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ABSTRACT

Multispectral scanner data were collected in two

flights over ground cover plots near the Purdue University

"|Agronomy Farm's Weather Station at an altitude of 305 n.

Bnergy in eleven reflective wavelength bands from 0.46 to

2.6 ym was recorded by the scanner, A set of eight greund

' reflectance panels was in close proxinlty to the ground
'|cover plots and was used to norialize the scanner data

‘|obtained on different dates. The ground reflectance panels

were used to relate laboratory reflectance measurements to

scanner response. Separate predlction‘equetions were

' }obtained for both fllght dates for nll eleven reflective ‘

wavelength bands of the nultlspectral scenner.‘ In this

' .wey, .scanner response was normalized to ground penel

PRV

reflectance. By normalizing the scanner dete, ratios of

' scenner data could be relcted to leaf area index over time,

Normalized scenner dcte were used to plet relative

i{reflectancs versus wavelength for the ground cover plets.

! Spectrel response curves resulted which were similar to

these for bare soil and green vegetetion as determined by

laboratory measurements. The spectral response of differ-

'ent ground cover plots represented a “mlxlng" of the

spectral response curves for the bare soil and green
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|vegetation components of the scene.

The spectrel response curves from the normalized
scanner deta indicated that reflectance in the 0.72 to 1.3

um wavelength range increased as leaf area index increased.

LY decrease in reflectance was observed in the 0.65 um
ichlorophyll ‘absorption band as ‘leaf. area index increased,
'|This confirmed the validity of using the ratio of the

response from a near infrared wavelength band to that of

|the red wavelength band 1in relating multispectral scanner

dete to leaf area index in maize.

Additional Kby Words* groqnd cover, leaf area index,

(femote sensing.




. flightline may occur due to drift in zero level reference

14n which this ability is needed.

~ INTRODUCTION

- Many potentiel applications of renote sensing depend
on the ability to view repeatedly a target of interest and
characterize the spectral properties of that target cver

time. Determination of canopy density is certainly an area

Comperisons of nultispectral scanner data between
flight dates have elwaye been difficult because of the many
variables involved. Weather and atmospheric conditions,
scéne illumination 1nteneity as a function of wavelenzth
time qf day, and ‘angle of illumination can elweys be _
counted on to complicnte comparisons between nultispectrel
scanner flights, | . o
" Not only are there natural phenonene to content with,
but there- are also mnny problenms involving the scanner
system itself. Data. velues for the same ground target
thave been observed to chenge from one side of a flightline
'to the other end froa the beginning of a flightline to the

end. Changes in scnnner response over time within the s:ne,'

as well as gain changes in the systen. Gein changes are

often nade in one chennel end not in another, thus it
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" |becomes Gifficult to nake -any comparisons Between channels
over time.

| Airborne multispectral scanner data allow for exami- -
. nation of the spectral differences between various canopy
-|densities (Kristof and Baumgardner, 1970, personal
communication). Ratios of scanner data response can be’
related to the ‘ground based measurement of leaf area index
(Stoner; 1872, Multispectral determination of vegetative
cover in corn crop canonies, M.s Thesis, Purdue University| -
¥. Lafayette, Indiana). It is éesirable to be able to
Compare results from more than one flight date. In this
way the theorized relationships between ratios ef scanner -
data values and leaf area index can be tested

Variations in scanner system response between £light
dates preyented dirsce ::mparison of scanner data over
time. Internal calibration standards vithia the multi-
spectral scanner and reference ‘to ground reflectance panels
w3rmit normalization of scanner response betwsen flight
{ddtes (Silvestro, 1969 Ha;ell and Larsen, 1968)

Future efforts in remdte sensing from orbital altitudel
such as are proposed for tl: Earth Resources Technolbgy
Satellite (ERTS) and SKYLAR vill be concerned with general
views of agriculturel crops. With the extremely high

altitude and coarss resolut on from space platforns it is



6

likely that discrimination of healthy green agricultural
crops will be primarily on the basis of differences in

‘| vegetative cover, and nbt onlindividunl plant spectral

~ pfopermies'alone. o




- MATERIALS AND METHODS

Plot design and location were described by Stoner
(1972, Multispectral determination of vegetative cover in
|eorn crop,canopies,‘M.S. Thesis, Purdue University, W.
Lafayette, Indiana)' A group of 12 ground cover plots.were
“{overflown at an altitude of 305 m on July 12 and July 21,
1971 by the University of Michigan multispectral scanner.
‘1A set of eight standard reflectance panels was located in
‘|proximity to the plots near the ‘Purdue University Agronomy
Farm s Weather Station. These reflectance panels were used
to relata scanner responsa to reflectance, in an attempt
to normalize the scanner data. Wavelength bands and
corresponding channels of the University of Michigan multi -
spectral scanner are given in Table 1. .

The procedures used to normalize scanner;dnta involved
‘luse of internal calibration sources wifhin.;hé multispec-
tral scanner as well as reference to ground reflectance
panels, - A:£u11 description of the procedure will not be
attempted here but can be'refenred to elsewhere (E. R.
Stoner, 1972, Multispectrnl datermination of vegetative
cover in corn crop canopies, M.S. Thesis, Purdue University,
West Lafayettes, Indiana; P. E. Anuta and W. R. Simmons,

1972. Calibration of aircraft scanner data using ground



reflectance panels, Laboratory for Applications of Remote
Sensing (LARS) Information Note 030672, Purdue University,
Wbst Lafayette Indiana).

i Internal calibration of the scanner data was. accon-
plished by a standard procedure at the Laboratory for .
Applications of Remote Sensing; (T. L, Phillips, 1969.
Calibration of - scanner data for operation processing .
programs 8t LARS, LARS Information Note 071069, Purdue
University, West Lafayette, Indiana) in which reference is
made to .a dark level standard and a constant light source
within the scanner, These calibration sources are‘
-recorded for every Scan'iine of data for each channel in

| the reflective wavelength region, and can be used to -
eliminate low frequency bias level drift and amplification
-|changes from the system. . | |
‘Reflectance calibration was attempted with the use of
la set of five gray level panels having'réflectances of 4%,
8%, 16%, 32%, and 64% and three color panels--red, green,

' and blue. These panels served as a form of external cali-
bration providing a ground to aircraft link capable of
removing the effect of atmospheric scattering (Silvestro,
1969). Use of the panels allows estimation of gain

correction factors for approximation of actual scene

reflectance in each»wavelenth band of the multispectral




Scanner. Hasell and Larsen (1968) describe the use of °
these eight reflectance panels in calibrating the output of
the University of Michigan multispectral scanner. |

Calibration to ground reflectance panels permits
normalization of scanner data to scene reflectance when the
area of interest ig in environmental proximity to the
reflectance panels. anlronmentel proximity in this case
means an area of the same illumination, the same sun angle,
the same aircreft altitude, and the same atmospheric con-
ditions as the area from which scanner data are collected
for ground reflectance panels,

The ground reflectance panel coordinates were deter-,
mined in the flightline of interest and the LARSYS pro-
cessing system (LARS, 1970) was used tocobtain 1nterna11y
calibrated mean scanner deta values fot‘the panels for .
both fllght dates. The scanner data values for the ground
reflectance panels were later used in relating scanner
response to actual scene reflectance. _

It is assumed that the ground reflectance panels
behave as perfectly diffuse or Lambertian reflectors of
incident illumination; that is, they exhibit‘a uniform
spatial distribution of radiance, independent of the
‘geomet:y of‘illumination. Another assumption which had to

be made was that laboratory DK-2 spectroreflectometer
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measurements of percent reflecﬁénce could be related to
percent reflectance in a field situation. No fielg spec-
troradiometer was available to measure actual directional
‘reflectance of the panels in the field so the DK-2 spec-
troreflectometer was used to characterize the reflectance
of the eight panels. '
Differencas exist between the DK-2 spectroreflecto-
meter and field or airborne spectroreflectoneters in the
way in which they measure percant reflectance. In the
DK-2 gpectroreflectometer, illuminauzon is normal to the
sample and total reflectance is measured in an integrating
: "phere. Percent reflectance is determined as the ratio of
energy reflected from the sample compared to a standard
reflectance material (usually MgO) In the field or air-
borne si tuation, illumination is more or ‘less hemispherical
land radiance is m@asured from a single detector location,
approximately normal to the panel, At the ‘present time no
information is aveilable as to the magnitude of differ-
ences between laboratory and field reflectanca measﬁrements
and the assumption was made in this study that the differ-
“.|ences between the two would not be too great.
‘ DK-2 Spectroreflectometer data for the red, green,

and blue color panels are given in Figure 1. The DK-2

_|Spectroreflectometer measurements indicate that the gray
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reflectance panels have a. relatively constant percent
reflectance over the wavelength range from 0.35 to 2.0 um
(Figure 2), whereas the color panels peak sharply in cer-
(tain wavelengths, The percent reflectance values for each
panel corresponding to the wavelength bands of the multi-
spectral scanner were determined.

Percent reflectance versus Scanner data values of the
reflectance panels were plotted for all eleven wavelength
bands for both flight dates. Prediction equations relating
scanner response to reflectancé-were determined separately
for all eleven channels for both flight dates. These
equations could be used to determine the relative reflec-
tance, normalized to ground reflectance panels, for ground
targets in environmental proximity to the panels. Relative
reflectance values were determined for the Russell silt
{loam ground cover plots from these equations.

' The same ratio techniques described by Stoner (1972,
Multispectral determination of vegetative cover in corn
Crop canopies, M,S. Thesis, Purdue University, W, Lafayette
Indiana) were applied to the normalized reflectance data,
The ratios of nofmalized reflectance in channels 8/7 and
8/7 were related to leaf area index. Stepwise multiple

Tegression analysis was run on the data to determine the
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relationship of ratios of normalized reflectance to LAI
for the ground cover plots.




RESULTS AND DISCUSSION

In order.to understand the Spectral response from corn
Canopies it is first helpful to get some idea of the indi-
vidual spectrai response of corn leaves and the soll back- |
‘|ground. DK-2 spectral reflectance curves for corn leaves |
with 80% moisture content, and two soils in saturated and
air dry conditions were obtained (Figure 3). The spectral
response curves for Chalmers silty clay loam, a dark
surface soil, and Fincastle siit loam, a light surface soil
are shown, Fincastle silt loam is the somewhat poorly
/drained member of the catena of which Russell silt loam is
the well drained member. The spectral curves for the
Russell soil should be very similar to those illustrated
for the Fincastle soil since they have the same surface
-|color and texture and about the same organic matter content.
The moisture content of the soil can greatly affect the |
spectral response of the soil. The surface soil condition
'|in a field situation would probably be closer to the spec-
. tral response of the soil. The surface soil condition in
-ja fileld situation would probably be closer to the spectral
fesponse illustrated for the air dry soil than that for the
saturated soil (Hoffer and Johannsen, 1969)
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The curves of scanner data values versus wavelength
for three of the Russell plots on the July 12 flight date
were plotted (Flgure 4). The plots represent three greatly
different ground cover conditions. The scanner data values
used are the uncalibrated scanner response values from the
July 12 multispectral scanner mission over the Agronomy
Farm. The wavelength scale is incremented in micrometers
on the bottom of the graph with .the correspondlng mid-
points of the channel wavelength bands being displayed at
the top of the graph, It can be seen that there is no .
relationship between adjacent channels ‘and that the shape
of the spectral response curves can in no way be related
to any familiar response curves for green vegetation or
bare soil.

Normalized Spectral response cur?es for three differ-
ent ground cover situations were plotted for two scanner
flight datese(Figures 5 and 6). The normalized responseb
curves of Figure 5 are of the same three ground cover plots
ehown in Figure 4. The same original data were used for

, plotting these curves. The only. difference is that the

. |scanner data values in the latter have been nornalized to

, ielative reflectance, using the ground reflectance panels.

The curves in Flgure 5 resemble the DK-2 spectral response

curves for green vegetation and bare soil. They have the




" {the familiar peaks in the green and near infrared wave -
‘|1engths for green vegetation and the relatively smoothly

-lincreasing curve for bare soil (Figure 3). The plot with

-10.72 to 1,3 um wavelength region and a lower response in

-

. percent ground cover have a2 lower response in channels 10

- ¢lcomponents is in agreement with the theory of Miller (1969)

“|to 2.6 um wavelength range than for Russell plot 1 (Figure
i‘S), even though the ground cover was slightly higher on

|quite closely the response curve in Figure 3 for air dry

'Pincastle seil

the higher leaf area index has a higher response in the

the 0.65 um chlorophyll absorption region than does the
plot with a Jlegser LAI. The reflectance values for a dense
canopy are within the range of values estimated by Knipling
(1970) The response curve in Figure.§ for Russell plot 1,
with an LAI of 0.01 (essentially bare 80il) resembles

n the plots of normalized spectral respense curves

(Figures ‘5 and 6) it 18 observed that the plots with high

and 11 than plots with lesser ground cover. This is pro-
bably a result of the Spectral response of vegetation from
the medium ground cover plots being "mixed" with the spec-

tral response of the bare seil. This "mixing" of spectral

The normalized resppnse curve for Russell plot 8

(Figure 6) shows much higher response thfoughout the 0.46

15
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Russell plot 8. Upon further investigation it was
theorized that the great differences in spectral response
. |between these two plots were not accountable only to
ground cover differences. Examination of the Hi-Ranger
_|photography taken over these two plots on July 13 and
‘July 21 showed that the soil background appeared much
lighter on the. ~July 21 photography of Russell plot §.
_Weather records from the Agronomy Farm Weather Station indi~_
cated that & long dry period preceded the July 21 flight
;-While a rather substantial rain'fell the day before the
July 12 flight It is likely then, that the great differ-
‘ences observed in the Spectral response of the low ground
cover plots on the two flight dates were accountable more
,_;qvmoiggure di fferences than to diffefances in ground

. |cover. '

The ratios of normalized reflectance in channels 8/7
and 9/7 were calculated for the two flight dates, These
ratios were then plotted against leaf area index (Figures
7 and 8), . Stepwise multiple regression indicated a linear
relationship between LAI and both ratios. Using the ratio
{of 9/7 for normalized data, 96.4% of the variation in LAI
. {could be explained by the regression equation Y = “0.7245 +
\O 2735X. For the ratio of 8/7 for normalized data, 94 1%
_{of the variation in LAI could be explained by the regression
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equation, § = «0.5117 + 0.2971X.

A considerable improvement occurred in the use of the
ratio of normalized data in channels 8/7 to predict LAI
jover the use of uncalibrated scanner data values in these
channels., The procedure of norﬁalizing the reflectance of
the plots to the ground reflectance panels apparently was
successful in eliminating variations in scanner response

between flight dates,
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SUMMARY AND CONCLUSIONS

Multispectral scanner response can be related to the
reflectance of ground reflectance panels in deriving pre-
diction equations for relative reflectance from scanner
|data values. This riormalization of scanner data to ground‘
reflectance panels allows for extension over time ef ratio
techniques for predicting leaf area index. Regression
equations can be evolved relating leaf area index to the
: retios of scanner data values from channels 8 and 9 to
scanner data values frem channel 7.

| Spectral response curves for maize canopies can be
determine from the derived prediction. equations relating
panel reflectance to scanner response, The spectral
response curves for different ground cover plots from
‘|normalized scanner data show that the various grbg@d'cover
response curves represent a "mixing" of the spectral res-
|ponse from the green vegetation and bare soil components,
‘ The normalized spectral response ‘curves for the
ground cover plots indicate an increase in reflectance in
the 0.72 to 1.3 um near infrared wavelength region with
increesing leaf area index. A decrease in reflectance was
observed for the 0,65 um chlerophyll ebsorption band with

increasing leaf area index.

DN e oy
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Moisture differences apparently had a strong effect
on the spectral response of the corn canopies on the twc
| £flight dates. . Soil moisture differences greatly affect :
»the snectral response from low ground cover plots.
 The use of ground reflectance panels gids in deriving
normalized reflectance values for maize canopies. One
- {difficulty is the lack of a8 reflectance panel whose-reflec;:
| tance- in the visible wavelength region is as low as that
10f a dense maize canopy. For this reason, extrapolatien
of data below the known reflectance value of the 4% reflec-
f?tance panel is- necessary. This may introduce error in '
&stimatlng the normalized reflectance of dense maizc_ccnc~‘c
<pios in the visible wavelength region.
The practical implications of using ratio techniques '
|for analysls of ground cover are certain to become apparent
1n future efforts in remote sensing. The orbital perspec-
“jtive ‘of the Earth Resources Technology Sateliite (ERTS)
‘jand SKYLAB wil1l Provide a general view of agricultural
crops. With the extremely high altitude and coarse reso-f
lution from Space platforms such as these, it is likely
{that differences in vegetative cover will provide the
‘|strongest means of discriminating between various healthy

grcen agricultural c¢rops. Ratio techniques utilizlng

information from the near infrared ‘and chlorophyll .
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absorption regions should prove useful in analyzing
relative canopy density.
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TABLE AND FIGURE CAPTIONS |

Tho eleven reflective channels and corresponding
wavelength bands for the Univorsity of Michigan
multispoctral scanner.

Dsz spectral reflectance for red, green, anda
blue' LARS color panels,

DX-2 speotral reflectance for five LARS gray
scale panels.

DK-2 spoctral roflootanoo of maize leaves and of
two soils in air dry and saturated conditions.
‘Uncalibratod scanner rosponso curves for three b
Russell plots, July 12.

Normalized spectral response curves for three
Russell plots, July 12,

Normalized spectral response curves for three
Russell plots, July 21,

Leaf area index versus the ratio of normalized
reflectance in channols 9/7 for two flight dates.
Leaf area index versus the ratio of normalized
reflectance in channols 8/7 for two flight

datos.'
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|Table 1. The 11 reflective channels and corresponding

Channel

'-OQ\IO\U’!&MN

10
11

wavelength bands for the University of Michigan

multispectral scanner,

Limits of Spectral Bands (um)

Lower’
SN ——

0.46
0.48
0.50
0.52

0.54

0.58

0.61

0.72

1,00,

1.50
2.00

UEEer

0.49

0.51

0.54

0.57°
0.60
0.65

0.70

0.92
1.40
1.80
2.60

Wavelength Region

visible
visible
visible
visible
visible
visible
visible
near infrared
neaf infrared
near infrared

near infrared
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Leaf Area Index (L Al)

T T T T T T T T T T T T 77
41 X _
O=July 12 Scanner Flight
X=July 21 Scanner Flight
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<-Y=-0.7245+02735 (Ratio= )
R%=0.964
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Rati (Normolized Reflectance in Chonnel9)
atio Normalized Reflectance in Channel 7
Figure 7. Leaf area index versus the ratio of normalized reflectance

in channels 9/7 for two flight dates.



Leaf Area Index (LAIl)
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4~ ©=July I2 Scanner Flight X —
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R2=0.94|
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Ratio (Normulized Reflectance in Channel 8 \
Normalized Reflectance in Channel 7 /
Figure 8. Leaf area index versus the ratio of normalized reflectance

in channels 8/T for two flight dates.





