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Dascription

The fechnical field of the present application is handling sguipment that moves
maierials from one location {o another. Such equipment is commonly referred o as a
conveyor system or conveyance system. More specifically, aspects of the application
relate {o conveying a plurality of object carriers. Conveyance systems discussed in the
present application may be particularly suitable for conveying chemical,
pharmaceutical, or laboratory objects. For example, the objeclts may be tubes
containing samples. The samples may be in fluid form and may contain substances
such as blood or other bodily fluids. In particular, the disclosed conveyance systems
may be used in medical laboratories o fransport samples from one station to another

station.

The conveyance system may include multiple conveyor lanes and each conveyor lane
may have multipla conveyor lane sections. it may be desirable 10 move object carriers
from a section of a first convevor lane to a section of a second convevor lane. For
axample, the desired destination of an object carrier may depend on the objects carried
by the object carrier. Accordingly, multiple object carriers carrying a variety of objects
may be conveyed on the first conveyor lane. Depending on the objects contained within
the object carriar, it may be desirable {o divert or move the object carrier from the first
convevor lane 1o the second conveyor lane. More particularly, it may be desirable {0
divert or move the object carrier from a section of the first conveyor lane {0 a section
of the second conveyor lane. The diverling may be carried out via a diverting slement,

such as a rolatable disc.

A first conveyor lane section may also be referred {0 as an input conveyor lane section,
such that an object carrier moving on a conveyor lans toward the diverting element
may be conveyed on the first conveyor lane section. Moreover, a second convaeyor

lane section may also be referred 1o as an output convevor lane section, such that an
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object carrier being conveyed on the second conveyor lang section may be conveyed
away from the diverting element.

It a conventional conveyance system, sensors are often spread out over multiple
conveyor lanes, both before and after the diverting element. Some or all of the sensors
may be implemented as through beam sensors, also referred to as light barriers. These
sensors may detect the passage of object carriers along conveyor lane sections and
trigger a corresponding rotation of the diverting element. Further, cables are required
to connect the through beam sensors placed along the convevor bells to a control unit.
It addition, complicated software is conventionally required to calculate when fo rotale

the diverting element once an object carrier has been detected on the conveyor lane.

Moreover, conventional conveyance systems often require exit sensors {(e.q., also
through beam sensors} {0 be located downstream from the diverting element in order
o detect release of the objsct carrier and notify the control unit when the object carrier
is clear of the diverting element. in addition, information provided by the sensors is
necessarily imprecise, since it is necessary (o calculate when the object carrier will
contact the diverting element based on information received from a sensor located
some distance away from the diverting slement. For more precision, it would be
desirable to know when the object carrier is in closs proximity {e.g., less than 60cm or
less than 40 cm) to the diverting element or when the obiect carrier contacts the
diverting element. The large number of sensors and exiensive cabling required in

conventional systems can be expensive and difficult fo maintain.

Conventional convayance systems may also be heavily dependent on timing, requiring
complex management soffware. In particular, sensors are spread throughout the
system, at various distances from the rotatable disc. Some sensors are quite far away
from the disc. Therefore, the system must wall for some time after the detection of an
obiect carrier, prior 1o rotating the disc. If the disc rolates {oo early, the object carrier
may not have arrived yel. In case the disc wails too long o rotate, the overall
throughput of the system decreases. Determining when o rotate the disc in order to

maximize system throughput may be complicated.
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Further, conventional systems often require mulliple physical entitias that are capable
of rotation and cooperate to divert an object carrier from a first conveyor lane section
to a second conveyor lane section. Accordingly, it may be desirable to integrale all or
most components needed {o divert an object carrier from a first conveyor lane section
to a second conveyor lane section. in particular, it may be desirable to bring the
components as close together as possible, e.g., include the components on a single

physical entity. This may make the components easier {o control and maintain.

Moreover, it mav be desirable to detect an object carrier when the object carrier is
proximate {o the diverting element {e.g., within 80 cm or within 40 cm), such that it is
not necessary to calculale the progress of the object carrier over a long distance (or
around a curve or comer) in order to determine when 1o rotate the diverting element.
in addition, it may be desirable o reduce the number of conveyvance system
componants {e.g., sensors andfor the rotatable gale) and reduce the maintenance
required in comparison fo conventional approaches. Moreover, it may be desirable (o
improve the reliability of the process of diverling an object carrier between a first

conveyor lane section and a second conveyor lane section.

it Is an object of the present disclosure {0 solve one or more of the problems mentioned

above.

According to an aspect, a conveyance system for conveying a plurality of object
carriers is provided. The conveyance system comprises at least one first conveyor lane
section, and at least two second convevor lane sections. The convevance sysiem
further comprises a rolatable diverting slement for diverting an object carrier of the
plurality of obiect carriers betwsen the at least one first conveyor lane section and one
of the at least two second conveyor lane sections of the convevance system. The
diverting element comprises at least one sensor element for detecting the object carrier
when the object carrier is:

- being conveved foward the diverting element, or

- contacting the diverting element, or
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~ being transported away from the diverting element by the conveyance system.

The diverting element further comprises an axis of rotation adjacent {o the first
conveyor lane section and one of the second convevor lane sections. The axis of
rotation may be between fwo conveyor lanes, one of which includes the first conveyor
lane section and the other of which includes one of the second conveyor lane sections.
The axis of rotation is perpendicular {o a direction of conveyance of the first convevor

lana section and/or the two second conveyor laneg sections.

The rotatable diverting element may have multiple receiving positions, in which one of
the object carriers can be received by the diverding selement {g.q., within a concave
portion of the diverting element), and multiple releasing positions, in which the object
carrier that was received can be released {e.g., disengaged) from the diverting
element. In some cases, the diverting element may have one receiving position for
each input conveyor lane section (L.e., as many receiving positions as there are input
convevor lanes) and one releasing position for each output conveyor lane section {i.e.,

as many releasing positions as there are oculput conveyor lane sections).

The obiect carrier may be substantially cylindrical {e.g., a right circular cylinder).
Further, the object carrier may have a shape complementing the shape of the diverting
element, such that the object carrier fits into a portion of the diverting element and/or
the object carrier is supporied by the diverting element when the object carier is

received by the diverting element.

In some caseas, the conveyance system comprises a plurality of conveyor lanes. Each
convevor lane may include a plurality of conveyor lane sections. Conveyor lane
sections may refer to physical or logical divisions of a conveyor lane. For exampls,
physical conveyor lane sections may be one or more overlapping parts of a conveyor
lane or divisions between rollers on a conveyor lane. Logical conveyor lane sections
may refar to divisions created by the presence of the diveriing element. For example,
the first conveyor lane sections may be on one side of the diverting element and the
second conveyor lane sections may be on the opposite side of the diverting element.

Accordingly, an object carrier may be conveyed {or moved) toward the diverting
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glement on the first conveyor lane secltion and may be conveyed (or moved) away from
the diverting slement on one of the second conveyor lane sections. More particularly,
the object carrier may move toward the axis of rotation of the diverting element on the
first conveyor lane saction and may move away from the axis of rolation of the diverting

alement on sither of the second conveyor lane sections.

The rotatable diverting element may changs the course of the object carrier by diverting
the obiect carrier. In particular, the diverting slement may divert the object carrier
through a region between the at least one first conveyor lane section and one of the at
least two second conveyor lane sections of the conveyance system. More specifically,
the diverting element may divert the object carrier from the first conveyor lane section

to one of the at least two second conveyor lang sections.

At any given time, there may be a plurality of object carriers in motlion on the
conveyance systemn. Further, the conveyance system may be symmetrical, such that
there are as many first conveyor lane sections as there are second conveyor lane

sactions.

in some cases, the conveyance system may comprise a plurality of interchangeable
parts, such that conveyor lane sections can be added or removed as needed. For
example, a subset (possible a proper subset) of the second conveyor lane sections
may be associated with a station. Objects within the object carriers may be processed
at each siation. In some cases, different stations process different objects. For
gxample, a first station may process blood and not urine and a second station may
process urine and not blood. One station may be temporarily out of service and
conveyor lane sections leading to that station may be removed. Alternatively, a new
station may be added and new conveyor lane sections leading to that station may be
added to the conveyance system.

The sensor element may comprise a plurality of sensors. The sensors may be
implemented using the same sensor technologies or using different sensor

technologies. When the sensor slement comprises more than one sensor, this may
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have the advaniage of improving reliability, e.g., the system may be able o keep

operating after failure of one or more sensors.

The sensor element may include a proximity sensor to detect the object carrier when
the object carrier is being conveyed toward the diverting element. In some cases,
muitiple proximity sensors may be used. | may be advantagsous o use multiple
proximity sensors in the interest of reliability or so that the system can continue o

operate if one sensor fails.

The sensor slement may include a tactile or fouch sensor for detaecting the object
carrier when the object carrier is contacling the diverting slement. Mulliple tactile
sensors may be used in the interest of reliability and/or redundancy. Proximity sensors,
tactile sensors and other types of sensors {e.g., pressure sensors) may be used in
combination. The combination of different types of sensors may improve reliability

andfor redundancy.

For example, when the sensor element includes an RFID reader and an optical sensor,
refiability may be enhanced. The RFID reader may detect the presence of an RFID
tagged object carrier at the diverting element. The optical sensor may detect the
presence of the object carrier sven if the RFID sensor has failed. A redundant sensor,
such as the optical sensor, may be used 1o detact arrors {8.g., a non-functioning RFID
reader or RFID tag) or an invalid state and initiate error handling. in particular, data
from the sensor element may be sent {o the control unit and analyzed o determine
errors, e.g., if one of the sensors of the sensor element is not functioning or if object

carriers are not equipped with RFID tags.

The proximity sensor of the sensor element may also be used for detecting the object
carrier when the object carrier is being transported away from the diverting element by
the conveyance system. Alternatively, the absence of contact on the {actile sensor of
the sensor element can also be used to detect that the object carrier is being

transported away from the diverting element,
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The axis of rotation of the diverting element may be between the first conveyor lane
saction and one of the second conveyor lane sections. More specifically, the axis of
rotation of the diverting element may be betwesn the first conveyor lane (including at
least one first conveyor lane section and at least one second conveyor lane section)
and the second conveyor lane (including at least one first conveyor lane section and

at least one second conveyor lane section that are not in the first conveyor lane).

in some cases, the axis of rofation of the diverting element is perpendicular to a
direction of convayance of the first conveyor lane section and the two second conveyor
lane sections. In other cases, the axis of rotation of the diverling slement is
parpendicular to the direction of conveyance of the first conveyor lane section and only

one of the second conveyor lane sections.

The diverting slement is located such that rofation of the diverting element can cause
an object carrier of the plurality of object carriers to be diveried between the al least
one first conveyor lane section and one of the at least two second convayor lane
sections of the conveyance system. More particularly, the diverting element may be
positioned such that when the object carrier is in contact with the diverting element,
rotation of the diverting element causes the object carrier to pass through a region
between the at least one first convevor lane section and one of the at least two second
conveayor lane sections.

The direction of conveyance of the first conveyor lane section and the two second
conveyor lane sections may be the same diraction. For example, a first of the second
conveyor lane sections may be paraliel fo a second of the second conveyor lane
sections. The direction of convevance may aiso be referred {0 as a direction of
movement or a direction of transport. In particular, the direction of conveyance may be

the direction in which the object carrier is transported.

In some cases, the diverting element further comprises an engaging slement. The
engaging alement may be adapled for engaging the object carrier, which has been
detected by the sensor element, while the object carrier is being diveried between the
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first conveyor lane section and one of the second conveyor lane sections. In addition,
the engaging element may be adapted for releasing the engaged object carrier when
diverting of the object carrier is completed. Engaging the object carrier may comprise
holding and/or contacting the object carrier. Accordingly, by means of the engaging
element, the diverting element may support the object carrier while the object carrier
is being diverted between the al least one first conveyor lane section and one of the at

least two second convevyor lane sections.

Diverting of the object carrier may be completed when the object carrier has been
diverted from the at least one first conveyor lane section to one of the at least two
second conveyor lane sections. in other words, diverting the object carrier between the
at least one first conveyor lane section and one of the at least two second conveyor
fane sections may comprise bringing the object carrier from the first conveyor lane
saction o one of the two second convevor lane sections. Once the object carrier is
brought fo its destination conveyor lane section, the object carrier may be conveyed in

the direction of conveyance of the second conveyor lane section.

The engaging element may be configured to engage a corresponding engaging portion
on thae object carrder. The engaging portion may be implemented as ferromagnetic
material, o be engaged by a corresponding magnet of the engaging elemeant.
Alternatively or in addition, the engaging portion may be implemented mechanically.
For example, the engaging portion may be implemented as a protrusion of the object
carrier that fits into a corresponding aperture in the engaging element. Alternatively,
the engaging portion may be implemented as an aperiure in the object carrier that
gngages with a protrusion of the engaging element.

in an example including a mechanical implementation of the engaging element and the
engaging portion, a first vertical movement of the diverting slement may cause the
engaging element to engage the engaging portion, and lead {o a corresponding vertical
movement of the oblect carrier. Accordingly, after rotation of the diverting element, a
second vertical movement of the diverting element leads to a disengagement of the

engaging portion of the object carrier from the engaging slement of the diverting



10

15

20

25

30

WO 2018/167662 PCT/IB2018/051657
9

glement. The first vertical movement may be an upward movement and the second
vertical movement may be a downward movement. Additional vertical movements may
also be made, e.g., during rofation of the diverling element. This interaction of the
engaging slement with the object carrier may be referred 1o as passive, since the
interaction (specifically the first vertical movement} is initiated when the object carrier

contacts the engaging slement.

in the context of the present application, "vertical” may be understood with respect {o
an x-y plane formed by the convevance system, such that vertical is along a z-axis
parpendicular to the plane of the conveyance system. The frame of reference for the

present application is the earth.

The engaging slement may include one or more of the following: at least one magnst,

a fastening device {&.g., a lock or clamp}, a suctioning device.

The magnet or magnets, fastening device, and suctioning device may be used
individually or in combination as the engaging element or part of the engaging element.
The engaging slement may comrespond 1o an engaging portion of the object carrier.
When the magnet is used, the engaging portion of the object carrier may include a

ferromagnetic portion. The ferromagnetic portion may comprise iron, nickel, or an alioy.

In some cases {e.g., when implementaed as a clamp)}, the fastening device may be
capable of gripping the object camier and holding the objact carrier while the object

carrier is being diverted by the diverling slement.

in an implementation of the engaging slement including a lock, the engaging slement
may fit into the corresponding engaging portion of the object carrier (or a part thereof)
similar to the way a key fits into a conventional lock. The lock may be usad to hold the
object carrier in place while the object carrier is being diverted between the first

convevor lane section and one of the second conveyor lane sections.

in particular, the engaging slement may include a "one-pin lock”, Le., a pin that is
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mounted on the diverling element. In particular, the diverting element may be
implemented as a rotatable disc, and the pin may be mounted in a concave portion of
the disc. When there is an object carrier in the concave portion of the dise, the pin can
be moved along its long axis inio the carrier and hold the carrier within the concave

portion during rotation of the disc.

The one pin lock may be simpler than other locks, such as twist locks. The twist lock
also includes a pin. The pin of the twist lock has an additional feature at its tip. The pin
of the twist lock would hold the object carrier, but, this would require 2 rotation of the
pin along s long axis in order to lock the carrier within the concave portion of the disc

during rotation.

in an implementation of the engaging element including a suctioning device, the
engaging element may be used {o create a region of low pressure so as o cause the
obiject carrier to remain in contact with the diverting element while the object carrier is
being diveried between the first conveyor lane section and one of the two second
convevor lane sections. The suctioning device may include a radial flow pump, also

referrad {0 as a centrifugal pump.

The engaging element may ensure that the object carrier arrives in the desired
conveyor lane section afier being diverted by the diverting slement. Therefore, the
engaging element may hold the object carrier during the rotation of the diverting
slament and only release the object carrigr at the correct conveyor lane saction {(e.g.,
one of the second conveyor lane sections). In comparison fo the passive engaging
element, the aclive engaging element may make it easier o ensure that the objact

carrigr arrives at the correct conveyor lane section.

The diverting elemeant may include a disc. In particular, the diverling element may be
substantially disc-shaped, le., basically round and flat. The disc may include a
concave portion extending from the periphery of the disc toward the center of the disc.
The disc may be substantially crescent-shaped, such that the area of the opening of

the crescent is considerably smaller than {e.g., less than half) the area of the solid
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portion of the crescent. The size of the concave portion of the disc may be suitable for
recelving the object carrier. in particular, the diameter of the concave portion may be

shightly larger than {(e.g., within 3 cm or 5 cm ¢f} the diameter of the object carrier.

The engaging slement may be part of the concave portion of the diverting slement,
The concave portion of the engaging slement may match a convex portion of the objact
carrier. For example, when the object carrier has the shape of g right circular cylinder,
approximately half of a slice of the object carrier will fit within the concave portion of

the diverting element.

As an alternative o the disc, the diverting element may include a lever for diverting the
ohiject carrier and a stopper for stopping subsequent object carriers from being
convayed toward the lever. In such cases, it may be that the diverting element is not a
single physical entity but that instead the lever and the stopper are separate portions
of the diverting slement. The lever and stopper may be substantially bar-shaped. The
stopper may be approximately one half or approximately one third the size of the lever.
int particular, the length of the stopper may be approximately one half or approximately
one third of the length of the lever.

As an alternative to the disc and the lever/stopper arrangement, the diverting element
may be adapted to engage the object carrier from shove via the engaging element.
Accordingly, the diverting element may include a lateral opening for releasing the
obiect carrier. The diverting element may cover the object carrier when the object

carrier is engaged similar {0 the way a hood covers an object.

The conveyance system may further comprise an energy source for the diverting
element. The energy source may include an electromeachanical davice, such as a slip
ring. In addition or alternatively, the energy source may include an electromagnetic
device, such as an inductive coupling device or a wireless slip ring. It is also possible
that the energy source includes a battery. The energy source may be a combination of

these devices or may be a single device.
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The sensor element may be coupled o the energy source via the axis of rolation of the
diverting elemant. For example, electrical signals may be passed wiralessly along the
axis of rotation of the diverting element. In particular, power and data may be
transferred or fransmitied via the axis of rotation of the diverting elemsnt. In soms
cases, object sensing data obtained by the at least one sensor element can be
transmitted to the control unit via the axis of rotation. Object sensing data may refer to
data obtained by sensors relating to object carriers being conveyed on one of the
conveyor lane sections. it is also possible that the sensor slement is coupled o the
gnergy source via a cable,

The control unit may be implemented as part of the diverting slement or may be
external 1o the diverting element. The control unit may receive sensor data from the
sensor element and control rotation of the diverting element, and possibly, operation
of the engaging element. In particular, the control unit may process sensor data and
determine how o control the diverting element based on the sensor data. The control
unit may also use the sensor data to determing when o aclivate/deactivate the
engaging element and/or when {o cause vertical movement of the diverting element.

The control unit may include a processor and a memory coupled o the processor.

Wireless transmission of power and data may have the advantage of making the
conveyance system easier to maintain and more refiable. Further, a wireless energy
source may be less likely to contaminate the objects carried by the object carriar. This
may be particularly advantageous when the object carriér carries pharmaceutical
objects. Moreover, a system with fewsr cable connections may be easier {o

manufaciure and maintain.

At least two sensors of the plurality of sensors may use different sensor technologies.
Moreover, at least two sensors of the plurality of sensors may be of different types. For
example, one of the sensors may be a tactils sensor implemented using strain gauge
technology and another of the sensors may be a proximity sensor implemented using

capacitive sensing. Other combinations of sensors and technologies are also possible.
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The sensor element may include one or more of the following sensor types:

- g tactile sensor placed where an object carrier will contact the diverting element or
placed so as to measure a force generated by the object carrier that acts on the axis
of rotation;

- & pro}imity sensor;

- an image sensor;

~ 3 pressure sensof.

The image sensor may be located on top of the diverting element or located on an
gxtension of the diverting element so as o be able o capture images of the first
conveyor lane section The exension of the diverting element may be an armm or
projection exiending out from the body of the diverting element. The exdension of the
diverting elemeant may be movable i.e. capable of adjustment. In particular, it may be
possible to adjust the location of the image sensor. There may be mulliple image
sensors capable of capturing images of multiple conveyor lanes, different parts of
conveyor lanes or the same section of a3 conveyor lane from different angles. In
particular, the image sensor may be capable {e.g., via adjusiment and/or use of the
axtension) of capturing images of the at least one first conveyor lane section and the
at least two second conveyor laneg sections, The image sensor may include a fish eye
lens to create a wide panoramic or hemispherical image. The image sensormay be a

camefa.

The sensor element may include one or more sansors implemented using one of the
following sensor technologies:

~ capacitive sensing,

~ & sfrain gauge,

- a discrete, linear or echo detection piezo transducer,

- an RFID reader,

- acoustic source localization,

- the magnetic hall effect.

For example, the sensor element may include one or more tactile sensors implemented
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as strain gauges or pieze fransducers. The sensor element may also include, in
addition of allernatively, resistive tactile sensors or a Radio Frequency ldentification
{RFID) reader capable of measuring the magnetic or electric field strength of an RFID

response.

The image sensor may include a camera capable of performing object recognition.
Alternatively, object recognition may be performed by the control unit. The control unit

may be connected to the sensor element.

Proximity sensors may be implementad using capacitive sensing, acoustic source
localization, magnetoresistance, the magnetic hall effect, RFID, or near field

communication.

A combination of sensor technologies may be used. For example, the sensor elemeant
may include one proximity sensor implemented using capacitive sensing and ancther
proximity sensor implemented using RFID. The sensor element may also include
tactile sensors implemented using various technologies. Use of different technologies
in the sensor element may have the advaniage of improving reliability. For exampls,
sensors implemented using different technologies may provide different information,
which can be correlated in order {o more accurately determine the position of the object
carrier andfor when to rotate the diverting element. Further, different types of sensors
{e.g. a tactile sensor and a proximity sensor) and different sensor technologies may
fail at different times, thereby improving reliability {e.g., the control unit may be able to
compensats for one or more falled sensors). Further, weaknesses in different types of
sensors or in different sensor technologies may be compensated for by other types of

sansers of sensor technologies.

it may be advantageous {0 include the sensor element as part of the diverling element
rather than spreading sensors throughout the conveyance system. Such concentration
of sensing functionality reduces the need for cabling in the conveyance system, making
the system more reliable, precise, less expensive and gasier {0 maintain. In particular,

the conveyance system may reguire less cabling, e.g., for power and data transfer to
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and from the diverting element rather than at various points in the convevance system.
Further, the conveyance system may be simpler and more reliable, particularly
because the software to control the system may be less complex and there may be
fewer paris that can fail. Moreover, fewer sensors are needed and more precise
sensing can be performed. Also, the sensor element on the diverting element can be
more easily controlled in comparison to sensors located throughout the conveyance

system,

Also, when the sensor element for detecling the obiect carrier is part of the diverting
slement, software for controlling the sensors can be simpiified and the cabling and
connections required can be reduced or even eliminated in a2 wireless solution. One
reason for the simpilification of the software is that inclusion of the sensor element as
part of the diverting element sliminates the need for timing. In particular, in contrast {o
the conventional system described above, |t is not necessary to calculate the amount
of time that it will take Tor an object carrier detecied by a through-beam sensor to reach
the diverting element. Instead, inclusion of the sensor element in the diverting element
ensures detection of the object carrier at a fixed distance from the diverting element
and makes it easier to rotate the diverting element such that wailing time is minimized.

Further, minimizing the detaction distance allows the system {0 maximize throughput.

Also, when the sensor element includes a pressure sensor or proximity sensor, these
sensors may be able to perform more precise sensing than photoslectric sensors, such

as through beam sensors, located throughout the conveyance system.

In a conventional solution, sensors dispersed throughout the convevance system need
to be wired and configured one by one in sofiware. In contrast, by including the sensor
element as part of the diverting element, as soon as all sensors are located or even
soldered on the same electronic device, they can be identified and configured all at
once per diverting element. This may make initial configuration of the conveyance

system easier and more efficient.

Use of the engaging slement may enable the elimination of other mechanical parts
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within the conveyance system. In particular, the object carrier can be held by or
fastenad {o the diverling element so that additional guiding componeants external to the
diverting element, such as a rolatable gale, are not needed. For example, in some
caseas, the rolatable gate is placed downstream from the diverling element in order fo
help divert the object carrier between the first conveyor lane section and one of the two
second conveyor lane sections. Use of the engaging element may make it possible to
dispense with additional mechanical components exiernal to the diverting slement,
such as the rotaiable gate, which may be used {o help divert the object carrier.
Elimination of the rofatable gate may have the advaniage of reducing the
manufacturing cost of the conveyance system, making the system simpler 10 use and

making the system easier (o maintain,

The diverting element may be a single physical entity including the engaging element
and the sensor element. For example, when the diverting element is or comprises the
disc, the sensor element may be located on the disc or within the disc. Similarly, the

gngaging element may be intagral to the disc or physically connectad o the disc.

The single physical entity may include the energy sowrce or an element thereof.
Further, the single physical entity may include data tfransfer capability. The slement of
the energy source may be coils of a slip ring placed in the diverting slement. A further
slemeant of the energy source may be a stationary element capable of transmitting

anergy and fransmitting and receiving data.

According to ancther aspect, a method for conveying a plurality of object carriers via a
conveyance system is provided. The method comprises conveying, via a first conveyor
{ane saction, an ohject carrier toward a rotatable diverting element. The method further
comprises detecting, via a sensor element of the rotaiable diverting element, the object
carrier when the object carrier is:

- baeing conveyed toward the diverling slement, or

- cortacting the diveriing element, or

~ being transporied away from the diverting element by the conveyance system.
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The method further comprises diverting, via the rolatable diverting element, tha object
carrier between the first conveyor lane section and one of the al least two second
conveyor lane sections. The diverting element has an axis of rotation adjacent to the
first convevor lane section and the at least two second convayor lane sections. The
axis of rotation is perpendicular to a direction of conveyance of the first conveyor lane
section and/or the at least two second conveyor lane seclions. Both the first conveyor
lane section and the at least two second conveyor lans sections are part of the

conveyance system.

if the sensor slement comprises a tactile sensor, the mathod may further comprise
detecting the object carrier when the object carrier contacts the diverting element. If
the sensor element comprises a proximily sensor or an image sensor, the method may
further comprise detecting the object carrier when the object carrier is being conveyed

toward the diverting slement but not yet in contact with the diverting slement.

The method may further comprise retating the diverting element when the object carrier
is close enough to the diverting element to be received by the diverting element, The
method may further comprise detecting when the object carriar is being transported
away from the diverting slement. Detecting when the object carrier is close enough to
the diverting element o be received by the diverting element may be carried out via
the proximity sensor. Similarly, detacting when the object carrier is being transported
away from the diverting element may be carried out via the proximity sensor. When the
diverting slement can be rotated without disrupting the movemant of the object carrier
being transporiaed away from the diverting element, the method may further comprise
rotating the diverting element o a receiving position such that the diverting element
can receive ancther object carrier. Detecting whan the diverting slement can be rotated
without disrupting the movement of the object carrier being transported away from the

diverting element may be carried out via the proximily sensor.

in some cases, diverting the object carrier between the first conveyor lane section and
the at least ong of the second conveyor lane sections further comprises vertically

moving the diverting slement, the vertical movement causing an engaging slement of
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the diverting element o engage or attach o an engaging portion of the object carrier.
The vertical movement of the diverting element may occur upon determination that the
object carrier is ready 1o be engaged. For example, the object carrier may amrive in the
receiving position. Accordingly, the sensor element may detect that the object carrier
is in contact with the diverting slement. More specifically, a tactile sensor of the sensor
alement may be located within a concave portion of the diverling slement and may
detect that the object carrier is in contact with the concave portion. The detection may
be reporied o the control unit and lead to the determination that the object carrier is

ready {0 be engaged.

The method may further comprise rotating the diverting element and the object carrier
angaged with the diverting slement from the first conveyor lane section to the at least
one of the second conveyor lane sections. The method may further comprise vertically
moving the diverting element. In addition, the method may comprise disengaging the
engaging portion of the object carrier from the engaging slement fo allow the obhject
carrier o move away from the diverting element. For example, the first vertical
movement may be an upward movement and the second vertical movement may be a
downward movemaent. Further, the first vertical movement may cause the object carrier
to be fastened {o the diverting element. The second vertical movemsnt may cause the

ghiect carrier {0 be disengaged or unfastened from the divarting slement.
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Brief descrintion of the drawings

Figure 1 shows parts of a conveyance system including a diverting element and
multiple object carriers.

Figure 2 shows paris of the conveyance systemn including the diverting element, and
conveyor lane sections.

Figure 3 shows two object carrisrs and a diverling element within part of the
conveyance system.

Figure 4 begins diversion of an object carrier from a first conveyor laneg section to a
second conveyor lane section,

Figure 5 continues diversion of the object carrier from the first conveyor lane section
o the second conveyor lane section.

Figure 6 shows the object carrier afier it has been diverted from the first convevor lane
section to the second conveyor lane section.

Figure 7 shows the diverting element and a rotatable gate.

Figure 8 shows another configuration of the diverting element and the rotatable gats.
Figure 9 shows yet ancther configuration of the diverting element and the rotatable
gate.

Figure 10 shows the diverting element and two object carriers.

Figure 11 shows a side view of the diverting element and the rotatable gate.

Figure 12 shows a four lane conveyance system coupled o end of lane conveyance
syslems.

Figure 13 shows a diverting element implemented as a lever and a stopper.

Figure 14 shows a diverting element including a hood.

Detalled description

In the following text, a detailed description of examples will be given with reference to
the drawings. it should be undersiood that varicus modifications to the examples may
be made. In particular, one of more elements of one example may be combinaed and

used in other examples {o form new examples,

The conveyance system of the present disclosure may be used in a laborstory
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gnvironment, for example, to produce pharmacsutical products. The conveyance
systemn may include convevor lanes adapted to convey object carriers. The objects
carried by the object carriers may be samples or laboratory products. For example, the
objects may be tubes, such as test tubes. The objects may be cappead. The objects

and/or object carriers may include RFID tags.

Each ohject carrier may be a holder suitable for carrving the objects described above.
The object carriers may be substantially cylindrical. A typical object carrier may be
made from one or more malerials, e.g. plastic or metal. The object carriers may have
substantizlly the same shape and be made from subslantislly the same materials.
Object carriers may include wheels. Each obiect carier may have a flal, smouth
bottom. Further, each object carrier may have a form suitable for being conveyed by

the conveyor lane sections.

The conveyance system may include convevor lanes (also referred to as conveyors)
capable of conveying or moving object carriers. The conveyor lanes may be chain or
belt conveyors. The conveyance system may include at least one first conveyor lane
section and at least two {i.e. multiple) second conveyor lane sections. Each first
conveyor lane section may be paired with a corresponding second conveyor lans
section to form a continuous conveyor lane capable of moving one of the plurality of
object carriers. In some cases, each object carrier may be moved or transported by
means of magnetic altraction caused by one of more magnets moved along a

predetermined path.

Each first conveyor lane section may form a continuous single lane with no more than
one second conveyor lane section. The first conveyor lane section may be paraliel to
one of the at least two second conveyor lane sections. The conveyor lanes may include
borders or boundaries on one side {or both sides) of each lane. The borders may have
gaps {s.g., around a diverting element}). Adjacent lanes might not have borders or
boundaries in order {o allow an object camier o be diveried between the adjacent
lanes.
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The obiect carrier may be orientation specific, such that the orientation of the object
carrier should be maintained while the object carrier is traveling on the conveyance
system. However, in some cases, it might not be necessary {o transport orientation
specific object carriers. The object carrier may include a drive device, such that the
obiact carrier can propel itself along one of the convayor lanes. The diverting element
may be capable of tumning off the power to drive the object carrier. Alternatively, the
object carrier may be configured 1o stop as soon as the object carrier comes info
contact with the diverting element. The object carrier may include structures for holding
multiple tubes containing the same or different samples. in some cases, the
conveyance systemn may be used fo transport samples in an in vilro disgnostic

faboratory. The samples may include hodily fluid, such as blood.

An implementation in which the diverting element includes a disc may have the
advantage that throughput of the conveyance system can be increased. In particular,
the lever stopper design may vield a maximum throughput of about 2400 objects (e.q.,
tubes) per hour. In confrast, when the diverting element includes the disc, the

throughput may be increased to 2800 objects per hour.

Figure 1 shows parts of a conveyance system 200 (see Figure 2), including two
rotatable diverting elements 101 and object carriers 103. Circular areas 107 show
where conveyed object carriers may contact the diverting element 101. The object
carrier 103 may be received in a concave portion 108 of the diverting slement 101. In
particular, the object carrier 103 may include a convex portion that is received in the
concave portion 109, In some cases, the object carrier 103 may be substantially

cylindrical.

The diverting slemeant 101 may have multiple concave portions in order 1o increase
throughput.

The diverting element 101 may rotale clockwise or counierclockwise. The diverting
element 101 may rotate in such a way as o minimize disturbance of the object carrier

103 {e.g., prevent the object carrier 103 from contacting other object carriers).



10

15

20

25

30

WO 2018/167662 PCT/IB2018/051657
22

The diverting element 101 may include a control unit in addition o 3 sensor element.
including the sensor element with the diverling slement may have the advantage of
agnabling the object carrier 103 1o be located more precisely. in particular, the object
carrier 103 may be located more precisely in comparison to the localization of the
ohiect carrier 103 that is possible when sensors are positioned at different points inthe

conveyance system outside of or external {o the diverting slement 101,

The diverting element 101 may be initialized. During the initialization, the control unit
may move the diverting slement 101 o the closest receiving position or releasing
position. In particular, the control unit may rotate the diverting element 101 in one
direction {clockwise or counterclockwise {0 arrive at the closest receiving or releasing
position). The control unil may then rotale the diverting element in the opposile
diraction 1o reach the next receiving or releasing position. In this way it may be ensured
that there is no cbstruction preventing rotation of the diverting element 101 between

receiving and releasing positions.

Figure 2 shows the conveyance system 200, The conveyance system includes the
diverting element 101. In addition, the conveyance system 200 includes two first
conveyor lane sections 201, 202 and two second conveyor lane sections 203, 204.
The diverting element 101 includes an axis of rotation 205 adjacent to one of the first
conveyor lane sections 201, 202 and one of the second conveyor lane sections 203,
204. In the depicted sxample, the axis of rotation 205 is adiacent o both the first
conveyor lane sections 201, 202 as well as {0 the second conveyor lane sections 203,

204. Howsver, other arrangemsnis are possible.

Each of the conveyor lane sections 201 to 204 may be part of corresponding

conveyors. The conveyors may be powered by a drive system, enging, or motor,

The diverting element 101 is shown with the concave portion 108. The concave portion
108 may also be referred to as a semicircular cutoul. The conveyor lane seclions 201

{0 204 may be implemented as metal tracks, more particularly, aluminum tracks. in the
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example of Figure 2, two conveyor lanes are each composed of two conveyor lane
sactions. Thus, one conveyor lane includes the first conveyor lane section 202 and the
sacond conveyor lane section 204 and another conveyor lane includes the first
conveyor lane section 201 and the second conveyor lang section 203. The conveyor
lanes 201,203 and 202,204 are logically divided by the diverting element 101, In the
example depicted, the first conveayor lane sections 201 and 202 appear on the left side
of the axis of rotation 205 and the second conveyor lane sections 203 and 204 appear
on tha right side of the axis of rotation 205.

The conveyance system 200 is also shown with a crossover bridge 207, The crossover
bridge 207 is provided in between the second conveyor lane seclions 203 and 204, In
some cases, the crossover bridge 207 supports the object carrier 103 when the
diverting element 101 diverts the object carrier 103 between one of the first conveyor
lane sections 201,202 and one of the second conveyor lane sections 203,204, For
example, the crossover bridge 207 could support the object carrier 103 when the
diverting element 101 diverts the object carrier 103 between the first conveyor lane
sections 201 and the second conveyor lane section 204, The diverling element 101

may have an outer surface 208,

The convevor lanes including the conveyor lane seclions 201 to 204 may be

implemented as chain or belf conveyors.

Figure 3 shows another example of the conveyance system 200. A single first conveyor
lane section 201, 202 and a single second conveyor lane section 203,204 each form a
continuous conveyor lane. For example, a first conveyor lane includes the first
conveyor lane section 201 and the second conveyor lane section 203 and a second
conveyor lane includes the first conveyor lane section 202 and the second conveyor

iane section 204,

The object carmrier 103 may move along the first conveyor lane section 201 until

reaching the rotatable diverting element 101. The rotatable diverling element 101 may
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divert the object carrier 103 betwaen the first conveyor lane section 201 and one of the

at least two second conveyor lane sections 203,204,

A diameter of the diverting element 101 may be about equal t¢ a combined width of
one of the first conveyor lane sections 201,202 and one of the second convevor lane
sections 203,204, At position 1, the object carrier 103 may be detected by a sensor
glement of the diverting element 101. The presence of the object carrier 103 at position
1 may be detected by a proximity sensor of the diverting element 101. The proximity
sensor may be part of the sensor element. Object sensing data oblained by the
proximity sensor may be transmitied {o the conirol unit of the diverting element 101,
The fransmission may be carried out wirelessly and may occur via the axis of rotation
205.

The control unit may determine whether the object carrier 103 should be diverted from
first conveyor lane section 201 to the second conveyor lane section 203 or whether the
object carrier 103 should be diverted from the first conveyor lane section 201 o the

second conveyor lane section 204.

The diverting element 101 may rotate in a counterclockwise direction when diverting
the obiect carrier 103 between the first conveyor lane section 201 and one of the
sacond conveyor lane sections 203, 204 in order o avoid disturbing another object

carrier 103 on the first conveyor lane section 202.

The sensor element may detect the presence of the object carrier 103 when the obhject
carrier 103 is in the first conveyor lane section 201 or the first conveyor lane section
202. Use of the sensor element as part of the diverting element 101 may obviale the
need for sensors along the conveyor lane sections 201 to 204. In addition, the sensor
alement of the diverling elemant 101 may be used o delect when the object carrier
103 has moved for enough away from the diverting element 101 such that the diverting
element 101 may rotate away from the obhject carrier 103 in order {0 receive a new

abiect carrier.
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Upon detection of the object carrier 103 by the sensor element, the diverting element
101 may be rotated o a recelving position in which the object carrier can be received
within the concave portion 109, Alternatively, the diverting element may already be in
position to receive the object carrier 103 and may not need 1o be rotated. The object
carrier 103 may be moved along the conveyor lane section 201 until the object carrier

103 is received by the diverting element 101 within the concave portion 108,

For example, a tactile or pressure sensor of the diverting slement 101 may detect when

the object carrier 103 is no longer in contact with the diverting slement.

The tactile or pressure sensor of the diverting element 101 may dstermine that the
diverting element 101 is ready to engage the object carrier 103 when the object carrier
103 contacts the diverting element 101. Allernatively or in addition, pressure sensors
of the diverting element 101 may detect when the object carrier 103 is exerting a lateral
force on the axis of rotation 205, For example, when the object carrier 103 is moving
along the first conveyor lane section 201, and comes into contact with the concave
portion 109, the object carrier 103 may begin to exert a lateral force on the axis of
rotation 2058, e.g. in the direction of movement of the conveyor lane section 201.
Detection of the exertion of this lateral force may cause the diverting element {o divert
the object carrier 103 betweaen the first conveyor lane 201 and one of the two second
conveyor lane sections 203 or 204. In particular, detection of the lateral force may lead
o a determination by the control unit that the diverting element is ready {o engage the

obiect carrier 103,

Upon determination that the diverting element 101 is ready t0 engage the object carrier
103, an engaging element of the diverting element 101 may engage an engaging
portion of the object carrer 103, For example, a magnet of the engaging element may
gxert a magnetic force on a Terromagnetic portion of the engaging portion of the object
carrier 103 o engage the object carrier 103. Once the engaging element of the
diverting element 101 engages the object carrier 103, the diverling slement 101 may
rotate in a counterclockwise direction in order to divert the object carrier between the

first conveyor lans section 201 and one of the second conveyor lane sections 203,
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204,

If it is determined that the object carrier 103 should be diverted {0 the second conveyor
lane section 203 rather than the second conveyor lane section 204, the diverling
alement 101 may rotate a quarter turn before disengaging the object carrier 103,
Alternatively, if it is determined that the object carrier 103 should be diverted to the
second conveyor lane section 204, then the diverting element 101 may rolate a half
turn in the counterclockwise direction before disengaging the object carrier 103. The
object carrier 103 may be released by the engaging slement once the object carrier

103 is aligned with one of the second conveyor lane sections 203, 204,

Advantageously, use of the engaging element as part of the diverting element 101 may
obviate the need for a rotaiable gate 105 (see Figures 7 to 8§ and 11) as well as control
unit hardware and/or software to control the rotalable gate 105. Further, use of the
angaging selement may manufacturing an operation of the conveyance system 200

simpler and cheaper.

In the exampile of Figure 3, the diverting element 101 is positioned o receive the object
carrier 103 but the object carrier 103 has not yet prograssed within the concave portion
108 of the diverting slement 101,

Before recsiving the object carrier 103, the diverting element may determine whether
to divert the object carrier 103 to the second convevor lane section 203 or the second
conveyor lane section 204, In order 1o determine o divert the object carrier 103 from
the first conveyor {ane section 201 to the second conveyor lane section 204, rather
than the second conveyor lane section 203, the control unit of the diverting element
101 may determing an identity of the object carrier 103 based on object sensing data

obtained by the sensor element.

For example, the sensor element may include an RFID reader and the RFID reader
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may read an RFID tag of the object carrier 103, Allernatively, the control unit may be
programmed to divert a predetermined number of object carriers 103 io the second
conveyor lane section 204 before diverting further ohject carriers 103 to the second

conveyor lane saction 203.

Figure 4 shows another view of the convevance system 200. In Figure 4, the
conveyance system 200 of Figure 3 is shown after the object carrier 103 has been
conveyed along the first conveyor lane section 201 toward the concave portion 109 of
the diverting element 101. Accordingly, in the example of Figure 4, the diverting

eglement 101 is about to receive the object carrder 103,

Further, Figure 4 shows the diverting element 101 when the diverting element 101 is
in the receiving position for object carrers being conveyed along the first conveyor lane

saction 201.

The diverting element 101 may have multiple receiving positions. When the diverting
element 101 is in one of the receiving positions, the diverling element 101 may be able
{o receive one of the object carrliers 103 within the concave portion 108, In addition,

the diverting element 101 may have mulliple releasing {e.g., disengaging) positions.

When the diverting element 101 is in one of the releasing positions, the object carrier
103 may be positioned so as o be conveved on one of the second conveyor lane
sections 203 or 204.

Thus, the diverting element 101 may have receiving positions corresponding o each
one of the first conveyor lane sections 201 and 202, and the diverting element 101 may
have releasing positions corresponding o each one of the second conveyor lane
sections 203 and 204. In other words, the diverting element 101 may have two

recelving positions and two releasing positions.

The diverting element 101 may come o a stop in gach of the receiving positions and

releasing positions.
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The diverting element 101 is again depicted as the rotatable disc with the concave
portion 108. The diverling element 101 is shown in a position 1o receive the objsct

carrier 103 in the concave portion 108,

Once the object carrier 103 has been received by the diverting slement 101, the object
carrier 103 may be engaged by an engaging element of the diverting element 101. The
obiect carrier 103 may be engaged afler a determination is made that the diverting
glement 101 is ready to engage the object carrier 103, e.g., as described above. The
engaging element may engags the engaging portion of the object carrier.

Alternatively, the diverting element 101 may receive the objsct carrier 103 without
angaging the object carrier 103 and may instead divert the object carrier 103 betwesn
the first conveyor lane section 201 and the second conveyor lane section 204 with the
assistance of an external guide element, such as the rotatable gate 105 (see Figure
9}

The diverting element 101 may rotate counterclockwise, e.g. in order 1o benefit from
the assistance of the rotatable gate 105 (see Figure 8) when diverting the object carrier
103 between the first conveyor lane section 201 and the second conveyor lane section
204. Further, the diverting slement may detect the presence of the object carrier 103
in the first convevor lane section 202. The control unit of the diverting element 101 may
then determing, in response fo the detection, 1o rotate counterclockwise in order o
divart the object carrier 103 betwaen the first convevor lane section 201 and the second

conveyor lane section 204,

Figure & shows the convevance system 200 as the diverting element 101 is diverting
the object carrier 103 between the first conveyor lane section 201 and the second
conveyor lane section 204. In the example of Figure 5, the engaging element is being
used to divert of the object carrier from the first conveyor lane section 201 to the second
conveyor lane section 204, However, it would be possible {o use the rotatable gate 105

when the diverting element 101 is not equipped with the engaging slement,
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A determination may be made o rotate the diverling slement 101 counterclockwise
after the sensor element detects the object carrier 103 on the first conveyor lane
section 202. Alternatively, the diverling slement 101 may be configured fo always
rotate counterclockwise when diverting the object carrier 103 from the first convevor
lane section 201 fo the second conveyor lane seclion 204, Rotation in different

directions may be carried out under different circumstances.

Figure 6§ also shows the conveyance sysiem 200. in the example of Figure 6, the
diverting element 101 has diveried the object carrier 103 from the first conveyor lane

section 201 to the second conveyor laneg section 204,

Figure 8 shows the diverting element 101 in a releasing position, in which the object
carrier 103 may be disengaged or released from the diverting element, corresponding
to the second conveyor lane section 204, The diverting element 101 may also have

ancther releasing position corresponding to the second convayor lane section 203.

Accordingly, the engaging portion of the object carrier 103 may disengage from the
engaging element of the diverting element 101 in order o allow the object carrier 103
to move away from the diverting slement 101. Movement of the second convevor lane
section 204 may cause the object carrier 103 {o move away from the diverling slement

101, In some cases, the engaging element might not be used.

For example, the object carrier 103 may be diverted from the first conveyor lane section
201 to the second conveyor lans section 204 by means of the diverting element 101,
Release {(8.g. disengagement) of the engaging portion of the ohject carrier from the
engaging element of the diverling element 101 may be triggered when the diverting
element rotates 1o a cerfain position such that the object carrier 103 is able to move
along the second conveyor lane section 204. In particular, the object carrier 103 may
be conveyed along the second conveyor lane section 204 after being released (e.g.
disengaged) from the diverting element 101.
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in addition or alternatively, the object carrier 103 may be passively engaged via the
engaging element. The engaging may be caused by vertically moving the diverting
element and causing a corresponding vertical movermnent of the object carrier 203

engaged with the diverting element 101.

The engaging portion of the object carrier 103 may be implemented mechanically. In
particular, the engaging portion of the object carrier 103 may be implemented as a
protrusion of the object carrier 103 that fils into a corresponding aperiure in the
diverting element 101 or may be implemented as a protrusion of the diverting element
101 fits into a corresponding aperture in the object carrier 103, Further, the engaging
element may include a magnet {e.g., an electromagnet} that engages with

ferromagnetic material of the engaging portion of the object carrier 103,

The diverling elemeant 101 may interact with the object carrier 103 in such a way that
the object carrier 103 does not contact the borders of the conveyor lanes 201 to 204
or extend past the edge of one of the conveyor lane sactions 201 o 204 while being
diveried.

Figure 7 shows a home or idle position of the diverting element 101, The conveyance
system 200 depicted in Figure 7 includes the rotatable gate 105, According to the
example depicted, the rotatable gate 105 is used {o help maintain the diverting element
101 in the home or idle position. Howsver, other means may also be used. Accordingly,
as shown, the rotatable gate 105 is oriented along the direction of conveyance of the
convayor {ane sections 201 to 204. In other words, the rotatable gate 105 is paraliel to
the direction of conveyance of the conveyor lane sections 201 to 204. The diverting
glement 101 may prevent the object carriers 103 from moving further along the
conveyor lane sections 201 to 204 In particular, the diverting element 101 may prevent
the rotatable object 103 from moving from the first conveyor lane sections 201 and 202
{o the second conveyor lane sactions 203 and 204 whan the diverting element 101 is

in the home position, as shown in Figure 7.

in other embodiments, the rotatable gate 105 might not be present, and the diverting
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element 101 may maintain itsell in the home position. According to the depicted
example, the longitudinal axis of the rotaiable gate 105 may be oriented toward the
concave portion 108 of the diverting element 101, In particular, the Y shaped end of
the rotatable gate 105 may exiend within the concave portion 109 of the diverting
element 101, such thal the rotatable gate 105 contacts an inner part of the concave
portion 109 of the diverting element 101.

Figure 8 shows the diverling element 101 when the diverting slement 101 is in the
receiving position 1o receive the object carrier 103 being conveyed on the first conveyor

lanes saction 2023.

in the example of Figure 8, once the diverting element 101 has received the object
carrier 103 in the concave portion 108, the diverting element 101 may rolale in 2
clockwise direction in order o avoid disturbing the object carrier 103 on the first
conveyor lang section 201. The diverting element 101 may rotate about the axis of
rotation 205, The direction of conveyance may be left to right in the depicted example.
Accordingly, the axis of rotation 205 may represent a £ axis, 1.e. a vertical axis, while

the object carrier is conveyed in the horizontal direction, i.e. from left {o right.

Figures 9 illustrates movement of the diverting element 101 and the rotatable gate 105
between conveyor lane sections, iLe. betwsen receiving positions and releasing

positions.

in particular, Figure 9 shows the diverting element 101 at the recelving position
corresponding to the first conveyor lane section 201. From this position, the diverting
glement 101 may move in a counterclockwise direction toward one of the two releasing
positions or in & clockwise direction toward the receiving position corresponding to the
first conveyor lane saction 202. The diverting element 101 may rotate faster when there
is no object container within the concave portion 109 in comparison to the speed of

rotation when the object container 103 is within the concave portion 108.

As shown in Figure 8, the rotalable gate 105 may have a Y shape with two elongated
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side sections 211 and 213, The elongated side section 211 of the rotatable gate 105
may complement the cuter surface 208 of the diverting element 101, In particular, the
curvature of the diverting element 101 may corraspond {o the curvature of the rotatable
gate 105 in such a way that the object carrier 103 can be smoothly diverted between

the first conveyor lane section 201 and the second conveyor lane sections 204.

Figure 10 illusirates the diverling element 101 and two object carriers 103, The
diverting element 101 may rotate in order to divert one of the object carriers 103
batween one of the first convevor lane sections 201,202 and one of the second
conveyor lane sections 203,204, For example, the diverling element 103 may divert
the object carmier 103 between the first conveyor lane section 201 and the second
conveyor lane section 204 until the object carrier 103 is on the second conveyor lane
saection 204. The diverting element 101 may include at least one sensor element for
detecting the object carrier. For exampls, the sensor element may detect the object
carrier 103 at one or more points while the object carrier is being conveyed toward the
diverting element, the sensor element {possibly via a further sensor) may detect the
object carrier 103 when the ohject carrier 103 contacts the diverting element 101. The
sensor element {possibly via yvet another sensor) may detect the object carrier 103
when the ohject carrier 103 is being transported (i.e. moved) away from the diverting

element, e.g., on the second convayor lane section 204,

Figure 11 shows a side view of part of the conveyance system 200. The depicted
axample includes the rotatable gate 105 the diverting element 101 the axis of rotation
205, the first conveyor lane section 201 and a bottom surface 111 of the obiect carrier
103, The bottom surface 111 may be smooth, thareby making it possible to move or
slide the object carrier 103 smoothly between the at least one first conveyor lane
section 201 and one of the at least two second conveyor lane sections 203 and 204,
More specifically, there may be a low friction cosflicient (e.g., less than 0.5 or less than
0.3) between the bottom surface 111 and the conveyor lane sections 201 to 204, such
that the object carrier 103 can slide smoothly from one of the first conveyor lane
sections 201 and 202 and to one of the sscond conveyor lane sections 203 and 204

without disrupting or disturbing the objects being carried by the obijsct carrier 103.
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I some cases, the diverling element 101, particularly the sensor slement of the
diverting slement 101, may include an RFID reader. The RFID reader may read
information associated with the object carrier 103 or objects carried by the object
carrier 103. In particuiar, one or more RFID tags may be placed on objects carried by
the ohject carrier 103. In addition or alternatively, one or more RFID tags may be
placed on the object carrier 103 itself. In some cases, different RFID tags may be
provided on different parts of the object carrier 103, This may enable the diverting
slement 101 or the control unit of the diverting element 101 o determine the orientation
of the object carrier 103 on one of the first conveyor lane sections 201 or 202, Further,
the control unit may be able o determine the orientation that the object carrier 103
should have after being diverted from one of the first conveyor lane sections 201 or
202 to one of the second conveyor lane sections 203 or 204, The engaging element of
the diverting element 101 may engage with the object carrier 103 accordingly in order

to ensure that the object carrier 103 has the correct orientation after being diveried.

Figure 12 shows another example of the conveyance systemn 200. According to the
depicted example, the conveyance system 200 has four conveyor lanes. In addition,
deflector elements 1201 are also depicted. The deflector elements 1201 may be used
to change direction of movement of one of the object carriars 103. In particular, the
deflection slement 1201 may be used 1o cause an object carrier moving foward the
deflection element 1201 on one conveyor lane o move away from the direction
glement 1201 on a different conveyor lane. This may be achieved by means of one of

the diverting elements 101 located adjacent to the defleclion element 1201.

Rotation of the diverting element 101 may cause oneg of the object carriers 103 to be
diverted from one of the convevyor lanes {6 ancther of the conveayor lanes. For example,
one obiect carrier 103 headed toward one of the diverting elements 101 on the
conveyor lane 1205 may be diveried to the conveyor lane 1207 when the diverting
eglement 101 rotales in a counterciockwise diraction toward the deflecting element
1201. Similarly, the object carrier 103 moving on the conveyor lane 1207 toward the

diverting element 101 may be diverted by means of the diverting element 101 and the
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deflacting slement 1201 o the conveyor lane 1205 when the diverting element 101

raceives the object carrier 103 and rofates in the counterclockwise direction.

The deflecting elements 1201 may not be needed when the diverting elements 101

include engaging elements.

The conveyance system 200 may include multiple rotatable gates 105, Alternatively,
the rotatable gates 105 may be dispensed with if the diverting elements 101 include

engaging elements.

Figure 13 shows another implementation of the diverting slement 101. In the depicted
example, the diverting element 101 includes a lever 1301 and a stopper 1303, The
levar 1301 diverts the object carrier 103 between the first conveyor lane section 201
and the second conveyor lane section 203. One of more sensors of the sensor element
may be located on or within the lever 1301, In addition, one or more sensors of the
sensor slement may be located on or within the stopper 1303, An axis of rotation 1305
of the lever 1301 may be adjacent to the second conveayor lane section 203, An axis
of rotation 1307 of the stopper 1303 may be adjacent to the first conveyor lane section
201. In this example, it is possible that the axis of rotation 1305 is not adjacent to any
of the first conveyor lane sections. in addition, it is possible that the axis of rotation
1307 is not adjacent to any of the second conveyor lane sections. The axis of rotation
1305 and the axis of rolation 1307 may both be permendicular to the direction of
conveyance of the first conveyor lane section 201 and the second conveyor lane

saction 203.

in the example of Figure 12, the axis of rolation of each of the diverting slements 101
may be perpendicular to the direction of conveyance of sach of the conveyor lanes
1203, 1205, 1207, and 1208. The lever 1301 and/or the stopper 1303 may include the
engaging element. For exampile, both the lever 1301 and the stopper 1303 may include
a magnet. A corresponding engaging portion of the object carrier 103 may include a
ferromagnetic portion. Other sensor {echnologies or implementations of the engaging

slement may be included in either the lever 1301 or the stopper 1303,
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Figure 14 shows another embodiment of the diverling element 101. In this exampils,
the diverting element 101 includes a hood 1401, Accordingly, in this embodiment, the

diverting slement 101 covers the object carrier when the object carrier is engaged.
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Applicant:  Beckman Couller, Inc.
"Conveyance System for Conveying Object Carriers®
Cur Ref.. B 3774W0 - ru/ ed

101

103

109

107

109
200
201, 202
203, 204
205

207

209
211, 213
215
1100
1201
1203, 1205,1207, 1200
1301
1303
1305
1307
1401

List of Reference Numerals

Diverting element

Obiject carrier

Hotatable gate

Area of contact

Concave portion

Convevance system

First conveyor lane section

Second conveyor lane saction

Axis of rotation of the diverting slement
Crossover bridge

Outer surface of the diverting element
Elongated sections of the rotatable gate
Axis of rotation of the rotatable gate
Smooth bottom surfacs of the object carrier
Deflacting element

Conveyor lanes

Lever

Stopper

Axis of rotation of the lever

Axis of rotation of the sfopper

Hood
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Applicant: Beckman Coulter, Ine.
"Conveyance System for Conveying Object Carriers”
Our Ref.: B 3774W0 -1u/ ed

Claims

1. A conveyance system (200) for conveying a plurality of object carriers,
comprising:

at least one first conveyor lane section (201,202};

at least two second conveyor lane sections {203,204);

a rotatable diverting element (101) for diverting an object carrier (103) of the
plurality of object carriers betwesn the at least one first conveyor lane section
{201,202} and one of the at least two second conveyor lane sections (203,204), the
diverting slement (101) comprising:

at least one sensor element for detecting the object carrier (103) whan
the object carrier (103} is
heing conveved toward the diverting element (101), or
contacting the diverting slement (101}, or
being transported away from the diverting element (101} by the
conveyance system {200},
an axis of rotation {205} adjacent {o the first conveyor lane section
{201,202) and/or one of the second conveyor lane sections (203,204},
whaerein the axis of rotation (2085) is perpendicular to a direction of
conveyance of the first convevor lane section (201,202) and/or the two second

conveyor lane sections (203,204).

2. The conveyance system (200) of claim 1, wherein the diverting element
{101} further comprises an engaging slement adaptad for:

engaging the object carrier (103}, which has been delecied by the sensor
element, while the object carrier {103) is being diveried between the first conveyor
lane section (201,202} and one of the second conveyor lane sactions (203,204), and

releasing the engaged object carrier (103} when diverting of the object carrier
{103} is completed.
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3. The conveyance system {200} of claim 2, wherein the engaging
element is configured o engags a corresponding engaging portion on the object
carrier {103},

wherein the diverting element (101) and the object carrier (103) are configured
such that, after the engaging slement engages the engaging portion, a first vertical
movement of the diverting element {101} causes a corresponding vertical movement
of the object carrier (103},

wherein the diverting element (101} and the object carrier (103} are configured
such that, after rotation of the diverting element (101), a second vertical movement of
the diverting element (101} leads {0 a disengagement of the engaging portion of the

obiect carrier (103} from the engaging element of the diverting element (101}

4, The conveyance system (200} of claim 2 or 3, wherein the engaging
alement includes one or more of the following:

at least one magnet,

a fastening device,

a suctioning device.

5. The conveyance system {(200) of any one of the preceding claims,
wherein the diverting element (101) includes a disc,
wherein the disc includes a concave portion (108) extending from the

periphery of the disc {oward the center of the disc.

8. The conveyance system (200} of any one of claims 1 {0 4, wherein the
diverting element (101} includes a lever for diverting the object carrier (103) and a
stopper for stopping subsequent object carriers from being conveyed foward the

laver,

7. The conveyance system (200) of any one of claims 1 to 4, wherein the
diverting element (101) is adapted to engage the object carrier (103) from above via
the engaging slement, wherein the diverting element (101} includes a lateral opening

for releasing the object carrier (103}
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8. The conveyance system (200) of any one of the preceding claims,
wherein an energy source for the diverting element {(101) includes one of the
following:

an electromechanical device, such as a slip ring;

an electromagnetic device, such as an inductive coupling device;

a battery.

8. The conveyance system (200} of claim 8, wherein the sensor element is
coupled (o the energy source via the axis of rotation (205) of the diverting element
(101}, and

wherein object sensing data obiained by the at least one sensor element can

be fransmitied to a control unit wirelessly via the axis of rotation (205).

10. The conveyance system (200) of any one of the preceding claims,
wherein the sensor element includes one or more of the following sensor types:

a tactile sensor placed where one of the object carriers will contact the
diverting slemeant {(101) or placed so as to measure a force generated by the objsct
carrier (103} that acls on the axis of rotation {(2056});

a proximity sensor;

an image sensor located on top of the diverting element (101) or located on an
extension of tha diverting element (101) so as to be able to capture images of the
first conveyer lane section {201,202);

a pressure sensor.

11.  The conveyance system (200) of any one of the preceding claims,
wherein the sensor element is implemented using one of the following sensor
technologies:

capacitive sensing;

a strain gaugs,

a discrete, linear or echo delection piezo transducer;

an RFID reader;

acoustic source localization;
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the magnetic hall-effect.

12. The conveyance system (200} of claim 10 or 11, wherein the sensor
element includes a plurality of sensors, wherein at least two sensors of the plurality of

sensors use different sensor technologies and/or are of different sensor types.

13, A method for conveying a pluralily of object carriers via a conveyance
system (200}, the method comptising:
conveying, via a first conveyor laneg section (201,202}, an object carrier (103)
toward a rotalable diverting slement (101}
detecting, via a sensor element of the rotatable diverting element (101), the
obiect carrier {103} when the object carrier (103) is:
being conveyed toward the diverting element (101), or
contacting the diverting element (101), or
being transported away from the diverting slement (101} by the
conveyance system (200}
diverting, via the rotatable diverting element (101}, the object carrier (103}
between the first conveyor lane section {201,202} and one of at least two second
conveyor lane sections (203,204);
wherein the diverting element (101) has an axis of rotation (205) adjacent {o
the first conveyor lane section (201,202) and/or one of the at least two second
conveyor lane sections {203,204},
whergin the axis of rolation (2058) is perpendicular to a direction of conveyance
of the at least one first conveyor lane section (201,202) and/or the at least two

second conveyor lane sections (203,204).

14,  The method of claim 13,

if the sensor element comprises & tactile sensor, detecting the obiect carrier
{103} when the object carrier (103) contacts the diverting slement {(101);

if the sensor element comprises 2 proximity sensor or an image sansor,
detecting the oblect carrier (103) when the object carrier (103} is being conveyed

foward the diverting element {101}, and the method further comprises:
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rotating the diverting element {101) when the object carrier (103) is
close encugh to the diverting element (101) to be received by the diverting
element (101),

detecting when the object carrier {103) is being transported away from
the diverting slement {101},

when the diverling element (101} can be rotated without disrupting the
movement of the object carrier (103) being transported away from the diverting
element {(101), rotating the diverting element (101) to a receiving position such

that the diverting element (101) can receive another object carrier (103).

15. The method of claim 13 or 14, whersin diverting the object carrier (103)
bhetwean the first conveyor lane section {201,202) and the at least one of the second
convevor lane sections (203,204) further comprises:

determining that the object carrier (103) is ready {0 be engaged;

upon determination that the object carrier {103} is ready to be engaged,
vertically moving the diverting element (101}, the vertical movement causing an
engaging element of the diverting element (101) to engage an engaging portion of
the object carrier (103);

rotating the diverting element (101) and the object carrier (103) engaged with
the diverting element {101) from the first conveyor lane section {201,202} to the at
feast one of the second conveyer lane section (201,202)s;

vertically moving the diverting element (101), thereby causing the engaging
portion of the object carrier (103) {o disengage from the engaging element and

allowing the object carrier (103) to move away from the diverting element (101}
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