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Abstract - The computation of the frequency correla-

tion function (FCF) in wide-band measurements of the

radar backscatter from complex distributed targets allows

the estimation of parameters related to the structure and

geometry of the targets, since the individual response of

the single components has slight variations with frequency.

In this paper, the application of this technique to data ac-

quired in a laboratory under fully controlled conditions is

described. The FCF of the distributed target has clear

trends and features, as the main lobe width and the posi-

tion and level of the secondary lobes, which can be used

to characterize and classify it. The targets used in this ex-

perimental validation include two samples of maize crops,

a fir tree and a ficus plant. The height and density of the

maize plants are parameters expected to be inverted, but

an analytical or numerical method for this inversion has

not been developed yet. The FCF could be also employed

to identify different vegetation kinds, since it is sensitive

to the plant structure.

INTRODUCTION

In recent years, some approaches for increasing the num-

ber of estimable parameters from remote sensing mea-

surements have been developed. These techniques employ

multi-frequency, multi-polarization or interferometric sys-

tems. An effective approach consists on the computation

of the FCF [1] of the radar backscatter response in or-

der to retrieve physical parameters from natural targets.

The usefulness of this technique for distributed targets

is based on the fact that the scattering from a given ele-

ment changes only slightly with frequency, while the entire

target decorrelates faster. This is due to that frequency

decorrelation depends on changes in the relative positions

between scatterers (phase changes), and not on the scat-

terers themselves.

In [1] the backscattered FCF was applied to estimate

the rms height of rough surfaces, and the extinction rate

and height of grass fields and snow layers. This type of

targets has in common a definite interface between free

space and the medium which constitutes the target. For

such targets it is relatively easy to compute the system

FCF, which only depends on the measurement instrumen-

tation and geometry [2]. Later, this system FCF can be

removed from the measured FCF and the target FCF is

obtained. Therefore, the target FCF only depends on the

target itself and the estimation of its physical parameters

becomes straightforward. In this paper we have started

to investigate the application of the backscattered FCF to

vegetation samples. Vegetation targets have a very com-

plex geometry and we have not found yet the way for com-

puting a system FCF matched to these targets. Anyway,

it is possible to compare coherently the measured FCF

from different targets if the same measurement setup is

employed for all targets. Then, we can obtain useful infor-

mation for estimating physical parameters or identifying

different vegetation kinds by knowing that there is always

a common dependence on the system.

In the first section, the theoretical definition of the

backscattered FCF and the way to compute it in real mea-

surements are briefly presented. The second section shows

the experimental setup, the results we have obtained and

the discussion about the potential of thk technique.

BACKSCATTERED FREQUENCY

CORRELATION FUNCTION

Consider a radar system operating in stepped frequency

mode which transmits in Nf frequency steps over a total

bandwidth B. If the bandwidth is a small fraction of the

center frequency to, the backscattering coefficient will be

approximately independent of frequency:

(p3(f)y) E (111(.fo)]z) (1)

Thus the backscatter process E(f) becomes a stationary

process and its covariance only depends on the frequency

shift:

C(.fl, f2) = (.w2)-3*(.fl)) = c(f2 – fl) (2)

The FCF is defined as the normalized covariance func-

tion. Its magnitude and phase are:

R(Af) = ~
C(Af)

@(Af) = ~~ (3)
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When A~ = O the FCF is maximum, and approaches

zero as the A~ increases. In practice, the statistical aver-

aging is obtained by measuring N~ independent samples,

and the FCF is computed in the following way:

Nf–M

c(Af)= ~-/M x (-%qj+ivr) (4)
j=l

where Ei,j denotes the electric field of the ith sample at

the jth frequency point, and A f = MB fNf.

EXPERIMENTAL RESULTS

The experiment consisted of microwave radar measure-

ments on different vegetation samples. These measure-

ments were performed in a controlled environment by

making use of the anechoic chamber of the European Mi-

crowave Signature Laboratory (EMSL) at JRC Ispra in

Italy. The samples were mounted on a rotating platform

inside the anechoic chamber. The container was covered

with microwave absorber, to make sure that the mea-

sured backscatter did not include any contribution from

the ground and the corresponding interaction with the

plants. The measurement system used in this experi-

ment is based on a network analyzer and operates in the

stepped-frequency mode. All the measurements were car-

ried out within a wide frequency range and an incidence

elevation angle span. The acquired data in the frequency

domain were empty room subtracted and gated in the time

domain in order to isolate the response of the targets from

the residual antennas coupling and eventual spurious re-

flections in the chamber. The targets were rotated on

the turntable in order to obtain the statistical averaging

needed for the FCF definition. Here we present results

from spans of 1 GHz centered at S, C and X bands: 2.4-

3.4, 4.5-5.5 and 7.8-8.8 GHz respectively.

Groups of plants: maize samples

The first result is the comparison of the FCF obtained

from two samples of maize crops. The targets are two

groups of 6x6 plants about 1.2 m high and 4x4 plants

about 1.6 m high positioned on a square container. Re-

sults were computed at S band for incidence angles from

0° to 60°. Fig. 1 shows the results for 0°, 30° and 60°.

Note that the measurement system and geometry are the

same in both cases, thus a consistent comparison is possi-

ble without taken into account the influence of the system.

At O degrees (from the top of the target) the FCF for both

copolar responses are the same, due to that from the top

the radar is sensible only to the highest leaves of the maize

plants, which are randomly distributed and oriented. It

is also clear that the FCF of the first sample has higher

oscillations. It may be produced by the lower density of
the second sample, since it is the only different parameter

in both cases (the length of the trunks has no influence on

a top view). For non-zero incidence angles, all the results

show a higher level on the second lobe for the HH than for

the VV. It is the expected behavior due to the influence

of the ground, which reduces the vertical polarization re-

sponse. As the incidence angle increases, the HH curves

do not change very much, but the VV curves present vary-

ing trends. It maybe caused by the presence of the ground

and by the vertical trunks of the plants, which are visible

from these angles. Finally, it is evident that the FCF from

both samples are quite different for high elevation angles

because the plants have different heights.

Single plants: fir tree and ficus

From the previous results it can be stated that the FCF

technique is very sensitive to the physical structure of the

sample. We have further investigated this fact by compar-

ing the measurements at C band from two single trees: a

fir tree and a ficus plant. The fir tree used in this experi-

ment was about 5 m high and 2.5 m wide. This tree pre-

sented quasi-horizontal branches bearing typically 2-3 cm

needles showing a brush-like distribution. The branches

constituted large horizontal planar surfaces at different

levels in height. The top of the tree conformed to a young

tree of its same species. The ficus tree was about 2.5 m

high and 1 m wide. This tree showed 10 to 25 cm long

pointed leaves and many-twigged slender branches. More-

over, the effect of the ground plane has been observed by

repeating the measurement from the ficus by positioning

the pot on an absorber flat plane instead of being isolated

and covered by pieces of pyramidal absorbers. Both re-

sults from the ficus are presented in Fig.2, showing a com-

pletely different response due to the ground plane pres-

ence. The level of the first secondary lobe is higher for

HH than VV when the ground plane is present. Results

computed from the fir tree are presented in Fig.3 for 30 to

50 degrees. Comparing the result for 50 degrees with the

one from the ficus, it is clear that the FCF is sensitive to

the change of tree morphology as expected.

CONCLUSIONS

Some preliminary results have been presented, showing

the potentials of the FCF for identifying different plants

kinds and different biophysical parameters of the same

kind. A construction of inversion methods is still needed,

but the first insights are promising.
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Figure 1: Backscattered FCF from the maize samples at S band. 9~ = 0°,30°,60°
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Figure 2: Backscattered FCF from the ficus tree at C band. 6, = 50°. Cases: isolated pot (left) and pot on a ground plane (right)
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Figure 3: Backscattered FCF from the fir tree at C band. Oi = 30° – 50°
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