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1. Technical Data

l Features

Technology

3D Ultrasonic Echolocation and Ranging

Detection Range

Up to 3000 mm*

Field of View

up to £80 ° Horizontal
up to £40 ° Vertical

Range Resolution

1 cm (without atmospheric disturbance)
5 cm nominal

Positional Resolution (Azimuth and Elevation)

+3 cm @ 100 cm RangeDistance
+6 cm @ 200 cm RangeDistance
+8 cm @ 300 cm RangeDistance

Signal Source

40 kHz / 80 dB (@ 100 cm Distance)

Firmware Version V12.0
* Target: 75 mm pole centered in front of the sensor
l Electrical Properties
. 12 vDC
Supply Voltage (nominal / range) 7V -28 V\DC
Current Consumption (Average) @ 12V 170 mA
Peak Current Consumption @ 12V 500 mA

l Performance

Max. Target Number

max. 40 targets per frame

Response Time

<100 ms

Startup Delay

<5000 ms
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l Interface

CAN

ISO 118982:2016 / CAN 2.0A

Connection Type

DSub15 (F), Standard Density

l Ambient Data

Ambient operating temperature

0°C to 55°C

Storage temperature

-20°C to 80°C

Electromagnetic compatibility

EN55032 / CISPR 22 Class A & B

l General Notes

Note on use

Online Resources:
https://toposens.c om/members/
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l Dimensional Drawing

Outline Dimensions [LWH]

193mm x 69mm X 24mm

Weight

210 g (excl. Cable)

Enclosure Rating

IP 67
(Connector is not ingress protected)
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Figurel - Sensor Dimensions

Transducer

Microphone receiver array

Acoustic Axis

3mm through holes, 13.5mm deep (7x), for mounting

a Ml w N e

Power connection / Data inputs and outputs / Cable (I= 800mm d=8mm) / PG9 -Strain-Relief
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l Sensor Coordinate System

Figure2- Sensor Coordinate System

l Applications

Robotics
A Collision Avoidance
A Area Surveillance

Automotive
A Collision Avoidance
A Cocooning of Vehicle
A Power Side Door
A In-Cabin Detection

Other
A Autonomous Vehicles
A Presence Control
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2. Operational Information

2.1 Overview

Toposens 3D Echolocation Technology works by combining the time of flight principle of conventional
ultrasonic sensors with triangulation and advanced signal processing algorithms. A measurement
cycle starts with the transmission of an ultrasonic pulse by the transducer element. This pulse travels
through the air and is reflected by surrounding objects and surfaces. Several echoes are reflected back
to the sensor which is equipped with a patented microphone array. Using the data gathered by the
microphone array the 3D coordinates of the echo's origins are calculated and output at the end of the
measurement cycle.

2.2 Theory of Operation

The figure below and corresponding descriptions show a basic example in 2D of the operating principle
behind the sensor. [1] the transducer (red) sends out an ultrasonic pulse, [2] the wave is carried forward

by the air molecules, [3] the wave is reflected by an object, [4] a portion of the echo is directed back to

the sensor, [5] the echo is sequentially captured by the microphone array, arriving first at (a) the left
njdspqgi pof-!boe!uifo!bu!)c*!tuif!sjhiu!njdspqgipof
efufsnjofe! gs pn lofdlight dnt thehdeldy letwieen unjcrophones receiving the echo.

1 bject 2. object 3 bject
4. object 3. object Cl] 6. object
b)
|

Figure 3 - Theory of Operation
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2.3 Point Cloud Examples

Objects within the sensors field of view reflect the transmitted signal back towards the sensor. Due to
the small wavelengths of ultrasound (below 1cm), a reflecting surface has to approximately face the

sensor to be detectable. The surface area of the reflecting surface additionally defines the signal

strength of the detected target.

With this prior knowledge, the following examples explain the expected targets for a complex object
(e.g. a person) and for a less complex object (e.g. a pole).

Point cloud examples for a less complex scene

Less complex objects (such as walls and poles) are composed out a limited number of surfaces. This
results in less points per object, as shown in the graphic below.

Real Scene ‘\ “ H | Pointcloud Output Pointcloud Overlay H J
|- { [ . \ J ;
i ‘ - \- -
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Senser
-

& Pole Reflection

o Cround

Figure4 - Sensor Data Example 1

Objects which are positioned on the ground in front of the sensor can be detected reliably due to the
formation of a retro reflector. This results in a reflection being detected at the position the pole touches
the ground.



WTOPOS=NS ECHO ONE DK

Retro Reflection

KR
@,,(9
73

%3

Reflective’Surface

Figure5 - Retro reflection of sound

Point cloud example for a complex scene

A complex object (such as a person) is a composition of multiple surfaces, forming the shape.
The sensor perceives all surfaces facing the sensor, which are of a large enough area to reflect enough
acoustic energy. This results in a target cloud as shown in the graphic below.
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2.4 Field of View: Measurements

The field-of-view measurements are performed in a laboratory environment. The sensor is placed at a
height of 50 cm above the ground plane. The sensor is mounted to a rotary platform which
automatically rotates the sensor horizontally from -90° to +90°. The target object is placed at different
distances from the sensor along the 0° Z axis position of the sensor. Each position is held for 100
frames. The expected spatial volume of the target position is monitored. Positions which have a
detection rate >95% are plotted. To measure the vertical field of view, the sensor is rotated 90° about
its z axis and the measurement is repeated.
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Figure7 Plate Target FOV Results Figures - Plate Target FOV Measurement Setup
Figure9 - PoleTarget FOV Results FigurelO- PoleTarget FOV Measurement Setup
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