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ABSTRACT 

A method for defining a Z-range in a sample in which a 
Z-Stack of the sample is to be recorded by means of a 
microscope is provided, wherein the Z-range is defined 
automatically on the basis of a Z-value situated in the sample 
and taking at least one predetermined parameter into 
acCOunt. 
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US 9,690,087 B2 
1. 

METHOD AND APPARATUS FOR DEFINING 
A Z-RANGE IN A SAMPLE, IN WHICH A 
Z-STACK OF THE SAMPLE IS TO BE 

RECORDED BY MEANS OF AMCROSCOPE 

PRIORITY 

This application claims the benefit of International Appli 
cation PCT/EP2012/056210 filed on Apr. 4, 2012, and 
German Patent Application No. 102011075809.7, filed on 
May 13, 2011, both of which are hereby incorporated herein 
by reference in their entirety. 

The present invention relates to a method and an appa 
ratus for defining a Z-range in a sample, in which a Z-Stack 
of the sample is to be recorded by means of a microscope. 

FIELD 

In microscopy, the recording of a Z-Stack, or the recording 
of series of images in the Z-direction (e.g. along the optical 
axis of the microscope), has been part of the state of the art 
for many years. In the recording of Such a Z-Stack, a plurality 
of individual recordings are performed, in a defined Z-range, 
at differing Z-values (focal planes) within the Z-range, in 
order, for example, to record an object in the sample, Such 
as, for example, a cell, in different planes and then, on the 
basis of the individual recordings of the Z-Stack, to carry out, 
for example, a three-dimensional reconstruction of the 
Z-range, and thus of the object, or to compute an image of 
the object with an extended depth of field. 

BACKGROUND 

Hitherto, the essential parameters for the recording of the 
Z-stack have been determined by the user of the microscope. 
If a plurality of samples of the same kind are to be recorded 
in the context of an experiment, then, usually, in addition to 
the determination of the parameters, before commencement 
of the experiment, at least some parameters are reset manu 
ally before the current series of recordings. The essential 
parameters for the recording of the Z-Stack include the 
number of Z-planes in which an image is recorded, the 
spacing of the individual Z-planes, and the range in which 
the Z-Stack is recorded. 
When the range has been defined, it then only remains 

necessary to define the number of Z-planes or the spacing of 
the Z-planes. The respective other parameter is then obtained 
taking the defined Z-range into account. 

The actual definition of the range in which the Z-stack is 
to be recorded is difficult, even for experienced microscopy 
users, since the definition is subject to subjective impres 
sions and, in particular, is dependent on the actual repre 
sentation on the corresponding monitor screen. 

Thus, for example, it is not possible to quantify by eye 
intensities of the object in Z-planes and to Subsequently 
reproduce this again with precision. Moreover, the step of 
definition is generally very time-consuming, which gener 
ally also involves an undesirably high load on the sample, 
since the manual setting of the upper and lower limit of the 
Z-range can only be achieved slowly. 

In addition, manual setting always involves the difficulty 
of large variations between the recording of a Z-Stack of a 
first sample and the recording of a Z-Stack of a second 
sample in the context of an experiment, since, instead of an 
objective criterion, it is only the user's optical impression of 
the respective sample that determines the range in which the 
Z-Stack is recorded. 
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2 
SUMMARY 

On this basis, it is therefore the object of the invention to 
provide a method or an apparatus for defining a Z-range in 
a sample, in which a Z-Stack of the sample is to be recorded 
by means of a microscope, by means of which method or 
apparatus the difficulties described at the outset can be 
overcome as completely as possible. 

According to the invention, the object is achieved by a 
method for defining a Z-range in a sample, in which a Z-Stack 
of the sample is to be recorded by means of a microscope, 
wherein the Z-range is defined automatically on the basis of 
a Z-value situated in the sample and taking at least one 
predetermined parameter into account. 

Since, in the method according to the invention, the 
Z-range is defined automatically starting from a Z-value 
situated in the sample (which value, in particular, represents 
a focal plane of the sample) and of at least one predeter 
mined parameter, the difficulties described at the outset can 
be overcome. There is no longer a need for manual inter 
action of the user in order to define the Z-range, thereby 
making it possible for the Z-range to be defined in a rapid, 
satisfactory and highly reproducible manner. 

In the method according to the invention, one of the 
predetermined parameters can be a sharpness measurement 
(e.g. a contrast function) of the sample, that can be deter 
mined and evaluated, for example, without intervention by 
a user. The Z-range in the sample, in which the object to be 
recorded is located, can thereby be defined in a highly 
objective manner. 

It is thus possible, for example, to define a value of the 
predetermined parameter that affects the extent of the 
Z-range or that defines the limits of the Z-range. This 
predetermined parameter is, in particular, a parameter that is 
not sample-dependent. This is understood here to mean that 
the parameter can be used with different samples, and has to 
be altered only rather infrequently by the user, in particular 
inexperienced users. 
A suitable parameter value, according to the invention, is 

a relative percentage value X, relative to a maximum or 
minimum parameter value of the predetermined parameter. 
In the context of determination of a sharpness measurement 
(or a sharpness measure), the relative percentage value X 
indicates that a limit of the Z-range has been attained when 
the sharpness measurement (or the sharpness measure), or 
the sharpness value, at a Z-position has fallen to the Xth 
percentage relative to the maximum sharpness value at the 
given sample position. 

Naturally, in the method according to the invention, any 
sharpness-measurement functionals (or sharpness-measure 
functionals) can be used to determine a sharpness measure 
ment (or a sharpness measure). Typically, in the case of 
auto-focus algorithms, these are, for example, the entropy, 
the Sum over gradient amounts or the Sum of the intensities. 

Furthermore, in the method according to the invention, 
the Z-value situated in the sample can be determined auto 
matically, in particular by an auto-focussing method. The 
auto-focussing method can be used to determine the sharpest 
Z-value (focal position) situated in the sample. Therefore, 
the Z-range in the sample can be defined in a fully automatic 
manner, since the Z-value situated in the sample is deter 
mined automatically and, in addition, the Z-range is defined 
automatically on the basis of this Z-value and of the param 
eter, e.g. of the auto-focussing method (e.g. a sharpness 
measurement). 

In the method according to the invention, the Z-range can 
be defined, in particular, on the basis of the data of the 
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automatic determination of the Z-value situated in the 
sample (e.g. the auto-focussing method, which preferably 
determines, as a Z-value, the Z-position in the sample that has 
the highest sharpness value (focal position)). Consequently, 
for example, the auto-focussing method performed in order 
to determine the Z-value situated in the sample can also be 
used immediately for defining the Z-range, whereby the 
Z-range can be determined very rapidly. 

Furthermore, in the method according to the invention, 
the upper and lower limit of the Z-range can be determined 
symmetrically or asymmetrically in relation to the Z-value 
situated in the sample. If the Z-value is determined, for 
example, by an auto-focussing method, the upper and lower 
limit of the Z-range can be determined symmetrically or 
asymmetrically in relation to the Z-value situated in the 
sample (corresponding here to the focal position) through 
evaluation of the decrease in the sharpness value. Thus, for 
example, very rapid determination of the Z-range is possible. 

In the method according to the invention, a limit of the 
Z-range to be defined can be determined on the basis of a 
predetermined value of the at least one parameter. Naturally, 
it is possible to specify two predetermined values of the at 
least one parameter, in order to determine both limits of the 
Z-range to be defined. 

If only one limit of the Z-range is determined on the basis 
of the predetermined value of the at least one predetermined 
parameter, it is preferred that the Z-range be determined 
symmetrically in relation to the Z-value situated in the 
sample. The symmetrical determination of the Z-range is 
particularly advantageous if the Z-value situated in the 
sample has been determined as a sharpest Z-value (focal 
position), by means of an auto-focussing method. 

Furthermore, in the method according to the invention, 
the value of a characteristic quantity, which serves as the 
predetermined parameter for defining the Z-range, can in 
each case be determined stepwise, with an increasing dis 
tance in the Z-direction, starting from the Z-value situated in 
the sample (in the case of the determination of the Z-value 
by means of an auto-focussing method, the Z-value situated 
in the sample should correspond to the focal position). The 
characteristic quantity can be, for example, a measurement 
quantity or an observable and, in particular, a sharpness 
measurement that is based, for example, on contrast, inten 
sity, etc. 
The stepwise determination of the value of the predeter 

mined parameter (e.g. sharpness value) can be performed, 
not only in the Z-direction, but also in the opposite direction 
(-Z-direction). The step length is preferably constant, but 
can also vary (e.g. increase or decrease). The Z-direction is, 
for example, the direction towards the objective lens of the 
microscope. Such that the -z-direction is then the direction 
away from the objective lens. Naturally, this can also be 
inverted. 

In the method according to the invention, after the Z-range 
has been determined, the Z-Stack of the sample can be 
recorded in the Z-range. 

Furthermore, in the method according to the invention, in 
order to define the Z-range, individual recordings of the 
sample are made in different Z-planes, wherein at least some 
of the individual recordings are used for the Z-stack of the 
sample to be recorded. Automatic definition of the Z-range 
and, in addition, recording of the Z-Stack, can thus be carried 
out very rapidly, since individual recordings are used in 
order to define the Z-range for the recording of the Z-Stack. 

Furthermore, in the method according to the invention, 
(e.g. after recording of the Z-Stack of the sample), at least one 
further Z-range can be defined automatically, in each case on 
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4 
the basis of a Z-value situated in the sample and taking at 
least one predetermined parameter into account. The prede 
termined parameter, or the predetermined parameters, for 
the at least one further Z-range is, or are, in particular, the 
same parameter as for the previously defined Z-range. 
The Z-range can be the same sample, or the same portion 

of the sample and/or another sample, or another portion of 
the sample, which can be offset, in particular laterally, or 
transversely, in relation to the z-direction, relative to the 
previously defined Z-range. 

Thus, for example, a mosaic recording can be performed. 
It is also possible to observe the same object in a time series, 
or over a long period of time. In any case, the optimum 
Z-range can be defined automatically for each Z-Stack. 
Owing to the thereby optimized number of individual 
recordings (not too many, not too few), the total recording 
duration, image data quantity and also the light loading of 
the sample can be reduced. It is thus possible to avoid 
unnecessary individual recordings within a Z-Stack, whereby 
the total recording duration, and also the light loading of the 
sample, can be reduced. 

Naturally, the Z-range need not be defined in the manner 
according to the invention for the recording of each Z-Stack. 
If, for example in the case of a time series, the change in the 
Z-range from the recording of one Z-Stack to the next Z-Stack 
is relatively small, the Z-range of the preceding Z-Stack can 
be used again. It is also possible to define the Z-range of a 
Subsequent Z-Stack (in a time series and/or with a spatial 
separation) through interpolation on the basis of at least two 
already defined Z-ranges (e.g. through linear interpolation) 
or through extrapolation on the basis of at least one already 
defined Z-range. 

In particular, the recorded Z-Stack, or recorded Z-Stacks, 
can be used for reconstructing a three-dimensional repre 
sentation of the recorded Z-range, or for calculating, and 
preferably representing, an image of the object with an 
extended depth of field. 
The microscope for recording the sample can be a wide 

field microscope or a confocal microscope (e.g. a confocal 
microscope having a single-point or multi-point Scanner, 
line Scanner or spinning disc). Likewise, the microscope can 
operate with structured illumination and/or be designed as a 
fluorescence microscope. If the microscope is designed as a 
confocal microscope, the sharpness measurement is under 
stood to be, in particular, the mean or Summed intensity of 
the respective confocal recording. 
The method according to the invention for defining a 

Z-range in a sample can be used, advantageously, in fully and 
partially automated Scanning and screening systems. Advan 
tageously, for the user of Such a system, this results in 
significantly less setting and configuration work. 

In the case of automatic systems for recording specimens 
on specimen slides, the method according to the invention 
for defining a Z-range in a sample can also be used for 
determining the sample thickness, or specimen thickness, at 
different X/y-positions. In this case, the sample thickness can 
be determined, at least at one X/y-position, by interpolation 
or extrapolation on the basis of at least one already deter 
mined sample thickness value. 

In the method according to the invention, the Z-value 
situated in the sample can be determined by means of the 
automatic determination of a focal plane. In this case, the 
magnification in the automatic determination of the focal 
plane can be equal to, greater than or less than the magni 
fication used in the recording of the Z-Stack. The correspond 
ing adaptation, insofar as necessary, for the recording of the 
Z-stack can be effected automatically on the basis of the 
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known differing magnifications. In particular, the distances 
of the individual Z-planes (for the individual recordings) can 
be adapted according to the laws of optics (e.g. depth of 
field). 

Furthermore, the method according to the invention for 
defining a Z-range in a sample can be used, advantageously, 
in systems for automatic screening of multiwell plates or 
culture plates. Differing samples, or samples that differ in 
height and focal plane, can be present in different wells of a 
multiwell plate. For the user, an automatic configuration for 
each well of a multiwell plate greatly facilitates the work, 
and saves a large amount of time. Similarly, the method 
according to the invention can be used for optimum defini 
tion of the Z-range at different sample positions in a single 
culture plate. 
The object is further achieved by an apparatus for defining 

a Z-range in a sample in which a Z-Stack of the sample is to 
be recorded by means of a microscope, wherein the appa 
ratus has a control unit designed to define the Z-range 
automatically on the basis of a Z-value situated in the sample 
and taking at least one predetermined parameter into 
acCOunt. 

By means of the apparatus according to the invention, 
therefore, the Z-range can be defined automatically, whereby 
the difficulties described at the outset can be overcome. 

Advantageous developments of the apparatus according 
to the invention are specified in the dependent claims 
relating to the apparatus. 

In particular, the apparatus can include the microscope 
itself, wherein the microscope, as already described, can be 
a wide-field microscope, a confocal microscope or other 
microscope. In particular, the microscope can be designed as 
a fluorescence microscope. 
The apparatus according to the invention can be devel 

oped such that the method according to the invention 
(including developments thereof) can be performed there 
with. The method according to the invention can also be 
developed such that it has the method steps described in 
connection with the apparatus according to the invention 
(including developments thereof). 

It is understood that the features mentioned above and 
those yet to be explained below can be used, not only in the 
stated combinations, but also in other combinations or 
singly, without exceeding the scope of the present invention. 
The invention is explained exemplarily in yet more detail 

below with reference to the appended drawings, which also 
disclose features essential to the invention. There are shown 
1. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 a schematic representation of an embodiment of 
the microscope according to the invention; 

FIGS. 2a-2c sectional representations of an object 9 to be 
recorded in a sample 6, wherein different Z-recording planes 
are indicated; 

FIGS. 3a-3c schematic representations of the sharpness 
measurement progression for the object 9 according to 
FIGS. 2a-2c, 

FIG. 4 a flow diagram of a further embodiment of the 
method according to the invention; 

FIG. 5 a plan view to explain a mosaic recording of the 
cell 9: 

FIG. 6 a side view for the mosaic portions K21-K24; 
FIG. 7 a side view as in FIG. 6 to explain the procedure 

known hitherto; 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
FIG. 8 a representation to explain the determination of the 

Z-range for a cell the Z-extent of which increases with time: 
FIG. 9 a representation as in FIG. 8 to explain the 

procedure known hitherto; 
FIG. 10 a representation to explain the determination of 

the Z-range for a cell 9 that changes its Z-position with time; 
FIG. 11 a representation as in FIG. 10 to explain the 

procedure known hitherto; 
FIG. 12 a representation of a non-Gaussian sharpness 

progression for determining the Z-range, and 
FIG. 13 a further representation of a non-Gaussian sharp 

ness progression for determining the Z-range. 

DETAILED DESCRIPTION 

In the case of the embodiment shown in FIG. 1, the 
microscope 1 according to the invention comprises a stand 
2, which has a sample stage 3 and a microscope lens system 
4 that is represented Schematically as a revolving nosepiece 
having three objective lenses. The distance between the 
microscope lens system 4 (revolving nosepiece) and the 
sample stage 3 can be varied for setting the focal position 
(Z-position), or for focussing, as indicated by the double 
arrow P1 in FIG. 1. 
The microscope 1 further comprises a recording unit 5 

(for example, a CCD camera), by means of which the 
enlarged image of a sample 6 to be examined can be 
recorded. The recording unit 5 is connected to a computer 7, 
represented Schematically, which, during operation, controls 
the microscope 1 via a control module 8. 
The microscope 1 includes a Z-drive, not shown, by 

means of which the distance between the sample stage 3 and 
the microscope lens system 4 (in the Z-direction) can be 
varied, as well as an Xy-motor, not shown, for the sample 
stage 3, by means of which the position of the sample stage 
3 in the xy-plane can be set (the y-direction extends per 
pendicularly in relation to the plane of FIG. 1), wherein both 
the Z-drive and the xy-motor are controlled by means of the 
control module 8. 
The microscope 1 according to the invention is designed 

Such that it can be used to record series of images with 
differing focal positions (differing Z-values) of the sample 6, 
or of an object within the sample 6. Such as, for example, a 
cell to be examined, to enable a three-dimensional repre 
sentation of the recorded object to be reconstructed there 
from. Such a series of images is frequently also referred to 
as a Z-Stack, wherein, in addition to the spacing of the 
individual Z-planes, the Z-range in which the Z-Stack is 
recorded is generally also to be defined. 

For this purpose, in the case of the microscope 1 accord 
ing to the invention, auto-focussing is first performed, 
during which values of a sharpness measurement or of a 
sharpness measure are obtained, as a function of the Z-po 
sition, through the recording and Subsequent evaluation of 
images in differing Z-positions. Such a sharpness-measure 
ment progression (or sharpness-measure progression) is 
represented schematically in FIG. 3a. 

Conventional auto-focussing methods can be used to 
obtain the sharpness-measurement progression. As a sharp 
ness measurement, it is possible to use, for example, a Scalar 
functional S(B(x,y,z)) that, for each image B(x,y,z) recorded 
by means of the recording unit 5, provides a scalar value (the 
sharpness-measurement value), which increases as the 
image sharpness increases (as shown in FIG. 3a) and has an 
extreme value at a maximum image sharpness. Naturally, it 
is also possible for the scalar functional to be constructed 
Such that the sharpness-measurement value decreases as the 



US 9,690,087 B2 
7 

image sharpness increases, and there is a minimum value at 
a maximum image sharpness. Since the functionals S are 
generally constructed Such that they have a maximum at a 
maximum image sharpness, this is taken as the basis in the 
description that follows. 
The sharpness functionals S provide a scalar as a sharp 

ness-measurement value, since, in the computation rule of 
the respective sharpness functional, Summation, or integra 
tion, is performed over the two recording dimensions of the 
two-dimensional recording. For a given image portion, 
therefore, the scalar sharpness-measurement value depends 
Substantially only on Z, and consequently on the focal 
position. For a given image portion, therefore, the functional 
S can be considered to be dependent on the focal position Z 
(thus S(z)). 

Here, the maximum sharpness-measurement value S is 
at the Z-position Z, which corresponds to the Z-plane 
indicated by the line L1 (FIG. 2a), wherein, here, an 
XZ-section through the sample 6 is represented Schemati 
cally, and the object to be recorded is to be the nucleus 10 
of a cell 9, which is represented schematically. As shown by 
the representation in FIG. 2a, the Z-plane having the Z-value 
Z, is located exactly in the middle of the nucleus 10. 

Since the performed auto-focussing produces the sharp 
ness-measurement progression shown in FIG. 3a, this pro 
gression, in addition to being used to determine the Z-plane 
having the greatest sharpness, can likewise be used to 
automatically define the upper and lower limit of the Z-range 
for the Z-Stack. The sharpness measurement (sharpness 
functional) S is therefore a predetermined parameter for 
definition of the Z-range. 

In the case of the embodiment described here, the Z-value 
Z, at which the sharpness value is SS50%, is 
defined as the lower limit. The position of the corresponding 
Z-plane is indicated in FIG. 2b by the line L2. 
The upper limit of the Z-range is determined in the same 

way. Here also, the sharpness-value is to be 
SS50%. Such that the Z-value Z is determined. The 
corresponding position of the Z-plane is indicated by the line 
L3 in the representation of FIG. 2C. 
The Z-range (in this case, from Z, to Z.) can thus be 

defined automatically, without intervention by the user. The 
thus defined Z-range can then be used as a basis for auto 
matically determining and setting the optimum section spac 
ing (Z-distance for the individual recordings of the Z-Stack), 
by means of the computer 7. Parameters of the recording 
Such as, for example, the numerical aperture of the micro 
Scope optical system 4, etc., are preferably taken into 
account, in the known manner. 

Naturally, the percentage value need not be 50%, but can 
also assume other values. In particular, the percentage values 
for determination of the sharpness-measurement limit values 
for the upper and lower limit value Z, Z can differ. 
A predetermined parameter (the sharpness functional) and 

two values of the predetermined parameter (which each 
indicate the decrease in the sharpness value relative to the 
maximum sharpness value for the upper and lower limit of 
the Z-range to be defined) are thus specified for automati 
cally defining the Z-range. 
The thus determined recording parameters (i.e., the 

Z-range and the Z-distance) are then used in recording the 
desired Z-stack of the nucleus 10 by means of the micro 
Scope 1 (thus, a plurality of individual recordings are created 
within the determined Z-range and at the determined Z-dis 
tance), to enable, for example, a three-dimensional repre 
sentation of the nucleus 10 to be generated therefrom. 
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8 
The images of the sample 6 recorded for auto-focussing 

are generally of a lower resolution than the images then 
recorded for the Z-Stack, thereby enabling auto-focussing to 
be performed rapidly, with little loading of the sample 6. 
A modification for determination of the Z-range is 

described below in connection with FIG. 4. Firstly, an 
auto-focus run is performed, in order to determine the 
Z-value Z of greatest image sharpness (step S1). For this, it 
is possible to use the auto-focussing described in connection 
with FIG. 3a, or also any other known method. 

In the Subsequent step S2, the start position is initialized 
(here, Z, is selected as the start position Z), the sharpness 
measurement value S(Z) is determined, and the step width 
dz is selected, wherein, for example, the depth of field of the 
microscope 1, or of the microscope lens system 4 used, can 
be selected as the step width dz. As a sharpness measure 
ment S(Z) it is possible to use, for example, a Scalar 
sharpness functional that, for example, takes account of 
entropy measures, an image-frequency analysis or performs 
a simple Sum over gradients. Basically, all image sharpness 
measurements that are suitable for conventional auto-focus 
sing algorithms are also suitable for the sharpness functional 
S according to step S2. 

Steps S3 to S6 are then performed in succession, wherein 
the value G is used to determine the lower, or left, limit of 
the Z-range and here has a value of, for example, 0.5. Further 
recordings are performed for as long as the sharpness 
measurement value S(Z) for the image recordings performed 
at the differing positions is greater than GS(Z). Once these 
conditions are no longer fulfilled, the present Z-value is the 
value of the lower limit Z. 
Once this limit value has been determined (step S7), steps 

S8-S13 are performed in order to determine the upper limit 
value Z. Here again, 0.5 is used as a value for G in step 
S12. Naturally, the values G, and G need not be equal, but 
can also differ. 

After steps S1-S13 have been performed, the two limit 
values of the Z-range are determined automatically, such that 
the Z-range has been defined automatically. The Z-Stack can 
then be recorded in the known manner. 

In order to increase the speed of definition of the Z-range, 
the steps S8 to S13 can be omitted, in order to determine the 
value Z. In this case, it is possible to define, for example, 
a symmetrical Z-range around Z., by means of the following 
equation Zr Z--(Z-Z). 

In the case of the Steps S3 and S9, the depth of field of 
the microscope lens system 4 used has been selected as the 
step width. Naturally, lesser or greater step widths are also 
possible. If a greater accuracy is desired, a lesser step width 
can be selected, wherein values up to half the depth of field 
are advantageous. If a higher speed is desired for determin 
ing the Z-range, a greater step width can be selected. This can 
be, for example, up to 1.5 times the depth of field. 

In the determination of the Z-range, described in connec 
tion with FIG. 4, instead of an auto-focus run in step S1, any 
Z-value within the cell 9 can be specified. Owing to steps S2 
to S13, even if the Z-value is not located in the plane of 
optimum sharpness, the relevant and desired Z-range can be 
defined extremely accurately. 

If a mosaic recording is to be made of the cell 9, or of 
another object to be recorded, the definition of the Z-range, 
according to the invention, can be performed separately for 
each mosaic element, thereby avoiding unnecessary indi 
vidual recordings, as described in detail below. 
A plan view of the object 9 to be recorded is shown in 

FIG. 5, in which twelve mosaic portions K11-K33 are 
indicated, wherein, in each of the mosaic portions K11-K33, 
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a recording of a Z-Stack is to be performed by means of the 
microscope 1 (FIG. 1). FIG. 6 shows a side view of the 
object 9 to be recorded, in the region of the mosaic portions 
K21, K22, K23, and K24. Since, before the recording, the 
Z-range is defined automatically, in the manner described, 
for each of the mosaic portions K21-K24, the Z-range has 
been optimally defined for the mosaic portion K21-K24, as 
shown by the broken lines in FIG. 6, which represent the 
upper and lower limit of the Z-range. 

FIG. 7, for comparison, gives the solution known hitherto, 
in which the definition of the Z-range is performed before 
commencement of the measurement. In this case, of course, 
the Z-range is defined on the basis of the portion of the cell 
9 that has the greatest Z-extent, as represented Schematically 
in FIG. 7. This has the disadvantageous result that, for 
example in the mosaic portion K21, unnecessary individual 
recordings, which do not include the actual cell 9, are 
performed in the recording of the corresponding Z-Stack. 
This results overall in an unnecessarily long measuring time, 
and also in a high degree of unnecessary load upon the 
sample due to individual recordings that are actually not 
necessary. 

In mosaic recording, automatic definition of the Z-range 
can be performed for each mosaic portion K11-K34, as has 
been described. It is also possible, however, for the Z-range 
not to be defined automatically, in the stated manner, for 
each mosaic portion K11-K34. For example, the Z-range can 
be defined, for at least one mosaic portion (here, for 
example, the mosaic portion K12), through interpolation 
from the already defined Z-ranges of two or more adjacent 
mosaic portions (for example, the mosaic portions K11 and 
K13). Definition is also possible by means of extrapolation 
based on at least one already defined Z-range. 
A further example of the advantageous application of the 

method according to the invention for defining a Z-range is 
described in connection with FIG.8. There, the cell 9 to be 
recorded is represented schematically at three different 
points in time t1, t2 and t3, wherein it is assumed that the cell 
9 grows, such that, inter alia, its extent in the Z-direction 
increases with the progression of time. 

According to the invention, therefore, before a Z-Stack is 
recorded (preferably before each recording of a Z-stack), the 
Z-range is defined automatically, according to the invention, 
such that there are always optimally adapted limits for the 
Z-range at all points in time t1-t3, as represented by the 
broken lines, which are intended to represent the upper and 
lower limit. 

In comparison with this, the conventional approach is 
shown in FIG. 9. Hitherto, it has been necessary to assume 
the greatest extent in the Z-direction in dependence on the 
time t, and to determine the Z-range on that basis. This 
results in the Z-range selected for the points in time t1 and 
t2 being much too large, such that, again, unnecessary 
individual recordings are performed during the recording of 
a Z-Stack, which prolong the measuring time and involve an 
undesirable load upon the sample. Moreover, a certain safety 
distance must be provided, such that the upper and lower 
limit at the time point t3 is at too great a distance from the 
cell 9. This therefore has the result that, even at the time 
point t3, unnecessary individual recordings are made in 
Z-portions above and below the cell 9, and these unnecessary 
individual recordings in these Z-portions are also performed 
at the points in time t1 and t2. 

FIG. 10 shows the case in which the position of the cell 
9 in the Z-direction changes in dependence on time. This can 
be the case, for example, if the cell 9 is in a culture solution, 
Such that fixing in the Z-direction is not possible, or is 
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10 
possible only with great difficulty. With the definition of the 
Z-range according to the invention, however, this is not 
problematical, since the optimum Z-range is always defined 
automatically before the measurement is performed, as is 
again represented by broken lines, which indicate the upper 
and lower limit of the Z-range. The optimum Z-range is 
determined and defined at each of the shown points in time 
t1, t2 and t3, such that the Z-stack can then be recorded at 
these points in time t1-t3. 
The former approach consisted of making an assumption 

about the minimum and maximum Z-values of the cell 9 that 
occur during the measurement, and in defining the Z-range 
on that basis which, for example, leads to the limits shown 
in FIG. 11 (which, again, are represented by broken lines). 
Recordings of the Z-stack at the times t1, t2 and t3 then result 
in a plurality of unnecessary individual recordings, since the 
limits are at a great distance from the cell 9, compared with 
the representation of FIG. 10. 

Naturally, the advantageous embodiments described in 
connection with FIGS. 5 to 11 can also be combined with 
each other in any manner. 

In FIG. 12, the sharpness measurement S is represented in 
a manner similar to that in FIG. 3b, wherein a non-Gaussian 
sharpness progression is assumed in the case of FIG. 12. In 
this case, for example, the lower limit of the Z-range can be 
determined by the 50% drop in the sharpness-measurement 
value relative to the local maximum value, as indicated in 
FIG. 12. Since the sharpness progression rises in the direc 
tion of increasing Z-values and does not fall again, or lies 
above a preset threshold value, the search limit of the 
auto-focus routine can be used, e.g. automatically, as upper 
limit for the Z-range. Alternatively, it is possible to determine 
the upper limit on the basis of the determined lower limit. 

FIG. 13 shows the case in which, owing to the sharpness 
progression, only the upper limit can be determined. In this 
case, the lower limit is then determined, in a manner similar 
to that for the upper limit in the case of the variant according 
to FIG. 12. 
The described manner of determining the Z-range is based 

on this determination being performed for one recording 
channel of the microscope 1. If the sample 9 is dyed, e.g. 
with marking Substances of differing fluorescence, the 
Z-range can be defined separated for each recording channel, 
and the recording of the Z-Stack for the corresponding 
channel can also be performed with the associated Z-range. 

In the embodiments described, it has been assumed that 
the microscope 1 is designed as a wide-field microscope. 
Naturally, the microscope 1 need not be a wide-field micro 
Scope. For example, the microscope 1 can be designed as a 
confocal microscope. In this case, the terms mean intensity 
and mean intensity value can be used, instead of the terms 
sharpness measurement and sharpness-measurement value. 
All other aspects can be realized in the same manner, or in 
a similar manner, as in the embodiments described above. 

While the invention has been described in connection 
with what is presently considered to be the most practical 
and preferred embodiments, it will be apparent to those of 
ordinary skill in the art that the invention is not to be limited 
to the disclosed embodiments. It will be readily apparent to 
those of ordinary skill in the art that many modifications and 
equivalent arrangements can be made thereof without 
departing from the spirit and scope of the present disclosure, 
such scope to be accorded the broadest interpretation of the 
appended claims so as to encompass all equivalent structures 
and products. 
The above disclosure is related to the detailed technical 

contents and inventive features thereof. People skilled in this 
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field may proceed with a variety of modifications and 
replacements based on the disclosures and Suggestions of the 
invention as described without departing from the charac 
teristics thereof. Nevertheless, although such modifications 
and replacements are not fully disclosed in the above 
descriptions, they have substantially been covered in the 
following claims as appended. 

What is claimed is: 
1. A Method for automatically defining a Z-range in a 

sample in which a Z-stack of the sample is to be recorded by 
means of a microscope, comprising: 

(a) defining an initial Z-value start position situated in the 
sample: 

(b) defining a step width: 
(c) automatically de-incrementing a Z-plane value by the 

step width: 
(d) automatically performing an evaluation of the sample 

at the Z-plane to determine whether a predetermined 
parameter for an image of the sample recorded at the 
Z-plane value is within a predetermined range; 

(e) repeating steps (c) and (d) automatically until the 
image parameter being evaluated is no longer within 
the predetermined range; 

(f) defining automatically a lower limit of the Z-range as 
the Z-plane value achieved in step (c) just prior to the 
predetermined parameter being evaluated in step (d) no 
longer falls within the predetermined range; and 

(g) defining at least one further Z-range automatically 
utilizing at least steps (a) and (c)-(f), wherein the at 
least one further Z-range is defined for the same portion 
of the sample for which the previously defined Z-range 
was defined, wherein the respective Z-ranges are 
defined at different points in time. 

2. The Method according to claim 1, in which the prede 
termined parameter is a sharpness measurement. 

3. The Method according to claim 1, in which the prede 
termined parameter is a contrast function. 

4. The Method according to claim 1, in which the initial 
Z-value start position situated in the sample is defined 
automatically by performing an auto-focusing routine. 

5. The Method according to claim 4, in which a data of the 
automatic determination of the initial Z-value start position 
situated in the sample is also used for determining the 
Z-range. 

6. The Method according to claim 1, in which the upper 
limit of the Z-range is defined as a numerical difference 
between the lower limit of the Z-range and the initial Z-value 
start position that is added to the initial Z-value start position. 

7. The Method according to claim 1, in which the upper 
limit of the Z-range is defined by the steps comprising: 

((h)) automatically returning to the initial Z-value start 
position; 

((i)) automatically incrementing the Z-plane value by the 
step width: 

(()) performing the evaluation of the sample at the 
Z-plane according to step (d) automatically; 

((k)) repeating steps (i) and () automatically until the 
image parameter being evaluated is no longer within 
the predetermined range; and 

((T)) defining automatically the upper limit of the Z-range 
as the Z-plane value achieved in step (i)) just prior to 
the predetermined parameter being evaluated in step (d) 
no longer falls within the predetermined range. 

8. The Method according to claim 1, in which the value 
of the predetermined parameter is in each case determined 
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12 
stepwise, with an increasing distance in the Z-direction, 
starting from the initial Z-value start position situated in the 
sample. 

9. The Method according to claim 1, in which, after the 
Z-range has been automatically defined, the Z-Stack of the 
sample is recorded in the Z-range. 

10. The Method according to claim 1, wherein for defin 
ing the Z-range, individual recordings of the sample are 
made in different Z-planes, wherein at least some of the 
individual recordings are used for the Z-Stack of the sample 
to be recorded. 

11. The Method according to claim 1, in which an extent 
of the sample in the Z-direction is determined automatically, 
including performing steps (c)-(e). 

12. A Method for automatically defining a Z-range in a 
sample in which a Z-stack of the sample is to be recorded by 
means of a microscope, comprising: 

(a) defining an initial Z-value start position situated in the 
sample: 

(b) defining a step width: 
(c) automatically de-incrementing a Z-plane value by the 

step width: 
(d) automatically performing an evaluation of the sample 

at the Z-plane to determine whether a predetermined 
parameter for an image of the sample recorded at the 
Z-plane value is within a predetermined range; 

(e) repeating steps (c) and (d) automatically until the 
image parameter being evaluated is no longer within 
the predetermined range; 

(f) defining automatically a lower limit of the Z-range as 
the Z-plane value achieved in step (c) just prior to the 
predetermined parameter being evaluated in step (d) no 
longer falls within the predetermined range; and 

(g) defining at least one further Z-range automatically 
utilizing at least steps (a) and (c)-(f), wherein, the at 
least one further Z-range is defined for a portion of the 
sample that is offset laterally in relation to the portion 
of the sample for which the previously defined Z-range 
was defined. 

13. The Method according to claim 12, in which a second 
further Z-range is defined for the same portion of the sample 
for which the Z-range has already been previously defined. 

14. The Method according to claim 12, in which, after the 
at least one further Z-range has been defined, the Z-Stack of 
the sample is recorded, in the at least one further Z-range. 

15. An Apparatus for automatically defining a Z-range in 
a sample, in which a Z-Stack of the sample is to be recorded 
by means of a microscope, the apparatus comprising: 

a microscope control unit configured to: 
(a) define an initial Z-value start position situated in the 

sample; 
(b) define a step width: 
(c) automatically de-increment a Z-plane value by the 

step width: 
(d) automatically perform an evaluation of the sample 

at the Z-plane to determine whether a predetermined 
parameter for an image of the sample recorded at the 
Z-plane value is within a predetermined range; 

(e) repeat elements (c) and (d) automatically until the 
image parameter being evaluated is no longer within 
the predetermined range; 

(f) define automatically a lower limit of the Z-range as 
the Z-plane value achieved in element (c) just prior to 
the predetermined parameter being evaluated in ele 
ment (d) no longer falls within the predetermined 
range; and 
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(g) define automatically at least one further Z-range 
utilizing at least elements (a) and (c)-(f), wherein the 
at least one further Z-range is defined for the same 
portion of the sample for which the previously 
defined Z-range was defined, and wherein the respec 
tive Z-ranges are defined at different points in time. 

16. The Apparatus according to claim 15, in which the 
predetermined parameter is either a sharpness measurement 
or a contrast function of the sample. 

17. The Apparatus according to claim 15, further com 
prising a determination unit, the determination unit config 
ured to determine the initial Z-value start position situated in 
the sample via an auto-focussing method, and to communi 
cate the initial Z-value start position to the control unit. 

18. The Apparatus according to claim 17, in which the 
control unit is further configured to utilize data of the 
determination unit for defining the Z-range. 

19. The Apparatus according to claim 15, in which the 
control unit is further configured to define an upper limit of 
the Z-range as a numerical difference between the lower limit 
of the Z-range and the initial Z-value start position that is 
added to the initial Z-value start position. 

20. The Apparatus according to claim 15, in which the 
control unit is further configured to define an upper limit of 
the Z-range by the steps comprising: 

((h)) automatically returning to the initial Z-value start 
position; 

((i)) automatically incrementing the Z-plane value by the 
step width: 

(()) performing the evaluation of the sample at the 
Z-plane according to step (d) automatically; 

((k)) repeating steps (i) and () automatically until the 
image parameter being evaluated is no longer within 
the predetermined range; and 

((T)) defining automatically the upper limit of the Z-range 
as the Z-plane value achieved in step ((i)) just prior to 
the predetermined parameter being evaluated in step (d) 
no longer falls within the predetermined range. 

21. The Apparatus according to claim 15, in which the 
control unit is further configured to determine the value of 
the predetermined parameter stepwise in each case, with an 
increasing distance in the z-direction, starting from the 
initial Z-value start position situated in the sample. 

22. The Apparatus according to claim 15, further com 
prising the microscope which, after the Z-range has been 
defined, automatically records the Z-stack of the sample in 
the Z-range. 
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23. The Apparatus according to claim 15, in which, in 

order to define the Z-range by means of the microscope, a 
plurality of individual recordings of the sample are made in 
different Z-planes, wherein the control unit is further con 
figured to utilize at least some of the plurality of individual 
recordings for the z-stack of the sample to be recorded. 

24. The Apparatus according to claim 15, in which the 
control unit is further configured to automatically determine 
an extent of the sample in the z-direction, including utilizing 
at least elements (c)-(e). 

25. An Apparatus for automatically defining a Z-range in 
a sample, in which a Z-stack of the sample is to be recorded 
by means of a microscope, the apparatus comprising: 

a microscope control unit configured to: 
(a) define an initial Z-value start position situated in the 

sample: 
(b) define a step width: 
(c) automatically de-increment a Z-plane value by the 

step width: 
(d) automatically perform an evaluation of the sample 

at the Z-plane to determine whether a predetermined 
parameter for an image of the sample recorded at the 
Z-plane value is within a predetermined range; 

(e) repeat elements (c) and (d) automatically until the 
image parameter being evaluated is no longer within 
the predetermined range; 

(f) define automatically a lower limit of the Z-range as 
the Z-plane value achieved in element (c) just prior to 
the predetermined parameter being evaluated in ele 
ment (d) no longer falls within the predetermined 
range; and 

(g) define automatically at least one further Z-range 
utilizing at least elements (a) and (c)-(f), wherein the 
at least one further Z-range is defined for a portion of 
the sample that is offset laterally in relation to the 
portion of the sample for which the previously 
defined Z-range was defined. 

26. The Apparatus according to claim 25, in which the 
control unit is further configured to automatically define a 
second further Z-range for the same portion of the sample for 
which the Z-range has already been previously defined. 

27. The Apparatus according to claim 25, in which the 
microscope, after the at least one further Z-range has been 
defined, is configured to record the Z-stack of the sample in 
at least one further Z-range. 


