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(54) Title: SYSTEM AND METHOD FOR LASER-BASED AUTO-ALIGNMENT

(57) Abstract: In a laser-based alignment system, a laser sensor tool, compris-

ing a laser emitter and detector element can be gripped by a gripper unit of a

FIG. 1A

robotic arm and used to automatically align the robotic arm with a work sur-
face. A landmark on the work surface can be identified by scanning the work
surface with the laser sensor in an X-Y plane. A center point of the landmark in
the X-Y plane can be determined to align the gripper unit with the work sur-
face in the X-Y plane. The robotic arm can be calibrated on a Z-axis by mov-
ing the gripper downward in a z-direction until the gripper unit contacts the
work surface.
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SYSTEM AND METHOD FOR LASER-BASED AUTO-ALIGNMENT

CROSS-REFERENCE TO RELATED APPLICATIONS
{0601} This application claims priority to U.S. Provisional Patent Application No.
61/745,252, filed on December 21, 2012, titled “SYSTEM AND METHOD FOR AUTO-
ALIGNMENT,” by Stefan Rueckl, ot al. and to U.S. Provisional Patent Application Nao.
61/772,971, filed on March 5, 2013, titled "SYSTEM AND METHOD FOR AUTO-
ALIGNMENT,” by Stefan Rueckd, et al., cach of which is herein incorporated by reference in its
entircty for all purposes. This application is related to U.S. Provisional Patent Application No.
61/710,612, filed on October 5, 2012, titled “SYSTEM AND METHOD FOR AUTO-
ALIGNMENT,” by Stefan Rueck! and U5, Patent Application No. {Application No.
Not Yet Assigned), filed on Gcetober 4, 2013, titled “SYSTEM AND METHOD FOR CAMERA-
BASED AUTO-ALIGNMENT,” by Stefan Ruecki et al,, cach of which is hercin incorporated by

reference in its entirety for all purposes.

BACKGROUND

{6062] When a Laboratory Automation System (LAS) is installed at a customer site, a service
technician aligns clements of the system, ¢.g. the frame, XY-gantry for the robotic arm, and the
drawers on the work surface, to enable the robotic arm to precisely grip and transfor sample
tubes from one position to another position. Typically, alignment of the robot arm to the
working space was done manually. Manual alignment is a slow and costly process, particularly
on a complex LAS which may include several robotic arms which must cach be separately
aligned. Additionally, manual alignment has the potential to introduce human error into each
alignment. Auto-alignment processes allow for fewer service technicians to install and align
more LAS in less time and with fewer risks of incorrect alignment due to human error,

{06631 In atypical LAS, each robotic arm is fixed to a gantry over a work surface, which can
include, ¢.g., tost tubes in racks that can be moved to different positions or tools on the work
surface. For example, moving a test tube from a distribution rack to a centrifuge adapter.

sripping movement needs to be precise to avoid various problems. For example, if the robotic
G tneedsto b t i bl F te, if t bot
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arm cannot grip a tube, or if it successfully grips a selected tube, but destroys the tube due to a
misalignment. Conventional manual alignment can include vartous steps, such as manually
positioning the gripper arm to several different positions on the work surface, cither by hand or
using an external drive motor. Additionally, the robotic arms need to be separately aligned for
racks or drawers on the work surface. This procedure can take many hours to a day per robotic
arm for manual alignment by a service technician.

{0G04]  Embodiments of the present invention address these and other problems.

SUMMARY
{0¢65]  Disclosed herein are an auto-alignment process and associated technical arrangements
to calibrate and/or align a robotic arm including a gripper unit within a Laboratory Automation
System {LAS), in accordance with an embodiment.
{0086] In a laser-based alignment system, a laser sensor tool, comprising a laser emitter and
detector clement can be gripped by a gripper unit of a robotic arm and used to antomatically
align the robotic arm with a work surface. A landmark on the work surface can be identified by
scanning the work surface with the laser sensor. A center point of the landmark on the surface
can be determined to align the gripper unit with the work surface. The robotic arm can be
calibrated on a Z-axis by moving the gripper downward in a z-direction until the gripper unit

contacts the work surface.

{60671 One advantage of the laser-based alignment system is that it allows the alignment to be
performed in a manner which utilizes the gripper’s normal functions, ¢.g., gripping a tool with
the gripper fingers. During lascr-based alignment, the gripper can grip a digital laser sensor to

detect a landmark on the work surface, such as a holc or post.

BRIEF DESCRIPTION OF THE DRAWINGS
[B088] FIGS. [A-1C show examples of a gripper unit and grippable laser sensor tools, n

accordance with an embodiment of the invention.

{0089] FIG. 2 shows an cxample of a laboratory automation system (LAS), in accordance with

an embodiment of the invention,
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{BG18]  FIG. 3 shows an example of landmark detection, in accordance with an embodiment of

the invention.

{8611} FIG. 4 shows an example of landmark detection using an average of multiple

measurements, in accordance with an embodiment of the invention.

{8012] FIG. 5 shows a method of calibrating an XYZ-robot, in accordance with an

embodiment of the invention.

{BG13] FIGS. 6-8 show X-Y calibration results using a laser sensor, in accordance with an

embodiment of the invention.

{8014] FIG. 9 shows examples of Z-calibration tools, in accordance with an embodiment of the

invention.

{B815] FIG. 10 shows a block diagram of an auto-alignment system, in accordance with an

embodiment of the invention.

{B816] FIG. 11 shows a block diagram of a computer apparatus, tn accordance with an

embodiment of the invention.

DETAILED DESCRIPTION
{B817] o the following description, for the purposes of explanation, mumerous specific details
are set forth in order to provide a thorough understanding of various embodiments of the present
invention. It will be apparent, however, to one skilled in the art that embodiments of the present
invention may be practiced without some of these speeific details. In other instances, well-

known structures and devices are shown in block diagram form.

[B018] The ensuing deseription provides exemplary embodiments ounly, and is not intended to
limit the scope, applicability, or configuration of the disclosure. Rather, the ensuing description
of the exemplary embodiments will provide those skilled in the art with an enabling description
for implementing an exemplary embodiment. It should be understood that various changes may
be made in the function and arrangement of elements without departing from the spirit and scope

of the invention as set forth in the appended claims.

(V8]
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{B819]  Specific details are given in the following description to provide a thorough
understanding of the embodiments. However, it will be understood by one of ordinary skill in
the art that the embodiments may be practiced without these specific details. For example,
circuits, systems, networks, processes, and other components may be shown as components in
block diagram form in order not to obscure the embodiments in unnccessary detail. In other
instances, well-known circuits, processes, algorithms, structures, and technigues may be shown

without unnecessary detail in order to avoid obscuring the embodiments.

{8020} Disclosed hercin are systems and methods for auto-alignment of a robotic arm to a
work surface using a lascr-based optical measurement tool. In accordance with an embodiment,
a robotic arm, including a gripper unit, can grip a laser sensor. The laser sensor can be
configured to emit a laser and receive a reflection. In some embodiments, the robotic arm can be
connected to an X-Y gantry, allowing the robotic arm to be moved in an X-Y plane over a work
surtace. Embodiments of the present invention can also be used with other types of robots. To
align the robotic arm with the work surface, the gripper unit can pick up a laser scnsor, and the
rohotic arm can move in the X-Y planc to scan the work surface with the laser sensor. As used
herein, the X-Y planc can refer to a planc that is parallel to the work surface. The work surface
can include one or more landmarks at known positions on the work surface. A landmark can be
any object or location that is identifiable to the laser sensor. For example, in some embodiments,
a bore hole can be used as a landmark. A bore holce is identifiable to the laser sensor as a
location from which a reflection is not read. In some embodiments, a landmark can be a position
on the work surface to which a non-reflective coating has been applied. The nov-reflective
coating can be selected based on the frequency of the laser sensor, 50 as to be non-reflective in

the spectrum emitted by the laser sensor.

[8021] o accordance with an embodiment, the position of a landmark can be identified by
scanning the landmark in a first direction to determine a first edge of the landmark and a second
edge of the landmark based on reflections received by the laser sensor. A first center point of the
landmark on a first axis can then be determined based on the first edge and the second edge. The
landroark can then be scanned in a second direction, orthogonal to the first divection, from the
first center pomnt of the landmark to deterrine a third edge and a fourth edge. A second cente
point of the landmark on a second axis can then be determined based on the third edge and fourth

4
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edge. Scanning of the landmark can continue in this manner until a plurality of center points are
identified within a preset distance of cach other. In some embodiments, an average of the center
points can be calculated and stored as the landmark center point. In some embodiments, the
robotic arm can be aligned with a plurality of landmarks on the work surface by repeating the

above-described process.

{8822} As described above, a position of one or more landmarks on the work surface can be
identified using a laser sensor to align the robotic arm with the work surface in the X-Y planc.
The robotic arm can be calibrated on a Z-axis by moving the robotic arm from a gripping
position above the work surface, downward in a Z-direction until the gripper unit contacts the
work surface. As used hercin, the Z-axis can refer to an axis that is orthogonal to the work
surface. A “hard” touch off can be used at each landmark location to determine the z height of
the landmark. In some embodiments, the robotic arm can be raised, in the Z-direction to a
maximum height above the work surface, before the robotic arm is lowered until it makes contact
with the work surface at the landmark. In some embodiments, a Z-axis tool can be gripped by
the gripper unit while aligning the robotic arm in the Z-dircction. In some embodiments, the
laser sensor can be used to measure the height of the robotic arm over the work surface based on
the reflection received from the laser sensor. The measured distance can be used to calibrate the

robotic arm on the Z-axis.

{6023} FIGS. LA-1C show cxamples of a gripper unit and grippable laser sensor tools, in
accordance with an embodiment of the invention. As shown in FIG. 1A, laser sensor 100 can be
mounted in a housing 102 capable of being gripped by a gripper unit 104 of a robotic arm. In
accordance with an cmbodiment, the laser sensor can be a background suppression lascr sensor, a
spot reflective laser sensor, or any other type of laser sensor that can be mounted i a grippable
housing. The laser sensor housing 102 can be configured for gripping, such as with a ledge,
groave, or similar feature that can be reliably gripped by gripper fingers 106, In some
embodiments, the laser sensor is recessed at the bottom side of the laser sensor housing, to
prevent damage or the accumulation of dirt/dust on the sensor. FIGS. 1B and 1C show
alternative laser sensor housings 108 and 110 that cach include a ledge. As shown in FIGS. 1B
and 1C, the gripper finger tips can botiom out on the ledges, providing a reliable and repeatable

gripping position for the laser sensor.

(92
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{8624] In accordance with an embodiment, using a grippable laser sensor to align the robotic
arm results in an alignment that represents that actoal nsage of the robotic arm. The robotic arm
can be aligned without modifying the gripper unit, for example any pads mounted to the gripper
fingers do not need to be removed during alignment, Laser sensor tools can be wired or wircless.
Hwired, the cord can come out between the gripper fingers at various positions, depending on
the configuration of the laser sensor. As described above, cach laser sensor can also be a
detector, configured to detect a reflection of the laser emitted by the laser sensor. [0025] In
some embodiments, an imaging device, such as a camera, can be used to detect whether a
reflection of the laser emitted by the laser sensor. When the laser is incident on the work surface,
the reflection is visible to the imaging device. When the laser s incident on a landmark, the
reflection is modified or not observable to the imaging device. For example, a non-reflective
landmark may attenuate the reflection of the laser such that it is not observable to, or can be
distinguished by, the imaging device. Similarly, a bore hole landmark will not reflect the laser,
and any reflection from a surface below the work surface is not observable to, or can be
distinguished by, the imaging device. In some cmbodiments, the imaging device can be mounted

to the gripper unit.

{0026] FI1G. 2 shows an example of a laboratory automation system {(LAS), in accordance with
an embodiment of the invention. As shown in FIG. 2, LAS 200 can include a frame with an X-Y
gantry 202 to which a Z-axis 204 has been attached. A robotic arm including a gripper unit 206
can be coupled to the Z-axis 204, As deseribed above, the X-Y gantry is operable to move the
robotic arm and gripper unit above a work surtace 208 o the X-Y plane, and the Z-axis is
operable to move the robotic arm and gripper unit along up and down relative to the work
surface 208, Tn accordance with an embodiment, cach axis can be moved along tracks using one
or more clectric motors, In some embodiments, the motors can be brushed DC motors or stepper
rootors with a known motor resolution in steps per mullimeter. One or more controllers, such as
a microcontroller, processor, or other controller, can be used to control the motors asseciated
with cach axis and position the robotic arm in three dimensional space over the work surface. To
align the robotic arm with the work surface, the work surface can inchude one or more landmarks
210 at known positions. Using a laser sensor, such as those described above with respect to

FIGS. 1A-1C, the robotic arm can be automatically aligned with the one or more landmarks 210

6
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on the work surface, enabling the robotic arm to perform functions where precision is important,

such as picking up and repositioning objects on the work surface.

{8627] FIG. 3 shows an example of landmark detection, in accordance with an embodiment of
the invention. As described above, landmarks used for laser-based auto-alignment can include
bore holes machined into the work surface, or alternative non-reflective landmarks. The
landmarks can be located at known positions. Bore holes provide reliable known locations on
the surface which cannot be moved and which will not reflect the laser. Alternative non-
reflective landmarks can be similarly utilized, such as a non-reflective dot which absorbs, or
otherwise reduces the reflection, of light emitted by the laser sensor such that any reflection off
the dot is not detectable by the laser sensor and/or imaging device, Positions of other tools and
devices mounted to the work surface, such as racks, centrifuges, drawers, ¢te. can be known
refative to the one or more landmarks, Thus, once the positions of the landmarks are known, the

gripper is aligned to the other clements on the work surface.

{B028] Insome embodiments, when the laser sensor tool is gripped by the gripper unit, an
auto-alignment method can be exccuted during which the gripper unit, while gripping the laser
sensor tool, 1s moved in the X-Y planc and the laser sensor tool is used to scan the work surface.
For example, a central controlier can send instructions to onc or more axis controllers that move
the robotic arm in a programumed path over the work surface. The central controller can
additionally scnd instructions to a laser sensor controller to cmit laser pulses and record
reflections at timed intervals as the robotic arm moves in the programmed path. Flat arcas on the
work surface will reflect the laser pulses, whereas when the robotic arm and laser sensor tool are

positioned over a landmark, no detectable reflection will be recetved.

{0029] Asshown in Figure 3, as the robot passes the laser across the hole, the reflection of the
laser from the work surface 300 can be detected on the edges of the landmark 302, A controller,
sach as a laser sensor controller, central controller, or other suitable controller and/or processor,
can record positions 304 of cach transition, corresponding to the edges of the landmark 302, For
example, the points at which no reflection or a modified reflection is received by the laser sensor
ool can indicate the boundaries of the landmark., A modified reflection can include an
attenuated reflection that is not as indense as the refiection off the work surface, as aresuli of a

reflection from a less-reflective landmark or from an object beneath the work surface under the

~
7
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landmark. The position can correspond o a step or encoder count of the motor. In accordance
with an embodiment, the center of the line across the hole can be calculated by averaging the two
readings. To account for any hysteresis of the robotic arm drive system, such as a belt, the
process can be repeated in the opposite direction. This process can determine a coordinate of the
center point of the landmark on a first axis. The coordinate can correspond to an encoder count
or step on the first axis. As shown in FIG. 3, the Hne 306 across the fandmark is not centered on

the landmark. The midpoint of this first linc can be used as a starting point for determining the

center of the landmark.

{0G38] For cxample, in the embodiment shown in FIG. 3, a circular landmark is used. The
robotic arm can be moved in alternating orthogonal directions {¢.g., moved along a first path
parallel to the X axis, followed by a sccond path parallel to the Y axis, followed by a third path
parallel to the X axis, and so on} across the landmark to iteratively determine the center point of
the landmark. Each transit of the robotic arm across the landmark can identify boundary points
of the landmark corresponding to end points of a linc across the landmark, The first transit of the
rohotic arm across that landmark can be in a dircction parallel to the X or Y axis. Using the cnd
points of the first transit line, the midpoint of the line can be determined and stored. The robotic
arm can then be positioned over the midpoint of the first transit line and a sccond transit of the
robotic arm across the landmark can be performed in a direction substantially orthogonal to the
first transit. For cxample, if line 306, which is parallel to the X-axis, is taken to represent the
first transit line, then the second transit line would be a line paralicl to the Y-axis that intersects
line 306 at the center point. By positioning the robotic arm over the midpoint of the first transit
line to perform the second transit, the end poings of the second transit line will be collincar with
the midpoint of the first fransit line. The end points of the second transit line can be wdentified
and a midpoint of the second transit hine determined and stored. The location of the midpoint on
the first transit line can be compared to the location of the midpoint on the second transit hine. If
the two locations are within a predetermined distance, an average of the two locations can be
calculated and stored. The average location corresponds to the center point of the landmark, If
the two locations are not within the predetermined distance, the auto-alignment process can
continge iteratively from the midpoint on the second transit Hine by repeating the process

deseribed above from the midpoint on the second transit line in alternating orthogonal directions.
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{B031]  Insome embodiments, the measurements of the landmark along each axis can be
repeated with the laser sensor tool gripped by the gripper in different rotational positions, to
reduce stochastic measuring errors and production tolerances. This is discussed further below

with respect to FIG. 4.

{B0632] FIG. 4 shows an example of landmark detection using an average of multiple
measurements, in accordance with an embodiment. Duc to variations in the fingers of the
gripper, such a differences in wear of each finger pad or wear of the gripping mechanism, the
laser sensor tool may not be completely aligned with the gripper axis while gripped. This can
result in an offset in the measured center location, depending on how the laser tool was
positioned when it was picked up. In accordance with an embodiment, to account for these
variations, once a center 400 of a landmark has been determined, the laser sensor can be rotated
99 degrees and the process repeated. For example, the gripper unit can place the laser sensor on
the work surface, rotate 90 degrees, and pick up the laser sensor. Alternatively, the gripper unit
can pick up the laser sensor from the work surface, rotate gripper unit less than 90 degrees, place
the laser sensor back on the work surface, and repeat until the laser sensor has been rotated 90
degrees. A 90 degree center point 402 can then be determined. This can be repeated again by
rotating the laser sensor 180 degrees relative to the initial position and determining a 180 degree
center point 404, and again at 270 degrees relative to the initial position and determining a 270
degree center point 406, The resulting four measured center points 400, 402, 404, and 406 of the
landmark can then be averaged and that average position 408 can be stored as the center of the

{andmark.

{8033] FIGS. 5-7 show X-Y calibration resulis using a laser sensor, in accordance with an
embodiment of the invention. As shown in FIG. 5§, the laser-based alignment methods described
above can be used to wdentify the center of a 3/8 inch (9.525 mmy) diameter bore hole landmark
562, to within a preset radins. In FIG. 5, the preset radius was set to .05 mum, however
alternative preset radii can be used hased on the required aligniment precision required by a
particular LAS installation. The average of the measurements is represented by a cross. The

area inside the dashed circle 500 is shown in greater detail in FIG. 6.

[0034] Figure 6 shows a more detailed view of the arca inside dashed circle 500, Dashed

circle 500 has a radius of .5 rom centered on the average center point of the landmark. Dotted

9
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circle 600 corresponds to the measured center point farthest from the average of the measured
center points of the landmark. In the embodiment of FIGS. 5-7, the dotted circle 600 has a

radius of 0493 mm. As this is less than the preset radius of .05 mm, the robotic arm is aligned.

[8038] FIG. 7 shows a plurality of measured center points according to the alignment methods
deseribed above. The grid in FIG. 7 is one encoder count by one encoder count. That is, cach
grid represents one step of the motor driving the robotic arm in the X and Y directions. The

average of the data points is again represented by a cross 700.

{8036] FIG. 8 shows examples of Z-calibration tools, in accordance with an embodiment of the
invention. As shown in FIG. ¥, a Z-calibration tool 800 can be designed to match the dimensions
of the lascr sensor tool. This enabies the robotic arm to be calibrated in the Z-direction without
risking damage to the lascr sensor tool. The Z-calibration tool can inchide a rounded tip 802
extending from the bottom of the tool. During Z-calibration, the robotic arm can be lowered
until resistance is met {¢.g., until the rounded tip of the Z-calibration tool makes contact with the
work surface). The rounded tip provides a stop which can impact the work surface without
risking damage to the work surface or the gripper unit. Alternatively, a laser sensor tool 804 can
be modificd to include a rounded tip 806. Since the lascr sensor tool 804 cxtends past the end of
the gripper fingers, the rounded tip reduces the risk of damaging the laser sensor. Additionally,
laser sensor 804 enables the gripper to be calibrated in all three dimensions without needing
multipic tools. A pressure sensor can be incorporated into the robotic arm which is configured to

stop the arm when a preset level of resistance is met.

{0037] Inaccordance with an embodiment, the laser sensor tool can inclade an analog laser
sensor. Using an analog laser sensor, calibration can be performed in the X, Y, and Z axes
without requiring a “hard touch”. Calibration in the X-Y planc can be performed as described
above, and calibration on the Z-axis can be performed using reflective scusing using the analog
laser sensor. In this embodiment, calibration on the Z-axis can be performed with the laser
sensor tool positioned at the same height as during calibration in the X-Y plance. For example, the
gripper unit can be positioned over a reflective portion of the work surface, such as a position
adjacent to a landmark, Using the analog laser sensor tool, a height of the gripper unit can be
determined. For example, the analog laser sensor tool can measure the time it takes fora

reflection to be received and based on that time calculate a height in centimeters, inches, or other
10
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appropriate unit based on the LAS installation. Based on the known resolution of the motor
operating the Z-axis, the height can be converted into encoder counts or steps. Alternatively,
after calculating the height of the gripper untt, a position of the gripper unit on the Z-~axis can
recorded in encoder counts or steps. The gripper unit can then be lowered until it makes contact
with the work surface and the position on the Z-axis again recorded. The height can then be

converted into encoder counts or steps based on the difference of the two recorded positions.

{0G38]  Insome embodiments, a cone-shaped tool can be used to determing a Z-value for the
center of a bore hole on the work surface. The robotic arm, while gripping the cone-shaped tool,
can be manually positioned such that the cone is inside the hole. Once positioned, a calibration
procedure can be executed during which the robotic arm lifts the conce-shaped tool from the bore
hole and moves to a plurality of cqually offsct points around the hole. At cach point, the robotic
arm can be slowly lowered until the tool contacts the work surface. A z encoder count can be
recorded for each point. The average of the counts recorded for cach point can be used as the Z-

value for the center of the hole.

{0639]  FIG. 9 shows a method of calibrating an XY Z-robot, in accordance with an
embodiment of the invention. At 900, a laser sensor tool is gripped by a gripper unit. In some
cmbodiments, the gripper unit can be instructed to grip the laser sensor tool manually by a
techuician. In somce embodiments, the gripper unit can automatically grip the laser sensor tool at
a known location on the work surface. As described above, the laser scusor tool can be
configured to omit a laser pulse and receive a reflection. At 902, a landmark can be identificd on
a work surface by moving the gripper unit in an X-Y plane and scanning the work surface with
the laser sensor tool. At 904, a center point of the landmark is determined in the X-Y plane. At
906, the gripper unit is calibrated on a Z-axis by moving the gripper unit downward i a 7-
direction until the gripper onif contacts the work surface. In some embaodiments, the gripper untt
contacts the work surface when the laser sensor tool being gripped contacts the work surface. In
some embodiments, before calibrating the gripper unit on the Z-axis, the gripper onit can drop
the laser sensor tool and pick up a grippable Z-~calibration tool. The gripper unit contacts the

work surface when the Z-calibration tool contacts the work surface,

[8048] Insomwe embodiments, determining a center point of the landmark in the X-Y plane can

include scanning the landmark in a first direction to determine a first edge of the landmark and a
1
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second edge of the landmark based on reflections received by the laser sensor. A first center
point of the landmark on a first axis can be determined based on the first edge and the second
edge. For example, the first edge and second edge can be coordinates on the first axis measured
in steps or encoder counts. The center point on the first axis can be determined by averaging the
steps or encoder counts of the first edge and second edge. The landmark can then be scanned in
a second dircction, orthogonal to the first direction, from the first center point of the landmark to
determine a third edge and a fourth edge. A second center point of the landmark on a second
axis can then be determined based on the third edge and fourth edge. The landmark can be
repeatedly scanned in this manner until a plurality of center points are within a preset distance of

cach other.

{0041} FIG. 10 shows a block diagram of an auto-alignment system, in accordance with an
embodiment of the invention. The auto-alignment system can include a plurality of axis motors
1000, including axis motors 1000a, 1000b, and 1000c. The axis motors 1000 can be used to
position the robotic arm and gripper unit in three-dimensional space over the work surface. A
lascr sensor tool 1002 can be gripped by the gripper unit and used to automatically align the
robotic arm with the work surface. One or more motor controllers 1004 and 3 laser controller
1606 can relay instructions from a central controlier 1008 during the auto-alignment process. In
some embodiments, the motor controller 1004 can record position information from cach axis
motor, such as cncoder counts or steps, and laser controller 1006 can monitor reflections
received by the laser sensor tool. Central controller 1008 reccive alignment instructions from
processor 1010 and return alignmoent resulis, such as position information and reflection
information, received from the motor controlier and laser countroller. The processor 1010 can use
the information returned from the central controlier to determine the center point positions and
determine whether the alignment process is complete. The processor 1810 can be coupled to a
memaory 1012 which may comprise an auto-alignment module 18124 that may comprise
computer code, executable by the processor 1810 to perform auto-alignment, including
instructions to the axis motors to move the robotic arm along a programmed path in the X-Y axis
and instructions to the aser sensor tool to scan the work surface as the robotic arm moves along

the programmed path. The memory can further include storage for the determined landmark
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locations 1312b and alignment data 1012¢, inchuding position data for elements on the work

surface (drawers, tools, ete.) relative to the landmark location{s).

{8842] The processor 1010 may comprise any suitable data processor for processing data. For
example, the processor may comprise one or more microprocessors that function separately or

{ogether to cause various components of the svstem o operate,
o J

{0043] The memory 1012 may comprise any suitable type of memory device, in any suitable
combination. The memory 1012 may comprise one or more volatile or non-volatile memory
devices, which operate using any suitable electrical, magnetic, and/or optical data storage

technology.

{#044] The various participants and clements described herein with reference to the figures
may operate ong or more computer apparatuscs to facilitate the functions described herein, Any
of the clements in the above description, including any servers, processors, or databases, may use
any suitable number of subsystems to facilitate the functions described herein, such as, ¢.g.,
functions for operating and/or controlling the functional units and modules of the laboratory

automation system, axis controllers, sensor controliers, etc.

{0045} Examples of such subsystems or components are shown in FIG. 11, The subsystems
shown in FIG. 11 arc interconnected via a system bus 4445, Additional subsystems such as a
printer 4444, keyboard 4448, fixed disk 4449 {(or other memory comprising computer readable
media), monitor 4446, which is coupled to display adapter 4482, and others arc shown.
Peripherals and input/output {1/0) devices, which couple to VO controlier 4441 (whichcan be a
processor or other suitable controller), can be connected to the computer system by any number
of means known in the art, such as serial port 4484, For cxample, scrial port 4484 or external
interface 4481 can be used to connect the computer apparatus to a wide area network such as the
Internct, a mouse input device, or a scanner. The interconnection via system bus allows the
central processor 4443 to communicate with cach subsystem and to control the exccution of
nstructions from system memory 4442 or the fixed disk 4449, as well as the exchange of
information between subsystems. The system mernory 4442 and/or the fixed disk 4449 may

embody a computer readable medium.

i3
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{8846] Embodiments of the technology are not limited to the above-described embodiments.
Specific details regarding some of the above-described aspeets are provided above. The specific
details of the specific aspects may be combined in any suitable manner without departing from
the spirit and scope of embodiments of the technology. For example, back end processing, data
analysis, data collection, and other processes may all be combined in some embodiments of the
technology. However, other embodiments of the technology may be directed to specific

embodiments relating to cach individual aspect, or specific combinations of these individual

aspects.

{0¢47] It should be understood that the present technology as described above can be
impicmented in the form of control logic using computer software (stored in a tangible physical
medium) in a modular or integrated manner. Furthermore, the present technology may be
impicmented in the form and/or combination of any image processing. Based on the disclosure
and teachings provided herein, a person of ordinary skill in the art will know and appreciate
other ways and/or methods to implement the present technology using hardware and a

combination of hardware and software,

{0048} Any of the software components or functions described in this application, may be
implemented as software code to be executed by a processor using any suitable computer
language such as, for cxample, Java, C++ or Perl using, for cxample, conventional or object-
oricnted technigues. The software code may be stored as a serics of instructions, or commands
on a computer readable medium, such as a random access memory (RAM), a read only memory
{(ROM), a magnctic medium such as a hard-drive or a floppy disk, or an optical medium such as
a CD-ROM. Any such computer readable medium may reside on or within a single
computational apparatus, and may be present on or within different computational apparatuses

within a system or notwork,

[0049] The above description s illustrative and 1s not restrictive. Many variations of the
techoology will become apparent to those skilled in the art upon review of the disclosure. The
scope of the technology should, therefore, be determined not with reference to the above
description, but instead should be determined with reference to the pending claims along with

their full scope or equivalents.

i4
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{B838]  One or more features from any embodiment may be combined with one or more
features of any other embodiment without departing from the scope of the technology.

{B8S1] A recitation of "a”, "an” or "the" is intended to mean "one or more” unless specifically
indicated to the contrary.

{B652] All patents, patent applications, publications, and descriptions mentioned above are
herein mcorporated by reference in their entivety for all purposes. None 1s admitted to be prior

art.

i5
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WHAT IS CLAIMED IS:

1. A method for auto-alignment, comprising:

gripping a laser sensor tool by a gripper unit of a robotic arm, wherein the laser
sensor is configured to emit a laser pulse and receive a reflection of the laser pulse;

identifying a landmark on a work surface by scanning the work surface with the
laser sensor in an X-Y plane; and

determining a center point of the landmark in the X-Y plane to align the gripper

unit with the work surface in the X-Y planc.

2. The method of claim 1, further comprising:
calibrating the gripper unit on a Z-axis by moving the gripper downward in a z-

dircction until the gripper unit contacts the work surface.

3. The method of claim I, wherein determining a center point of the
landmark in the X-Y plane to align the gripper unit with the work surface in the X-Y plane
further comprises:

scanning the landmark in a first direction to determine a first edge of the landmark
and a sccond edge of the landmark based on reflections received by the laser sensor;

determining a first conter point of the landmark on a first axis based on the first
edge and the second edge;

scanning the landmark in a second direction, substantially orthogonal to the first
direction, from the first center point of the landmark to determine a third edge and a fourth edge;

determining a second center point of the landmark on a sccond axis based on the
third edge and fourth edge; and

repeating scanning the landmark until a plurality of conter points are within a

preset distance of cach other.

4, The method of claim 1, further comprising:
after the center point of the landmark is determined, rotating the laser sensor tool
90 degrees relative to the laser sensor’s initial position in the gripper unit and determining a

sceond center point of the landmark;

16
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rotating the laser sensor tool 180 degrees relative the laser sensor’s initial position
in the gripper unit and determining a third center point of the landmark;

rotating the laser sensor tool 270 degrees relative the laser sensor’s initial position
in the gripper unit and determining a fourth center point of the landmark; and

determining an average conter point of the landmark by averaging the center

points.

5. The method of claim 1, wherein identifying a landmark on the work
surface by scanning the work surface with the laser sensor in an X-Y planc further comprises:
moving the gripper unit in a programmed path in the X-Y plane;

cmitting pulses from the laser sensor tool; and
recording reflections from the work surface, wherein the landmark is identified

when a modified reflection is recorded.

6. The method of claim 3, wherein the landmark is a bore hole in the work

surface.

any

7. The method of claim 3, wherein the landmark is an arca of the work

surface coated with a non-reflective coating.

8. The method of claim 1, further comprising:
storing the center point of the landmark; and
comparing the center point of the landmark with alignment data to identify

{ocations of one or more elements on the work surface.

g, The method of claim 6, wherein the one or more clements on the work

surface can include a drawer, a rack, or a toof,

1. The method of claim 1, wherein calibrating the gripper unit on a Z-axis by
moving the gripper downward in a z-direction until the gripper unit contacts the work surface,
further comprising:

releasing, by the gripper unit, the laser sensor tool;

gripping, by the gripper unit, a Z-calibration tool;

17
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positioning the gripper unit at a first height over the work surface, and recording a
first Z position;

lowering the gripper unit in the Z-direction until the Z-calibration tool makes
contact with the work surface, and recording a second Z position; and

storing the first and sccond Z positions.

1. The method of claim 1, wherein the laser sensor tool includes a grippable

housing including a groove or fedge.

12. An assembly, comprising:

a robotic arm, including a gripper unit configured to grip a laser sensor tool,
wherein the robotic arm is configured to move in three dimensions over a work surface;

an auto-alignment system, inciuding one or more controllers coupled to the
robotic arm and laser sensor, wherein the auto-alignment system is configured to instruct the
robotic arm to grip the laser sensor tool, whercein the laser sensor is configured to emit a laser
pulse and receive a reflection, and to move the robotic arm over the work surface in an X-Y
plane; and

wherein the auto-alignment systom is further configured to instruct the laser
sensor tool to scan the work surface to identify a landmark, and determine a center point of the

landmark in the X-Y planc to align the robotic arm with the work surface in the X-Y plane.

i3. The assembly of claim 12, wherein to determinge a center point of the
landmark in the X-Y plane, the auto-alignment system is configured to instruct the robotic arm
and laser sensor tool to:

scan the landmark in a first direction to determine a first edge of the landmark and
a second cdge of the landmark based on reflections received by the laser sensor;

determine a first center point of the landmark on g first axis based on the first
edge and the second edge;

scan the landmark in a sccond direction, orthogonal to the first direction, from the
first center point of the landmark to determine a third cdge and a fourth edge;

determing a sccond center point of the landmark on a second axis based on the

third edge and fourth edge; and

18
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repeat scanning the landmark until a phlurality of center points are within a preset

distance of each other.

4. The assembly of claim 12, wherein the auto-alignment system is further
configured to instruct the robotic arm and laser sensor to:

after the center point of the landmark 1s determined, rotate the laser sensor tool 90
degrees relative the laser seusor’s initial position in the gripper unit and determine a second
center point of the landmark;

rotate the laser sensor tool 180 degrees relative the laser sensor’s initial position
in the gripper unit and determine a third center point of the landmark;

rotate the laser sensor tool 270 degrees relative the laser sensor’s initial position
in the gripper unit and determine a fourth center point of the landmark; and

determing an average center point of the landmark by averaging the center points.

i5. The assembly of claim 12, wherein to identify a landmark on the work
surface by scanning the work surface with the laser sensor in an X-Y plane, the auto-alignment
system is further configured to:

move the gripper unit in a programmed path in the X-Y plane;

emit pulses from the laser sensor tool; and

record reflections from the work surface, wherein the landmark is identified when

a modified reflection is recorded.

6. The assembly of claim 14, wherein the landmark is a bore hole in the work

surface.

17. The assembly of claim 14, wherein the landmark is an arca of the work

surtace coated with a non-reflective coating.

1&. The assembly of claim 12, wherein the auto-alignment systom is further
configured to:

store the center point of the landmark; and

compare the conter point of the landmark with alignment data to identify locations

of one or more elements on the work surface.
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9. The assembly of claim 17, wherein the one or more clements on the work

surface can include a drawer, a rack, or a toof,

20 The assembly of claim 12, wherein the auto-aligonment system is further
configured to calibrate the robotic arm on a Z-axis by moving the gripper downward 1o a 2-
direction until the gripper unit contacts the work surface, and storing a position of the robotic

arm on the Z-axis when the gripper unit contacts the work surface.

21, The assembly of claim 12, wherein the laser sensor tool includes a

grippable housing including a groove or ledge.

22, A method of identifving a center point of a landmark, comprising:
wdentifying a fivst set of boundary points of a landmark in a first direction;
determining a first mudpoint of the landmark in the first direction based on the
first set of boundary points;
identifying a second set of boundary points of the landmark in a second direction,
substantially orthogonal to the first direction, wherein the second set of boundary points and the
first midpoint are collincar;
determining a second midpoint of the landmark in the second direction based on
the second set of boundary points; and
comparing a location of the first midpoint to a location of the second midpoint,
and
if the location of the first midpoint is within a predetermined distance of
the second midpoint, calculating an average location and storing the average location,
wherein the average location corresponds to a center point of the landmark;
if the location of the first midpoint is not within the predetermined
distance of the second midpoint, iteratively determining midpoints in alternating
orthogonal directions, until locations of at least two midpoints are within the

predetermined distance of cach other,
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