DOCUMENTING CUT SURFACES OF HISTOLOGICAL BLOCKS

TECHNICAL FIELD

[0001] The invention relates to the field of automated digital imaging, in particu-
lar to the field of documentation of section surfaces of histological blocks by means of
such imaging. The invention particularly relates to a device and a method for automated
capturing of at least one image of a block which comprises a sample embedded for histo-
logical purposes and an identification code, as well as to a computer program product by

which the device can be caused to carry out the method.

BACKGROUND

[0002] Histology is a method used in science and medicine in various ways for
the microscopic examination of samples. In this method, a sample is embedded in a block
made of embedding material, which usually is a tissue sample of a living being or may

represent a sample of any material.

[0003] As embedding material, for example, paraffin or plastic polymers can be
used. The embedding material is poured in liquid form around the sample and then hard-
ened. It stabilizes the sample for the preparation of sections. The casting of the block
takes place in a so-called embedding cassette, which gives the block its shape and in
which the block may remain after hardening. The embedding cassette can be labeled with
information relating to the sample, in particular with information regarding its origin. Such
information can also be contained in a barcode or identification code which is attached to

the embedding cassette or forms part of the embedding cassette.

[0004] By means of a microtome, sections are prepared by the user, for exam-
ple with a thickness of about 0.5 to 10 um, and placed on an object slide. After further pro-
cessing, which may include staining of certain tissue regions, the section of the sample

can be viewed under a microscope.



[0005] During or after the cutting process, it may occur that parts of the sample
are lost from the section, such that they are not visible during final observation of the sec-
tion under a microscope. It may also occur that a section is assigned, for example, to the
wrong patient or to the wrong block. Conclusions drawn from the sample in the section
would then be attributed to the wrong block or the wrong patient. These are basically

problems in science and medicine, particularly in pathology.

[0006] To counteract this, the section surface of the block can be optically com-
pared with the section located on the object slide in order to determine whether the sec-
tion is complete. Such comparison is often only possible on the basis of enlarged images
of the sample, since small losses in the section are difficult or impossible to recognize with
the naked eye. A comparison can be carried out manually or by producing images of the

section surface.

[0007] A manual comparison of the sections with the corresponding block is
very time-consuming and labor-intensive, since the block must first be obtained, for exam-
ple from an archive. Moreover, such a procedure requires the presence of the user at his

or her workplace in order to have physical access to the blocks.

[0008] US 11,257,216 B2 discloses a device for capturing images of blocks and
object slides, wherein first the section surface and the object slide are captured and then,
if applicable, an existing barcode. By means of the barcode, the images are then digitally
archived and assigned to a patient. The captured images can subsequently be compared
automatically. However, the capturing of images of the section surface of the block is a
time-consuming process, especially since, as a rule, a large number of blocks occurs and

a block may have to be captured several times.

[0009] Itis an object of the present invention to eliminate the disadvantages of
the prior art mentioned above by providing a device which enables a high block through-

put with minimal time and labor effort for the user.

SUMMARY OF THE INVENTION



[0010] According to the invention, the object is achieved by providing a device
for automated capturing of at least one image of a block which comprises a sample em-
bedded for histological purposes and an identification code, wherein the device com-

prises:

- a holder for the block,

- a camera unit comprising at least one camera,

- a control unit,

wherein the camera unit is configured to repeatedly capture an image from the re-

gion of the holder and to send it to the control unit,

wherein the control unit is configured to receive and analyze each image,

wherein the control unit, provided that the identification code has been recognized,
instructs the camera unit to capture at least one image of the sample embedded in
the block.

[0011] According to the invention, the sample may be any kind of material the
microscopic examination of which is of interest and which is in a cuttable state or has

been brought into a cuttable state. Preferably, the sample is tissue of a living being.

[0012] In the present context, a block or a histological block is to be understood
as at least the sample embedded in an embedding material for histological purposes. Em-
bedding materials may be paraffin or plastic polymers. The shape of the block is not lim-
ited to a specific form. The block may, for example, be cuboid, cubic, disk-shaped, or
spherical and is preferably cuboid or cubic. However, the shape may also be asymmet-

rical or irregular.



[0013] The block may further include an embedding cassette in which the em-
bedding material is anchored. The embedding cassette may be a commercially available
embedding cassette for histological purposes. Such an embedding cassette may have di-
mensions of about 42 mm x 29 mm x 5 mm. The surface of the block on which sections
have been made forms the section surface. At the section surface, the embedded sample

is visible.

[0014] According to the invention, an identification code is to be understood as
any kind of optically readable information by means of which it is possible to identify the
block. The information may be present, for example, in the form of a sequence of letters or
numbers, a barcode, a QR code, a DataMatrix code, a color code, a color marking, or a
similar format. The identification code may be positioned at any arbitrary location of the
block, with the exception of a location at which the identification code covers-up the em-

bedded sample or a part thereof.

[0015] According to the invention, a holder for the block is to be understood as
any structure that can be used as a mount or support for a block. The holder may clamp
or snap the block into place or merely serve as a position marking on which the block

must be placed so that the camera unit can capture an image of it.

[0016] According to the invention, the camera unit comprises at least one cam-
era. Within the context of the present invention, a camera is also to be understood as in-
cluding a scanner. The camera is positioned and the optical system of the camera is con-
figured in such a way that the camera can capture a sufficiently resolved image from the
region of the holder. The image is sufficiently resolved when the resolution enables both
the control unit to recognize an existing identification code and a healthy human eye to
recognize a loss of sample material when comparing the section surface of the block with
the corresponding section on an object slide. Loss of sample material from the section
may occur, for example, due to falling out or tearing out of individual areas during cutting
or handling of the section. The camera unit may be of decentralized configuration, i.e., it
may comprise several components that are spatially and/or technically separated from

one another.



[0017] The control unit is a technical device, preferably a computer, which com-
prises at least a temporary memory, for example a so-called working memory, and may
further comprise a permanent memory. In addition, the control unit comprises a processor
(CPU). The control unit may be of decentralized configuration, i.e., it may comprise two or
more secondary control units each having their own CPU. The secondary control units
may be spatially and/or technically separated from one another and may perform different

functions of the control unit or, in other words, control different components of the device.

[0018] The term “capture” is to be understood here as the optical acquisition or
taking of an image, its translation into a binary code, and its temporary or permanent stor-
age. Accordingly, the term “image” is intended to mean both an image or photograph visi-
ble to the human eye and the binary code containing the image information. Temporary
storage is to be understood as storage in a memory that is automatically cleared at regu-
lar, comparatively short intervals (so-called working memory). Permanent storage is to be
understood as storage in a memory that is not intended to be automatically cleared at reg-

ular intervals.

[0019] The term “automated capturing” is to be understood according to the in-
vention as meaning that a user of the device performs no steps or actions in connection
with the capturing, except for placing the block into the holder and removing the block

from the holder.

[0020] The term “analyze” is to be understood here as the application of an al-
gorithm by the control unit, which can recognize an identification code in the binary code

of the captured image.

[0021] According to the invention, the camera unit captures an image from the
region of the holder and sends it to the control unit. The control unit analyzes the image,
and as long as no identification code is recognized when analyzing the image, the camera
unit automatically captures again an image from the region of the holder, sends it to the
control unit, and the control unit analyzes the image. This sequence is continuously re-

peated, at least as long as no identification code is recognized. In this case, it does not



matter whether a block is located in the holder or not. As soon as a block is placed in the
holder, the control unit can recognize the identification code by image analysis. Only when
an identification code is recognized does the control unit instruct the camera unit to cap-

ture an image of the sample embedded in the block.

[0022] The image from the region of the holder comprises at least the region of
the holder in which, during proper use of the device according to the invention, the identifi-
cation code is positioned, so that it is completely captured. However, the image from the
region of the holder may also comprise other regions in which neither an identification
code or a part thereof nor the embedded sample or a part thereof are positioned during
proper use of the device according to the invention, or regions in which, during proper use
of the device according to the invention, the embedded sample or a part thereof are posi-

tioned.

[0023] The image of the embedded sample comprises at least the region of the
holder in which, during proper use of the device according to the invention, the embedded
sample is positioned, so that it is completely captured. However, the image of the embed-
ded sample may also comprise other regions in which neither an identification code or a
part thereof nor the embedded sample or a part thereof are usually positioned, or regions
in which, during proper use of the device according to the invention, the identification code

or a part thereof are positioned.

[0024] The object is completely achieved by the present invention.

[0025] The device according to the invention advantageously enables a reduc-
tion of the operating steps in the documentation of the section surface of histological
blocks and thus a simplification of the workflow. During the preparation of sections by
means of a microtome, the user merely has to place the block into the holder. All further
steps are carried out automatically by the device. In this way, the user can focus more on

producing high-quality sections.



[0026] Furthermore, the storage of the images advantageously results in the
possibility of accessing them at any later time and, if applicable, from any location. As a
result, and through the simplification of the workflow, the time expenditure of the user for
the documentation of the blocks and for the subsequent evaluation of the sections is re-

duced, and the place of work becomes flexible.

[0027] In a preferred embodiment, the camera unit comprises at least a first
camera and a second camera, wherein the first camera is configured to capture an image
of the identification code, and wherein the second camera is configured to capture an im-

age of the sample embedded in the block.

[0028] The presence of at least two cameras advantageously makes it possible
to adjust the resolution of the image from the region of the holder, which at least captures
the region of the holder in which, during proper use of the device according to the inven-
tion, the identification code is positioned so that it is completely captured, and the resolu-
tion of the image of the embedded sample, in such a way that in each case only the mini-

mum necessary amount of data is generated.

[0029] The image of the embedded sample usually requires a higher resolution
in order to make the sample, its contours, and, if applicable, internal structures clearly visi-
ble even when enlarged. Therefore, the second camera preferably captures the image of
the embedded sample with a higher resolution of the captured image than the first cam-
era. In addition, a lower resolution of the image captured by the first camera enables mini-
mization of the amount of data to be sent to and analyzed by the control unit, thereby in-

creasing the working speed.

[0030] In a preferred embodiment, the first camera and the second camera are
arranged at an angle of about 180° to each other, i.e., they are directed toward each other
and capture an image of two substantially opposite sides of the block. Advantageously,
this allows the use of commercially available embedding cassettes, which are usually pro-
vided with an identification code on the side opposite the section surface (i.e., on the back

side).



[0031] The term “two substantially opposite sides of a block” is to be under-
stood as two sides of the block whose surfaces are substantially parallel to each other.
The two surfaces therefore do not have to be absolutely parallel. For example, the sur-
faces may be opposite sides of a cuboid or cuboid-like structure. However, the surfaces
may also be adjacent sides of a cuboid-like structure, where the surfaces do not extend at

a 90° angle to each other but at a smaller angle.

[0032] In another preferred embodiment, the control unit is configured to in-
struct the camera unit to capture the at least one image of the sample embedded in the
block only when the recognized identification code is not identical with the identification

code recognized immediately before.

[0033] The term “identification code recognized immediately before” is to be un-
derstood as the identification code that the control unit has recognized during the analysis
of that image from the region of the holder which was analyzed by the camera unit imme-
diately prior to the image whose analysis resulted in the recognition of the identification

code by the control unit.

[0034] This advantageously enables control over the capturing of the image of
the embedded sample, since only one image of the embedded sample is captured, and
only when a new block has been placed into the holder. In this way, unnecessary re-
peated capturing of the image of the embedded sample is avoided, which reduces the
amount of data to be sent from the camera unit to the control unit, thereby reducing the

storage requirements of the control unit and increasing the working speed.

[0035] In a further preferred embodiment, the control unit is further configured
to discard the at least one image of the sample embedded in the block if the identification
code recognized after capturing the at least one image of the sample embedded in the
block is not identical with the identification code recognized before capturing the at least
one image of the sample embedded in the block, or if, after capturing the at least one im-

age of the sample embedded in the block, no identification code is recognized, or if, after



capturing the at least one image of the sample embedded in the block, an artifact or a

contamination is recognized in the image.

[0036] It may occur that the block is removed or replaced after its identification
code has been recognized and before the image of the embedded sample has been cap-
tured. In such cases, the image does not show the embedded sample, but either no sam-
ple or a sample that is incorrect with respect to the identification code. It may also occur
that a contamination or another artifact is present on the image and possibly covers part
of the sample. Advantageously, discarding such an image of the embedded sample
serves as a quality control. It is thereby avoided that a possibly faulty image is perma-
nently stored. Furthermore, this advantageously reduces the storage requirements of the

control unit.

[0037] The term “artifact” is to be understood as an object that is visible on a
captured image, the visibility of which, however, is not desired, for example because the
object covers a part of the sample or of the identification code. An artifact may, for exam-
ple, be a contamination caused by dust, particles detached from the embedding material,

or a human finger.

[0038] In a further preferred embodiment, the device is configured to output an
acoustic or visual signal when the identification code recognized after capturing at least
one image of the sample embedded in the block is identical with the identification code

recognized before capturing the at least one image of the sample embedded in the block.

[0039] Advantageously, an acoustic or visual signal enables the user to be in-
formed when an image of the embedded sample has been successfully captured and

when he or she can replace the respective block with another block.

[0040] In a further preferred embodiment, the device further comprises an illu-

minating unit which is configured to illuminate the region of the holder.
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[0041] lllumination has the advantage that the image quality is improved. The

illuminating unit may comprise diffuse and/or directed light sources.

[0042] In a further preferred embodiment, the illuminating unit comprises exclu-

sively diffuse light sources.

[0043] Paraffin as embedding material is both light-transmissive and reflective.
Excessively strong one-sided illumination, which could cause translucence and/or reflec-
tions, can be avoided by designing the light sources as diffuse light sources. An illuminat-
ing unit according to this embodiment is, however, also suitable for other embedding ma-

terials, such as plastic polymers.

[0044] In a preferred embodiment, the illuminating unit comprises a first light
source which is provided to illuminate the identification code, or the identification code and
the embedded sample, and a second light source which is provided to illuminate the em-

bedded sample.

[0045] Separate illumination of the embedded sample by a second light source
advantageously enables optimization of the image quality of the image of the embedded

sample in comparison with the image from the region of the holder.

[0046] A light source may be a bar light. In the present context, a bar light is to
be understood as a light source whose light-emitting surface is bar-shaped, i.e., rectangu-

lar.

[0047] A light source may be a ring light. In the present context, a ring light is to
be understood as a ring-shaped light source which can be positioned around the lens of a

camera.

[0048] A light source may be a light-emitting diode (LED).
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[0049] In a further preferred embodiment, the shortest distance between two
points of the outer boundary of the part of the device which includes at least the holder
and the camera unit is less than 40 cm, preferably less than 35 cm, more preferably less
than 28 cm.

[0050] According to the invention, the device is configured to be as compact as
possible. This advantageously enables space-saving placement of the device at the user’s
workplace. A maximum dimension of the part of the device that includes at least the

holder and the camera unit of up to 40 cm has proven to be sufficiently compact.

[0051] The control unit and/or the illuminating unit may, but need not, be ar-

ranged outside this compact part of the device.

[0052] In a further preferred embodiment, the device comprises a mirror sys-

tem, onto which the camera unit is directed, and which mirrors the region of the holder,.

[0053] The mirror system comprises at least one mirror.

[0054] A mirror system has the advantage that the number of cameras can be
reduced and/or the positioning of the cameras relative to the block can be modified. Both

of these advantageously enable a compact design of the device.

[0055] According to the invention, the object is further achieved by providing a
method of automated capturing at least one image of a block which comprises a sample
embedded for histological purposes and an identification code, wherein the method com-
prises the following steps in this order: capturing an image from the region of the holder,
analyzing the image from the region of the holder, repeating the preceding steps at least
until the identification code is recognized, and capturing at least one image of the sample
embedded in the block.

[0056] According to the invention, the capturing and analyzing of the image

from the region of the holder take place in a loop, a so-called analysis loop. If an
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identification code is recognized in the image from the region of the holder, a so-called ac-
quisition loop is initiated, during which an image of the sample embedded in the block is
captured. The analysis loop can be continuously and automatically repeated after initiation

of the acquisition loop, at least however until the identification code has been recognized.

[0057] The term “loop” is to be understood as the continuously repeated execu-

tion of a defined sequence of method steps.

[0058] According to the invention, each loop can be interrupted by a stop com-
mand that can be given manually by the user or that is initiated by the control unit after the

expiration of a defined period of time.

[0059] In a preferred embodiment, the method is carried out by the device ac-
cording to the invention. In this case, the method as a whole may run in a loop, a so-called
method loop. After capturing the image of the embedded sample, further processing or ar-
chiving of the one or more images may take place, or one or more additional images may
be captured. Processing may include, for example, image processing or image recognition
for detecting artifacts on a captured image. As soon as all desired steps have been car-

ried out, the method is executed again, beginning with the analysis loop.

[0060] In a further preferred embodiment, the step of capturing at least one im-
age of the sample embedded in the block is carried out only when an identification code is

recognized that is not identical with the identification code recognized immediately before.

[0061] In this embodiment, the analysis loop is extended by a novelty control.
Entry into the acquisition loop occurs only when a new identification code, i.e., one differ-

ent from the identification code recognized immediately before, has been recognized.

[0062] The term “identification code recognized immediately before” is to be un-
derstood as the identification code that the control unit recognized in the analysis loop car-

ried out immediately before.
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[0063] This advantageously enables that only one image of the embedded
sample is captured, and only when a new block has been placed in the holder. In this way,
unnecessary repeated capturing of the image of the same embedded sample is avoided,
which reduces the amount of data to be sent from the camera unit to the control unit,
thereby reducing the storage requirements of the control unit and increasing the working

speed.

[0064] In a further preferred embodiment, the method, after the step of captur-
ing at least one image of the sample embedded in the block, comprises the following
steps: capturing an image from the region of the holder, analyzing the image from the re-
gion of the holder, discarding the at least one image of the sample embedded in the block,
provided that the same identification code is not recognized again or provided that an arti-

fact is recognized.

[0065] In this embodiment, the acquisition loop is extended by a quality control.
The at least one captured image of the block is not discarded only if, immediately after
completion of the capturing of the at least one image of the block, during renewed captur-
ing and analyzing of an image from the region of the holder, an identification code is rec-
ognized that is identical to the identification code recognized in the analysis loop carried

out immediately before.

[0066] If the identification code that is recognized, after the capturing of the im-
age of the embedded sample, in a newly captured image from the region of the holder is
not identical with the identification code from the preceding analysis loop, then the image
of the embedded sample may not show the embedded sample, but rather an incorrect
sample with respect to the identification code. The discarding of such an image of the em-

bedded sample has the advantage that a quality control is carried out.

[0067] Discarded images can be reproduced. For example, the user of the de-
vice according to the invention can, before completion of his or her work, manually check
the images stored by the control unit and, if applicable, find missing images. These can

then be specifically reproduced.
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[0068] As an alternative to a manual check for missing images, the identifica-
tion code which is recognized as new, the associated image of the embedded sample of
which, however, has been discarded, can be stored separately, so that the user can have
this block captured again at a later point in time, whereby an active search for missing im-

ages is advantageously eliminated for the user.

[0069] According to the invention, the object is further achieved by a computer
program product comprising program code means which, when executed on a computer,
in particular on a control unit, cause the control unit to carry out the method of capturing at
least one image of a block which comprises a sample embedded for histological purposes

and an identification code.

[0070] Further advantages and features become apparent from the following
description and the appended drawings. It is understood that the features mentioned
above and those yet to be explained below can be used not only in the respective combi-
nations indicated, but also in other combinations without departing from the scope of the

present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0071] In the following, non-limiting embodiments are explained in detail with

reference to the drawings. In the drawings:

[0072] Fig. 1 shows a principle representation of a device for the automated
capturing of at least one image of a block which comprises a sample embedded for histo-

logical purposes and an identification code;

[0073] Fig. 2 shows a principle representation of a device for the automated
capturing of at least one image of a block which comprises a sample embedded for histo-
logical purposes and an identification code, wherein the device comprises a mirror sys-

tem;
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[0074] Fig. 3 shows a device for the automated capturing of at least one image
of a block which comprises a sample embedded for histological purposes and an identifi-

cation code, in an exploded view; and

[0075] Fig. 4 shows a flow diagram of a method of automated capturing of at
least one image of a block which comprises a sample embedded for histological purposes

and an identification code.

DETAILED DESCRIPTION

[0076] Fig. 1 shows a principle representation of a device 10 for the automated
capturing of at least one image of a block which comprises a sample embedded for histo-
logical purposes and an identification code. The device 10 comprises a holder (not shown)

for a block 18, a camera unit 12, and a control unit (not shown).

[0077] The block 18 comprises a sample (not shown) embedded in an embed-
ding material 20. The sample may be any kind of sample the microscopic examination of
which is of interest and which is in a cuttable state or has been brought into a cuttable
state. Preferably, the sample is tissue of a living being. The embedded sample is visible in
a section surface 24 of the block 18. The embedding material 20 may be paraffin or a

plastic polymer, preferably paraffin.

[0078] Furthermore, the block 18 comprises an embedding cassette 22 which

forms the back side 26 of the block 18. The embedding cassette 22 is optional.

[0079] An identification code (not shown) is attached to the block 18 by means
of which the block 18 can be identified. The identification code may be any kind of opti-
cally readable information. The information may, for example, be in the form of a se-
quence of letters or numbers, a barcode, a QR code, a color code, or a similar format. The
identification code may be positioned at any location on the block, with the exception of a
location at which the identification code covers-up the embedded sample or a part thereof.

Preferably, the identification code is positioned on the back side 26 of the block 18.
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[0080] The block 18 may have any regular, symmetrical, asymmetrical, or irreg-
ular shape. For example, the block 18 may be cuboid, cubic, disk-shaped, or spherical,
and is preferably cuboid or cubic. The shape of the block 18, in particular the shape of the
back side 26 of the block 18, may be determined by the optional embedding cassette 22.
The back side 26 of the block 18 may be flat or may have a relief.

[0081] The block 18, for example, has a spatial dimension a x b x ¢ of 42 mm x
29 mm x 5 mm, wherein the thickness c of the block decreases with the preparation of

sections, and a thickness of 5 mm represents the minimum thickness.

[0082] The camera unit 12 of the device 10 is configured to repeatedly or con-
tinuously capture an image from the region of the holder (not shown), where, during
proper use of the device 10, the block 18 is placed. The camera unit 12 comprises a first
camera 14 as well as a second camera 16, wherein the first camera 14 is configured to
capture an image of the identification code, and wherein the second camera 16 is config-
ured to capture an image of the sample embedded in the block 18. For this purpose, the
first camera 14—more precisely its lens or light entrance window—is directed toward the
identification code (i.e., toward the back side 26 of the block 18), while the second camera
16—more precisely its lens or light entrance window—is directed toward the embedded

sample (i.e., toward the section surface 24 of the block 18).

[0083] In the device 10, the cameras 14, 16—more precisely their lenses or
light entrance windows—are arranged at an angle of about 180° to each other and are di-

rected toward one another.

[0084] In other preferred embodiments, however, the cameras 14, 16 may be
arranged at any angle that allows both cameras to capture a sufficiently resolved image of

the identification code or, respectively, of the embedded sample.

[0085] Fig. 2 shows a principle representation of a device 30 for capturing at

least one image of a block 18 which comprises a sample embedded for histological
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purposes and an identification code, wherein the device 30, in contrast to the device 10,

comprises a mirror system 34.

[0086] The mirror system 34 comprises at least one mirror. The mirror system
34 of the device 30 comprises three mirrors 36, 38, and 40 and mirrors the back side 26 of
the block 18 into the lens or light entrance window of the first camera 14. The back side
26 of the block 18 comprises an inclined surface 32 with respect to the remaining back
side 26 of the block 18. This inclined surface is formed by a side surface of the substan-
tially cuboid block 18, the side surface being arranged at an angle of more than 90° to the
back side 26 of the block 18 and at an angle of less than 90° to the section surface 24 of
the block 18, wherein the side surface under these conditions is referred to in this docu-
ment as the inclined surface 32 of the back side 26 of the block 18.

[0087] The inclined surface 32 of the back side 26 of the block 18 is mirrored by
the mirror 38, and the remaining back side 26 of the block 18 is mirrored by the mirror 36
onto the mirror 40 onto which the first camera 14, more precisely its lens or light entrance

window, is directed.

[0088] The first camera 14 and the second camera 16 are positioned next to
each other and aligned parallel. The second camera 16 is directed toward the section sur-
face 24 of the block 18, and the first camera 14 is directed toward the mirror system 34,

more precisely toward the mirror 40.

[0089] In other preferred embodiments, the camera unit 12 of the device 30
may comprise a single camera which is directed both toward the section surface 24 of the

block 18 and toward the mirror system 34.

[0090] In Fig. 3, a device 100 for capturing at least one image of a block 18
which comprises a sample embedded for histological purposes and an identification code

is shown.
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[0091] The device 100 comprises a holder 102, a camera unit 12—wherein the
camera unit 12 comprises a first camera 14 and a second camera 16—and a control unit
104.

[0092] The device 100 has the same basic structure as the device 10 of Fig. 1.

[0093] The device 100 further comprises a housing 106. The housing 106 is
substantially L-shaped and hollow, such that it comprises a lumen 108, a lower horizontal
leg 110, and an upper vertical leg 112. The lower, horizontal leg 110 of the L-shaped
housing 106 has a substantially flat underside serving as a standing surface and encloses
within its lumen 108 the first camera 14. The lower leg 110 of the L-shaped housing 106
has a mounting opening 114 at its outer tip, which extends into the central region of the
upper side of the lower leg 110 of the L-shaped housing 106 and is partially closed by a
closing piece 116. The closing piece 116 is attached to the housing 106, for example by a
plug-in mechanism. The part of the mounting opening 114 that remains when the closing
piece 116 is inserted is located in the central region of the upper side of the lower leg 110
of the L-shaped housing 106 and exposes the connecting axis between the first camera
14 and the second camera 16. The edges 102a, 102b, and 102c of the part of the mount-

ing opening 114 that remains after insertion of the closing piece 116 form the holder 102.

[0094] In the holder 102, during proper use of the device 100, a block 18 is
placed, wherein the holder 102 serves as a support for the block 18. The rectangular sur-
face of the mounting opening 114 is designed to be at least large enough that the embed-
ded sample can be completely captured by the first camera, and at most large enough
that, after insertion of the closing piece 116, a block 18 can rest simultaneously on at least

two opposite edges of the mounting opening 114.

[0095] In another embodiment, the holder 102 is designed to be circular,
wherein the circular mounting opening 114 is closed by a transparent material (not
shown). In this case, the edges 102a, 102b, 102c of the holder 102 terminate flush,
thereby forming a rotational symmetry that is preferably circular or approximately circular.

Between the edges 102a, 102b, and 102c of the holder 102, a recess may be formed, the
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bottom of which is formed by the transparent material. Alternatively, the transparent mate-
rial may form, toward the block 18, a plane with the L-shaped housing 106. The transpar-

ent material may, for example, be glass or a transparent plastic.

[0096] In this embodiment, the block 18 can advantageously be placed more
easily into the holder 102, since the user does not have to consider its orientation in the

horizontal plane.

[0097] In other preferred embodiments, the holder 102 may also serve as a
mounting in which the block 18 is clamped or snapped into place, such that the camera

unit can capture an image of it.

[0098] The camera unit 12 of the device 100 comprises the first camera 14 and

the second camera 16.

[0099] The first camera 14 of the device 100 is, for example, a 5.04-megapixel
camera which comprises a lens (not shown), a resolution of 2592 px x 1944 px, a mini-
mum object distance of 300 mm, an F/2.8 aperture (not shown), a light sensor (not
shown), a field angle of 80°, and a size of 60 mm x 9 mm x 13.6 mm. The minimum object
distance of the first camera 14 can be adjusted or adapted arbitrarily by varying the dis-
tance between the lens and the light sensor. A working distance, i.e., a distance between
the back side 26 of the block 18 and the lens (not shown) of the first camera 14, is 27.1
mm. The aforementioned characteristics of the first camera 14 have proven to be suitable

for resolving an identification code consisting of elements of about 0.34 mm in size.

[00100] In other preferred embodiments, the first camera 14 may comprise one
or more spacer rings for adjusting or adapting the minimum object distance. Furthermore,
the camera specifications may be adapted to the type of the block 18 and to the type of

the identification code, such that sufficient resolution is enabled.

[00101] Inthe device 100, the first camera 14 is connected to the control unit

104 via a data interface 118 by means of a cable 118a, 118b and is protected from dust
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by a first camera cover 120. The data interface 118 and the cable 118a, 118b enable
communication and data exchange between the control unit 104and the first camera 14
and ensure the power supply of the first camera 14. The first camera 14 and the first cam-
era cover 120 are mounted within the lumen 108 and on the bottom of the housing 106 by
fastening means, for example screws 122 and nuts 124. The first camera cover 120 com-
prises an opening 126 and encloses the first camera 14, wherein the connecting axis be-
tween the first camera 14 and the second camera 16 remains unobstructed through the

opening 126.

[00102] The second camera 16 of the device 100 is, for example, a 12-mega-
pixel camera comprising a lens 128 with a focal length of 8 mm and a 1/1.7” sensor 132
with 4000 px x 3036 px and a pixel size of 1.85 ym x 1.85 ym. The 1/1.7” sensor 132 is a
light sensor. Furthermore, the second camera 16 comprises two spacer rings 130 with a
total thickness of 1 mm. The minimum object distance between the lens 128 and the sec-
tion surface 24 of the block 18 is about 33.4 mm. A working distance, i.e., a distance be-
tween the section surface 24 of the block 18 and the lens 128 of the second camera 16, of
35.4 mm advantageously provides sufficient space to ensure, on the one hand, unob-
structed placement and accessibility of the block 18 in the holder 102, and, on the other
hand, to keep the spatial dimensions of the device 100 as small or compact as possible.
In addition, the camera-specific minimum and maximum object distances are also to be
taken into account. Furthermore, the second camera 16 comprises an aperture (not
shown), preferably an F/8, F/12, or F/16 aperture. Each of these preferred apertures has
proven suitable for ensuring sufficient depth of field for blocks with a thickness ¢ of about
7.87 mm to about 14.81 mm.

[00103] In other preferred embodiments, the camera specifications may be
adapted to the type of the block 18 and to the type of the identification code, such that suf-

ficient resolution is enabled.

[00104] In the device 100, the second camera 16 is connected to the control unit
104 via a data interface 134 by means of a cable 134a, 134b and is protected by a second
camera cover 136. The data interface 134 and the cable 134a, 134b enable communica-

tion and data exchange between the control unit 104 and the second camera 16 and
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ensure the power supply of the second camera 16. The second camera 16 is fastened to
the housing 106 by fastening means, for example by screws 138. The second camera
cover 136 is hollow, has on its underside facing the holder 102 an opening 140, is fas-
tened to the housing 106 by fastening means such as screws 142, and encloses the sec-
ond camera 16, wherein the connecting axis between the first camera 14 and the second

camera 16 remains unobstructed through the opening 140.

[00105] In other preferred embodiments, the camera unit 12 may comprise one

single camera.

[00106] In other preferred embodiments, a transparent material (not shown) may
be located between the camera unit 12 or a part of the camera unit 12, in particular the
lens 128 of the camera unit 12, or the first camera 14 and/or the second camera 16, in
particular the lens of the first camera 14 and/or the lens 128 of the second camera 16, and
the holder 102. The transparent material is positioned and dimensioned such that contam-
ination of the lens 128 or of the lenses is prevented or reduced. The transparent material
may form part of the holder 102. Contamination may occur, for example, due to pieces de-
taching from the embedding material, dust, or similar substances. The transparent mate-

rial may, for example, be glass or a transparent plastic.

[00107] Furthermore, the device 100 is equipped with an illuminating unit 144
which is configured to illuminate the region of the holder 102. The illuminating unit 144
comprises a bar light 146 and a ring light 148. The ring light 148 is connected via a plug
150 to the control unit 104 by means of a cable 150a, 150b. The bar light 146 is con-
nected via a plug 152 to the control unit 104 by means of a cable 152a, 152b. Through the
cables 150a, 150b and 152a, 152b and the plugs 150 and 152, the illuminating unit 144 is

supplied with electrical power.

[00108] In other embodiments, the illuminating unit 144 may comprise an LED

(not shown), which is configured to illuminate the identification code.
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[00109] The L-shaped housing 106 has a bar-shaped or rectangular bar-light
opening 154 on the front of its upper, vertical leg 112, and the hollow upper leg 112 of the
L-shaped housing is filled over its entire length, that is, from the base surface to the upper
tip, with the bar light 146. In this way, the bar light 146 illuminates both the section surface
24 of the block 18 facing the second camera 16 and the back side 26 of the block 18 fac-
ing the first camera 14 and the lumen 108 of the lower leg 110 of the L-shaped housing
106.

[00110] At the tip of the upper leg 112 of the L-shaped housing 106, the ring light
148 is fastened. Screws (not shown) may serve as fastening means. In this way, the ring
light 148 illuminates the section surface 24 of the block 18 and thus the sample embedded
in the block 18.

[00111] In other preferred embodiments, the bar light 146 and the ring light 148
may be connected to the control unit 104 by means of a single, branching cable. The illu-
minating unit 144 as a whole may also be connected, instead of to the control unit 104, to
an external power source, wherein the illuminating unit 144 may be manually switched-on

at the device 100, preferably by actuating a button or switch.

[00112] A part of the device 100 which does not include the control unit 104 and
the cables 118a, 118b, 134a, 134b, 150a, 150b, 152a, 152b has spatial dimensions of
12.5 cm x 11.4 cm x 21.6 cm. Accordingly, the shortest distance between two points of the
outer boundary of the part of the device 100 that includes at least the holder 102 and the

camera unit 12 is less than 28 cm.

[00113] In other preferred embodiments, the shortest distance between two
points of the outer boundary of the part of the device 100 that includes at least the holder
102 and the camera unit 12 may be less than 40 cm, preferably less than 35 cm, more

preferably less than 28 cm.

[00114] In further preferred embodiments, the entire device 100 or a part of the

device 100 which does not include the control unit 104 as well as the cables 118a, 118b,



23

134a, 134b, 150a, 150b, 152a, 152b and the illuminating unit 144 may have the above-
mentioned spatial dimensions of less than 40 cm, preferably less than 35 cm, more prefer-

ably less than 28 cm.

[00115] The control unit 104 of the device 100 is a computer.

[00116] In other preferred embodiments, the control unit 104 may be any type of
technical device that comprises at least one processor (CPU) and a temporary memory,
for example a so-called working memory, and may further comprise a permanent memory.

The control unit may be of decentralized configuration.

[00117] In other preferred embodiments, the control unit 104 comprises two sec-
ondary control units, each having its own CPU. A first secondary control unit (not shown)
is, for example, a computer, and a second secondary control unit (not shown) is installed
in a scanner (not shown). The first camera 14, which is part of the camera unit 12, is also
installed in the scanner. The term “scanner” thus refers to components that belong both to
the camera unit and to other components that belong to the control unit. Only the second-

ary control unit installed in the scanner gives instructions to the first camera 14.

[00118] In other preferred embodiments, the control unit 104 may comprise more

than two secondary control units.

[00119] The device 100 performs a method 200, shown in Fig. 4, of the auto-
mated capturing of at least one image of a block 18 which comprises a sample embedded
for histological purposes and an identification code. Unless otherwise specified, the con-
trol unit 104 gives all instructions (reference numerals preceded by “A”) and checks all
conditions (reference numerals preceded by “B”) according to instructions from program
code means executed on the control unit 104. The program code means may be com-

prised in a computer program product.
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[00120] The illuminating unit 144 of the device 100 is switched on when the exe-
cution of the program code means is started and is switched off as soon as an instruction

(at A22) to terminate the execution of the program code means is given.

[00121] The execution of the program code means can be started by the user.
When the execution of the program code means is started, the control unit 104 attempts
to connect to the camera unit 12, in the device 100 specifically to the second camera 16
(at A1). If this is not successful (at B1b), an instruction to terminate the execution of the
program code means is given (at A22). If the second camera 16 is successfully connected
to the control unit 104 (at B1a), an instruction is given to the second camera 16 to set pa-
rameters, such as exposure time (at A2). The parameters may also be set manually by
the user before an instruction to set parameters, such as exposure time, is given to the
second camera 16 (at A2). If the parameters have been set (at B2a), the control unit 104
connects to the first camera 14 (at A3). If this is not successful (at B3b), an instruction to

terminate the execution of the program code means is given (at A22).

[00122] If the first camera 14 has been successfully connected to the control unit
104 (at B3a), the analysis loop begins, by giving the first camera 14 an instruction to cap-
ture an image from the region of the holder 102 and to send the image to the control unit
104 (at A4). If the image has been captured and sent to the control unit 104 (at B4a), it is
analyzed by the control unit 104 (at A5).

[00123] In other preferred embodiments, in which the camera unit 12 comprises
only one single camera, the instruction to connect the control unit 104 to the first camera
14 (at A3) as well as the condition that the first camera 14 must be connected to the con-
trol unit 104 (at B3a) are omitted. After the successful setting of the parameters of the

camera unit 12 (at B2a), the analysis loop begins directly (at A4).

[00124] In the method 200 executed by the device 100, if no identification code
is recognized (at B5b), it is checked whether a stop command has been given (at A19).
Then, the analysis loop is either started again if no stop command has been given (at

B19b), or the termination of the execution of the program code means is initiated.
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[00125] If the control unit 104, during the analysis (at A5), has recognized an
identification code (at B5a), it is checked whether the identification code is identical with
the identification code that was recognized in the preceding analysis loop (at A6). If an
identification code identical to that of the preceding analysis loop is recognized (at B6b), it
is checked whether a stop command has been given (at A19). Then, the analysis loop is
either started again if no stop command has been given (at B19b), or the termination of

the execution of the program code means is initiated.

[00126] In other preferred embodiments, for initiating the acquisition loop (at A7),
both the instruction to check whether the identification code is identical with the identifica-
tion code recognized in the preceding analysis loop (at A6) and the condition that an iden-
tification code not identical to that of the preceding analysis loop has been recognized (at
B6a) may be omitted. The latter check serves as a mechanism to avoid unnecessary re-

peated storage of identical images from the region of the holder 102.

[00127] In the method 200 executed by the device 100, if an identification code
not identical to that of the preceding analysis loop is recognized (at B6a), the analysis loop
transitions into an acquisition loop. In the acquisition loop, by means of the camera unit
12—in the device 100 specifically by the second camera 16—at least one image of the
embedded sample is captured and stored at a permanent storage location assigned to the
recognized identification code of the respective block 18, i.e., in a so-called folder. For this
purpose, it is checked whether the folder assigned to the identification code exists (at A7).

If the folder does not exist (at B7a), an instruction is given to generate the folder (at A8).

[00128] If the folder exists or has been generated (at B8a), an instruction is given
to the camera unit 12—in the device 100 specifically to the second camera 16—to capture
an image of the embedded sample (at A9). If the image of the embedded sample has
been captured (at B9a), an instruction is given to store the image of the embedded sam-
ple in the folder (at A10). If the image of the embedded sample has been stored in the
folder (at B10a), an instruction is given to the camera unit 12—in the device 100 specifi-
cally to the first camera 14—to capture an image from the region of the holder 102 (at

A11). If the image from the region of the holder 102 has been captured (at B11a), an
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instruction is given to store the image from the region of the holder 102 in the folder (at
A12).

[00129] If the image of the embedded sample and the image from the region of
the holder 102 have been stored in the folder (at B12a), quality control begins, by giving
the camera unit 12—in the device 100 specifically the first camera 14—an instruction to
capture an image from the region of the holder 102 and to send it to the control unit 104
(at A13). If the image from the region of the holder 102 has been captured and sent to the

control unit 104 (at B13a), this image is analyzed by the control unit 104 (at A14).

[00130] If an identification code is recognized (at B14a), it is checked whether
this identification code is identical with the identification code recognized in the analysis
loop (at A15). If this is the case (at B15a), it is checked whether a stop command has
been given (at A19). Then, the analysis loop is either started again if no stop command
has been given (at B19b), or the termination of the execution of the program code means

is initiated.

[00131] If no identification code is recognized (at B14b), or if an identification
code is recognized that is not identical with the identification code recognized in the analy-
sis loop (at B15b), or if an artifact is recognized (not shown), an instruction is given to dis-
card the image from the region of the holder and the image of the embedded sample (at
A16). If the images have been discarded (at B16a), it is checked whether the folder is
empty (at A17). If the folder is empty (at B17a), an instruction is given to discard the folder
(at A18). If the folder is not empty (at B17b) or if the folder has been discarded (at B18a),
it is checked whether a stop command has been given (at A19). Then, the analysis loop is
either started again if no stop command has been given (at B19b), or the termination of

the execution of the program code means is initiated.

[00132] In other preferred embodiments, after the quality control, i.e., if an identi-
fication code has been recognized that is identical with the identification code recognized
in the analysis loop (at B15a), the user may be notified by a signal of the successful docu-

mentation of the respective block (18), that is, of the non-discarding of the already
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permanently stored images of the block 18. The signal may, for example, be an acoustic

or visual signal.

[00133] In further preferred embodiments, the quality control may be omitted, in
that, if the image of the embedded sample has been stored in the folder (at B12a), an in-
struction is given to check whether a stop command has been given (at A19). Then, the
analysis loop is either started again if no stop command has been given (at B19b), or the

termination of the execution of the program code means is initiated.

[00134] Inthese embodiments, the user can already be notified—if the image of
the embedded sample and the image from the region of the holder 102 have been stored
in the folder (at B12a)—by a signal of the successful documentation of the respective
block 18, that is, of the non-discarding of the already stored images of the block 18. The

signal may, for example, be an acoustic or visual signal.

[00135] Inthe method 200 executed by the device 100, a stop command can be
manually issued by a user at any time during the execution of the program code means. If
a stop command has been issued (at B19a), an instruction is given to disconnect the con-
trol unit 104 from the second camera 16 (at A20). If the second camera 16 has been dis-
connected (at B20a), an instruction is given to terminate the execution of the program
code means (at A22). If no stop command has been issued (at B19b), the analysis loop is
started again by giving an instruction to the camera unit 12—in the device 100 specifically

to the first camera 14—to capture the image from the region of the holder 102 (at A4).

[00136] In other preferred embodiments, a stop command may be automatically
issued by the control unit 104 if a condition is met, such as the expiration of a defined op-

erating time during which no identification code has been recognized.
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Claims

Device (10; 30; 100) for automated capturing of at least one image of a block (18)
which comprises a sample embedded for histological purposes and an identifica-

tion code, wherein the device (10; 30; 100) comprises:

- a holder (102) for the block (18),
- a camera unit (12) comprising at least one camera (14, 16),

- a control unit (104),

wherein the camera unit (12) is configured to repeatedly capture an image from
the region of the holder (102) and to send it to the control unit (104),

wherein the control unit (104) is configured to receive and analyze each image,

wherein the control unit (104), provided that the identification code has been rec-
ognized, instructs the camera unit (12) to capture at least one image of the sam-
ple embedded in the block (18).

Device (10; 30; 100) according to claim 1, wherein the camera unit (12) com-
prises at least a first camera (14) and a second camera (16), wherein the first
camera (14) is configured to capture an image of the identification code and
wherein the second camera (16) is configured to capture an image of the sample
embedded in the block (18).

Device (10; 30; 100) according to any one of the preceding claims, wherein the
control unit (104) is configured to instruct the camera unit (12) to capture the at
least one image of the sample embedded in the block (18) only when the recog-
nized identification code is not identical with the identification code recognized

immediately before.

Device (10; 30; 100) according to any one of the preceding claims, wherein the

control unit (104) is further configured to discard the at least one image of the
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sample embedded in the block (18), if the identification code recognized after
capturing the at least one image of the sample embedded in the block (18) is not
identical with the identification code recognized before capturing the at least one
image of the sample embedded in the block (18), or if no identification code is
recognized after capturing the at least one image of the sample embedded in the
block (18), or if, after capturing the at least one image of the sample embedded in

the block (18), an artifact is recognized in the image.

Device (10; 30; 100) according to claim 4, wherein the device (10; 30; 100) is fur-
ther configured to output an acoustic or visual signal when the identification code
recognized after capturing the at least one image of the sample embedded in the
block (18) is identical with the identification code recognized before capturing the

at least one image of the sample embedded in the block (18).

Device (10; 30; 100) according to any one of the preceding claims, wherein the
device (10; 30; 100) further comprises an illuminating unit (144) configured to illu-

minate the region of the holder (102).

Device (10; 30; 100) according to claim 6, wherein the illuminating unit (144)

comprises exclusively diffuse light sources.

Device (10; 30; 100) according to claim 6 or 7, wherein the illuminating unit (144)
comprises a first light source (146) which is provided to illuminate the identifica-
tion code, or the identification code and the embedded sample, and a second

light source (148) provided to illuminate the embedded sample.

Device (10; 30; 100) according to any one of the preceding claims, wherein the
shortest distance between two points of the outer boundary of the part of the de-
vice (10; 30; 100) which includes at least the holder (102) and the camera unit
(12) is less than 40 cm, preferably less than 35 cm, more preferably less than 28

cm.
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Device (10; 30; 100) according to any one of the preceding claims, wherein the
device (10; 30; 100) comprises a mirror system (34), onto which the camera unit

(12) is directed, and which mirrors the region of the holder (102).

Method (200) of automated capturing (A4, A9, A11, A13) at least one image of a
block (18) which comprises a sample embedded for histological purposes and an
identification code, wherein the method (200) comprises the following steps in
this order:

capturing (A4) an image from the region of the holder (102),

analyzing (A5) the image from the region of the holder (102),

repeating the preceding steps at least until the identification code is recognized
(B5a), and

capturing (A9) at least one image of the sample embedded in the block (18).

Method (200) according to claim 11, wherein the step of capturing (A9) at least
one image of the sample embedded in the block (18) is carried out only when an
identification code is recognized which is not identical with the identification code

recognized immediately before (B6a).

Method (200) according to claim 11 or 12, wherein the method (200), after the
step of capturing (A9) at least one image of the sample embedded in the block
(18), comprises the following steps:

capturing (A13) an image from the region of the holder (102),

analyzing (A14) the image from the region of the holder (102),

discarding (A16) the at least one image of the sample embedded in the block
(18), provided that the same identification code is not recognized again (B14b,

B15b), or provided that an artifact is recognized.

Computer program product comprising program code means which, when exe-
cuted on a computer, in particular on a control unit (104), cause the control unit

(104) to carry out the method (200) according to any one of claims 11 to 13.





