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Radar Look Direction and Row
Crops

The signal strength of the radar return from row crops is
affected by the look direction relative to the crop row
direction.

INTRODUCTION

T HE VALUE OF imaging radar in agricul­
tural land-use mapping is being con­

stantly demonstratedl-6. Most studies to date
have dealt with the problem of crop type
identification as a prelude to other applica­
tions of interest such as the estimation of the
stage of growth and the determination of the
presence of stress (disease) associated with a
particular crop or field.

however, has only been noted on radar imag­
ery. To illustrate the significance of this ef­
fect, an example is shown in Figure 1 of an
agricultural area in Western Kansas imaged
by the Environmental Research Institute of
Michigan synthetic aperture system. Two
pairs of images are shown; the top pair
exhibits the responses of HH (horizontal
transmit-horizontal receive) and VV (vertical
transmit-vertical receive) polarizations at

ABSTRACT: Among the parameters affecting the signal strength of the
radar return from row crops is the look direction relative to the crop
row direction. Using a mobile truck-mounted 2-8 GHz Active Mi­
crowave Spectrometer, radar backscatter measurements were ac­
quired from a field of sorghum with look directions parallel and
orthogonal to the row direction at six incidence angles (nadir to 50° in
10° steps) for both HH and VV polarizations over the 2-8 GHz (15
cm--3.75 cm wavelength) band. The results confirm observations
made from radar imagery indicating that the difference in return
between the two look directions increases with wavelength and is
larger for HH polarization than for VV polarization.

The radar return signal strength is gov­
erned by two sets of parameters: (a) sensor
parameters: frequency, polarization, and in­
cidence angle; and (b) target parameters:
crop geometry (height, density, row spacing,
leaf structure, etc.) and plant and soil mois­
ture contents. In the case of row crops, the
direction of the propagation vector and its
polarization relative to the row direction is
also important2 •3 . Measurements of the
backscattering coefficient UO of a variety of
crop types have been conducted to determine
the radar response to variations in crop
parameters7-lo. The effect of row direction,

L-band (22 cm wavelength) and the lower
pair exhibits the HH and VV responses at
X-band (3.2 cm). The L-band VV image was
acquired on July 22, 1971 and the other three
images were acquired the following day. The
arrows drawn in Figure 1 point to two fields
having the continuous cultivation pattern il­
lustrated in Figure 2. One of the fields is
wheat stubble 35 cm high and the other is
sorghum 58 cm tall. Note that both fields,
particularly the wheat stubble, exhibit on the
imagery triangular quadrants corresponding
to the sections imaged in a direction parallel
to the row direction (weak return on L-band)
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as distinct from those imaged perpendicular
to the row direction (strong return).
Moreover, this phenomenon is more pro­
nounced for HH polarization than VV polari­
zation. Although on the imagery of Figure 1
the row-direction effect is not very significant
at X-band, other imagery acquired during dif­
ferent phases of the growing cycle indicate
that the pattern of triangular quadrants is ob­
servable at X-band for emergent wheat. In
contrast, wheat fields with greater height
were observed to display uniform tone3 . The
frequency and height dependence of the row
direction effect can be explained in terms of
signal attenuation through the plant biomass.
When the vegetation is short, its cross-section
when viewed in a direction parallel to the
row direction is much smaller than its cross­
section when viewed in a direction orthog­
onal to the row direction. At angles away
from nadir, the backscatter in the former case
is partly from the vegetation and partly from
the ground, whereas in the latter case the
backscatter contribution is almost completely
from the vegetation. As the height increases,
the vegetation leaves occupy a greater por­
tion of the space between the rows, thereby
making the field appear more uniform (hori-

zontally isotropic). Since attenuation by the
leaves increases with frequency, the re­
sponse at X-band is mostly from the top
leaves, whereas at L-band the signal can
penetrate further and hence the backscatter is
caused by a thicker layer of the illuminated
volume. If the vegetation height (or density)
is further increased, then the difference in
return due to row direction at L-band will
probably also disappear.

In terms of the vegetation biomass inter­
cepting the signal, increasing the incidence
angle away from nadir would roughly corres­
pond to increasing the plant height. The con­
verse is also true; at angles close to nadir, tall
vegetation can exhibit a difference in the
radar return due to row direction.

This paper is concer.1ed with the sensitiv­
ity of aO to row direction as a function of fre­
quency, polarization, and incidence angle.
Using a truck-mounted 2-8 GHz radar spec­
trometer, data were acquir_ed from a sorghum
field for look directions parallel and orthog­
onal to the row direction.

EXPERIMENT DESCRIPTION

The scattering coefficient data reported
herein were acquired by the University ofKan-
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FIG. 1. X- and L-band multipolarization images of an agricultural test site in
Garden City Kansas. The fields indicated with the arrows were planted using a
continuous cultivation pattern.
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FIG. 2. Continuous cultivation pattern.

sas MAS 2-8 systemll which is an FM-CW
scatterometer capable of operating over the
2-8 GHz band. The system is mounted atop a
20m truck-mounted boom. A summary of the
Microwave Active Spectrometer operational
characteristics is given in Table 1.

Six weeks prior to the experiment, a field at
the Texas A & M University Agricultural Ex­
periment Station was planted with sorghum
with a row spacing of 1 m. At the time of the
experiment the sorghum plants had reached a
height of about 2.5 m. Although initially it

was planned to conduct the row sorghum part
of the experiment for different plant heights,
system and logistic problems delayed the
start of the microwave part of the experiment.
By then, the sorghum was fully grown.

A closeup view of the sorghum field is
shown in the photograph of Figure 3. For
reference purposes, data acquired with the
look direction parallel to the row direction
will be designated by "/f" and those acquired
with the antenna beam pointing orthogonal to
the row direction will be designated by" .l".
Three sets of data were acquired on different
days between]uly 16and]uly 19, 1974. From
measured soil moisture and bulk density pro­
files, the volumetric moisture content as­
sociated with each radar data set was calcu­
lated using the effective skin depth model of
Ulaby et al. 12 • Each data set consisted ofradar
backscatter measurements at incidence an­
gles of0 0 (nadir) to 500 in 100 steps, Wand HH
polarizations, and 8 frequencies between 2
and 8 GHz. To reduce the effects of signal
fading and to insure proper target "represen­
tation", spatial averaging was employed by
moving the truck along side the field and
repeating the data taking procedure. Hence,
for each frequency-incidence angle­
polarization-look direction combination, data
points reported in this paper represent an
average of several spatially independent
measurements.

DATA ANALYSIS

The radar sensitivity to the orientation of
the vegetation row direction (relative to the
radar look direction) is in general a function

TABLE 1. MAS 2-8 SYSTEM SPECIFICATIONS

Type:
Modulating Waveform:
Center Frequencies:,

FM Sweep: ~F
Transmitter Power
IF Frequency: FIF

IF Bandwidth: ~F'F

Antennas:
Height above ground:
Transmitting antenna diameter:
Receiving antenna diameter:
Feeds:

Incidence angle range:
Polarization:

Calibration:
Internal
External

FM-CW
Triangular
2.75,3.25,4.75,5.25,5.75,6.25,

6.75,7.25 GHz
450 MHz
40mW
50 KHz
6KHz

20m
91.5cm
91.5cm
Log periodic
00 (nadir)-80°
Horizontal transmit-HOI;izontal receive

(HH)
Vertical transmit-Vertical receive (W)

Delay line
Luneberg lens



236 PHOTOGRAMMETRIC ENGINEERING & REMOTE SENSING, 1976

- 'I CJ.0
c-:;-
"',-­Raw-

Direction

Cr~ Type: Hybrid of Sorghum
Planted in Rl)\Is

Polarization: HH
frequency ICHzl: 5.25 3
Soil moisture: 0.17 q/cm

Sensor Look
Direction

Cr~ Type: Hybrid 01 Sorghum
Planted in RIMs

Polarization: HH
Frequency (GHz!: 2. 15 3
Soil moisture: 0.11 g/cm

Sensor Look - f' n°
Olrec~ (-;,

crj,-­
RIM­
Direction

-16

-20 0!---:':10:-----:2O"---::30:--:--4O'=-----:'50

Incidence Angle in Degrees
lal

Cr", Type: Hybrid of Sorghum
Planted in RQOS

Polarization: HH
freque.ncy (CHzl: T.25 3
Soil moistu reo 0.17 g/cm

Sensor Look - f'11"1.
Oirect~ C-;,

Ui,-­
Row­
Direction

'b ----,
:ii '"
~ ''[l0
~-8 ,
c ,
." _ ......_-:'0,

l::L' <T;j. '",

-20 ~

o 10 20 30 40 50
Incidence Angle in Degrees

Ibl

19 0
c

!:l
.:
'b

FIG. 3. A closeup view of the sorghum field'
under investigation.

of incidence angle, signal polarization, and
frequency. The significance of each of these
sensor parameters will be discussed next for
only one of the three data sets partly to con­
serve space and mainly because the results
are similar for all three cases13 •

Although angular and frequency responses
will be discussed separately, they are nonethe­
less related. Three frequencies have been
chosen to discuss the angular response; these
are 2.75 GHz, 5.25 GHz, and 7.25 GHz repre­
senting respectively, the lower end, the mid­
dle, and the upper end of the 2-8 GHz band.
The angular response of the scattering coeffi­
cient, 0'0, measured on July 16 is presented in
Figure 4 for II and.l look directions at the
three frequencies. Only HH polarization data
are presented here since differences due to
polarization are discussed separately below
(Figure 5). In general, the difference be­
tween the two curves in Figure 4 is most pro­
nounced in the 10°_30° range at the lowest
frequency. At 20°, for example, a1 - a011 is
about 9.5 dB at 2.75 GHz compared to 4.5 dB
at 7.25 GHz.

To illustrate the significance (if any) of sig­
nal polarization on the difference, ti.o'o = a1 -

-16

FIG. 4. Comparison of the angular response of the
scattering coefficient 0'0 for parallel and orthogonal
look directions at a) 2.75 GHz, b) 5.25 GHz, and c) 7.25
GHz.
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CONCLUDING REMARKS

The observations noted in this paper
suggest the need for thorough experimental
programs to document the effect of look di­
rection (relative to the row direction) on the
backscattering coefficient of row crops as a
function of crop growth and the sensor
parameters: incidence angle, signal fre-

(TOil, the latter quantity is plotted as a function
of incidence angle in Figure 5 corresponding
to the three frequencies used above. Each
graph contains curves ofHH and VV data. For
the most part, .1uoH is larger than .1(T°V, which
is in agreement with the L-band images
shown in Figure 1.

The 2-8 GHz spectral responses of (TOil and
(T°..Lare shown in Figure 6a and 6b at 20° and
50°, respectively. Consistent with earlier ob­
servations, at 20° (T':!. approaches (TOil as the
signal frequency is increased, and at 50° the
look direction effect is almost completely ab­
sent across the entire band.
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FIG. 5. Angular response of f:1uO
u1. - UO{{ at a) 2.75 GHz, b) 5.25 GHz,
and c) 7.25 GHz.
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quency, and polarization. Such information is
vital for proper choice of future operational
imaging radars intended for agricultural land
use mapping and for proper analysis and in­
terpretation of the imagery acquired by these
systems.
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