;alevision-like raster, The input in various spectfél
- pands are detected simul%gane§usly and recorded &n paralllel
bn magnetic tape. | “ | |

In recent years an airborne multispectral scanning

ystem, constructed at the Instituta‘of Science and
chnology, University of Michigan. has beanvused by the
aboratory for Applicag}ons of Remoté Séﬁsing‘(LARS) to ob-
ain electrémagnétic,radiationAdata;?rom:mény field experi-
» ental'areas. This scanner operatés'in the spectral range

rom 0.35 to 15 micrometers. The‘energy'reapanses-of the




-wwvarious wavelength bands are obtained in a series of
- lcontinuous scan lines recorded on magnetic tape. Details:
' lof this technique E}ave baen described in numerous papers

(4,11,16,17,18).
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{developed under prairie vegetation (Figure 1). Soil

-l=kg surface soil samples were'obtained‘on a grid pattern
‘Were made on 193 samples. .

lto digital form, gray-scale computer printouts of the area

MA’I‘ERIALS AND METHODS
For this study a test area of 40 hectares was selected.
Known as Soil Test Area 5 (STA 5), this field is located
in Tippecanoe County, Indiana in a transition zone between

goils developed under deciduous hardwood forests and those

Fatterqs of the field a&e typical of the area (Figure 2).
The field was seeded to maize in“mid—May 1970; Rate of
fertilizer application was 45 ég per_haﬁtare of 9-23-30,
lapplied in the row. . | | |
Multispectral scanner missions were flown on May 6;
June 50, and September 5, 1970 at{én altitude of 915 m and
on August 11, 1970 at 1520 m‘(Table L); Pridr to aeeding,

at intervals of 46 m., Chemical and mechanﬁﬁal‘analysea

After the multispectral déta wa:e'converted from'analog
under study were produced. A éray-scéle printout was used
as a base map on which to indicate;the locations of the

l[sampling sites for the 193 surface soil samples.

)
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The remote sensing unit (RSU)} or réeoluti§n element
is the instantaneocus field of view of the scanner. At an
altitude of 1000 m one resolution elament for the
University of Michigan airborne scanner covers an area 1.5
metars in diameter on the earth's eurﬁace. Using multi-
spectral scanner data, theiavérage radiance}value £rom i
'|four RSU's (2 x 2) was obtained for the address or location
represgnting each of th; 193 samples. Analytical and n

. multispectral data reprasenting éhe"ﬁampling sites ware
kmployed to train the’computer;‘ For this gtudy enarqgy |
measurements were obtainaed in 13 wavelengéh bahde. The
orange portion of tﬁe visible spectrum (0.58-0.62 um)

used in analyzing Auguet and .September data to cluster
maize into different spectral categories. |

The clustering technique is uéeful.fpr establishing
Bpectral categories. In this study the average radiance
‘data for the 4 RSU's representing each of the 193 samples
‘|(4 RSU's per sample) were sorted into an array from the
lowest relative reflect;nce to the highest relative reflec-
tance., Then the data in.histoéram fbrm‘(Figure 3) were
hxamined to see if there were groups of sample‘valués clus-

kered around specific ranges of relative fadiancg.‘ Class .

boundaries were then established on the basis of clygtaging

Fithin different ranges u. velative radliance.



The computer was trained with the clustering tech-
nique to recognize specific surface feature categories

and then instructed to classify all data within the test
area. Although single channels were employed to establish
the class boundaries, a ﬁﬁmbinaﬁion of 6, 12, and 13
Lchannels was ugsed in the computer classification of data

from each scanner mission (Table 2).
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RESULTS AND DISCUSSION

Multispectzal scanner data and automatic @éttern
‘lrecognition tachniques can be used very effectively to
observe a@d follow the changes which occur in quantity and
'Huality of crop cover as the growihg\aeason advances.
Panchromatic aerial photography, obtained early ia
&May 1970, racords the vivid differences in the surface,
soils of the 40-hectare test field which hafl been plowed in
preparation for seeding to maize (Fig.‘Z). The darker
soils aleng the left side of the photcgraph'are Ragsdale
zilty clay {(Typic Argiaquoll) and Brookaton ailty clay
loam soils (Typic iargiaquoll), pporly and very poorly
drained respectively. On the opposite side of the fiei&
is a large area of Brookston silty clay loamu The 1ight
lcolored silt loam soila through the center.uf the photo-
graph balong to the well-drained Reesevill earies (Aeric
Ochragqualf). Other series in intexneaiate zmnes are
Crosby {(Aeric Ochraqualf), Toronto (Udollic Ochraqualf).
and Celina (Acquic Hapludalf)°

Multispectral data obtainad én.MaylS, 1970, were used
lto produce the computer printoue‘displayiﬁg the soil
pattexﬁs (Fig. 4). Although the rate cf digitization

resulted in a somewhat elongated image of the test field,
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the computer-produced patterns, representing Eevah Apabeeiliy
separable categories, have a striking similarity to the soil
[patterns in the aerial photograph (Fig. 2).

Since these analyses wvere made with uncalibrated data.
absolute radiance values cannot be reported. Only relative
' radiance or percentage reflééténce and"reflecgance ratio
values are discussed in thiéis paper. |

Relative reflectﬁn;e values of bare soils obtained'in .
thirteen different spectral banda, -ranging from 0. 40 to
2.60 micrometers, reveal that soil reflectance varies
significantly in digfereht portions of the spectrum. The
o strik%ng feature of soil spectra ig.the high absorbance in .
the reflective infrared aﬁd the lqﬁ absorbance in the |
- wisible portion of the spectrum. The average ré%lacténce
|for all soils included in this study, régardlegs of coior
or type, was 73.688 for the visible region. (0.4-0.72 um)
and only 26.32% for the :eflective infrafed region
@}72-2 6 um). The upper portién of the reflective infrared
(L.0~-2.6 um) gave an average reflectance value which
lequalled only 12,.25% of the total reflected energy. These

- Ipercentages were determined with the following equation:

Ty

Rﬂ;—gx 100




- where R is the percent relative reflectance of a certain

portion of the spectrum (0.4-2.6 um),

r, is the average relative reflectance from that
portion of the spectrum for which a percentage
value is desired! add |

ré iz the average relative reflectance from the entire
raflective region (0.4-2.6 uﬁ). _

At the time of thé June 30 multispecéral scanner

ﬁmission, maize was growing over the entire test field. The

.jwest one~third of the field, héving,heen planted earlier

than the remainder of the field, had an estimated 30 to

40% grognd cover. Ground cover on’thé east two-thirds
approximated 10 to 208. The same clustering method fsed
with the May data was used to produce thevcomputet_p:intout
with June 30 data (Fig. 5). A compaiis&ﬁﬁof the spectral
patterns from the May 6 (7 spectral cateéﬁxiea) anéd June

30 (10 spectral categories) data reveals a geﬁeral gimi-

larity in spectral patterns of the sutfaca features.

“1Seemingly the soil épectral boundaries are less distinct

in the June data in the @ast‘pbrtion of the field where the

.|percentage of ground cover or maize canopy was greater than

for the remainder of the field.

Leaf morphology and pigment content gréatly affect the

absorbance of incident electromagnetic radiation byégge

2
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" lgreen plant. It has long been known that the chlorophylls

absorb a great deal more of the blue and red than of other

.iregions of the visible spectrum (7,8,10). Most.of the

" [reflected energy is in the green spactral region.

Multispectral data for the June 30 mission, even when
uncalibrated, show that the relative intensity of reflecﬁed
radiation decreased in the visible région and increased in
fthe reflective infrared‘region from similar measurements
for the May flight. This indicates that in its measurement

of radiating energy, the scanner intergrates the input

.pf radiating enexrgy from exposed bare soil with that from

- khe young maize planta. };

Following the June 30 scanner mission, six weeks
#lapsed before the next multispectral data were obtained.
Significant changes had occurred in the.perﬁgnt ground
cover and in plant morphology. The computer printout

(Fig. 6) illustrates the effect of the soil background

“bn the energy reflacted by maize. Absorbance of energy is

Lubstantially higher with maize plants on darker soils than
fvith maize on lighter colored soils. Dark soils reflect

lzolar energy in lessaer quantities than”doflith colored

. Boils.




’
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At the time of the Mugust 1i scanner; mission all of
. |the maize had tasseléd. When the scanner Qas raceiving
Fnerqy measurements at nadir, it was receiving radiation
from both plants and soils. The estimated percent ground
cover was 75 to 85. Howdvaer, when the scanning mirxor was
- lreceiving reflected energy at a few degrees off nadir, ic
‘lcan be assumed that essentially 1009 of the reflected
[energy was being raflec£ed from plants. ‘
A comparieon of the spectral patterns from the August
111 data (Fig. 6) with #he soil pattetna from the May 6
£light (Fig. 4) raveala that some of the groaa Eoil pattern%
are shawinq through the corn canopy. '

The f£inal scanner data used in this research ware
collected on September 5. The most striking foature of the
- |lspactral pattern géneratad from this.daéa {(Pig. 7) is the
dark north-south strip in the leﬁt:third‘of thg computer
printout. This area representy a lower relative refléctan
from a strip of maize in which‘the chlerophyll had dete-
riorated much more rapidly than in other areas of.the field.
This breakdown reaulteé from iﬁfectipn‘of-corn blight or
natural senescence in this particular strip.
Examination of the changes in reflectance which occur

with inecreazing green canopy%led to the use of a ratio

‘|between visible reflectance and infrared reflectance to
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-gquantify these changes. Although these calculations were
'hade with uncalibrated scanner data, the results provad to
be useful in interpreting the changes in spectral patterns.~

‘Ithe following equations ware used:

A=z | (2)

_~bhere A is the ratio between ralative visible reflectance
pnd relative infrared reflectance,
V is8 the relative reflectance in the viéible apecééuﬁ
(0.4-0.72 ym), and |
I is the relative reflectance in thé near infrared
- . (0.72-2.6 umf? |
.Pnd
v, |
Mty @
Lhere A, is the ratio between the relative reerctAnce of a
specitic portion of the viaible‘apectfum and the
relative reflectance of a specific portion of the
reflective 1n£rared,
vy is the relative reflectanca £from tha 0. 58-0 62 um
spectral band, and R |
'11 is the relative reflectance from the 0.80-1.00 um
. spectral band. ‘
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Since nonvegetated soils absorb relatively little
lenergy in the'viaiblé spectrum and relatively more in the
reflective infrared spectrum, the highest iatio‘values were
Pbtained with the May data (Table 3). PFor the late maize
the ratio values decreaeéd with each succeeding scanner
£flight. This supports the phenomenon which occur as the
grasn canopy absorbs more of the visible and reflects more
of the infrared energy. There seems to be some discrepancy
in the.ratio values for'the early maize area, espaecially on
the dark soils. The ratio for June 30 was 0,97. This |
increased to 1.06 on August 11 and 1.09 on September 5.

bne-posaible axplanétion is that thg early maize suffered
ch leaf damage from the SOcherg:corn leaf blight.

E:other explanation could be the use of uncalibratad‘Scan-
ner data. o |

The most severe chlorophyll detériorétion occurred in
khe depressional areas where the dark soils are located. Ag
chlorophyll breakdown occurs and the plants lose nmoisture,
the energy absorption in the visible w;velengths will reéedq

and/teflectancelin the Lnfrared will decrease.
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CONCLUSIONS

Use of multispectral scanner data obtained from air-

craft and eventdally from space'platforms for observing

"|ling. Multispectral measurements of vegetafive cover may
tevgal certain ‘properties of the soils be;ow. The ratio
between relative reflectance in the visible spectrum and
relative reflectance in the'infréred spectrum may be used

to characterize quantity and7gﬁality of vegetative cover.

and characterizing soils’ and crop canopies appears promisﬁﬁﬁ;'*
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. Date

Aug. 11

HTM,,YG

mme30'

Sept. 5

TABLE 1, MULTISPECTRAL SCANNER FLIGHTS

Altitude
815 m

815 m

1520 m

915 m

Time of Day

10:25 a.m.

103 30«.a.mc
2:50 p.m.

11:20 g.m.

Condition of Field

Fibld plowed, soil
without cova®
15-45% qround'
cover, maize |
§0% or more grouné
cover, maize

908 or more qrbnnd

cover, malze




-Spectfai bands

0. 46-0048

0.52-0.55
0.55-0.58

b.62-0.66
b .66-0.72
b.72-0.80
h.80~1.00
1.00~1.40
) .50-1.80
'B.00-2.60

(micrometers)

0.40~0.44

10.50-0.52

P.58-0.62

May 6

June 30
X x'
x
x X
x
x x
x x
| x
.x x
X
x x
x
x

August 11

TABLE 2. SPECTRAL BANDS USED IN ANALYSIS OF SCANNER DATA.

3




TABLE 3. EFFECT OF STAGE OF MATURITY OF MAIZE AND SOIL
ON THE RATIO BETWEEN VISIBLE AND INFRARED REFLECTANCE.

ﬂ’reiative raflectance (0.58-0,62 um)*®

Ratio =
relative reflectance (0.80-1.00 um)

- Early Maize Late Maize

So611 Color Soil Color
| Light - Dark Light Dark
May 6 1.5 1.49 1.5 1.49
"~ Pune 36 1.16 0.97 1.32 1.20
pugust 11 1.03° . 1.06  1.00 0.98
. September 5 1.04  1.09  0.81  0.85

‘Calculated with uncalibrated.scanner'data.
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Figure 1. Great soil groups of Tippecanoe County, Indiana.
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Figure 4. Multispectral patterns of soils from scanner data

obtained on May 6, 1970.
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Figure 5. Surface spectral patterns obtained from June 30
' scanner data over Soil Test Area §5.
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Spectral patterns from August 11 scanner data obtained

Figure 6.

[

over Soil Test Area 5.
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Spectral patterns from September 5 scanner data

obtained over Soil Test Area 5.

Figure 7.



