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Abstract—Radar technology in the mm-wave frequency band
is a promising approach for the detection of birds and bats at
wind turbine installations in order to reduce fatalities either by
direct collision of the animals with the rotor blades or through
barotrauma. In this paper we present an FMCW radar system
with 1 Tx and 9 Rx operating in the Ka-band from 33.4 GHz
to 36.0 GHz. The radar system is installed at the tower of a
2 MW wind energy plant about 95 m above ground. The data
acquisition is described in this paper including the real-time
processing pipeline, followed by exemplary bird detections. Also
the detection of drones, serving here as an artiﬁcial ﬂying object
with a deﬁned ﬂight path, will be presented and discussed.
Validation is performed by concurrent camera recordings.
Index Terms—Wind turbines, FMCW radar system, bird
detection, Range-Doppler processing

wind park. Those surveillance radars are well suited for wide
area monitoring and for the detection of larger birds such as
eagles, red kites or storks which all have a signiﬁcant radar
crosssection. In this paper, we use mm-wave radar systems
and operate thus at higher frequencies. Due to the smaller
wavelength it is possible to measure even smaller ﬂying
animals such as singing birds and bats. Such a staring radar
system has advantages in terms of detection rates and agility.
Several radar systems have been used in the context of
bird detection at wind turbine installations. A ﬁrst example is
the bird scan radar proposed in [4] which is used to monitor
bird migration through a wind farm. In addition, Wasserzier
et al. [5] demonstrated bird monitoring in wind farms.

I. I NTRODUCTION

II. F IELD I NSTALLATION : E XPERIMENTAL SETUP AND

The detection of birds with radar technology has a long
history starting in 1945 using X-band radar systems [1]. A
variety of similar radar systems have been proposed in the
meantime such as Robin radar [2] or Merlin radar [3]. Most
of the existing avian radar systems operate in the microwave
frequency band and use a rotational scanning combined with
a high gain antenna to cover a large area such as a complete
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A. Sensor system installation
Fig. 1 illustrates the radar system installation at the tower
of a wind energy plant about 95 m above ground. The radar
system operates in a frequency-modulated continuous wave
(FMCW) mode from 33.4 GHz to 36.0 GHz based on a sweep
time of 400 μs. The output power is about 1 W. The arrangement of the transmitter (Tx) and receiver (Rx) is optimized
in terms of the point spread function [6] with a centralized
Tx and three Rx on each leg. Horn antennas with a gain of

Fig. 2. Diff-RMS for two radar channels (a) Rx: 2 and (b) Rx: 7. The peaks
in both curves indicates that both radar receivers were able to detect the bird
event independently and automatically.
Fig. 1. Radar system installed at the tower of a 2MW wind energy plant about
95 m above ground. The FMCW radar operates in Ka-band from 33.4 GHz to
36.0 GHz and consists of one Tx and nine Rx-modules.

about 24 dBi are used in the transmit and receive path. More
information about the systems architecture can be found in [7].
B. Signal processing strategy
Algorithms for real-time and batch processing have been
implemented in this study to detect ﬂying objects and to study
their ﬂight behaviour.
1) Real-time detection of ﬂying objects: The radar system
must decide quickly and automatically about the presence or
absence of a ﬂying animal. Therefore, activity indices have
been investigated previously [8]. The real-time architecture of
the proposed radar system is based on the raw data delivered
by each receiver. Based on a trigger signal the useful signal
portion is ﬁrst segmented and then processed by the inverse
Fourier transform [9]. Transforming the time axis to the
distance domain using the speed of light c, leads to range
proﬁles that provide distance information about the ﬂying
objects. A waterfall diagram of such range proﬁles is called
radargram.
The real-time detection of bats and birds is based on a
differential approach where one range proﬁle is subtracted
from the next. From this differential signal the root-meansquare (RMS) is computed. A ﬂying object leads to strong
signal changes and to a peak in the differential RMS (called
Diff-RMS in the remaining paper). A detection threshold is
based on the statistical properties of the differential signal and
follows the approach presented in Ref. [7].
2) Range-Doppler processing: The Range-Doppler algorithm (RDA) is widely used to determine the velocity of

moving objects by measuring and processing the Doppler shift
in the received signals [10]–[13]. For calculating the velocity
and distance of birds and bats an accurate measurement of
the reﬂected frequency is required. The shift between the
transmitted frequency and received frequency is an indication
of the bird’s speed. An object moving towards the radar
would lead to a shortening of the wavelength (negative sign
of radial velocity). If the object moves away from the radar
this process reverses (positive sign of radial velocity). The
algorithm exploits the mean frequency of the transmitted
FMCW signal as the carrier frequency for calculating the
Doppler shift. According to [14] the relationship between
Doppler frequency fD and emitted frequency fT x is given
by
fD = fRx − fT x =

2 · vr · fT x
,
c0

(1)

where fRx is the received frequency and vr is the radial
velocity. It has to be mentioned, that the calculated velocity
has a certain error since the mean frequency of the FMCW
radar was used as a reasonable approximation.
To form the Range-Doppler (RD) map the RDA computes an FFT for range compression. Next, the data must
be transformed to the Range-Doppler domain by an azimuth
FFT [15]. The range-Doppler map provides information about
the position and velocity of the object for a particular time
interval. Plotting the RD map over time, leads to the objects
ﬂight path.

Fig. 3. Result of the concurrent camera-based detection of the birds ﬂight
path.

III. R ESULTS
A. Bird detection example
Fig. 2 illustrates the Diff-RMS curves for two different radar
channels, i.e. Rx: 2 and Rx: 7. In both cases a sudden peak
can be observed at the same point in time that intersects the
statistically deﬁned threshold. Since this event was recorded
during the day it was possible to record a video of the bird
shown in Fig. 3. Other bird detections were recorded during
the night where no camera-based validation was possible.
Fig. 4 depicts the corresponding radargram showing that the
bird passed the radar at a distance of about 25 m. In addition,
Figure 5 illustrates three different time intervals of the RangeDoppler map. In subﬁgure 5(a) the bird is ﬂying towards the
radar with a speed of approximately |vr | = 2 m
s . The ﬂight
direction is given by the negative sign of the velocity. In
subﬁgure 5(b) the bird has a radial velocity vr = 0 which
means that the animal is located exactly in front of the radar.
Finally, subﬁgure 5(c) shows the bird is ﬂying away with
|vr | = 2 m
s .

Fig. 4. Radargram for the detection of the bird shown in Fig. 3.

B. Drone Detection
The drone is considered in this work as an artiﬁcial bird
model that provides a deﬁned ﬂight path relative to the
radar. However, compared to a bird the radar crosssection
of the drone is much larger. In this work, drone detection
is performed in the same way as before based on a threshold
crossing. The corresponding radargram as well as a photo of
the detected drone is shown in Fig. 6 and Fig. 7, respectively.
IV. C ONCLUSIONS AND O UTLOOK
This paper demonstrated the installation of a multistatic mmwave FMCW radar system at the tower of a wind energy
plant, followed by the successful detection of ﬂying birds and
drones. The radar measurements were validated by real-time
camera systems installed on both sides of the radar system.
In the future, a reliable detection of bats and birds can lead

Fig. 5. Range-Doppler map of a bird: (a) target is moving towards the radar.
(b) target is located in front of the radar and has no radial velocity, and (c)
target is moving away.

to an adaptive wind turbine control strategy so that currently
implemented shut-down algorithms leading to revenue losses
for the wind turbine operators can be overcome.
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Fig. 7. Camera-based validation during drone measurement.
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