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Distance measurement sensor

The invention relates to a distance measurement sensor
according to the preamble of claim 1 and a distance

measurement method according to claim 7.

Most of the known optoelectronic distance measurement
sensors, which are usually used for automatic doors,
are based on the triangulation principle. A transmitter
LED and a corresponding lens send an infrared (IR) spot
on the ground, and a receiver, placed at a given dis-
tance to the transmitter, measures the angle between
the transmitted and received IR rays. This angle is di-
rectly related to the target distance and is measured
by the position of the received spot on the receiver

sensing device.

The sensing device is most often composed of a couple
of photodiodes separated by a very thin frontier, or a
single Position Sensing Device, Position Sensitive De-
vice or Position Sensitive Detector (commonly referred
to as PSD). The couple of photodiodes are used to de-
termine on which of the diodes the spot is reflected.

By measuring the difference of current generated by the
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photodiodes, it is possible to determine on which of

the photodiodes the spot falls.

As the spot is relatively small compared to the detec-
tion area of the photodiodes, it can only be determined
whether the spot is received by one photodiode or the
other. A PSD acts as an optical potentiometer providing
currents on its twoe outputs. The amount of the currents
are preportional to the position of the received spot

along the device.

The devices and methods known from prior art have the
drawback that they allow only one distance (detection)
threshold since the distance threshold is fixed by the
position of the received spot on the receiver. In the
case of two photodicdes, the reduction of the distance
between the target and the sensor generates a displace-
ment of the received spot from one photodiode to the
other. The position of the frontier determines the dis-
tance threshold and is adjusted mechanically. This
means that for two distance thresholds the position of
each of the thresholds should be changed accordingly,
which is impossible to achieve dynamically with a cou-

ple of photodiodes.

EP 1 237 011 Al discloses an optoelectronic distance
measurement sensor according to the preamble of claim 1
with one spot generated by means of a beam of light
pulses of a light photo transmitter. A PSD receives the
light pulses reflected by an object. The PSD generates
two position signals which are processed in order to
detect the distance between the object closed to the

measurement sensor. Twe or more guasi-simultaneous
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thresholds for the distance measurement of more than
one spot at the same time are not provided with this

known measurement sensor.

In DE 100 55 689 is shown a different type of a receiv-
ing sensor, namely a linear CCD sensor. This CCD sensor
is able to provide a signal corresponding to a lot of
different pixels forming a line. The redundancy corre-
sponding to the use of the two lines allows the testing

of the sensor.

US 522 56 89 disclose a reflected light sensor having a
light transmitter including at least two mutually inde-
pendent light sources and a light receiver including at
least two separately evaluable photosensitive elements.
A switching peoint or distance limit of the light sensor
can be continuously varied within a defined sensing
range by inversely and continuously controlling cur-
rents of the light sources in accordance with a control
voltage or by continuously varying a first and a second
independent control voltage, thereby controlling gains

of signals at the output of the photosensitive elements.

According to US 522 56 89, two transmitters are used,
however they are providing only one single spot of de-
tection. The use of a varying ratio between the illumi-
nation of the two transmitters is just eguivalent to
the movement of a "virtual spot" described therein.
This displacement provides the same effect as the move-
ment of the receiving lens in order to modify the dis-
tance of detection, from which the dual photodiode sen-
sor used to trigger the detection. Insofar, it is de-

scribed to provide a way to vary the distance of detec-
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tion when using a simple dual diodes detector, but for

a single detection spot.

Therefore, it is an object of the present invention to
provide a distance measurement sensor and a distance
measurement method, which allow more than one distance
detection threshold to be processed dynamically, allow-
ing the quasi-simultaneous detection of distance over

several different spots.

The distance measurement sensor according to the inven-
tion is characterized by what is specified in the inde-
pendent claim 1 and the distance measurement method ac-
cording to the invention is characterized by what 1is

specified in the independent claim 7.

Advantageous embodiments of the invention are specified

in the dependent claims.

According to the invention, said transmitter comprises
at least two optoelectronic signal sources for project-
ing at least two spots independent from each other on a
target, said means comprising a digitally controlled
potentiometer for balancing the output signals I1, IZ
an a digital processor adapted for controlling the

potentiometer.

By using more than one optoelectronic signal sources
and a PSD, it is possible to provide more than one de-
tection spot and its their corresponding distance
thresholds. In other words, for every optoelectronic
signal source corresponding to one detection spot, a

desired distance threshold is provided. By processing
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the output signals of the optoelectronic receiver and
respective contrelling of the optoelectronic signal
sources, it is possible to use more than one spots for
distance detection. Especially, the digital processor
is used for a rapid electronic switching and adjustment

of the threshold distance (s) of the sensor.

The fact that, the means comprise a digitally con-
trolled potentiometer for balancing the output signals
solves the problem of using a single PSD as optoelec-
tronic receiver to detect the position of several spots
projected in the target by the at least two optoelec-

tronic signal sources.

The digital processor can also be adapted to control

the at least two optoelectronic signal sources. By this,
the digital processor can execute an algorithm for ad-
justing the distance thresholds in that it successively
controls the optoelectronic signal sources and depend-
ing on the received output signals of the optoelec-
tronic receiver controls the potentiometer in order to

balance in a bridge configuration the output signals.

In a further preferred embodiment, memory means for
storing values for setting the potentiometer are pro-
vided. The digital processor can store the setting val-
ves for potentiometer in the memory and relocad the
stored values depending on the desired distance thresh-

old corresponding to each of the spots.

Multiple thresholds are also possible by storing dif-

ferent values corresponding to the same spot.
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The at least two optoelectronic signal scurces are
preferably at least two IR LEDs, but other sources like

laser are also possible.

The optics can comprise one transmitter lens for pro-
jecting spots from the at least two optoelectronic sig-
nal sources on the target and one receiver lens for
projecting the spots reflected from the target on the

cptoelectronic receiver.

Preferably, mechanical adjustment means are provided
for adjusting the position of the receiver lens so that
the spots are reflected on the optoelectronic receiver.
The processor can ease this adjustment by providing in-
formation to the user on the coptimal position of the

lens.

The invention relates also to a distance measurement method
wherein at least two optoelectronic signal sources pro-
ject at least two spots on a target, an optics repro-
duces the at least two spots on an optoelectronic re-
ceiver, and means process the output signals generated
by the optoelectronic receiver and control the at least
two optoelectronic signal sources depending on the
processed output signals in order to measure the dis-
tance between the target and the sensor by a triangula-
tion technique. A digitally controlled potentiometer
balances the output signals of the optoelectronic re-

ceiver in order to achieve exact measurements.

Preferably, the means control the at least two opto-

electronic signal sources in that the spots are pro-
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jected alternatively on the target and their respective

positions are successively analyzed by the means.

Preferably, the sensor according to the invention or
the method according to the invention is used in a

automatic door opener and shutter.

Additicnal objects, advantages, and features of the
present invention will become apparent from the follow-
ing description taken in conjunction with the accompa-

nying drawings.

Fig. 1 shows an example of the basic measurement
principle with two spots according to the in-

vention, and

Fig. 2 shows an embodiment of the sensor according

to the invention.

Fig. 1 shows an optoelectronic distance measurement
sensor which is based on an infrared triangulation
principle. IR LEDs 10 and 12 as transmitter and a
transmitter lens 14 are used to project spots 22 and 26
respectively on an object 24 such as the ground. The
LEDs 10 and 12 generate two infrared (IR) beams 18 and
20. A first LED 10 is placed in the optical axis 1€ of
a first lens 14; a second LED 12 is placed eccentric to
the optical axis 16. The first LED 10 generates a first
beam 18 which is projected on a first spot 22 on an ob-
ject 24. The second LED 12 generates a second beam 20
which is projected on a second spot 26 on the object 24.

Particularly, the object is a ground when the optoelec-
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tronic distance measurement sensor is applied in an
automatic door opener and shutter. The beams 18 and 20
are reflected from the object 24 and received by a PSD
30 as a receiver behind a receiver lens 32. The lens 32
can be adjusted in order to focus each of the spots 22
and 26 reflected from the object 24 on the PSD 30 as
spots 22’ and 26’ respectively (shown by the arrows 36
and 38). Arrow 40 shows the focal length of the optic
{(fixed by optics).

As a mechanically adjusted distance 28 separates the
receiver lens 32 and the transmitter lens 14 (LEDs 10,
12 and PSD 30 are mechanically fixed), the beams 18 and
20 return to the receiver lens 32 with angles o and B
respectively relative to the optical axis 34 of the re-
ceiver lens 32. These angles a and B vary when the dis-
tance 42 between the optoelectronic distance measure-
ment sensor and the object 24 changes. A change of the
distance 42 between optoelectronic distance measurement
sensor and object moves the received spots 22’ and 26’

on the PSD 30 of the receiver.

When several IR spots (in Fig. 1 two spots are shown,
but according to the invention more than two spots can
be used) are emitted from the LEDs 10 and 12 to the cb-
ject 24, e.g. the ground, through a single lens such as
lens 14, each of them will have a corresponding posi-
tion on the ground. The Lambertian floor reflection
sends back energy to the receiver lens 32, which recom-
poses the image of each spot 22’ and 26’ on their rela-
tive locations on the PSD 30. The PSD 30 is a photodi-

ode having two anodes. The current ratio between both
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anodes directly depends of the position of the incident

IR spots.

The position P of the first spot 22’ generated by LED
10 on the PSD 30 will depend on
- the position of the spot 22 on the ob-
ject 24 (fixed by the transmitter con-
figuration of LED 10 and lens 14);
- the focal length 40 of the receiver
optic (fixed by optics);
- the distance between transmitter lens 14
and receiver lens 32 {fixed by mechanics,
but adjustable, see arrows 36 and 38);
- the position of the movable receiver lens
32 versus the PSD 30; and finally
- the distance 42 between the sensor and the object 24
(in case of an automatic door opener or shutter,
this depends on the installation height of the sen-
sor or the target presence)
This is alsc valid for the second spot 26 generated by

the second IR LED 12.

The position of the spots 22 and 26 on the object, the
items 28 and 40 are fixed by the sensor construction
and cannot be modified. Items 36 and 38 are used for
calibrating the sensor versus the installation height.
The horizontal position of the receiver lens 32 can be
mechanically adjusted in order to send the received
spots 22’ and 26’ on a given location of the PSD 30.
The distance 42 is used to initiate detection. If the
distance 42 to a target is below a given threshold, de-

tection has to be triggered.
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As the spot position on the PSD 30 will provide elec-
trical levels, which are proportional to the position
of the received spot 22’ or 26’, a processor can then
adjust the detection threshold by setting electroni-

cally a specific potentiometer value for all spots.

One essential difference between prior art and the in-
vention is the time multiplexing of several spots 227
and 26’ on the same PSD 30. The spots 22 and 26 can be
sent alternatively and their respective position are
successively analyzed by the processor of the PSD 30.
The standby position of each spot 22’ and 26’ (on the
PSD 30) is different because it depends not only on the
distance of the sensor to the cbject 24 or target, but
also of its location on the floor (if the object 24 is

the floor).

The positicn of each detection threshold is therefore
specific for each spot 22 and 26 and is computed by the
processor following the detection height. The computed
detection threshold for each spot can be stored in a
non-volatile memory. The number of spots received by
the PSD 30 (two in this embodiment) is only limited by
the resolution of the PSD and the scanning time. Alter-
natively, an IR spot could be a swept over a small an-
gle instead of using two or more spots generated by

different sources.

in the context of the invention, the PSD can be consid-
ered as an "optical potentiometer”. As has been already
stated, it provides two current outputs whose current
ratio is proportional to the position of the received

spot along the PSD. It can then be ccncluded that the
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received spot defines the position of the "optical po-

tentiometer™ tap.

The electronic processing of the currents received from
the PSD 30 is based on a bridge principle and shown in
Fig. 2. Similar amplifiers 44 and 46 are respectively
connected to the two outputs of the PSD 30 and amplify
a respective current Il and I2 received from the PSD 30.
A potentiometer 48 is then used to balance the currents
I1 and I2 before entering as respective voltages V1 and
V2 a differential amplifier 50, which measures the dif-

ference between the two balanced signals.

The current Il and I2 generated by the PSD 30 depend on
the position of the spots 20" and 22’ which are repro-
duced by means of the receiver lens 32 on the PSD 30.
In Fig. 2 a displaced object 24’ 1is shown. The distance
between this displaced object 24’ and the sensor is
smaller than the distance between the object 24 and the
sensor. It can be seen that the spots 20’ and 22’ are
shifted from their positions when reproduced from the
object 24. Therefore, the currents Il and I2 change and
the detection of the distance between the displaced ob-
ject 24’ and the sensor can be recalculated based on

the changed currents Il and IZ.

The potentiometer 48 is controlled by means of a digi-
tal processor 52 in order to dynamically balance the
two lines conducting the two currents Il and IZ from
the PSD. This type of digitally controlled potentiome-
ter {(in the following also referred to as DIGIPOT) is

able to be set by a computer very rapidly and to switch
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between several values at the rhythm of the switching

between the different LEDs 10 and 12.

Practically, the CPU activates the first LED 10. A spot
22 is sent to the floor 24, is reflected and comes back
through the receiver lens 32 and stimulates the PSD 30.
Because the current I1 is higher than I2, the digital

processor 52 sets the DIGIPOT on the equivalent Pl po-

sition in order to obtain a perfect equilibrium between
vl and V2 when the spot reaches the distance threshold.

This has to be done during a set up procedure.

When the digital processor 52 activates the second LED
12 {(blue), a second spot 26 is sent to the flcor 24. A
different situation appears, since current I2 is now
larger than current Il, and the digital processor 52
sets the DIGIPOT on the P2 position to obtain V1 = V2 -

> V3 = 0 when the distance threshold is reached.

The DIGIPOT values are stored definitively in an EEPROM
after a set up procedure. They do not have to be modi-
fied until the detection distance is not changed. The
digital processor 52 updates the DIGIPOT value every
time it changes between the different possible LEDs 10
and 12 and corresponding emitted spots 22 and 26.

The detection distance can be electronically adjusted
(for example by the use of a remote control}; no me-
chanical adjustment is necessary. The digital processor
52 will then change the DIGIPOT value to move the dis-
tance threshold.
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During standby, because the distance sensor-to-floor is
higher than the detection distance, the equilibrium be-
tween V1 and V2 is broken and V2 is always higher than
V1. V3 is therefore positive. When the distance between
the target and the sensor is equal to the limit, V3
will switch to a negative voltage, which will trigger

detection.

The advantage of working with a balanced system can
clearly be understood by the following facts: The
higher the dead zone (distance between ground and
threshold) and the floor reflectivity, the higher the
difference between voltage V2 and voltage V1 and then
the higher is voltage V3, but it stays of the same sign.
This is the fundamental advantage of such a technique,
because it becomes then insensitive to ground reflec-
tivity variations like the one generated by rain, snow,

etc.

The receiver lens 32 is horizontally adjustable by ad-
justing means 33 in order to properly center the pair
of spots 22 and 26 on the PSD 30 during the calibration
procedure. This mechanical setting only depends on the
installation height of the sensor. The lens 32 can be

translated horizontally using an eccentric screw,

As the sensor is using several different LEDs on the
PSD, it is then easy to verify the integrity of the PSD
sensor by checking that the two diodes are generating

different readings at the output of the PSD.
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10
12
14
16
18
187
20
207
22
24
24’
26
28
30
32
33
34
36
38
40
427
44
46
48
50
52

(24)

Reference numerals

first LED

second LED

transmitter lens
optical axis of lens 14
first infrared beam
first infrared beam
second ilnfrared beam
second infrared beam
first spot

object or ground
displaced object
second spot
mechanically adjusted distance
PSD

receiver lens
adjustment means

optical axis of lens 32

horizontal adjustability of lens 32
horizontal adjustability of lens 32

focal length of the optic

distance between sensor and object 24

amplifier

amplifier
potentiometer
differential amplifier

digital preocessor (CPU)

JP 2005-140773 A 2005.6.2
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New Claims

Distance measurement sensor comprising a PSD (30)
as an optoelectronic receiver, a transmitter (10,
12) for generating a spot (22, 26) an optics (14,
32) for reproducing said spot (22', 26') on the
PSD (30) and means (44, 46, 48, 50, 52) for proc-
essing output signals (I1l, I2) generated by said
PSD (30) and for controlling the said transmitter
(10, 12) depending on said processed output sig-
nals (I1l, I2) in order to measure the distance
between the target (24) and the sensor by a tri-
angulation technique, characterized in that said
transmitter comprises at least two optoelectronic
signal sources {10, 12) for projecting at least
two spots (22, 26) independent from each other on
a target (24), said means (44, 46, 48, 50, 52)
comprising a digitally controlled potentiometer
{48) for balancing the output signals (I1, I2)
and a digital processor (52) adapted for control-

ling the potentiometer (48).

Sensor according to claim 1, characterized in
that the digital processor (52) is adapted to

control the at least two optoelectronic signal
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sources {10, 12).

Sensor according to claim 3 or 4, characterized
by memory means for storing values for setting

the potentiometer (48).

Sensor according to any of the preceding claims,
characterized in that the at least two optoelec-
tronic signal sources (10, 12) are different IR

LEDs.

Sensor according to any of the preceding claims,
characterized in that the optics (14, 32) com-
prises one transmitter lens (14) for projecting
spots (22, 26) from the at least two optoelec-
tronic signal sources (10, 12) on the target (24)
and one receiver lens (32) for projecting the
spots (22, 26) reflected from the target (24) on
the PSD (30).

Sensor according to claim 5, characterized by me-
chanical adjustment means (33) provided for ad-
justing the position of the receiver lens (32) so

that the spots are reflected on the PSD (30).

Distance measurement method wherein at least two
optoelectronic signal sources (10, 12) project at
least two spots (22, 26) on a target (24), an op-
ties (14, 32) reproduces the at least two spots
(227, 26') on an PSD (30) generating output sig-
nals (I1, I2), and means (44, 46, 48, 50, 52)
process the output signals (I1, IZ) and control

the at least two optoelectronic signal sources
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(10, 12) depending on the processed output sig-
nals (T1, I2} in order to measure the distance
between the target (24) and the sensor by a tri-
angulation technique, and a digitally controlled
potentiometer (48) sequentially balances the out-
put signals (I1l, I2) of the respective signal
generated by the at least two spots in the PSD
{30) .

Method according to claim 7, characterized in
that the means (44, 46, 48, 50, 52) control the
at least two optoelectronic signal sources (10,
12) in that the spots (22, 26) are projected
sequentially on the target (24) and their respec-
tive positions are successively analyzed by the

means (44, 46, 48, 50, 52).

Method according to claim 7 or 8, characterized
in that the monitoring of the sensor detection
capabilities integrity is done by analyzing the
signal outputs variations between at least two

different spots.

10. Usage of the sensor according to any of claims 1-

6 or the method according to any of claims 7-9 in

a automatic deoor opener and shutter.
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1 Abstract

Distance measurement sensor comprising a PSD (30)
as an optoelectronic receiver, a transmitter (10,
12) for generating a spot (22, 26) an optics (14,
32) for reproducing said spot (22’', 26’) on the
PSD (30) and means (44, 46, 48, 50, 52) for proc-
essing output signals (Il, I2) generated by said
PSD (30) and for controlling the said transmitter
(10, 12) depending on said processed output sig-
nals (I1, I2) in order to measure the distance
between the target (24) and the sensor by a tri-
angulation technique, characterized in that said
transmitter comprises at least two optoelectronic
signal sources (10, 12) for projecting at least
two spots (22, 26} independent from each other on
a target (24), said means (44, 46, 48, 50, 52)
comprising a digitally controlled potentiometer
(48) for balancing the output signals (I1, IZ2)
and a digital processor (52) adapted for control-

ling the potentiometer (48).

9 Representative Drawing

Fig. 2
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52

Fig. 2
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