
(12) STANDARD PATENT APPLICATION (11) Application No. AU 2014203347 A1 
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

Title
Optical sensor system on an apparatus for treating liquids

International Patent Classification(s)
G01F 23/292 (2006.01)

(21) Application No: 2014203347 (22) Date of Filing: 2014.06.19

Publication Date: 2014.07.10(43)
(43) Publication Journal Date: 2014.07.10

(62) Divisional of:
2008201077

(71) Applicant(s)
Eppendorf AG

(72) Inventor(s)
HARNACK, Kurt;GOETZ, Reinhold;KNOFE, Helmut;KROOG, Jens-Peter;SCHEFFLER, 
Peter

(74) Agent / Attorney
Griffith Hack, Level 19 109 St Georges Terrace, Perth, WA, 6000



20
14

20
33

47
 

19
 Ju

n 
20

14

Abstract

An optical sensor system on an apparatus for treating 
liquids, with a device for projecting light to at least

5 one illumination position in space, at least one device 
for imaging the at least one illumination position on at 
least one photo detector in order to supply a measurement 
signal depending on the received light, wherein the device 
for projecting is a device for simultaneously projecting

10 light to plural illumination positions and/or the device 
for projecting is a device for simultaneously projecting 
light under different angles to the same illumination 
position, and/or plural photo detectors are existent, and 
an analysing unit connected to the at least one photo

15 detector for analysing the at least one measurement 
signal.
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OPTICAL SENSOR SYSTEM ON AN APPARATUS FOR TREATING LIQUIDS

The present invention is related to an optical sensor 
system on an apparatus for treating liquids.

5
An optical sensor system of the type of the present 
invention serves for the determination of the height of a 
liquid level in vessels (reaction vessels or wells of 
microtiter plates, for instance), of the position and the 

10 identity of vessels (reaction vessels or microtiter
plates, for instance) and of the position and the identity 
of objects (e.g. tools, accessories, pipette points in a 
rack and other so-called "labware" in an apparatus for 
treating liquids.

15
In particular, an apparatus for treating liquids can be an 
apparatus for metering and/or transporting and/or 
examining and/or processing (chemically, physically or 
biologically) liquids. In known apparatuses for treating 

20 liquids, the processes are performed either manually or
partly or completely automatically. For instance, manual 
pipettes, PC-supported metering systems and completely 
automatic metering stations are known for metering. There 
are completely automatic treatment stations for metering, 

25 transporting, examining and processing liquids (so-called
"workstations")

When pipetting manually as well as when pipetting 
automatically, the pipette point has to be dipped into the 

30 liquid with an immersion depth as small as possible,
because the metering error increases with the immersion 
depth, and because the pipette point or the vessel, 
respectively, might be damaged upon too deep an immersion. 
In addition, the pipette point must be continuously

35 submerged during the pick-up of liquid, so that no air is 
aspirated. In doing so, it has to be taken into account 
that the liquid level in the vessel decreases when picking
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up liquid. With manual pipettes, the user has to check the
immersion depth of the pipette point continuously and to
follow up with the pipette point. In automatic metering
apparatuses, monitoring and control devices are used for

5 this.

From EP 1 288 635 A2, an apparatus for treating liquids 
with an illumination device for illuminating an 
approximately point-shaped illumination position in space

10 and an approximately point-shaped light receiving device 
with a photo detector for supplying a measurement signal 
depending on the intensity of the received light is known. 
The apparatus has an imaging system for imaging the 
illumination position on the approximately point-shaped

15 light receiving device. Further, it has an analysing 
device for monitoring the approach of an interface between 
two media with different refractive indices to the 
illumination position, by analysing the measurement 
signals furnished by the photo detector. When an interface

20 between two media with different refractive indices enters 
into the illumination position, the intensity of the light 
radiation received by the light receiving device and thus 
the measurement signal supplied by the photo detector 
changes strongly. Thus, it can be determined whether there

25 is an interface in the illumination position or not.

Because the light beam of the illuminating device and the 
imaging system can be coaxially aligned towards the 
illumination position, touch-free retrieval of interfaces 

30 from a greater distance and with significantly less
lateral space demand is possible. This promotes the 
retrieval of the liquid level in vessels with relatively 
small opening and/or relatively great depth.

35 It can be selectively worked with light of a wavelength 
for which a liquid (water e.g.) is un-transparent, in 
order to retrieve a liquid level free from disturbances

5502830_1 (GHMatters) P77124.AU.1
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through vessels nearby.

For the determination of the position of an interface, the 
relative position of illumination position and interface

5 can be varied, until the interface is situated in the 
illumination position. Further, it is possible to scan the 
surface of an object with the illumination position, in 
order to deduce the position of the entire object and/or 
its identity based on individual values or on the course

10 of the measurement signal. In order to do this, the 
apparatus may have an adjustment device for adjusting the 
relative position of illumination position and interface 
in the direction of the optical axis of the imaging system 
and/or transversely to it. The analysing device can

15 trigger the adjustment of the relative position of 
illumination position and interface by the adjustment 
device. Then, the adjustment can take place depending on 
measurement signals, for instance in order to set the 
illumination position to the interface and/or to move it

20 along the interface.

For positioning the illumination point on the interface or 
for finding the interface, respectively, the adjustment 
device must often run through long movement paths. This is

25 very time-consuming and decreases the working speed of the 
apparatus for treating liquid.

Starting from this, an optical sensor system is provided 
on an apparatus for treating liquids and a method for

30 operating such an optical sensor system is provided which 
allows a more rapid detection of interfaces.

The optical sensor system on an apparatus for treating 
liquids has a device for projecting light to at least one

35 illumination position in space, at least one device for 
imaging the at least one illumination position on at least 
one photo detector in order to supply a measurement signal

5502830_1 (GHMatters) P77124.AU.1
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depending on the received light, wherein the device for 
projecting is a device for simultaneously projecting light 
to plural illumination positions and/or the device for 
projecting is a device for simultaneously projecting light 

5 under different angles to the same illumination position, 
and/or plural photo detectors are existent, and an 
analysing unit connected to the at least one photo 
detector for analysing the at least one measurement 
signal.

10
The optical sensor system of the apparatus for treating 
liquids according to EP 1 288 635 A2 relies on the fact 
that the illuminating device, the light receiving device 
and the interface are aligned towards each other such that 

15 light from the illumination position on the interface is
reflected accurately to the point-shaped light receiving 
device. When the illuminating device and the imaging 
system are aligned coaxially towards the illumination 
position, the illuminating device and the imaging system 

20 must be directed perpendicularly towards the interface, so 
that the light from the point-shaped illumination position 
is reflected to the point-shaped light receiving device. 
From on a certain angle of inclination of the interface 
with respect to the axis of the illuminating device, the 

25 reflected light no more hits the light receiving device.
Thus, this inclined interface is no more detected by the 
optical sensor system.

In vessels, the surfaces of liquids are formed in
30 different ways, in particular in vessels with small 

dimensions, like reaction vessels and deepenings of 
microtiter plates. The shapes of these interfaces are 
determined by gravitation, dimensions of the vessels, 
fill-in mode of the liquid, surface tension of the liquid, 

35 wetting properties of the walls of the vessels and further 
complex influences, which do not permit any prediction of 
the optimum reflection site in which the illuminating

5502830_1 (GHMatters) P77124.AU.1
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device and the imaging system are aligned perpendicularly
towards the interface.

The optimum reflection site can be relatively great in
5 area at planar liquid surfaces in relatively big vessels 

in particular, and small in area at relatively uneven 
liquid surfaces in small vessels in particular. Just in 
liquid samples pipetted by hand, the liquid surface can be 
inclined, because the liquid is preferably delivered on

10 the wall of the vessel. Through this, the optimum 
reflection site can be situated far off the centre.

The known optical sensor system must be moved horizontally 
and vertically several times, as the case might be, until

15 the optimum reflection site is found. Accordingly, the 
detection of the interface can require long movement paths 
and the time demand is correspondingly high.

An optical sensor system is provided that illuminates
20 plural illumination positions simultaneously, and/or it 

illuminates the same illumination position simultaneously 
under different angles and/or it has plural photo 
detectors, which can receive light simultaneously and 
supply a measurement signal depending on the received

25 light. Plural illumination positions or plural photo 
detectors, respectively, have different positions in 
space. Thus, plural illumination positions can 
simultaneously illuminate a greater region of the 
interface to be detected. When an illumination position is

30 illuminated under different angles, the light is reflected 
at different angles from the interface to be detected. 
Plural photo detectors can receive light which is emitted 
from the interface at different angles. In all the 
variants mentioned above, the probability is increased to

35 find an optimum reflection site in a certain arrangement 
of the device for projecting and of the device for imaging 
with respect to the interface to be detected, in which

5502830_1 (GHMatters) P77124.AU.1
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light projected to an illumination position is reflected 
by the interface such that it hits at least one photo 
detector. The same supplies a corresponding measurement 
signal, so that the analysing device can determine the

5 location of the interface in the illumination position. As 
a consequence, it is possible that moving the optical 
sensor system with respect to the interface can be 
omitted. In as much as moving the optical sensor system 
with respect to the interface is necessary because an

10 optimum reflection site cannot be instantly located, the 
optical sensor system can be moved with respect to the 
interface until the analysing device states by analysing 
the measurement signals that an optimum reflection site of 
the interface is in a illumination position. The movement

15 paths for finding the optimum reflection site can be 
reduced. Through this, a more rapid detection of the 
interface is permitted and the working speed of an 
apparatus for treating liquids can be enhanced.

20 In an embodiment, the device for projecting projects the 
light simultaneously to plural illumination positions 
and/or when it projects the light to the same illumination 
position under different angles simultaneously and only 
one single photo detector is at hand.

25
In an embodiment the device for projecting illuminates 
only one illumination position under only one angle and 
plural photo detectors are at hand.

30 In an embodiment, the device for projecting illuminates 
plural illumination positions at the same time and/or when 
it illuminates the same illumination position 
simultaneously under different angles and plural photo 
detectors are at hand.

35
The optical sensor system can detect different kinds of 
interfaces, liquids and objects in particular, with

5502830_1 (GHMatters) P77124.AU.1
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diffusely or directedly reflecting interfaces in 
particular. Thus, it may be used in particular to 
determine the position and/or identity of interfaces or of 
the liquids or objects featuring the same, respectively.

5 In principle, the device for projecting can project the 
light of an extraneous light source. According to one 
embodiment, the device for projecting has at least one 
light source. According to a further embodiment, the light 
source is at least one laser, LED or light bulb. For

10 instance, the laser is a semiconductor laser, a laser 
diode in particular.

When the device for projecting has plural light sources, 
the light of different light sources can be projected to

15 different illumination positions absolutely at the same 
time, and/or it can be projected simultaneously to the 
same illumination position under different angles.
However, the present system incorporates also realisations 
in which the light of different light sources is projected 

20 offset in time to plural illumination positions and/or is 
projected offset in time to the same illumination position 
under different angles, so that only one light source is 
switched on at a certain point in time. These realisations 
also permit a more rapid detection of the interface, in

25 particular when the light sources are switched on in a 
very rapid sequence, because by doing so the interface can 
be scanned much more rapidly than by displacing the known 
one-beam sensor system by means of the adjustment device. 
The consecutive switching-on of plural light sources can

30 aid in assigning the measurement signals to the different
light sources. Thus, plural light sources switched on one
after the other illuminate the different illumination
positions quasi simultaneously or illuminate one
illumination position quasi simultaneously under different

35 angles, and therefore they are switched on simultaneously
in the spirit of the invention.

5502830_1 (GHMatters) P77124.AU.1
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According to one embodiment, the light source emits light 
having a wavelength which is reflected in a particularly 
high degree by an interface to be detected. Accordingly, 
light with a wavelength other than that used for the

5 detection of the interface of an object can be used for 
the detection of the interface of a liquid. When it is 
worked with light of a wavelength for which the liquid is 
un-transparent, the liquid level can be acquired free of 
disturbances through vessel walls nearby. When the liquid

10 is transparent for light of a certain wavelength, the 
location of the vessel bottom can be detected across the 
liquid with this light. The suitable wavelength for the 
detection of a liquid can depend on the composition 
thereof (aqueous or organic solutions, for instance). The

15 suitable wavelength for the detection of the surface of an 
object can depend on from which material (metal or 
plastics, e.g.), with which properties (transparent, 
reflecting, glossy, matte and so on) the same is made. 
Wavelengths in a broad range come into consideration,

20 which includes visible and invisible light (IR- and UV- 
radiation). Laser diodes are at hand for the range of 
visible light in particular.

According to one embodiment, the device for projecting has 
25 plural separately switchable light sources with different 

wavelengths, which can be switched on depending on the 
interface to be detected. According to another embodiment, 
the device for projecting has one light source with 
adjustable wavelength (a tuneable laser diode for

30 instance).

These embodiments permit to detect an interface with light 
of different wavelengths. Invalid measurement values can 
be recognised and discarded after check-up of the

35 measurement with light of another wavelength. In 
particular, when only a very small amount of liquid is 
contained in a vessel, it is important to discriminate

5502830_1 (GHMatters) P77124.AU.1
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between the surface of the liquid and the bottom of the 
vessel. When measuring with light of only one wavelength, 
this may be very difficult. The use of light with 
different wavelengths facilitates the assignment, in

5 particular when the wavelength is optimised according to 
measurement case and material.

According to one embodiment, the device for projecting is 
a device for projecting light to at least one point-

10 shaped, line-shaped or two-dimesional illumination
position. The point-shaped illumination position is 
advantageous for detecting small interfaces, of liquid 
levels in narrow vessels or in the wells of microtiter 
plates for instance. In addition, when focussing the light

15 on at least one point-shaped illumination position, 
particularly strong measurement signals are obtained when 
a point-shaped illumination position hits an optimum 
reflection site. In order to generate a point-shaped 
illumination position, the at least one light source is

20 point-shaped according to one embodiment. According to a 
further embodiment, the device for projecting has at least 
one stop and/or at least one light guide in the optical 
path of the at least one light source, so that a quasi 
point-shaped light source is present at the light

25 discharging side of the stop or the light guide, 
respectively.

The illumination positions may have different arrangements 
in space. According to embodiments, they have a three-

30 dimensional arrangement or an arrangement in two
dimensions. According to a further embodiment, the
illumination positions are arranged in a convex or concave
plane or in planes inclined towards each other. These
embodiments approach characteristic shapes of interfaces

35 (of liquid surfaces in narrow vessels, e.g.), and thus
they can facilitate to find an optimum reflection site.

5502830_1 (GHMatters) P77124.AU.1
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In a three-dimensional arrangement, the illumination 
positions can be arranged on the intersection points of a 
space grid in particular. When arranged in two dimensions, 
they can be arranged on the intersection points of a two- 

5 dimensional grid-shaped net (or raster like, respectively) 
in particular, or in other patterns.

In particular, plural different illumination positions can 
be illumination positions separated from each other or

10 discrete ones, respectively. Yet they may even touch each 
other or partially cover each other.

According to one embodiment, the light beam illuminating 
the at least one illumination position has an angle of 

15 aperture of 8° or below, so that the light beam can be 
introduced into vessels with a relatively small opening 
diameter and/or great depth without being shaded in the 
edge region. The same may be vessels with a filling volume 
in the millilitre range and below in particular, which are 

20 often used for the accommodation of liquids in metering 
stations and fully automatic treatment stations.

According to one embodiment, the distance of the 
illumination position from the imaging system is 100 mm or 

25 more, through which a touchless measurement of the liquid 
level in many usual vessels of the above-mentioned kind is 
possible .

The at least one illumination position can be generated in 
30 different ways. For instance, the illumination position

may be illuminated by a line-shaped light beam, which can
be generated by means of a laser, for instance. By at
least one device for imaging, at least one point-shaped
illumination position can be defined on the line-shaped

35 light beam, which is imaged on at least one photo
detector .

5502830_1 (GHMatters) P77124.AU.1
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According to one embodiment, the device for projecting has 
one single light source and at least one device for 
imaging the light source on at least one illumination 
position. This device for projecting can illuminate one

5 single illumination position in particular. For 
simultaneously projecting light to plural different 
illumination positions and/or for simultaneously 
projecting light to the same illumination position under 
different angles, according to one embodiment, the device

10 for projecting has a device for subdividing the light 
source into plural virtual light sources and at least one 
device for imaging the plural virtual light sources to at 
least one illumination position.

15 According to one embodiment, the device for subdividing 
the light source has a light guide fanning out and/or a 
multi-hole stop. The light guide fanning itself out turns 
the not fanned end towards the light source and the fanned 
end towards the device for imaging. The virtual light

20 sources are on the fanned end of the fanned light guide. 
The multi-hole stop is arranged in the light path between 
the light source and the device for imaging. The plural 
virtual light sources are defined by the stop openings of 
the multi-hole stop).

25
According to another embodiment, the device for projecting 
comprises plural light sources and at least one device for 
imaging the plural light sources on at least one 
illumination position. In this embodiment, the light of

30 plural light sources is used for simultaneously projecting 
light to plural illumination positions and/or for 
simultaneously projecting light to the same illumination 
position under different angles.

35 According to a further embodiment, the device for 
projecting has one common device for imaging the plural 
virtual light sources or the plural light sources on at

5502830_1 (GHMatters) P77124.AU.1
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least one illumination position.

According to one embodiment, the at least one photo 
detector is point-shaped, line-shaped or planar. For

5 instance, the at least one photo detector can be a 
photodiode, a photodiode array, a photodiode matrix or a 
planar photo detector. Preferably, the shape of the photo 
detector corresponds to the shape of the illumination 
position which is imaged on the photo detector. Thus, a

10 point-shaped illumination position is preferably imaged on 
a point-shaped photo detector, a line-shaped illumination 
position on a line-shaped photo detector and a two- 
dimesional illumination position on a two-dimensional 
photo detector.

15
The photo detectors may have different arrangements in 
space, for instance a three-dimensional arrangement or an 
arrangement in a plane. The plane may be a flat plane in 
particular. The photo detectors can be arranged on the 

20 intersection points of a space grid or of a planar grid
shaped net (or raster-like, respectively) in particular, 
or in other patterns. Preferably, the arrangement of the 
photo detectors is corresponding to the arrangement of the 
illumination positions, wherein each illumination position 

25 is imaged on one of these assigned photo detectors. For 
instance, the illumination positions and the photo 
detectors are each at a time arranged on the intersection 
points of a space grid or of a planar grid-shaped net, the 
distances of the illumination positions from each other

30 corresponding to the distances of the photo detectors from 
each other.

For instance, the distances of the illumination positions 
and/or the photo detectors are in the range of one tenth 

35 of a millimetre up to some millimetres.

In particular, the plural photo detectors can be photo

5502830_1 (GHMatters) P77124.AU.1
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detectors separated from each other or discrete ones, 
respectively, or they can touch each other. Plural photo 
detectors can be different assembly parts or parts of one 
single assembly part.

5
A point-shaped photo detector can be a photo detector with 
a particularly small light-sensitive area. According to 
one embodiment, at least one stop and/or at least one 
light guide is arranged in the optical path between the at 

10 least one device for imaging and the at least one photo
detector. The stop or the light guide limit the passage of 
light to a point-shaped region of the light-sensitive area 
of the photo detector, so that a quasi point-shaped photo 
detector is obtained.

15
According to one embodiment, there is one single photo 
detector and at least one device for imaging at least one 
illumination position on the photo detector. Preferably, 
the at least one device for imaging images plural

20 illumination positions on the single photo detector, in 
order to facilitate finding an optimum reflection site.
But even realisations are embraced in which the device for 
imaging images only one illumination position on the photo 
detector, to which illumination position light is

25 projected under different angles, in order to project 
light to the illumination position under an angle of 
incidence for which the reflection site is optimum.

According to one embodiment, a device for merging light is 
30 arranged in the optical path between the at least one

device for imaging and the photo detector. The device for
merging has plural inputs through which light may enter.
In the device for merging, the entered light is merged and
supplied to the photo detector through a common exit.

35 According to a further embodiment, the device for merging
light has light guides combining with each other.

5502830_1 (GHMatters) P77124.AU.1
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According to one embodiment, there are plural photo 
detectors and at least one device for imaging at least one 
illumination position on the plural photo detectors. 
Through the plural photo detectors, the probability to

5 receive reflected light from one single illumination 
position is increased. When there are plural illumination 
positions, the probability to receive reflected light from 
at least one illumination position is increased through 
the plural photo detectors.

10
According to one embodiment, the devices for projecting 
and the at least one device for imaging are arranged 
coaxially. Through this, acquisition of interfaces in 
narrow vessels and scanning objects with strongly

15 structured surface is favoured.

According to one embodiment, the light of the at least one 
light source is supplied to the device for imaging the at 
least one light source on the at least one illumination

20 position via a beam splitter, and the same device for 
imaging images the at least one illumination position on 
the at least one photo detector via the beam splitter. By 
doing so, a measurement of impinging light is made 
possible. As there is only one device for imaging, the

25 expense is relatively small.

According to one embodiment, the at least one device for 
imaging the at least one light source and/or the at least 
one device for imaging the at least one illumination

30 position has a lens and/or plural lenses arranged besides 
to each other and/or a lens array and/or a Fresnel lens. 
In particular, plural lenses arranged side by side 
transversely to the axis of the device for imaging, the 
lens array and the Fresnel lens are used for imaging

35 plural light sources or virtual light sources on at least 
one illumination position and/or for imaging at least one 
illumination position on plural photo detectors.

5502830_1 (GHMatters) P77124.AU.1
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According to one embodiment, the analysing unit has means 
for filtering the measurement signal supplied by the at 
least one photo detector. Through this, noise portions of 
the measurement signal can be suppressed and influences of 

5 extraneous light and other disturbances can be avoided.
For instance, the measurement signals supplied by the 
photo detectors when moving the at least one illumination 
position vertically are differentiated for this purpose, 
and the interface is determined to be at the location

10 where the derivative becomes zero. Further evaluation 
methods (for instance logarithmic, integration of higher 
order) for filtering out the noise signals from the 
measurement signal are at hand. By filtering the 
measurement signals, the sensitivity of the optical sensor

15 system and the rapidity of the detection of interfaces by 
means of the optical sensor system is enhanced.

According to one embodiment, there is an adjustment device 
for adjusting the relative position of the at least one

20 illumination position and the interface in the direction 
of the optical axis of the at least one imaging system 
and/or transversely to the same, in order to position at 
least one illumination position at an optimum reflection 
site. According to a further embodiment, the relative

25 position of the optics formed by the device for 
projecting, the imaging system and the at least one photo 
detector and of the interface is adjustable by means of 
the adjustment device. For this purpose, the optical 
sensor system can be shiftable, for instance by means of a

30 horizontally and vertically (in the direction of the X-, 
YX- and Z-axis) movable transportation device, and/or the 
interface can be shiftable, by means of an object slide, 
for instance.

35 According to one embodiment, the adjustment device has a 
zoom lens and/or an auto focus system in the imaging 
system for the adjustment of the optical axis of the at

5502830_1 (GHMatters) P77124.AU.1
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least one imaging system. For the adjustment transversely
to the optical axis, the adjustment device may have at
least one scan mirror in the imaging system.

5 According to one embodiment, the adjustment device is 
motor-driven, for instance for integration into an 
automatic apparatus for treating liquids.

According to one embodiment, the analysing unit triggers 
10 the adjustment of the relative position of the at least

one illumination position and the interface by the 
adjustment device. The analysing device can perform the 
adjustment depending on the measurement signals, in order 
to set at least one illumination position to the interface 

15 and/or to move it along the interface.

According to one embodiment, the analysing unit detects 
the position and/or identity of interfaces or of the 
liquids or objects having the same, respectively. The 

20 identity of liquids or objects can be detected by scanning 
their interfaces with light of a specific wavelength and 
comparison of the measurement signals with reference data. 
The identity of objects can be detected by comparing the 
profile of the interface which was detected by scanning 

25 with reference data. The reference data can be memorised, 
for instance after detection through previously performed 
scanning of reference liquids or reference objects, 
respectively. The results of these determinations can be 
used for automatic control of processes of the apparatus 

30 for treating liquids.

According to a further embodiment, the analysing unit 
detects the position and/or the identity of interfaces in 
vessels (e.g. reaction vessels or wells of microtiter 

35 plates) and/or of laboratory goods (so-called "labware" 
like reaction vessels, microtiter plates, pipette points) 
and/or of tools.

5502830_1 (GHMatters) P77124.AU.1
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According to one embodiment, the optical sensor system is
arranged on an automatic apparatus for treating liquids.

According to one embodiment, the analysing unit is an
5 analysing unit for acquiring an optically scannable mark 

of objects. The optically scannable mark is a bar code or 
line code arranged on an object, for instance, or an 
encoded arrangement of holes or of lines of a raster on 
the object.

10
In a method for operating an optical sensor system, light 
is projected to at least one illumination position, the at 
least one illumination position is imaged on at least one 
photo detector, wherein light is projected simultaneously 

15 to plural illumination positions and/or light is projected 
under different angles to the same illumination position 
and/or the at least one illumination position is imaged on 
plural photo detectors, the vertical distance between the 
at least one illumination position and the interface is

20 varied, the maximum value of the measurement signal of at
least one photo detector is acquired when the vertical 
distance is varied, and
the position of the illumination position at the maximum 
value of the measurement signal is determined as the

25 position of the interface.

A method is provided that detects the spatial position of 
the interface in the vertical direction (or in the 
direction of the Z-axis, respectively), i.e. in or against 

30 the direction of the earth gravitation. A detection of the 
position in the horizontal direction (or the direction in 
the X- and Y-axis) and the assignment of the optimum 
reflection site to a certain position on the interface can 
be omitted. Through this, the detection of the liquid

35 level is accelerated.

According to one embodiment, in the event that no maximum
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value of the measurement signal of at least one photo 
detector is detected when the vertical distance between 
illumination position and interface is varied, and 
thereafter is searched anew for a maximum value of the

5 measurement signal through variation of the vertical 
distance of the at least one illumination position and the 
interface, the position of the at least one illumination 
position is varied in the direction transverse to the 
vertical. These supplementary steps must be performed only

10 when no maximum of the measurement signal is detected in 
the first variation of the vertical distance.

In a method for operating an optical sensor system, light 
in the direction of an interface is projected to at least

15 one illumination position, the distribution of the 
reflected quantity of light is detected by means of plural 
photo detectors, and the probable position of the optimum 
reflection position on the interface and/or the probable 
position and/or the identity of the interface is

20 determined on the basis of the detected distribution of 
the quantity of light.

In this method, the probable position of the interface 
and/or the optimum reflection site on the interface and/or

25 the probable identity of the interface or the liquid 
having the same or the object having the same, 
respectively, is deduced from the distribution of the 
reflected light. The measurement signals supplied by 
plural photo detectors are analysed accordingly. The

30 information about the probable position or the probable 
identity, respectively, is sufficient for many 
applications, for instance when it has only to be detected 
whether a vessel does contain any liquid or not, whether 
an object has reached the end of a process or whether a

35 certain kind of objects (like a microtiter plate with 384 
wells) is present. According to one embodiment, the exact 
determination of the position or the exact identification
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of the interface can be performed in an accelerated way in 
a postponed step, because already after analysing a few 
measurement signals, it can be measured in a target 
oriented manner. According to one embodiment, for this

5 purpose, the at least one illumination position is 
adjusted towards the probable position of the optimum 
reflection position or the probable position of the 
interface, respectively, and than the measurement is 
repeated.

10
In a method for operating an optical sensor system, light 
is projected to plural illumination positions, the 
illumination positions are moved across an interface, each 
illumination position is imaged on a photo detector

15 assigned to the same, and the measurement signals supplied 
by the plural photo detectors are compared and a 
measurement error is stated in the case of a deviation.

In this method, the surface of objects is scanned several 
20 times and the measurement signals are used in order to 

detect measurement errors. The detection of measurement 
errors can be the starting point for a repeated scan of 
the interface of the object. Yet, a correction can also be 
made by using the measurement signals of further scans,

25 which are obtained in one single working step, for the 
correction of an erroneous measurement. For this method, 
all the channels of the optical sensor system can be used, 
or only a part of them. It may be used in particular for 
scanning a bar code, a line code, an encoded arrangement

30 of holes or of lines of a raster on an object. Yet, the 
method is also suited for scanning interfaces in order to 
identify objects.

In principle, the optical sensor system can also be used
35 for the identification of objects or for the detection of 

the position thereof, respectively, when only one channel 
of the optical sensor system is used, i.e. by generating
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one single illumination position by means of one single 
light beam, which is imaged on one single photo detector. 
The multichannel optical sensor system can be switched 
over to a single channel optical sensor system by suitable 

5 measures, for instance by reading out only one photo 
detector and/or by covering illumination positions with 
suitable stops of the device for projecting and/or by 
cutting off light sources. Then, the system is capable to 
acquire the position of objects in space via horizontal

10 movements (in the X- and Y-direction) of the adjustment 
device .

According to one embodiment, the determined positions 
and/or identities of interfaces and/or objects are

15 memorised and/or are used for controlling and/or checking 
a method for treating liquids. The determined values can 
be filed in databases and can be used for the 
determination of liquid volumes or for the detection of 
the position of objects, respectively. Further, the data

20 detected according to the method above can be provided via 
a bus system to a control device, which on its part 
controls an apparatus for treating liquids.

According to one embodiment, the positions and/or
25 identities of interfaces and/or objects are detected in 

the beginning of a process for treating liquids and/or are 
detected anew in the course of a process for treating 
liquids and/or changes of the conditions through the 
process for treating liquids are calculated on the basis

30 of the detected positions and/or identities. By means of a 
pipetting device, liquid volumes can be taken out of 
certain vessels and also be added thereto depending on the 
request of the process for treating liquids. The changes 
of the volumes in every vessel can be calculated and

35 logged through a control device and can be memorised for 
the further steps of the process for treating liquids. In 
principle, a new detection of the position of interfaces
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of liquids is then no more necessary. Further, objects can 
be moved according to the method for treating liquids via 
a gripping- or other transporting device. Even in this, it 
is in principle not necessary to detect the new position

5 or the absence of objects at a certain location, because 
the new position can be calculated. Thus, in principle it 
is sufficient to detect the conditions (locations and/or 
identities of interfaces or of the liquids or objects 
featuring the same, respectively) in the beginning of the 

10 process for treating liquids, lest they are preset by the 
user .

According to a further embodiment, the calculated values 
are checked by a new detection of the positions and/or 

15 identities. In each intermediate stage of the method for 
treating liquids, the commands and actions performed 
before can be examined and the values at this intermediate 
stage can be memorised.

20 According to a further embodiment, the detected and/or 
calculated positions and/or identities are filed and/or 
displayed. After completion of a process, examination of 
all the performed commands or actions, respectively, is 
possible by means of the optical sensor for purposes of

25 quality management or validation, respectively. The 
results can be memorised and/or output for filing and/or 
verification.

A method for operating an optical sensor system on an
30 apparatus for treating liquids is provided, the system

comprising, a device for projecting light onto at least
one illumination position in space, at least one device
for imaging at least one illumination position onto at
least one photo detector for delivering a measuring signal

35 dependent upon the light received, the device for
projecting being also a device for simultaneously
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projecting light to plural illumination positions, and an 
analyzing unit to analyze at least one measuring signal 
connected to the at least one photo detector, wherein 
light is projected to at least one illumination position,

5 the at least one illumination position is imaged on the at 
least one photo detector, the at least one illumination 
position is imaged on a plurality of photo detectors, the 
vertical distance between the at least one illumination 
position and the interface of a liquid in a vessel is

10 changed, the maximum of the measuring signal of at least
one photo detector during changing of the vertical 
distance is detected and the position of the illumination 
position at the maximum of the measuring signal is 
determined as position of the interface of the liquid.

15
A method for operating an optical sensor system on a 
device for treating liquids is provided, the system 
comprising, a device for projecting light onto at least 
one illumination position in space, at least one device

20 for imaging the at least one illumination position onto at 
least one photo detector for delivering a measuring signal 
dependent upon light received, the device for projecting 
simultaneously being a device for simultaneously 
projecting light under different angles onto the same

25 illumination position, and an analyzing unit connected to 
the at least one photo detector for analyzing the at least 
one measuring signal, wherein, light is projected onto a 
least one illumination position, the at least one 
illumination position is imaged on the at least one photo

30 detector, light simultaneously being projected to the same 
illumination position under different angles, the vertical 
distance between the at least one illumination position 
and the interface of the liquid in a vessel is changed,
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the maximum of the measuring signal of the at least one 
photo detector during changing of the vertical distance is 
detected and the position of the illumination position at 
the maximum of measuring signal is determined as position

5 of the surface or interface of the liquid.

A method for operating an optical sensor system on a 
device for treating liquids is provided, the system 
comprising, a device for projecting light to at least one 
illumination position in space, at least one device for

10 imaging the at least one illumination position onto at
least one photo detector for delivering a measuring signal 
dependent upon the light received, a plurality of photo 
detectors being provided and an analyzing unit connected 
to at least one of the photo detectors for analyzing the

15 at least one measuring signal, wherein, light is projected 
onto at least one illumination position, at least one 
illumination position is imaged on the at least one photo 
detector, light being simultaneously projected to a 
plurality of illumination positions, the vertical distance

20 between the at least one illumination position and the 
interface of a liquid in a vessel is changed, the maximum 
of the measuring signal of the at least one photo detector 
during changing of the vertical distance is detected and 
the position of illumination position at the maximum of

25 the measuring signal is determined as position of the 
surface or interface of the liquid.

A method for operating an optical sensor system on a 
device for treating liquid is provided that comprises a

30 device for projecting light onto at least one illumination 
position in space, at least one device for imaging the at 
least one illumination position on at least one photo

5502830_1 (GHMatters) P77124.AU.1



24

20
14

20
33

47
 

19
 Ju

n 
20

14

detector for delivering a measuring signal dependent upon 
the light received, the device for projecting 
simultaneously being a device for simultaneously 
projecting a light onto a plurality of illumination

5 positions and/or the device for projecting being adapted 
to simultaneously projecting light under varying angles 
onto the same illumination position and/or plurality of 
photo detectors being provided and an analyzing unit 
connected to the at least one photo detector or analyzing

10 the at least one measuring signal, wherein, light is 
projected towards to the interface of a liquid in a vessel 
at least one illumination position, the distribution 
quantity of light reflected is detected by plural photo 
detectors and on the basis of the detected distribution of

15 the quantity of light be probable position of the optimum 
reflection position of the interface is detected and/or 
the probable position and/or the identity of the 
interface .

20 A method for operating an optical sensor system on a 
device for treating liquids is provided, the system 
comprising, a device for projecting light onto at least 
one illumination position in space, at least one device 
for imaging the at least one illumination position on at

25 least one photo detector for delivering a measuring signal 
dependent upon the light received, the device for 
projecting being simultaneously being a device for 
projecting light to a plurality of illumination positions 
and/or the device for projecting simultaneously being a

30 device for simultaneously projecting light under varying 
angles onto the same illumination position and/or a 
plurality of photo detectors being provided and an 
analyzing unit connected to at least one photo detector
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for analyzing the at least one measuring signal, wherein, 
the light is projected to a plurality of illumination 
positions, the illumination positions being moved across 
the interface of a liquid in a vessel and each

5 illumination position is imaged on a photo detector 
assigned thereto and the measurement signals supplied by 
the plural photo detectors are compared and measurement 
error is stated in the case of a deviation.

In accordance with an aspect of the present invention,
10 there is provided a method for operating an optical sensor 

system for touchless measurement on an apparatus for 
treating liquids, the apparatus comprising:

a device for projecting light to plural illumination 
positions in space, at least one device for imaging the

15 plural illumination positions reflected by the surface of 
the liquid on at least one photo detector in order to 
supply at least one measurement signal depending on the 
received light, wherein the device for projecting is a 
device for simultaneously projecting light to plural

20 illumination positions arranged in a flat or convex or 
concave plane or in inclined towards each other
approaching the characteristic shapes of liquid surfaces 
in narrow vessels;

the method comprising:
25 projecting light to ait least one illumination

position, the at least one illumination position is imaged 
reflected by the surface of the liquid on at least one 
photo detector,

projecting light simultaneously to plural
30 illumination positions and/or projecting light under

different angles to the same illumination position and/or
imaging the at least one illumination position on plural
photo detectors,varying the vertical distance between the
at least one illumination position and an interface;
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acquiring a maximum value of the measurement signal 
of at least one photo detector when the vertical distance 
is varied; and

determining the position of the illumination position 
5 at the maximum value of the measurement signal as the 

position of the interface.

In the following, the present invention is explained in 
more detail by reference to the attached drawings of 
examples of its realisation. In the drawings show:

10
Fig. 1 a light beam at an optimum reflection site of a 
concavely curved interface of a liquid in a vessel, in a 
vertical section;

15 Fig. 2 a light beam at an optimum reflection site of a 
convexly curved interface of a liquid in a vessel, in a 
vertical section;

Fig. 3 the position of an ideal reflection site of the
20 interface of a liquid in a vessel in a top view;

Fig. 4 the position of a real reflection site of the 
interface of a liquid in a vessel in a top view;

25 Fig. 5 plural parallel light beams at a concavely curved
interface of a liquid in a vessel, in a vertical section;

Fig. 6 plural parallel light beams at a convexly curved
interface of a liquid in a vessel, in a vertical section;

30
Fig. 7 scanning the real interface of a liquid in a vessel 
by means of plural matrix-like arranged light beams, in a 
top view;

35 Fig. 8 optical sensor system with plural light sources and
plural photo detectors, in a schematic side view;
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Fig. 9 optical sensor system with plural virtual light
sources and plural photo detectors, in a schematic side
view;

5 Fig. 10 optical sensor system with plural virtual light 
sources and one photo detector with light combination at 
the upstream side, in a schematic side view;

Fig. 11 optical sensor system with plural light sources
10 and one photo detector with light combination at the 

upstream side, in a schematic side view;

Fig. 12 optical sensor system with one light source with 
diverging light beams and plural photo detectors with

15 convergent alignment, in a schematic side view;
Fig. 13 optical sensor system with diverging light beams 
directed to inclined interfaces and plural parallel photo 
detectors, in a schematic side view;

20 Fig. 14 optical sensor system with plural light sources 
with light beams directed to one common illumination point 
under different angles, and plural photo detectors aligned 
towards them, in a schematic side view;

25 Fig. 15 block diagram of an optical sensor system 
according to Fig. 10;

Fig. 16 exemplary arrangement of microtiter plates in an 
apparatus for treating liquids with an optical sensor

30 system, in particular for position recognition and
identification of labwares, in a top view;

Fig. 17 exemplary arrangement of labwares in an apparatus 
for treating liquids with an optical sensor system, in

35 particular for position recognition and identification of 
labwares, in a top view;
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Fig. 18 optical sensor system when it scans a bar code, in
a schematic side view.

In the following description, coincident parts of
5 different realisation examples are designated with the 

same reference numerals.

Fig. 1 to 7 show examples for the generation of the liquid 
level in a reaction vessel with a capacity in the range of

10 a fraction of a millilitre up to some millilitres. Such 
reaction vessels are marketed by the applicant under the 
designation of "Eppendorf Rohrchen" or "Eppendorf tubes", 
respectively.

15 The vessels 1 are conical in the lower part 2 and have a 
vessel bottom 3 concavely domed at the inside. The vessels 
1 are aligned vertically with their axis 4.

According to Fig. 1, a liquid 5 arranged in the vessel 1
20 has a concavely curved "meniscus" or interface 6.

A light beam 7, directed parallel to the vessel axis 4 
towards the interface 6, hits the interface 6 vertically 
at an optimum reflection site 8. From the optimum

25 reflection site 8, it is reflected parallel to the vessel 
axis 4. An apparatus for acquiring interfaces according to 
Fig. 1 of EP 1 288 635 A2 can acquire the position of the 
interface 6 when the light beam is directed to the optimum 
reflection site 8.

30
Fig. 2 shows the optimum reflection site 8 on a convexly 
curved interface 6 in the vessel 1.

According to Fig. 3, the optimum reflection site 8 is
35 arranged on the central axis 4 of the vessel 1 in the 

ideal case. When the position of the vessel 1 is known, 
the fill level can be determined easily by means of the
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apparatus for acquiring interfaces according to EP 1 288 
635 A2. According to Fig. 4, the optimum reflection site 8 
is arranged off-centre in reality. A sensor system 
according to EP 1 288 635 A2 must be moved vertically and

5 horizontally in order to find the optimum reflection site
8.

According to the present invention, plural parallel light 
beams 7 are directed towards the interface 6 in the vessel 

10 1 according to Fig. 5 and 6. One of the parallel light
beams 7 at a time hits the optimum reflection site 8.
Thus, the reflected light can be detected by means of a 
not shown photo detector, which is directed towards the 
reflected light.

15
Fig. 7 illustrates how the optimum reflection site 8 is 
found by means of a matrix-like arrangement of light beams 
7 on a real interface 6 corresponding to Fig. 4. In 
principle, the optimum reflection site 8 can be found in

20 one single scanning process. As the case may be, a device 
for projecting the light beams 7 must be moved in the 
vertical (perpendicular to the drawing plane) in order to 
focus a light beam 7 at the optimum reflection site 8 on 
the interface 6.

25
Plural light beams 7 for scanning the interface 6 can be 
generated in different ways. In the following, some 
examples for this are explained:

30 According to Fig. 8, parallel light beams 7.1, 7.2, 7.3 
from parallel light sources 9.1, 9.2, 9.3 are directed 
towards a beam splitter 10. From the beam splitter 10, the 
light beams 7.1, 7.2, 7.3 are reflected to a lens array
11. The lens array 11 has a plurality of lenses arranged

35 side by side, wherein one lens is assigned to each light 
beam 7.1, 7.2, and 7.3 at a time. Through the lens array 
11, the light beams 7.1, 7.2, 7.3 are focussed on raster-
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like arranged illumination positions 12.1, 12.2, 12.3.

In the example, all the light beams 7.1, 7.2, 7.3 hit a 
reflecting interface 6 perpendicularly, so that the light

5 is reflected in the direction of the incident light beams
7.1, 7.2, 7.3. The reflected light is imaged on parallel 
photo detectors 13.1, 13.2, 13.3 by the lens array 11 and 
the beam splitter 10.

10 The lens array 11 focuses the light beams 7.1, 7.2, 7.3 on
illumination positions 12.1, 12.2, 12.3, and the light
reflected from the illumination positions on the photo
detectors 13.1, 13.2, and 13.3. When the illumination
positions 12.1, 12.2, 12.3 are on the interface 6, the 

15 amount of light received by the photo detectors 13.1,
13.2, 13.3 is maximum. Thus, the measurement signals of
the photo detectors 13.1, 13.2, 13.3 indicate that the
illumination positions 12.1, 12.2, 12.3 are on the
interface 6. Through this, the distance of the interface 6 

20 from the optical sensor system is known.

In Fig. 8, the interface 6 is even. With an uneven 
interface 6, only a light beam 7.1 or 7.2 or 7.3 
perpendicularly incident to a region of this interface

25 hits the optimum reflection site 8. The reflected light is 
received by photo detector 13.1 or 13.2 or 13.3, on which 
the corresponding illumination position 12.1 or 12.2 or 
12.3 is imaged. The measurement signal of photo detector 
13.1 or 13.2 or 13.3 indicates that the optimum reflection

30 site 8 is found, so that the distance of the interface 6 
from the optical sensor system can be determined on a 
nonplanar interface 6.

The optical sensor system of Fig. 9 has only one single
35 light source 9. The light of this light source is 

subdivided into plural virtual light sources 9.1, 9.2, 9.3 
by a light guide 14.1, 14.2, 14.3 fanning itself. The
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light beams 7.1, 7.2, 7.3 departing from this are in turn 
focussed on illumination positions 12.1, 12.2, 12.3 via an
arrangement of beam splitter 10 and lens array 11, in the 
manner which is already described. The light beams

5 reflected from optimum illumination positions are imaged 
on parallel photo detectors 13.1, 13.2, 13.3.

The optical sensor system from Fig. 10 differs from that 
one described previously in that it has only one photo

10 detector 12. Upstream to the photo detector 12 there are 
light guides 15.1, 15.2, and 15.3, which combine with each 
other or fuse together, respectively. The fanned ends of 
the light guides 15.1, 15.2, 15.3 are each at a time 
assigned to one light beam 7.1, 7.2, 7.3. The light

15 reflected from the illumination positions 12.1, 12.2, 12.3
in the direction of the incident light beams 7.1, 7.2, 7.3 
is imaged on the entrances of the light guides 15.1, 15.2,
15.3. The light arriving there is supplied to the photo 
detector 13 in a bunched form. The arrangement of an

20 optimum reflection site 8 of the interface 6 in at least 
one illumination position 12.1, 12.2, 12.3 is evidenced in
an enhanced measurement signal of the photo detector 13.

The optical sensor system according to Fig. 11 combines
25 the plural light sources 9.1, 9.2, 9.3 of the optical 

sensor system of Fig. 8 with combining light guides 15.1, 
15.2, 15.3 and a downstream situated photo detector 13 of
Fig. 10. Thus, the virtual light sources of Fig. 10 are 
substituted through real light sources 9.1, 9.2, 9.3. When

30 at least one illumination position 12.1, 12.2, 12.3 hits
an optimum reflection site 8 of an interface 6, this is 
evidenced in an increase of the measurement signal 
supplied by the photo detector 13.

35 In the arrangement of Fig. 12, a light source 9 supplies 
diverging light beams 7.1, 7.2, 7.3, which are reflected 
by the beam splitter 10 and focussed on illumination
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positions 12.1, 12.2, 12.3 via a lens array 11. All the 
illumination positions 12.1, 12.2, 12.3 hit a planar
interface 6. The light beams 7.1, 7.2, 7.3 reflected from 
there are imaged on photo detectors 13.1, 13.2, 13.3 via

5 the lens array 11 and the beam splitter 10. When only a 
part of the interface 6 is even, only the light beam 7.1 
or 7.2 or 7.3 incident there is reflected towards the 
assigned photo detector 13.1, 13.2, 13.3. As a 
consequence, from the increase of the measurement signal

10 of at least one photo detector 13.1, 13.2, 13.3 it can be
recognised that the interface 6 is situated in an 
illumination position 12.1, 12.2, and 12.3.

The realisation of Fig. 13 differs from that one described 
15 above in that all the photo detectors 13.1, 13.2, 13.3 are 

situated on light beams 7.1, 7.2, 7.3, which are parallel 
reflected by an interface 6. Because the light source 9 
emits diverging light beams 7.1, 7.2, 7.3, they are 
reflected to the assigned photo detectors 13.1, 13.2, 13.3 

20 only by an interface 6 with a planar central region 6.1
and two oppositely inclined edge regions 6.2, 6.3. The 
shape of the interface 6 corresponds about to the form of 
a concave meniscus, which is often formed by the surface 
of a liquid in a vessel. This arrangement is therefore

25 particularly suited for the detection of liquid levels in 
vessels. Through the increase of the sums of the 
measurement signals of the photo detectors 13.1, 13.2,
13.3, the arrangement of the illumination positions 12.1, 
12.2, 12.3 on the interface 6.1, 6.2, 6.3 is particularly

30 well recognisable.

The optical sensor system of Fig. 14 has light sources
9.1, 9.2, 9.3, whose light beams 7.1, 7.2, 7.3 converge 
such that they meet each other in a common illumination 

35 position 12 after reflection by a beam splitter 10 and
bunching by a lens array 11. Photo detectors 13.1, 13.2,
13.3 are arranged on the light beams 7.1, 7.2, 7.3, which
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are reflected by a planar interface 8 which is aligned 
perpendicular to the axis of the lens array 11. The 
arrangement of an optimum reflection site in the 
illumination position is evidenced by the increase of the

5 measurement signals of all the photo detectors 13.1, 13.2,
13.3. If only one of the incident light beams 7.1 or 7.2 
or 7.3 is reflected on a photo detector 13.1 or 13.2 or
13.3, this is shown by an increase of the measurement 
signal of the corresponding photo detector. Therefore,

10 even this optical sensor system facilitates to find an 
optimum reflection site.

When the illumination positions 12.1, 12.2, 12.3 of the
optical sensor system described above do not hit an

15 optimum reflection site 8 of an interface 6, by displacing 
the optical sensor system with respect to the interface 6 
it can be obtained that one illumination position hits an 
optimum reflection site 8, und thus the position of the 
interface 6 can be determined.

20
According to Fig. 15, an optical sensor system has a power 
supply 16 for plural light sources 9 which have different 
wavelengths. The light sources 9 are controlled by a light 
control device 17. By means of the light control device

25 17, one of the different light sources 9 can be
selectively switched on, wherein the best wavelength for 
the detection of a certain interface can be selected.

The measurement signal of a photo detector 13 is supplied
30 to a noise filter 20 via an amplifier 18 with 

amplification control 19. After digitalisation by means of 
a not shown A/D-converter, the filtered measurement signal 
is supplied to an analysing device in the form of a 
computer 21, which analyses the measurement signals.

35 Depending on the measurement signals, the computer 21 
triggers an adjustment device 22 for adjusting the optical 
sensor system with respect to an interface in the
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horizontal (X-Y) and vertical (Z-) direction.

According to Fig. 16, an optical sensor system according 
to the present invention can determine the position of

5 microtiter plates 23 in the working area 24 of an 
apparatus for treating liquids 25. A swivelling, a 
parallel shift or another erroneous arrangement of a 
microtiter plate 23 with respect to an intended position 
is recognised with the aid of the optical sensor system.

10 It can be corrected or taken into account, respectively, 
in the treatment of liquids in the wells of the microtiter 
plates 23 and/or in a transportation of the microtiter 
plates 23.

15 According to Fig. 17, the position of microtiter plates 23 
and receiver vessels 26 in a rack 27 and the absence of a 
microtiter plate on a position 28 intended for the same 
can be determined with the aid of an optical sensor 
system. The detected condition of the labwares in the

20 working area 24 of the apparatus for treating liquids 25 
is taken into account in the further treatment steps.

Fig. 18 shows an optical sensor system in which only one 
light source 9 and only one photo detector 13 is switched 

25 on for scanning a bar code, so that the measurement 
arrangement corresponds to the realisation example 
according to EP 1 288 635 A2. The explanations related to 
this in the German specification laid open to public 
inspection mentioned above are incorporated by reference 

30 into the present application. By means of the measurement 
arrangement, a bar code 29 on an object 30 is scanned in 
order to identify the same. For checking the scan, a 
simultaneous measurement can be performed by activating a 
-not shown- second light source 9 and a -not shown- second 

35 photo detector. For this purpose, the optical sensor 
system is moved in the horizontal direction with respect 
to the bar code 29.
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In the claims which follow and in the preceding 
description of the invention, except where the context 
requires otherwise due to express language or necessary 
implication, the word "comprise" or variations such as

5 "comprises" or "comprising" is used in an inclusive sense,
i.e.  to specify the presence of the stated features but 
not to preclude the presence or addition of further 
features in various embodiments of the invention.

10 It is to be understood that, if any prior art publication
is referred to herein, such reference does not constitute
an admission that the publication forms a part of the 
common general knowledge in the art, in Australia or any 
other country.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method for operating an optical sensor system for 
touch-less measurement on an apparatus for treating a,

5 liquid, the optical sensor system comprising:
a device for projecting a plurality of light beams to 

at least one illumination position in space, and
at least one device for imaging the at least one 

illumination position reflected by an interfa.ce of the
10 liquid on at least one photo detector in order to supply 

at least one measurement signal depending on the received 
light;

the method comprising:
projecting a plurality of light beams to at

15 least one illumination position, the at least one 
illumination position is imaged reflected by a surface of 
the liquid on at least one photo detector, wherein the 
plurality of light beams are projected simultaneously to a 
respective plurality of illumination positions or wherein

20 the plurality of light beams are projected to one 
illumination position under different angles;

imaging the at least one illumination position on the 
at least one photo detector,

varying the vertical distance between the at least
25 one iliuminat.1. ο η p o s i t i ο n and the i n t e r f ace;

acquiring a maximum value of the measurement signal 
of the at least one photo detector when the vertical 
distance is varied; and

determining the position of the at least one
30 illumination position at the maximum value of the 

measurement signal as the position of the interface.
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2. A method according to claim 1, wherein the position 
of the at least one illumination position is varied 
in a direction transverse to the vertical, if no 
maximum value of the measurement signal of the at

5 least one photo detector is detected when the
vertical distance between the at least one 
illumination position and the interface is varied, 
and the step of acquiring a maximum value of the 
measurement signal is repeated through variation of

10 the vertical distance of the at least one
illumination position and the interface.

3. A method according to claim 1 or claim 2, wherein
an intensity distribution of the reflected light

15 is detected by plural photo detectors; and
on the basis of the detected intensity 

distribution of the reflected light the probable 
position of the optimum reflection position of the 
interface is detected, and/or the probable position

20 and/or the identity of the interface.

4. A method according to claim 3, wherein the at least 
one illumination position is adjusted to the probable 
position of the optimum reflection position and/or to

25 the probable position of the interface, and then the
measurement is repeated.

5. A method according to any one of the preceding 
claims, wherein when the plurality of light beams is

30 projected to the respective plurality of illumination
positions,
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the plurality of illumination positions are
moved across the interface of the liquid in a vessel;
and

each illumination position is imaged on a photo
5 detector assigned thereto and the measurement signals

supplied by the plural photo detectors are compared 
and the measurement error is stated in the case of a 
deviation.

10 6. A method according to any one of claims 1 to 5,
wherein the determined positions and/or identities of 
interfaces and/or objects are memorized and/or are 
used for controlling and/or examining a process to 
for treating the liquid.

15
7. A method according to any one of the claims 1 to 6, 

wherein positions and/or identities of interfaces 
and/or objects are detected in the beginning of a 
process for treating a liquid and/or are detected

20 anew in the course of a process for treating a liquid
and/or changes of the conditions through the process 
for treating a liquid are calculated on the basis of 
the detected positions and/or identities.

25 8. A method according to claim 7, wherein the calculated
values are checked by a new detection.

9. A method according to claim 7 or 8, wherein the 
detected and/or calculated positions and/or

30 identities are filed and/or displayed.

10. A method according to any one of claims 1 to 9, 
wherein the optical sensor system comprises an
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adjustment device for adjusting the relative position
of the at least one illumination position and the
interface in a direction of the optical axis of the
at least one device for imaging and/or in a direction

5 transversely to the optical axis.

11. A method according to any one of claims 1 to 10, 
wherein the device for projecting a plurality of 
light beams comprises a device for subdividing a

10 light source, the device comprising a light guide
fanning out and/or a multi-hole stop).

12. A method according to any one of claims 1 to 11,
wherein the device for projecting a plurality of

15 light beams comprises at least one light source that
emits light having a wavelength which is reflected in 
a particularly high degree by the interface which is 
to be detected, wherein the device for projecting has 
plural separately switchable light sources with

20 different wavelengths and/or has one light source
with adjustable wavelength.

13. A method according to any one of claims 1 to 12, 
wherein when the plurality of light beams are

25 projected to the respective plurality of illumination
positions, the plurality of illumination positions 
are arranged in a plane, and wherein the plural 
illumination positions are arranged in a convex or 
concave plane or in planes inclined towards each

30 other.
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FIG. 15



20
14

20
33

47
 

19
 Ju

n 2
01

4

w wWx wi,WWi0/
; WW.WP’Q' i
.doWSaia·

I OO O OOjOO^O 
-00.0.00.0:00- 
to’Wod'oW

I
-ooodWW : 
οόοοοάορ 
oo οο'όοφοr 
ob'oookfo.o

<00-0 0-0®O® l·

''.•OIO'.OO'QQO.Q- 
ΰ'ΟΟΟΟΟΟΟΪ 
^$;WWo.o| 

■ό’όόΌό,ο δδ| 
•QW.O-OQOO 
ipW.Q’Co.QQ 
MWbxWoW 
-ΟΟΟ'Ο.Ο'οαρΤ· 
: α;"σσοδΌ o Q' -.’oWOCOO 
:&WWWiQf:

rs< 
..

i

00.0.00®®® < 
■ ο®0: οΒΜ:δ^ . 
rWcMacfPig; 
;O:0.®W®W 

: Qti ό*(ί?φ:δ® 
οοσόορΑΦ·. 
;W®Q0O’0<0 ? 

. o oco o.o. a c· :

ws§Ww 
tesisiw »©w« 4|WW<%®A

ApiuoobWo-h

?@O O.'O'.O 0-0O Τ 
Ϊ fl CO COOCO: ■* 
: i W’Q'O.oci'O'^i:*
■ >0:dO^0oPWt 
: 0:0-.0 0
I /0-0-0 -0 O0 Ό 0' h 
i
■ ■ Woo WWH 

■■ -00-0-3 oo ο oi;
;W0;:qW0;gT

■■ WWW
.? ;o® $ ■
- fjOiWOWW
1 -

;: . jO0 ·Ο.Ο/0® : 
doooAow®® =: 
/ρ-οδ-'ό-ο^όδΐ®:

1 
f.:OW0'00®l



20
14

20
33

47
 

19
 Ju

n 
20

14

M 
wΛ/.:·

<V
K

I.·

i

τ

<>4:
■ ■■ >IIl|

s .II'·'·1Ϊ

I

*
+:

$1
i.
>

j ■
i··'

■ -<y

V 
ί
>l<

a·:*.·.
' ' <■

: mGW:Ο·'00*0Ρ': :: 
: /Ο/Ο ·Ο·Ο· tip pPp 
ΙΙΟ&'ΟΡΡ ΟΟ· ΐ 
nPoOoOOPP  I 
::ΙΟΌΟΟ;ΟΟΟ· 
: ΙΟΒΟ00$ΧΟΡ ί 
τΌϋ·Ο·ΟΟΡΟ · I 
:: Λ .ΟΟοΡΡΟΟΟ I 
ί ζΌΟΟΟΟ&Οφ ί 
:: /Οδα'Ο:Ο·Ο'Ο':Ο' I 
ϊ'/ΟΟιΟΩΟΡΟΡη 
ΐΟΟ·ΟΟ00ΟΟί' 

,1 '■

ί
ltt®3

fcs?iSo<sl

ϊα·α#»«8β®|

i O' Ο. O..OO"Q-©O·' 
•ΡΟ. ό'Ό;δ;δ,ρ 
'ΡόοΡορόΡ·· 
<£ Οο Ο · Ο. ο ο·ο 
ΦΡ-'Ρ&ό-ό^Οό: 
Ο Ο ·οο? Ο ΌΌ ·0

•οο'ροφρο'·.: 
;.Ο5σΡΟ··ρρ

ΙΟΚΡΟΡόΡΜ 
gOiOoPOOpO. 
%00a000m3· 
ΟΡΟ Ρ: υΡ'ό'Ρ: 
:PW0PPPP 
;όΟόΟ.·Οαό 
1ΟΟΟΟΟΟ0Ο 
νΟΟΟΟΟΟΟΡ 
ΙΟ. ό ΟΟ Ο Οδό 
< °0°ό ΟΟδόΐ 
■Ο ·00'00;0ΡΡΤ· 
ΟοόροόΡΟΙ



20
14

20
33

47
 

19
 Ju

n 2
01

4

FIG.18


