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(57) Abstract: The invention relates to methods for analy-
sis of particles m a liqud sample, the sample being re-
taned 1n a sample retaining device, the method compris-
Ing: acquiring, by means of an image acquiring device, a
plurality of images of said sample at different focus planes
within the sample retaining device; analysing said images,
by means of an image analyser, for identifying which, if
any, of the particles of the sample are imaged i focus in
cach of the images, and analysing those particles which
have been identified as being imaged in focus; wherein
sald plurality of images are acquired at different, essential-
ly parallel, focus planes, which planes are separated from
cach other by a distance, said distance being less than 10
micrometers. The invention also relates to apparatuses
adapted to be used for the inventive methods.
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METHOD AND APPARATUS FOR ANALYSIS OF PARTICLES IN A LIQUID
SAMPLE

Technical field
The present invention relates to a method and an apparatus for image
analysis of particles in a liquid sample retained in a sample retaining device.

Background of the invention
Analysing particles in a liquid sample, e.g. determining the

concentration and type of the particles, is of great importance in many
different areas of industry, such as agriculture, médicine, etc.

The traditional way of studying patrticles in a liquid sample is visually,
nossibly with the aid of a microscope if the particles are small. The particle
concentration is normally obtained through a manual procedure by
microscopically viewing the sample in a special counting chamber, e.g. a
Biirker chamber. The counting chamber is provided with a grid dividing the
chamber in well-defined small volumes. The particles may be allowed to settle
at the bottom of the counting chamber in order to enable the microscope to
focus on all particles in the chamber and, thus, facilitate counting. Thus, the
sample needs to settle for several minutes before the counting may be
performed. The particle count can then be determined by counting the
number of particles per box in the grid. The particle count is obtained
manually by an analyst, who needs to be experienced in performing the
analysis in order to be able to perform a reliable analysis.

This analysis is time-consuming. Further, since it is performed
manually, the results of the analysis may vary depending on the person
performing the analysis. The analysis is also inaccurate since reiatively few
particles are counted and the volumes of existing counting chambers are
often imprecise. |

There are a few existing automated analysis methods for determining
particle concentrations in liquid samples. Particle concentrations and sizes,
especially for biological particles, such as cells, may be determined by means
of the Coulter principle, which is based on sensing an impedance. A method
for counting white blood cells by the Coulter principle is described In
US 5,262,302. A measurement apparatus according to the Coulter principle is
expensive and it is therefore a considerable investment. Thus, a hospital or
laboratory will be reluctant to invest in more than one apparatus. This implies
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that the analysis will need to be performed in a centralised location and a
patient will need to wait for analysis results.
In WO 98/50777, a method for assessment of the number of somatic
cells in milk is disclosed. The method comprises applying a volume of a
5 sample in a sample compartment and transmitting electromagnetic signais,
having passed from the sample compartment, onto an array of detection
elements. The intensities of detected electromagnetic signals are processed
and the resulits are correlated to the number of cells present in the sample.
The international application WO 2008/010761 discloses an apparatus
10  and a method for enumeration and typing of particles in a sample. The
method comprises the steps of acquiring at least one magnified digital image
of the sample, identifying particles which are imaged in focus in the image
and determining the types and numbers of these particles. When animal cells
are the particles, the optical phenomena at the edges of the cells resuiting
15  from the cytoplasm and cell membrane acting as a lens are used to identify
which cells are imaged in focus. It is also disclosed that images may be
acquired at different focus planes in the sample. it is, however, not mentioned
how far apart these focus planes shouid be.
1t is still desired to speed up and simplify existing automated methods
20  for analysis of particles in a liquid sample, e.g. a biological sample. It would
be particularly advantageous to provide a quick, simple and relatively

iInexpensive analysis method such that the analysis may be provided at a
point of care.

Summary of the Invention
It is an object of some embodiments of the invention to provide a simple

25

analysis enabling determination of a volumetric enumeration of particles, such as
white blood cells, platelets or bacteria in a sample, such as a blood sample, and

identification of the different particles.

30 Thus, there is, according to an aspect of the present invention,
provided a method for analysis of particles in a liquid sample, the sample
being retained in a sample retaining device, the method comprising:
acquiring, by means of an image acquiring device, a plurality of images of
sald sample at different focus planes within the sample retaining device; and

35  analysing said images, by means of an image analyser, for identifying
particles of the sample which are imaged in focus in any one of the analysed
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images, and for identifying, for each of the identified particles, in which of said
analysed images the particle is identified and analysing those particles which
have been identified as being imaged in focus in any one of the analysed
images using respective image in which respective particle has been
identified as being imaged in focus; wherein said plurality of images are
acquired at different, essentially parallel, focus planes, which planes are
separated from each other by a distance, said distance being less than 10
micrometers: wherein said identification of particles which are imaged in focus
is achieved by, for each of the particles: finding an image in which the particle
is distinguishable; determining the greatest difference in light intensity
between an area of the image which is occupied by the particle and an area
of the image where no particle is distinguishable; determining the
corresponding differences in light intensity in other images in which the same
particle is distinguishable; and identifying the image where the difference In
light intensity is the highest; whereby the particle is regarded as being in
focus in that identified image.

By acquiring a plurality of images at different focus planes, a larger
volume of the sample can be covered, where the particles are still imaged in
focus. Thus also a larger sample retaining device may be used, where the
sample depth, perpendicular to the focus planes, may be increased. If the
analysis includes a concentration determination, this may be achieved also
for particles of a lower concentration, since the volume being analysed IS
increased.

There is no need to wait for the sample to settle before the images are
acquired. The sample may be imaged with the particles in suspension.

By acquiring a plurality of images at different focus planes and
determining which particles are imaged in focus in which image, it is also
possible to determine how deep down in the sample each of the particles are.
It is thus, e.g., possible to separate two or more overlapping particles from
each other since they are present at different depths in the sample.

Also, by acquiring a plurality of images at different focus planes and
determining which particles are imaged in focus in which image it may be
nossible to determine the particles dimensions perpendicular to the focus
plane, since it will be possible to count in how many images, taken at different
but adjacent focus planes, each particle is in focus. However, this Is of course
dependent on the particles being sufficiently large in relation to the distance
between the focus planes.
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A smaller distance between the focus planes iImplies that particles may
be imaged in better focus, even at higher magpnification. Thus, also smaller
particles may be imaged for analysis when the distance between the focus
planes is decreased. Also, the particles may be imaged and analysed in
higher detail as the advantages of acquiring a plurality of iImages at different
focus planes, discussed above, are amplified with decreasing distance.

Shifting from one focus plane to another may be achieved e.g. by
moving a lens, or other light refractor, positioned between the sample and the
Image acquiring device. In order to shift the focus plane such a small distance
as In accordance with the present invention, e.g., a piezoelectric motor might
be used for moving the lens. Such a motor also has the advantages of being
able to move the lens quickly and with high precision.

The focus planes are essentially parallel to each other and perpen-
dicular to an optical axis, the axis extending from the image acquiring device
and through the sample.

The image analyser analyses the plurality of images such that
particles, such as cells, that are imaged in focus are identified. This allows an
Image to be acquired of a relatively thick sample, while only the particles that
are in focus are counted or otherwise analysed. By ensuring that only
particles that are in focus are counted, i.e. when the particles are imaged in
sufficiently clear detail, the identification of the types of particles may be
performed in a sample that may simultaneously be used for determining a
statistically reliable volumetric enumeration of the particles in the sample.

The advantages of reducing the distance between the focus planes are
amplified by reducing the distance even further. Thus the distance is
preferably less than 5 micrometers, more preferably less than 2 micrometers,
especially 1.8 micrometers or less, specifically 1.6 micrometers or less.

When identifying which particles are imaged in focus in which images,
the different images acquired at different focus planes are preferably
compared with each other. A specific particle will typically be distinguishable
In several different images having different focus planes, where the focus
planes of said images are adjacent to each other (i.e. are separated by a
distance of less than 10 micrometers). In order to identify in which image this
specific particle is imaged in best focus, the contrast of the respective images
may be used as a selection criterion. Thus, the greatest difference in light
Intensity between an area of an image occupied by the specific particle, and
an area of the Image were no particle is distinguishable, i.e. background, is
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determined. Other images where the same particle is distinguishable are
studied in the same way. Thus, the image displaying the greatest contrast
with respect to the specific particle can be identified and the particle is
regarded as being in focus in this identified image. The same procedure may
then be repeated for all particles distinguishable in any of the acquired
Images.

Also, as a complement or alternative, identifying which particles are
Imaged in focus in which of the acquired images may be done based on the
pixel, or sample, variance. The pixel variance may be biased (s*n) or bias-
corrected (s°n.¢). The bias-corrected pixel variance is calculated according to
the following formula:

; 1 AT ,
S _ E e ® e
-1 W1 z.=21| (J'F:a X]

wherein N is the number of pixels, x is the light intensity of pixel i, and x is the
mean light intensity.

When using the pixel variance for identifying in which of the acquired
Images a particle is imaged in focus, an area comprising the particle, as well
as the particle’s closest surroundings (background), is defined. The pixel
variance is then determined for that defined area. The pixel variance is also
determined for the corresponding area of the other acquired images. The
Image which is identified as having the highest pixel variance is the image in
which the particle is regarded as being in focus. The procedure may then be
repeated for other particles which are distinguishable in any of the acquired
iImages.

Thus, there is, according to an aspect of the present invention, also
provided a method for analysis of particles in a liquid sample, the sample
being retained in a sample retaining device, the method comprising:
acquiring, by means of an image acquiring device, a plurality of images of
said sample at different focus planes within the sample retaining device; and
analysing said images, by means of an image analyser, for identifying
particles of the sample which are imaged in focus in any one of the analysed
Images, and for identifying, for each of the identified particles, in which of said
analysed images the particle is identified and analysing those particles which
have been identified as being imaged in focus in any one of the analysed
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images using respective image in which respective particle has been
identified as being imaged in focus; wherein said plurality of images are
acquired at different, essentially parallel, focus planes, which planes are
separated from each other by a distance, said distance being less than 10
micrometers: wherein said identification of particles which are imaged in focus
is achieved by, for each of the particles: finding an image in which the particle
is distinguishable; defining an area of that found image, said area comprising
the particle and its closest surroundings; determining the pixel variance of that
defined area: determining the pixel variance of the corresponding area of
other images in which the same particle is distinguishable; and identifying the
image where the pixel variance is the highest; whereby the particle is
regarded as being in focus in that identified image.

The discussion above relating to the inventive method which includes
determining differences in light intensities is also in applicable parts relevant
to the inventive method which includes determining pixel variances.
Reference is made to that discussion. The discussion below relates to
optional features of both inventive methods.

The specific particle may be identified as being the same particle in the
plurality of images by having essentially the same spatial position in each of
the images where said particle is distinguishable, since the images are
acquired with different focus planes along an optical axis from the image
acquiring device through the sample, but are not shifted sideways. Thus, the
images are essentially of the same area of the sample, but at different depths
in said sample. Since the particles are in a liquid sample, and thus might
move slightly over time, it is desirable to acquire the images over a relatively
short time. Preferably at least two images, more preferably at least 5 images,
and most preferably at least 10 images, are acquired per second. This also
speeds up the analysis as a whole.

Any of the inventive methods may further comprise superpositioning
the plurality of images, thereby obtaining a superpositioned image containing
all the particles imaged in focus at the different focus planes. Thus, the whole
analysed volume of the sample may be represented in a single two-
dimensional image where the particles of the sample may be displayed in
focus, regardless of how deep down in the sample volume each of them really
were when being imaged.

Preferably, the plurality of images are acquired in a sequence of only
one image per focus plane where the focus plane is moved a specific
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distance, less than 10 micrometers, between each image. This way of
acquiring the images is quick and may be accomplished by means of a simple
apparatus.

A larger volume of the sample may be covered if a larger amount of
images are acquired. As mentioned above, the larger the volume, the more
accurate e.g. a concentration determination may be, and also particles of a
lower concentration may be concentration determined. Conveniently at least
10, preferably at least 20, more preferably at least 50, even more preferably
at least 100, and most preferably at least 200, images are acquired in
accordance with the present invention.

Also, in order to be able to analyse a large volume of the sample, the
sample retaining device may be able to present the liquid sample for imaging
such that the sample has a depth, perpendicular to the focus planes, which is
sufficiently large. Said depth is preferably at least 100 micrometers, more
preferably at least 200 micrometers and even more preferably at least 500
micrometers.

Conveniently, the sample retaining device is arranged to present the
sample for imaging such that the depth of the sample is 1 millimetre or less.
This implies that the sample retaining device may have a chamber which has
a dimension which is 1 millimetre or less, whereby a liquid sample could be
introduced into the chamber through capillary action. The liquid sample could
thus be sucked directly into the chamber through an inlet, communicating the
chamber with the outside of the device, eliminating the need for pipettes,
pumps or such equipment. More specifically, blood could even be sucked into
the chamber directly from the pricked finger of a patient. Of course, the other
dimensions of the chamber may be larger, and, depending on how large area
of the sample is being imaged by the image acquiring device, it might indeed
be desired that the other dimensions are larger.

The present invention is particularly interesting for biological analyses.
The liquid sample may thus be a biological sample, such as milk, urine, spinal
fluid or, particularly, blood, e.g. whole blood or plasma.

The particles may also be biological, such as eukaryotic cells,
preferably mammalian cells, more preferably human cells such as human
white blood cells. However, since even smaller particles may be sufficiently
analysed in accordance with the present invention because the distance
between the different focus planes is so small, the particles may, as an
alternative, have a maximum diameter of less than 20, conveniently less than
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10, preferably less than 5, and more preferably less than 2, micrometers.
Examples of such small biological particles which are of great interest for
analysis by means of the present invention are e.g. bacteria, viruses and
platelets.

As mentioned above, as an example of an analysis, the method of the
invention may be used for determining the concentration of particles in the
sample. The number of identified particles are then put in relation to the
volume of the sample which is imaged. This volume is defined by the imaged
area of the sample multiplied with the imaged depth of the sample. The
imaged area is determined by the choice of image acquiring device, in
combination with any magnification or reduction. The imaged depth is a
function of the number of images and the distance between each image. This
analysis may of course be dependent on the distance being sufficiently small,
or the particles being large enough, for all particles, o be enumerated in the
imaged volume, to be imaged in focus in at least one of the images. Another
analysis which may be enabled by the present invention is determining the
different types of particles. The different types of particles may be determined
by their respective physical features. Such features may e.g. be the size,
colour, opalescence and/or shape of the particles. Preferably, the analysis of
the particles in accordance with the present invention includes determining
the types and quantities of the particles such that the ratios of different types
of particles in the sample may be determined. The analysing of those
particles which have been identified as being imaged in focus may thus
comprise determining the types and quantities of the particles, the types
being distinguished by physical features of the particles, whereby the ratios of
different types of particles in the sample are determined.

The particles to be analysed may have been stained by means of a
staining agent prior to the images being acquired. This implies that the
particles may be more easily distinguishable from the background liquid. If
e.g. the particles are eukaryotic cells, a staining agent selectively staining the
cell nuclei may be employed. In order to further improve the distinguishability
in the acquired images, the sample may then be irradiated with light of a
specific wavelength which is absorbed by the staining agent, whereby the cell
nuclei will be clearly imaged as dark areas or dots against a lighter
background. Alternatively, the staining agent may e.g. be a fluorescent aye,
or a fluorescently marked antibody, or antibody fragment, which bind
specifically to the particles to be analysed. The sample may then be irradiated
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with an electromagnetic wavelength which is absorbed by the fluorophore of

the dye or antibody, and the image acquiring device may be adapted to

specifically detect the electromagnetic wavelength subsequently emitted by

the fluorophore, whereby the stained particles will be imaged as light areas or
5 dots against a darker background.

The staining agent may be present in a dried form within the sample
retaining device prior to the liquid sample being introduced into the sample
retaining device. Thus, the staining agent may be included in the sample
retaining device during its production. The staining agent may e.g. be dried

10  onto a wall of a chamber of the device, into which chamber the liquid sample
is later introduced, dissolving the staining agent, prior to images being
acquired of the sample in the chamber of the sample retaining device
according to the present invention. Also other reagents or chemical agents
may be included in the sample retaining device, instead of, or in addition to, a

15 staining agent, such as a haemolysing agent, for lysing red blood cells in a
sample of whole blood, or a wetting agent, e.g. for facilitating the liquid
sample being sucked into the sample retaining device by capillary action. By
including all the chemical agents needed for an analysis by the inventive
method, the sample retaining device provides a possibility to directly obtain a

20 sample into a chamber of the device and provide it for analysis. There is no
need for sample preparation. In fact, if the chamber is capillary as discussed
above, a blood sample may be sucked into the chamber directly from a
pricked finger of a patient, or any sample may be sucked into the chamber
directly from a tube or well or any other type of container. Providing the

25  sample retaining device with a reagent enables a reaction within the sample
retaining device which makes the sample ready for analysis. The reaction is
initiated when the sample comes into contact with the reagent. Thus, there is
no need for manually preparing the sample, which makes the analysis
especially suitable to be performed directly in an examination room e.g. while

30 a patient is waiting.

Since the reagent is provided in a dried form, the sample retaining
device may be a ready-to-use kit which may be transported and stored for a
long time without affecting the usability of the sample retaining device. Thus,
the sample retaining device with the reagent may be manufactured and

35 prepared long before making the analysis of a sample.

The sample retaining device may be disposable, i.e. it is arranged to

be used only once. If the sample retaining device is adapted for use only
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once, it may be formed without consideration of any possibility to clean the
sample retaining device and possibly re-apply a reagent. Also, the sample
retaining device may be moulded in a plastic material and thereby be
manufactured at a low cost. Thus, it may still be cost-effective to use a
disposable sample retaining device.

The image acquiring device may be a digital camera. Such an image
acquiring device allows the entire area of an image to be acquired to be
imaged simultaneously, after which the image may be directly presented to
the image analyser for digital image analysis. The camera may e.g. be of
CCD or CMOS type.

Depending on e.g. the sizes of the particles imaged and the resolution
of the image acquiring device, it may be advantageous to acquire the images
either of a magnification or a reduction of the liquid sample. The magnification
or reduction may be achieved by means of a light refractor, such as a lens,
which is positioned such that it intersects the optical axis between the sample
and the image acquiring device. Conveniently, a magnification is used, such
as a maghnification of 2-50x, preferably 2-30x, more preferably 2-20x, most
preferably 3-10x. However, if very small particles, such as bacteria, viruses or
platelets, are to be analysed, even higher magnification might be preferreq;
such as 10-50x, more preferably 10-35x, most preferably 10-20x. Even
though a high magnification is used, a sufficiently large volume may siill be
covered by the images since many images are acquired at different focus
planes in the sample. An imaged volume of the sample may thus be defined
by an imaged area of the sample multiplied with a depth of the sample
covered by the plurality of images.

As mentioned above, the optical magnification, or reduction, used is
linked to the resolution of the image acquiring device. That resolution is
conveniently at least 3 Mpixel, preferably at least 5 Mpixel, specifically
6 Mpixel or more.

According to another aspect of the present invention, there is provided
a measurement apparatus for analysis of particles in a liquid sample, the
apparatus comprising an image acquiring device, an image analyser, a holder
arranged to hold a sample retaining device retaining the liquid sample, and a
light refractor positioned between said image acquiring device and said
holder; wherein a focus plane is movable stepwise within the sample retaining
device when it is held by the holder, whereby the image acquiring device is
adapted to acquire a plurality of images of said sample at different focus
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planes within the sample retaining device, the different focus planes being essentially
parallel to each other and being separated from each other by a distance, said
distance being less than 10 micrometers; wherein the image analyser is arranged to
analyse at least one acquired image for identifying which of the particles are imaged
In focus, and analysing those particles which have been identified as being imaged In
focus; wherein said image analyser is arranged to identify each of the particles which
are imaged in focus with, means for finding an image in which the particle is
distinguishable; means for determining the greatest difference in light intensity
between an area of the image which is occupied by the particle and an area of the
image where no particle is distinguishable; means for determining the corresponding
differences in light intensity in other images in which the same particle is
distinguishable; and means for identifying the image where the difference in light
intensity is the highest; whereby the particle is regarded as being in focus in that

identified image.

Alternatively, the present invention provides a measurement apparatus
for analysis of particles in a liquid sample, the apparatus comprising an image
acquiring device, an image analyser, a holder arranged to hold a sample retaining
device retaining the liquid sample, and a light refractor positioned between said
image acquiring device and said holder; wherein a focus plane is movable stepwise
within the sample retaining device when it is held by the holder, whereby the image
acquiring device is adapted to acquire a plurality of images of said sample at different
focus planes within the sample retaining device, the different focus planes being
essentially parallel to each other and being separated from each other by a distance,
said distance being less than 10 micrometers; wherein the image analyser is
arranged to analyse at least one acquired image for identifying which of the particles
are imaged in focus, and analysing those particles which have been identified as
being imaged in focus; wherein said image analyser is arranged to identify each of
the particles which are imaged in focus with: means for finding an image in which the
particle is distinguishable; means for defining an area of that found image, said area

comprising the particle and its closest surroundings; means for determining the pixel
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variance of that defined area; means for determining the pixel variance of the
corresponding area of other images in which the same particle is distinguishable; and

means for identifying the image where the pixel variance is the highest; whereby the
particle is regarded as being in focus in that identified image.

The discussion below relates to both alternative measurement
apparatuses.
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The apparatus comprises a holder, which is arranged to receive a
sample retaining device, described above in respect of the inventive method,
that holds the liquid sample of which images are acquired in accordance with
the present invention.

5 The focus plane may be moved stepwise through the liquid sample
along the optical axis of the apparatus, said axis running from the image
acquiring device and through the holder, such that each step is less than 10
micrometers, allowing an image to be acquired after each step.

The focus plane may be moved e.g. by moving the light refractor, e.g.

10 alens, along the optical axis of the apparatus while the holder and the image
acquiring device remains still. For moving the focus plane such a small
distance as in accordance with the present invention as well as sufficiently
fast and with sufficient precision, reproducibility and stability, it is preferred to
use a piezoelectric motor to move the light refractor.

15 Any of the apparatuses may further comprise an electromagnetic
radiation source, which is arranged to irradiate the sample retained in the
sample retaining device. Any conventional radiation source may be used,
such as a light emitting diode, a laser or a glow lamp. The light source allows
the particles of the sample to be more easily distinguishable in the images. If

20 itis desirable to irradiate the sample with a specific wavelength, this may be
achieved by conventional means, such as by employing a laser, or a
chromatic filter in combination with the light source.

The discussion above relating to the inventive methods is also in
applicable parts relevant to the inventive apparatuses. Reference is made to

25 that discussion.

The apparatuses and methods of the invention provide, from a users
perspective, a very simple analysis of a liquid sample, such as whole blood.
The analysis does not require complicated measurement apparatus or
advanced steps to be performed by an operator. Therefore, it may be

30 performed in direct connection to e.g. the examination of a patient, without the
need for a qualified technician. It is merely required that the sample to be
analysed is introduced into, and retained by, the sample retaining device.
Then, the sample may be analysed according to the inventive method,
preferably by the inventive apparatus in an automated fashion and, in direct

35 response thereto, the apparatus may present the analysis results.
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Brief Description of the Drawings
The invention will now be described in further detail by way of example

under reference to the accompanying drawings.
Fig. 1 is a schematic view of an apparatus according to the invention.
Fig. 2 is a flow chart of a method according to the invention.
Fig. 3 is a schematic perspective view of a piezo electric motor which
may be used in preferred embodiments of the inventive method or apparatus.

Detailed Description of Preferred Embodiments
With reference to Fig. 1, an apparatus of the present invention

comprises a light source 434, a sample retaining device 410, an optical
system 438 (with a magnification factor of 5x, an image acquiring device with
a resolution of 6 Mpixel, and an ability to move the focus plane), and a
diaphragm 450 directing the light to an image acquiring device 440. The
apparatus is arranged to acquire several digital images of the sample using
different optical settings. For example, the several digital images may image
ten different layers 720a-j of the sample 710.

With reference to Fig. 2, a method for volumetric enumeration of white
blood cells will be described. The method comprises acquiring a blood
sample into a sample retaining device, step 102. An undiluted sample of
whole blood is acquired into the sample retaining device. The sample may be
acquired from capillary blood or venous blood. A sample of capillary blood
may be drawn into a chamber of the sample retaining device directly from a
pricked finger of a patient. The blood sample makes contact with a dried
reagent, comprising a haemolysing agent and a staining agent, within the
sample retaining device, initiating a reaction. The red blood cells will be lysed
and the staining agent is accumulated in the nuclei of the white blood cells of
the sample. Within a few minutes from acquiring the blood sample, the
sample is ready to be analysed. Alternatively, a blood sample is acquired and
mixed with a haemolysing agent and a staining agent before being introduced
into the sample retaining device. The sample retaining device is then placed
in an apparatus of the invention, step 104. An analysis may be initiated by
pushing a button of the apparatus. Alternatively, the analysis is automatically
initiated by the apparatus detecting the presence of the sample retaining
device.

The sample is irradiated, step 106, and a plurality of digital images,
with a resolution of 6 Mpixel, are acquired at different layers of the sample,
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i.e. at different focus planes, at a distance of 1.6 micrometers from each other
and with an optical magnification of 5x, step 108. The sample is being
irradiated with electromagnetic radiation of a wavelength corresponding to an
absorption peak of the staining agent. This implies that the digital images wili
contain black or darker dots in the positions of the white blood cell nuclei.

The acquired digital images are transferred to an image analyser,
which performs image analysis of the plurality of digital images, step 110. The
image analyser determines the concentration of white blood cells by counting
black dots, identifies which cells are in focus in which image and analyses the
size and shape of a certain number of the cells in focus in order to classify the
white blood cells and obtain a ratio of different types of white blood cells in the
blood sample.

With reference to Fig. 3, a piezoelectric motor 1 comprises a circular
shaped stator 3 and a circular shaped rotor 2, which rotor 2 is pressed onto
the surface of the stator 3, thereby enabling a mechanical output. During
operation of the motor a travelling wave is generated over the surface of the
stator 3, in a direction indicated by the arrow 6, said surface behaves as a
flexible ring, and produces elliptical motion at the rotor interface. This elliptical
motion of the contact surface propels the rotor 2 in a direction indicated by the
arrow 7, and thereby enabling motion of a drive shaft connected to it. The
directions indicated by the arrow 6 and the arrow 7 may, as is easily realised,
be the reversed of what is indicated in Fig. 3. Teeth attached to the stator 3
may be used to increase the rotational speed. The out-put from the motor is
dependent on, for example, the friction at the interface between the moving
rotor and the stator, and the amplitude and other characteristics of the
travelling wave in the stator 3.

It should be emphasized that the preferred embodiments described
herein are in no way limiting and that many alternative embodiments are
possible within the scope of protection defined by the appended claims.
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CLAIMS.:
1. A method for analysis of particles in a liquid sample, the sample being

retained in a sample retaining device, the method comprising:

acquiring, by means of an image acquiring device, a plurality of images

5 of said sample at different focus planes within the sample retaining device; and

analysing said images, by means of an image analyser, for identifying
particles of the sample which are imaged in focus in any one of the analysed images,
and for identifying, for each of the identified particles, in which of said analysed
images the particle is identified and analysing those particles which have been
10 identified as being imaged in focus in any one of the analysed images using

respective image in which respectiVe particle has been identified as being imaged in

focus:

wherein said plurality of images are acquired at different, essentially
parallel, focus planes, which planes are separated from each other by a distance,

15 said distance being less than 10 micrometers;

wherein said identification of particles which are imaged in focus is

achieved by, for each of the particles:
finding an image in which the particle is distinguishable;

determining the greatest difference in light intensity between an area of
20 the image which is occupied by the particle and an area of the image where no

particle Is distinguishable;

determining the corresponding differences in light intensity in other

images in which the same particle is distinguishable; and

identifying the image where the difference in light intensity is the
25 highest;
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whereby the particle is regarded as being in focus in that identified
image.
2. A method for analysis of particles in a liquid sample, the sample being

retained in a sampie retaining device, the method comprising:

acquiring, by means of an image acquiring device, a plurality of images

of said sample at different focus planes within the sampie retaining device; and

analysing said images, by means of an image analyser, for identifying
particles of the sample which are imaged in focus in any one of the analysed images,

and for identifying, for each of the identified particles, in which of said

analysed images the particle is identified and analysing those particles
which have been identified as being imaged in focus in any one of the analysed
images using respective image in which respective particle has been identified as

being imaged in focus,;

wherein said plurality of images are acquired at different, essentially
parallel, focus planes, which planes are separated from each other by a distance,

sald distance being less than 10 micrometers;

wherein said identification of particles which are imaged in focus is

achieved by, for each of the particles:
finding an image in which the particle is distinguishable;

defining an area of that found image, said area comprising the particie

and its closest surroundings;
determining the pixel variance of that defined area;

determining the pixel variance of the corresponding area of other

images in which the same particle is distinguishable; ana
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identifying the image where the pixel variance is the highest;
whereby the particle is regarded as being in focus in that identifiea
image.
3. The method of claim 1 or 2, wherein the distance is less than

5 micrometers, preferably less than 2 micrometers.

4. The method of any one of the claims 1-3, wherein the method further
comprises superpositioning the plurality of images, thereby obtaining a
superpositioned image containing all the particles imaged in focus at the different

focus planes.

5. The method of any one of the ciaims 1-4, wherein only one image per

focus plane is acquired.

0. The method of any one of the claims 1-5, wherein at least 10, preferably

at least 100, and more preferably at least 200, images are acquired.

7. The method of any one of the claims 1-6, wherein the sample retaining
device is arranged to present the liquid sample for imaging such that the sample has
a depth, perpendicular to the focus planes, of at least 100 micrometers, preferably at

least 200 micrometers, more preferably at least 500 micrometers.

8. The method of any one of the claims 1-7, wherein the sample retaining

device is arranged to present the liquid sample for iImaging such that

the sample has a depth, perpendicular to the focus planes, of

1 millimetre or less.

9. The method of any one of the claims 1-8, wherein the liquid sample is a

biological sample.
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10. The method of any one of the claims 1-9, wherein the liquid sample is a
blood sample.
11. The method of any one of the claims 1-10, wherein the particles are

eukaryotic cells, preferably mammalian cells, more preferably human cells.

5 12. The method of any one of the claims 1-10, wherein the particles are
bacteria, viruses or platelets.

13. The method of any one of the claims 1-10, wherein the particles have a

maximum diameter of less than 20, preferably less than 10, more preferably less than
2, micrometers.

10 14. The method of any one of the claims 1-13, wherein the analysing of
those particles which have been identified as being imaged in focus comprises
determining the types and quantities of the particles, the types being distinguished by

physical features of the particles, whereby the ratios of different types of particles in
the sample are determined.

15 15. The method of any one of the claims 1-14, wherein the particles to be
analysed have been stained, by means of a staining agent, prior to the images being
acquired.

16. The method of claim 15, wherein the liquid sample is contacted with the

staining agent, the staining agent being in a dry form, within the sample retaining
20 device, whereby the staining agent is dissolved in the sample.

17. The method of claim 15 or 16, wherein the staining agent is a
fluorescent staining agent.

18. The method of any one of the claims 1-17, wherein the i'mage acquiring
device is a digital camera.
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19. The method of any one of the claims 1-18, wherein the images,
acquired by means of the image acquiring device, are acquired of a magnification of
the liquid sample, said magnification being achieved by means of a light refractor,

such as a lens.

20. The method of any one of the claims 1-19, wherein an imaged volume
of the sample is defined by an imaged area of the sample multiplied with a depth of

the sample covered by the plurality of images.

21. A measurement apparatus for analysis of particles in a liquid sample,
the apparatus comprising an image acquiring device, an image analyser, a holder
arranged to hold a sample retaining device retaining the liquid sample, and a light

refractor positioned between said image acquiring device and said holder;

wherein a focus plane is movable stepwise within the sample retaining
device when it is held by the holder, whereby the image acquiring device is adapted
to acquire a plurality of images of said sample at different focus planes within the
sample retaining device, the different focus planes being essentially parallel to each
other and being separated from each other by a distance, said distance being less

than 10 micrometers:

wherein the image analyser is arranged to analyse at least one
acquired image for identifying which of the particles are imaged in focus, and

analysing those particles which have been identified as being imaged in focus;

wherein said image analyser is arranged to identify each of the particles

which are imaged in focus with,

means for finding an image in which the particle Is distinguishable;

means for determining the greatest difference in light intensity between
an area of the image which is occupied by the particle and an area of the image

where no particle is distinguishable;
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means for determining the corresponding differences in light intensity in

other images Iin which the same particle Is distinguishable; and

means for identifying the image where the difference in light intensity is
the highest;

whereby the particle is regarded as being in focus in that identified

image.

22. A measurement apparatus for analysis of particles in a liquid sample,
the apparatus comprising an image acquiring device, an image analyser, a holder
arranged to hold a sample retaining device retaining the liquid sample, and a light

refractor positioned between said image acquiring device and said holder;

wherein a focus plane is movable stepwise within the sample retaining
device when It is held by the holder, whereby the image acquiring device is adapted
to acquire a plurality of images of said sample at different focus planes within the
sample retaining device, the different focus planes being essentially parallel to each

other and being separated from each other by a distance, said distance being less

than 10 micrometers;

wherein the image analyser is arranged to analyse at least one
acquired image for identifying which of the particles are imaged in focus, and

analysing those particles which have been identified as being imaged in focus;

wherein said image analyser is arranged to identify each of the particles

which are imaged in focus with:

means for finding an image in which the particle is distinguishable;

means for defining an area of that found image, said area comprising

the particle and its closest surroundings;

means for determining the pixel variance of that defined area;
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means for determining the pixel variance of the corresponding area of

other images in which the same particle is distinguishable; and
means for identifying the image where the pixel variance is the highest;

whereby the particle is regarded as being in focus in that identified

Image.

23. The apparatus of claim 21 or 22, wherein the distance is less than

5 micrometers, preferably less than 2 micrometers.
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ACQUIRE A SAMPLE INTO A SAMPLE RETAINING 102
DEVICE Y%

PLACE THE SAMPLE RETAINING DEVICE IN THE 104
MEASUREMENT APPARATUS N
- 106
IRRADIATE SAMPLE N
ACQUIRE A PLURALITY OF DIGITAL IMAGES OF THE 108
SAMPLE AT DIFFERENT FOCUS PLANES 1

110

TRANSFER DIGITAL IMAGES TO IMAGE
ANALYSER FOR PERFORMING IMAGE ANALYSIS

Fig. 2
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