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(57) Abstract: A portable environment sensing device (10) is described which comprises at least one time-of-flight sensor (11) capable
of detecting the distances from the time-of-flight sensor (11) to at least two features within the field of view (21) of the time-ot-tlight
sensor (11) simultaneously. The portable environment sensing device further comprises a processing unit (12) capable of converting
the at least two measured distances into at least two different distance signals (16), where each distance signal (16) is correlated with
the corresponding measured distance, and an output interface (13) providing the at least two distance signals (16) to a user (20) simul-

taneously.
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Description

PORTABLE ENVIRONMENT SENSING DEVICE

The present application relates to a portable environment

sensing device.

The present application relates to the field of environment
sensors for blind or visually impaired persons. Environment
sensors can convey information about objects in the vicinity
of a user. One example is the white cane. With a white cane a
user can gain information about obstacles on the floor and
also, for example, steps. However, by moving the white cane
around on the floor no information can be obtained about
obstacles or objects at another height above the floor.
Furthermore, the range in which objects on the floor can be

detected is limited by the length of the white cane.

It is an objective to provide a portable environment sensing
device capable of providing the distance between the
environment sensing device and at least two features in the
field of view of the environment sensing device to a user

simultaneously.

This objective is solved by the independent claims. Further

embodiments are subject of dependent claims.

In one embodiment the portable environment sensing device
comprises at least one time-of-flight sensor capable of
detecting the distances from the time-of-flight sensor to at
least two features within the field of view of the time-of-
flight sensor simultaneously. A time-of-flight sensor can,

for example, be designed to send out pulses of
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electromagnetic radiation in form of a beam. The
electromagnetic beam is reflected at the features and objects
within the field of view of the time-of-flight sensor. The
reflected electromagnetic radiation is detected by the time-
of-flight sensor. The distance between the time-of-flight
sensor and a feature at which electromagnetic radiation is
reflected can be determined from the time that a pulse of
electromagnetic radiation needs to travel from the time-of-
flight sensor to the feature and back to the time-of-flight

sSensor.

Features within the field of view of the time-of-flight
sensor can be any features or objects in the vicinity of the
time-of-flight sensor as, for example, vehicles, humans,
animals or objects such as walls and doors. Features can also
be parts of objects that are closer to the time-of-flight
sensor than other parts of the object. The field of view of
the time-of-flight sensor is the range in which the time-of-
flight sensor can measure distances between features and the
time-of-flight sensor. This means, that the field of view is
an angular range which is captured by the electromagnetic
beam. For example the field of view can comprise the shape of
a cone. The opening angle of the field of view of the time-
of-flight sensor can, for example, be between 0° and 45°.
Preferably, the opening angle of the field of view of the

time-of-flight sensor is between 21 and 23°.

In one embodiment the portable environment sensing device
comprises a processing unit capable of converting the at
least two measured distances into at least two different
distance signals where each distance signal is correlated

with the corresponding measured distance. This means, that
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there may be a relation how a measured distance is correlated

with the corresponding distance signal.

In one embodiment the portable environment sensing device
comprises an output interface which provides the at least two
distance signals to a user simultaneously. At the output
interface, for example, another device can be connected in
order to provide the distance signals to a user. As an
example the distance signals can comprise audible frequencies
or mechanical vibrations. With this, the information of the
distance signals can be provided to blind or wvisually

impaired users.

With the portable environment sensing device providing two or
more distance signals to a user simultaneously, the user can
obtain information about his environment. By moving the
portable environment sensing device the user can, for
example, change the field of view of the time-of-flight
sensor and thus obtain information about different objects in
his environment. Therefore, in comparison to a white cane it
is not only possible to obtain information about obstacles on
the floor but also at different heights. It is also possible
to obtain information about several objects at the same time
because the opening angle of the field of view of the time-
of-flight sensor is preferably between 21 and 23°. By moving
the position of the portable environment sensing device or by
changing the field of view of the time-of-flight sensor
objects can be examined from different directions or angles.
Therefore, the portable environment sensing device enables a

safer movement of blind or visually impaired persons.

In one embodiment the portable environment sensing device

comprises at least one time-of-flight sensor, a processing
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unit and an output interface which provides the at least two

distance signals to a user simultaneously.

In one embodiment of the portable environment sensing device
the time-of-flight sensor comprises an emitter capable of
emitting electromagnetic radiation and a sensor capable of
detecting electromagnetic radiation emitted by the emitter
and reflected at features within the field of view of the
time-of-flight sensor. The time-of-flight sensor further
comprises a data processing unit capable of providing the
distances between the time-of-flight sensor and the features
at which the electromagnetic radiation is reflected by
measuring the difference in time between the emission of
electromagnetic radiation from the emitter and the detection

of the reflected electromagnetic radiation by the sensor.

The emitter can be, for example, a laser. For example, the
emitter can be a vertical cavity surface emitting laser.
Advantageously, the electromagnetic radiation is in the
infrared range so that users cannot see the electromagnetic
radiation. The electromagnetic radiation may be modulated,
for example pulsed. The sensor can detect reflected
electromagnetic radiation and ambient radiation. The sensor
can be, for example, a single photon avalanche diode. The
time-of-flight sensor can comprise one or more emitters and
one or more sensors. The time-of-flight sensor can measure
distances at different light conditions and also for objects

with different reflection coefficients.

In one embodiment of the portable environment sensing device
the at least two different distance signals comprise audible
frequencies. For example, the audible frequencies can be

related to the measured distances between the time-of-flight
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sensor and a feature such that a frequency band or a single
frequency can represent a certain distance. As an example the
audible frequencies and the measured distances can be related
in such a way that the shorter the measured distance, the
higher the audible frequency. The relation between a measured
distance and a corresponding audible frequency can also be
given by a specific algorithm of the processing unit or a
lookup table. A filter for the audible frequencies can be
employed to make the audible frequencies more comfortable to
hear for the user. Also algorithms can be employed in the
processing unit for focussing on peaks in the audible
frequencies or to adapt for example the volume of the audible
frequencies to the light conditions. With this, the user is
provided with a histogram of different audible frequencies
where the audible frequencies are correlated with the
distances from the time-of-flight sensor to features in the
vicinity of the time-of-flight sensor. Since the opening
angle of the field of view of the time-of-flight sensor is
preferably between 21 and 23°, the user can obtain
information about several features in his environment

simultaneously.

In one embodiment of the portable environment sensing device
the output interface is connected to at least one speaker.
This means, that the output interface can, for example, be
connected to headphones. With this, distance signals

comprising audible fregquencies can be played to the user.

In one embodiment the portable environment sensing device is
connected to at least one microphone which records
environmental sound from the environment of the user and the
output interface provides the recorded environmental sound to

the user. If the user, for example, wears headphones on both
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ears, sound and noise from the environment can be recorded by
the microphone and provided to the user via the output

interface.

In one embodiment of the portable environment sensing device
the intensity of an audible frequency of a distance signal
relates to the proportional size of the corresponding feature
in the field of view of the time-of-flight sensor. At larger
objects a higher fraction of the electromagnetic radiation
emitted by the time-of-flight sensor is reflected back to the
time-of-flight sensor than at smaller objects. Therefore, the
intensity of an audible frequency corresponding to a larger
object is increased in comparison to smaller objects.
Therefore, the user can also obtain information about the

size of features and objects in his vicinity.

In one embodiment the portable environment sensing device is
comprised by wearable glasses or a watch. This means, the
portable environment sensing device can, for example, be
mounted on glasses. In this case the field of view of the
time-of-flight sensor can be changed if the user turns his
head. In another example the portable environment sensing
device can be mounted on a watch so that the field of view of
the time-of-flight sensor can be changed by moving the arm

with the watch.

In one embodiment the portable environment sensing device is
comprised by wearable glasses and the portable environment
sensing device further comprises at least one camera capable
of detecting in which direction the eyeball of the user
looks. Furthermore, the field of view of the time-of-flight
sensor 1s oriented towards the direction in which the eyeball

of the user looks. This means, that in the case that the user
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can move the eyeball or any part of the eye in different
directions, the camera can detect this movement. An algorithm
can calculate the angle of the direction the eyeball faces
and with this the field of view of the time-of-flight sensor
can be oriented in the same direction. For this, the time-of-
flight sensor can, for example, comprise a rotational motor

in order to change the field of view.

In one embodiment of the portable environment sensing device
the at least two different distance signals comprise
mechanical vibrations and the output interface is connected
to a mechanical motor. With this, the information about
different distances to features in the field of view of the
time-of-flight sensor are converted into different mechanical
vibrations. Therefore, the user can sense with, for example,
the hands the different distance signals. The different
distance signals can be converted into different mechanical
vibrations so that the user can obtain information about
features in his vicinity. The mechanical motor can, for

example, be part of a watch.

In one embodiment the portable environment sensing device
comprises at least one further time-of-flight sensor and at
least one further output interface and for each time-of-
flight sensor the corresponding distance signals are provided
simultaneously to the user by the corresponding output
interface. This means, for example, that two time-of-flight
sensors with different fields of view can provide distance
signals to one speaker each so that the user is provided with
distance signals from different directions for each speaker.
The speaker can be arranged in headphones. Since the human
brain is capable of processing audio signals in stereo, the

user can obtain information about his environment from the
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different fields of view of the two time-of-flight sensors.
If the field of view of the two or more time-of-flight
sensors overlap the user can obtain more information about
features and more precisely visualize the shape of objects.
With this, the user can obtain more precise information and

he can move more safely.

In one embodiment of the portable environment sensing device
the processing unit synchronizes the at least two time-of-
flight sensors. The at least two time-of-flight sensors can
be synchronized in such a way that for example the further
sensor does not detect electromagnetic radiation in the same
moment in that the emitter of the time-of-flight sensor emits

a pulsed signal.

In one embodiment of the portable environment sensing device
the field of view of the at least one time-of-flight sensor
changes repeatedly in a predefined way. In this case the user
does not have to change the position of the portable
environment sensing device to change the field of view of the

at least one time-of-flight sensor.

In one embodiment of the portable environment sensing device
at least one color sensor which is sensitive to the
wavelength of the reflected electromagnetic radiation is
comprised by the portable environment sensing device such
that it has a field of view equal to or similar to that of at
least one time-of-flight sensor. Furthermore, the processing
unit converts the wavelength-dependent information obtained
by the at least one color sensor into color signals and the
output interface provides the color signals to the user. With
this, the user can also be provided with information about

the color of features in his wvicinity such as, for example,
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colored marks on a street. The color signals can be provided
to the user in a different shape than the distance signals.
For example, the color signals can comprise an additional
harmonic frequency in comparison to the regular frequency. In
this case the color signals are only provided if they are
required and the provision of the color signals can be

switched on and off.

In one embodiment of the portable environment sensing device
at least one temperature sensor, which is sensitive to
infrared light, is comprised by the portable environment
sensing device and obtains information about the temperature
of objects in its field of view. Furthermore, the processing
unit converts the information about the temperature of
objects obtained by the temperature sensor into temperature
signals for the output interface. By providing a temperature
signal the user can be warned in case of hot objects in his
environment. Moreover, the temperature sensor can provide
information about the light conditions in the environment in
order, for example, to adjust the volume of the audible
frequencies. For example, in bright sunlight conditions the
volume of the audible frequencies can be adjusted not to be

too loud.

The color signals and the temperature signals can also be
provided as pulsed signals to the user which means that, for
example, the corresponding audible frequencies are not
provided in a continuous way but in a pulsed way.
Furthermore, the color signals and the temperature signals

can be switched on and off.

In one embodiment the portable environment sensing device is

implemented as an integrated system on a chip. This means
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that, for example, the sensors and the processing unit can be

arranged as an integrated system on a chip.

The following description of figures may further illustrate
and explain exemplary embodiments. Components that are
functionally identical or have an identical effect are
denoted by identical references. Identical or effectively
identical components might be described only with respect to
the figures where they occur first. Their description is not

necessarily repeated in successive figures.

Figure 1 shows the setup of an exemplary embodiment of the

portable environment sensing device.

In Figure 2 the field of view of a time-of-flight sensor is

illustrated.

Figures 3 and 4 show exemplary histograms of audible

frequencies representing measured distances.

Figures 5A and 5B show exemplary embodiments of the portable

environment sensing device which is comprised by glasses.

Figure 6 shows the setup of an exemplary embodiment of the
portable environment sensing device with two time-of-flight

sSensors.

In Figure 7 the field of view of two time-of-flight sensors

is illustrated.

Figure 8 shows the setup of an exemplary embodiment of the
portable environment sensing device with two time-of-flight

sensors, color sensors and temperature sensors.
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Figure 9 shows an exemplary embodiment of the portable
environment sensing device which is comprised by glasses

which comprise two cameras.

Figure 10 shows the setup of an exemplary embodiment of the
portable environment sensing device with two time-of-flight
sensors, color sensors, temperature sensors, two rotational

motors and two cameras.

Figure 1 shows the setup of an exemplary embodiment of the
portable environment sensing device 10. A time-of-flight
sensor 11 can emit electromagnetic radiation, for example an
electromagnetic beam 18, which is reflected at features
within the field of view 21 of the time-of-flight sensor 11.
In this case the feature is the arm of a person. The
reflected electromagnetic radiation is detected by the time-
of-flight sensor 11. The time-of-flight sensor 11 comprises a
data processing unit 19 which provides the measured distances
between the time-of-flight sensor 11 and features in the
field of view 21 of the time-of-flight sensor 11. The time-
of-flight sensor 11 provides the measured distances to a
processing unit 12. The processing unit 12 converts the at
least two measured distances into at least two different
distance signals 16. An output interface 13 provides the at
least two different distance signals 16. In this case a
speaker 14 is connected to the output interface 13 so that
the distance signals 16 can be provided to a user 20 by the

speaker 14.

Figure 2 shows a time-of-flight sensor 11 with its field of
view 21. The electromagnetic beam 18 emitted by the time-of-

flight sensor 11 is reflected at several features within the
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field of view 21 of the time-of-flight sensor 11. In this
case a portion of the electromagnetic beam 18 is reflected at
a first feature 15 and a larger portion is reflected at a

second feature 17.

Figure 3 shows an exemplary histogram of audible frequencies
representing measured distances. The intensity I is plotted
over the audible frequencies f. The distance signal 16 can be
converted into audible frequencies f which can be provided to
a user 20 simultaneously. Therefore, the user 20 is provided
with a histogram of audible frequencies f. In this case the
intensity I of a frequency f in the histogram is correlated
with the proportional size of the corresponding feature in
the field of view 21 of the time-of-flight sensor 11. For
example, the first peak 22 in the histogram can correspond to
the distance measured to the first feature 15 shown in Figure
2. The second peak 23 in the histogram can correspond to the
distance measured to the second feature 17 shown in Figure 2.
Since the second feature 17 is larger than the first feature
15 within the field of view 21 of the time-of-flight sensor
11 a larger fraction of the electromagnetic radiation is
reflected at the second feature 17. Therefore, the frequency
f representing the distance to the second feature 17 is
provided with a higher intensity I than the first peak 22
representing the distance to the first feature 15. The
measured distances between the time-of-flight sensor 11 and
features within the field of view 21 of the time-of-flight
sensor 11 can be correlated in such a way that the closer the
feature is to the time-of-flight sensor 11, the higher the

frequency f will be in the histogram.

Figure 4 shows another exemplary histogram of audible

frequencies f representing distance signals 16. Certain
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frequency bands can represent measured distances within the

field of view 21 of the time-of-flight sensor 11.

Figure 5A shows an exemplary embodiment of the portable
environment sensing device 10 which is comprised by glasses
24. The time-of-flight sensor 11 and the processing unit 12
are mounted on the glasses 24. The time-of-flight sensor 11
emits an electromagnetic beam 18 in the direction that the
user 20 is facing. The output interface 13 is connected to a
speaker 14 which in this case is a headphone. By moving the
head, the user 20 can change the field of view 21 of the
time-of-flight sensor 11 and can thus gain information about

his environment.

Figure 5B shows another exemplary embodiment of a portable
environment sensing device 10 which is comprised by glasses
24. A time-of-flight sensor 11 and a further time-of-flight
sensor 25 are mounted on the glasses 24. Furthermore, a
speaker 14 and a further speaker 26 are connected to the
portable environment sensing device 10. By employing two
time-of-flight sensors 11, 25, the total field of view of the
user 20 can be increased. It is also possible to arrange a
microphone 27 on the glasses 24 or on the side of the
speakers 14, 26 facing away from the ear of the user 20. The
microphone 27 can record environmental sound or noise which
can be provided to the user 20 by the speakers 14, 26. With
this, the user 20 can also hear environmental sounds and not
only the audible frequencies f representing the distance

signals 16.

Figure 6 shows the setup of an exemplary embodiment of the
portable environment sensing device 10 with two time-of-

flight sensors 11, 25. Both time-of-flight sensors 11, 25
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emit an electromagnetic beam 18 which is reflected at
features within their field of view 21. As indicated by the
dashed arrows, the time-of-flight sensors 11, 25 are
synchronized with each other in such a way that they only
detect reflected electromagnetic radiation from their own
emitted electromagnetic beam 18. Both time-of-flight sensors
11, 25 provide the processing unit 12 with their measured
distances. The processing unit 12 converts the measured
distances into distance signals 16 and provides a set of
distance signals 16 to the output interface 13 and the
further output interface 32 each. Two speakers 14, 26 are
connected to the output interface 13 and the further output
interface 32, where each speaker 14, 26 is provided with the
distance signals 16 corresgponding to one of the time-of-
flight sensors 11, 25 so that the user is provided with
distance signals from different directions for each speaker
14, 26. By employing two time-of-flight sensors 11, 25, the
user 20 can detect the same feature or object from different
directions and thus obtain more information about the shape

of a certain feature or object.

Figure 7 illustrates the increased field of view of two time-

of-flight sensors 11, 25 mounted on glasses 24.

Figure 8 shows the setup of an exemplary embodiment of the
portable environment sensing device 10 with two time-of-
flight sensors 11, 25 and color sensors 28. The portable
environment sensing device 10 further comprises temperature
sensors 29 which are sensitive to infrared radiation. The
color sensors 28 are sensitive to the wavelength of reflected
light such that the user 20 can be provided with information
about the color of features within the field of view 21 of

the time-of-flight sensor 11. With this, the user 20 can also
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be provided with information about the color of features in
his vicinity such as, for example, colored marks on a street.
The processing unit 12 converts the wavelength-dependent
information obtained by the color sensors 28 into color
signals which are also provided to the user 20. The
temperature sensors 29 are sensitive to infrared light and
can therefore provide information to the user 20 about the
temperature of objects in the field of view 21 of the time-
of-flight sensors 11, 25. Therefore, the user 20 can be

warned i1if he approaches hot objects.

Figure 9 shows an exemplary embodiment of the portable
environment sensing device 10 which is comprised by glasses
24 which also comprise two cameras 30. The cameras 30 detect
in which direction the eyeball of the user 20 looks and with
this the field of view 21 of the time-of-flight sensors 11,
25 can be oriented towards the direction in which the eyeball

of the user 20 looks.

Figure 10 shows the setup of another exemplary embodiment of
the portable environment sensing device 10. If the portable
environment sensing device 10 is comprised by glasses 24,
cameras 30 can be mounted on the glasses 24 in order to
detect the movement of the eyeballs of the user 20. The
direction of the eyeballs detected by the cameras 30 is
provided to the processing unit 12. The processing unit 12
provides this information to rotational motors 31 on which
the time-of-flight sensors 11, 25 are mounted. With this, the
field of view 21 of the time-of-flight sensors 11, 25 can be
changed according to the movement of the eyeballs of the user
20. The time-of-flight sensors 11, 25 further comprise color
sensors 28 and temperature sensors 29. The output interface

13 is connected to speakers 14, 26. Instead of employing a
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camera 30 it is also possible to change the field of view 21
of the time-of-flight sensors 11, 25 by repeatedly changing
the field of view 21 with the rotational motors 31.
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Claims

2.

Portable environment sensing device (10), comprising:

at least one time-of-flight sensor (11) capable of
detecting the distances from the time-of-flight sensor
(11) to at least two features within the field of view
(21) of the time-of-flight sensor (11) simultaneously,

a processing unit (12) capable of converting the at least
two measured distances into at least two different
distance signals (16), where each distance signal (16) is
correlated with the corresponding measured distance, and
an output interface (13) providing the at least two

distance signals (16) to a user (20) simultaneously.

Portable environment sensing device (10) according to

claim 1, wherein the at least one time-of-flight sensor (11)

comprises:

3.

an emitter capable of emitting electromagnetic radiation,
a sensor capable of detecting electromagnetic radiation
emitted by the emitter and reflected at features within
the field of view (21) of the time-of-flight sensor (11),
and

a data processing unit (19) capable of providing the
distances between the time-of-flight sensor (11) and the
features at which the electromagnetic radiation is
reflected by measuring the difference in time between the
emission of electromagnetic radiation from the emitter
and the detection of the reflected electromagnetic

radiation by the sensor.

Portable environment sensing device (10) according to one

of the preceding claims, wherein the at least two different

distance signals (16) comprise audible frequencies (f).
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4. Portable environment sensing device (10) according to one
of the preceding claims, wherein the output interface (13) is

connected to at least one speaker (14).

5. Portable environment sensing device (10) according to

claim 4, wherein

- the portable environment sensing device (10) is connected
to at least one microphone (27) recording environmental
sound, and

- the output interface (13) provides the recorded

environmental sound to the user (20).

6. Portable environment sensing device (10) according to
claim 3, wherein the intensity (I) of an audible frequency
(f) of a distance signal (16) relates to the proportional
size of the corresponding feature in the field of view (21)

of the time-of-flight sensor (11).

7. Portable environment sensing device (10) according to one
of the preceding claims, wherein the portable environment
sensing device (10) is comprised by wearable glasses (24) or

a watch.

8. Portable environment sensing device (10) according to one

of claims 1 to 6, wherein

- the portable environment sensing device (10) is comprised
by wearable glasses (24),

- the portable environment sensing device (10) further
comprises at least one camera (30) capable of detecting
in which direction the eyeball of the user (20) looks,

and
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- the field of view (21) of the time-of-flight sensor (11)
is oriented towards the direction in which the eyeball of

the user (20) looks.

9. Portable environment sensing device (10) according to one
of the preceding claims, wherein the at least two different
distance signals (16) comprise mechanical vibrations and the

output interface (13) is connected to a mechanical motor.

10. Portable environment sensing device (10) according to one

of the preceding claims, wherein

- the portable environment sensing device (10) comprises at
least one further time-of-flight sensor (25) and at least
one further output interface (32), and

- for each time-of-flight sensor (11, 25) the corresponding
distance signals (16) are provided simultaneously to the

user (20) by a corresponding output interface (13, 32).

11. Portable environment sensing device (10) according to the
preceding claim, wherein the processing unit (12)
synchronizes the at least two time-of-flight sensors (11,

25) .

12. Portable environment sensing device (10) according to one
of the preceding claims, wherein the field of view (21) of
the at least one time-of-flight sensor (11) changes

repeatedly in a predefined way.

13. Portable environment sensing device (10) according to one

of the preceding claims, wherein

- at least one color sensor (28), which is sensitive to the
wavelength of reflected light, is comprised by the

portable environment sensing device (10) such that it has
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a field of view equal to or similar to the at least one
time-of-flight sensor (11),

- the processing unit (12) converts the wavelength-
dependent information obtained by the at least one color
sensor (28) into color signals, and

- the output interface (13) provides the color signals to

the user (20).

14. Portable environment sensing device (10) according to one

of the preceding claims, wherein

- at least one temperature sensor (29), which is sensitive
to infrared light, is comprised by the portable
environment sensing device (10) and obtains information
about the temperature of objects in its field of view,
and

- the processing unit (12) converts the information about
the temperature of objects obtained by the temperature
sensor (29) into temperature signals for the output

interface (13).

15. Portable environment sensing device (10) according to one
of the preceding claims, wherein the portable environment
sensing device (10) is implemented as an integrated system on

a chip.
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