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(57) Abréegée/Abstract:
A robotic end effector for collecting frozen aliquots from an array of frozen samples In a plurality of containers has a coring bit for
taking frozen sample cores from the frozen samples and a frozen sample core extraction system adapted to extract frozen sample
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(57) Abrege(suite)/Abstract(continued):
cores from the frozen samples. A fill level detection system Is adapted to detect the positions of the surfaces of the frozen samples.

A processor Is adapted to recelve signals from the fill level detection system and use the signals and information concerning
operation of the frozen sample core extraction system to determine at least one of the following: (a) the amount of material
contained In a frozen sample core obtained by the coring bit; and (b) the number of frozen sample cores needed from a particular

frozen sample to obtain a predetermined amount of material from that frozen sample.
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FIG. 1

(57) Abstract: A robotic end effector for collecting frozen aliquots from an

array of frozen samples 1n a plurality of containers has a coring bit for tak-

ing frozen sample cores from the frozen samples and a frozen sample core

105~

extraction system adapted to extract frozen sample cores from the frozen
samples. A fill level detection system is adapted to detect the positions of
the surfaces of the frozen samples. A processor 1s adapted to receive signals
from the fill level detection system and use the signals and information
concerning operation of the frozen sample core extraction system to de-
termine at least one of the following: (a) the amount of material contaimned
in a frozen sample core obtained by the coring bit; and (b) the number of
frozen sample cores needed from a particular frozen sample to obtain a pre-
determined amount of material from that frozen sample.
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ROBOTIC END EFFECTOR FOR FROZEN ALIQUOTTER AND
METHODS OF TAKING A FROZEN ALIQUOT FROM BIOLOGICAL SAMPLES

FIELD OF INVENTION

[0001] The present i1nvention relates generally to apparatus
and methods for taking frozen aliquots from frozen biological
samples while maintaining 1ntegrity of the samples, and more
particularly to apparatus and methods for ensuring a frozen
aliquot taken from a frozen sample 1s sultable material for

analysis.

BACKGROUND

[0002] Biological samples are commonly preserved to support
a broad variety of biomedical and biological research that

includes but 1s not limited to translational research, molecular

medicine, and biomarker discovery. Biological samples 1nclude
any samples which are of animal (including human), plant,
protozoal, fungal, bacterial, viral, or other biological origin.
For example, biological samples 1nclude, but are not limited to,
organisms and/or biological fluids isolated from or excreted by
an organism such as plasma, serum, urine, whole blood, cord
blood, other blood-based derivatives, cerebral spinal fluid,
mucus (from respiratory tract, cervical), ascites, saliva,
amniotic fluid, seminal fluid, tears, sweat, any fluids from
plants (including sap); cells (e.g., animal, plant, protozoal,
fungal, or bacterial cells, 1ncluding buffy coat cells; cell
lysates, homogenates, oOr suspensions,; microsomes; cellular
organelles (e.g., mitochondria); nucleic acids (e.g., RNA, DNA),
including chromosomal DNA, mitochondrial DNA, and plasmids
(e.qg., seed plasmids); small molecule compounds 1n sSuspension oOr

solution (e.g. small molecule compounds 1n DMSO); and other

fluid-based biological samples. Biological samples may also
include plants, portions of plants (e.g., seeds) and tissues

(e.g., muscle, fat, skin, etc.).



CA 0286289%4 2014-07-25

WO 2013/113001 PCT/US2013/0234353

[0003] Biobanks typilically store these valuable samples 1n
containers (e.g., tubes, vials, or the 1like) and cryopreserve
them (e.g., 1n freezers at -80 degrees centigrade, or lower
using liquid Nitrogen or the vapor phase above liguid Nitrogen)
to preserve the biochemical composition and integrity of the

frozen sample as close as possible to the 1n vivo state to

facilitate accurate, reproducible analyses of the samples.

[0004] From time to time, 1t may be desirable to run one or
more tests on a sample that has been frozen. For example, a
researcher may want to perform tests on a set of samples having

certain characteristics. A particular sample may contain enough

material to support a number of different tests. In order to
conserve resources, smaller samples known as aliguots are
commonly taken from larger cryopreserved samples (which are
sometimes referred to as parent samples) for use 1n one Or more

tests so the remainder of the parent sample will be available

for one or more different future tests.

[0005] Biobanks have adopted different ways to address this

need to provide sample aliguots. One option 1s to freeze a
sample 1n large volume, thaw 1t when aliguots are reqgquested and

then refreeze any remainder of the parent sample for storage 1n

cthe cryopreserved state until future aligquots are needed. This

option makes efficient use of frozen storage space; yet this

efficiency comes at the cost of sample guality. Exposing a

sample repeatedly to freeze/thaw cycles can degrade the sample's
critical bioclogical molecules (e.g., RNA) and damage biomarkers,

elther of which could compromise the results of any study using

data obtained from the damaged samples.
[0006] Another option 1s to freeze a sample 1n large

volume, thaw 1t when an aliquot 1s requested, subdivide the

remainder of the parent sample 1n small volumes to make
additional aliguots for future tests and then refreeze these
smaller volume aliquots to cryopreserve each aligquot separately

untl1l needed for a future test. This approach limits the number
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of freeze/thaw cycles to which a sample is exposed, but there is
added expense associated with the larger volume of frozen
storage space, labor, and larger inventory of sample containers
(e.g. tubes, vials, or the like) required to malntain the
cryopreserved aliguots. Moreover, the aliguots can be degraded
or damaged by even a limited number freeze/thaw cycles.

[0007] Yet another approach 1s to divide a large volume
sample 1into smaller volume aliguots before freezing them for the
first time. This approach can limit the number of freeze thaw
cycles to which a sample may be subjected to only one; vyet,
there are disadvantages associated with the costs of labor,
frozen storage space, and sample container i1nventory
requlirements with this approach.

[0008] U.S. pre—-grant publication No. 20090019877, the
contents of which are hereby incorporated by reference,
discloses a system for extracting frozen sample cores from a
frozen biological sample without thawing the original (parent)

sample. The system uses a drill including a hollow coring bit to

cake a frozen core sample from the original parent sample
without thawing the parent sample. The frozen sample core

obtained by the drill 1s used as the aliguot for the test. After

the frozen core 1s removed, the remainder of the sample 1s
returned to frozen storage 1n 1ts original container until

another aliguot from the parent sample 1s needed for a future

LES L.

[0009] The present 1nventors have developed systems and

methods, which will be described below, that improve the ability

O provide frozen aliguots from a frozen sample using a system
that extracts frozen sample cores from frozen samples without

thawing the samples.

SUMMARY
[0010] One aspect of the 1nvention 1s a robotic end

effector for collecting frozen aliquots from an array of frozen
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samples, wherelin the frozen samples are contained 1n a plurality
of contalners and each frozen sample has a surface spaced from a
bottom of the container. The robotic end effector i1ncludes a
coring bit for taking frozen sample cores from the frozen
samples. A frozen sample core extraction system 1s adapted to
move the coring bit relative to the frozen samples 1n a manner
that extracts frozen sample cores from the frozen samples. The

effector also has a fill level detection system adapted to

detect the positions of the surfaces of the frozen samples. A

processor 1s adapted to receilve signals from the fill level

detection system and use the signals and information concerning
operation of the frozen sample core extraction system to
determine at least one of the followlng: (a) the amount of
material contalined 1n a frozen sample core obtalned by the
coring bit; and (b) the number of frozen sample cores needed
from a particular frozen sample to obtailn a predetermined amount
of material from that frozen sample.

[0011] Another aspect of the invention 1s a fill level

detection system for a frozen aligquotter system that
automatically collects frozen aliquots from an array of frozen

samples, whereln the frozen samples are contained 1n a plurality

of contalners and each frozen sample has a surface spaced from a

bottom of the container. The fi1ll level detection system

includes a processor and at least one of the following: (a) an

1imaging system and a system adapted to move the i1magling system
toward and away from one of the frozen samples, wherein the

processor 1S adapted to determine when the 1maging system 1S

focused on the surface of said frozen sample and use i1nformation
about the position of the 1maging system when 1t 1s focused on

the surface of said frozen sample to determine the position of

che surface of the frozen sample; (b) a probe, a system for
moving the probe toward and away from the surface of one of the
frozen samples, and a sensor adapted to detect contact between

the surface of said frozen sample and the probe, wherein the
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processor 18 adapted to use a signal from the sensor and
information about operation of the system for moving the probe
to determine the position of the surface of said frozen sample;
and (c) a robotic end effector 1including a gripper adapted to
l1ft one of the contalners and a sensor adapted to detect a
welight of the lifted container by measuring a force exerted by
the lifted contalner on the end effector, wherein the processor
1s adapted to use a signal from the sensor and i1nformation about
the sample contained 1n the contalner to determine the position
of the surface of said frozen sample.

[0012] Yet another aspect of the 1nvention 1s an automated
method of taking a frozen aliguot from a frozen sample contained
1n a contalner. The method includes using a sensor to determine
the position of a surface of the frozen sample that 1s spaced
from a bottom of the container and output a signal 1ndicative of
the position of the surface to a processor. The tip of a coring
bit 1s robotically 1nserted i1into the frozen sample under the

guldance of the processor to a position within the frozen

sample. The coring bit 1s robotically withdrawn from the frozen
sample to obtain a frozen sample core, wherein the frozen sample

core forming at least part of the frozen aliguot. The method

includes ensuring that the frozen aliquot 1ncludes at least a
predetermined minimum volume of sample material by using

information about the position of the surface of the sample and

sald position within the frozen sample to determine whether or
not the frozen aligquot contailins at least the predetermined

minimum volume of sample material.

[0013] Another aspect of the invention 1s a robotic end
effector for moving and weighing containers. The robotic end

effector 1ncludes a frame, mounting bracket, and a gripper

assembly mounted on the mounting bracket. The gripper assembly
1s operable to hold a contalner contalning a sample material in
a suspended position such that the gripper assembly bears the

welight of the container and sample material 1n the contailner. A
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welght sensor 1s connected to the frame and mounting bracket.
The weight sensor 1s adapted to output a signal i1ndicative of an
amount of force transferred between the frame and mounting
bracket through the weight sensor. The robotic end effector also
includes a locking mechanism having a locking element. The

locking element 1s selectively moveable between a locking

position and a non-locking position. In the locking position,
the locking element limits relative movement between the

mounting bracket and frame and bears at least some of the weight

of the mounting bracket. In the non-locking position, the
locking element does not bear any of the weilght of the mounting
bracket and the weight sensor bears the weight of the mounting
bracket.

[0014] Other objects and features will be 1n part apparent

and 1n part pointed out hereilnafter.

BRIEEF DESCRIPTION OF THE DRAWINGS

L.L

[0015] FIG. 1 1s a perspective of one embodiment of a

robotic end effector for taking frozen aligquots from frozen

samples;

[0016] FIG. 2 1s a side elevation of the robotic end

effector;

[0017] FIG. 3 1s a front elevation of the robotic end

effector;

[0018] FIG. 4 1s a bottom plan of the robotic end effector;

[0019] FIG. 5 1s a cross section of the robotic end

effector taken 1n a plane including line 5--5 on Fig. 4 and

showlng an ejector thereof 1n a retracted position;

[0020] FIG. © 1s an enlarged fragmentary cross section

taken 1n a plane 1ncluding line 6—-——-6 on Fig. 4 showlng the

relative positions of the ejector and a coring bit i1n the

retracted position;
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[0021] FIG. 7 1s a cross section of the robotic end
effector similar to Fig. 5 showing the ejector in an extended

position;

[0022] FIG. 8 1s an enlarged fragmentary cross section
similar to Fig. 6 showing the relative positions of the ejector

and corilng bit when the ejector 1s 1n the extended position;

[0023] FIGS. 9A-9H 1llustrate one embodiment of a method of

using the end effector to take frozen sample cores from a frozen

sample;

[0024] FIGS. 10A-10D i1llustrate another embodiment of a
method of using the end effector to take frozen sample cores

from a frozen sample;

[0025] FIG. 11 1s a perspective of another embodiment of an

end effector of the present i1nvention

[0026] FIG. 12 1s a side elevation of the end effector

shown 1n Fig. 11;

[0027] FIG. 13 1s a bottom plan of the end effector shown

in Fig. 11; and

[0028] FIGS. 14A and 14B are cross sections of the end
effector shown 1in Fig. 11 taken 1n a plane including line 14--14

on Fig. 13, Fig. 14A 1llustrating the end effector in a

configuration to transporting a container and Fig. 14B

11lustrating the end effector 1n a configuration for weighing a

contailner.

[0029] Corresponding reference numbers indicate

corresponding parts throughout the drawings.

DETAILED DESCRIPTION

[0030] One embodiment of a robotic end effector, generally

designated 101, 1s 1llustrated in Figs. 1-8. The robotic end

effector 101 1s suitable for use with a robotic positioning
system (not shown) to automatically collect a plurality of
frozen aliquots from an array of frozen samples (e.g.,

cryopreserved biological samples from one or more biobanks) . The
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end effector 101 can be adapted for use with virtually any
robotic positioning system within the broad scope of the
invention, 1ncluding without limitation, an articulated robotic
arm, a non—-articulated robot arm, a gantry style or other
Cartesian coordilnate positioning system (whether or not such
positioning system i1ncludes a robotic arm), a selectively
compliant assembly robot arm (SCARA), and the like. Positioning
systems that move the samples relative to the environment
without moving the end effector 101 relative to the environment
are also within the scope of the invention. Any robotic
positioning system that 1s capable of automatically positioning
the end effector 101 relative to the samples such that the end
effector and robotic positioning system together form a robotic
system capable of obtaining frozen aligquots from the frozen
samples 1s suitable within the broad scope of the 1nvention.
[0031] For example, the robotic end effector 101

1llustrated in the drawings 1s sultable for use with at least a

gantry style Cartesian coordinate positioning system. The end

effector 101 includes a Z—-axis motor 1053 and Z-axis carriage 105
adapted for connection to a mount (not shown) on the frame of a

gantry style robotic positioning system that 1s operable to

provide controlled movement of the mount along the X and Y axes.
When mounted on the robotic positioning system, the Z—-axis

carriage 105 supports the rest of the end effector 101 so the

robotic positioning system can move the entire end effector by

moving the Z-axils carriage. It 1s recognized that the end

effector can be modified so some of the components and/or

functionalities of the end effector are located on or performed
by the positioning system and/or so some of the components

and/or functionalities of the positioning system are located on

or performed by the end effector without departing from the
scope of the invention.
[0032] The robotic end effector 101 includes a hollow

coring bit 111 (e.g., hollow needle having a cutting tip) and a
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frozen sample core extraction system 113 adapted to move the
corilng bit relative to the frozen samples to extract frozen
sample cores from the frozen samples. For example, the frozen

sample core extraction system 115 1n the 1llustrated embodiment

includes a motor 115 adapted to rotate the coring bit 111. The
Z/—ax1ls motor 103 also constitutes part of the frozen sample core
extraction system 113 1in this embodiment and 1s operable to move

the coring bit 111 along the Z-axis (e.g., vertically up and

down) . The end effector 101 includes a spindle 121 that holds

the coring bit 111 so a long axis of the coring bit 111 1s

aligned with the Z-axis (e.g., so the coring bit 1s 1n a

vertical orientation). The spindle 121 1s mounted for rotation

about the Z-axis by the coring bit motor 115 so the coring bit
motor rotates the spindle to produce rotation of the coring bit

111. Thus, the frozen sample core extraction system 113 1s

operable to rotate the coring bit 111 while moving 1t axially

into a frozen sample to produce a drilling action. When the

dri1lling of the frozen sample 1s complete, the Z-axis motor 103

can move (e.g., ralse) the coring bit 111 back out of the frozen

sample so a frozen sample core 1s retained within the hollow

coring bit. Although the robotic end effector 101 1llustrated 1n

the drawings rotates the coring bit 111, the frozen sample core

extraction system may operate differently within the broad scope

of the invention. Any system that can move a coring bit or other

sultable sampling instrument i1into a frozen sample and withdraw
1t so a frozen sample core 1s retalned therein can serve as the

frozen sample core extraction system within the broad scope of

he 1nvention.

[0033] The robotic end effector 101 1includes a fi1ll level

detection system 131 adapted to detect the positions of the

surfaces (e.g., upper surfaces) of the frozen samples 1n the

containers. Biobanks store frozen samples 1n contalners (e.g.,

tubes, vials, or the like). Each frozen sample has a surface

spaced from a bottom of the container that 1s formed when a
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sample was frozen or refrozen 1n the respective container to
form the frozen sample. The position of the surface of the
frozen sample within the container can vary for a number of
different reasons. For example, the amount of sample i1nitially
placed 1n the contalner can vary due to differences 1n the
amount of sample available, the lack of uniformity in the

actions of workers or others who fill the containers with sample

material, tilting of the contalner during the freezing period, a

decision to not fill the container to capacity, or other
reasons. Furthermore, some of the frozen samples may have been
refrozen after an aligquot was previously taken from the sample

while 1t was 1n a thawed state. The level of the surface of the

frozen sample will be lower than 1t was 1nitially when the
sample 1s refrozen after an aliguot has been removed from the
container 1n a thawed state. Although the sample may be oriented
so the surface 1s an upper surface at the top of the sample, 1t
1s understood the sample and contalner may be oriented so the

surface 1s not at the top of the sample within the scope of the

invention (e.g., a container and sample can be rotated from an
upright orientation to a horizontal orientation after the sample

1s frozen).

[0034] A processor (not shown) receives signals from the

fi1ll level detection system 131. The processor 1s suitably the

same processor that controls operation of the sample core

extraction system 113. The processor can also control the
robotic positioning system and any other aspects of the robotic

system resulting from the combination of the end effector 101

and robotic positioning system. The processor uses the signals

from the fill level detection system 131 1in conjunction with

information about the operation of the sample core extraction

system 1153 to determine at least one of the following: (a) the
amount of frozen sample material contained i1in a frozen sample
core obtained by the end effector 101 (e.g., obtained by the

coring bit 111); and (b) the number of frozen sample cores




CA 0286289%4 2014-07-25

WO 2013/113001 PCT/US2013/0234353
11

needed from a particular frozen sample to obtain a predetermined

amount of sample material from that frozen sample. It 1s
sometimes necessary for a sample aliguot provided for a
particular test to contain at least a predetermined minimum
amount of sample material. For example, some tests require at

least about 100 pL of sample material. The fill level detection

system 131 enables the processor to determine how much sample
material 1s contained 1n a frozen sample and use this
information to determine how many frozen sample cores are needed
to provide the predetermined minimum amount of sample material
1n the aligquot while conserving valuable sample material for use
1n future tests.

[0035] The fi1ll level detection system 131 1n the

1llustrated embodliment i1dentifles the position of the surface of

a frozen sample by detecting contact between the frozen sample
and the end effector 101 as the end effector 1s moved toward the
sample. When contact 1s detected, the processor receives a

signal 1ndicating contact has been detected. The processor uses

information about the position of the end effector 101
corresponding to the time when the end effector contacted the

sample to assess the location of the sample surface.

[0036] For example, the end effector 101 suitably 1includes
an ejector 141 adapted to eject a frozen sample core contained

1n the coring bit 111 from the end of the coring bit. As

1llustrated 1n Figs. 5-8, the ejector 141 1s moveable between an

extended position 1n which the ejector extends from a distal end

of the coring bit 111 (Figs. 7 and 8) and a retracted position

1n which the ejector does not extend from the distal end of the
coring bit (Figs. 5 and 6). The ejector 141 1s suitably moveable

between the extended and retracted positions by an actuator 143

(e.g., a pneumatic actuator) controlled by the processor. As

1llustrated in Figs. 5 and 7, the actuator 143 1s mounted at the

top of the end effector 101 and the ejector 141 1s a plunger
operably connected to the rod 145 of the actuator 143 so the
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ejector moves when the rod of the actuator moves. The end of the
ejector 141 that 1s connected to the rod 145 suiltably moves 1n
conjunction with the end of the rod. As the actuator rod 145
moves from 1ts retracted position (Fig. 5) to 1ts extended
position (Fig. 7) the end of the ejector opposite the actuator

143 moves through the hollow center of the coring bit 111 all

the way past the distal end of the coring bit. Any frozen sample

cores retalned within the hollow center of the coring bit 111

are thereby ejected out of the end effector 101.
[0037] As 1llustrated 1in Figs. 7 and 8, the ejector 141 1s

arranged relative to other parts of the end effector 101 so the
ejector makes 1nitial contact with a frozen sample when the
ejector 1s 1n 1ts extended position and the end effector 101 1s

positioned over a sample and then lowered until 1t contacts the

sample. The fill level detection system 131 1ncludes a sensor
1477 adapted to detect contact between the end effector 101
(e.g., the extended ejector 141) and the surface of the frozen

sample. Various sensors can be used to detect contact between

che end effector 101 and the surface of the frozen sample within

the scope of the i1nvention. For one example, the ejector 141 can

be adapted to be moved from the extended position toward the

retracted position by the frozen sample when the ejector

contacts the frozen sample. One way this can be done 1s by using

an actuator 145 that has the capability to be turned off or de-

energlzed once the ejector 141 1s 1n the extended position so
the ejector 1s free to slide back toward the retracted position

when the distal end of the ejector contacts the frozen sample.

The sensor 147 1s suitably a solid state switch or other device
that 1s activated by movement of the ejector from the extended

position toward the retracted position. As 1llustrated for

example, the actuator rod 145 includes a magnet 149 or other
material that causes a proximity sensor 147 positioned on the

actuator adjacent the actuator rod to generate a signal when the

magnet or other material moves relative to and the sensor.
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Sultable pneumatic actuators already having built in sensors to
detect movement o0of the actuator rod can be purchased from SMC
Corporation of America or other commercial suppliers.

[0038] Another option 1s to use a sensor that i1s adapted to
detect a change 1n an electrical property assocliated with
contact between the end effector 101 (e.g., the extended ejector
141) and the frozen sample. Contact between the ejector 141 or
other parts of the end effector 101 and the sample can result 1in
various changes, such as a change 1n impedance, conductivity,
capacitance, etc. One Or more sensors can be 1ncorporated 1nto
the end effector 101 to detect one or more of the electrical
changes. Sensors that monitor electrical properties can be used
in lieu of the motion activated sensor 147 or 1n comblnation
with the motion activated sensor.

[0039] The fi11ll level detection system 131 can also include

an i1maging system. For example, the end effector 101 1llustrated
1n the drawings includes a camera 1lol. The camera 161 1is

sultably operable to inspect the frozen samples to determine 1f

any frozen sample cores have already been taken from the frozen
sample and, 1f so, to determine the position of a suitable

location from which another frozen sample core may be taken from

he frozen parent sample. Additional detaills concerning the use
of a camera to i1nspect frozen samples 1s provided 1n U.S.

Provisional Patent Application Serial No. 61/418,688, the

contents of which are hereby incorporated by reference. The
camera 1ol suitably has or can be adjusted to have a narrow

depth of field, so only objects within a narrow specified range

of distances from the camera are 1n focus. The processor can be
adapted to move the 1maging system 1ol relative to the surface

of a frozen sample (e.g., by moving the entire end effector

101), determine when the 1maging system 1s focused on the
surface, and determine the position of the surface of said

frozen sample using i1nformation about the position of the
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imaging system when 1t 1s focused on the surface of the frozen

sample.

[0040] As 1llustrated in Figs. 11-14B, the fill level

detection system 131 can 1nclude an end effector 301 having
gripper assembly 305 adapted to l1lift one of the sample
containers and a sensor 305 adapted to detect a weilght of the
lifted container by measuring a force exerted by the lifted

container on the end effector. The gripper assembly 303 and

welght sensor 305 of the embodiment 1llustrated 1n Figs. 11-14B

can be considered one part of a two-part end effector with the

other part of the two-part end effector suitably being the end

effector 101 described above. Each part 101, 301 of this two-
part end effector 1s suiltably 1n signaling communication with a
common processor and positionable relative to the sample
containers by the processor and positioning system, although the

two parts 101, 301 are not necessarilily mounted on the

positioning system 1n the same location and do not necessarily

need to be positionable by the positioning system so the two

part 101, 301 of the end effector addresses a container
simultaneously. For example, the parts 101, 301 of the two-part

end effector can suitably be mounted on opposite sides of the

cross—-beam of a gantry style positioning system. Alternatively,
the gripper and weight sensor may be i1ntegrated into a single,

one—-part end effector having the features of the end effector

101 described above within the broad scope of the 1nvention.

Further, the fill level detection system 131 does not

necessarilly need to include any of the features described 1n

connection with the end effector 101 above and may consist
entirely of a weight sensing end effector, such as the weight

sensing end effector 301, within the broad scope of the

invention.

[0041] Referring to Figs. 11-13, the end effector 301

includes a frame 307. The size, shape, and configuration of the

frame can vary wilidely within the scope of the 1nvention. AsS
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1llustrated, the frame 307 1includes a plate 309 and an arm 311

extending laterally from the plate. The frame 309 1s suitably

mounted on oOr serves as a Z—axls carriage that can be driven

back and forth (e.g., vertically) by a z-axilis motor or actuator
313.

[0042] The gripper assembly 303 1s operable to selectively
hold and release a contailner contalning sample material. For
example, the gripper assembly 303 1s suitable for selectively
lifting a container off a work platform (not shown),
transporting the container to a different location, and then
setting the container down and letting go of i1it. Thus, the
gripper assembly 303 allows the effector 301 to operate as a
pick and place end effector. Detalls concerning the construction
and operation of robotic gripper assemblies are well known to

those skilled 1n the art and do not need to be set forth herein.

The gripper assembly 303 i1llustrated i1n the drawings has a

plurality of moveable fingers 315 (e.g., four fingers) that are

selectively moveable from a hold configuration in which the

fingers are positioned to hold a contalner and a release
configuration 1n which the fingers are positioned to release the

contalner. When the fingers 315 are in the hold configuration,

che gripper assembly 303 can hold a contalner contalning a
sample material 1n a suspended position such that the gripper

assembly bears the weight of the container and any sample

material therein. Suilitable gripper assemblies can be purchased
from numerous different commercial suppliers. The gripper

assembly 303 1llustrated 1n the drawlings 1s just one of many

options that can be used within the scope of the 1nvention.
[0043] The gripper assembly 303 1s mounted on a mounting

bracket 321. The size, shape, and configuration of the mounting

bracket can vary widely within the broad scope of the 1nvention.

As 1llustrated, the mounting bracket 321 includes a plate 323

and a palir of laterally-extending arms 325, 327 at opposite ends

of the plate. The gripper assembly 303 1s mounted on the lower
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arm 325 1n the 1llustrated embodiment. A linear bearing 331

connects the mounting bracket 321 to the frame 507. As

11lustrated, for example, the linear bearing includes a runner

block 333 mounted on a rail 335 for sliding movement of the

runner block relative to the rail. As 1llustrated in Fig. 13,
the rail 335 has channels 339 on opposite sides and the runner

block 333 has arms 337 that extend into the channels 339.

Bearings (not shown) are positioned between the runner block 333

and rail 335 to facilitate sliding movement of the runner block

along the rail. The linear bearing 331 limits movement of the
runner block 333 1n all directions except axially along the rail
335. The plate 323 of the mounting bracket 321 1s mounted on the
runner block 333 and the rail 335 1s mounted on the frame 307.
The linear bearing 331 1s oriented to allow movement of the
mounting bracket 321 relative to the frame 307 1n a vertical
direction while limiting movement of the mounting bracket
relative to the frame 1n all lateral directions.

[0044] The weight sensor 305 connects the frame 307 to the

mounting bracket 321. For example, the weight sensor 305
sultably connects the arm 311 of the frame to the upper arm 327

of the mounting bracket. The weight sensor 305 1s suitably a

highly sensitive strain gauge, load cell or other sensor that is
adapted to output a signal indicative of an amount of force

transferred between the frame and mounting bracket through the

welght sensor. For example, the weight sensor 305 1s suiltably
adapted to detect and measure a force 1n the range of 0 to about

8 Kg. The weight sensor 305 1s also 1s sufficiently sensitive to

accurately measure variations (e.g., as small 0.5 mg, and more
desirably as small as 0.1 mg) 1n the weight of sample containers

held 1n suspension by the gripper assembly 303. The weight

sensor 305 1s suitably sufficiently accurate to maintain a full
scale deviation of 0.3 percent or less.
[0045] The end effector 301 1ncludes a locking system 341

that 1s selectively configurable between a first configuration
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1n which the locking system limits movement of the mounting
bracket 321 relative to the frame 307 and bears at least some of
the weight of the mounting bracket and a second configuration 1in
which the locking system does not bear any of the weight of the
mounting bracket and the welght sensor bears substantially the
entire weight of the mounting bracket (including the weight of
the gripper assembly 303 and anything held i1n suspension by the
gripper assembly). For example, the locking system 341 1n the

illustrated embodiment includes a pin 343 that is selectively

moveable between a locking position and a non-lockling position.
When the pin 343 1s 1in the locking position (Fig. 14A), the pin
1s received 1n an opening 345 in the mounting bracket 321 so the
prin blocks movement of the mounting bracket relative to the

frame. When the pin 345 1s 1in the non-locking position (Fig.

14B), the pin 1s at least partially withdrawn from the opening

345 and does not block movement of the mounting bracket 321

relative to the frame 307. In the i1llustrated embodiment, the

locking system 341 1ncludes an actuator 347 (e.g., a pnematic

actuator, solenoid, or other electronically controllable
actuator) that 1s mounted on the plate 309 of the frame 307 and

adapted to move the pin 345 between the locking and non-locking

positions. The side of the opening 345 facing the pin 3435 1s

sultably funnel-shaped to facilitate movement of the locking pin

to the locking position even 1f the pin 1s not precisely aligned

with the opening when the pin begins movement 1nto the opening.
Likewise, the head of the pin 3435 has rounded or beveled

shoulders to further facilitate 1insertion of the pin i1n the

opening 345 even 1f there 1s slight misalignment between them

when the insertion begins.

[0046] In some cases, the weight sensor 305 can be part of

or constitute the fill level detection system. For example, when

the tare weight of the containers and features of the frozen
samples contained therein (e.g., density of the sample material,

number of frozen sample cores already taken from the frozen
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samples, container configuration, etc.) are already

characterized or can be characterized by the processor, the

welight of the sample-filled container provides an 1ndication of

the level to which the container 1s filled with sample material.

In other cases, the processor can use information from the
welght sensor 305 to provide additional verification that a
frozen aligquot contains at least a minimum reguired amount of

frozen sample without necessarily being used by the processor to

determine the fi1ll level of the container, as will be outlined

1n more detail 1n the methods described below.

[0047] Figures 9A-9H 1llustrate one embodiment of a method
of using the end effector 101 to obtain a frozen aliquot that
has a predetermined minimum amount of sample material. First,
the sensor 147 1s used to find the position of a surface 129 of
the frozen sample 123 that 1s spaced from a bottom of the
container 127 and output a signal 1ndicative of the position of
the surface to the processor. The actuator 145 moves the ejector

141 to the extended position and the positioning system

positions the coring bit 111 into alignment with the frozen

sample (e.g., above the sample as 1llustrated in Fig. 9A). Then

the Z-axis motor 103 moves (e.g., lowers) the end effector 101

until the extended ejector 141 contacts the surface of the

frozen sample, as 1llustrated i1n Fig. 9B. At this point, the

frozen sample 123 pushes the ejector 141 back into the coring

bit 111 toward the retracted position as the Z—-axis motor 103

continues to move the coring bit closer to the sample surface

129. This relative movement between the ejector 141 and the

coring bit 111 causes the magnet 149 on the actuator rod 145 to

move relative to the sensor 147. The sensor 147 detects this

movement and sends a signal to the processor indicating the

ejector 141 has contacted the frozen sample surface. The
processor uses the i1nformation about the position of the ejector

141 and/or coring bit 111 (e.g., from the positioning system
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and/or Z-axis motor) to determine the position of the sample

surface.

[0048] The ejector 141 1s moved to 1ts retracted position

by the actuator 1453. The motor 115 rotates the coring bit 111
while the Z-axis motor 103 robotically i1nserts the tip of the

corilng bit into the frozen sample 123 under the guidance of the

processor to a position within the frozen sample, as i1illustrated
in Figs. 9C and 9D. The position of the frozen sample surface
129 corresponds to the length of the frozen sample core 125 that
can be obtailned by extending the coring bit a particular
distance into the frozen sample, e.g., all the way through the

sample to the closed end (e.g., bottom) of the contalner as

depicted 1n Fig. 9D. It 1s often desirable to extend the coring

bit 111 all the way through the frozen sample 123 to obtain a

full-depth frozen sample core because vertical concentration
gradients can develop as the sample 1s being frozen and the
overall composition of full-depth frozen sample cores can

therefore be more representative of the overall composition of

che entire parent sample. Even 1f the coring bit 111 1s not
extended all the way through the frozen sample 123 to obtain a

full-depth frozen sample core 125, the processor can use the

information about the position of the sample surface 129 to
determine how much material 1s 1n a frozen sample core obtained

by moving the coring bit 111 a particular distance 1nto the

frozen sample 123.

[0049] After drilling i1s complete, the Z-axis motor 103

robotically withdraws the coring bit 111 from the frozen sample

125 to obtain a frozen sample core 125 that will form at least
part of the frozen aliguot. The frozen sample core 125 1s

retained within the coring bit 111 after the coring bit 1s

The

]

withdrawn from the sample 125 as 1llustrated i1n Fig. 9!

positioning system moves the coring bit 111 to a frozen aliguot

receiving container 127" and the ejector 141 ejects the frozen
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sample core 1nto the aliguot receiving container, as 1i1llustrated
in Fig. 9F.
[0050] The processor uses i1nformation about the position of

the surface 129 of the frozen sample 123 the depth to which the

coring bit 111 1s i1nserted 1n the frozen sample to determine

whether or not the frozen sample core 125 contains at least the

predetermined minimum volume of sample material. If the first
frozen sample core 125 contains enough material, the process
ends at Fig. 9F when the frozen sample core 1s deposited in the
aliquot receiving container 127'. However, 1f the i1initial frozen
sample 125 core does not contailn enough material, the process 1s

repeated (Figs. 9G-9H) and the coring bit 111 1s used to obtain

another frozen sample core 125 and deposit 1t 1in the aliqguot

recelving container 127" until the frozen aliquot contains at

least the minimum amount of material needed for the test. In the

1l1lustrated embodiment, each frozen sample core 125 that 1is
obtained and deposited 1in the aligquot receiving container 127

1s a full-depth core, which can help ensure the overall

composition of the aliguot 1s more representative of the
composition of the entire parent sample 123. However, 1f the

frozen sample 123 does not contain vertical concentration

gradients and/or it is not important for the composition of the

aligquot to match the overall composition of the sample, the

processor can 1nterrupt the process of drilling a frozen sample

core before the coring bit 111 reaches the opposite end of the

sample within the scope of the 1nvention. After a sufficient

number of frozen sample cores 125 have been deposited i1n the

alilgquot receiving container 127" to form an aliquot containing
at least the minimum amount of sample material, the contalner

127 containing the remalning frozen parent sample material 123

1s suitably returned to a cryopreservation unit and stored for
further use at a later time.

[0051] Another embodiment of a method of using the robotic

end effector 101 1s 1llustrated in Figs. 10A-10D. In this
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embodiment, the processor uses the 1maging system 1ol to
1dentify the position of the frozen sample surface 129. Once the

positioning system has aligned the coring bit 111 with the

frozen sample 123 (Fig. 10A), the Z-axis motor 103 moves the
camera 1ol toward and/or away from the frozen sample (e.g., as
in Figs. 10A-10C) until the frozen sample surface 129 1s 1in
focus. The processor recognilizes when the sample surface 129 1s
in focus (e.g., using well-known autofocus technology) and uses
information about the position of the 1maging system 16l when
the sample surface 1s 1n focus to determine the position of the
sample surface 129. Once the processor has determined the
position of the frozen sample surface 129, one or more frozen
sample cores 125 are obtained from the frozen sample 123 and
deposited 1n the aliguot receiving container 127" in
substantially the same manner described above 1n connection with
Figs. 9C-9H.

[0052] In one method of using the end effector 301 to weigh

a container and/or determine the fill level of a container, the

locking pin 343 1s first inserted 1nto the opening 345 to block
movement of the mounting bracket 321 relative to the frame, as

11llustrated 1n Fig. 14A. Then the gripper assembly 303 1s used

O plick up a container (e.g., a container containing a frozen
sample material). For example, the gripper assembly 303 can be

used to pick up one sample contalner from an array of sample

containers 1n preparation of moving the contailner to a station

on a work platform where one or more frozen sample cores will be

taken from the container (e.g., using the other part 101 of the

end effector, as 1llustrated in Figs. 9A-9H). The locking pin

343 1s suitably kept in the locking position while the end

effector 301 1lifts and moves the container. This advantageously

shields the sensitive weilght sensor 305 from experiencing the
loads associated with accelerations of the container, Jgripper

assembly 303, and mounting bracket 321. The loads associated
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wlith these accelerations are transmitted to the frame 307
through the locking system 341 1nstead of the weight sensor.
[0053] The locking pin 34353 1s withdrawn from the opening

345 by the actuator 347 (Fig. 14B) 1n order measure the weight
of the container. Once the locking pin 343 1s withdrawn and the
mounting plate 1s thereby released by the locking system, the
welght sensor 305 bears the weight of the mounting plate 321,
gripper assembly 303, and any object held by the gripper
assembly. This can be done while the end effector 301 1s held
statlionary with the container 1n a suspended position to avoid

the 1nfluence accelerations might have on the weight

measurement. If necessary, a dwell time can be used to allow the
system to settle before the weight measurement 1s taken. The
welght sensor sends a signal i1ndicative of the load placed
thereon. The weight of the contalner 1s determined by
subtracting the weight of the mounting bracket 321 and gripper
assembly 303.

[0054] Significantly, the end effector 303 allows the

welght of the contailner to be measured without taking up any
space on the work platform. This 1s i1mportant because the

temperature of the work platform needs to be controlled to

preserve the quality of frozen sample material on the work

platform. In the case of handling frozen biological sample

materials, the very low temperatures regquired result in a

substantial cost when the area of the work platform that needs
to be controlled 1s i1ncreased. A separate weigh station on the

work platform would i1ncrease the amount of area that needs to be

cemperature controlled. By avoiding the need for a weight

station on the platform, the end effector 503 allows welght

measurements to be taken without 1ncrease the cost and

difficulty associlated with controlling the temperature of the

work platform.

[0055] The end effector 301 can be used to measure the

welight of contailners at various times during the process of
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taking frozen sample cores from frozen sample materials 1n
containers. For example, the end effector 301 can be used to
measure the weight of a container as the contalner 1s moved to a

drilling station before one or more sample cores are taken from

the sample material 1n the container. The weight of the
container before the frozen samples are taken can provide

information about the level to which the container 1s filled

with sample material. It can also provide 1nformation about how
many frozen sample cores have already been taken from the
container. The end effector 301 can weight the contalner after
one or more frozen sample cores have been taken (e.g., while the
end effector 1s used to replace the contalner 1n a storage rack
on the work platform), 1n which case the difference between the

welight of the container before drilling and after drilling

provides information about the amount of material contained 1in
the frozen sample cores taken from the container during the
process. The end effector 303 can also be used to measure the

welight of the container 1n which the frozen sample cores are

placed (e.g., while the end effector 1s used to place the

aliguot-containing container 1n a storage rack on the work

platform). In this case, the difference between the weight of

che aligquot-containing container and the tare weight of the
container provides i1nformation about the amount of material

contained 1n the aliguot-contalining contailiner.

[0056] In some of the methods described above, the

processor uses only one aspect of the fill level detection

system 131 to 1dentify the position of the sample surface 129

(1.e., only the 1maging system 161 or only the sensor 147 that
detects contact between the end effector 101 and the sample

surface 129. However, 1t 1s recognized that the processor may

use more than one option for locating the frozen sample surface
129 concurrently 1n the same method to result 1n a more robust
system. For example, the processor may use any combination of

container weight, wvisual inspection of the sample by the vision
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system, and/or detecting when the end effector makes initial
contact with the upper surface of the frozen sample to determine

the level to which a sample contalner 1s filled with sample

material. The weight measuring and fi1ll level detecting

capabilities of the end effector can thereby be used to produce
a robust robotic system for taking frozen aliguots from frozen
samples that ensures and verifies that each frozen aliguot
contains at least a minimum amount of sample material.

[0057] When introducing elements of the present 1nvention
of the preferred embodiments thereof, the articles "a", "an",
"the", and "said" are intended to mean that there are one or
more of the elements. The terms "comprising"”, "including", and
"having" are 1ntended to be 1nclusive and mean that there may be
additional elements other than the listed elements.

[0058] In view of the foregoing, 1t will be seen that the

several objects of the invention are achieved and other

advantageous results attained.

[0059] As wvarious changes could be made 1in the above

constructions without departing from the scope of the 1nvention,
1t 1s 1ntended that all matter contained 1n the above

description and shown 1n the accompanying drawings shall be

interpreted as 1llustrative and not 1in a limiting sense.
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CLAIMS
What 1s claimed 1s:
1. A robotic end effector for collecting frozen aliguots

from an array of frozen samples, the frozen samples being
contained 1n a plurality of contalners, each frozen sample
having a surface spaced from a bottom of the container, the
robotic end effector comprising:

a coring bit for taking frozen sample cores from the frozen
samples;

a frozen sample core extraction system adapted to move the
coring bit relative to the frozen samples 1n a manner that
extracts frozen sample cores from the frozen samples;

a fi1ll level detection system adapted to detect how much

sample material 1s contailned 1n a respective container; and

a processor adapted to receive signals from the fill level
detection system and use the signals and i1nformation concerning
operation of the frozen sample core extraction system to
determine at least one of the followilng: (a) the amount of
material contained 1n a frozen sample core obtalned by the
coring bit; and (b) the number of frozen sample cores needed
from a particular frozen sample to obtaln a predetermined amount

of material from that frozen sample.

2. A robotic end effector as set forth in claim 1 wherein
the frozen sample core extraction system comprises a motor

adapted to rotate the coring bit.

3. A robotic end effector as set forth in any one of
claims 1-2 wherein the coring bit has a longitudinal axis and
the frozen sample core extraction system comprises a motor

adapted to move the coring bit axially.

4 . A robotic end effector as set forth in any one of

claims 1-3 further comprising an ejector adapted to eject a
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frozen sample core taken by the coring bit from the coring bit,
the ejector being moveable between an extended position 1n which
the ejector extends beyond a distal end of the coring bit and a
retracted position 1n which the ejector does not extend beyond

the distal end of the coring bit.

D. A robotic end effector as set forth i1in claim 4 wherein

the fi1l1ll level detection system comprises a sensor adapted to

detect contact between the ejector and the surfaces of the

frozen samples.

o . A robotic end effector as set forth 1n claim 5 wherein
the sensor 1s adapted to detect a change 1n an electrical
property, wherein the change 1s associliated with contact between

the ejector and the frozen sample.

7. A robotic end effector as set forth 1n claim 5 whereiln
the ejector 1s adapted to be moved from the extended position
toward the retracted position by the frozen samples when the
ejector 1s 1n the extended position and the robotic end effector
1s moved so the ejector contacts one of the frozen samples, the
SEeNnsor comprising a sensor that detects movement of the ejector

toward the retracted position.

8 . A robotic end effector as set forth in any one of

claims 1-4 wherein the fill level detection system comprises a

sensor adapted to detect contact between the robotic end

effector and the surface of a frozen sample.

9. A robotic end effector as set forth in any one of

claims 1-8 wherein the fill level detection system comprises an

imaging system, whereiln the processor 1s adapted to move the
1maging system relative to the surface of a frozen sample,

determine when the i1maging system 1s focused on the surface, and

determine the position of the surface of said frozen sample
using i1nformation about the position of the 1maging system when

1t 1s focused on the surface of the frozen sample.
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10. A robotic end effector as set forth i1n any preceding

claim wherein the fill level detection system 1s adapted to

detect the positions of the surfaces of the frozen samples.

11. A fill level detection system for a frozen aliguotter

system that automatically collects frozen aligquots from an array

of frozen samples, the frozen samples belng contained 1n a

plurality of contailners, each frozen sample having a surface

spaced from a bottom of the container, the fi1ll level detection

system comprising a processor and at least one of the following:

(a) an 1maging system and a system adapted to move the
imaging system toward and away from one of the frozen samples,
whereiln the processor 1s adapted to determine when the 1maging
system 1s focused on the surface of said frozen sample and use
information about the position of the 1maging system when 1t 1s
focused on the surface of said frozen sample to determine how
much sample material 1s contained 1n the contailner;

(b) a probe, a system for moving the probe toward and away
from the surface of one of the frozen samples, and a sensor
adapted to detect contact between the surface of said frozen
sample and the probe, whereln the processor 1s adapted to use a
signal from the sensor and 1nformation about operation of the
system for moving the probe to determine the position of the
surface of said frozen sample; and

(c) a robotic end effector comprising a gripper adapted to
l1ft one of the contalners and a sensor adapted to detect a
welight of the lifted container by measuring a force exerted by
the lifted contalner on the end effector, wherein the processor

1s adapted to use a signal from the sensor and i1nformation about

the sample contained 1n the contalner to determine how much

sample material 1s contained 1n the container.

12. A fi1ll level detection system as set forth in claim 11

wherein the fill level detection system comprises a probe, a

system for moving the probe toward and away from the surface of
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one of the frozen samples, a sensor adapted to detect contact
between the surface of said frozen sample and the probe, and a
processor adapted to use a signal from the sensor and

information about operation of the system for moving the probe

to determine the position of the surface of said frozen sample.

13. A fill level detection system as set forth in claim 172

wherein the probe comprises an ejector that 1s adapted to eject

a frozen sample core from the coring bit.

14. A fi1ll level detection system as set forth in claim 13

wherein the sensor comprises a sensor adapted to detect movement
of the probe associated with contact between the probe and the

surface of said frozen sample.

15. A fill level detection system as set forth in claim 172

wherein the sensor 1s adapted to detect a change i1n an
electrical property, wherein the change 1s associated with

contact between the probe and the surface of said frozen sample.

lo. A fi1ll level detection system as set forth in claim 1°

wherein the fill level detection system comprises a robotic end

effector comprising a gripper adapted to 1lift one of the

containers and a sensor adapted to detect a weight of the lifted

container by measuring a force exerted by the lifted contalner
on the end effector, wherein the processor 1s adapted to use a
signal from the sensor and 1nformation about the sample
contained 1n the contalner to determine the position of the

surface of said frozen sample.

17. A fi1ll level detection system as set forth i1n claim 16

wherein the sensor 1s mounted on the end effector.

18. A fi1ll level detection system as set forth in claim 17

further comprising a locking mechanism and first and second
brackets, the second bracket being connected to the first

bracket so the second bracket supports the weight of the first
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bracket, the locking system being operable to lock the first and
second brackets 1nto position relative to one another when the
locking system 1s 1n a locked state, whereiln the sensor 1s a
strailn gauge connecting the first bracket to the second bracket,
the strain gauge being positioned so the stain gauge supports

the weight of the first bracket when the locking system 1s 1n an

unlocked state.

19. A fi1ll level detection system as set forth in claim

18, whereln the strain gauge comprises a load cell.

20. A fi1ll level detection system as set forth in any one

of claims 16-19 wherein the fill level detection system is

adapted to detect the positions of the surfaces of the frozen

samples.

21. An automated method of taking a frozen aligquot from a
frozen sample contalned 1n a container, the method comprising:

using a sensor to determine the position of a surface of
the frozen sample that 1s spaced from a bottom of the container
and output a signal indicative of the position of the surface to
a processor;

robotically inserting the tip of a coring bit i1nto the
frozen sample under the guidance of the processor to a position
within the frozen sample;

robotically withdrawing the coring bit from the frozen
sample to obtain a frozen sample core, the frozen sample core
forming at least part of the frozen aliqguot; and

ensuring that the frozen aliquot 1ncludes at least a
predetermined minimum volume of sample material by using
information about the position of the surface of the sample and
sald position within the frozen sample to determine whether or
not the frozen aligquot contailins at least the predetermined

minimum volume of sample material.
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272 . An automated method as set forth 1n claim 21 further
comprising repeating the inserting and withdrawling steps to
obtaln another frozen sample core from the frozen sample and add
1t to the frozen aliguot until the frozen aligquot contains at

least the predetermined volume of sample material.

23. An automated method as set forth 1n any one of claims

21-22 whereln finding the position of the surface of the frozen
sample comprises robotically contacting the surface of the

frozen sample with a probe and using a sensor to detect contact

between the probe and the surface of the frozen sample.

24. An automated method as set forth i1in claim 23 further
comprising using the probe to eject the frozen sample core from

the coring bit.

2b. An automated method as set forth i1n claim 21 wherein

finding the position of the surface of the frozen sample
comprises moving an i1maging system relative to the sample and
using the processor to determine when the imaging system 1s

focused on the surface of the frozen sample.

26. An automated method as set forth in any one of claims
21-25 further comprising placing the remalning frozen sample
1nto a cryopreservation unit after taking the aligquot to store

the remaining frozen sample for later use.

27. A robotic end effector for moving and weilighing
containers, the robotic end effector comprising:

a frame;

a mounting bracket;

a gripper assembly mounted on the mounting bracket, the
gripper assembly being operable to hold a container contalning a
sample material 1n a suspended position such that the gripper
assembly bears the weight of the container and sample material

1n the container;
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a welght sensor connected to the frame and mounting
bracket, the weight sensor being adapted to output a signal
indicative of an amount of force transferred between the frame
and mounting bracket through the welght sensor;

a locking mechanism 1ncluding a locking element, the
locking element beilng selectively moveable between a locking
position and a non-locking position, wherelin 1n the locking
position the locking element limits relative movement between
the mounting bracket and frame and bears at least some of the
welght of the mounting bracket, and wherelin 1n the non-locking
position the locking element does not bear any of the weight of
the mounting bracket and the weight sensor bears the weight of

the mounting bracket.

28. A robotic end effector as set forth 1n claim 27
further comprising a linear bearing connecting the mounting
bracket to the frame, the linear bearing belng oriented to allow
movement of the mounting bracket relative to the frame 1n a
vertical direction and to limit movement of the mounting bracket

relative to the frame 1n other directions.

29. A robotic end effector as set forth 1n any one of

claims 27-28 whereiln the welght sensor comprises a strain gauge.

30. A robotic end effector as set forth in any one of

claims 27-28 whereln the weight sensor comprises a load cell.

31. A robotic end effector as set forth in any one of
claims 27-30 whereln the robotic end effector 1s a pick-and-

place end effector.

32. A robotic end effector as set forth in any one of
claims 27-31 whereln the weilght sensor has sufficient

sensitivity to measure variations i1n weight as small as 0.5 mg.
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33. A robotic end effector as set forth in any one of
claims 27-32 wherein the weight sensor 1s adapted to maintain a

full scale deviation of 0.3 percent or less.
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