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(57) Abstract: A method of establishing a sample tube set
which is adapted to be processed by a laboratory automation
system comprises selecting a sample tube set comprising sev-
eral sample tube types by selecting a plurality of different
sample tube types from an assortment of available sample
tube types. The method further comprises obtaining a para-
meter of distribution for at least one detection parameter of
each sample tube type comprised in said sample tube set,
wherein the parameter of distribution comprises information
regarding a distribution of previously detected reference data
values of the at least one detection parameter. The method
further comprises determining whether or not the laboratory
automation system is capable of correctly identifying each
sample tube type comprised in said sample tube set by com-
paring the parameter of distribution for the at least one detec-
tion parameter of each sample tube type comprised in said
sample tube set with the parameter of distribution for the at
least one detection parameter of all the other sample tube
types comprised in said sample tube set. The method also
comprises indicating that the selected sample tube set is ap-
proved for being processed by the laboratory automation sys-
tem, if it is determined that the laboratory automation system
is capable of correctly identifying each sample tube type com-
prised in said sample tube set, or proposing at least one con-
flict remediation, if it is determined that the laboratory auto-
mation system is not capable of correctly identitying each
sample tube type comprised in said sample tube set.
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Method, Computer Program Product, and System for Establishing a Sample Tube
Set

Description

The invention relates to a method, a system, and a computer program product for

establishing a sample tube set.

In laboratory automation systems, e.g., the AutoMate 2500 series of Beckman Coulter
Inc., a plurality of tubes containing samples may be analyzed and/or processed. In
order to process and/or analyze the contents of the tubes in the laboratory autbmation
system, .also called automated lab system or LAS, a tube type needs to be recognized
and/or identified to be correctly processed in the laboratory automation system.
Multiple manufacturers produce different types of sample tubes. Sample tubes of
different type may differ, e.g., in height, thickness, shape, etc. Since the samplevtubes
of different types comprise different physical properties, the sample tubes of different
types might have to be handled differently in the laboratory automation system. For
example, a gripping force applied to the tube may depend on the stability of the sample
tube, and, thus, on the thickness of the glass and/or the diameter of the tube. Thus, .
not only a gripping force but also a uncapping and/or capping force applied to the tube,
a filling height, and/or a centrifugal force might have to be considered by the laboratory

automation system.

When establishing a sample tube set for a laboratory automation system, or when
altering an existing sample tube set used in a laboratory automation system, a sample
tube configuration/set has to be established and/or checked whether or not it is
processable by the laboratory automation system. For example, in the AutoMate 2500
series, for each individual instrument installed in the laboratory automation sysfem by
a user, the tube configuration requires on site teaching for all the available tubes.
Usually, a technician uses a confusion matrix to determine if a configuration of tubes

is valid within reference samples, and then tests it on the individual instruments on site
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to verify an expected detection behavior of the sample tubes.

In other known laboratory automation systems, an approved list of sample tubes is
published to be exclusively used for the laboratory automation system. Furthermore,
information may be published about which sample tube types may be used or may not

be used in the laboratory automation system.

However, problems may occur when configuring a sample tube set, by a user during
instrument installation, set up, or servicing an instrument of a laboratory automation
system, e.g. during a configuration change due to new sample tube types that need to

be run on the system.

Af a laboratory automation system site, technicians spend time on sample collection
and reference data creation, on configuration of detection parameters and on conflict
resolving until the laboratory aufomation system is properly configured and running
stable. This process may take more than ovne day per instrument of the laboratory
automation system. Also, the sample tube configuration might change frequently, e.g.
when tubes need to be replaced or the laboratory automation system needs to expand.
Each time this is the case, a technician has to go through an update process, risking
running into problems which require help from higher support levels. This process of

setting up a laboratory automation system is inefficient, not flexible and error prone.

In other words, a random tube set may lead to complex dependencies between tube
characterization, e.g., tube type, volume and weight calculation, robot handling, and a
variety of operations executed on the laboratory automation system, e.g. analyzing,

uncapping, recapping, stacking, archiving, work flows and routing, cost optimization.

Thus, according to an aspect, a problem relates to improving establis-hment of a

sample tube set which is adapted to be processed by a laboratory automation system.

This problem is solved by the subject matter of the independent claims. Preferred

embodiments are the subject-matter of the dependent claims.
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A first aspect relates to a method of establishing a sample tube set which is adapted
to be processed by a laboratory automation system, the method comprising the

following steps:

— selecting a sample tube set comprising several sample tube types by selecting a
plurality of different sample tubes types from an assortment of available sample tube
types;

— obtaining a parémeter of distribution for at least one detection parameter of each
sample tube type comprised in said sample tube set, wherein the parameter of
distribution comprises information regarding a distribution of previo’usly detected
reference data values of the at least one detection parameter;

— determining whether or not the laboratory automation system is capable of correctly
identifying each sample tube type comprised in said sample tube set by comparing
the parameter of distribution for the at least one detection parameter of each sample
tube type comprised in said sample tube set with the parameter of distribution for
the at least one detection parameter of all the other sample tube types comprised in
said sample tube set; and

— indicating that the selected sample tube set is approved for being processed by the
laboratory automation system, if it is determined that the laboratory automation
system is capable of correctly identifying each sample tube type comprised in said
sample tube set, or

— proposing at least one conflict remediation, if it is determined that the laboratory
automation system is not capable of correctl‘y identifying each sample tube type

comprised in said sample tube set.

The method is used to establish a sample tube set. Each sample tube set comprises
several sample tubes having several sample tube types. Each sample tube type may
correspond to a specific type of sample tube, e.g. produced by a specific manufacturer,
combined with a specific cap type, e.g. produced by a specific manufacturer, further
combined with a specific color, e.g. at least one specific value. Each sample tube type

may have different characteristics like a specific height, shape, cap, color of a cap, etc.
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The sample tube set consists of several sample tubes having several such sample
tube types, e.g. from 2 to 100 sample tube types, preferably from 2 to 50 sample tube
types.

The LAS should be adapted to process all (sample) tubes of the sample tube types of
the established sample tube set. The present description refers to analyzing one or
more (sample) tubes in the LAS, thereby identifying, detecting, and/or distinguishing
the sample tube type of the analyzed (sample) tube. In other words, (sample) tubes
processed in the LAS may be classified as being associated with a specific sample
tube type of the sample tube set. In the interest of conciseness, the presentldescription
refers to identifying, detecting, and/or distinguishing sample tube types. It should be
understood that this language refers to identifying, detecting, and/or distinguishing

sample tubes of the sample tube types.

The available sample tube types may correspond to all sample tube types available on
a local market, in particular at a LAS. The available sample tube types may also
correspond to all sample tube types available at a laboratory automation system. The
selected sample tube set may depénd on the laboratory automation system in which
the sample tube set is supposed to be processed. The sample tube set may be
configured for a specific processing routine within the laboratory automation system or

maybe configured for any possible workflow within the laboratory automation system.

The laboratory automation system may be any automatic laboratory system that
enables automatic processing and/or analyzing of sample tubes that may contain
samples of, e.g., fluids like urine, whole blood, serum, plasma, gel, or the like. After
selecting the sample tube set, which may also be called sample tube configuration or
tube configuration, a parameter of distribution for at least one detection parameter of

sample tubes of each sample tube type of the sample tube set is obtained.

Therein, the detection parameter may for example be the height of the sample tube of
the sample tube type with or without the cap, a color of a cap of the sample tube type,

the shape of the sample tube type, a color value, a number of detectable colors, a color
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distribution, a light transmission pattern, a light reflection pattern, a presence of a

thread, an inner and outer tube diameter, and so on.

While a manufacturer of the sample tubes of the sample tube type may publish a
specific value of the detection parameter, e.g. a height of 10 cm, the sample tubes of
said sample tube type may not all exactly comprise said detection parameter. For
example, the actual height of the sample tubes might be distributed, more specifically,
the actual height values might vary from 9.7 to 10.4 cm. Thus, the parameter of
distribution might include an average value, a mean value, and/or a deviation like a
standard deviation relating to the actual values of the sample tubes of the sample tube
type. Thus, the parameter of distribution might include a mathematical formulation of

the distribution of the detection parameter of the sample tube types.

Preferably, a piurality of such detection parameters is selected and a respective
plurality of corresponding parameters of distribution is obtained for each sample tube
type of the sample tube set. HoWever, in case a single parameter of distribution for a
single detection parameter is sufficient to distinguish all sample tube types contained

in the sample tube set, only such a single detection parameter may be selected.

As explained above, the parameter of distribution comprises information regard.ing the
distribution of previously detected reference data values of the at least one detection
parameter. In other words, a number of samples of one of the sample tube types was
previously investigated and/or measured. For example, the height as detection
parameter might have been measured previously. Results of these previous
measurements might be stored as reference data Qalues that are used to es’;ablish the

parameter of distribution for said detection parameter.
A step of obtaining the parameter of distribution might include accessing a master tube
data base containing reference data values and/or parameters of distribution for a

plurality of different sample tube types.

After the parameter of distribution of each sample tube type of the sample tube set is
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obtained, it is determined whether or not the laboratory automation system (short: LAS)
is Capable of correctly identifying sample tubes of each sample tube type of the sample
tube set. For this determination, information about the LAS may be required and also

a comparison of the parameter of distribution for the at least one detection parameter.

The LAS may be able to distinguish sample tubes of the sample tube types by
identifying all of them correctly. The laboratory automation system might comprise a
sensor system. The sensor system may comprise one or more sensors like digital
cameras, in particular CCD cameras, that may be used to establish image information
of a sample tube within the LAS. The number and type of sensors available in the LAS
are dependent on the specific LAS. In the example referred to above, a sensor might
measure the height of a sample tube held within the LAS. The measured height might-
be compared to the parameters of distribution obtained previously. By comparing the
parameters of distribution with each other, it may be calculated whether or not the LAS
will be able to identify the different sample tube types of the sample tube set. For this
identification, a plurality of different detection parameters might have to be selected

and evaluated.

It may be established that the LAS is capable of correctly identifying each sample tube
type of the sample tube set if there exi_sts‘at least one detection parameter for each
sample tube type that can be distinguished from all the other sample tube types of the

sample tube set.

Since sample tubes of the same sample tubes type may comprise different values of
the same detection parameter, e.g. because the actual attribute or characteristic of
each tube is distributed, the determination may not be absolute but may iﬁvolve
establishing a probability, e.g. a predetermined probability of whether or not the LAS
will be able to identify all sample tube types of the sample tube set. For example,
when'ever it is established that the LAS will likely identify at least 95%, preferably 99%,
more preferably 99.9% of all the sample tubes types correctly, it may be determined

that the LAS is sufficiently capable of correctly identifying the sample tube types.
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Depending on the previous determination, it is indicated that the selected sample tube
set is approved for being processed by the laboratory system if it is determined that
the laboratory automation system is capable, e.g. sufficiently capable, of correctly
identifying each sample tube type. The indication may be given acoustically and/or

optically. In particular, the indication may be given in form of a written message.

However, if it is determined that the laboratory automation system is not capable of
correctly identifying each sample tube type comprised in said sample tube set, at least
one conflict remediation is proposed. This proposal including a solution for the conflict
may be established automatically. There exist multiple different possibilities for
providing a conflict remediation. Specific embodiments of confiict solutions and/or

remediations are given below.

During the step of determining whether or not the LAS is capable of correctly identifying
each sample tube type, it may be established whether or not a so-called conflict exists
for identifying two different sample tube types of the sample tube set. When, e.g., the
parameters of distribution for two different sample tube types overlap for one detection
parameter, using said detection parameter might not be sufficient to distinguish the two
sample tube types. Thus, overlapping distributions for detection paramefers might lead

to a conflict, also called an identification conflict.

In case all distributions of all available detection parameters of two sample tube types
overlap to a certain degree, the LAS may run into a conflict when trying to identify a
sample tube of the tube configuration. Identifying a sample tube meane taking a sample
tube of the sample tube set and associating this sample tube with the sample tube type
it belongs to. If the LAS is not able to distinguish between two sample tube types of the

sample tube set, it may be indicated that such a conflict occurs.

However, according to the method of the first aspect, additiohally a possible conflict
remediation is offered to a user who may choose to proceed with said conflict
remediation or to reject the proposed conflict remediation. In case the user rejects the

conflict remediation, another conflict remediation may be proposed until a conflict-free
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sample tube set is established. The steps of the method may be repeated until all
conflicts are solved and, thus, a sample tube set is established that is adapted to be

processed in the laboratory automation system.

A successful classification of all sample tube types of the sample tube set may be
accomplished if all detected values of the selected detection parameters of the sample
tube types are within decision thresholds that are based on the parameters of

distribution.

The method improves establishment of a sample tube set for a LAS. In particular, it
saves time and, thus, costs to establish the sample tube set. It is, in particular,
advantageous that parameters of distribution may be obtained quickly from a data base
instead of running tests and obtaining reference data values at each instrument of the

LAS. Thus, the time needed to establish the sample tube set is reduced.

The conflict remediation may be adapted to solve a single conflict between two sample
tube types and/or it may be adapted to solve all conflicts between all sample tube types

of the sample tube set.

According to an embodiment, proposing the at least one cbnflict remediation
comprises: _
- outputting information regarding conflicting sample tube types that cause an
identification conflict during the comparison, and
- asking a user if these conflicting sample tube types have to be distinguished

by the laboratory automation system.

While in general the sample tube types of the sample tube set should be identified for.
an optimized workflow within the LAS, the operation within the LAS may work stable
even without identifying all of the different sample tube types. According to this
embodiment, the (for example two) sample tube types that cause the identification
conflict are output, or at least information regarding these conflicting sample tube types.

A user may decide whether or not these sample tube types that cause the identification
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conflict have to be distinguished and/or distinguished by the LAS. Indeed, in some
laboratory automation systems, not all sample tube types need to be identified. For
example, sample tubes of two different sample tube types may be handled and/or

processed similarly or equally.

However, according to this embodiment, the user has control over the decision whether
or not said sample tube type has to be distinguished or not. This decision is not made
automatically, but manually. However, most or all of the other steps of the method may
be executed automatically, e.g. by use of a computer program product and/or a

processor.

According to a further development of this embodiment, if the conflicting sample tube
types need to be distinguished, it is proposed as the at least one conflict remediation
to remove or replace a sample tube type from said sample tube set, and/or to adjust
at least one parameter of distribution for the comparison of the parameters of
'distribution. This embodiment relates to the alternative that the sample tube types that
cause the identification conflict have to be distinguished. This decision to distinguish
said sample tube types may be input at according input means by the user. Since the
sample tube types need to be distinguished from each other, one possible solution for
the conflict may be to remove or replace one of these sample tube types that cause
the identification conflict from the sample tube set. Removing one of those sample tube
types would mean to simply not use said sample tube type in the LAS. However, said
sample tube type could also be replaced. This could include amending one sampie
tube type, for example using a different cap color for the sample tube type, using a
sample tube type from a different manufacturer or the like. Thus, replacing a sample
tube type may include amending one sample tube type from one configuration into

another configuration.

Thus, instead of using the sample tube type that caused the identification conflict,
another sample tube type could be used in the sample tube set. After replacing the
sample tube type and/or after removing a sample tube type, the method can be run

again to check the amended sample tube set for further conflicts.
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While removing or replacing a sample tube type may be used as the conflict
remediation, another way to solve the conflict may be to adjust at least one parameter
of distribution for the comparison of the parameters of distribution. This is in particular
useful in case the parameters of distribution of two sample tube types overlap only
slightly. Thus, most sample tubes of the sample fube types that cause the identification
conflict will probably be distinguished anyway. In case the expected error is acceptable,
e.g. lower or equal to a maximum error value, e.g. a maximum error value of 5%,
preferably 1% more preferably 0,1%, the parameter of distribution is adjusted to accept
said error. Thus, another conflict remediation may be to solve the identification conflict

by adjusting at least one parameter of distribution.

In this embodiment, if the conflicting sample tube typeé need not be distinguished, it
may be proposed as the at least one conflict remediation to define at least two of the
conflicting sample tube types as an alias tube type for said sample tube set. Then, the
method further comprises checking for potential processing conflicts of the alias tube
type when the conflicting sample tube types comprised in the alias tube type are
_processed in the laboratory automation system, and resolving said processing conflicts
by establishing processing parameters suitable for processing all conflicting sample
tube types comprised in the alias tube type. If the user decides that the sample tube
types causing the identification conflict do not have to be distinguished, this decision
is input into a system on which a method is running and/or executed. In this case, the
at least two conflicting sample tube types, namely the sample tube types that cause
the ident.ification conflict, are merged into an alias tube type. The alias tube types
comprise at least the two or more sample tube types that caused an identification
conflict. Thus, the original identification conflict is solved by simply not.discriminating
between (or not distinguishing) the conflicting sample tube types. Thus, all sample
~ tubes of the conflicting sample tube types merged in the alias tube type will not be

distinguished in the LAS and will be handled similarly and/or identically in the LAS.

However, even when the conflicting sample tube types are merged in the alias tube

type, further conflicts may occur in the LAS. Thus, it may be checked again whether
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identification conflicts may occur based on a sample tube set that includes the
established alias tube type. It is furthermore checked whether or not an identification
conflict may occur when all sample tube types of the alias tube type are processed
identically in the LAS. In this embodiment, the sample tube set may comprise not only

one alias tube type but a plurality of alias tube types.

in a further step, the processing conflicts occurring when processing all conflicting
sample tube types comprised in the alias tube type may be resolved. The resolving of
these so-called second level conflicts, i.e. conflicts involving at least one alias tube
type, may include establishing adjusted' processing parameters. For example, in case
two sample tube types are comprised in the alias tube type, a gripping force applied
by a gripper of the LAS may be set to a mean value between the preferred gripping
force value of all of the sample tube types contained in the alias tube type. Alternatively,
only one of the different parameters of distribution may be used for the alias tube type

instead of such a mean value.

In this invention, identification conflicts between sample tube types of the sample tube -
set are referred to as first level conflicts. Identification and/or processing conflicts
involving at least one alias tube type of the sample tube set are referred to as second
level conflicts. The alias tube type may also be referred to as alias ID or as a merged,

consolidated, and/or combined tube type.

In this embodiment, the conflicting sample tube types comprised in the alias tube type
may be removed frorh said sample tube set and the alias tube type may be added to
said sample tube set. In practice, an alias tube type, also called alias ID, may be
defined by selecting one of the conflicting sample tube types out of the group of
conflicting sample tube types. However, the alias tube type may also be established
by establishing a sample tube type comprising attributes of the different conflicting
sample tube types contained in the alias tgbe type. However, also the one “selected”
sample tube type may be further used and/or processed in the LAS as the alias tube
type. Thus, the LAS will not try to distinguish between the conflicting sample tube types

of the alias tube type, but will simply identify all tubes of these conflicting sample tube
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types as relating to the one alias tube type.

According to an embodiment, said sample tube set is selected by modifying a
predetermined sample tube set by removing and/or adding a sample tube type and/or
an alias tube type from and/or to the predetermined sample tube set. This embodiment
‘relates to an already established and/or installed LAS. Over time, an aiready
established, predetermined sample tube set may have to be adjusted because a
workflow in the LAS may have been.adjusted and/or new and/or further tubes are
needed in the LAS. The method may also be used to alter the predetermined sémple
tube set accordingly and check the altered sample tube set for conflicts. Thus, the new
sample tube set is established based on the predetermined and/or preexisting sample

tube set.

According to an embodiment, the parameter of distribution for the at least one detection

parameter of each sample tube type of said sample tube set is obtained as a reference
| classification data from é data base, wherein the reference classification data
comprises information regarding a plurality of previously detected reference data
values of the at least one detection parameter. The data base may be provided as a
master tube data base, which contains the reference classification data. The reference
classification data may, for example, contain the piurality of previously detected
reference data values. The reference classification data comprises information about
sample tubes of the corresponding sample tube type that were measured and or
detectgd to establish the data base. Thus, the parameter of distribution does not have
to be established in the actual LAS, but may be based on information measured and
stored in the data base. The access to the data base, in particular the sending of the
reference classification data from the data base to the LAS may occur online over the
World Wide Web. Thus, reference classification data for the sample tube types of the
sample tube set is obtained from the data base. This process saves time when
compared to establishing the parameter of distribution manually at the LAS and, in
particular, every time anew when the sample tube set is amended. The reference
classification data may be obtained using a calibrated (and, in particular, quality

controlled) measurement system corresponding to an instrument of the LAS, e.g. a
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camera, a detection device, and/or a sensor, used to record one or more reference

images of the sample tube type.

In this embodiment, the reference classification data may be obtained by detecting the
at least one detection parameter in multiple reference measurements of reference
sample tubes of the same sample tube type, in particular wherein for the multiple
reference measurements a sensor calibration is applied that is also applicable in the
laboratory automation system. The reference classification data is based on multiple
reference measurements, e.g. for each detection parameter on at least 100, preferably
1000, more preferably at least 5000 reference measurements. The reference
measurements may have been executed under the same conditions as they will be
executed in the LAS for which the sample tube set is established. Thus, the reference
classification data may reflect these actual system conditions of the LAS. This may be
implemented by using the same sensor, in particular the same camera running with
the same software as in the LAS and in a system that is used to carry out the reference
measurements. The sensor may also be calibrated in an identical process. Thus, the
reference classification data in the data base may as close to the relevant system

conditions in the LAS as possible.

According to an embodiment, each sample tube type comprises a plurality of detection

parameters, wherein each detection parameter is

- a detectable property of a sample tube of the sample tube type,

- a detectable property of a sample cép of the sample tube type,

- a detectable property of a combination of a sample tube and a sample tube
cap, and/or '

- a detectable property related to a color of the sample tube type.

A detectable property of the sample tube may, e.g. relate to a dimension of the sample
tube, like height, inner diameter, outer diameter, volume, shape, and the like. A
detectable property of a sample cap of the sample tube type may relate to the sample

cap used to cap the sample tube. The according detectable property of the sample cap
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may relate to a sample tube cap dimension, a sample tube cap shape, and the like.
However, instead and/or additionally to relating to properties of either the sample tube
or the sample tube cap, the detection parameter might relate to a detectable property
of a combination of those two, in particular the shape and/or height of a capped sample
tube. In particular, the detection parameter might relate to a detectable property of a
color of the sample tube type. This could, e.g., be a color of the cap and might include
a positioning information at the cap of the sample tube cap. Since most sample tubes
are transparent, the color will most likely be detected at the sample tube cap. However,
also at least partially covered sample tubes may be used in the sample tube set. All
these detectable properties may be detected by a camera as a sensor to detect a
detection value that may be compared with the parameter of distribution of the

according detection parameter.

According to an embodiment, the at least one detection parameter is selected from

one of the following parameters:

- a sample tube cap dimension,

- sample tube cap shape,

- a sample tube cap color,

- a sample tube cap color pattern,

- a sample tube dimension,

- a sample tube shape,

- an object and/or substance comprised within a sample tube,

- a number of detectable colors, |

- a dimension of a combination of a sample tube and a sample tube cap,
- a shape of a combination of a sample tube and a sample tube cap,

- a color of a combination of a sample tube and a sample tube cap, and
- an object and/or substance comprised within a combination of a sample tube

and a sample tube cap.

As described above, also a plurality of the detection parameters as listed above may

be chosen as detection parameters. Preferably, only as many detection parameters
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are chosen as are necessary to distinguish the sample tube types. Thus, the process
of comparison can be executed fast and efficiently in the LAS. However, to increase
the accuracy of the detection of all the sample tube types, more detection parameters
than necessary may be chosen to enable checking the identity of an already identified
sample tube type. Examples of specific detection parameters may be e.g. a cap
diameter of 13 mm, a tube length of 80 mm, a red cap color, a tube inner diameter, a
tube outer diameter, a gel layer, a tube bottom shape, a tube cap color pattern, the

shape of a sample meniscus, etc.
According to an embodiment, the method further comprises the steps:

- obtaining, in particular from a data base, workflow data for each sample tube
type comprised in said sample tube set, wherein
- the workflow data is related to at least one detection parameter of each
sample tube type comprised in said sample tube set, and
- the workflow data confains information regarding how each sample tube
type comprised in said sample tube set is processed in at least one
processing step of a workflow of the laboratory automation system; and
- determining, based on the obtained workflow data, whether the laboratory
automation system is capable of correctly performing the at least one
processing step of said workflow for each sample tube type comprised in

said sample tube set.

The workflow data may relate to a gripping force applicable to one specilfic sample tube
type, or an applicable centrifugal force, rotations per minute, a filling volumé, etc. The
workflow data may be relied upon by the LAS when performing the corresp'onding'
processing step. For example, the LAS may check workflow data relating to a gripping
force and a filling volume before a robot grips a sample tube of a specific sample tube

type and fills said sample tube with a medium, such as a fluid.

According to this embodiment, it is determined whether or not the LAS is capable of

correctly performing the processing steps of the planned workflow. For example, when
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a sensor is included in a robotic arm of the LAS that is used to grab and hold a sample
tube, the applicable gripping force has to be known before the robotic gripper applies
said gripping force to the sample tube. Thus, in case the sample tube is provided in a
rack, it might not be possible for the sensor to detect the height of the sample tube, or
the height of the sample tube together with a sample tube cap, before lifting the sample
tube from the rack. Hence, it can be checked whether or not the sensor and the gripper
may identify the sample tube type from other detection parameters, e.g. the color
and/or shape of the sample tube cap, before gripping and lifting the sample tube out
of the rack. It can further be checked whether or not it is necessary to identify the
sample tube type before lifting it out of the rack, or whether or not the sémple tube
types of the sample tube set may be operated at a similar or the same gripping force.
Then, in the following workflow step, namely after lifting the sample tube out of the rack,
the sensor may also detect the height of the sample tube and/or the capped sample
tube to fully identify the sample tube type before filling the sample tube with a sample.
Thus, in this embodiment, a scheduling may be incorporated when and at which

processing step in the workflow the sample tube types are all identified.
According to an embodiment, at least one pfocessing step of a workflow relates to

- detecting a tube of the sample tube type by a sensor,

- centrifuging a tube of the sample tube type;

- gripping of a tube of the sample tube type in a pick and place operation;

- uncapping and/or recapping of a tube of a sample tube type;

- aliquotation of sample liquid into secondary tubes;

- transporting a tube of the sample tube type on a track system, in particular
switching of lanes in the track system;

- analyzing a sample contained in a tube of the sampie tube type;

- - storing a tube of the sample tube type; and/or

- removing a tube of the sample tube type from the laboratory automation

system.

The listed examples relate to processing steps for which workflow data may be
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required. For example,- before centrifuging a tube, the applicable centrifugal force
and/or the applicable rotations per minute may have to be known. Similarly, a gripping
force, a capping force, or uncapping force, or a filling voiume of the selected tube may
be provided as workflow data. For analyzing a sample, the transparency of the glass
of the tube may be obtained as workflow data. For storing a tube, the outer diameter
or the height or a similar dimension might be relied upon as corresponding workflow
data. Workflow data may also.relate to mixing the contents of a tube with a reagent,

physical and/or optical analysis, etc.

In a further development of the embodiment, the workflow data contains information

regarding:

- a geometry, in particular a conicity, of an inner diameter of the sample tube
type,' . |

- an empty tube weight of the sample tube type,

- a cap weight of the sample tube type,

- at least one safety parameter of the sample tube type, in particular a
maximum filling level for safety capping of the sample tube type and/or a
maximum acceleration speed on track of the sample tube type,

- an analyzer specific tube ID of the sample tube type,

- a manufacturer article and/or ordering number of the sample tube type,

- a material, additive and/or feature to be expected with the sample tube type,
and/or

- an effective tube height of the sample tube type, dependent on the outer
tube shape and the tube placement position of the sample tube type within

the laboratory automation system.

The tube and/or the sample tube cap may be provided with an ID, such as a bar code
or an RFID tag, that may be detected by a sensor of the LAS. Said identification may
be used as an analyzer specific tube ID or as an analyzer specific ID, as a manufactory
article number, as an ordering number or the like. The analyzer speci’fic ID may relate

to tube types known to an analyzer of the LAS.
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Workflow data containing information about the effective tube height of the sample tube
type, may depend on the outer tube shape and the tube placement position of the
sample tube type within the laboratory automation system. Based on such workflow
data, e.g. a precise gripping position for a sample tube type may be calculated. Tube
placement positions may be any cavity adapted for receiving a sample tube, e.g. a
sample tube rack cavity within the input area, a sample tube placement position within
a centrifuge module, a tube carrier recess on a conveyor belt or a storage rack cavity
within the lab automation system. Due to the interaction between the respective tube
‘receiving cavity at each of the different placement positions and the outer tube shape,
especially the tube bottom shape, the effective tube height of each tube type may be
different for each of the different placement positions. The effective tube height
information may be used for processing a sample tube, for example when gripping a
sample tube with a robotic gripper. In another embodiment, the effective tube height
may be used to evaluate whether it is possible to place a sample tube rack, equipped
with one or more defined sample tube types, at a certain location with height limitations,

e.g. into a narrow slot within a sample tube storage location.

According to an embodiment, the parameter of distribution cohprises information
regarding a mean value, a standard deviation, a stability of shapes, and/or a maximum
color value spread of the detection parameter. The parameter of distribution generally
depends on the detection parameter. Thus, the parameter of distribution for a color
value might be different than the parameter of distribution for a dimension and/or
location at the tube. However, each paraméter of distribution is related to one detection
parameter. Also, the parameter of distribution is configured to be compared with a
detection value of the corresponding detection parameter that may be detected by a
sensor of the LAS. Thus, the parameter of distribution allows the establishment of a
probability of whether or not a detected value corresponds to the detection parameter

of a predetermined sample tube type.

According to an embodiment, the comparing of the parameters of distribution

comprises determining a detection parameter probability value for correctly identifying
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the sampie tube type based on the parameter of distribution for the detection parameter.
In other words, whenever the LAS senses a detection value for the detection parameter
of one of the tubes of the sample tubes set, a detection parameter probability value
may be calculated containing information about whether or not the selected tube,
namely the tube from which the detection value was sensed, may be identified as one
of the different sample tube types of the sample tube set. In case the sample tube set
also contains alias tube types, the probability may also relate to whether or not the

selected tube may be categorized as an or one of the alias tube types.

According to an embodiment, a probability is calculated that at least one sensor of the
laboratory automation system can distinguish at least one detection parameter of each
sample tube type from at least one detection parameter of each of the other sample
tube types comprised in said sample tube set. This condition may be sufficient to
distinguish all of the sample tube types (and/or alias tube types) of the sample tube

set.

According to an embodiment, a neural network is used to identify the sample tube
types comprised in said sample tube set. The neural network may be installed on a
processor, e.g. a computer processor, to automatically detect and/or identify the
sample tube type of any tube used in the LAS. A neural network is very efficient in
running detection algorithms, and in correlating a tube to a corresponding sample tube
type. The neural network may be implemented as a computer program product and/or

a computer application.

A second aspect relates to a computer program product comprising computer readable
instructions, which, when loaded and executed on a computer system, cause the
computer system to perform operations according to the method of the first aspect.
The computer system may be part of the LAS or may be connected to the LAS. The
computer system may be a laptop or other portable, mobile computer device. In
particular, the computer program product may be adapted to cause the computer
system to calculate identification probabilities and to store parameters of distribution

and/or work flow data in the LAS. The computer program product may be adapted to
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connect the LAS to a master tube data base containing a plurality of data reference

values and workflow data of the instruments of the LAS.

A third aspect relates to a system for establishing a sample tube set which is adapted

to be processed by a laboratory automation system, the system comprising:

- a selecting means for selecting a sample tube set comprising several sample
| tube types by selecting a plurality Qf different sample tube types from an
assortment of available sample tube types;

- a parameter means for obtaining a parameter of distribution for at least one
detection parameter of each sample tube type comprised in said sample
tube set, wherein the parameter of distribution comprises information

- regarding a distribution of previously detected reference data values of the
detection parameter,

- a determination means for determining whether or not the laboratory
automation system is capable of correctly identifying each sample tube type
comprised in said sample tube set by comparing the parameter of
distribution for the at least one detection parameter of each sample tube type
comprised in said sample tube set with the parameter of distribution for the
at least one detection parameter of all the other sample tube types
comprised in said sample tube set; and

- an indicator means configured to:

- indicate that the selected sample tube set is approved for being
processed by the laboratory automation system, if the determination
means determined that the laboratory automation system is capable
of correctly identifying each sample tube type comprised in said
sample tube set; and/or

- propose at least one conflict remediation, if the determinatien means
determined that the laboratory automation system is not capable of
correctly identifying each sample tube type comprised in said sample

tube set.
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The select'iﬁg means, the parameter means, the determination means, and the
indicator means may be implemented as selecting means, parameter means,
determinatioh means, and indicator means, respectively. Said means may be
implemented as (sub-)routines of a computer program product. The system according
to the third aspect may be implemented as a system on which the method according
to the first aspect may be executed. Thus, all explanations and embodiments referred
to in regard with the fneth'od according to the first aspect also apply to the system
according the third aspect and vice versa. The selecting means may require an input
from a user that selects sample tube types for the sample tube set to be established.
The parameter means may be implemented as a full automatic means that obtains the

parameter of distribution from a master tube data base, e.g. over the World Wide Web.

The determination means may be adapted to calculate a probability of whether or not
the LAS will be able to identify all sample tube types of the sample tube set. The
indicator means may comprise a screen on which the indication and/or the proposal

are shown, e.g. in a written form.

Embodiments of the invention are described in reference to the figures. The features
of these embodiments may be implemented in other embodiments. Identical reference
signs used in the figures may relate to similar and/or identical features of the

embodiments. A brief description of the figures follows:

Figure 1 is a schematic drawing of a sensor of a LAS together with a capped

sample tube;
Figure 2 is a schematic drawing of a gripper of a LAS holding a sample tube;
Figure 3 is a schematic drawing of a gripper of another a LAS holding a sample
tube;
Figure 4 is a diagram of a simple table relationship of sample tube types;
Figure 5 is a diagram of a sophisticated table relationship of sample tube types;
Figure 6A is a schematic diagram of cap shape data of a first sample cap type
shape;

Figure 6B is a schematic diagram of cap shape data of a second sample cap type
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shape;
Figure 6C is a schematic diagram of cap shape data of a third sample cap type
shape; _
Figure 7A is a schematic diagram of inconsistent cap shape data of a fourth

sample cap type shape;

Figure 7B is a schematic diagram of stable cap shape data of a fifth sample cap
type shape;

Figure 8 is a flowchart of a conflict detection routine;

Figure 9 is a flowchart of a 1% level conflict solving routine;

Figure 10A is a graph of reference data of two sample tube types that cause an

identification conflict; and
Figure 10B is a graph of reference data of two sample tube types that cause no

identification conflict.

When establishing a sample tube set for a laboraAtory automation system (abbreviated
as LAS), often a confirmation of the usable tubes is based on experience and
knowledge of the involved individual persons. A difficult part of estimating the ability of
the LAS to process a tube, or even all tubes of the sample tube set, is to decide whether
properties of the tubes of the sample tube set, like color or shape characteristics, would
cause a detection conflict and/or identification conflict or not. For establishing a sample
tube set, knowledge of the instruments of the laboratory automation system, for
example machine vision and detection software, is required to confirm whether or not
the LAS will run into a conflict. The method of establishing a sample tube set may
depend on a color segmentatioh algorithm, choosing a representative color area of a
sample tube cap, creating an average value from a region of interest, detecting

characteristics such as height, width, cap shapes, bottom shapes, etc.

The method according to the invention may include decisions involving some or alf of
the characteristics of sample tube types, including a combination of the characteristics
and their inner dependencies. Preferably, the method enables establishment of the
sample tube set automatically. The method may help to confirm the compatibility of the

sample tube set with a specific laboratory automation system. The LAS may comprise
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a plurality of instruments that grip, analyze, centrifuge, transport, cap, uncap, fill, and/or

empty sample tubes from the sample tube set being processed in the LAS.

The LAS will comprise at least one sensor, for example a camera device, an infrared
measurement device, and/or a weight detection system. Furthermore, the LAS may be
equipped with further devices such as mirrors, retroreflective materials, light absorbers,
etc. Thus, the LAS will comprise a detection system comprising said elements that is
used to identify the tubes of the sample tube set in the LAS. The method according to
the invention establishes whether or not the LAS is capable of characterizing and/or
identifying all or a sufficient number of sample tubes of the sample tube set. Usually,
sensor devices such as images and infrared measurement devices generate data and
align the data to a time space or a multidimensional array. In an exemplary camera,
‘each pixel carries color information and a relative orientation in a grid, e.g. an absolufe
position within a defined grid. Therein, the color information is relative, and may obtain
an absolute meaning when set in relation to a reference color. The same may be
applied to pixel coordinates. Pixel coordinates of the camera may be mapped to a
relative distance from a defined origin. For both the color and the pixel coordinates, a
defined reference may be used. For example, the pixel information may be transferred
into metric dimensions. Therein, a calibration tool with defined metric distances in
required dimensions may be used to generate a map or anchor points, e.g. by
interpolation between the anchor points, to calculate a metric value corresponding to
the pixel coordinate. This approach may be used to correct lens distortion of a lens of
the camera of the LAS. Similarly, the color of eac‘h pixel may be calibrated with respect

to a defined color reference or a set of defined color references.

A sensor device may be calibrated at the production site of the sensor device or when
the sensor device is integrated into the LAS. If the sensor device is combined with a
robot system, the area requirements of the position accuracy and repeatability of
positioning the involved axis do not contribute significantly to the overall measurement
“distribution. For example, if the robot shows an inaccuracy of £ 0.1mm, the sensor
device is able to resolve differences of + 1.0mm, a possible maximum deviation from

a calculated robot position would seem acceptable and might not impact the
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measurement at the calibration position.

Involved parts may be quality controlled (QC) within predetermined specifications. This
may be applied to all visible components in the field of view of the sensor device of the
LAS, e.g. robotic parts, covers, reflective parts, mirrors. The field of view of the sensor
device may be split into separate regions of interest and may be analyzed using
predetermined criteria like average light intensity value, gradient of light intensities, or
being within a specified statistical distribution of light intensities. It is also possible to

analyze visible parts before integration with calibrated spectral color analyzers.

Preferably, a sensor device like a camera also meets predetermined color
measurement characteristics. Quality control of the sensor device may be done in a
way similar to a light intensity check, i.e. by placing a color reference object in front of
the sensor device. The color values may dependent on the sensor device, the
electronic amplification, the illumination, the lens, and on the object. It may be sufficient -
to perform a QC at the installed LAS, when a stable color reference object is used for
the QC. Any instrument of the LAS may potentially cause the QC to fail, which is why
the test and acceptance criteria may cover a complete dynamic range of result values
to ensure that the behavior of the sensor device is controlled. If all criteria of the QC

are met, the sensor device may pass the QC successfully.

In other words, the method may include a quality control of its sensor devices. Also,
the sensor devices used to establish the parameters of distribution may be quality

controlled.

The LAS for which the sample tube set is established may comprise a detection system
comprising multiple different sensor devices. One of these sensor devices may be
provided with/arranged as a camera that is arranged with a field of view suitable to

extract characteristic features of a tube in the LAS.

Figure 1 shows in a schematic drawing a camera 20 as sensor of a LAS. The field of

view of the camera 20 is directed towards a sample tube 11. The sample tube 11 is
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provided with a sample tube cap-12 and, thus, is provided as a capped sample tube.
The camera 20 is configured to create image data of the capped sample tube 11. The
image date may include a height hi of the capped sample tube. The image data of the
camera 20 may also include one or more of the following: a shape of the sample tube
11, a shape of the sample tube cap 12 when viewed from the direction of the camera

20, the color of the sample tube cap 12.

A mirror 21 of the LAS may be configured to include irhage data from a side 12s of the
sample tube cap into the field of view. Thus, the image data may also comprise data
from different sides of the sample tube 11 and, in particular, from different sides of the
sample tube cap 12. Each sensor device, like the camera 20 of the LAS, may be

provided with one or more such mirrors 21.

The LAS may, thus, comprise mirrors that enlarge the field of view of a sensor of the
LAS.

The LAS may be controlled so that the image data is generated by the éamera 20 when
the sample tube 11 is at a predetermined distance and at a predetermined orientation
with respect to the camera 20. The height of the sample tube may also be measured

when the sample tube 11 is capped and uncapped.

Features that may be extracted relate to the tube height, the cap shape, and the side
and/or top colors of the sample tube cap 12. The mirror 21 may be used to extract the

color at the top of the sample tube cap 12.

Figure 2 and Figure 3 show in schematic drawings a gripper 30 of a LAS holding a
sample tube 11. In Figure 2, a camera 20 is provided to generate image data of the
sample tube 11 held by the gripper 30. Two mirrors 21 are arranged so that the image
data will include an image of the backside of the sample tube 11 and an image of the
top side of the sample tube 11. For this, the instrument of the LAS will comprise a back

mirror and a top mirror to generate the corresponding image data.
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The gripper 30 may be configured to move in a z-direction, namely an upwards and/or

downwards direction in the reference system of the earth.

Figure 3 shows another gripper 30 holding a sample tube 11. Therein, an LLD detector
is arranged at a first side of the sample tube 11 when held in a specific position by the
gripper 30. The LLD detector 22 is configured to detect a liquid level within the sample
tube 11. |

On an opposite side of the sample tube 11 when held in said specific position, an LLD
light source is arranged to illuminate an upper portion of the sample tube 11, wherein,

presumably, the liquid level within the sample tube 11 will be arranged.

The abbreviation LLD is short for “liquid level detection”. The LLD light source 23 will
emit light rays that propagate through the sample tube 11 towards the LLD detector 22
that may be provided as photodetector and/or camera. Since the sample tube 11 is
héld by the gripper 30.in a predetermined position, a fill level, namely the liquid level
within the sample tube 11, may be extracted from the image data proVided by the LLD
detector 22. The LLD detector 22 may also be configured as a line camera or infrared
device used to determine fill levels. Further, the LLD detector 22 may be used to

provide characteristics like the tube height and/or the cap height of the sample tube 11.

In the method, parameters of distribution are obtained. In particular, they may be
obtained from a master tube data base, abbreviated as MTDB. The MTDB may contain
tables for tubes, caps, colors, and fnanufacturers. Any tube type may be combined
with a sample tube cap, which generates another table and/or another type. An
element of a tubes and caps table may be combined with a color, which generates
another table containing tubes and caps and color entries. An entry in the table
containing tube and cap and color entries is called a sample tube type entry. The
sample tube type entry may also be generated by first combining a color and a cap
and then link this combination to a tube entry. It is also possible to link each element
of a cap, a tube, or a color table to a manufacturer, or to link a sample tube type entry

to a manufacturer.
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The master tube data base enables the creation of alist of'sample tube types and may
also comprise additional views and functionality to manage the data base, such as
adding a new cap, a new tube, a new color and a new manufacturer. The data base
may also include the functionality to ad attached properties. Attached properties may

be provided as parameters attached to an entry of any of the tables.

For example, a cap entry in the cap table may comprise a vertical height or a diameter
as an attached property. A tube entry in the tubes table may comprise an outer

diameter, an inner diameter, and/or a height as an attached property.-

Examples for other attached properties are uncapping profiles, recapping profiles
including forces, grid positions, rotations, centrifugal parameters incIUding empty
weights, proprietary centrifuge information for loading and/or unloading, and individual
information about the sample tube type, e.g. translucent éap with possible internal
blood contamination influencing the cap color determination, an article number of the

manufacturer, etc.

Each entry of the cap table, the color table, and the tube table may comprise additional

measurement data relating and or describing specific characteristics.

A different table may be composed of a simple list of sample tube types, wherein each
entry represents a combination of a tube, a cap, and a color with all its attached

properties.

Figure 4 shows in a diagram such a simple table relationship of sample tube types.
Such a simple table relationship may be used when configuring a sample tube set for
a specific laboratory automatidn system. Therein, each element represents an article
number of the sample tube type. Sample tube type requirements may be exchanged
based on article numbers and a manufacturer name. It is also possible to add hidden
attached properties as metadata to leverage a search request in the MTDB for, e.qg.,

“tall red cap tube”, wherein “tall” and “red” would be metadata attached to a sample
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tube type or to one of its adjacent tables.

Figure 5 shows in a diagram a sophisticated table relationship of samplie tube types
that include further information. The more sophisticated table relationship may be
stored in the MTDB.

The detection system of the LAS may identify and/or characterize the tubes of the
sample tube set based on reference data which is used to classify each sample tube
by calculating a distance from measured data to the reference data. If all used features
are within a decision threshold, a successful classification is obtained. This
corresponds to determining that the LAS is capable of correcﬂy identifying each sample

tube type of the sample tube set or a sufficient number of sample tube types.

Reference data stored in the MTDB may comprise a collection of individual
measurements per sample tube type. For each main characteristic like the cap shape,
the height, the cap color, reference data may be attached to the corresponding entry.
A reference data for a parameter of distribution may contain a number of height
measurements. The reference data for a cap may comprise a number of cap shape
profiles. Color reference data may contain multiple color values. However, further
reference data types may be used, e.g. the width of a tube, a tube bottom profile, data

patterns from a LLD measurement system, in particular for the cap region.

For example, a system may use cap, cap shape, and colors as main characteristics,

wherein the cap shape implicitly includes a width, like a diameter of the tube.

Establishing a Master Tube Data Base (MTDB)

Reference data for the MTDB may be created by a tube robot which performs pick and
place operations of the LAS and is equipped with a camera. During these pick and
place operations, sample tubes of different types are placed into a rack, which are then
analysed in the LAS. In particular, the camera of the LAS may create image data of

multiple sample tubes of the same sample tube type.
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Fig. 6A shows in a schematic diagram cap shape data A of a first sample cap type
shape. Therein, the term ‘first sample cap type shape’ refers to the shape of a first type
of sample caps. The cap shape data A comprises overlaid images taken from a plurality
of sample tube caps of the same type, namely the first sample cap type shape. The
images may be taken under controlled conditions, e.g. from a side perspective at a
predetermined distance and orientation. The sample caps of the first sample cap type
comprise a mean height ha of 14.0mm and a mean diameter da of 10.8mm. Said length

and diameter may be used to specify the first sample cap type shape.

Similarly, Fig. 6B and Fig. 6C show in a schematic diagram cap shape data B of a
second sample cap type shape and cap shape data C of a third sample cap type shape,
respectively. The cap shape data B and C comprise overlaid image data taken from a
plurality of sample tube caps of the same type, here the second and third sample cap
type. The images may be taken under controlled conditions, e.g. from a side
perspective at a predetermined distance. The sample caps of the second sampie cap
type comprise a mean height hs of 17.2mm and a mean diameter ds of 16.0mm. The
sample caps of the third sample cap type comprise a mean height hc of 13.2mm and
a mean diameter dc of 15.0mm. Said heights and diameters may be used to specify

the second and third sample cap type.

As shown in the figures 6A, 6B, and 6C, not all specimens of the each sample cap
types comprise an identical shape. Therefore, the contours of the cap shapes are

slightly blurred in the cap shape data A, B, and C.

The images may be downloaded to a computer system which stores the data in a
database, e.g. the MTDB. A computer program product, é.g. an application, may use
the stored data to extract the features height, cap shape and colors for each recorded
image. The process' may be based on calibration data (a calibration image which is
used to calibrate the extraction, or a calibration file that contains the calibration data)
to process the images. The calibration data may be generated via the camera that

recorded the sample tube type images.
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With a valid calibration, the reference data may be extracted and linked to a

corresponding sample tube type.

Creating the reference data may be done according to specific rules to obtain valid
datasets. Preferably, the system used fo record the reference data uses components
that successfully passed all QC checks. The processed sample tube type include
representative samples from a typical batch and/or lot. All recorded data may be
checked for statistical plausibility, real outliers may not be included into the_ reference
data.

Each data type (e.g. color, cap shape, height) may be analysed and checked as to
whether it is a suitable representative. For height values, a standard deviation, an
average value, a minimum value and/or a maximum value may provide a base for a

safe identification decision.

For cap profiles, the stability of the cap shapes over _the reference samples may, e.g.,

be plotted graphically to check whether the reference data is suitable.

Fig. 7A shows in a schematic diagram cap shape data D of shapes of sample caps of
a fourth sample cap type. The cap shape data D comprises overlaid images taken from
a plurality of sample tube caps of the same type, namely fhe fourth sample cap type.
However, as shown in Fig. 7A, the overlaid contours differ from each other strongly.
Thus, in particular, the diameter dp of different specimens of the same sample cap type
may differ by several millimetres from each other. This may be caused by a strong
impact of use and/or wear on this particular sample cap type. Thus, for the fourth
sample cap type, the cap profile/shape/contour and, in particular, the diameter dbo,

might not be stable and, thus, might not be a suitable detection parameter.

Fig. 7B shows in a schematic diagram cap shape data E of shapes of sample caps of
a fifth sample cap type. The cap shape data E comprises overlaid images taken from

a plurality of sample tube caps of the same type, namely the fifth cap type. The overlaid
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images of the cap shape data E show a sufficient degree of stability and similarity. In
particular, the images of the cap shape data E all show very similar Iength le and
‘diameters de. Thus, the cap shape data E may be suitable to be used as reference
data and/or as parameter of distribution for the detection parameter “sample cap shape”

for the fifth sample cap type.

For reference data relating to at least one color, it is preferred to have a performance
indicator that is derived from the actual raw values, e.g., statistical data of an Euclidean
distance in the used color space (RGB, HSV/HSB or other) may be used, or a max

spread of the data reference.

If all criteria are met, and, e.g., a final detection test is passed successfully, the sample

tube type may be approved in the MTDB.

In other words, the MTDB may be configured as a database comprising reference data
and/or at least one parameter of distribution for a plurality of detection parameters of
~each available sample tube type, réspectively. The reference data and/or the
parameters of distribution may be based on reference data values of a plurality of
reference measurements carried out under controlled conditions that are similar or
identical to expected conditions in the instruments of the LAS. The reference data
and/or the parameters of distribution may be quality controlled and reviewed for their

suitability.

The MTDB may comprise tables comprising a hierarchy, and their combinations enable
definition of an attached property on any level of the MTDB. The mechanism may allow
setting a property on, e.g., a “tube cap” level, which would then be valid for all
characteristics, e.g., colors, that are combined with the specific tube and cap. If further
differentiation is required, all the attached properties may be set on sa ampl‘e tube type

level, leveraging individual attached properties depending on the tube sample type.

The MTDB may, e.g., comprise a “tube” level and a corresponding tube table. Said

tube table may comprise at least one of the following attached properties which may
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be suitable as detection parameters:

an inner diameter of the tube;

an outer diameter of the tube;

a bottom offset of the tube, referring to a distance from the bottom of the
tube to a height where e.g. no liquid appears;

a height of the tube, e.g. a nominal value given by the manufacturer;

a thread of the tube, e.g. defining whether or not the tube comprises a
thread,;

a recapping profile of the tube;

a conicity of the inner diameter of the tube; and/or

an empty tube weight.

The MTDB may, e.g., comprise a “cap” level and a corresponding cap table. Said

sample cap table may comprise at least one of the following attached properties which

may be suitable as detection parameters:

a cap height hi of the cap;

a cap diameter d of the cap;

a cap weight; and/or

a uncapping profile, e.g. relating to a uncapping force and/or a grip position

at the cap.

The MTDB may, e.g., comprise a “tube plus cap” level and a corresponding tube plus

cap table. Said tube plus cap table may comprise at least one of the following attached

properties which may be suitable as detection parameters:

all attached properties of the tube table and the cap table;

robot parameters for uncapping, e.g., relating to a grip position in relation to
the tube bottom;

robot parameters for recapping the tube with the cap;

a height of the capped tube, namely the tube with the cap;

safety parameters, e.g., a maximum fill level for safe uncapping; and/or

a specific ID, referring to a specific ID used in an instrument of the LAS, e.g.

some units, analysers, instruments may use a specific ID relating to their
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own definitions of a sample tube type, which is represented by a specific ID.

The MTDB may, e.g., comprise a “color” level and a corresponding color table. Said
color table may comprise at least one attached property which is suitable as detection

parameter. The attached properties for the “color” level are discussed below.

The MTDB may, e.g., comprise a “sample tube type” level and a corresponding sample
tube type table. Said sample tube type table may comprise at least one of the foliowing
attached properties which may be suitable as detection parameters:

- a number of cap colors of the sample cap of the sample tube type that may
be detected in the LAS;

- a color pattern, e.g. from a front view, a side view and/or a top view onto the
sample cap and/or the sample tube type;

- a transiucent cap which bears a higher risk for blood contamination from
inside the cap with impact on color'analysis;

- an article number and/or order number of the sample tube type;

- an additive, e.g., referring to an additive contained in the sample tube type,
e.g., an expected liquid material within the sample tube type like blood,
serum, urine, gel, etc.; and/or

- all attached properties from the cap table, the tube table, the tube plus cap
table, and the color table may be (e.g. further) specified on sample tube type

level.

Establishing a Sample Tube Set

A sample tube set, also referred to as tube cohfigura’cion, for a specific LAS may be
established as a subset of the MTDB. The sample tube set may be established by
selecting tubes from the MTDB using a computer program product, e.g., an application,
based on user requirements. The user nﬁay select a set of sample tube types that are
intended to be used at the LAS, e.g. at the user’s lab. The user may activate the tube

configuration when finished.
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The method step of adding an available sample tube type may be executed by
selecting a checkbox in the application that the sample tube type shall be used in the
tube configuration. This mechanism may be used when establishing a sample tube set
from scratch, or for removing and adding a sample tube type from or to the sample

tube set.

The sample tube set and its attached properties may be modified, e.g., due to
manufacturing changes (for example, the cap color might slightly differ from lot to lot
due to the cap manufacturers production process), due to a workflow change triggering
a modification (e.g., an alias tube type needs to be split up due to different sorting
rules), or due to fine tuning of, e.g., weight or volume calculations by correction

parameters (inner diameter, conicity, offsets).

A “conflict-free” sample tube set may be a tube configuration enabling a detection’
software to uniquely identify and/or classify each sample tube type or alias tube type
(as a collection of at least 2 sample tube types) which is comprised in the fube
configuration, e.g. based on the detection parameter values of the sample/alias tube
types, as measured by a specific LAS. The “conflict-free” sample tube set may satisfy
routing and workflow requirements of the LAS, and, in particular, may be compatible |
with a workflow design of the LAS, e.g. where a correct identification of the various

tube types is essential in order to correctly perform tube type dependent handling steps.

Identification conflicts may appear on several levels. 15t level conflicts may be caused
by a faulty detection of a detection parafneter, e.g. a height, a cap and/or bottom sha_be,
a color, a width, etc. Two tube types of the sample tube set may be equal in all features
(corresponding to detection parameters) but differ in at least one feature. Said feature
may allow a decision to distinguish both sample tube typ'es. If at least one feature exists
that allows distinguishing any of two sample tube types of the sample tube set, the
sample tube set may be classified as safe and/or conflict-free. In order to achieve a
configuration decision, namely whether or not the tube configuration comprises a
conflict or is conflict-free, each feature corresponding to a selected detection

parameter of the selected sample tube types of the set may be compared to each other.
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Reference data, such as height values of each sample tube type may be compared.
One approach is to create statistical features of the height values for each sample tube
type and compare the statistical features among the configuration. Statistical features
may be, e.g., a mean value, a standard deviation, one or more peak value(s), and/or

outliers.

A probability that a height value of a tube of a first sample tube type may be Considerejd
as belonging to a different second sample tube type may be calculated by assuming a
normal distribution of the height values and calculating the corresponding probabilities

in a PNN, which is short for “probabilistic neural network”.

In a similar way, but with a 3-dimensional approach, a comparison of colors may be
carried out, e.g., to extract a probability that a color detected on a tube of a first sample
tube type would be considered to belong to a second sample tube type. Therein, a
color distance vector and/or an Euclidean distance between coordinates of the sample
and the reference values may be calculated. An equivalent approach for 2-dimensional

features may be applied.

In other words, the conflict check may be impiemented as a one dimensional, as a two
dimensional, and/or as a three dimensional feature classification, depending on the

selected detection parameters.

When checking whether or not the LAS will be able to correctly identify a cap profile
and/or a bottom shape, a different approach may be applied. A cap profile may be
represented by a list of horizontal distances between the left edge of the cap and the
right edge of the cap, similar to the diameters da to de as shown in figures 6A, 6B, 6C,
7A, and 7B. A table comprising cap specific data may for example comprise an two
dimensional array of data points representing the outer shape of the cap, e.g. pairs of
intersection points of predefined lines (which may be parallel and/or equidistant to each
other), with a first edge of the cap and the opposite edge of the cap. Each pair of said

intersection points may be considered to define a line.



WO 2017/163117 PCT/IB2017/000251
36

Furthermore, each line may comprise a validity value representing a confidence level,
indicating the probability of measuring said line correctly or not. The validity value of a
line may lie e.g. between 0 and 1. . Accordingly, the validity value of 1 may refer to the
highest possible confidence level, while a validity value lower than 1 may refer to a
lower confidence level. The validity values may be relied upon to calculate an overall

probability of the measured cap matching with reference data of a specific cap type.

in an embodiment, the following equation may be use_d to get a probability value P
referring to a probability that a detected cap shape A belongs to the sample cap type
B:

(- E?:o((dref,i_dsample,i)z* weight;)
P=c¢ O'*E?=0 weight;

1

Therein,
~ drer refers to the length of a reference line
dsample refers to the length of a sample line;
weight is defined as validityrer * validitysampre; and
o refers to a Configuration parameter for adjusting the effective selectivity

between different tube types.
Furthermore, the sample line refers to the horizontal distance between a left and a right
edge of the cap under inspection (in a side view of the cap shape at a specific vertical

position of the cap).

The reference line refers to a sample line as part of sample data which is used as a

reference.

Sample data refers to a collection of sample lines. The complete collection of sample

lines may represent the cap sh'ape of a cap under inspection.

Reference data refers to a sample data which is used as reference.
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The validity values validitysample and validityrer refer to a confidence value between O
(no validity) and 1 (full validity), which is calculated for each sample line and/or
reference line. The validity value is influenced by e.g. contrast intensities for a detected
edge, where a high (and therefore clear) contrast would get a high validity, and a low
contrast a low validity. Other mechanisms are assigning a low validity where edges are
close to other objects in the field of view (e.g. a gripper finger, the position of which is

known by calibration).

A cap shape may be established by and/or may comprise an array of sample lines.
The index i used in the formula may refer to a counter of the array of sample lines. The
array may be arranged and/or indexed according to their respective contrast and, thus,

according to their respective validity value.

Other approaches and/or mechanisms may be applied for calculating a weight value,
e.g. a value representing a (e.g. vertical) gradient and/or distance of the cap profile for
“each line. Which approach is applied may depend on the way the probability value is
used to determine the sample tube type, e.g., by nearest neighbour classification, by
‘mean value classification, etc. A bottom shape type may also be represented by a
single scalar value, which may represent the height of a best-fit triangle to the bottom
area of a sample tube type. In this case, classifying may be analogous to the one

dimensional height classification.

Overall Classification and Configuration Conflicts

An overall result applying the classification methods described above may provide a
table containing probabilities of being a member of a selected type. Probability values
and decision thresholds may be defined to estimate the probability that the LAS may

correctly identify a tube of the sample tube set.

For example, the tube table may comprise the entries shown in table 1 for four different

tube types:
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Table 1:
Height Height Height Height Height
Probability Class A Class B Class C Class D
decision -
threshold 0.3 :
Sample Height | 0.9 0.5 0.1 0.05

The cap table may comprise the entries shown in table 2 for four different cap types:

Table 2:
Cap Shape Profile Profile Profile Profile
probability Class 1 Class2  |Class 3 Class 4
decision
threshold 0.1
Sample Cap 0.6 0.4 0.001 0.0001
Profile '

The color table may comprise the entries shown in table 3 for four different color types:

Table 2:
Color Class Class Class Class
probability, Red Orange Green Brown
decision
threshold 0.15
Sample color | 0.8 0.2 0.05 0.4

For each of the above features and/or detection parameters, an identification conflict

is present depending on the applied decision threshold.

In the following explanation, an exemplary embodiment is referred to wherein the

sample tube set comprises four sample tube types, namely the combinations:

- Sample tube type 1: height class A, profile class 1, color class red;
- Sample tube type 2: height class B, profile class 2, color class orange;
- Sample tube type 3: height class C, profile class 3, color class green; and

- Sample tube type 4: height class D, profile class 4, color class brown;
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15t Level Conflict

In the exemplary embodiment, there would be a conflict for the Sample Tube Type 1
and 2, as a conflict exists on all features, here the height, the cap shape/profile, and
the color. The conflict exists because the sample height, the sample cap profile, and

the sample color all exceed the corresponding decision threshold, respectively.

In this embodiment, introducing a distance factor may resolve the conflicts: if a factor
of 4 or more is between 2 conflicting probability values, the decision may be made
even though Sample Tube Type 2 would qualify for a decision given the above

thresholds. Sample tube type 1 would be the classification result.

In general, if the probability of each feature of more than one sample tube type exceeds
its decision threshold, a conflict exists between those sample tube types. Additional
distance factors may support resolving conflicts, but may also cause a rejection due to
uncertainty. A conflict-free tube configuration ‘may have clear decisions on all features

over all Sample Tube Types of the tube configuration.

In the example above, if the Sample Tube Type 2 had a color probability higher than
0.2 and the tube required a differentiation on the laboratory level (e.g., a different
workflow, different quality controls — anything that would require distinguishing Sample
Tube Type 1 from Sample Tube Type 2), the situation could not be resolved by the
sample tube set. This would result in an unresolvable conflict based on the Sample

Tube Type detection system, in particUIar the LAS and the scheduled workflows.

A similar scenario exists for open tubes: as one of the criteria (cap color) is not
available for open tubes, open tubes with very similar height and very similar cap
shapes might not be distinguishable. Detecting this conflict might lead to deciding to
not support one of the sample tube types on the LAS in the case that it would lead to

a malfunction if both sample tube types were configured in the sample tube set.

For some detected conflicts, a solution may be to adjust the affected attached
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properties causing the conflict, or by adjusting detection parameters. Depending on
the situation, adjusting Sigma (o) in the formula above may make the tube
configuration more or less tolerant. This may lead to including or excluding a sample
tube type from the sample tube set, resulting in a stricter separation of two conflicting
sample tube types. It is also possible to adjust individual or general decision thresholds,
which can be adjusted accbrding to a correct classification of cap shape and height to
resolve the color conflict. In general, there may be a number of parameters depending

on the i}mplemen‘tation to influence the separation'abilities of the LA_S.

Alias ID as a Solution to 15t Level Conflicts

Another approach to simplify the detection is using an alias tube type (also referred to
as alias ID) for two sample tube types, allowing the detection system of the LAS to
classify either of the conflicting classes, which would then be overruled by the alias ID.

Routing rules may be adjusted to the alias IDs.

The benefit over, e.g., merging the reference data for all features of all conflicting
classes and using the merged reference data as if it was for one class, is that the
referencé data of the members of the alias ID would still be represented as a valid
entity. In the classification process, the sample features are then not calculated against
the merged reference data but against an actual original reference. If merged reference
data is used, it might create another conflict with a 3 sample tube type, as the

occupied feature space would be enlarged by combining two datasets.

2nd | evel Conflicts

Identification conflicts may also occur on the 2™ level in case an alias ID is used to
cover several sample tube types. Another 27 level conflict may occur for open tubes,
which may have an identical physical appearance to the detection system of the LAS

once they have been uncapped.

An approach may then be to scan all sample tube types for 2™ level conflicts, in
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particul'ar for their “open tube” features, which may be subordinated to a sample tube
type as a tube/cap combination, e.g. cap shape and height. If there exists a 15t level
conflict which, e.g., is resolved by implementation of an alias 1D, the attached
properties may be checked for 2" level conflicts as well. Such‘a confiict may appear if
any of the attached properties made a significant difference in reliability, safety,

accuracy or workflow if the conflicting sarﬁple tube types were handled by an alias ID.

A 2™ level conflict of, e.g., two different allowed draw volumes and/or specified fill
levels, may be resolved by choosing a value, e.g., a draw volume value and/or a fill

level valu‘e, that works for all conflicting sample tube types.

Another example is a 2™ level conflict of the inner diameters. Here, it is possible to
choose an intermediate and/or mean value between the two conflicting values if the
resulting inaccuracy does not cause other functional units to fail, e.g. aliquoting, weight
calculation, centrifuge, etc. It is also possible to choose the parameter value based on

statistical data, e.g. a most frequent value might be the best parameter value fo use.

A different kind of conflict may appear when attached properties are used for other
measurement systems of the LAS, e.g. for the Liquid Level Detection (LLD). In this
case, flags may be used that indicate what sample content should be expected in the
sample tube type, e.g. whole blood, gel, urine, serum/plasma only. The use of these
content flags may enhance detection reliability and accuracy. The flags may be set to

a state indicating that predetermined (e.g. two or mQre) sample contents are expected.

The detection algorithm applied by the LAS may make less assumptions (as input) and
may be based on less information to detect the layers correctly. Such a conflict is
specific to the detection system, but has to be handled by the LAS. Depending on the
conﬂictin‘g sample tube types, different functionalities may reduce performance. For
example, a spun state detection might be impacted, volume and weight calculation,
volume usage efficiency (aliquots) etc. It may depend on the configuration of the
routing rules whether such conflicts really impact the performance of the LAS or not.

Some LAS systems spin all tubes that come in, therefore spun state detection could
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be less important to such a LAS. Other LAS systems avoid extra spinning due to

throughput and/or sample quality, and depend on spun state detection.

Tube Configuration Analysis

An overall analysis and/or prediction of the tube configuration for the LAS may combine
all methods for feature classification and probability calculations, which provide a
virtual classification of a tube set based on the reference data, and the detection of 1st
and 2M level conflicts. The analysis may identify all workflows that are expected to
work, and may identify potential conflicts that require adaptions to be compliant to a
user's expectation regarding workflow and stability. The analysis may be performed
with two or more sample tube types. The analysis may be done during creation of a
sample tube set or at the end of a first try. The advantage of running the analysis in
parallel during creation of a sample tube set is that conflicts may become instantly
visible. Furthermore provision of several warning signals may be supported, e.g. 1%
level conflict warning and 2““ level conflict warning. If a parameter is adjusted in
response to solving_a 1st or 27 |evel conflict, the analysis may be repeated to ensure

the conflict was resolved accordingly.

In general, each conflict detection may be resolved by two different paths. Either the
conflicting element(s) are removed from the tube configuration, or parameters are
adjusted to make the tube configuration work on the LAS. Where removing the sample
tube type is not an option, a resolution guide can be provided to reslee the conflict in

few steps.

Figure 8 shows a flowchart of such a resolution guide in form of a conflict detection

routine 100.

At step 105, it is indicated that a conflict is detected. At step 110, a user is asked
whether or not the conflicting tube types need to be distinguished in the LAS. Thus, an
input from the user may be required whether the conflicting sample tube types need to

be distinguished or not.
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The next step depends on the input of the user. An alias ID may resolve a 15t level
conflict if the answer is no (step 120), but in that case, the tube configuration may still
be checked for 2" |evel conflicts when the alias ID is applied. If the sample tube types
needs to be distinguished (step 130), the conflict cause (15t or 2™ level conflict) leads

to the corresponding conflict guides.

A conflict guide for the 15t level conflicts (step 160) is triggered in case all classification
inputs as a Whole lead to a classification uncertainty higher than expected. The reason
behind it may be that the sample tube types are visually identical to the machine vision
system and its classification mechanism. In this case, there may be no Vstandard
solution to resolve the conflict. Although the technical part could be configured.to detect
a difference between two sample tube types, a desired behaviour of the LAS may be
to stick as closely as possible to human pattern recognition. If the technical system of
the LAS makes a distinction where a lab worker is not able to, the choice of shapes
and geometry of the sémple tube types might not be suitable for the LAS. Therefore,
an assumption may be made that a detection conflict only oceurs for sample tube types

that would be mistaken by humans as well, or if they are quite similar.

Due to the nature of the sample tube type landscape that is observed in labs globally,
the hierarchy of the classification features may end and/or start at the top colors, which
may provide a final information for a unique sample tube type. The height and the cap
shape (bottom shape) are more generic characteristics, mostly coming from production
tools, which commonly lead to a pre-classification or so called geometry classification.
A detection conflict occurs if no feature can be used to detect a difference. In order to
identify the possibilities, detailed analysis of the situation may be required. The order

of the analysis may be swapped, as all potential solutions are provided.

Figure 9 shows a flowchart of the 15t level conflict solving routine 160 that is
implemented in the routine 100 shown in Fig. 8. To solve a 1%t level conflict, a color
analysis may be applied in step 161. The color analysis may comprise aspects like

color value analysis, color search area(s) analysis, and top and side color analysis.
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A color value analysis (step 161a) may be applied if color reference data of the
conflicting sample tube types may be present with a specific overlap leading to the 1st
level conflict, or if distance factors for making a decision (e.g. decision thresholds) are
not met, in particular if color reference values do not overlap, but their corresponding
distance factors and/or decision thresholids overlap. There are other detection
mechanisms like a color histogram correlation, which may lead to similar situations. If
the situation allows |t detection parameters may be adjusted to separate the conflicting
sample tube types, thus allowing an accurate classification/identification. However, if
the overlap is too large, the detection parameters relating to the colors might not be

adjusted, but a different approach is proposed.

A color search area(s) analysis, including a top and side color analysis, may be
executed in step 161b as an alternative or in addition to the color value analysis in step
161a. Predetermined search areas, e.g. within the cap or on the top of the cap,
predetermined area size(s), and/or predetermined location(s) may be used to restrict
a color value and/or a color characteristic. Sample caps may comprise a proprietary
(geometrical) pattern which assigns cap areas to a specific color or color combination.
This information may be used to adjust the search areas, which enables a more
specific color value representation and therefore a more specific classificatibn. It is
possible to add a color search area which was not included in the base configuration

to distinguish between a conflict and a conflict-free tube configuration.

In case the color analysis of step 161 is not successful, a geometry analysis may be
carried out in step 162. The geometry analysis 161 may include a height analysis 162a
" and a cap shape analysis 162b. The features height and cap shape may also be
evaluated and adjusted to create a minimum overlap of the corresponding parameters
of distribution. The effect of a modification of the detection parameters, e.g. the sigma

value of the assumed normal distribution, are displayed in the figures 10A and 10B.

Fig. 10A shows a graph of reference data of two sample tube types that cause a 1%

level identification conflict. An assumed distribution of a one-dimensional detection
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parameter like height is shown in Fig. 10A by the first assUmed reference data 211 and
the second assumed reference data 221. These assumed reference data 211 and 221
are based on the first real reference data 210 of a first sample tube type and the second
real reference data 220 of a second sample tube type, respectively, and may be

implemented as standard deviation of these real data 210 and 220.

As shown in Fig. 10A, the assumed reference data 211 and 221 of the real reference
data 210 and 220 may be wider than the real reference data 210 and 220. Therefore,
the curves of the assumed reference data 211 and 221 are wider than the actual variety

of the specimen of the corresponding sample tube types.

A first decision threshold 212 and a second decision threshold 222 are further provided
as part of the corresponding parameter of distribution. The two decision thresholds are
provided given as data points representing a threshold for, e.g., evaluating a data point
based on its probability value. For example, probability values greater than 10% may
processed, probability values below 10% may be rejected. in Fig. 10A, the first decision
threshold 212 gives a maximum value above which the first sample tube type may not
be identified correctly based on the corresponding detection parameter. The second
decision threshold 222 gives a minimum value below which the second sample tube

type may not be identified correctly based on the corresponding detection parameter.

In other words, a decision threshold may be configured as maximum and/or minimum
detection value, and may be part of a parameter of distribution correspdnding to a

specific detection parameter of a specific sample tube type.

The curves shown in Fig. 10A show a conflict around the X-value 87, namely in
between the two decision thresholds 222 and 212.

This conflict may be resolved, e.g., by assuming a sharper distribution of one or both
of the assumed reference data, or by lowering the value of the standard deviation until
the two decision thresholds meet a list of criteria, or by differentiating the decision

thresholds on the X-Axis, and a specific decision threshold value (e.g. an Y-value). As



WO 2017/163117 PCT/IB2017/000251
46

a result, the curves would not represent a conflict anymore.

Fig. 10B shows a graph, wherein the reference data of two sample tube types cause
no identification conflict. Therein, the first assumed reference data 211 shown in Fig.
10A is adjusted into the adjusted first assumed reference data 211’. Furthermore, the
second assumed reference data 221 shown in Fig. 10A is adjusted into the adjusted
second assumed reference data 221. Correspondingly, also the corresponding
decision thresholds are adjusted into the adjusted first decision threshold 212" and the
adjusted first decision threshold 222’. Thus, the adjusted assumed reference data 211’
and 221" do not overlap over the corresponding decision thresholds 212’ and 222",
Thus, when applying the adjusted assumed reference data as part of the parameter of

distribution, the conflict may be resolved.

In the example shown in Fig. 10B, the decision thresholds 212’ and 222’ comprise a

distance of 0.25 when applying a probability threshold of around 8,8 %.

For other features (e.g. colors) as detection parameters, a visualization may be in a
representative way, e.g. a color distance or a 3-dimensional representation. For more
than two dimensions, mechanisms like nonlinear dimensionality reduction may be
applied to visualize the data. It may also be possible to piot the cap shapes as raw
data, or the mean value of each cap shape data point, for directly visualizing the effects

of the modification of detection parameters.

The visualisation may include decision thresholds, distance factors, real reference data

distribution assumptions, where the distribution assumption is based on the real data.

After running the guide 160 for 15t level conflicts, the conflict may be resolved (step
180).

Fig. 8 also refers to a guide 150 for 2" level conflicts, which may be applied either
when an alias ID is applied at step 120 or if a specific kind of conflict is identified in

step 130 (see also above).
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The guide 150 for 2" level conflicts is further explained in Table 4 below.

Table 4:
Conflicting Parameter unit or | Conflict Solution proposals
detection type description
parameter
Inner diameter [mm] The inner - Median value
: diameters differ - Use the value of
Similar issue: _ too much, which - the most
empty tube leads to volume " frequent type
weight, height and weight - Use the value
without cap calculation which resolves
inaccuracies. the most critical
aspects
(depending on
the tube sample
types that are
causing the
conflicts)
~Sample type Urine, whole The definitions - Add expected
content blood, serum, influence liquid ' contents, e.g.
definition plasma, gel/ no level detection - urine and blood
gel expected, all | parameters (urine - the liquid
fluids / layers - liquid level level detection
expected detection shalil not searches for all
search for Gel or of the listed
Cruor; whole expected
blood = search contents. Slight
for cruor; gel > inaccuracies
include gel may occur with
search) reduced specific
information
Recapping Recapping profile | The inner - Incase of an
consisting of diameters can inability due to
geometrical lead to only be - geometrical
information and able to recap one restriction,
operating - of the open tubes, recapping of the
information or to have to apply tube should not
(thread different be configured
information, inner | recapping profiles. - Configure a
diameter, applied | If one tube has a profile that
forces, timing thread and the works for all
parameters) other one does conflict
not, a screw cap - members (e.g.
might not be use the higher
applicable for both forces, longer
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—>workflow
restrictions (e.g.
not suitable for
transport outside
the {ab)

push down
times before
releasing, or
always use the
recapping profile

suitable for
threads)
Height without [mm] The height of the Chose a height
cap tube with cap is that works for
identical for all both, similar as
conflict members. the approach for
When uncapped, inner diameters.
the height of the Re-inspect the
open tube is not tube after
equal. This uncapping to
influences e.g. obtain a proper
recapping identification.
parameters and . This workflow
other restrictions change may add
due to height (e.g. cost, but resolve
storage). the conflict. In
- fully automated
systems like
Toccata, this
‘can be
configured, but
the route for
such a tube
probably would
have to be
. changed.
Uncapping Uncapping e.g. ‘Create a new
: profile: - a conflict uncapping
information about | between a pull profile with
grip and lifting cap and a screw suitable
forces, grip cap, where a parameters for
location, thread screw cap cannot all conflict

(rotation. during
lifting).

be uncapped with
the pull cap
profile.

- grip location or
force for the cap
may be different
causing the one of
the profiles to fail
(e.g. slip/drop/lose
or break the cap).

members (e.g.
use a grip height
which works for
both caps)
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A final check of the method may include comparing real samples of the sample tube

set visually to the set definitions.

A tube coniguration check under lab requirements may be shifted to a higher level.
Then, for each sample tube type, possible functional units on their routes through the
LAS may be checked for parameter correctness. E.g., a sample tube type may have
an analyser specific ID which is used to transfer sample tube type information to an

analyser.

Once a conflict-free sample tube set is established and/or configured, remaining MTDB
entries that have not been added to the tube configuration méy be scanned to identify
sample tube types that would cause the detection system to fail. This information may
be used to check the LAS’s incoming tubes with those that are intended to run on the

LAS, or to identify sample tube types that would imply a specific risk.

It is also possible to check the correct rejec’iion of sample tube types, as certain types
might be suitable by physical dimensions, but not by other characteristics. In a similar
way, the method may be used to create a virtually ideal sample tube set with
maximized detection statistics based on a desired maximum number of different

sample tube types.

The criteria would be, e.g., having no 1%t level conflicts and choosing a required
distance factor between the feature probabilities to max out the safety of classification.
in another scenario, the complete MTDB may be used to identify a sample tube type.
Thu_s, a scanned sample tube may be checked against the MTDB entries, the result
would be a list with the best possible matches. While this mechanism might not be
usable to reliably classify a sample tube, it may output a reduced list of candidates of

sample tube types, e.g., it could be used to create a tube configuration in a quick way
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when the sample tube types are not known by name, article number and manufacturer,

or if the automatic detection is simply the faster way to create a configuration.

List of Reference Numerals

11 sample tube

12 sample tube cap

12s side of sample tube cap
20 camera

21 mirror

217 mirror

22 LLD detector

23  LLDlight source

100 conflict detection routine

105, 110, 120, 130, 140, 150, 160, 1'70, 180  steps of the conflict detection routine
160 18t level conflict solving routine

200 diagram

201 diagram

210 first real reference data
211 first assumed reference data
211 adjusted first assumed reference data

212 first decision threshold
212’ adjusted first decision threshold

220 = second real reference data

221  second assumed reference data

2271 adjusted second assumed reference data
222 second decision threshold

222 adjusted second decision threshold

htc height of sample tube with cap

A first cap shape data

B second cap shape data



da
ds
dc
do
de
ha
he
hc
hp
he
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third cap shape data

fourth cap shape data

fifth cap shape data

diameter of first sample cap type
diameter of second sample cap type
diameter of third sample cap type
diameter of fourth sample cap type
diameter of fifth sample cap type
height of first sample cap type
height of second sample cap typé

height of third sample cap type

~ height of fourth sample cap type

height of fifth sample cap type

PCT/IB2017/000251
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Claims

A method of establishing a sample tube set which is adapted to be processed by

a laboratory automation system, the method comprising:

2.

selecting a sample tube set comprising several sample tube types by
selecting a plurality of different sample tube types from an assortment of
available sample tube types;

obtaining a parameter of distribution for at least one detection parameter of
each sample tube type comprised in said sampie tube set, wherein the
paraméter of distribution comprises information regarding a distribution of
previbusly detected reference data values of the at least one detection
parameter,

determining whether or not the laboratory automation system is capable of
correctly identifying'each sample tube type comprised in said sample tube
set by comparing the parameter of distribution for the at least one detection
parameter of each sample tube type comprised in said sample tube set with
the parameter of distribution for the at least one detection parameter of all
the other sample tube types comprised in said sample tube set; and
indicating that the selected sample tube set is approved for being processed
by the Iaboratory automation system, if it is determined that the laboratory
automation system is capable of correctly identifying each sample tube type
comprised in said sample tube set, or

proposing at least one conflict remediation, if it is determined that the
laboratory automation system is not capable of correctly identifying each

sample tube type comprised in said sample tube set.

The method according to claim 1, wherein proposing the at least one conflict

remediation comprises:
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- outputting information regarding conflicting sample tube types that cause an
identification conflict during the comparison, and
- asking a user if these conflicting sample tube types have to be distinguished

by the laboratory automation system.

3. The method according to claim 2, comprising, if the conflicting sample tube types
need to be distinguished, proposing as the at least one conflict remediation:
- to remove or replace a sample tube type from said sample tube set, and/or
- to adjust at least one parameter of distribution for the comparison of the
parameters of distribution
and/or
comprising, if the conflicting sample tube types need not to be distinguished, proposing
as the at least one conflict remediation to define at least two of the conflicting sample
tube types as an alias tube type for said sample tube set; the method further
comprising: |
- checking for potential processing conﬂicts of the alias tube type when the
conflicting sample tube types comprised in the alias tube type are processed
in the laboratory automation system, and
- resolving said processing conflicts by establishing processing parameters
suitable for processing all conflicting sample tube types comprised in the

alias tube type.

4.  The method of any of claims 1 to 3, wherein said sample tube set is selected by
modifying a predetermined sample tube set by removing and/or adding a sample tube

type and/or an alias tube type from/to the predetermined sample tube set.

5.  The method of any of claims 1 to 4, wherein the parameter of distribution for the
at least one detection parameter of each sample tube type of said sample tubé set is
obtained as reference classification data from a database, wherein the reference
classification data comprises information regarding a plurality of previously detected

reference data values of the at least one detection parameter.
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6. The method of claim 5, wherein the reference classification data is obtained by
detecting the at least one detection parameter in multiple reference measurements of
reference sample tubes of the same sample tube type, in particular wherein for the
multiple reference measurements a sensor calibration is applied that is also applicable

in the laboratory automation system.

7.  The method of any of claims 1 to 6, wherein each sample tube type comprises a
plurality of detection parameters, and wherein each detection parameter is
- a detectable property of a sample tube of the sample tube type,
- a detectable property of a sample cap of the sample tube type,
- a detectable property of a combination of a sample tube and a sample tube
cap, and/or '

- a detectable property related to a color of the sample tube type.

8.  The method of any of claims 1 to 7, wherein the at least one detection parameter
is seiected from one of the foilowing parameters:

- a sample tube cap dimension,

- a sample tube cap shape,

- a sample tube cap color,

- a sample tube cap color pattern,

- a sample tube dimension,

- a sample tube shape,

- an object and/or substance comprised within a sample tube,

- a number of detectable colors,

- - adimension of a combination of a sample tube and a sample tube cap,

- a shape of a combination of a sample tube and a sample tube cap,

- a color of a combination of a sample tube and a sample tube cap, and

- an object and/or substance comprised within a combination of a sample

tube and a sample tube cap.

9.  The method of any of claims 1 to 8, further comprising:

- obtaining, in particular from a database, workflow data for each sample tube
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type comprised in said sample tube set, wherein

- the workflow data is related to at least one detection parameter of each
sample tube type comprised in said sample tube set, and

- the workflow data contains information regarding how each sample
tube type comprised in said sample tube set is processed in at least
one processing step of a workflow of the laboratory automation
system; and |

determining, based on the obtained workflow data, whether the laboratory

automation system is capable of correctly performing thé at least one

processing step of said workflow for each sample tube type comprised in

said sample tube set.

10. The method of claim 9, wherein the at least one processing step of a workﬂow

relates to

detecting a tube of the sample tube type by a sensor,

centrifuging a tube of the sample tube type;

gripping of a tube of the sampie tube type in a pick and place operation;
uncapping and/or recapping of a tube of the sample tube type;

aliquotation of sample liquid into secondary tubes;

transporting a tube of the sample tube type on a track system;

analysing a sample contained in a tube of the sample tube type;

storing a tube of the sample tube type; and/or

removing a tube of the sample tube type from the laboratory automation

system.

11. The method of claim 9 or 10, wherein the workflow data contains information

regarding:

a georhetry of an inner diameter of the sample tube type,

an empty tube weight of the sample tube type,

a cap weight of the sample tube type,

at least one safety 'parameter of the sample tube type, in particular a

maximum filling level for safe uncapping of the sample tube type and/or a
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maximum acceleration speed on track of the sample tube type,

- an analyzer specific tube ID of the sample tube type,

- a manufacturer article and/or ordering number of the sample tube type,

- a material, additive and/or feature to be expected within the sample tube
type, and/or

- an effective tube height, dependent on the outer tube shape and the tube

placement position within the laboratory automation system,

12. The method of any of claims 1 to 11, wherein the parameter of distribution
comprises information regarding a mean value, a standard deviation, a stability of
shapes, and/or a maximum color value spread of the detection parameter

and/or
wherein the comparing of the parameters of distribution comprises determining a
detection parameter probability value for correctly identifying the sample tube type

based on the parameter of distribution for the detection parameter.

13. The method of any of claims 1 to 12, wherein a probability is calculated that at
least one sensor of the laboratory automation system can distinguish at least one
detection parameter of each sample tube type from at least one detection parameter
of each of the other sample tube types comprised in said sample tube set

and/or
wherein a neural network is used to identify the sample tube types comprised in said

sample tube set.

14. Computer program product comprising computer-readable instructiohs, which,
when loaded and executed on a computer system, cause the computer system to

perform operations according to the method of any of claims 1 to 13.

15. System for establishing a sample tube set which is adapted to be processed by
a laboratory automation system, the system comprising:
- a selecting meansfor selecting a sample tube set comprising several sample

tube types by selecting a plurality of different sample tube types from an
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assortment of available sample tube types;

- a parameter means for obtaining a parameter of distribution for at least one
detection parameter of each sample tube type comprised in said sample
tube set, wherein the parameter of distribution comprises information
regarding a distribution of previously detected reference data values of the
detection parameter;

- a determination means for determining whether or not the laboratory
automation system is capable of correctly identifying each sample tube type
comprised in said sample tube set by comparing the parameter of
distribution for the at least one detection parameter of each sample tube
type comprised in said sample tube set with the parameter of distribution for
the at least one detection parameter of all the other sample tube types
comprised in said sample tube set; and

- an indicator means configured to:

- indicate that the se!éoted_ sample tube set is approved for being
processed by the laboratory automation system, if the determination
means determined that the laboratory automation system is capable
of correctly identifying each sample tube type comprised in said
sample tube set; and/or

- propose at least one conflict remediation, if the determination means
determined that the laboratory automation system is not capable of
correctly identifying each sample tube type comprised in said sample

tube set.
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