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(57) Abstract: A laboratory automation device (10) comprises a workspace (26) with liquid containers (16) and a pipetting arm (20)
for moving liquids (18) between the liquid containers (16); a housing (28) enclosing the workspace (26); a door (30) of the housing
(28) for accessing the workspace (26), wherein the door (30) comprises a transparent display (32) for displaying information (34) and
for allowing a person to view into the workspace (26); and a tracking sensor (36) for tracking an eye position (46) of the person (42).
The laboratory automation device (10) is adapted for determining the eye position (46) of the person (42) from sensor data acquired
with the tracking sensor (36); and for displaying information (34b) for a notification area (48) in the workspace (26) on the transparent
display (32), such that the information (34b) is displayed from a perspective of the person (42) in front of the notification area (48).
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DESCRIPTION

Laboratory automation device with transparent display in door

FIELD OF THE INVENTION

The invention relates to a laboratory automation device. Furthermore, the
invention relates to a method, a computer program. a computer-readable medium

and a controller for operating a laboratory automation device.

BACKGROUND OF THE INVENTION

Laboratory automation devices are used for automating tasks of a laboratory
assistant, which, for example, tests a patient for specific diseases. Usually, a sample
of the patient’s blood, urine, stool, etc. is taken and analysed by means of a bio-
chemical procedure. Such a procedure consists in various operations like adding
substances, incubating, separating, etc. and a measurement process which
quantitatively or qualitatively measures the amount, presence or absence of a

substance indicating the specific disease.

Specific laboratory automation devices comprise a workspace, which is enclosed
by a housing with a door. Inside the housing, the reagents, which are
accommodated in containers, may be processed with a pipetting arm, which may
aspirate a liquid from one container and may dispense the liquid into another
container. The door may be transparent, such that a person can view into the

workspace, however, may shield unintentional access into the workspace.
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A laboratory automation device may be connected with a controller, usually a PC,
which, for example, performs the control of the pipetting arm. The state of various
components inside the laboratory automation device and error messages may be
displayed on a monitor of the PC. It may be that a schematic setup of the
workspace based on graphical symbols is shown on the monitor. For checking the
state of the laboratory automation device, a person has to look onto the monitor
and has to identify, which component inside the workspace is related to the

specific message and/or symbol on the monitor.

DESCRIPTION OF THE INVENTION

It is an object of the invention to simplify the supervising of a laboratory

automation device.

This object is achieved by the subject-matter of the independent claims. Further
exemplary embodiments are evident from the dependent claims and the following

description.

A first aspect of the invention relates to a laboratory automation device. In general,
a laboratory automation device may be any device adapted for automatically
performing tasks of a laboratory assistant. At least such a laboratory automation
device comprises a pipetting arm, which is adapted for moving a robot pipette
between different positions and for aspirating and ejecting of liquid at these
positions. Additionally or alternatively, such a laboratory automation device
comprises at least a gripper arm, which is adapted for moving a robot gripper
between different positions and for removing objects from or placing objects to
these positions .The liquid may be aspirated from and ejected in cavities provided

by liquid containers, which may be positioned on a worktable of the laboratory
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automation device. Such liquid containers may comprise at least one of a well, a

sample tube, a microtiter plate and/or a reagent container, etc.

According to an embodiment of the invention, the laboratory automation device
comprises a workspace with liquid containers and a pipetting arm for moving
liquids between the liquid containers, a housing enclosing the workspace, a door
of the housing for accessing the workspace, wherein the door comprises a
transparent display for displaying information and for allowing a person to view
into the workspace and a tracking sensor for tracking an eye position of the

person.

With such an equipment, the laboratory automation device is adapted for directly
displaying information on the door through which a person can view into the
interior of the housing and in particular the workspace. Furthermore, the
laboratory automation device is adapted for determining, towards which area
inside the workspace the person is viewing. In such a way, the person can be
optimally informed about procedures and errors inside the laboratory automation

device.

The housing and the door may completely enclose the workspace. However, it also
may be that solely access to the workspace from specific directions is restricted by

the housing.

The transparent display may be an OLED or LCD display. Such types of displays

may display information, texts and graphics on a transparent screen.
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According to an embodiment of the invention, the laboratory automation device is
adapted for: determining the eye position of the person from sensor data acquired
with the tracking sensor; and displaying information for a notification area in the
workspace on the transparent display, such that the information is displayed from
a perspective of the person in front of the notification area. These steps may be
controlled by a controller of the laboratory automation device, which may be a
computing device and/or PC connected to the laboratory automation device. The
controller may be an external device or may be included into the laboratory
automation device and in particular into its housing. The pipetting arm, the
tracking sensor and the transparent display may be connected for data

communication with the controller.

The transparent display may be used for displaying an augmented reality
application, which augments the workspace of the laboratory automation device.
This augmented reality application may be executed in the controller. The
perspective of the person may be defined by her or his eye position. From the eye
position, it may be determined, which part of the transparent display is situated in
front of the notification area. This part may define a display area, in which the

information is displayed.

The information shown on the transparent display may be notifications and/or
error messages related to specific objects/components in the workspace. The
augmented reality application may display the information near and/or above the

corresponding component, with respect to the eye position of the person.

The information may comprise a symbolic indicator, which may be colored and/or

flashing. The indicator may be an outline of the notification area.
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The eye position may be provided as three-dimensional coordinate with respect to

a coordinate system defined by the laboratory automation device.

According to an embodiment of the invention, the notification area is projected
towards the eye position onto the transparent display. With the projection, a
display area on the transparent display is determined, in which display area the
information should be displayed. It may be that the laboratory automation device
and/or its controller has an internal model of the current setup of the workspace.
In particular, positions and optional types of components inside the workspace
may be stored in the internal model. Such components may include liquid
containers, other types of containers, such as pipette tip containers, test samples,
the pipetting arm, etc. It may be that outer three-dimensional shapes of the
components are stored together with the components. Such a shape may be

determined from the type of component.

An internal model of the workspace, which may comprises positions and/or
extensions of components in the workspace, already may be present, since the
laboratory automation device may have to determine movements of the pipetting
arm and gripper between such components. Furthermore, such an internal model
may be generated in the context worktable recognition, where the laboratory

automation device determines the content of the workspace with a sensor.

This specific shape of the component or more general a box or other general
shape at the position of the component may be projected towards the eye
position of the person onto the transparent display. This determines a display area,

which seen from the person’s perspective, lies in front of the component. When
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the information is shown in this display area, it is directly related to the

component.

According to an embodiment of the invention, the notification area is an area, in
which a component of the laboratory automation device is situated. For example,
the information, which is displayed on the transparent display, is a status
information of the component. The information may indicate on refilling a
container, that too few pipetting tips are present and/or that a liquid container has
too low content of liquid. The status information may be an error message. The
status information may be a request to interact with the respective component in
the workspace. It may be that the component is removable and that the

information indicates that the component has to be removed.

It may be that the workspace is monitored by a camera or more general a sensor.
By evaluating the sensor data, it may be determined, whether components are at
the right position or not. When a component is at the wrong place, a

corresponding error message is generated.

According to an embodiment of the invention, the notification area is an area, in
which a component of the laboratory automation device is to be placed. In
general, the notification area also may be an empty space of the workspace. The
information, which is displayed on the transparent display, may be a status
information of a component to be placed in the notification area. The information

may indicate that a liquid container has to be placed into this area.

According to an embodiment of the invention, the tracking sensor comprises one

or more cameras. The eye position may be estimated from a video stream. For
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example, a position and/or size of the head of a person may be extracted by

extracting the face of the person from the video stream.

According to an embodiment of the invention, the tracking sensor comprises an
eye tracking sensor. Such a sensor may comprise an infrared camera and infrared
light sources, which are reflected from the person’s eyes. With an eye tracking
sensor, the view direction and the eye position may be estimated more exactly as

with solely a video stream.

According to an embodiment of the invention, the tracking sensor is adapted for
determining that more than one person is in its sensing area. For example, the
persons, who are situated in front of the door and/or who are looking through the
door, may be determined from a video stream. Such a video stream may be

provided by a camera of the tracking sensor.

According to an embodiment of the invention, the person, for who the eye
position is determined, is selected via gesture detection performed with sensor
data of the tracking sensor. The video stream of the camera also may be used for
gesture detection. There may be a gesture, such as waving a hand, which indicates
that the person doing the gesture is the person, for whom the eye position should

be determined and/or for who the augmented reality should be generated.

It also may be that, when more than one person are detected by the tracking

sensor, the information is displayed without augmented reality features.

According to an embodiment of the invention, the person, for who the eye

position is determined, is selected via the transparent display. The transparent
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display also may comprise a touchscreen. The transparent display may display a
picture of the user group, which may be taken by the camera. The picture of the
person to who the augmented reality with correct perspective is displayed may be

touched on the transparent display, for selecting the respective person.

According to an embodiment of the invention, the door has a position sensor for
determining a position of the door. The door may be a slidable door or a hinged
door. There may be the positions “closed”, “work bench accessible” and
“completely opened”. The position sensor also may be used for stopping the

pipetting arm, when the door is opened and/or moved into a specific position.

According to an embodiment of the invention, a display area on the transparent
display, in which the information is displayed, is determined in dependence of the
position of the door. There may be several positions of the door, in which the

person may view through the door into the workspace.

With the position sensor, two or more positions of the door may be detected, such
as opened and closed. A three-dimensional model of the door and/or the
transparent display together with its position and/or orientation may be stored in
the controller. This model may be used for determining the projection of the
notification area onto the transparent display. With the position sensor and/or the
detected position of the door, the position of the door additionally may be taken

into account for determining the projection.

According to an embodiment of the invention, the transparent display comprises a
touchscreen. As already mentioned, the transparent display also may be used as

user interface.
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A further aspect of the invention relates to a method for operating a laboratory
automation device as described in the above and the below. The method may be

performed by the controller.

According to an embodiment of the invention, the method comprises: determining
the eye position of the person from sensor data acquired with the tracking sensor;
and displaying information for a notification area in the workspace on the
transparent display, such that the information is displayed for the person in front
of the notification area. It has to be understood that features of the method as
described in the above and in the following may be features of the laboratory

automation device as described in the above and in the following.

A further aspect of the invention relates to a computer program for a controller of
a laboratory automation device, which, when being executed by a processor, is
adapted for performing the method as described above and below. A further
aspect of the invention relates to computer-readable medium, in which such a
computer program is stored. The controller of the laboratory automation device
may comprise a processor, which executes the computer program, which may be

stored in a memory of the controller.

A computer-readable medium may be a hard disk, an USB (Universal Serial Bus)
storage device, a RAM (Random Access Memory), a ROM (Read Only Memory), an
EPROM (Erasable Programmable Read Only Memory) or a FLASH memory. A
computer-readable medium may also be a data communication network, e.g. the
Internet, which allows downloading a program code. In general, the computer-

readable medium may be a non-transitory or transitory medium.
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A further aspect of the invention relates to a controller of a laboratory automation
device (10) adapted for performing the method as described herein. The method

may be implemented in hardware, such as an FPGA, at least partially.

These and other aspects of the invention will be apparent from and elucidated with

reference to the embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

Below, embodiments of the present invention are described in more detail with

reference to the attached drawings.

Fig. 1 shows a schematic perspective view of a laboratory automation device

according to an embodiment of the invention.

Fig. 2 shows a schematic cross-sectional view of a laboratory automation device

according to a further embodiment of the invention.

Fig. 3A, 3B and 3C show schematic cross-sectional views of a laboratory

automation device according to a further embodiment of the invention.

Fig. 4 shows a flow diagram illustrating a method for operating a laboratory

automation device according to an embodiment of the invention.

The reference symbols used in the drawings, and their meanings, are listed in
summary form in the list of reference symbols. In principle, identical parts are

provided with the same reference symbols in the figures.



10

15

20

25

WO 2022/008044 11 PCT/EP2020/069190

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

Fig. 1 shows a laboratory automation device 10, which comprises a workbench 12
onto which several components 14 of the laboratory automation device 10 are
mounted. The shown examples include a cartridge 14a with pipette tips 14b, a
cartridge 14c with test tubes 16a, a microplate 14d with wells 16b and a container
16¢ containing a reagent 18. In general, some of the components 14 may be liquid

containers 16.

The laboratory automation device 10 further comprises a pipetting arm 20 with a
pipette 22, which may be moved in three dimensions, for example with the aid of
motors. A sample may be pipetted with the pipette 22 from the test tubes 16a, by
being aspirated and may be dispensed into a well 16b. Analogously, the reagent
18 may be conveyed into the well 16b. With a gripper arm 23 equipped with
grippers 24, the microplate 14d may be exchanged and moved into further

devices, such as a heater, an optical analysis device, etc.

The components 14, 20, 22, 24 of the laboratory automation device 10 are
arranged in a workspace 26 above the workbench 12, which is enclosed by a
housing 28. At a front side, the housing 28 has a door 30, which can be opened for
accessing the components 14, 20, 22, 24. A part of the door 30 or the complete
door 30 is a transparent display 32, allowing to view into the workspace 26 and on
which information 34 can be displayed. Such information may include symbols,
text and images 34a and an outlining and/or highlighting 34b from components

14, 20, 22, 24.
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Some or all of the information 34 may be displayed with respect to a specific
viewing perspective of a person in front of the laboratory automation device 10,
such that the information 34 is displayed near or in front of a component 14, 20,

22, 24 for the person.

In general, the information 34 may contain stationary information 34a, which is
displayed on the same position on the transparent display 32 independently from
the eye position of a person (and optionally independently from a position of the
door 30). Furthermore, information 34 may contain augmented reality information
34b, which is displayed on the transparent display 32 at a position in dependence
from the eye position of the person (and optionally dependent on a position of the

door 30).

For example, the outlining and/or highlighting 34b of a component 14, 20, 22, 24
may be displayed, such that it overlays the area at which the component 14, 20, 22,

24 is arranged in the workspace.

For determining the eye position, the laboratory automation device 10 comprises a
tracking sensor 36, which comprises a camera 36a and/or an eye tracking sensor
36b. For example, besides a camera 36a, an eye tracking sensor may comprise one
or more infrared light sources 36c¢. The tracking sensor 36 and in particular the

camera 36a and the infrared light sources 36¢c may be attached to the housing 28.

Fig. 1 furthermore shows a controller 38 of the laboratory automation device 10,
which may perform determining the eye position and rendering the information 34
to be displayed on the transparent display 32. The controller 38 may be a

computer or embedded device in data communication with the laboratory
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automation device 10 or may be included into the laboratory automation device

10.

Fig. 2 shows an embodiment of a laboratory automation device 10 with a hinged
door 30. The door 30 of the laboratory automation device 10 of Fig. 1 may be
designed in such a way. The door 30 may be hinged about an axis A. In a first
position 40a, the door 30 is closed and the door 30 prevents, that the workspace
26 is accessible through the opening, which is closed by the door 30. In a second
position 40b, the door 30 is opened, such that a person 42 may view through the
transparent display and may reach into the workspace 26, for example for
exchanging a liquid container 16. There may be a further position, in which the
door 30 is completely opened. The positions 40a, 40b of the door are determined

with a position sensor 44.

The position sensor 44 may be used by the controller 38, for stopping the
operation of the pipetting arm 20 and/or of the gripper 24, when the door 30 is

not completely closed, i.e. is not in the position 40a.

Fig. 2 also illustrates, how the controller 38 determines a display area 50 of the
information 34b. With the known eye position 46, a notification area 48 in the
workspace is projected onto the transparent display 32. This projection is used as
the display area 40, in which the information 34b is displayed. The notification area
48 may be a volume in the workspace 26. The display area 40 may be a two-

dimensional shape, such as a polygonal part of the display.

For performing the projection of a notification area 48, the controller 38 has to

know the eye position 46 and the position of the transparent display 32. This
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position may be determined from the door position 40a, 40b or may be assumed

to be constant.

Fig. 3A, 3B and 3C show an embodiment of a laboratory automation device 10 with
a sliding door 30. The door 30 of the laboratory automation device 10 of Fig. 1
may be designed in such a way. The sliding door 30 may prevent access to the
workspace 26 in a first door position 40a (position “closed”), may allow access to
the workspace 26 in a second door position 40b (position “work bench
accessible”), and may allow access to the whole workspace 26 in a third door
position 40c (position “completely opened”). Again, the display area 50 may be
determined in dependence of the door position 40a, 40b. The sliding door may
have different “work bench accessible” 40b positions varying in the height d of the

assessing gap 52.

Fig. 4 shows a flow diagram for a method for operating a laboratory automation

device 10, such as shown in the previous figures.

In step S10, when more than one person 42 are in front of the door 30, a person
42 is selected. The controller 38 may determine how many persons are in front of
the door 30, by evaluating the video stream of the camera 36a. The camera 36a
may be arranged, such that its field of view is directed to an area in front of the
door 30, where persons 42 are to be expected. A person 42 or the head of a

person may be identified with object recognition.

It may be that a person 42 is selected via gesture detection performed with sensor
data of the tracking sensor 36 and in particular the camera 36a. For example, a
waving arm or a specific gesture may be determined with object recognition of the

hand and/or arm and tracking its position.
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It also may be that the person 42 is selected via the transparent display 32. The
heads and/or faces of all persons 42 in the field of view of the camera 36a may be
displayed on the transparent display 32, for example as stationary information 34a.
The transparent display 32 may comprise a touchscreen and the person may be

selected by touching the area with the respective stationary information 34a.

In step S12, the eye position 46 of the person 42 is determined from sensor data
acquired with the tracking sensor 36. For example, the eye position 46 may be
extracted from the image of the head of the person selected in step S10 or from a
single person in front of the door 30. The eye position 46 may be determined via
object recognition in the video stream from the camera 36a. It also may be that
the infrared light sources 36¢ are used, which are reflected from the eye and which

reflections may be identified in the video stream.

The eye position 46 may be a three-dimensional coordinate that is provided with
respect to a coordinate system, in which also positions of points inside the
workspace 26 may be calculated and/or in which also the position of the

transparent display 32 is known.

In step S14, augmented reality information 34b for a notification area 48 in the

workspace 26 is displayed on the transparent display 32.

The controller 38 determines one or more notification areas 48, for which
information 34b should be displayed. The notification area 48 may be an area, in
which a component 14 of the laboratory automation device 10 is situated. The
information 34b may be a status information of the component 14, such as an

error message or a message for the person to exchange or refill the component 14.
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It also may be that the notification area 48 is an empty area in the workspace 26.
For example, an area in which a component 14 of the laboratory automation
device 10 is to be placed by the person 42. The information 34b may be a status

information of the component 14 to be placed.

The controller 38 may maintain an internal model of the workspace 26 and the
components 14 inside. This model may provide information at which positions
which components 14 are situated. The model also may provide information on a
bounding volume of the components. Such bounding volumes may be used as
notification area 48. The internal model may be updated, when a component 14 is
put into the workspace 26 and removed from the workspace 26. The internal
model may be updated, when a component 14 changes its place, for example due

to the operation of the pipetting arm 20 and/or the gripper 24.

When the one or more notification areas 48 are determined, the notification areas
48 are projected towards the eye position 46 onto the transparent display 32 for
determining a display area 50 on the transparent display 32. The transparent
display 32 may be modelled as a rectangle, which position is determined by the
position 40a, 40b, 40c of the door 30. The notification areas 48 may be projected

onto this rectangle via central perspective with the eye position 46.

In the end, information 34b, which is shown in the respective display area 50, is
rendered. The information 34b may comprise at least one of text, numbers,
symbols, outlines, highlights, etc. It may be that the graphical information 34b is

blinking or changes color to catch the interest of the person 42.

Due to the projection, the information 34b is displayed from a perspective of the

person 42 in front of the notification area 48. In such a way, the person can identify
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easily, to which component 14 the information 34b belongs, in particular
independently of the position 40a, 40b of the sliding door 30 (Fig. 3A-3C) or the
opening angle of the hinged door 30 (Fig. 2).

While the invention has been illustrated and described in detail in the drawings
and foregoing description, such illustration and description are to be considered
illustrative or exemplary and not restrictive; the invention is not limited to the
disclosed embodiments. Other variations to the disclosed embodiments can be
understood and effected by those skilled in the art and practising the claimed
invention, from a study of the drawings, the disclosure, and the appended claims.
In the claims, the word “comprising” does not exclude other elements or steps, and

"o

the indefinite article "a” or "an” does not exclude a plurality. A single processor or
controller or other unit may fulfil the functions of several items recited in the
claims. The mere fact that certain measures are recited in mutually different
dependent claims does not indicate that a combination of these measures cannot
be used to advantage. Any reference signs in the claims should not be construed

as limiting the scope.
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LIST OF REFERENCE SYMBOLS

10 laboratory automation device
12 workbench

14 component

14a cartridge
14b  pipette tips
14c  cartridge
14d  microplate
16 liquid container
16a  test tube
16b  well

16¢c  container
18 reagent

20 pipetting
22 pipette

23 gripper arm

24 gripper

26 workspace

28 housing

30 door

32 transparent display
34  information

34a stationary information
34b  augmented reality information
36  tracking sensor

36a camera

36b  eye tracking sensor

36¢c infrared light sources

18
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38  controller
40a first door position
40b  second door position
40c  third door position

5 42 person
44 door position sensor
46 eye position
48 notification area
50  display area

10 52 assessing gap

19
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CLAIMS

1. A laboratory automation device (10), comprising:

a workspace (26) with liquid containers (16) and a pipetting arm (20) for
moving liquids (18) between the liquid containers (16);

a housing (28) enclosing the workspace (26);

a door (30) of the housing (28) for accessing the workspace (26), wherein
the door (30) comprises a transparent display (32) for displaying information (34)
and for allowing a person to view into the workspace (26);

a tracking sensor (36) for tracking an eye position (46) of the person (42);

wherein the laboratory automation device (10) is adapted for:

determining the eye position (46) of the person (42) from sensor data
acquired with the tracking sensor (36);

displaying information (34b) for a notification area (48) in the workspace
(26) on the transparent display (32), such that the information (34b) is displayed

from a perspective of the person (42) in front of the notification area (48).

2. The laboratory automation device (10) of one of the previous claims,
wherein the notification area (48) is projected towards the eye position (46)
onto the transparent display (32) for determining a display area (50) on the

transparent display (32), in which the information (34b) is displayed.

3. The laboratory automation device of one of the previous claims,

wherein the notification area (48) is an area, in which a component (14) of
the laboratory automation device is situated,;

wherein information (34b), which is displayed on the transparent display

(32), is a status information of the component (14).
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4. The laboratory automation device (10) of one of the previous claims,
wherein the notification area (48) is an area, in which a component (14) of
the laboratory automation device (10) is to be placed;

wherein information (34b), which is displayed on the transparent display

(32), is a status information of the component (14) to be placed.

5. The laboratory automation device (10) of one of the previous claims,
wherein the tracking sensor (36) comprises a camera (36a).

6. The laboratory automation device (10) of one of the previous claims,
wherein the tracking sensor (36) comprises an eye tracking sensor (36b).

7. The laboratory automation device (10) of one of the previous claims,
wherein the tracking sensor (36) is adapted for determining that more than

one person (42) is in front of the door (30).

8. The laboratory automation (10) device of claim 7,
wherein the person (42), for who the eye position (46) is determined, is

selected via gesture detection performed with sensor data of the tracking sensor.

9. The laboratory automation device (10) of claim 7 or 8,
wherein the person (42), for who the eye position (46) is determined, is

selected via the transparent display (32).

10.  The laboratory automation device (10) of one of the previous claims,
wherein the door (30) has a position sensor (44) for determining a position
(40a, 40b, 40c¢) of the door;
wherein a display area (50) on the transparent display (32), in which the

information (34b) is displayed, is determined in dependence of the position (40a,
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40b, 40c¢) of the door (30).

11.  The laboratory automation device (10) of one of the previous claims,

wherein the transparent display (32) comprises a touchscreen.

12. A method for operating a laboratory automation device (10) according to
one of the previous claims, the method comprising:

determining the eye position (46) of the person (42) from sensor data
acquired with the tracking sensor (36);

displaying information (34b) for a notification area (48) in the workspace
(26) on the transparent display (32), such that the information (34b) is displayed

from a perspective of the person (42) in front of the notification area (48).

13. A computer program for a controller (38) of a laboratory automation device
(10), which, when being executed by a processor, is adapted for performing the

method of claim 13.

14. A computer-readable medium, in which a computer program according to

claim 13 is stored.

15. A controller (38) of a laboratory automation device (10) adapted for

performing the method of one of claims 1 to 12.



PCT/EP2020/069190

WO 2022/008044

114

X

1 1 ] ] ] 1 ] >
0 are vt 99191 PPLYL BOLOL YL OvL YL Bylvl €l _N

8¢
( [\ / [ I
| \ NN A
| //
L2 g \ - : _\ DL
i e A % > A
WA g & T~arL'pl
Z _P\:\ ] - /l\\l/ @N
: —t [ Tuw
\ ] A e e
._ \ )
97— \\ A \ _\ N w 1 A
AR A /6_2_2 W& 0Z'7l
3l \
29¢ ¢
/ 0L

q9¢ ! @_n_



WO 2022/008044

Fig. 2

10

™~ 28

26—

48—

o
r g

\

2/4

PCT/EP2020/069190

5



PCT/EP2020/069190

WO 2022/008044

3/4

20V

2€'0€ —~—

Jb <
-—

D 14

o¢ b1

2e'0e ——

g¢ 614

B0y

ve "bi4



WO 2022/008044 PCT/EP2020/069190

4/4

Fig. 4

—S$10

— 5§12

— S14




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2020/069190

A. CLASSIFICATION OF SUBJECT MATTER

INV. GOIN35/00 GO6F3/01
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GOIN GO6F

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 2015/105877 Al (GOEMANN-THOSS WOLFGANG 1-15
[DE] ET AL) 16 April 2015 (2015-04-16)

figures 1,2

figures 1-4

14 July 2016 (2016-07-14)
the whole document

paragraph [0172] - paragraph [0177]

A EP 2 762 889 Al (HITACHI HIGH TECH CORP 1-15
[JP]) 6 August 2014 (2014-08-06)
paragraph [0015] - paragraph [0029]

A US 2016/202757 Al (MIAO XU [US] ET AL) 1-15

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

23 April 2021

Date of mailing of the international search report

10/05/2021

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Reto, Davide

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2020/069190
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2015105877 Al 16-04-2015 EP 2857841 Al 08-04-2015
US 2015105877 Al 16-04-2015
EP 2762889 Al 06-08-2014 CN 103842826 A 04-06-2014
EP 2762889 Al 06-08-2014
JP 5828728 B2 09-12-2015
JP 2013072799 A 22-04-2013
US 2014241945 Al 28-08-2014
WO 2013046913 Al 04-04-2013
US 2016202757 Al 14-07-2016  CN 107111753 A 29-08-2017
EP 3243162 Al 15-11-2017
US 2016202757 Al 14-07-2016
WO 2016111880 Al 14-07-2016

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - wo-search-report
	Page 30 - wo-search-report

