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(57) Abstract: A measurement device comprises mechanical sup-
port elements (101-104) for supporting a sample well, other mech-
anical support elements (105-109) for supporting a measurement
head (112) suitable for optical measurements, and a control system
(111) configured to control the measurement head to carry out at
least two optical measurements from at least two different measure-
ment locations inside the sample well, where each measurement loc-
ation is a center point of a capture range from which radiation is
captured in the respective optical measurement. The final measure-
ment result is formed from the results of the at least two optical
measurements in accordance with a pre-determined rule. The use of
the at least two optical measurements from different measurement
locations reduces measurement variation in situations where the
sample well (153) contains a piece (158) of sample carrier.
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A measurement device

Field of the invention

The invention relates to a method for reducing measurement variation related to
optical measuring of sample material in situations where a sample well contains
the sample material and a piece of sample carrier. Furthermore, the invention re-
lates to a measurement device and to a computer program for reducing meas-

urement variation related to optical measuring of sample material.
Background

A widely used practice in chemical analysis is to impregnate one or more drops
of liquid sample material to be examined onto a sample carrier, dry the sample
carrier impregnated with the sample material, and then send the sample carrier to
a laboratory for examination. The sample material to be examined can be, for ex-
ample, blood and the sample carrier can be, for example, a sheet of filter paper
or some other suitable material which is able to absorb the sample material. In
the laboratory, one or more pieces containing the sample material to be exam-
ined are cut or punched out from the sample carrier and the piece that has been
cut off is conveyed to a sample well of e.g. a microtitration plate for further analy-
sis. The further analysis typically comprises eluting the sample material or at
least part of it into sample solution in the sample well, carrying out a chemical or
biochemical reaction, and subsequently carrying out an optical measurement
from the sample well. The desired chemical reaction can also occur directly on
the surface of the sample carrier, and the elution of the sample material is in this

case not necessary.

The optical measurement can be, for example, a fluorescence measurement, a
time gated fluorescence intensity measurement, a fluorescence life-time meas-
urement, a luminescence measurement, or an absorbance measurement. The
piece of the sample carrier places itself stochastically in the sample well. The
stochastic location of the piece of the sample carrier in the sample well with re-

spect to the location of the capture range of the optical measurement may influ-
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ence the optical measurement result because the piece of the sample carrier
may attenuate or enhance the radiation being measured. In conjunction with cer-
tain analysis methods, the piece of the sample carrier can be dark because of
coloring substances, e.g. hemoglobin, which can be on the surface of the piece.

5 In this case, the piece may disturb the optical measurement by attenuating the
measured radiation even if the piece were on the bottom of the sample well.
However, also in cases where the piece is white, the piece can disturb the optical
measurement by typically enhancing the measured radiation.

An inconvenience related to the above described phenomenon is that it may in-
10 crease the measurement deviation between replicated samples and thus it may
cause additional work and additional requirements to personnel performing the
optical measurements in laboratories. An optical measurement according to the
prior art has to be usually taken from such a sample well that does not contain
the piece of the sample carrier, i.e. the piece has been removed from the sample
15  well or the substance to be measured has been transferred to another sample

well prior to the measurement.
Summary

The following presents a simplified summary in order to provide a basic under-
standing of some aspects of various invention embodiments. The summary is not
20 an extensive overview of the invention. It is neither intended to identify key or crit-
ical elements of the invention nor to delineate the scope of the invention. The fol-
lowing summary merely presents some concepts of the invention in a simplified
form as a prelude to a more detailed description of exemplifying embodiments of

the invention.

25 In accordance with the first aspect of the invention, there is provided a new
method for reducing measurement variation related to optical measuring of sam-

ple material. The method according to the invention comprises:

- carrying out at least two optical measurements from at least two different
measurement locations inside a sample well that contains the sample ma-

30 terial and a piece of sample carrier, each measurement location being a
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center point of a capture range from which radiation is captured in the re-
spective optical measurement, and subsequently

- forming a final measurement result from the results of the at least two op-

tical measurements in accordance with a pre-determined rule.

As the two or more optical measurements are taken from different measurement
locations inside the sample well, the disturbing effect of the stochastic location of
the piece of the sample carrier is reduced. Thus there is no need to remove the
piece of the sample carrier from the sample well and nor there is a need to trans-
fer the substance to be measured to another sample well prior to the measure-
ments. The above-mentioned piece of sample carrier is, preferably but not nec-
essarily, material, e.g. paper, capable of absorbing the sample material. In princi-
ple, the piece of sample carrier could also be a piece of plastic film onto surface

of which e.g. blood has been dried.

In cases where only two optical measurements are carried out, the measurement
locations are advantageously situated on opposite fringes of the interior of the
sample well. In cases where more than two optical measurements are carried
out, the measurement locations can be situated, for example, so that one of them
is substantially on the middle of the sample well and the other measurement lo-
cations are substantially symmetrically around it. The final measurement result
can be, for example, the maximum, the minimum, or the arithmetic mean of the

results of the at least two optical measurements.

In accordance with the second aspect of the invention, there is provided a new

measurement device comprising:
- first mechanical support elements for supporting a sample well,

- second mechanical support elements for supporting a measurement head
that is suitable for optical measurements, and

- acontrol system for controlling operation of the measurement head.
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The control system is configured to control the measurement head to carry out at
least two optical measurements from at least two different measurement loca-
tions inside the sample well, each measurement location being a center point of a
capture range from which radiation is captured by the measurement head in the
respective optical measurement. The control system is further configured to form
a final measurement result from the results of the at least two optical measure-

ments in accordance with a pre-determined rule.

It should be noted that the above-described measurement device does not nec-
essarily comprise the measurement head because the measurement head can
be an external, replaceable component that can be detachably attached to the
second mechanical support elements. Correspondingly, the measurement device
does not typically comprise the sample well but the first mechanical support ele-
ments may comprise, for example, a movable sledge element suitable for receiv-

ing a sample plate that comprises many sample wells.

The operation where the at least two optical measurements are taken from differ-
ent measurement locations inside the sample well can be accomplished in many
ways. The control system can be configured to control the first mechanical sup-
port elements to move the sample well in at least one dimension in the plane of
the opening of the sample well when changing from one of the measurement lo-
cations to another of the measurement locations. Alternatively, the control system
can be configured to control the second mechanical support elements to move
the measurement head in at least one dimension in the plane of the opening of
the sample well when changing from one of the measurement locations to anoth-
er of the measurement locations. It is also possible that the measurement head
comprises two or more optical input interfaces which can capture radiation from
different measurement locations from the sample well without a need to change
the mutual position of the measurement head and the sample well.

In accordance with the third aspect of the invention, there is provided a new opti-

cal measurement instrument comprising:

- ameasurement device according to the invention, and
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- a measurement head attached to the second mechanical support ele-

ments of the measurement device.

Hence, in this document the term “optical measurement instrument” is used for a
measurement device which has been equipped with a measurement head,
wherein the measurement head can be either an integral or replaceable compo-
nent of the optical measurement instrument. The measurement head may com-
prise, for example, optical elements for capturing the radiation from the sample
well and for directing the captured radiation to a detector that is configured to
convert the captured radiation into an electrical signal. The optical elements may
contain for example lenses, fibers, mirrors, dichroic mirrors, optical filters, mono-
chromators, and/or other optical elements. The detector can be, for example, a
photodiode or a photomultiplier tube.

In accordance with the fourth aspect of the invention, there is provided a new
computer program for the purpose of reducing measurement variation related to
optical measuring of sample material. The computer program comprises comput-

er executable instructions for controlling a programmable processor to:

- control a measurement head of an optical measurement instrument to car-
ry out at least two optical measurements from at least two different meas-
urement locations inside a sample well containing at least the sample ma-
terial and a piece of sample carrier, each measurement location being a
center point of a capture range from which radiation is captured in the re-

spective optical measurement, and

- form a measurement result from results of the at least two optical meas-

urements in accordance with a pre-determined rule.

The computer program may further comprise computer executable instructions
for controlling the programmable processor to form a final measurement result
from results of the at least two optical measurements in accordance with a pre-

determined rule.
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A computer program product according to the invention comprises a non-volatile
computer readable medium, e.g. a compact disc (“CD”), encoded with a comput-

er program according to the invention.

A number of exemplifying embodiments of the invention are described in accom-
panied dependent claims.

Various exemplifying embodiments of the invention both as to constructions and
to methods of operation, together with additional objects and advantages thereof,
will be best understood from the following description of specific exemplifying

embodiments when read in connection with the accompanying drawings.

The verbs “to comprise” and “to include” are used in this document as open limi-
tations that neither exclude nor require the existence of unrecited features. The
features recited in depending claims are mutually freely combinable unless oth-

erwise explicitly stated.
Brief description of the figures

The exemplifying embodiments of the invention and their advantages are ex-
plained in greater detail below in the sense of examples and with reference to the

accompanying drawings, in which:

figure 1a shows a schematic illustration of an optical measurement instrument

according to an embodiment of the invention,

figure 1b shows a schematic illustration of a view seen downwards from line A-A

of figure 1a,

figures 1c¢, 1d, and 1e show schematic illustrations of arrangements of capture

ranges related to optical measurements taken from a sample well,

figure 2 shows a schematic illustration of an optical measurement instrument ac-

cording to another embodiment of the invention,
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figure 3 shows a flow chart of a method according to an embodiment of the in-
vention for reducing measurement variation related to optical measuring of sam-

ple material, and

figure 4 shows results of optical measurements which illustrate the usability of an

embodiment of the invention.
Description of the exemplifying embodiments

Figure 1a shows a schematic illustration of an optical measurement instrument
according to an exemplifying embodiment of the invention. Figure 1b shows
schematic illustration of a view seen downwards from line A-A of figure 1a. The
optical measurement instrument comprises first mechanical support elements ar-
ranged to support a sample plate 113 that can be e.g. a microtitration plate. The
sample plate comprises sample wells 151, 152, 153, 154, 155, 156, and 157. In
this example, the sample wells are circular when seen from top but the sample
wells could as well be e.g. rectangular. In the exemplifying situation shown in fig-
ures 1a and 1b, each of the sample wells contains measurement solution and a
piece of sample carrier from which at least part of sample material has eluted in
the measurement solution. It should be noted that the desired chemical reaction
can also occur directly on the surface of the sample carrier, and the elution of the
sample material is not necessary. In this case, an optical measurement has to be
taken directly from the piece of the sample carrier. In the exemplifying situation
shown in figures 1a and 1b, the sample well 153 contains the piece 158 of the
sample carrier. The sample material can be, for example, blood and the sample
carrier can be, for example, a sheet of filter paper or some other suitable material
which is able to absorb the sample material. The first mechanical support ele-
ments comprise a support rail 101 and guide elements 103 and 104 shown in fig-
ure 1b. The support rail 101 is supported relative to a body of the optical meas-
urement instrument with the aid of the guide elements 103 and 104 in such a way
that the support rail is movable in the directions of a two-headed arrow 114
shown in figure 1b. The first mechanical support elements comprise a sledge 102
capable of receiving the sample plate 113. The sledge is connected to the sup-
port rail 101 in such a way that the sledge is capable of sliding along the support
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rail in the longitudinal direction of the support rail, i.e. the sledge is movable in the
directions of a two-headed arrow 115 shown in figure 1b. Hence, the sample
wells of the sample plate 113 are movable in the xy-plane defined by a co-
ordinate system 190. Due to the fact that the sample wells are movable in the xy-
plane, the contents of different sample wells can be measured in a temporally
successive manner so that each sample well is in turn the sample well whose

content is being measured.

The optical measurement instrument comprises an excitation light source 116
that can be for example a flash lamp such as a xenon flash lamp. The excitation
light produced by the excitation light source is focused with a concave mirror to a
light guide 117 that can be e.g. a fiber bundle. The light guide 117 is connected
to a measurement head 112 that comprises two channels, one for the excitation
radiation and another for an emission radiation emitted by the sample material
contained by the sample well 153. In the exemplifying case illustrated in figure
1a, the measurement head 112 comprises plano-convex lenses arranged to fo-
cus the excitation radiation to the sample material being measured and to collect
the emission radiation from the sample material. It is also possible that the
measurement head comprises an arrangement for exciting and measuring the
sample material via a same lens so that there is a dichroic mirror which reflects
excitation wavelength but allows the emission wavelength to go through the mir-
ror. The emission radiation is conducted via a light guide 118 to a detector 119
arranged to detect the emission radiation emitted by the sample material and to
produce a detection signal responsive to the detected emission radiation. The de-
tector can be for example a photodiode or a photomultiplier tube. The measure-
ment head 112, the excitation light source 116, the detector 119, and/or the light
guides 117 and 119 can be either integral or replaceable components of the opti-

cal measurement instrument.

The optical measurement instrument comprises second mechanical support ele-
ments arranged to support the measurement head 112. In the exemplifying case
illustrated in figures 1a and 1b, the second mechanical support elements com-
prise threaded rods 106 and 108, counterparts 105 and 107 of the threaded rods,
and a planar element 109 having an aperture for the measurement head 112.
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The counterparts 105 and 107 of the threaded rods may comprise, for example,
servomotors arranged to move the measurement head 112 in the positive or
negative z-direction of the co-ordinate system 190. Thus, in the exemplifying
case illustrated in figures 1a and 1b, the second mechanical support elements al-
low the vertical distance D from the measurement head 112 to the sample plate

113 to be changed.

The optical measurement instrument comprises a control system 111 for control-
ling the operation of the measurement head 112. The control system is config-
ured to control the measurement head and the first mechanical support elements
101-104 so that at least two optical measurements are taken from at least two
different measurement locations inside the sample well 153. The control system
111 is configured to control the first mechanical support elements to move the
sample well 153 in the xy-plane relative to the body of the optical measurement
instrument in order to change from one of the measurement locations to another
of the measurement locations, where each measurement location is a center
point of a capture range from which radiation is captured in the respective optical
measurement. The sample well 153 is advantageously moved in the xy-plane in
a so cautious way that the piece 158 of the sample carrier does not substantially
move with respect to the sample well. This can be achieved, for example, by con-
figuring appropriate acceleration limits, and possibly also speed limits, for servo-
motors arranged to move the sample well. The acceleration limits can be imple-
mented with limiter devices arranged to limit the electrical current of the servomo-
tors and the speed limit can be implemented with a limiter device arranged to lim-
it the voltage or supply frequency depending on the type of the servomotors. The
control system 111 is configured to form a final measurement result from the re-
sults of the at least two optical measurements in accordance with a pre-
determined rule. The use of the two or more optical measurements from the dif-
ferent measurement locations reduces the disturbing effect of the stochastic loca-
tion of the piece 158 of the sample carrier in the sample well 153. The final
measurement result can be, for example, the maximum, the minimum, or the
arithmetic mean of the results of the at least two optical measurements. In prac-
tice, it has turned out to be appropriate that optical measurements are taken from
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five measurement locations inside the sample well and the final result is a
weighted or non-weighted average of two or three greatest, or smallest, of the

five results of the optical measurements.

In an optical measurement instrument according to an exemplifying embodiment
of the invention, the capture range of each optical measurement is an ellipsoid.
The ellipsoid is typically formed when a xenon flash lamp is used for generating
excitation light whereas, when using a laser, more point-form excitation can be
achieved and thus also the capture range of each optical measurement can be
more point-form. The embodiments of the present invention are naturally also
applicable in conjunction with the laser excitation. The control system 111 is con-
figured to control the mutual positions of the sample well 153 and the measure-
ment head 112 so that the capture ranges of two optical measurements are situ-
ated on opposite fringes of the interior of the sample well so that the secondary,
i.e. the shortest, axes of the ellipsoids representing these capture ranges coin-
cide substantially with a same diameter line 192 of the sample well. A case of the
kind described above is illustrated in figure 1¢ which shows a schematic illustra-
tion of the sample well 153 seen downwards from the line A-A of figure 1a. Ellip-
soids 161 and 162 drawn with dashed lines represent the capture ranges of the
optical measurements to be taken from the sample well. The piece 158 of the
sample carrier is depicted with a gray circle. As can be seen form figure 1c, at
least one of the capture ranges is not even partially shadowed by the piece of the
sample carrier. The final measurement result is advantageously the maximum of
the results of the two optical measurements. It also is possible to have more than
two, e.g. five, ellipsoids representing the capture ranges so that the secondary
axes of the ellipsoids representing these capture ranges coincide substantially
with the same diameter line of the sample well, see figure 1e.

The usability of the above-described embodiment of the invention is illustrated in
figure 4 which shows results of optical measurements where the capture range of
each optical measurement is substantially an ellipsoid that is about 2.8 mm long
and about 1 mm wide. The secondary axis, i.e. the 1 mm axis, of the capture
range of each optical measurement substantially co-insides with a line that co-
insides a diameter line of the sample well. Each black square on the curve shown
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in figure 4 represents a result of one of the optical measurements. The x-position
is substantially the distance from the center point of the capture range of an opti-
cal measurement to the center of the sample well. The diameter of the sample
well is about 6.7 mm. The sample well contains a dark piece of sample carrier
that is situated on the middle of the bottom of the sample well. The piece is a cir-
cular disc having the diameter about 3.2 mm. The measurement solution is refer-
ence solution that is typically used for calibrating purposes. As can be seen from
figure 4, the piece of the sample carrier attenuates the radiation measured from
the middle, i.e. x = 0, of the sample well about 30-35 %. Considerably less atten-
uated radiation can be measured from the fringes of the sample well. In these
considerations, the unit of the measured intensity is immaterial. Table 1 illustrates
results obtained so that only one optical measurement is taken from each sample
well. Different rows of Table 1 correspond to different locations of the piece of
sample carrier on the bottom of the sample well under consideration. The capture
range of each optical measurement is substantially an ellipsoid that is about 2.8
mm long and about 1 mm wide, and the middle point of the capture range is sub-

, ‘up’,

“down”, “left-up”, “right-up”, “left-down”, and “right-down” in Table 1 illustrate the

stantially on the middle of the sample well. The expressions “left”, “right

location of the piece in the sample well at each case. These expressions are to
be understood with the aid of the co-ordinate system shown in figures 1c-1e. For
example, “right” relates to the positive x-direction and means that the piece
touches the wall of the sample well in the positive x-direction. Correspondingly,
‘left” relates to the negative x-direction, “up” relates to the positive y-direction,
‘down” relates to the negative y-direction, and e.g. “right-up” means the direction
of the line y=x when x increases and e.g. “left-up” means the direction of the line
=—Xx when x decreases. The secondary axis, i.e. the 1 mm axis, of the capture

range is substantially parallel to the x-axis.
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Table 1.
Location of the piece of sample | Result of an optical measurement taken
carrier on the bottom of the | from the middle of the sample well
sample well
left 135096
right 147787
up 121169
down 147607
left-up 121963
right-up 121425
left-down 147733
right-down 145863
middle 122925
Average: 134619
Standard deviation 9.4%

For comparison, a corresponding result when there is no piece in the sample well

is 193087. Therefore, it can be seen from Table 1 that the piece disturbs the opti-

cal measurement taken from the middle of the sample well regardless of the loca-

tion of the piece.

Table 2 illustrates results obtained so that three optical measurements are taken

from the sample, and the greatest one of the results is selected to be the final re-

sult. One measurement location is situated substantially in the middle of the well

and the two others are situated on opposite fringes of sample well, in this case

2.2 mm away from the middle of the sample well. The secondary axis, i.e. the

shorter axis, of the ellipsoid capture range of each optical measurement substan-

tially co-insides with a line that co-insides a diameter line of the sample well.
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Table 2.
Location of the piece of sample | Maximum of two optical measurements
carrier on the bottom of the | taken from opposite fringes of the sam-
sample well ple well
left 188149
right 193639
up 182846
down 191814
left-up 189261
right-up 180368
left-down 195170
right-down 193036
middle 183423
Average: 188634
Standard deviation 2.8%

The results shown in Table 2 are significantly closer to the result 193087 of the
‘no-piece” case than the results shown in Table 1, and the standard deviation of
the results shown in Table 2 is significantly smaller than that of the results shown
in Table 1.

In an optical measurement instrument according to an exemplifying embodiment
of the invention, the control system 111 is configured to control the mutual posi-
tions of the sample well 153 and the measurement head 112 so that at least two
of the measurement locations are situated around a z-directional straight line that
goes perpendicularly through a center point of the bottom of the sample well. The
distances of these at least two measurement locations from the straight line can
be, for example, on the range 0.02 — 0.5 x d, where d is the internal diameter of
the opening of the sample well. One of the measurement locations can be situat-
ed substantially on the straight line, i.e. on the middle of the sample well. A case
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of the kind described above is illustrated in figure 1d, where the circles 163, 164,
165, 166 and 167 drawn with dashed lines represent the capture ranges of the
optical measurements and the piece of the sample carrier is depicted with a gray

circle.

The control system 111 may comprise one or more processor units each of which
can be, independently of other processor units, a programmable processor unit,
an application specific hardware unit, or a configurable hardware unit, e.g. a field
programmable gate-array “FPGA”.

Figure 2 shows a schematic illustration of an optical measurement instrument ac-
cording to another exemplifying embodiment of the invention. The optical meas-
urement instrument comprises first mechanical support elements 201 and 202 ar-
ranged to support a sample plate 213 that can be e.g. a microtitration plate. In
the exemplifying situation shown in figure 2, each of the sample wells of the
sample plate contains measurement solution and a piece of sample carrier from
which at least part of sample material has eluted in the measurement solution.
The optical measurement instrument comprises second mechanical support ele-
ments arranged to support a measurement head 212. In the exemplifying case il-
lustrated in figure 2, the second mechanical support elements comprise threaded
rods 206 and 208, counterparts 205 and 207 of the threaded rods, and a planar
element 209 having an aperture for the measurement head 212. The counter-
parts 205 and 207 of the threaded rods may comprise, for example, servomotors
arranged to move the measurement head 212 in the positive or negative z-
direction of the co-ordinate system 290. Furthermore, the second mechanical
support elements comprise a threaded rod 220 and a counterpart 210 of the
threaded rod. The counterpart 210 of the threaded rod 220 may comprise, for ex-
ample, a servomotor arranged to move the measurement head 212 in the posi-
tive or negative x-direction of the co-ordinate system 290. The second mechani-
cal support elements may further comprise a corresponding arrangement for
moving the measurement head 212 in the positive or negative y-direction of the
co-ordinate system 290. The optical measurement instrument comprises a con-
trol system 211 for controlling the operation of the measurement head 212. The
control system is configured to control the measurement head and the second
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mechanical support elements so that at least two optical measurements are tak-
en from at least two different measurement locations inside a sample well under
consideration. The control system 211 can be further configured to control the
second mechanical support elements to move the measurement head 212 in the
positive or negative x-direction, or in the xy-plane, relative to the body of the opti-
cal measurement instrument in order to change from one of the measurement lo-
cations to another of the measurement locations, where each measurement loca-
tion is a center point of a capture range from which radiation is captured in the
respective optical measurement. The control system 211 is configured to form
the final measurement result from the results of the at least two optical meas-
urements in accordance with a pre-determined rule. The final measurement re-
sult can be, for example, the maximum or the arithmetic mean of the results of

the at least two optical measurements.

Figure 3 shows a flow chart of a method according to an exemplifying embodi-
ment of the invention for reducing measurement variation related to optical

measuring of sample material. The method comprises:

- in phase 301: carrying out at least two optical measurements from at least
two different measurement locations inside a sample well that contains
measurement solution and a piece of sample carrier from which at least
part of the sample material has eluted in the measurement solution, each
measurement location being a center point of a capture range from which
radiation is captured in the respective optical measurement, and subse-
quently

- in phase 301: forming a final measurement result from results of the at

least two optical measurements in accordance with a pre-determined rule.

The use of the two or more optical measurements from the different measure-
ment locations reduces the disturbing effect of the stochastic location of the piece
of the sample carrier in the sample well. The optical measurements can be, for
example, fluorescence measurements, time gated fluorescence intensity meas-
urements, fluorescence life-time measurements, luminescence measurements,

or absorbance measurements. The sample material can be, for example, blood.
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It should be noted that the desired chemical reaction can also occur directly on
the surface of the sample carrier, and thus the elution of the sample material is
not necessary. In this case, at least one optical measurement has to be taken di-
rectly from the piece of the sample carrier. The use of at least two optical meas-
urements from different measurement locations increases to probability that at
least one optical measurement is directed to the piece of the sample carrier.

A method according to an exemplifying embodiment of the invention comprises
selecting the maximum or the minimum from among the results of the at least two
optical measurements, the maximum or the minimum being the final measure-

ment result.

A method according to an exemplifying embodiment of the invention comprises
calculating a weighted or non-weighted average of the results of at least two of
the optical measurements, the weighted or non-weighted average being the final
measurement result. In practice, when using 96-well microtitration plates having
6-7 mm well diameter, it has turned out to be appropriate that optical measure-
ments are taken from five measurement locations inside the sample well and the
final result is a weighted or non-weighted average of two or three greatest, or
smallest, of the five results of the optical measurements. If the capture range is
ellipsoid, it is preferred to carry out the measurements along the direction of the
secondary axis of the ellipsoids as illustrated in figure 1e.

In a method according to an exemplifying embodiment of the invention, the cap-
ture range of each optical measurement is an ellipsoid and the capture ranges of
two optical measurements are situated on opposite fringes of the interior of the
sample well so that secondary axes of the ellipsoids representing the capture
ranges of these optical measurements coincide substantially with a same diame-
ter line of the sample well as illustrated in figure 1c.

In a method according to an exemplifying embodiment of the invention, at least
two of the measurement locations are situated around a straight line that goes

perpendicularly through the center point of the bottom of the sample well.
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In a method according to an exemplifying embodiment of the invention, the dis-
tances of the above-mentioned at least two measurement locations from the
above-mentioned straight line are on the range 0.02 — 0.5 times the internal di-

ameter of the opening of the sample well.

In a method according to an exemplifying embodiment of the invention, one of
the measurement locations is situated substantially on the above-mentioned
straight line, i.e. on the middle of the sample well.

In a method according to an exemplifying embodiment of the invention, the sam-
ple well is moved when changing from one of the measurement locations to an-

other of the measurement locations.

In a method according to an exemplifying embodiment of the invention, a meas-
urement head is moved when changing from one of the measurement locations

to another of the measurement locations.

In a method according to an exemplifying embodiment of the invention, the
measurement head comprises two or more optical input interfaces suitable for
capturing radiation from different measurement locations from the sample well
without a need to change the mutual position of the measurement head and the

sample well.

A computer program according to an exemplifying embodiment of the invention
comprises software modules for the purpose of reducing measurement variation
related to optical measuring of sample material. The software modules comprise

computer executable instructions for controlling a programmable processor to:

- control a measurement head of an optical measurement instrument to car-
ry out at least two optical measurements from at least two different meas-
urement locations inside a sample well containing at least the sample ma-
terial and a piece of sample carrier, each measurement location being a
center point of a capture range from which radiation is captured in the re-

spective optical measurement, and
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- form a measurement result from results of the at least two optical meas-

urements in accordance with a pre-determined rule.

The software modules may further comprise computer executable instructions for
controlling the programmable processor to form a measurement result from re-
sults of the at least two optical measurements in accordance with a pre-

determined rule.

In an exemplifying implementation of the optical measurement instrument illus-
trated in figures 1a and 1b, the control system 111 is or includes the above-

mentioned programmable processor.

The software modules can be, for example, subroutines and functions generated
with a suitable programming language.

A computer program product according to an exemplifying embodiment of the in-
vention comprises a computer readable medium, e.g. a compact disc (“CD”), en-
coded with the above-mentioned software modules.

A signal according to an exemplifying embodiment of the invention is encoded to

carry information defining the above-mentioned software modules.

The specific examples provided in the description given above should not be
construed as limiting. Therefore, the invention is not limited merely to the embod-
iments described above.
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What is claimed is:
1. A measurement system comprising:

- first mechanical support elements (101-104, 201, 202) for supporting a

sample well,

- second mechanical support elements (105-109, 205-210) for supporting a

measurement head that is suitable for optical measurements,

- a measurement head (112, 212) attached to the second mechanical sup-

port elements,

- a sample well (153) that contains at least sample material to be measured
and a piece of sample carrier (158), and

- a control system (111, 211) for controlling operation of the measurement
head,

characterized in that the control system is configured to control the measure-
ment head to carry out at least two optical measurements from at least two dif-
ferent capture ranges so that center points of these capture ranges are inside the
sample well, each capture range being a range from which radiation is captured
in the respective optical measurement, wherein the control system is further con-
figured to form a measurement result from results of the at least two optical

measurements in accordance with a pre-determined rule.

2. A measurement system according to claim 1, wherein the control system is
configured to control the mutual position of the sample well and the measurement
head so that the center points of two or more of the capture ranges are situated
around a straight line that goes perpendicularly through a center point of a bot-
tom of the sample well.

3. A measurement system according to claim 2, wherein the control system is
configured to control the mutual position of the sample well and the measurement
head so that the distances of the center points of the two or more of the capture
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ranges from the straight line are on a range 0.02 — 0.5 times the internal diameter
of the opening of the sample well.

4. A measurement system according to any of claims 2-3, wherein the control
system is configured to control the mutual position of the sample well and the
measurement head so that the center point of one of the capture ranges is situ-
ated substantially on the straight line.

5. A measurement system according to any of claims 1-4, wherein the control
system is configured to select the maximum or the minimum from among the re-
sults of the at least two optical measurements, the maximum or the minimum be-

ing the measurement result.

6. A measurement system according to any of claims 1-4, wherein the control
system is configured to calculate a weighted or non-weighted average of the re-
sults of at least two of the optical measurements, the weighted or non-weighted

average being the measurement result.

7. A measurement system according to any of claims 1-6, wherein the control
system is configured to control the first mechanical support elements (101-104)
to move the sample well when changing from one of the capture ranges to an-
other of the capture ranges.

8. A measurement system according to any of claims 1-6, wherein the control
system is configured to control the second mechanical support elements (210) to
move the measurement head when changing from one of the capture ranges to

another of the capture ranges.

9. A measurement system according to claim 1, wherein the capture range of
each optical measurement is an ellipsoid and the control system is configured to
place the capture ranges of two optical measurements to opposite fringes of the
interior of the sample well so that secondary axes of the ellipsoids representing
the capture ranges of these optical measurements coincide substantially with a
diameter line of the sample well.
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10. A measurement system according to claim 1, wherein the measurement
head comprises two or more optical input interfaces for capturing radiation from
different measurement locations from the sample well without a need to change

the mutual position of the measurement head and the sample well.

11. A method for reducing measurement variation related to optical measuring
of sample material, characterized in that the method comprises:

- carrying out (301) at least two optical measurements from at least two dif-
ferent capture ranges whose center points are inside a sample well that
contains at least the sample material and a piece of sample carrier, each
capture range being a range from which radiation is captured in the re-

spective optical measurement, and subsequently

- forming (302) a measurement result from results of the at least two optical

measurements in accordance with a pre-determined rule.

12. A method according to claim 11, wherein the center points of two or more of
the capture ranges are situated around a straight line that goes perpendicularly
through a center point of a bottom of the sample well.

13. A method according to claim 12, wherein the distances of the center points
of the two or more of the capture ranges from the straight line are on a range
0.02 — 0.5 times the internal diameter of the opening of the sample well.

14. A method according to any of claims 12-13, wherein the center point of one

of the capture ranges is situated substantially on the straight line.

15. A method according to any of claims 11-14, wherein the method comprises
selecting the maximum or the minimum from among the results of the at least two
optical measurements, the maximum or the minimum being the measurement re-

sult.

16. A method according to any of claims 11-14, wherein the method comprises
calculating a weighted or non-weighted average of the results of at least two of
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the optical measurements, the weighted or non-weighted average being the

measurement result.

17. A method according to any of claims 11-16, wherein the sample well is
moved when changing from one of the capture ranges to another of the capture

ranges.

18. A method according to any of claims 11-16, wherein a measurement head
that receives the radiation from the sample well is moved when changing from
one of the capture ranges to another of the capture ranges.

19. A method according to any of claims 11-16, wherein at least two of the opti-
cal measurements are carried out using a measurement head that comprises two
or more optical input interfaces for capturing radiation from different capture
ranges from the sample well without a need to change the mutual position of the

measurement head and the sample well.

20. A method according to any of claims 11-19, wherein the capture range of
each optical measurement is an ellipsoid and the capture ranges of two optical
measurements are situated on opposite fringes of the interior of the sample well
so that secondary axes of the ellipsoids representing the capture ranges of these
optical measurements coincide substantially with a diameter line of the sample

well.

21. A method according to any of claims 11-20, wherein the sample material is
blood.

22. A method according to any of claims 11-21, wherein the optical measure-
ments are fluorescence measurements, time gated fluorescence intensity meas-
urements, fluorescence life-time measurements, luminescence measurements,

or absorbance measurements.
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