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(57) Abrege(suite)/Abstract(continued):

first sensing unit (4) comprising: a first laser diode (4a) emitting light having a first wavelength, which Is substantially transmitted by
the sample container (3) and the first component (1), a first collimating optics (4b) adapted to collimate the light having the first
wavelength, a first light detector (4c) generating a first sensing signal (S1) In response to an intensity of light having the first
wavelength being applied to the first light detector (4c), a second sensing unit (5) vertically spaced by a given vertical distance (D)
from the first sensing unit (4) and comprising: a second laser diode (5a) emitting light having a second wavelength, which Is
substantially transmitted by the sample container (3) but blocked by the first component (1), a second collimating optics (5b)
adapted to collimate the light having the second wavelength, a second light detector (5¢) generating a second sensing signal In
response to an intensity of light having the second wavelength being applied to the second light detector (5c¢), a driving unit (6)
adapted to move the first sensing unit (4) and the second sensing unit (5) relative to the sample container (3), a position sensing
unit (7a, 7b), adapted to output a position sensing signal (z) indicative of a vertical position of the sample container (3), and a
vertical position determining unit (8), adapted to match the first sensing signal and the second sensing signhal such that first sensing
sighal and the second sensing signal correspond to identical vertical positions, and calculate the vertical position of the at least one
Interface (IF) in response to the matched sensing signals and the position sensing signal (z).
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Abstract

Apparatus for determining a vertical position of at least one interface (IF) be-
tween a first component (1) and at least one second component (10), the
components (1, 10) being comprised as different layers in a sample container
(3), the apparatus comprising: a first sensing unit (4) comprising: a first laser
diode (4a) emitting light having a first wavelength, which is substantially
transmitted by the sample container (3) and the first component (1), a first
collimating optics (4b) adapted to collimate the light having the first wave-
length, a first light detector (4c) generating a first sensing signal (S1) in re-
sponse to an intensity of light having the first wavelength being applied to the
first light detector (4c¢), a second sensing unit (5) vertically spaced by a given
vertical distance (D) from the first sensing unit (4) and comprising: a second
laser diode (5a) emitting light having a second wavelength, which is substan-
tially transmitted by the sample container (3) but blocked by the first compo-
nent (1), a second collimating optics (5b) adapted to collimate the light having
the second wavelength, a second light detector (5c) generating a second
sensing signal in response to an intensity of light having the second wave-
length being applied to the second light detector (5c¢), a driving unit (6)
adapted to move the first sensing unit (4) and the second sensing unit (5) rel-
ative to the sample container (3), a position sensing unit (7a, 7b), adapted to
output a position sensing signal (z) indicative of a vertical position of the
sample container (3), and a vertical position determining unit (8), adapted to
match the first sensing signal and the second sensing signal such that first
sensing signal and the second sensing signal correspond to identical vertical
positions, and calculate the vertical position of the at least one interface (IF)

In response to the matched sensing signals and the position sensing signal

(z2).
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Apparatus for determining a vertical position of at least one interface between a first

component and at least one second component and laboratory automation system

The invention relates to an improved apparatus for determining a vertical position of
at least one interface between a first component and at least one second
component, the components being comprised as different layers in a sample

container, and to a laboratory automation system.

US 2012/0013889 A1 discloses an apparatus for determining a vertical position of at
least one interface between a first component and at least one second component,
the components béing comprised as different layers in a sample container or sample
tube. The disclosed apparatus comprises a first and a second sensing unit at

identical vertical positions.

Based on the apparatus disclosed in US 2012/0013889 A1, it i1s an aspect of the
disclosed invention to improve the performance in interface position detection,

especially where labels are attached to the sample container.

In one aspect, the invention provides an apparatus for determining a vertical position of at
least one interface (IF) between a first component and at least one second component , the
components being comprised as different layers in a sample container, the apparatus
comprising: a first sensing unit comprising: a first laser diode emitting light having a first
wavelength, which is substantially transmitted by the sample container and the first
component, a first collimating optics adapted to collimate the light having the first
wavelength, such that the light is emitted in the form of a beam having a defined diameter
and direction in space, wherein the first collimating optics is specifically adapted to the first
wavelength, and a first light detector generating a first sensing signal (S1) in response to an
Intensity of light having the first wavelength being applied to the first light detector, a second
sensing unit vertically spaced by a given vertical distance (D) from the first sensing unit, and
comprising: a second laser diode emitting light having a second wave-length, which is
substantially transmitted by the sample container but blocked by the first component, a
second collimating optics adapted to collimate the light having the second wavelength, such

that the light is emitted in the form of a beam having a defined diameter and direction in



10

15

20

25

30

CA 02842608 2015-12-15

2

space, wherein the second collimating optics is specifically adapted to the second
wavelength, wherein the resulting beam having the second wavelength and the resulting
beam having the first wavelength propagate in parallel but vertically spaced paths separated
by the given vertical distance, and a second light detector generating a second sensing
signal (S2) in response to an intensity of light having the second wavelength being applied to
the second light detector, a driving unit adapted to move the sample container relative to the
first sensing unit and the second sensing unit, a position sensing unit, adapted to output a
position sensing signal (z) indicative of a vertical position of the sample container, and a
vertical position determining unit, adapted to match the first sensing signal (S1) and the
second sensing signal (S2) such that first sensing signal (S1) and the second sensing signal
(S2) correspond to identical vertical positions, and determine the vertical position of the at
least one interface (IF) in response to the matched sensing signals (S1, S2') and the position

sensing signal (z).

In one aspect, the invention provides a laboratory automation system for processing
components comprised In a sample container, the system comprising: the apparatus as
described herein, and at |least one laboratory station functionally coupled to the apparatus,
wherein the at least one laboratory station is adapted to operate in response to the detected

vertical position of the at least one interface.

The apparatus is adapted to detect a position of an interface between a first
component and a second component, the components being comprised as different
layers In a conventional transparent sample container or sample tube as used in
automated laboratory instrumentation. For example, the apparatus can detect
horizontal interfaces between different layers within a centrifuged sample tube
containing blood, such as interfaces between a serum or plasma layer and either a

separation medium layer (in so called tubes) or a cruor (blood cell) layer.

The disclosed apparatus comprises a first sensing unit that includes a first laser
diode that emits light having a first wavelength, the first wavelength being

substantially transmitted by the sample container and a first component.
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The first sensing unit further includes a first collimating optics adapted to collimate
the light of the first wavelength that is generated by the first laser diode, such that
the light is emitted in form of a beam having a defined diameter and direction iIn
space. The beam may propagate substantially perpendicular to a vertical axis of the
sample container, for example at an angle relative to a vertical axis of the sample
container of between 85 degrees and 95 degrees, such as between 89 degrees and
91 degrees. Further, the beam may propagate substantially through the vertical axis

of the sample container.

The first sensing unit further includes a first light detector, e.g. a photodiode or
phototransistor, that generates a first sensing signal, for example a sensing voltage
or sensing current, in response to or indicative of an intensity of light having the first

wavelength that reaches the first light detector.

The apparatus further includes a second sensing unit vertically spaced by a vertical
distance from the first sensing unit. The vertical distance can be specified by design

and generally does not change during operation of the apparatus.

The second sensing unit includes a second laser diode that emits light having a
second wavelength, the second wavelength being substantially transmitted by a

sample container but blocked or absorbed by the first component.

The second sensing unit further includes a second collimating optics adapted to
collimate the light of the second wavelength generated by the second laser diode,
such that the light is emitted in form of a beam having a defined diameter and
direction in space. The beam may propagate substantially perpendicuiar to a vertical
axis of the sample container, for example at an angle relative to the vertical axis of
the sample container of between 85 degrees and 95 degrees, such as between 89
degrees and 91 degrees. Further, the beam may propagate substantially through the
vertical axis of the sample container. The resulting beam having the second
wavelength and the resulting beam having the first wavelength can propagate in a
parallel but vertically spaced path separated by a vertical distance between the first

and the second sensing unit.
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In particular embodiments, the beam generated by the first laser diode and the first
collimating optics at the first wavelength and the beam generated by the second
laser diode and the second collimating optics at the second wavelength have
substantially identical diameters and substantially parallel propagation directions in
space. Beams having substantially identical diameters and directions in space

function to increase the accuracy of interface detection according to the disclosure.

The second sensing unit further comprises a second light detector generating a
second sensing signal (such as voltage or current) in response to or indicative of an
Intensity of light having the second wavelength that reaches the second light

detector.

The apparatus further comprises a driving unit, e.g. having a gripper to grip the

sample container, adapted to move the first sensing unit and the second sensing

unit relative to the sample container, either together or separately. In some

embodiments, the driving unit provides relative motion between the first and second
sensing units and the sample container in both a substantially vertical direction
aligned with a central axis of a (cylindrical) sample container or tube and in a
rotational direction about the central axis of the (cylindrical) sample container or
tube.

The apparatus further comprises a position sensing unit, adapted to output a
position sensing signal indicative of a vertical position of the sample container, e.g.
relative to first sensing unit, or the second sensing unit, or any other given or know
relative position. The relative position can, for example, be defined by a light barrier

defining a reference vertical position.

The apparatus further comprises a vertical position determining unit that is adapted
to match the first sensing signal and the second sensing signal such that first
sensing signal and the second sensing signal correspond to substantially identical
vertical positions. The matching reflects that the first sensing unit and the second

sensing unit are vertically spaced by the given vertical distance, such that the first
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sensor signal and the second sensor signal at a given measurement time
correspond to different vertical positions of the sample container. The matching may
be done by a transformation of vertical position coordinates for one of the sensing

signals.

The vertical position determining unit is further adapted to calculate or determine the
vertical position of the at least one interface in response to the matched sensing

signals and the position sensing signal.

Laser diode light sources make it possible to detect component interfaces even
when labels are attached to the sample container. It Is common practice In
laboratories where the disclosed device is to be employed that medical and
laboratory personnel will add multiple layers of labels (such as 2, 3, 4 or even 5 or
more layers) as a sample Is processed to yield an analysis result. However, even
with the increased intensity provided by laser diode light sources, the detection limit
of the disclosed sensing units can be reached or a less than desirable signal to
noise ratio can be observed as the number of labels attached to a sample tube
increases. Therefore, in particular embodiments, the disclosed apparatus further
includes a mechanism to rotate the relative position of the first and second sensing
units about a vertical axis of a sample tube (or at least substantially about its vertical
axis) in order to reduce the number of label layers that the light emitted by the laser
diodes must pass through before impinging on the light sensors. For example, the
sample tube can be rotated or the first and second sensing units can be rotated

around the sample tube, or both.

Wavelength specific collimation optics optimize the detection performance of the
disclosed apparatus compared to devices having shared collimation optics, (i.e.
beams of multiple wavelengths share an identical measurement path). Shared
collimation optics are typically optimized for one of the wavelengths, and thus have
reduced performance for other wavelengths. Alternatively, a compromise is made
such that the collimation optics are not optimal for any of the wavelengths. Finally,
by using the matching operation the measurement paths which differ due to the

vertical spacing of the sensing units are virtually matched or aligned with one
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another, enabling the conventional interface detection e.g. on a ratio basis between
light beams having different wavelengths, as disclosed in US 2012/0013889 A1.

The vertical position determining unit may further be adapted to calculate the vertical
position of the at least one interface using a ratio between the matched sensing
signals. After matching, a quotient between the second sensing signal and the first
sensing signal (or vice versa) may be evaluated, wherein the quotient may be
compared with a given threshold value. A vertical position for which the result of the

comparison changes may be determined as a vertical interface position.

The components may be selected from a group consisting of air, (blood) serum or

plasma, separation gel, and cruor (blood cells).

The first wavelength may range between 400 nm and 1200 nm and the second

wavelength may range between 1300 nm and 1700 nm.

As mentioned above, the driving unit may be adapted to rotate the sample container
around a vertical axis of the samplze container. As such, the apparatus may be
adapted to repeat the detecting of the vertical position of the at least one interface
for the rotated sample container. This eases the interface detection in case of labels
being attached to the sample container, since by means of rotating a measurement

path having less label layers may be found, enhancing the signal to noise ratio.

The first collimating optics may be specifically adapted to the first wavelength and
the second collimating optics may be specifically adapted to the second wavelength,
e.g. by wave length specific geometric dimensioning, wave length specific materials,

etc.

The driving unit may further be adapted to insert the sample container into a sample
container carrier, into a sample container conveyor, into a sample aliquoter, into an
analytical instrument, etc., wherein the process of interface detection may be
simultaneously performed. By performing two tasks, namely interface detection and

insertion, in parallel, the overall processing time may be reduced significantly.
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A laboratory automation system is adapted to process components comprised In a

sample container.
The system includes the apparatus as described above.

The system further includes at least one laboratory station functionally coupled to
the apparatus. The system may include different laboratory stations, such as pre

analytical stations, analytical stations and post analytical stations.

The apparatus and the laboratory station(s) may be functionally coupled be means
of a data bus enabling data exchange between the apparatus and the laboratory

station(s).

The laboratory station is adapted to operate in response to the detected vertical

position of at least one interface.

The laboratory stations may be an aliquoter unit having a pipetting unit, the pipetting
unit having a tip, wherein during aliquoting the aliquoter unit is adapted to control a
vertical position of the tip in response to the detected vertical position of at least one

interface, such that only a desired component is transmitted into secondary tubes.

The system may further include a sample container transport unit adapted to
transport sample containers between different laboratory stations. The sample
container transport unit comprises a number, e.g. 10 to 200, of sample container
carriers. The driving unit is adapted to insert a sample container into a sample
container carrier parallel to detecting the vertical position of the at least one

interface, thus increasing the overall processing performance.

The sample container transport unit may include a conveyor (beit), wherein the

sample container carriers are attached to the conveyor.

The invention will now be described with respect to the attached drawings, wherein:
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Fig. 1 schematically depicts an apparatus for determining a vertical position of at

least one interface between a first component and at least one second

component being comprised in a sample container,

Fig. 2 schematically illustrates light beams generated using collimating optics

comprised in the apparatus depicted in Fig. 1,

Fig. 3 schematically illustrates a first and a second sensing signal depending on

a vertical position before matching the sensing signals,

Fig. 4 schematically illustrates the first and the second sensing signal after

matching the sensing signals,

Fig. 5 schematically illustrates a laboratory automation system comprising the

apparatus depicted in Fig. 1, and

Fig. 6 schematically illustrates aspects of the laboratory automation system

depicted in Fig. 5 in more detail.

Fig. 1 schematically depicts an apparatus for determining a vertical position of an
interface (IF) between a first component in form of (blood) serum 1 and a second
component In form of a separating medium 10, e.g. In form of a gel. The
components 1 and 10 are comprised as different layers in a sample container or
sample tube 3, wherein the sample container 3 further comprises a third component
in form of cruor (blood cells) 2 at the bottom and a fourth component in form of air 11

at the top.

The sample tube 3 is closed by means of a removable cap 12.

The apparatus comprises a first sensing unit 4 comprising a first laser diode 4a
emitting light having a first wavelength of 800 nm. Light having this wavelength is

substantially transmitted by the material of the sample container 3 and the serum 1.
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A corresponding first collimating optics 4b collimates the light having the first
wavelength such that a vertical light beam having a diameter of approximately 0,8
mm Is generated, such that the light beam propagates through the sample tube 3

and the respective component along a vertical measurement path.

A first light detector in form of a photo diode 4c is arranged at a vertical level which
Is the same as the vertical level of the first laser diode 4a. The photo diode 4c
generates a first sensing signal S1 (see figures 2 and 3) in response to an intensity
of light having the first wavelength being applied to the photo diode 4c.

The apparatus comprises a second sensing unit 5 vertically spaced by a given
vertical distance D, e.g. approximately 10 mm, from the first sensing unit 4. The
second sensing unit 5 comprises a second laser diode 5a emitting light having a
second wavelength of 1550 nm. Light having this wavelength is substantially
transmitted by the material of the sample container 3 but blocked or absorbed by the
serum 1. A corresponding second collimating optics 5b collimates the light having
the second wavelength such that a vertical light beam having a diameter of
approximately 0,8 mm is generated propagating through the sample tube 3 and the

respective component along a vertical measurement path.

A second light detector in form of a photo diode 5c is arranged at a vertical level
which is the same as the vertical level of the second laser diode 5a. The photo diode
Oc generates a second sensing signal S2 (see figures 2 and 3) in response to an

intensity of light having the second wavelength being applied to the photo diode 5c.

Fig. 2 schematically illustrates light beams generated using the collimating optics 4b
and Sb, respectively.

As depicted, as a result of the collimating optics 5a and 5b the beam generated by
the first laser diode 4a at the first wavelength and the beam generated by the
second laser diode 5a at the second wavelength have substantially identical
diameters BD and substantially parallel propagation directions in space. Beams

having substantially identical diameters and directions in space function to increase
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the accuracy of interface detection compared with embodiments having no

collimation optics.

The apparatus further comprises a driving unit in form of a pick-and-place unit 6 for
vertically moving the sample container 3 relative to the first and second sensing unit
4 and 5. The pick-and-place unit 6 is further adapted to rotate the sample container

3 around a vertical axis V of the sample container 3.

The apparatus further comprises a position sensing unit in form of a light barrier 7a
and a path sensor 7b. The path sensor 7b is functionally coupled to the pick-and-
place unit 6 and measures a vertical distance of a movement caused by the pick-
and-place unit 6. If the pick-and-place unit 6 vertically moves the sample container 3
from a vertical level above the light barrier 7a towards the light barrier 7a, the light
barrier 7a detects when the sample container 3 disrupts the light path of the light
barrier 7a. This vertical position may be defined as a zero or reference position, 1.€.
a position sensing signal z output from the position sensing unit (here path sensor
7b) for this reference position has a defined reference value, e.g. zero. Thus, the
position sensing unit outputs a position sensing signal z indicative of a vertical
position of the sample container 3, wherein the vertical position of the light barrier 7a

is defined as a vertical reference position.

A vertical position determining unit 8, e.g. in form of a microprocessor, is functionally
coupled to the first and the second sensing unit 4 and 5, the pick-and-place unit 6

and the position sensing unit 7a and 7b.

The vertical position determining unit 8 controls the pick-and-place unit 6 such that
the sample container 3 is sampled along a vertical measurement path. The resulting
first sensing signal S1 and the resulting second sensing signal S2 in intensity units
as a function of the position sensing signal z are depicted in fig. 3. To simplify the
diagram, the value z = 0 of the position sensing signal z has been chosen such that

it corresponds to the bottom end of the sample container 3.
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As depicted, the first and second sensing signals S1 and S2 are horizontally
misaligned by z = D due to the vertical distance D between the sensing units 4 and

5.

Light having the first wavelength and light having the second wavelength iIs
respectively blocked or absorbed by the cruor 2 and respectively transmitted by the
separating medium 10 and air 11. Only the serum 2 has transmission characteristics
depending of the chosen wavelength. Light having the first wavelength is transmitted
by the serum 1 but light having the second wavelength is blocked or absorbed by the

serum 1.

Before analyzing the sensing signals S1 and $S2, the vertical position determining
unit 8 matches the first sensing signal S1 and the second sensing signal S2. To
achieve this, the vertical position determining unit 8 horizontally shifts the sensing

signal S2 to the left by z = D, resulting in the matched sensing signal S2’, see fig. 4.

After matching the sensing signals S1 and S2, the vertical position determining unit
8 computes a quotient Q (including signal smoothing, limiting, etc.) between the
matched second sensing signal S2' and the first sensing signal S1, wherein the
quotient Q 1s compared with a given threshold value. A vertical position for which the
result of the comparison changes is determined as a vertical interface position. As
such, the vertical positions of the interfaces between the components (11, 1) and (1,
10) are computable. For further details regarding this aspect reference i1s made to
US 2012/0013889 A1.

The computed vertical interface positions may be used in further processing, e.g.

when pipetting the sample container 3.

If labels are glued to the sample container 3, the sensing signals S1 and S22 may not
have sufficient signal strength. In this case, the driving unit 6 may rotate the sample
container 3 around the vertical axis V of the sample container 3 to cause a

measurement path eventually crossing a decreased number of label layers and may
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repeat the measurement. As such, a measurement path having less label layers

may be found, thus increasing the signal-to-noise ratio if the sensing signals.

The driving unit 6 is further adapted to insert the sample container 3 into a
conventional sample container carrier 9. By performing two tasks, namely interface
detection and carrier insertion, in parallel, the overall processing time may be

reduced.

Fig. 5 schematically iliustrates a laboratory automation system comprising the
apparatus 100, a centrifuge 15, and an exemplary laboratory station in form of an
aliquoter unit 14. The apparatus 100 and the aliquoter unit 14 are functionally
coupled by means of a conventional data or field bus. Self-evidently, the system may
Include further laboratory stations, such as pre analytical stations, analytical stations

and post analytical stations.

The sample containers 3 are supplied after being centrifuged by means of the

centrifuge 15 or already centrifuged within racks.

The aliquoter unit 14 transfers part of the serum 1 to one or more secondary tubes
(not shown). The aliquoter unit 14 conventionally includes a pipetting unit (not
shown), the pipetting unit having a tip (not shown), wherein during aliquoting the
aliguoter unit 14 i1s adapted to control a vertical position of the tip in response to the
detected vertical position of the interface IF, such that the tip remains within the

serum 1 above the separating medium 10.

The system further includes a sample container transport unit adapted to transport
sample containers 3 between the apparatus 100, the aliquoter unit 14 and further
laboratory stations (not shown). The sample container transport unit includes a

number of sample container carriers 9 and a conveyor 13, wherein the sample

container carriers 9 are attached to the conveyor 13.
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Fig. 6 schematically illustrates the driving unit or pick-and-place unit 6, the first and

second sensing unit 4 and 5, the light barrier 7a and the sample container transport

unit In more detail.

The driving unit or pick-and-place unit 6 includes a gripper 6a to grip the sample
container 3. The driving unit or pick-and-place unit 6 further includes means to
provide a relative motion between the first and second sensing units 4 and 5 and the
sample container 3 in both a substantially vertical direction aligned with the central
axis V of the cylindrical sample container 3 and in a rotational direction about the

central axis V of the sample container 3.

The driving unit or pick-and-place unit 6 inserts a sample container 3 into a
corresponding sample container carrier 9, wherein the apparatus 100 simultaneously
detects the vertical position of the interface IF. During insertion the conveyor 13 is
stopped. After insertion the conveyor 13 is moved such that an empty sample
container carrnier 9 is placed under the pick-and-place unit 6, such that a further

sample container 3 may be inserted into the empty sample container carrier 9.

The embodiments improve the performance in position ‘detection, especially in view
of labels attached to the sample container 3, since laser diodes having wave length
specific optics can be used. The necessary vertical displacement of the
measurement paths is compensated by virtually matching the different measurement

paths.

The embodiments further improve the overall processing performance, since
Interface detection and insertion of sample in corresponding sample container

carriers is done simuitaneously.
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CLAIMS:

1. A laboratory automation system for processing components comprised
in a sample container, the system comprising:

- an apparatus for determining a vertical position of at least one interface
(IF) between a first component and at least one second component, the
first component and the at least one second component being
comprised as different layers in a sample container, and

- laboratory stations functionally coupled to the apparatus,

- the apparatus comprising:

- a first sensing unit comprising:

- a first laser diode emitting light having a first wavelength, which
is substantially transmitted by the sample container and the
first component,

- a first collimating optics adapted to collimate the light having
the first wavelength, such that the light is emitted in form of a
beam having a defined diameter and direction In space,
wherein the first collimating optics is specifically adapted to the
first wavelength, and

- a first light detector generating a first sensing signal (S1) In

response to an intensity of light having the first wavelength
being applied to the first light detector,

- a second sensing unit vertically spaced by a given vertical distance

(D) from the first sensing unit and comprising:
- a second laser diode emitting light having a second
wavelength, which is substantially transmitted by the sample

container but blocked by the first component,

a second collimating optics adapted to collimate the light

having the second wavelength, such that the light is emitted in

form of a beam having a defined diameter and direction in
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space, wherein the second collimating optics is specifically
adapted to the second wavelength, wherein the resulting beam
having the second wavelength and the resulting beam having
the first wavelength propagate in parallel but vertically spaced
paths separated by the given vertical distance (D), and

- a second light detector generating a second sensing signal
(S2) in response to an intensity of light having the second
wavelength being applied to the second light detector,

a driving unit adapted to move the sample container relative to the

first sensing unit and the second sensing unit,

a position sensing unit, adapted to output a position sensing signal

(z) indicative of a vertical position of the sample container, and

a vertical position determining unit, adapted to

- match the first sensing signal (S1) and the second sensing
signal (S2) such that the first sensing signal (S1) and the
second sensing signal (S2) correspond to identical vertical
positions, and

- determine the vertical position of the at least one interface (IF)
In response to the matched sensing signals (S1, S2') and the
position sensing signal (z),

wherein the system comprises a sample container transport unit

adapted to transport the sample container between the laboratory

stations, wherein the sample container transport unit comprises a

number of sample container carriers, wherein the driving unit is

adapted to insert a sample container into a sample container carrier
parallel to moving the sample container relative to the first sensing
unit and the second sensing unit when detecting the vertical
position of the at least one interface (IF).
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The system according to claim 1, characterized in that
the vertical position determining unit is adapted to calculate the vertical position

of the at least one interface (IF) using a ratio (Q) between the matched sensing
signals (S1, S2).

The system according to claim 1 or 2, characterized in that
the first and the second component are selected from a group consisting of air,

serum and separation gel.

The system according to any one of claims 1 to 3, characterized in that
the first wavelength ranges between 400 nm and 1200 nm and the second

wavélength ranges between 1300 nm and 1700 nm.

The system according to any one of claims 1 to 4, characterized in that

the driving unit is adapted to rotate the sample container around a vertical axis
(V) of the sample container, wherein the apparatus is adapted to repeat the
detecting of the vertical position of the at least one interface (IF) for the rotated

sample container.

The system according to any one of claims 1 to 5, characterized by
a light barrier adapted to detect the introduction of a sample container into the
apparatus, wherein the apparatus is adapted to activate the first and the second

sensing unit when the introduction is detected.

The system according to any one of claims 1 to 6, characterized in that

at least one of the laboratory stations is adapted to operate in response to the

detected vertical position of the at least one interface.
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The system according to any one of claims 1 to 7, characterized in that

at least one of the laboratory stations is an aliquoter unit having a pipetting unit,
the pipetting unit having a tip, wherein during aliquoting the aliquoter unit is
adapted to control a vertical position of the tip in response to the detected

vertical position of the at least one interface (IF).

The system according to any one of claims 1 to 8, characterized in that
the sample container transport unit comprises a conveyor, the sample container

carriers being attached to the conveyor.
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