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Acoustic echo modeling of people in acoustic arrays using LIDAR
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ABSTRACT
In the field of human detection using acoustic arrays, the design of beamforming and detection algo-
rithms is of vital importance. Evidently, the acoustic echo is directly dependent on the ergonomic
characteristics of the people, as well as on the clothes they are wearing. Traditional techniques use
a large set of people to characterize the system and evaluate the detection and false alarm probabil-
ities. This work proposes a different approach, where a reduced set of people is selected and a cluster
of points with their ergonomic data is obtained by means of a 2D LIDAR. From this data and using
a classical reflection model, the signals that would be received in an acoustic array are calculated
and, using beamforming techniques, the 3D acoustic image is obtained. The work compares these
synthesized acoustic images with real acoustic ones.

1. INTRODUCTION

Nowadays, there are a large number of applications in which human detection is required. One of
these applications is related to the automotive sector, specifically in the task of detecting pedestrians
to prevent the vehicle from colliding with them. Most systems used for pedestrian detection are based
on RGB cameras. They work very effectively under adequate visibility conditions, but their perfor-
mance decreases if the visibility is reduced. So, currently there are many studies trying to solve this
problem using other detection systems, such as thermal cameras [1,2], LIDARs [3,4], or an array of
microphones [5], or by fusing images obtained from RGB cameras with these other detection systems
[6-8], as they can be complementary.

Using acoustic arrays for human detection, it is evident that the acoustic echo is directly dependent
on the ergonomic characteristics of the people, as well as on the clothes they are wearing. Tradition-
ally, these techniques use a large set of people to characterize the system and obtain reliable detection
and false alarm probabilities related to their performance. But normally, it is difficult to find such a
large set of people willing to participate in the corresponding tests.

This work proposes a different approach, where the design of an acoustic image simulator based
on the finite elements’ method is shown. With this acoustic simulator, 3D acoustic images of different
people, with different physical characteristics and wearing different clothes could be simulated, and
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the could be used in the test of different designed detection methodologies or even classification
algorithms based on machine learning.

This acoustic simulator uses a cluster of points with their ergonomic data, extracted by the images
obtained from a set of reduced people by means of a 2D LIDAR camera. From this data, the signals
that would be received in an acoustic array are calculated by using a classical reflection model. After
that, the 3D acoustic image is obtained by using beamforming techniques. Finally, this work com-
pares the synthesized acoustic images with real acoustic ones.

2. HARDWARE AND SOFTWARE RESOURCES

2.1. Hardware Resources

The system used in this work is composed of two elements: a LIDAR camera that allows obtaining a
3D image of an object by means of a point cloud and an 8x8 active acoustic array of MEMS micro-
phones that obtains acoustic images of these objects.

One of the main hardware resources used was the Intel RealSense L515 LiDAR Camera [9], which
can be observed in Figure 1. It is a depth camera designed for use in applications that require depth
data captured with high resolution and accuracy. It uses a MEMS sensor that emits an infrared laser
beam and captures its reflection in a mirror. Its optimal performance is obtained indoors and over a
range of distances form 25 cm to 9 m. The pixels in the obtained depth image have a certain value
depending on the distance to the LIDAR camera, instead of presenting color information, as a classic

RGB camera obtains.
S ®

Figure 1: Intel RealSense L515 LiDAR Camera.

The acoustic imaging generation system that has been employed is based on pulse-echo techniques
[10] and consists of three main blocks working together which can be observed in Figure 2. This
system is based on:

« Firstly, an acoustic signal is generated by a tweeter at the frequency desired. In fact, several
acoustic images of the same individual at different frequencies can be captured, with the idea of
having as much information as possible for each person.

« Secondly, the acoustic signal acquisition system consists of a uniform planar Array (UPA) com-
posed of 8x8 MEMS microphones [11], as shown in Figure 1. The microphones are spaced 2.5cm
between each other and the squared shape provides the same resolution in both coordinates, azi-
muth and elevation.

« Finally, a National Instruments myRIO controller [12] interconnects the two previous blocks with
the image capture software.
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Figure 2: Acoustic acquisition system

2.2. Software Resources

To obtain the real acoustic images, a library of signals in the temporal, frequency and spatial domains
has been developed, together with a program that captures the acoustic signals and obtains the 3D
acoustic images by means of beamforming techniques. This program allows importing the acoustic
signals synthesized by the acoustic model developed in this work. Figure 3 shows the temporal and
spatial interface of the VISAM application. The programming tool used is LabVIEW 2020, from
National Instruments.
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Figure 3: VISAM software user interface

3. ACOUSTIC MODEL OF REFLECTION

Assuming that by finite elements an object can be decomposed as a set of points, as shown in Figure
4, the distance between the loudspeaker and each of the microphones of the array can be estimated,
assuming that each of the points in which the object under study is decomposed reflects the transmit-
ted acoustic signal.
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Figure 4. Scheme of the acoustic model of reflection

Two synthesis models have been developed:

a) A theoretical model of simple objects such as a hemisphere and a semi-cylinder, whose point
cloud can be observed in Figure 5.

b) A real model of objects from the captured LIDAR point cloud, which is shown in Figure 6,
for the case of a sphere, a cylinder and a person.
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Figure 5: Object generator: (a) Semi-cylinder. (b) Hemisphere.
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Figure 6: LIDAR images: (a) Hemisphere (b) Semi-cylinder (c) Person.
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Based on these geometrical models, the acoustic signal received by the microphone array is sim-
ulated assuming a sinusoidal pulse of fixed frequency and duration. Considering that the differential
distances between the different points of the object are small, radiation and attenuation losses have
not been taken into account.

4. RESULTS

These tests are based on the comparison, for different targets, of the image synthesized from a theo-
retical model, the acoustic image synthesized from the cloud of LIDAR points obtained from the real
target, and the real acoustic image obtained from the acoustic acquisition system based on the MEMS
microphone array. The images have been obtained assuming a pulse of 3ms duration and a working
frequency of 10kHz. Figure 7 shows the targets used for the analysis.
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Figure 7: LIDAR images: (a) Hemisphere. (b). Semi-cylinder. (c) Person.

4.1. Simple Objects: Cylinders and Spheres

In the first scenario, the tests were based on a hemisphere, simulated with the developed software,
and on the results obtained from a real sphere of 9cm radius and located 1.9m away from the acoustic
array, at 0° in azimuth and 0.5° in elevation.

Figure 8 shows the corresponding acoustic images obtained in this first scenario. Figure 8a shows
the acoustic image obtained from the real sphere with the acoustic acquisition system; Figure 8b
shows the acoustic image obtained from the simulated hemisphere; and Figure 8c shows the acoustic
image generated from the cloud of LIDAR points obtained from the real sphere.

Analyzing the images in Figure 8 it can be observed that there is a difference in height in the
position of the echo produced by the sphere in Figure 8a compared to Figures 8b and 8c. This differ-
ence in height is a consequence of the fact that the LIDAR camera and the MEMS microphone array
are not centered, but are separated by a vertical distance of 25cm, as can be seen in Figure 2. Except
for this difference, it can be seen how similar the real acoustic image (Figure 8a) is to the image
simulated from the LIDAR data (Figure 8c).
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Figure 8: Acoustic Images using a: (a) Real sphere. (b) Synthetized hemisphere. (c) LIDAR points
of a real sphere.

In the second scenario we will compare the results obtained from a cylinder of 1.7m high and a
radius of 6¢cm, located 1.4m away from the microphone array and from its corresponding modellings.

Figure 9 shows the corresponding acoustic images obtained in this second scenario. Figure 9a
shows the real acoustic image obtained from the cylinder; Figure 9b shows the acoustic image ob-
tained from the simulated cylinder; and Figure 8c shows the acoustic image generated from the cloud
of LIDAR points obtained from the real cylinder.

Analyzing the images in Figure 9 it can be also be observed that in this second scenario the mod-
elling is correct. In this case the difference in height in the position of the echo produced by the
cylinder is not observed due to the larger vertical dimension of the cylinder compared to the sphere.
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Figure 9: Acoustic Images using a: (a) Real cylinder. (b) Synthetized hemisphere. (¢) LIDAR points
of a real sphere.

4.2. Complex Objects: People

In the third scenario we will compare the results obtained from a 1,7m high person with his arms
close to the body, located 1.5m away from the microphone array.

Figure 10 shows the corresponding acoustic images obtained in this third scenario. Figure 10a
shows the real acoustic image obtained from the person; and Figure 10b shows the acoustic image
generated from the cloud of LIDAR points obtained from him.
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Figure 10: Acoustic Images using a: (a) Real person. (b) LIDAR points of a real person.

In Figure 10, it can be observed that there are 3 targets corresponding to the head, chest and waist
of the person in both models, logically the relative amplitude of these targets has not been modelled,
since the LIDAR system does not provide information about the acoustic reflectivity of the person.
Again there is a slight error in height due to the different position of the LIDAR camera and the
acoustic array.

5. CONCLUSIONS

In view of the results, the modelling looks promising, in that it allows for an accurate identification
of the main targets into which a person can be broken down. It remains to determine the typical
acoustic reflectivity of the different parts of a person in order to incorporate them into the model.

In this way, based on a LIDAR image of a person, it would be possible to emulate the signals
generated on any geometry of an acoustic array and for any type of emitted signal, without needing
to acquire the acoustic images with the real person. In this way, multi-frequency 3D acoustic images
could be obtained by means of beamforming techniques that could be applied in the field of biometric
identification, using machine learning techniques.
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