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The objective of this paper was to test the suitability of Doppler microwave radar for the detection of wild animals hidden
in grassland in front of the harvester. The ability of Doppler radar HB100 sensor to detect a dog or a human person hidden
behind different types of crops was tested in laboratory conditions. Relative movement between the radar and the observed ob-
ject was secured by the assembly acting as mathematical pendulum. The radar always moved in front of different crop samples
(arranged in two or one line). The dog or human person was situated behind the crop. In five out of seven cases, the sensor
was able to detect the human person. Only in two out of seven cases, the sensor was able to detect the dog. Nevertheless, it
can be concluded that microwave radar sensor can be a useful device for detection of wild animals in the crop. Next research

is needed in order to better explain the influence of disturbing factors on the measurements.
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INTRODUCTION

Protection of animals and their welfare is increas-
ingly inflected in relation to intensive economic human
activities, not only in agriculture but in all sectors
related to outdoor activities. Welfare is generally
regarded as a consequence of the development of so-
ciety and its economic condition (McInerey, 2004).

However, unlike livestock, where measures con-
cerning the protection of animals in western coun-
tries are very specific, for wild specimens the issue
is addressed in more general terms with little actual
impact (Dubois, Fraser,2013). Linell et al.
(1998) highlighted that one such example of violation
and disregard for the rules of proper farming and the
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welfare of wild animals is killing roe deer during
first spring haymaking (May—June). Only in western
part of Germany, more than 400 000 wild animals are
killed or injured every year during spring time pasture
mowing (Boostra, 1995). Everything is related to
the natural course of the first days of born animals.
The doe, like most deer, defers its young and returns
to them only for breastfeeding. Little roe deer thus
react to any kind of danger by minimizing their motion
and in many cases do not run even in direct contact
(Linell etal., 1998). This plays an important role
in neonatal mortality caused by harvesting machines
during haymaking. Death of the young is in many
cases very severe, with frequent cases of cut feet and
subsequent bleeding. Although great importance of
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mortality caused by harvesting devices has been high-
lighted by several authors since the 1970s (Kitller,
1979), it has started to receive more attention only
recently (Gaillard etal., 1998;Jarnemo, 2004;
Jarnemo, Liberg,2005;Panzachi etal.,2009).

The possibility of game injury or death is growing
with an increasing working width and speed of grass
harvesting machines. It is especially the young who
are endangered as their natural instinct commands
them to stay in grassland (Jarnemo, 2002). That
is why the current trend is to develop a system that
could locate the position of the animal in front of
the harvester. Besides, wildlife may be located for
example by a thermal camera or microwave radar.
The thermal camera works on the principle of receiv-
ing infrared radiation from surroundings (Kaplan,
2007). Unfortunately the ability of thermal cameras
can be reduced for use of wild animal’s detection. As
published by Boostra (1995) it may be difficult or
impossible to detect animals because of their feathers
that have high insulate properties, which minimize the
thermal differential between them and the environment.
Thermal cameras can also be placed on a flying drone.
Managed by the software, it can automatically scan the
marked out land. The problem is to maintain a constant
altitude of the drone over the ground in hilly terrain and
low resolution of the camera at higher temperatures.
Scanning 1 ha takes about 4 min at the altitude of
50 m above ground (Israel, 2011). Thermal cam-
eras can also be mounted onto a tractor. With suitable
temperature range setting of the thermal camera an
animal is more clearly visible in the picture compared
with the surrounding. Experiments have been made
on the chicken in a cage and on the game. The system
was able to detect a hidden animal even at speeds of
15 km h'. The camera had the width of shot 2 m and
detected the animal 5 m ahead (Steen etal., 2012).

It was also demonstrated that the Doppler radar
can perform complex scanning (Biebl, 1999). The
microwave Doppler radar with a frequency of 24 GHz
can detect the reflection of waves from an animal
thanks to the differences in water content in the ani-
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mal’s body and its surroundings. When passing over
the animal, its reflection appears using a relatively
clean signal with lower noise. As drawbacks remain
too many errors in high moisture content and problems
of maintaining a constant distance of the sensor from
the ground (Patrovsky, Biebl, 2005).

As follows from the above literature review, early
detection of the presence of an animal in front of the
harvesting machine would undoubtedly be of great
benefit for saving its life, especially among the young.
However, this is not easy to solve. That is why the
main aim of this paper is to test the suitability of
Doppler radar for the detection of wild animals hidden
in grassland in front of the harvester.

MATERIAL AND METHODS

The main part of the tested device was a Doppler
radar HB100 from ST Electronics (transmission fre-
quency 10.525 GHz). The radar output raw signal
was amplified and received by Acer Aspire One 721
notebook sound card (through microphone input).
Computer sound card enabled to record the sensor out-
put signal (voltage) with a sampling rate of 44.1 kHz.
Received data was decoded and stored in text format
by computer programme written in Python (ver. 2.7).

The Doppler radar (Fig. 1a) was chosen because
it continuously transmits and receives microwave
radiation. That is why this type of radar can be casily
used to determine the strength of the reflected signal.
Nevertheless, for radar proper function it is necessary
to ensure relative movement between the radar and
the observed object. Sensor was hanged by two thin
strings to laboratory roof beam. This assembly acted
as mathematical pendulum. It was possible to provide
a defined movement of the sensor, which could be used
for the measurements. The length of the pendulum
hanger was 4.8 m.

A dog (of Bavarian Mountain Hound breed) and/
or a Ph.D. student simulated wild animal hidden in
undergrowth for the aim of our experiments. The

Fig. 1. Detailed view of Doppler radar
sensor used for our measurements (a);
arrangement of measuring station for

rucser (D)

detected object

our experiments (b)
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Table 1. Combination of the crops in gardener boxes used as a simula-
tion of different crops

Label of combination Crop

Material moisture content, w.b. (%)

grass one line

grass two lines

prickly lettuce one line

Q 7 m g o w >

first line nettle, second line grass

moistened prickly lettuce one line
moistened nettle two lines

moistened grass two lines

40.9
40.9;41.2
65.4;41.2

41.3

41.3 + 200 g water
65.4; 66.8 + 400 g water
40.9; 41.2 + 400 g water

dog/human was in seated position, down and behind
samples of the crop. Gardener boxes with dimensions
585 mm in length, 200 mm in width, and 180 mm in
height with different plants (meadow grass, nettle and
prickly lettuce) were used to simulate different types
of crops. The view of measuring stand arrangement is
in Fig. 2. Material moisture content was determined
for each particular crop according to ASABE Standard
S358.2(ASABE Standard,2006). This standard
defines the procedure of moisture measurements for
forages, based on the oven drying method. For the
measurements, seven types of different crops were
simulated. For each simulated crop three measurements
were made: without hidden object (1), with dog (2), and
with student (3). In total, 21 measurements were made
by this way. Six courses of sensor output signal were
recorded for each particular measurement. A detailed
description of simulated crops can be seen in Table 1.

Fig. 2. Detailed view of measuring
stand during dog detection experi-
ment
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In order to simulate conditions with possible dew, the
surface of tested crop was wetted by 200 g of water
per one row for last three combinations.

Measurements arrangement was according to Fig. 1b.
The pendulum was moved approximately perpendicu-
larly to the wall formed from simulated crops. The
simulated crop always formed a 1170 mm wide and
at least 1 m high obstacle. The detected object was
hidden behind that obstacle always at a distance of 1.3
m from the radar sensor centre position. The initial
displacement of the pendulum was always 500 mm.
At least six pendulum swings were recorded for each
particular measurement.

Data analysis

For the data analysis, short time Fourier trans-
formation (STFT) was used (Sejdic et al., 2009).
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Table 2. Compared measured values with dog and with person with
the variant without hidden object; resulting P-values from paired
t-test statistics

Simulated crop Dog x without | Human person x without
A 0.355 <0.01

B 0.151 <0.01

C 0.955 0.075

D <0.01 <0.01

E 0.148 <0.01

F 0.959 <0.01*

G 0.026 <0.01

*P-value indicates that signal strength was smaller with human person

than with the variant without hidden object in this case

A dominant frequency was derived from acquired
time-frequency distribution. This frequency corre-
sponded to the radar sensor speed. Local maximums
were detected in the next step. Data area, in which a
maximum could be assumed, was fitted by fourth de-
gree polynomial for the maximum detection purposes.
The point where this polynom reached its peak was
designated as search local maximum. Such maxima
corresponded to the moments when radar sensor moved
at top speed and therefore found in the central position.
The data in the neighbourhood of these points (+ 0.1 s)
was used for next evaluation. Fig. 3 shows the part of
dominant frequency course and the corresponding part
of the sensor output signal. Ten such defined sections
were evaluated for each particular measurement. Root
mean square (uy, o) was calculated for each particular
measurement according to the formula:

1
Uryms = E(uf +u +...+ud) Q)

where:
n = number of values in observed interval
u, = radar sensor output value (V).
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Fig. 3. Graphical view of the procedure for local maximum determina-
tion from the course of observed signal
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Computer programme Python (ver. 2.7) and sup-
porting libraries Numpy 1.8 and Scipy 0.13 were used
for the data analysis.

RESULTS

The results from all our 21 measurements can be
seen in Fig. 4. Various measurement combinations
according to Table 1 (A, B, C, D, E, F, G) without hid-
den object (1), with dog (2), and with student (3) are
displayed in x axis, and y axis displays the processed
values of the radar sensor output signal. Calculated
averages and standard deviations are plotted in this
graph for each combination.

The results from the measurements with dog and
with person were then statistically compared with
the variant without hidden object. P-values result-
ing from paired 7-test are provided in Table 2. These
values represent the probability that compared data
files are the same.

DISCUSSION

It is clear from Fig. 4 and Table 2 that in most
cases it was possible to detect human person hid-
den behind simulated crop (P-value < 0.01). Weaker
result was obtained in the variant C3. In this case,
the combination of nettle crop in the first line and
grass crop in the second one was tested. The result-
ing simulated crop was dense with a relatively high
material moisture content. This caused that only small
amount of signal penetrated the simulated crop and
hidden person was not detected reliably. The worst
result in human person detection was achieved in the

ensor output (V)

wn 0.

Al A2 A3 B1 B2 B3 C1 C2 C3 D1 D2 D3 E1 E2 E3 F1 F2 F3 G1 G2 G3

Fig. 4. Calculated averages and standard deviations of observed values
from various measurement combinations: A — grass one line, B — grass
two lines, C — first line nettle, second line grass, D — prickly lettuce
one line, E — moistened prickly lettuce one line, F — moistened nettle
two lines, G — moistened grass two lines without hidden object (1),
with dog (2), and with student (3)
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variant F3 as it is also clear from Fig. 3 and Table 2.
In this case, the measured radar sensor output values
were even smaller than those for the situation without
hidden object (F1). The crop was simulated by two
lines of moistened nettle for this measurement. It is
clear that a relatively high amount of water in plants
and plant surface prevented completely the successful
detection in this case.

The results showed that the surface moisture does
not significantly affect the signal permeability. In the
case when all measurements were made under the
same conditions (B and G) no significant difference
between results with and without moisture on grass
surface was observed.

The results obtained also showed the failure in
detecting dog hidden behind simulated crop in almost
all cases. Only two cases of detection (D2, G2) can be
evaluated as successful (P-value < 0.05). In this case,
the main problem was that it was hard to keep the dog
in the desired position without moving during the mea-
suring interval (about 21 s). This subsequently caused
a great dispersion of measured values. Unfortunately,
the consequences of this fact were not clear until the
evaluation of measured values.

Patrovsky, Biebl (2005) reported that in
the laboratory conditions and in spring-time pasture,
very high reliability of detection was achieved by a
24 GHz Doppler radar. Nevertheless, the authors used
fabric-covered hot-water bottle instead of live ani-
mal under both laboratory and field conditions. They
reported 50% detection reliability in the case when
the target was covered by plants. When comparing
our results with those published, it can be concluded
that our system worked with similar precision under
laboratory conditions with live objects.

Fackelmeier, Biebl (2009) found that
a Doppler radar sensor worked at 5.8 GHz suits ideally
for the detection of a covered object where it was only
important to get information about the presence of the
target but not to obtain other characteristics (distance,
velocity etc.). It also agrees with our results. To detect
the dog was a problem due to its slight movement
during the measuring interval.

It is obvious that for a more reliable detection,
probably the combination of Doppler radar with other
sensors is needed.

CONCLUSION

First results obtained during the tests of the Doppler
radar sensor as a device for possible detection of wild
animal hidden in crop are presented in this paper. The
radar sensor was able to detect human person hidden
behind the crop. In five of the seven cases the P-value
was < 0.01. Weaker results were obtained in the case
of detection of the dog. Only in two of the seven cases,
the P-value resulted less than 0.05. On the base of
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our results it can be concluded, that microwave radar
sensor can be a useful device for detection of wild
animals in the crop, with certain limitations (crop
moisture content, movement of the animal). Further
research is planned in order to better understand the
influence of those limitations.

REFERENCES

ASABE Standards (2006): S358.2 Moisture measurement —
Forages. American Society of Agricultural and Biological
Engineers, St. Joseph.

Biebl EM (1999): Millimetre wave systems based on SIMM-
WICs. URSI General Assembly Digest, Toronto. doi:
10.1109/SMIC.2000.844284.

Boonstra R, Eadie J, Krebs C, Boutin S (1995): Limitations of
far infrared thermal imaging in locating birds. Journal of
Field Ornithology, 66, 192—198.

Dubois S, Fraser D (2013): Rating harms to wildlife: a sur-
vey showing convergence between conservation and
animal welfare views. Animal Welfare, 22, 49-55. doi:
10.7120/09627286.22.1.049.

Fackelmeier A, Biebl EM (2009): A multistatic radar array for
detecting wild animals during pasture mowing. In: Proc.
6™ European Radar Conference EURAD 2009, Rome, Italy,
477-480.

Gaillard JM, Andersen R, Delorme D, Linnell JDC
(1998): Family effects on growth and survival of ju-
venile roe deer. Ecology, 79, 2878-2889. doi:
10.1890/0012-9658(1998)079[2878:FEOGAS]2.0.CO;2.

Israel M, Schlagenhauf G, Fackelmeier A, Haschberger P (2011):
Study on wildlife detection during pasture mowing. http://
elib.dlr.de/65977/1/WildretterVDIv4.pdf. Accessed 11 May,
2017. (in German)

Jarnemo A (2002): Roe deer Capreolus capreolus fawns and
mowing — mortality rates and countermeasures. Wildlife
Biology, 8, 211-218.

Jarnemo A (2004): Neonatal mortality in roe deer. Ph.D. Thesis,
Swedish University of Agricultural Sciences.

Jarnemo A, Liberg O (2005): Red fox removal and roe deer
fawns survival — a 14-year study. Journal of Wildlife Man-
agement, 69, 1090-1098.

Kaplan H (2007): Practical applications of infrared thermal
sensing and imaging equipment. SPIE Press, Bellingham.

Kittler L (1979): Game losses resulting from the introduction of
farm machinery, estimated for the hunting year 1976/77 in
North Rhine Westphalia. Zeitschrift fur Jagrdwissenschaft,
25,22-32. doi: 10.1007/BF02243581. (in German)

Linnell JDC, Duncan P, Andersen R (1998): The European
roe deer: a portrait of a successful species. In: Andersen
R, Duncan P, Linnell JDC (eds): The biology of success.

Scandinavian University Press, Oslo, 11-22.

SCIENTIA AGRICULTURAE BOHEMICA, 49, 2018 (2): 136-141



Mclnerney J (2004): Animal welfare, economics and policy.
Report on a study undertaken for the Farm & Animal Health
Economics Division of Defra, Exeter, UK.

Panzacchi M, Linnell JDC, Odden M, Odden J, Andersen R
(2009): Habitat and roe deer fawn vulnerability to red fox
predation. Journal of Animal Ecology, 78, 1124-1133. doi:
10.1111/§.1365-2656.2009.01584 .x.

Patrovsky A, Biebl EM (2005): Microwave sensors for detection
of wild animals during pasture mowing. Wildlife Biology,
3,211-217.

Sejdic E, Djurovic I, Jiang J (2009): Time—frequency feature
representation using energy concentration: an overview of
recent advances. Digital Signal Processing, 19, 153—183.
doi: 10.1016/j.dsp.2007.12.004.

Steen KA, Villa-Henriksen A, Therkildsen OR, Green O (2012):
Automatic detection of animals in mowing operations using
thermal cameras. Sensors, 12, 7587-7597. doi: 10.3390/
$120607587.

Corresponding Author:

Ing. Vadym Shapoval, Czech University of Life Sciences Prague, Faculty of Engineering, Department of Agricultural Machines,
Kamycka 129, 165 00 Prague—Suchdol, Czech Republic, phone: +420 224 383 127, e-mail: shapoval@tf.czu.cz

SCIENTIA AGRICULTURAE BOHEMICA, 49, 2018 (2): 136-141

141



