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(57) Abstract: A method (100) for a detection and classification of gestures using a radar system (1), particularly of a vehicle, com-
prising the following steps: - Providing a detection information (200) of the radar system (1), wherein the detection information (200) is
specific for signals received from different antenna units (11,12,13,14) of an antenna array (10) of the radar system (1), - Determining
at least one phase-difference information (210) from the detection information (200), wherein the phase-difference information (210) is
specific for a phase-difference of the received signals, - Applying a neural network (220) with the phase-difference information (210)
as an input (221) for the neural network (220) to obtain a result (222) specific for the detection and classification of the gestures.
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A method for a detection and classification of gestures using a radar system

Description

The invention concerns a method for a detection and classification of gestures using a
radar system. Furthermore, the invention concerns a radar system and a computer

program.

It is known from the state of the art that neural networks can be used for a gesture
detection based on radar signals. This makes it possible to classify different gestures,
like hand gestures, by using a radar system. However, the usage of neural networks in
this regard is still technologically complex and limited. For example, the reliability of
the classification can be insufficient. Furthermore, it is often necessary to perform a
manual clipping of the data streams received from the radar system to separate
multiple gestures. In other words, conventional methods are not able to automatically
detect and classify multiple gestures within these data streams. It must therefore be
ensured that only one single gesture is present in the clipped time slot used as input
for the neural network, which requires higher effort and cannot be part of an

automated method.

Generic methods are known from DE 11 2015 003 655 T5, DE 10 2016 216 250 A1,
DE 10 2016 213 667 A1 and DE 10 2016 120 507 A1.

Aforesaid problem is solved by a method according to independent claim 1, a radar
system according to independent claim 7, and a computer program according to
independent claim 11. Features and details of the present invention result from the
dependent claims, the description and the respective drawings. Features and details
discussed with respect to the inventive method therefore are also correlated with
features and details as to the radar system and the computer program.
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According to an aspect of the invention, a method for a detection and classification of
gestures using a radar system is provided. The radar system can particularly be part
of a vehicle, preferably of a motor vehicle and/or a passenger car.

According to the method, the following steps can be carried out, particularly one after
the other in the following order or in any order, wherein single steps can also be
repeated:

- Providing a detection information of the radar system, wherein the detection
information is specific for signals received from different antenna units of an
antenna array of the radar system, wherein particularly the signals contain
information about at least one gesture or multiple gestures, wherein preferably
the gesture or these gestures are performed by a user (e.g. of the vehicle) in an
environment of the radar system,

- Determining at least one phase-difference information from the detection
information, wherein the phase-difference information is specific for a phase-
difference of the received signals, particularly between signals received from
different antenna units,

- Applying a neural network with the phase-difference information as an input for
the neural network to obtain a result (as an output of the neural network)

specific for the detection and classification of the gestures.

This has the advantage that, by using the phase-difference information as an input for
the neural network, the performance of the detection and/or the classification accuracy

can be enhanced. This also results in a higher reliability of the gesture classification.

According to another advantage, the steps of the method according to the invention
can be carried out fully automatically, particularly without the necessity to manually
detect and clip the detection information (for example in the form of data streams)

according to each gesture as an intermediate step.

It is possible, that before using the above-mentioned method steps, a training of the

neural network is performed. The input used for the step of applying the neural
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network can also be used as an input for the training. The training can be based on
unsupervised learning or supervised learning, so as to teach the neural network to

detect and classify the gestures based on the input.

Advantageously, the detection information can be determined by using the signals
received from the different antenna units. For example, the radar system can adopt a
linear chirp sequence frequency modulation to design a waveform. After mixing,
filtering and sampling each one of these received signals, a respective discrete beat
signal can consist of reflecting points of objects in the environment for different
measurement-cycles from one of the antenna units, particularly receiver antennas. To
calculate the phase differences of the received signals, the spatial difference between
two receiver antennas in elevation and azimuth directions can be considered, which
can be N2, where A is the wavelength used with the radar system. The received
signal, in particular the beat signal, can be further processed to obtain at least one
spectrogram from the signal. For example, a 2-dimensional finite Fourier transform
can be applied on the received signal (particularly beat signal), preferably for each
measurement-cycle, such that a time-varying velocity information can be observed. As
a result of the Fourier transform applied for each measurement-cycle, a 3-D range-
Doppler-measurement-cycle array can be obtained. A spectrogram, which particularly
represents the uD signatures, can be deduced by integrating the resulting 3-D range-
Doppler-measurement-cycle array over range. Using two receiver antennas that have
a spatial difference of A/2, the direction angle of an object could be estimated via the
phase difference based on the monopulse angle estimation principle (see S.
Sharenson, “Angle estimation accuracy with a monopulse radar in the search mode,”
IRE Trans. Aerosp. Navig. Electron, Vol. ANE-9, No. 3, pp. 175-179, Sep. 1962). For
gesture recognition, i.e. detection and classification, the phase-difference information
can be directly utilized as a function of the measurement-cycle, which contains the

information of the direction angle of gestures.

It is conceivable that the radar system is used as a human-computer interface,
particularly for a vehicle. Therefore, the radar system can be configured to recognize

the gestures, like human hand gesture. This has the advantage that, unlike optical
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gesture recognition systems, radar sensors are insensitive to the ambient light
conditions. Further, the electromagnetic waves used for the detection of the radar
system can penetrate dielectric materials, which allows the radar system to be

embedded into a device.

The radar system can be intended to be used for in-vehicle infotainment and/or a

driver monitoring system of a vehicle.

Advantageously, the detection information is specific for at least one (or multiple)
gesture(s) performed in an environment of the radar system, particularly in an
environment of the antenna array. This environment can e.g. be an interior space of

the vehicle, so that the gesture is performed by a vehicle occupant.

Furthermore, it can be possible that the neural network is configured as a region-
based deep convolutional neural network (R-DCNN). Such an R-DCNN is exemplary
disclosed by S. Ren, K. He, R. Girshick, and J. Sun, “Faster R-CNN: Towards real-
time object detection with region proposal networks,” IEEE Trans. Pattern Anal. Mach.
Intell., Vol. 39, No. 6, pp. 1137-1149, June. 2017. A further disclosure related to R-
DCNN can be found in V. Sze, Y. Chen, T. Yang, and J. S. Emer, “Efficient pro-
cessing of deep neural networks: A tutorial and survey,” Proceedings of the IEEE, vol.
105, No. 12, pp. 2295-2329, Dec. 2017 and R. Girshick, “Fast R-CNN,” in Proceedings
IEEE Int. Conf. Comput. Vision, Santiago, Chile, Dec. 2015. The R-DCNN is capable
of automatically detecting and classifying gestures from the input. Furthermore, it
turned out, that the R-DCNN can automatically distinguish different (multiple) gestures
within the detection information. Therefore, a manual selection of the gestures
contained in the detection information prior to the step of applying the neural network
can be avoided. The input can comprise multiple gestures that are not explicitly

distinguished.

It is also conceivable that the detection information is specific for a micro-Doppler
signature of the gestures. It is therefore also possible that the radar system, for

obtaining the detection information, uses a Doppler frequency modulation, which is
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called the micro-Doppler (uD) effect (see e.g.: V. C. Chen, F. Li, S. Ho, and H.
Wechsler, “Micro-Doppler effect in radar: phenomenon, model, and simulation study,”
IEEE Trans. Aerosp. Electron. Syst., Vol. 42, no. 1, pp. 2-21, Jan. 2006). This makes it
possible to extract uD features from the detection information, particularly from
spectrograms determined by the detection information. These uD features can be
understood as the micro-Doppler signature of the gestures. In other words, the micro-

Doppler signature is the result of the Doppler frequency modulation.

It can be provided that at least one spectrogram is determined from the detection
information and used as the input, in addition to the phase-difference information, for
the neural network. In other words, the input comprises the spectrogram and the
phase-difference information and is fed into the neural network. Accordingly, it is
possible that the input of the neural network contains three channels, i.e., one
spectrogram and two phase-difference channels. This can further enhance the

classification efficiency.

Preferably, it can be provided that the input is specific for multiple gestures, and the
neural network is used (and particularly suitable) to distinguish between these multiple
gestures, so that the result is specific for a detection of individual of the multiple
gestures and a classification of these individual gestures. This can have the
advantage that multiple gestures can be automatically detected and classified without
manually clipping the detection information (e.g. in the form of data streams)
according to each gesture in advance. The gestures can particularly be movements of

a body part, preferably hand movement, of a person, or the like.

Advantageously, the detection information is determined by signals received from a
first and second antenna unit of the antenna array specific for an elevation angle, and
by signals received from a third and fourth antenna unit of the antenna array specific

for an azimuth angle.

The antenna units of the antenna array can be positioned and/or attached with a

predetermined distance from each other on an antenna array platform. The distance
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can e.g. be N2, wherein A is the wavelength used with the radar system. This allows to
calculate the phase-difference information from the received signals of the antenna
units by comparing the different signals of the antenna units with each other.
Furthermore, this allows to calculate the elevation angle and azimuth angle depending

on the arrangement of the antenna units on the antenna array platform.

According to another aspect of the invention, a radar system comprises an antenna
array for a detection in an environment of the antenna array, and a data processing

apparatus.

It is possible that the data processing apparatus comprises:

- means for providing a detection information of the radar system, wherein the
detection information is specific for signals received from different antenna units
(e.g. single antennas) of the antenna array,

- means for determining at least one phase-difference information from the
detection information, wherein the phase-difference information is specific for a
phase-difference of the received signals,

- means for applying a neural network with the phase-difference information as
an input for the neural network to obtain a result specific for the detection and

classification of the gestures.

These means can be preferably configured as a part of an electronic device
(hardware) of the radar system, like a processor or parts of the processor, or as a
software part of the radar system. If configured as a software part, these means can
e.g. be a part of a computer program according to the invention, which can be read
out by a processor from a data storage of the radar system in order to carry out the
steps of a method according to the invention.

The data processing apparatus can be suitable for carrying out the method steps of a
method according to the invention. Therefore, a radar system according to the
invention can have the same advantages as described in the context of a method

according to the invention.
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It is possible that the antenna array is configured as an L-shaped antenna array. That
means that the single antenna units can be arranged geometrically in an L-form on an
antenna array platform. This allows to calculate the elevation angle and azimuth angle
from the detection information. Particularly, for this calculation, the spatial difference

between at least two antenna units is known, and is e.g. a half of the wavelength used

for detection of the radar system.

It is also possible that the radar system is configured as a frequency-modulated
continuous wave radar system (FMCW). For example, the radar system can be
configured as a 77 GHz FMCW radar. This allows for an effective recognition of

gestures.

According to another aspect of the invention, a computer program, particularly a
computer program product, comprises instructions which, when the program is
executed by a computer, cause the computer to carry out the following steps, and/or
the steps of a method according to the invention:

- Providing a detection information of a radar system, wherein the detection
information is specific for signals received from different antenna units of an
antenna array of the radar system,

- Determining at least one phase-difference information from the detection
information, wherein the phase-difference information is specific for a phase-
difference of the received signals,

- Applying a neural network with the phase-difference information as an input for
the neural network to obtain a result specific for a detection and classification of

gestures.

Therefore, the computer program according to the invention has the same advantages
as described in the context of a method according to the invention. The computer
program can be configured non-volatile and e.g. stored in a data storage of the
computer. Furthermore, the computer can comprise a processor configured to read
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out the computer program from the data storage, in order to carry out the method

steps.

Figures

Further advantages, features and details of the invention result from the following
description, in which with reference to the drawings embodiments of the invention are
described in detail. Thereby, the features described in the claims and in the
description can be each single or in every combination be essential for the invention. It

is shown:

Fig. 1 a schematic visualisation of a method according to the invention,

Fig. 2 a further schematic visualisation of a method according to the invention,
Fig. 3 a further schematic visualisation of a method according to the invention,
Fig. 4 a schematic visualisation of a radar system according to the invention.

In the different figures same features always correspond to the same reference signs,
therefore generally the features are only described once.

In Figure 1, a method 100 for a detection and classification of gestures using a radar
system 1 is visualized. According to a first method step 101, a detection information
200 of the radar system 1 is provided, wherein the detection information 200 is
specific for signals received from different antenna units 11, 12, 13, 14 of an antenna
array 10 of the radar system 1. According to a second method step 102, at least one
phase-difference information 210 from the detection information 200 is determined,
wherein the phase-difference information 210 is specific for a phase-difference of the
received signals. According to a third method step 103, a neural network 220 is
applied with the phase-difference information 210 as an input 221 for the neural
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network 220 to obtain a result 222 specific for the detection and classification of the

gestures.

Figure 2 shows further details how to exemplarily generate an input 221 for the neural
network 220. A first radar signal 111 can be obtained from the signal received from a
first antenna unit 11 of the antenna array 10. A second radar signal 112 can be
obtained from the signal received from a second antenna unit 12 of the antenna array
10. A third radar signal 113 can be obtained from the signal received from a third
antenna unit 13 of the antenna array 10. A fourth radar signal 114 can be obtained
from the signal received from a fourth antenna unit 14 of the antenna array 10.

Then, the first radar signal 111 can be used for a time-frequency analysis 120 so as to
obtain a time-frequency spectrum 133 (spectrogram). The first radar signal 111 and
the second radar signal 112 can be used to calculate a first phase-difference
information 131 by using a calculation 121. The third and fourth radar signal 113, 114
can be used to calculate a second phase-difference information 132 by using the
calculation 121. The first and second phase-difference information 131, 132 together
with the spectrogram 133 can form the input 221 for the neural network 220.

According to Figure 3, an exemplarily processing for determining the input 221 for the
neural network 220 is described. For generating the input 221 of the neural network
220, a feature extraction network (FEN) can optionally be used. To extract features
from the spectrogram 133 and the phase-difference information 131, 132, the FEN
134 can be constructed by using 7 convolutional (Conv) layers, and each of them may
have a kernel size of 3 x 3. The kernel number of the first four Conv layers can
increase from 64, 128, 256 to 512, and that of Conv layer 5, 6, and 7 can be 512. In
each Conv layer, a rectified linear unit (RELU) can be used as the activation function.
Besides, Conv layer 1, 2, 3 and 5 are followed by max-pooling layers with kernel size
2 x 2. The output of the FEN 134 is the feature maps 135. The feature maps 135 can
have a dimension of W x H x §12. In each pixel of the feature maps 135, nine anchors
using 3 scales of 8 x 8, 16 x 16, 32 x 32 and 3 aspect ratiosof1:2,1:1,2:1 can be

generated. Then, among total 9W H possible anchors, the network could give several
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region proposals, i.e., Regions of Interest (Rols), which are further processed by the
following layers in the network. Using the region proposals acquired by a region
proposal network (RPN 136), the relevant Rols in feature maps 135 can be selected
as input of the Rol pooling layer 138 (designated as feature maps with ROl 137). For
each Rol, the feature maps 135 can be cropped and then max-pooled to fixed-size
feature maps 135 because of size constraint in the following fully-connected (FC)
layer. Each pooled Rol can then be fed into two FC layers 139, either of which has
4096 hidden units and followed by a dropout layer 140 for preventing the network from
overfitting. For each Rol, the network gives two outputs using two separate output
layers 141. The output layer 141 followed by a softmax function 142 gives the
predicted class, and the other gives four values, which encode the bounding box

position 143 of the predicted class.

In Figure 4, an exemplarily antenna array 10 with an L-form (i.e. an L-shaped antenna
array) is shown. The antenna array 10 can comprise four antenna units, for example
each configured as receiving antenna of the radar system 1. A first antenna unit 11
can be arranged with a distance 15 from a second antenna unit 12. A third antenna
unit 13 can be arranged with a distance 15 from a fourth antenna unit 14. The distance
15 is for example A/2, where A is the wavelength used with the radar system. This
allows to use the pair of the first and second antenna unit 11, 12 for a calculation of
the elevation angle, and the pair of the third and fourth antenna unit 13, 14 for a
calculation of the azimuth angle. Furthermore, a data processing apparatus 300 of the
radar system 1 is shown, which may perform this calculation.

The previous description of the embodiments describes the present invention only
within the scope of examples. Naturally also single features of the embodiments as far
as technically meaningful can be freely combined with one another without leaving the

scope of the present invention.
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100
101
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103
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radar system
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A method for a detection and classification of gestures using a radar system

Claims

1. A method (100) for a detection and classification of gestures using a radar
system (1), particularly of a vehicle,
comprising the following steps:

- Providing a detection information (200) of the radar system (1),
wherein the detection information (200) is specific for signals received
from different antenna units (11,12,13,14) of an antenna array (10) of
the radar system (1),

- Determining at least one phase-difference information (210) from the
detection information (200), wherein the phase-difference information
(210) is specific for a phase-difference of the received signals,

- Applying a neural network (220) with the phase-difference information
(210) as an input (221) for the neural network (220) to obtain a result

(222) specific for the detection and classification of the gestures.

2. The method (100) according to claim 1,
characterized in that
the neural network (220) is configured as a region-based deep convolutional
neural network.

3. The method (100) according to claim 1 or 2,
characterized in that
the detection information (200) is specific for a micro-Doppler signature of the
gestures.
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The method (100) according to any of the preceding claims,

characterized in that

at least one spectrogram is determined from the detection information (200)
and used as the input (221), in addition to the phase-difference information
(210), for the neural network (220).

The method (100) according to any of the preceding claims,

characterized in that

the input (221) is specific for multiple gestures, and the neural network (220)
is used to distinguish between these multiple gestures, so that the result
(222) is specific for a detection of individual of the multiple gestures and a
classification of these individual gestures.

The method (100) according to any of the preceding claims,

characterized in that

the detection information (200) is determined by signals received from a first
and second antenna unit (11, 12) of the antenna array (10) specific for an
elevation angle, and by signals received from a third and fourth antenna unit
(13, 14) of the antenna array (10) specific for an azimuth angle.
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10.

15

A radar system (1) comprising an antenna array (10) for a detection in an
environment of the antenna array (10), and a data processing apparatus
(300), wherein the data processing apparatus (300) comprises:

- means for providing a detection information (200) of the radar system
(1), wherein the detection information (200) is specific for signals
received from different antenna units (11,12,13,14) of the antenna
array (10),

- means for determining at least one phase-difference information (210)
from the detection information (200), wherein the phase-difference
information (210) is specific for a phase-difference of the received
signals,

- means for applying a neural network (220) with the phase-difference
information (210) as an input (221) for the neural network (220) to
obtain a result (222) specific for the detection and classification of the

gestures.

The radar system (1) according to claim 7,
characterized in that
the antenna array (10) is configured as an L-shaped antenna array (10).

The radar system (1) according to claim 7 or 8,
characterized in that
the radar system (1) is configured as a frequency-modulated continuous

wave radar system (1).

The radar system (1) according to any of the claims 7 to 9,

characterized in that

the data processing apparatus (300) is suitable for carrying out the method
steps of a method according to any of the claims 1 to 6.
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11.

12.

16

A computer program comprising instructions which, when the program is
executed by a computer, cause the computer to carry out the following steps:
- Providing a detection information (200) of a radar system (1), wherein
the detection information (200) is specific for signals received from
different antenna units (11,12,13,14) of an antenna array (10) of the
radar system (1),
- Determining at least one phase-difference information (210) from the
detection information (200), wherein the phase-difference information
(210) is specific for a phase-difference of the received signals,
- Applying a neural network (220) with the phase-difference information
(210) as an input (221) for the neural network (220) to obtain a result

(222) specific for a detection and classification of gestures.

The computer program according to claim 11,

characterized in that

the computer program is suitable for carrying out the method steps of a
method according to any of the claims 1 to 6.
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