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PROFILE MODELING FOR CROP DISCRIMINATION

G.D. BADHWAR

National Aeronautics and Space
Administration/Johnson Space Center

Houston, Texas

ABSTRACT

This paper presents a methodology to
extract physical and morphological charac-
teristics of crop type from the multi-
temporal-multispectral Landsat multispec-
tral scanner data. It also describes how
these characteristics can also be calcu-
lated using whether information and crop
calendar model and thus provide a truely
automated method of identifying crop
types. Moreover, because of the estab-
lished 1ink to crop morphology, these
features are expected to hold in foreign
countries also.

1. PROFILE MODELING FOR CROP
DISCRIMINATION

It is a basic characteristic of
living things that they undergo birth and
death, growth and decay, change and trans-
formation. They are, therefore, involved
in dynamic process of development in time.
This aspect of change with time usually
leads immediately to the formulation of
differential equations. In nature most
living things (plants) do have a propensi-
ty for geometrical growth which is held
in check by a sufficient degree of compe-
tition for food, death and destruction.

A typical plant population grows rapidly
at an increasing rate if it starts in an
environment with adequate food supply.

As time elapses, the food supply becomes
less adequate and the death rate in-
creases. This curve of population growth
that is typical of biological systems,
first suggested by Verhulst, first goes
as an S-shaped and then declines as an S-
shaped curve. The combined curve is bell
shaped.

A number of studies have suggested a
strong correlation between the green vege-
tation and a linear transformation of
Landsat MSS data, the Kauth-Thomas Green-
ness.l This greenness function, p(t), is

continuous as a function of time, t, and
has a bell shaped curve called a profile.
A heuristic model! of this time behavior
was suggested to be of the form2,3

o(t) o t%eBt? (1)

where o and 8 are crop and condition re-
lated constants. This function is highly
peaked at time t, = Va/28 and provided
adequate representation of the Landsat
spectral data. With the availability of
rather frequent temporal-spectral measure-
ment on ground level plot data, Bauer et
al." observed that the corn greenness pro-
file has a flat top in time, a character-
istic that cannot be produced by model of
equation (1). CristS again on completely
empirical grounds, suggested a new model
that rectifies the deficiency of model(l).
However, it does not provide any under-
standing into the nature of this profile
behavior. We suggest that original idea
of Verhulst can be modified and can pro-
vide an explanation of these profiles.

The Kauth greenness is approximately
the difference in the reflected amplitude
of light in the 0.7-0.8 um and the part
containing the chlorophyll band 0.6-0.7 um.
In a 1living annual crop plants new leaves
are being formed and old Teaves die off
continuously with time up to certain time
when 'no new leaves are formed and old
leaves continue to die off. It is also
well known that because of the very high
absorption coefficient in the chlorophyll
band of 0.6-0.7 um only the upper few
Tayers (about two) of leaves are responsi-
ble for the returned signal whereas six
to eight layers of leaves from canopy are
responsible for the returned 1ight ampli-
tude in 0.7-0.8 um region. Since the
leaves die-off rate depends on their loca-
tion up from the soil, the reflected
amplitude in 0.7-0.8 um responds to the
average die-off rate. We thus postulate
that the greenness responds to the net
rate of the birth rate of Teaves--death
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rate of leaves. We also treat the green-
ness as a continuous variable, which is
accurate enough if the plant population
density is large. (This is a minor re-
striction.) In addition to the birth rate
and death rate, there are other retarda-
tion factors that would not permit the
greenness to rise indefinitely, for
example, the availability of food.

Let us suppose that the average rate
of growth of greenness under favorable
conditions is k per individual plant
(that is k(t) =birth rate - death rate),
so that in time dt there is an increase
of k{t)pdt in the greenness. This means
that dp =kpdt. In addition to birth-
death process, there are other retarda-
tion factors, such as availability of
food, i.e., that the net growth rate is
not 5 (t) but po-rz(p) where r is the re-
tardation constant. The basic differen-
tial equation is now

do (t

o lt) - o (t) - rele) (2)
The simplest assumption to make is that
the function z(p) is p2; i.e., the re-
tardation rate per individual plant is
proportional to the population size

delt) - o) - o2 (2a)
with the solution
Pm
ol(t) = 5 T (3)
T+ (=0 -1)e s k(t)dt
Po t0

where at t=t , p(t)=pO and p_ s the maxi-

mum ("saturation") value of greenness.

Figure 1 is fit of the model form
{3) to the soybean field measurement data
of Bauer et al.* assuming k(t) =constant.
The fit to the data is good and the cal-
culated value of t, is completely con-
sistent with the ogserved emergence date.
Rood and Major® have measured the number
of leaf and the Teaf development rate of
early maturing maize (Zea may L.). From
their measurements one can deduce that
the absolute value of k(zkp) after peak
greenness is approximately twice the
value of k before the peak greenness
(Figure 1). A simple functional form’
that satisfies this constraint is k(t) =
{1-exp(-a(t-t_))/1 +2 exp(-a(t-t_))} where
t, is the time of peak and a is gonstant
tﬁat controls the transition zone when ky
to kp. A simple integration of this
function and substitution in equation
(3) gives the form of p(t) which is bell
shaped curve. It is by no means
implied that k(t) of :

the form suggested above is indeed the
correct form; it does suggest, however,
that different forms of k(t) can produce

a bell shaped or a flat top curve. Ex-
periments, such as that of Rood and Major®
and good detailed und frequent measurement
of spectral data are necessary to estab-
1ish the correct form of k(t). Until the
precise form of k{t) can be determined
from field experiments, approximations to
model (3) that adequately describe the
Landsat greenness behavior would have to
suffice. The form suggested by Crist® has
five free parameters excluding the bare
soil greenness and is thus impractical
from an operational point of view. The
inyariant form of model (2) given by

a/2
o (t) =Do+(pm—po)(g%§—) (t_to)ae-ﬁ(t-to)z

(4)

has only three free parameters, again ex-
cluding the soil greenness pg. In either
this model, or the model proposed by
Crist5 the assumption of a constant o, is
well supported by independent experimental
data. This assumption will be made
throughout the remainder of this paper.
The parameter, t_, is emergence date of
the crop. The function (4) has two in-
flection points t7 and tp and peaks at

time tp. These are given by
tp - t0=\/a/26
172
toot = (2041) = /8a+l
1 0 48
 (2041) + JBa¥T /2
ta-1to = 33

and the time distant between the two
points tp and ty is given by

)2 1

1/2
_ a _ 1
T 2B + 28 0 Y ot)

-4

The parameter vB is thus effectively the
width of the greenness profile. This pro-
file is thus characterized by its maximum
value, p_, at time t_-t _, the width, o,
and a s1@pe paramete? «® This model thus
converts multidimensional spectral and
temporal data to three variables and can
Tead to simple classifier design. Investi-
gations have shown that ¢ is effectively
the grain filling period, which is a crop
characteristic. These parameters of the
model are crop growth varaibles and can

be expected to be stable over large geo-
graphic areas and can be predicted from
agromet models of crop growth.

0% = (to-ty

Figure 2 shows a scatter plot of a
subset of ground truth pure pixels
selected from a systematic grid of 418
dots. The two axis are the calculated
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value of p_ and o obtained by fitting each
pixel with the model of equation (4).

The symbol S is for pixels called soybean
using ground truth, the symbol C is for
pixels called corn, and the symbol * is
for all pixels which are neither corn or
soybeans. Values of ¢>100 days are plot-
ted at day 100. It is quite apparent that
a simple cut at, say, ¢>90 days would re-
ject all other crop categories and keep
only pure corn and soybean pixels. Having
rejected these pixels, it is also clear
that there is very good separation between
corn and soybeans and a simple linear dis-
criminant would be sufficient to separate
these two crops. With some rather
straightforward modifications to this

idea an end-to-end near-harvest classifi-
cation approach has been formulated and
evaluated over a large geographic area in
3 years (1978, 1979, and 1980).

The classification approach basical-
ly consists of converting the multitempo-
ral Landsat measurements into Kauth
greenness and fitting it to mdoel form
(4) and calculating p_, o, «, t_ for each
pixel. Using a simple gradient"model
pure pixels are selected from a system-
atic grid of 836 pixels spread out over
the entire segment. These pixels are
labeled automatically using the basic
idea presented in the previous paragraph.
The labeled pixels are then used to train
the Ho-Kashyap®’? lTinear classifier.

This classifier determines the separation
plane in the four-dimensional feature
space. Using these separation planes
each pixel is classified into one of the
three categories of corn, soybean, or
other. In order to set mare precisely
the cuts on ¢ and restrictions of the
ratio of p_ of soybean to p_ of corn,
four U.S. Eorn Belt segments Ttwo each in
1978 and 1979) were used.

A. DATA ANALYSIS

The data set consisted of a total of
56 5 nm-by-6 nm segments spread over 3
years. There were 40 1978 segments with
a geographic distribution from Minnesota
in the north to Mississippi in the south
and extending from eastern Indiana to
western Nebraska. The selection of these
segments is discussed in greater detail
elsewhere!®, Tn addition, nine 1979 seg-
ments in the U.S. Corn Belt and seven
1980 segments in Iowa were selected for
processing. The available acquisitions
on these segments were visually screened
so as to have minimal cloud cover and no
multitemporal misregistration problems.
Only acquisitions that fall within the
time span of calendar day 120 to 273 were
used for analysis. A basic restriction

of this model form is that there must be
at least one acquisition on either side
of the time of peak greenness, which
occurs around the blister stage for corn.
Clearly, for good results one requires
acquisitions that are spread over the en-
tire growing cycle of the crop; however,
only three well-distributed acquisitions
are all that is necessary.

B. RESULTS

The data set of these 56 segments
was divided into various groups to look
at geographic and year-to-year effects.
A subset of 27 1978 and 1979 segments in
the U.S. Corn Belt were first selected.
These segments are the same set that were
processed by procedure CS1-Bl1., Figure 3,
a scatter plot of the difference between
the classification determined proportion
and the true ground truth determined pro-
portion versus the ground truth proportion
for corn, soybean, and other. One finds
no particular dependence of the proportion
error as a function of ground truth pro-
portion. Table 1 gives a summary of the
relevant statistics and indicates a rela-
tive mean error of <2% for corn and soy-
bean. A comparison of these results with
those of Meltzer!! show that on the aver-
age these results are about a factor of
three better.

A data set of 40 1978 segments was
selected from the set of 56 segments.
These segments contain many segments that
fall outside the main U.S. Corn Belt
region., Figure 4 and Table 2 provide the
relevant statistics on these segments.
Both the bias and standard deviation of
the bias are somewhat higher than the re-
sults shown in Table 1. However, these
results are quite comparable to the re-
sults reported on these segments in an
earlier study using ground truth derived
lTevelsl®.  This indicates that the feature
derived from the profile pm and o can be
extended over a large geographic area. A
number of previous attempts to extend
crop signatures had failed because one was
not extending crop growth variables but
anly spectral appearances.

Figures 4 and 5 give the results of
an analysis of nine 1979 segments and
seven 1980 segments. Tables 3 and 4 sum-
marizes the statistics on these segments.
A comparison of the 1978, 1979, and 1980
statistics shows no year effect. Figure6
and Table 5 gives the results of all 56
segments. The results are based on
L§rgest test so far and show Tittle or no

ias.
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C. CONCLUSIONS

A complete automatic unsupervised
classification approach to estimate the
corn, soybean, and other proportion in a
Landsat 5 nm-by-6 nm segment has been
developed. The technique involves ex-
tracting crop growth variables that are
predictable from agromet models and pro-
vide a signature extension not possible
before. The technique has been applied
in 3 years (1978, 1979, and 1980) and
shows no year effect as well as any geo-
graphic effect. The results to date are
by far the best of any other technique
currently available. The technique can
be improved to reduce the bias however.
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Table 1. Results of 1978 and 1979
Segments.
: CORN SOYBEAN OTHER
& (ERROR) -0.77 -0.48 1.28
S5 (S.D.} 6.55 4.79 6.04
RME -1.88 -1.74 4.05
MAE 5.74 3.79 4.98
AVE. PROP. % 40,98 27.43 31.60
NO. OF SEG. 27 27 27
Table 2. Resuits of 1978 Segments
CORN  SOYBEAN OTHER
# (ERROR 1.41 -0.50 -1.28
Sé (S.D.) 8.21 6.30 7.96
RME 395 1.97 -3.28
MAE 6.31 5.00 5.49
AVE. PROP % 3575 2633 38.92
NO. OF SEG. 40 40 40
Table 3. Results of 1979 Segments
CORN SOYBEAN OTHER
@ (ERROR} -1.42 2.25 3.66
S&é (S.D.) - 8.47 4.71 9.21
RME -3.29 -7.06 14.60
MAE 7.75 3.75 6.30
AVE. PROP. % 43.07 31.88 25.09
NO. OF SEG. 9 9 9

1982 Machine Processing of Remotely Sensed Data Symposium

457




Table 4. Results of 1980 Segments
CORN  SOYBEAN OTHER
& (ERROR} 2.66 1.43 -4.15
S& (S.D) 8.65 221 8.14
RME 7.60 7.92 -9.30
MAE 6.77 191 7.02
AVE. PROP % 34.96 18.11 44.61
NO. OF SEG. 7 7 7
Table 5. Results of A1l Segments
CORN  SOYBEAN  OTHER
& (ERROR) 1.1 -0.54 -0.84
Sé {S.D) 8.24 5.74 8.03
RME 3.02 2.1 -2.25
MAE 6.60 4.1 5.81
AVE. PROP % 36.83 25.48 37.41
NO. OF SEG. 56 56 56
Figure 1. A plot of obseryed Kauth-

Thomas greenness reflectance of a soybean
plot observed by Bauer et al., as a func-
tion of the observation date. The solid
curve is the fit to the sigmoidal curve

of model form (3) with k(t)=k, a constant.
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Figure 2. A scatter plot of the
maximum value of greenness and the width
in days between the two inflection points
of a selected subset of pixels in segment
0886 in 1979. € is a corn pixel, S is a
soybean pixel and * is pixel that is other
corn or soybean. Value of o=t7-1)
greater than 100 days are plotted at 100

days.
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Figure 3. A plot of the error in

proportion estimate from classifier, de-
fined as the difference between proportion
estimate from classifier and ground truth
proportion, and 'true' ground truth pro-
portion for 27 segments used in study by
Meltzerll,
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except

Figure 4.

it is for 40 segments

Same plot as in figure 3
in 1978 used

in earlier study by Badhwar et al.l0.
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Same plot as in figure 4
in 1979.

but

Figure 6.

Same plot as in figure 4

for ceven segments in 1980.
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