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Biomass Detection with UWB Radar
Yield Mapping Sugar Beets
Biomass detection in agricultural
soils with microwave sensors
through high-resolution ultra-wide
band (UWB) M-sequence radar is
presented here. Its application in
assessing sugar beet yields is ela-
borated on. The performance in
beet detection with the radar me-
thod is discussed, as well as the dif-
ferentiation between the wanted
beet signal and soil reflection and
other disturbance signals. On the
behaviour of backscattering E.M.
waves on biomasses, the effect of
the single sugar beet geometry on
backscattered energy and impor-
tant steps in signal interpretation
are explained.
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The contemporary economical and ecolo-
gical conditions in the agriculture are

the reasons for growing demands on quanti-
ty and quality of cultivation measures. The
mapping of biomass growth, i.e. the yield
mapping within one field delivers to the far-
mer the essential information about the suc-
cess of the used cultivation measures [1].
This, together with other procedures of the
Precision Farming concept, reduces the
amount of pesticides and fertilizers and pro-
motes an economical and sustainable agri-
culture. The yield measuring using micro-
wave sensors is, in that sense, a contribution
to precision farming.

The principle of Ground Penetrating Ra-
dars (GPR) is based on spreading of the elec-
tromagnetic wave from the transmitter an-
tenna into the soil and it is reflected on every
boundary layer of soil or object with diffe-
rent material properties. The penetrating
depth of the waves in natural soils depends
on the wave frequency from one side and the
salinity and the water content (conductivity)
on the other. Because the measurement reso-
lution depends on the wave frequency and
the usefulness of collected information on
the used bandwidth, the utilized system in
this research works with a large band width
of up to 4.5 GHz, which also means with
high resolution.

Measuring methods

The biomass detection using UWB radar is
based on the spreading and scattering of
electromagnetic waves with large band-
widths and very low power (~1 mW of ra-
diated power). Figure 1 illustrates the princi-
ple of data acquisition. During the measure-
ments one antenna (or antenna array) was
moved at a certain distance from the soil over
the measuring objects (e.g. sugar beets). The
radiated waves were reflected and scattered
in different manners. The task of this re-
search venture was to process and interpret
the collected signals in order to gain infor-
mation about the test object.

In comparison with the usual objects of ra-
dar detection, sugar beets are very small ob-
jects. In order to manage high resolution and
sufficient penetration depth of the waves, the
wideband M-sequence radar procedure was
used. This system uses random binary se-
quences (M-sequences), which are pseudo
noise modulated signals with large band-
width. Further information about the proce-
dure is available in the publication from
Sachs [2].

The goal of the measurement is to extract
the Impulse Response Function (IRF) of the
target object (sugar beet) from the collected
data in order to determine its physical pro-
perties (volume, for example). The object’s
IRF is masked with the antenna’s IRF and
with the radiated signals. The masking of
IRF with radiated signals is avoided by uti-
lization of the wideband technology, and the
damasking of antennas is described in the
next section of this report.

Beside the already mentioned IRF misre-
presentation, the test object (sugar beet) is in
the boundary layer of two materials (air-
soil), which causes additional disturbances.
These additional disturbances are usually
caused by interactions with the signals,
which do not originate from the test object.
The following simplified equation summari-
zes the most important of them:

btot(t) = btarget (t) + bXT (t) + bsf (t) + Bnt (t) +
n(t) + r(t)

btot – measured signal; btarget – scattering sig-
nal of the target; bXT – antenna cross talk; bsf

– surface reflection; bnt – scattering from un-
wanted objects (stones, soil bumps, holes); n
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Fig. 1: Principle of data acquisition with soil
backscattering, reflections from the overground
part of sugar beet, volume scattering and
crosstalk.
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– noise, external disturbance; r – multiple re-
flections (antenna-surface, antenna-target,
target-soil, etc). (Backscattered signals,
which do not originate from the target are
usually called clutters.)

The data processing steps are: 
1. Extract the backscattered signal of the tar-

get btarget from the measured signal btot

2. Clean up the extracted signal from the in-
fluences of antennas

3. Recognize important geometrical pro-
perties of the test object from its IRF.

The influence of noise and other external
disturbances n(t) stays unconsidered, becau-
se it is possible to suppress it sufficiently
with averaging and careful preparation and
performing of experiments. The experiences
so far showed that scattering from unwanted
objects bnt(t) does not considerably influence
the measuring results. The distance between
the antennas and the soil surface is large
enough, which allows the multiple reflec-
tions r(t) to be neglected.

Results

Backscattering of the sugar beet
In the typical case, one part of the sugar beet
is above the soil surface. These parts of su-
gar beet look like small bumps on the soil
surface profile, which could be detected
with the radar. The task of data processing is
to isolate the signal of sugar beet by filtering
the signal of “normal” soil. This method,
which is very computation efficient uses on-
ly the backscattered energy to detect the su-
gar beets [3]. The processing of the data in
order to determine the reflected energy con-
sists of computing the quadratic absolute 
values of the Hilbert-transformed time sig-
nals. The time-structure of the signals is in
this case unavoidably lost. However, the de-
tection reliability of this simple method still
needs improvement.

From the simulations made with geome-
trically simple bodies, e.g. sphere, the back-
scattering behaviour of the waves is known
and it shows a strong relationship with the
radius of the object. As long as the size of the
test object exceeds the minimum size, the
backscattering behaviour of the waves is de-
termined with the object’s shape and size, as
well as the angle of the transmitting and re-
ceiving antennas (viewpoint). The backscat-
tering behaviour of the sugar beets was mea-
sured in simplified conditions (spreading of
the waves in the air). First of all the expected
dependence between the size and the reflec-
ted signals was noticed, but also the rela-
tionship with the viewpoint. The first depen-
dence is desired and necessary for solving
the presented problem, but the second one
induces additional ambiguities. The strong
angle dependence is fortunately only in the
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vertical plane, which does not influence the
signals in practical conditions.

Sugar beet detection
For the demonstration of the detection algo-
rithm, the scenario shown in Figure 2 with
four buried sugar beets of different shapes
and sizes was arranged. From the collected
reflected signals the backscattered energy
was calculated and integrated over the time
for every position (distance) of the scan to
calculate the total amount of the energy. If
the total collected reflected energy is consi-
dered in relationship with the scan distance,
some peaks can be identified as sugar beets,
when they have values above the threshold S.
With this simple method it is possible to de-
termine the position of single sugar beets
and to count them. By comparing the maxi-
mum energies on the marked positions (A-
D) it is possible to relate the amount of back-
scattered energy with the sugar beet size, but
the measuring of the single sugar beet mass
was not yet possible.

Discussion and conclusions

The tests showed the expected backscatter-
ing behaviour of sugar beets as electro-
magnetic backscattering bodies. With the
help of the statistical evaluations, the testing
of the correlation between the sugar beet
mass and separate signal parameter is 
planned. The special challenge is the de-
masking of signals of sugar beets embedded
in soil with the backscattered signals from
the soil surface, which differ considerably
with changing soil properties. The most in-
fluential soil properties are water content,
salinity and clay content. Knowledge about
the characteristic behaviour of the electro-
magnetic waves spreading in soil is essenti-
al for signal interpretation. In this context, a
new UWB measuring principle was develop-
ed and its applicability for water content
measurement was tested [4]. 

The results of the tests showed that the de-
tection of sugar beets through the foliage
was not possible. However, it was also not
necessary because the yield measurement
during the harvest takes place after topping
and before lifting. The influence of the cut
leaves lying on the ground after topping has
not been investigated yet.

In order to make it possible to distinguish
a single sugar beet and determine its mass, it
is necessary to recognize the scattering from
unwanted objects and soil surface. One of
the goals of future research activities is to
build a reference data bank with typical
backscattered signals from clutter and from
sugar beets of different sizes in three typical
agricultural soil types with different water
contents. On the basis of this data bank it
should be possible to compare the signals
collected in the field conditions with parti-
cular features of the signal in the data bank
in order to classify the scanned sugar beets
according to their volume and mass.
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Fig. 2: Principle of sugar beet detection. Top:
measuring scenario with 4 sugar beets. Middle:
Radargram of the backscattered energy.
Down:Threshold (S) comparison with the
integrated energy of backscattered signals of
single sugar beets
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