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After completing Module 4, trainees will be able to:

Section 1: Standard Containers

» Add or change a standard container including setting grip offset.

Section 2: Understanding Motion

- Differentiate between locations, paths and regions.
» Describe the saved locations used by a mover during a run.

Section 3: Teaching, Testing and Healing with Momentum

« Use the Teach Wizard in Momentum to manually re-teach nest locations.

« Use the Teach with Vision Wizard in Momentum to re-teach, test and heal nest locations.

Section 4: MoverTeach

« Use MoverTeach to safely control the speed and direction of the mover
* Intervene at the mover to recover from an error

Section 5: MoverTeach

* Use MoverTeach to re-teach a nest location

» Use Mover Teach to change an existing path in the Motion Database
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Section 1: Standard Containers

» As already shown, the properties of a new process container or inventory container template can be set quickly by using the container’s "Type"
property to select the standard container.

« What if a container your lab uses is not present in the container list?

* Add it of course!

» Good things to know about Momentum’s library of standard containers.

» can be used in any process
 they are stored in a container database, separate from the Momentum database (containerTypes.cfg)

+ they can be exported and imported between container databases

_ ThermoFisher
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Reminder — Container Categories

Watch this video for more information on the Container features.

Note — Access to the internet is required.

_ ThermoFisher
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https://apps.thermofisher.com/apps/lahr/LA_Online_Help_Resource/en-us/Content/Resources/Videos/VIDS%20BT7%20container%20features.mp4

Adding & Changing Standard Container Properties

* The changes to standard containers are at the profile level are global — can be seen and used in all processes.
* Both Process or Inventory can be based on a standard container.
* Profile level changes are made when,

« adding a new container type to the library

» changing the properties used by the mover
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Configuring by Adding a Type to the Standard Container Library

| don’t see my plate type

it IS best to use an existing container type as a starting point
copy a container type and re-name it appropriately

edit individual properties as described (dimensions)

save

container type is ready to use after the editor has been closed

Add Remove  Select

Inventory

Setup
|9

Manage Administer
Container Types

y . 8
- |

Import  Export

v

~‘ E & - - Container
o

Run Design View History Setup Inventory Management

+ XHG

Add Copy Delete Save Save

Import  Export

All
Container Types
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e 1Ep TR Using the Standard Container Library

Momentum is designed for multiple-mover systems spinnaker - Thermo Scientific Mover

« different movers could have different grippers
* some grippers must be taught to grip slightly lower, other grippers E = g ' ’ﬂ"

must be taught to grip slightly higher . 2
» each mover has a grip position: Low or High Settings Nests Teach Information
* when this mover grips the container, this mover uses the container’s L
low settings or high settings Global Settings Profile Settings
Put Duration (d.hh:mme: 00:00:05 ~ ||+ Barcode Scanning
e container Settings in |ibrary Transfer Duration (d.hh 00:00:09 No Code Attended Actic Prompt
Prepare for Get Duratio 00:00:02 Mo Code Unattended &¢ Waming
* Low: dimensions used when mover grip taught low Delid Duration (d hh:mr 00:00:02 v Seftings
Lid Duration (d.kh:mmes 00:00.02 Park Location S5TDloc safe
° 1 - i i i i ; B Park Mover at End of B/ Yes
High: dimensions used when mover grip taught high <~ Grip Motion Settings Velocity: 80%. Acceleration
. . . N Position High Allow Lidding Yes
 for each mover (Low or High), configure the appropriate offset [~ dentcator— Status Active
. . Maowver Name Spinnaker Take Offline During Loz Yes
(L_ow or High) for each container Color B 0. 128, 192
(distance from surface 3 mm and 6.35mm) v Lidding
Lidding Suction Mo
v Settings e
Mover Name Motion Settings
Select a mover defined in the Mover Framework to The master velocity, acceleration and jerk (rate of change
associate with this device instance. of acceleration) of the mover.
ThermoFisher
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Spinnaker Grip Position: High vs. Low
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Movement Properties Defined

Grip Offset

relative to mover’s taught locations in nests, the distance (higher or lower) for the gripper when
moving this container

Lidded Offset

relative to non-lidded gripping position, the distance for the gripper when moving this container
when it has a lid on

Mover Lidding Grip Offset

relative to mover’s taught locations, the distance for the gripper when the mover takes off or puts on
the lid

Grip Force

force used when gripping the plate (typical 70%, smooth hard plates 85%, bendable PCR plates
30%, no adjustment needed and use mover’s default = “0”)

ThermoFisher
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Examples of Offset

Grip Offset
% e
—>> €« —> < T
| b <— | |
teach jig standard plate shallow plate deep-well block
taught height
identity -4 mm + 15 mm
Lidded Offset Mover Lidding Grip Offset
I
—> < y;|| || 4?|| ||<
I I I I I I I I
plate plate with lid grip lid lift lid
identity -2 mm +1 mm
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Determining Offset Properties

Offset — the distance (higher or lower) for
the gripper when moving this container

teach jig ' .

taught height _f 6.35 mm compared to the taught height

Lid | T 2mm Grip offset 2-6.35= -4.35 mm
% .

Plate | E 7.35 mm Grip offset 7.35-6.35=1.00 mm

l Lidded offset is always negative

ﬁ to the plate offset

Lidded | ¥ 3mm Lidded offset 7.35—-3 =-3.35mm
ﬁ Mover Lidding

Lidding | v 11 mm Grip offset 11 —6.35 =+ 4.65

mm

12  Proprietary SCIENTIFIC



Dimension Properties

Plate Plate Plate
Height Stacking Height Lidded Height

...... | [EEEEA

\ 2| | V| | \ 28 |
14.4mm  bottom of plate to 12.2 mm bottom of plate to 16.6 mm bottom of plate to
top of same plate bottom of next plate top of lid
when standing alone when nested together
Lid Lid Lid
Height Stacking Height With-Plate Stacking Height Delta

LI—I
i —

N $
79mm  bottom of lid to 59mm  bottom of lid to 2.1 mm difference between
top of same lid bottom of next lid stack of plate-without-lid and
when standing alone when nested together stack of plate-with-lid
13 _ ThermoFisher
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Read Offset

 If the barcode is obstructed, the read offset can be adjusted. TestNests_Lidded\Plate1

5

» Before adjusting offset, it is important to test if the barcode read failures are: 5= 4
* nest dependent (only some nests might have obstructions) A
Lid Lid1
« barcode labeling irregularities Plate Type |
 plate type dimensions : Idertity v
Regular Expressio
Auto-Generation 5 First, translate by:
BAuto-Generation B x ||ﬂ | mm
Lidded Height (mm Yo | mm
Thickness (mm) 7
Seal Thickness (m 0 | mm
Height (mm) Then rotate by: |0 | degrees
Stacking Height (m
Around: |nu rotation o |
Offset
Force (%) [0
Attributes
Lidded Offset (mm) 0 v
Read Offset
Sets the transform used by the mover to offset the position used for reading a
barcode. Orientation properties are in guaternians; position properties are in mm.

ThermoFisher
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Section 2: Understanding Motion
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Anatomy of the Spinnaker

Indicator light
(standard
model only)

Upper arm
arm
Gripper
Fingers
Camera
Elevator

Pads

Back Base (upper level)

Regrip station Base (lower

level)

. _ ThermoFisher
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Controlling the Mover: Spinnaker

Teach Nest Locations with Intervening (error recovery)
Momentum
Momentum Vision Teach Wizard MoverTeach
Momentum Teach Manually Wizard Direct control of mover
17 Proprietary ThermoFisher



Flow of Information — Momentum Teach Wizard

Momentum
database

device

device

 Teach Wizard

interact

Mover
Framework

data \
s .
-
(Cuser

send receive
commands data

mover
device

interact

+ a software wizard started from within Momentum, controls the teaching process, directs the mover and displays direction to the user

* Locations are stored in MoverFramework and accessed by Momentum during runs
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Interacting Effectively with Movers

A basic understanding of movers/motion can help users to determine the best course of action to take with a mover.

movers travel in a defined manner

travel can be considered a map of collision-free points to a set destination

the map is stored to a Motion Database and accessed by Momentum

_ ThermoFisher
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Understanding Motion

nest.safe nest.transit

. ' | H /|
the map contains sa¥€—1—=:=|¢__|g='; "‘

* locations — points in space known to the mover

» paths — connects the locations

* nest.safe to nest.transit to nest
nest.bcread

| 4

nest

* nest.safe to nest.read
* nest.safe to nest.bcread nest.read

* regions — connects the location nest.safe (end of path ) to device’s safe

ThermoFisher
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Location — Nest

safe nest.safe nest.transit

* nest
* the place for the container
* gripper opens/closes

_ ThermoFisher
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Location — Nest.transit[0]

nest.tra

[

nsit[0]

nest

* nest.transit[0]
* alocation in transit from the nest to the safe
* transit[0] is vertical from the nest

22 Proprietary SCIENTIFIC



Location — SmartJig Reading

safe nest.safe nest.transit

B |
=] |9 XE)
nest.r?ad\ I/nest

T

-

""-..\Jl'
* nest.read

» the camera in the gripper is at a defined distance and angle for acquiring an image of the target face (domino symbol) of the SmartJig
« calculated using extrapolation (math rule)
 from nest to nest.read
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Location — Barcode Reading

safe nest.safe nest.transit

/

nest.bc rea r{est

* nest.bcread
» the camera in the gripper is at a defined distance and angle for acquiring an image of the barcode on a microplate
« for reading barcodes on specific containers, offset can be applied in container definition

y _ ThermoFisher
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Visualizer of Paths and Regions

Z
o — - '
| L e |
| == '
|
ilton_2:nest1]
ilto! :nest2]
ilton_2: S e B Z ’
- |
: |
- Centrifuge_1:nest{1].safe
! ¥ Centrifuge_1:nest[1]
Ce trifuge_2:ng/st{14
ATC_2:nestif] 1\ Gerifuge_2nest(1]
<l v

M&g;nsg{m.transit[q

Hamilton_1:nest[1]
Storage_Hotel:nest1]

Hamilton_1:neg;
Hamilton_1:
Combi:nest]1].safe
ombi:nest{1].bcread
Eambiaesiiitransith]
Washer:nest[1].safe
her:safe
& Washer:nest[1]
|
I
€l S
€l S
nNes
:nest(l
ts:nest[11
ests:nesi[l

tel Nests:nest
0_Hotel Nes's'nessq

cha_Hotel Nests:nest{1
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Section 3: Teaching, Testing and Healing with Momentum
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Re-Teaching or Intervening

* A device is serviced and not in exactly the same place
» you re-teach the nest(s) of the device with the same tool used to teach

* Mover is not consistently picking up or putting containers

. _ ThermoFisher
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Teaching Nest Locations

Watch this video for an introduction to Teaching Locations.

Note — Access to the internet is required.

_ ThermoFisher
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https://apps.thermofisher.com/apps/lahr/LA_Online_Help_Resource/en-us/Content/Resources/Videos/VIDS%20BT10%20teaching.mp4

Teach or Re-teach with Vision — Overview

* Spinnaker uses its camera

» takes a picture of a target in the nest
« calculates the position of the nest in space

2 _ ThermoFisher
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Starting to Teach

+ accessed through Momentum Profile

Setup Inventory

 select profile, then Devices tab
» select Teach

OR

 select the device to teach

* right click on the device My System
Devices
 select Teach with Vision - I I
) ) inSPIRE I 1?’ — &
* teaching wizard starts _ S S— B
simuigie sim
) J Combi_ SLEL ’ Hotel_2 Multid
{23 Properties
o Getting started
Thumbnails
Over the next few screens you will be guided to teach the nest of Combi_2. i
Details
Click "Next" to begin.
[+  Heal
| o Teach r ﬂﬁ Teach with Vision i
O, Test B A Teach Manually
Teach with MowverTeach

Next Cancel

i _ ThermoFisher
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Possible Warning

* The mover must be in a location known to Momentum

* In a situation where the mover has been halted, Momentum will alert the User to manually adjust the mover

n Momentum Message - 1 ltem — [m]

| Restore Mover

The mover needs to be restored to a known position before it can

proceed. Manually move the joints so that it is tucked in as shown
above and select Restore & Continue.

<> Restore & Continue

< Cancel
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Ready, Set, Go

L

|} Step 1 of 3: Ready SpinnakerXT and Combi_2 for teaching

Before teaching can begin, Momentum must start the mover and make the nest of Combi_2 ready.

o DeV|CeS read|ed by Momentum STAND BACK FROM MOVER AND INSTRUMENT

1. SpinnakerXT (Offiine)

2, Combi_2 (Offline)

©
.
o Place SmartJ'g N nest Step 2 of 3: Place Smart Jig in instrument nest
Place Smart Jig in Combi_2 Nest, portrait orientation so target pattern faces mover.

°

Manually position the Spinnaker

* Momentum limps the Spinnaker
 point the blue lights at the target

Momentum determines nest S

° takes Image Step 3 of 3: Point blue target light at Smart Jig

Ensure Combi_2 is within mover'sreach.

° C aI C u Iates p OS i ti O n Of n e St Manually position SpinnakerXT arm and gripper so blue light illuminates all Smart Jig target points.
e saves to mover database - 2 &

ke

| 4

Step 3 of 3: Image acquisition

Measuring Nest position...

ThermoFisher
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Finish, Park, Remove

©

Step 3 of 3: Success

. Fi n i S h Teac h i n g Combi_2 Nest position taught. J

Remove Jig

Instrument read
' Remove Smart Jig from instrument.

* Remove SmartJig from nest

* Momentum parks the Spinnaker

. _ ThermoFisher
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Testing Taught Nest Locations

« SmartJig starts in its starting nest

* Momentum moves the SmartJig to the test nest

* evaluate
« SmartJig in nest properly?

.y _ ThermoFisher
Proprietary SCIENTIFIC



Testing Taught Nest Locations

Profile

Design View History Setup Invantory

+ X © ¥

@
Add Remove Teach

* Test Wizard using the Teach Jig

Activate Deactivate Hide Heal

MultidropCombi_2 - Thermo Scientific Multidrop Combi Dispenser [m} >

v = & &

Settings Nests - Information

|Dean_5pmnaker v| Add / Remove
=

Managed By

Advanced User
Portrait

L&

Physical Orientation
Sets the physical crientation (from the maover's perspective) of 2 container .
placed in this nest. Getting started

Teach ¢ Test Pick & Place Test verifies Dean_Spinnaker correctly seats Smart Jig in an instrument nest and

returns back to start nest.

There are three guided steps:

1. Select instrument nests to test

2. Select start nest

3. Run Pick & Place Tests

. _ ThermoFisher
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Test Function — Select, Select, Place

Select test nests Select start nest
][] To change nest order, use the up and down buttons Pick &t Place Test requires a starting nest to transfer Smart Jig from and to.
[ [ Bravo | - Profiing . . . o
- [ Brave,2 The list of nests can be !f test nests have homogenous container orientations, then sele!:tmr_] will |ncIL!de nests from
__ S Cytomatio | derived from analyzing the instruments that have the same orientation. If test nests have differing container
bean Soinmak =| flow of a Momentum process. orientations, then only nests from regrip instruments, or the dedicated jig nest, can be
+- 7| Dean_Spinnaker
E| Hotel Press the "Select Process.. selected.
T & button to analyze a process.
[ yzeap
i 71| Mests:Nest 1 (L) Press the ‘Clear Process’ to ‘
; ) restore a basic list of nests. -
E 7| Mests:Mest 8 (L) Starting Nest: | Hotel_DSM1:Nests:Mest 2 Ao
- [ Hotel_DSM1
P NestsiNest 1 (L) Return to starting nest after testing each nest
| Mests:Mest 15 (L) Select Process...
[ hotelZ:Mest 1 (L) Clear Process
H [ hotel2iMest 15 (L) i
Unselect All Select All | [] Suppress maove confirmations
Next Cancel Next Cancel

w
Place the jig in the nest of the instrument

Make sure that the jig is located in
Landscape orientation in Nest 2 of the Nests
= © 9 1
\ > column of Hotel_DSM1, and that Nest 1 of
the Nests column of the Hotel is empty.
Also verify that guarding, if any, is closed.

WARNING: The mover will move during this
test.

When you click "Next" the test will begin.

Next Cancel
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Test Function — Run, Evaluate

@

Test In Progress

«  Spinnaker moves the SmartJig to the test nest

CLY

° Waits for user eVaI u ati o n Of resu It : Moving jig from the Jig Nest in the Spinnaker to the nest in Dispenserl.

\/’/ "d * %

Transfer - Jig Nest to Dispenserl:Nes

wy

Did Dean_Spinnaker pick up Smart Jig and place it in Nest 1 of
the Nests column of the Hotel properly?

5 ves * jig placed in nest properly - finished

Return the Smart Jig to its starting nest.

* jig not placed in nest properly = reteach
7 * jig not placed in nest properly = retest

Inveke the teaching wizard.

—> No - Retest

Manually place Smart Jig in Landscape orientation in Mest 2 of the Mests column of Hetel_DSM1

— No - Continue

Cancel

. _ ThermoFisher
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* Used if a nest location has changed slightly
* Realigned during device maintenance
* Momentum automatically
* moves the SmartJig to the test nest
 takes an image and calculates the current position of the nest
« compares the current position to the existing location
* if necessary, re-teaches (saves the current position as the location)

ThermoFisher
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Heal

TN DL Proi]
g Devices

« accessed through Devices ribbon + X 8 @ “f+\&

Add Remove Activate Deactivate Hide || Heal JTeach Test

* in Mover section, select Heal : =

My System
. . A -
* Nest Healing window opens  ~ |[© = My System peics _ _ |
=3 Processes Layout 3%’ ! I
4| Processl
E_‘.JPFOCSSSZ Events Dispenser HotellA T
-l Experiments Pools 1. Select starting nest 4. Select nests to be tested
=] i
+ Compaigns , | D
Variables ! Device: [spimkerm v‘ V| MultidropCombi
E-mail Nest: ‘Jig Nest v‘
Hotel1lC Incubator
Run Time | -
2. Select how to run
B ‘Work Type
» & I
o @® Work Unit
“ O Batch
Reader Washerl

3. Select starting time

Start Date/Time
@® Now
O Future  12/22/2020 1:29:38 PM 5

k Unselect All | | Select Al

History

Next

39  Proprietary ThermoFisher



Setting-up Heal

IR et heaing - x
1. Select starting nest 4. Select nests to be tested
7 hotel

multiple nests can be checked =

® mUIt|p|e deVICGS 2. Select how to run

© Work Unit

« starting time can be selected o

 can be run during ‘down’ times 3. Select starting time

O Future  12/22/2020 1:23:38PM 3

Perform the following steps, and then press the "Next"
button.
1. Place the Smart Jig in Portrait orientation in the

Jig Nest of Spinnaker 3 ;
2.  Make sure there are no containers in the nests

Unselect All Select|
of the instruments listed below.

Nest Healing
Instruments

& Teleshake ‘ 0% ‘
1 Hotel 15 Port | pregs the "Run" button to begin

> u |

History

Run  Stop
:
Passed 0 &
Healed 07.
Failed 0
To be tested | 6. S e =
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Heal — Pass/Heal/Fall

My System

. Testing Nest
* Action 2
« Smart jig moved to nest il I
- takes image P g
« calculates position Resulis L e -
Passed
« compares current e I |
to existing |Ocation Ehiled Testing Nests:Nest 15
To be tested
+ Result il W ‘
- passed — no change Pause ~Stop i1
* healed — new position taught
\
« failed — cannot determine, retry Pased | [ i
sl 1 | Returning to starting nest...
« Summary Failed | 0
To be tested 4
 displayed i -
B St
« can be saved e g
E ] m
Passed 2
Healed ) 4
Failed 0
To be tested 0| . i E D -

“ _ ThermoFisher
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Section 4: MoverTeach
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MoverTeach Overview

Requires the user to interact directly with the motion database

Powerful in making small controlled changes
e can control movement in one coordinate at a time

Can teach locations that are complex (obstructed path to nest) and require multiple transit locations

Can teach a nest that is in open space (waste bin)

Error recovery

« you or Momentum pause the system

* you intervene on the on the mover to correct the situation
* retrieve a container still in mover gripper

A new device has been added to the system

ThermoFisher
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MoverTeach — Start

Motion DB Teach Setting

Connect to Spinnaker

Connect to SpinnakerBT

Mover Utility  Help

+ Start MoverTeach program

Pasition

Connect to SpinnakerET_A
Connect to SpinnakerBT_B
Connect to SpinnakerMT

Connect to Spinny

« Connect to your mover

Eror Information

File | Mover | Motion DB Teach Settings
Motior | Connect to Spinnaker

Connect to SpinnakerBT
Connect to SpinnakerBT_A
Connect to SpinnakerBT_B

Connect to SpinnakerMT

File Mover \Motion DB Teach Settings ~ Mover Utility ~ Help

Connect to Spinnaker_T1

Motion Database Position

Disconnect

uticropCombi

* MoverTeach displays your mover’s database of locations \
(nests) and position controls

® Joint () Motor () Cartesian

Emor Information
Rotational / Linear Jog Multiplier X
Qo1 Q02 Q05 @10
Settings Rotational Jog (degs)

Master Speed (%) Linear Jog (mm)
Master Accel (%)

Offset Default A Jog Coordinates | Joit v
Show derived locations Gripper Default & Jove in a straight line
Grippe Mation Barcode Emor Recovery
Oper Close HALT Trigge Cloar Erors ||

Grip width 0.0 Power OFF Not homed Fault ﬂ
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Single Mover

Momentum

database
read data\l/ /I\Wﬂte data ‘
input input
<« <—

motion

database
Mover >~
Framework /\ Teach 9

status, status,
data data
send receive status,
motion commands position data

mover
device device device

* MoverTeach, interface for the user, takes input, displays status and database data
« MoverFramework, behind the scenes, does the major work
» Motion database, stores all positions for that mover, different from the Momentum database

45 _ ThermoFisher
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Multiple Movers

Momentum
database

device

motion
database

Mover
Framework

<—
Q.
QO
—t
b
o
bl
)]
(¢
N

device

mover 1

mover 2

- Multiple movers: each mover has a database for its positions, has a connection, can be controlled by MoverTeach

* Only one instance of MoverFramework manages all: all databases, all connections, all instances of MoverTeach

46  Proprietary
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Check Motion Settings

« Safe operation settings

* Speed
* how slow or how fast the mover travels

« determines how much or how little time you have

to reach the emergency stop and press it

* 5 9% good for learning, 10 % or 20% OK when familiar

- Jog
« amount of motion each time you click for motion
* linear jog
« in millimeters, 0.5 when near nest of device
* rotational jog
* in degrees, 0.5 or less when near device
« Jog coordinates

» each jog control type allows a mover to be moved in a slightly different way
» each control type is based on a different set of coordinates

Rotational / Linear Jog Multiplier X
@01 @02 ©05 @10

Ruotational Jog (deqs)

47
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Master Speed (%) 5 - Linear Jog {mm)
Master Accel (%) 20 A
Offset [NDDFFSE* "] Jog Coordinates m
Gripper [ Diefault - ] love in a straig
Emor Recoveny
at Cance
Safe M e
Grip width 0.0 Power ON Homed Ready
ThermoFisher
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Spinnaker Jog Control Types

Joint Tool Cartesian

Elevator +

Base - Base +
A 57| |<e

Elbow - Elbow +
37| |<€
= —‘
o I = li—
Wrist- || Wrist+ / I
Zls [ s
— M-t
= |
)= |
=
S
N .
— » / fl
= "

e o - -
T =71 uf
World X + a World Y +
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Controlling the Mover by Jogging

Jog Rotational / Linear Jog Multiplier X
D01 D02 D05 @10
* Move under motor control ‘ Base ’
. . .. Rotational Jog (degs) 0E -
« click negative (-) or positive (+) —< o —’
. . . . evalor Linear Jog {mm} 5 -
« one click is one jog of increment ) =
‘ Elbow ’
- - Jog Coordinat Joi -
« Move by limping (remove motor control) < Wrist & o woarntes
- limp all axes at once with drop-down menu S
- limp one axis at a time with right-click on axis control | Mover Utiity | Help
] Turn Power ON Jog
« manually push arm TumPower OFF 00D degrees ==
000 mm
° 1 i Haorme All Axes
unlimp when finished T T QT’B
Unlimp All Axes Q Readt |>,
« Open or close the gripper Pause Mover
Unpause Mover
» to put or get a plate reaton
Settings
Master Speed (%) 20 -
Master Accel (%) 20 -
‘ ) ot
[¥] Show derived locations Gripper
anper Motion Emor Rec
(ﬁpwuﬂ:hM) Power ON
49 Proor ThermoFisher
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Carousel Motion Settings

Carousel — same motor as rotational base of some movers

rotor rotational, around base

=
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Controlling the Mover with Commands

Takes knowledge of the motion database.

Under motor power
 slow speed, small increments, specific direction (+ or -)

Using a pre-determined method

SmartMoveTo — an efficient path from current location to a destination

» Avoids objects

» produces an error message if the current/destination location is not on a path (mover collision pushed it off path)
« can plan a motion by joining paths and selects the quickest path

SmartMoveSafe — finds a path from the current location to a safe location
MoveTo — takes the shortest route to destination

» does not consider possible obstructions

Get plate into gripper — opens gripper, SmartMoveTo location, close gripper, move to nearest safe location

Put plate into nest — SmartMoveTo location, open gripper, move to nearest safe location

_ ThermoFisher
51  Proprietary SCIENTIFIC



Motion Database Locations — Single Nest

nest safe
- a place for the plate — nest.safe

nest.transit[O] nest.transit[0]
e alocation in transit from the nest to the safe

transit[0] is vertical from the nest
nest.safe nest
 the end of the nest’s path, |

 a safe distance from the nest
« calculated using interpolation
» from nest to nest.transit, 50 mm up (Tool Z+)
» from nest.transit to nest.safe, 150 mm back (Tool X-)
safe
 the device’s safe location
« motion is safe from here to any other device or from any other device to here

52
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Motion Database Locations — Multiple Nests

nest has index
* nest[1], nest[2], ..., nest[15] nest[15].transit[1] nest[15].transit[0]
nest[15].safe

more than one transit possible
* nest[#].transit[0],

nest[#].transit[1], nest[15]
nest[#].transit[2] |
* path
« connects nest[#] through transits to nest[#].safe
* region
» connects all nest[#].safe (ends of paths)
to device’s safe
nest[1].safe
« also connects all nest[#].safe to each other (useful for faster testing) _
nest[1].transit[1] nest[1].transit[0]
nest[1]
|
ThermoFisher
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Motion Database and Its Sections

Motion Database
&I Hotel Nests
T —

* motion database

* mover’s data about devices and their locations T Tocatons
[+ extrapolations
* one section for each device [#)- interpolations
: : : - speeds
* identical name as in Momentum [ paths
(usually identical but can be mapped in Momentum) | B regions
=~ MultidropCombi
« one section for general system-wide data E-locations
P extrapolations
« STDloc (STanDard locations) . i~interpolations
. -speeds
[l paths
[+ regions

-- SpinnakerMT Jighest

-- SpinnakerMT LiddingMest
-- SpinnakerMT LidStorage

-- SpinnakerMT RegripMest
- STDloc

y _ ThermoFisher
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Motion Database — STDIloc

« STDloc (STanDard locations)
* one section for general, system-wide data

« safe

« this section’s general safe, likely in the middle away from all others
* region

« connects this section’s safe and all safes of all other sections

* it is safe to move from any one to any other

nest

Benchtrak viewed from above

Dispenser:safe *

STDloc:safe

Reader:safe

Incubator:safe

nest ¥ ' l nest

. _ ThermoFisher
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Motion Database Subsections

- MultidropCombi = H:UTEI-NE.HE
= locations =~ locations
« All locations that have been taught appear black ~nest[1] - nest1]
~nest[1] beread - nest[1]beread
* Locations that have been extrapolated or interpolated appear gray ~nest[1]read - nest[1]read

- nest[1] safe
- nest[1] transit 0] "'Eﬂ*t[:::-tral'lﬂlft[rl-:
- nest[1] transit[1] |'|es:t[ﬁ:.tramrt[ )
o - mest[2]
- safe

[#]- extrapolations - nest[2] beread

- nest[1].safe

- interpolations nes:t[f:.read

- speeds - nest[2] safe
G- paths - nest[2] transit [0]
[ regions - nest [2] transit[1]

- niest[3]

- nest[3] beread
- nest[3].read

- nest[3] safe

- nest [3] transit[0]
- nest [3] transit][1]
- miest[4]

- nest[4] beread
- nest[4].read

- nest[4] safe

- nest [4] transit[0]
- nest [4] transit[1]
- niEst[5]

- nest[5] boread
- nest[5].read

- nest (5] safe

- nest [5] transit[0]
- nest [5] transit[1]
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MoverTeach — Extrapolation and Interpolation

* extrapolation
« a mathematical rule, start with one location, calculate another location
« example: an unobstructed device, teach the nest, from this nest extrapolate the nest.transit [O]
» possibly have many extrapolation rules: from nest extrapolate nest.transit[0], from nest.transit[0] extrapolate nest.safe, etc.

* interpolation
« a mathematical rule, start with two locations, calculate many in between
« example: a hotel with nests in a straight line, teach the bottom (1), teach the top (8), calculate all nest in between (2, 3, 4, ..., 7)

» possible have many interpolation rules: interpolate nests, interpolate transits, interpolate safes, etc.

 reduce work
 teach two nests: nest[1] and nest[15] (Spinnaker)
 extrapolate and interpolate for all other locations
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Error Recovery Steps

* Use SmartMoveTo whenever possible
* If not possible, for example, after collision and mover is away from all paths.
» Slowly, carefully MoveTo nearby location. From here, SmartMoveTo central safe location (STDloc).
 Slowly, carefully retract mover using small increments, specific direction (+ or -). From here MoveTo central safe location.

« If plate needs to be recovered from gripper, SmartMoveTo a location where the Open Gripper command can be used to release plate

_ ThermoFisher
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Section 5: Teaching or Re-Teaching a Nest with MoverTeach
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Teaching the New Device Locations

* Teach the locations in red

cj MowerTeach [Spinnaker]

+ the locations remain red until taught Fle Mover Motion DB

« taught locations appear black I'ulgl:tinHr;t Elatabase
« extrapolated or interpolated locations appear grey - locations

i miest[1]
i benest[15]
-- extrapolations
-- intempolations

-- paths
[+- regions

. _ ThermoFisher
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Moving and Teaching Steps

1. Select location
* in device section, under locations, highlight the location or add new
2. Get plate into gripper from a known good nest in the correct orientation as the nest to be taught (i.e. portrait or landscape)
+ can use Regrip nest
« use the Smart jig
« fits into gripper fingers
» smooth side down, indentation side up, small round indent towards mover
3. Bring mover close to location
» SmartMoveTo nest.transit[0] (if re-teaching nest)
* limp mover and manually adjust position or make small controlled moves
4. Fit Smart jig into nest
 Visually inspect jig in nest for equal spaces around sides
« Slide, tap jig down against floor of nest, metal jig rings if too high
5. Make sure that the jig rests in the nest without pressure on the fingers

. _ ThermoFisher
6 Proprietary SCIENTIFIC



Finalizing Teaching — Saving Taught Location

1. Right-click menu, select Teach ... Location
 Teach Cartesian Location

— nest, nest.transit, nest.safe
2. Right-click on device, Recalculate derived locations

3. Save changes
« taught/re-taught location is in MoverTeach, not yet saved to database
« Motion DB drop-down menu, select Save Motion Database

4. Save changes

5. Refresh database display

_ ThermoFisher
62  Proprietary SCIENTIFIC



Changing an Existing Path in Motion Database
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Changing an Existing Path of a Mover

1. Changing the height of nest.transit[0]
* to enter a restricted nest
 to decrease height if outside upper limit of the mover
2. Adding a new location to an existing path to go around an obstacle

safe
— nest.saf

—————— TS - hest.transit[0]

_ ThermoFisher
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1. Steps to Changing the Height of nest.transit[0]

&P 1ioverTeach [OrbitorRs2]  Extrapolation Properties n

52t |3

File  Maover  Mation DB

* Must change the Extrapolation Properties Moion Database 5 1dertification
-- Delidd_ing_Nest Comment
1. Expand the MD for the device T ctons = Gt s e e
. . - nest{1] InputPattem nest[H]
2. Expand the extrapolations section e i L;E;h
B i put
. . . - nest[1] transit[0] varia alse
3. Double-click nest.transit[0].etrap to open Extrapolation f| | o Fpipriiet P ©
emrepolaons [Seps [
4. Select Steps sty
- nest safe extrap
5. Click on the ellipsis to open Collection Editor Ny =
. -~ interpolations Thi.;‘::the list of steps used to derive the output location from the input location.
* AXis Z - change 25 mm to 18 mm -~ spesds
. g & p?h:est.bcread.path ExtrapolationStep Collection Editor
6. Save Motion Database et path Help
[+~ regions — Members: Themo. Automation. Motion. Framework . Moti. ..
utomstion ot =4 | B
E Misc
His z
Coordinate Syster Tool
Distance 25
TowardMode False
TowardValue 1]
< > Distance
Add Remove
Cancel
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2. Adding a New Location to an Existing Path

safe
— nest.safe

.wst.transit[O]

nest
| |

« To go around an obstacle, it may be necessary to add another location than what MoverTeach sets as default

 safe, nest.safe, nest.transit[0], nest

« Must add nest.transit[1] by changing the extrapolation and interpolation properties
« if the new location is only taught, it does not automatically add the extrapolations and interpolations important for multi-nest devices

. _ ThermoFisher
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Steps to Add New Location to an Existing Path

single nest device

1. add new location by Extrapolation
2. add Extrapolation rules
3. add new location to existing path

multi-nest device

1.
2.
3.
4.

add new location by Extrapolation
add Extrapolation rules

add new location to existing path
add New Interpolation
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1. Add New Location by Extrapolation

« Add New Extrapolation Fxirapolation Properties =
« Name extrapolation (follow naming conventions) o84 |3
B Identification
¢ neSttranSIt[l]eXtrap ESIWE:: Delidding_Mest nest transit[1] extrap
. B Input
» Must state what to base the extrapo.latlon on — Input Pattern bouatem
» Must state where we want the location — Output Pattern B Output '
utDutlnvaarlt ‘ :
- Steps must be changed to reflect the newly added location ¢ e— oen [ venetl

Output Patterm
This gives the form of the output location generated by this rule.

Help QK Cancel

. _ ThermoFisher
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2. Add Extrapolation Rules

« Steps must be changed to reflect the newly added location

* Rules state the relative change in direction
* in the ‘Z’ axis 25 mm

Collection — add a rule

* in the X’ axis — 40 mm

ExtrapolationStep Collection Editor

Members: Properties:
& | =
+
ExtrapolationStep Collection Editor ? X
Members Themo.Automation. Mation. Framework . Mati. ..
t =N E
Axis z
Coordinate Syster @i I | v
Distance 25
Add TowardMode False
TowardValue 0

Add

ExtrapolationStep Collection Editor

Members:

0| Thermo.Automation. Motion. Frame| | 4
Il Thermo.Automation.Motion.Fram

Add Remove

? x

Themo Automation. Motion. Framework Moti. ..
==4l | B

E Misc
Axis x
Coordinate Syster Tool
-40
TowardMode False
TowardValue 0

Distance

Cancel
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3. Add New Location to Existing Path

* Must create the location on the path
» Location patterns

« Must add the speed to take on that portion of the path
» Motion Settings

« Save Motion Database

@ MoverTeach [OrbitorR52]
File  Mover Motion DB

Mation Database

Teach Settings  Mowver Utility  Help

[=)- Delidding_MNest

1 locations

- nest[1]

- nest[1] bepfad

- nest[1] sgte

- nest[1] tfansit[0]

- safe

[=)- extrapolatiops
- nest bofead extrap

- nest redd extrap

- nest safe extrap

- nest transit[0] extrap

- nest trankit[1] extrap
- safe extrap

- interpolations

- speeds

=) paths

nest.beread path

Path Properties n
Name: Delidding_Mest nest path
Comment - From the nest to the nest safe. |
Straight Line  [_] Only use this path i the gripper is closed.
Options:
] Only use this path if the gripperis open.
# Matches: (@ All Numbers
(") Range

nest[H] nest[H] transit[0] hest[H] transit[1 !nest [H] safe nest[#] read

I Location patterns: I

nest path

I Motion Settings: I |STDloc:IowSpeed|§ﬁ10c:highSpee<| STDloc highSpeed

[#-regions
=8 Gleneﬁc Mest
El- locations

Capsule Radius: |1

= Cance

70  Proprietary

ThermoFisher
SCIENTIFIC



. Add Interpolation for Multi-nest Device

« Add New Interpolation
« Name interpolation (follow naming conventions)
* nest.transit[1].interp
« Add Comment
* Indicate Stride (how to count nest1, 2, 3...or nest2, 4, 6, 8)
« When giving Location Pattern, use # to represent multiple numbers of nests

=~ irr_terpnlatinns
-~ nest beread interp

- nest read interp
- nest safe interp
nest transit[[]interp
‘o nest transit[1]interp

Interpolation Properties

Name:

Hotel Mests nest transit[1]interp

Comment :

# Matches:

Stride:

|I'u'|o\te around post

(®) Any Number
(") Range

K

Lecation Pattern:

Help

|nest [H] transit[1]

oK

Cancel
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Momentum Teach Wizard guides users through process to teach or re-teach nest locations
Spinnaker can use camera in conjunction with a Smart Jig to — Teach, Test, and Heal nest locations

« all three functions can be accessed on the Devices tab of the system Profile
for all other movers, Momentum guides users through a Manual Teach

« accessed through the Devices tab of the system Profile
mover locations, paths and regions are stored in the Motion Database and accessed by Momentum

_ ThermoFisher
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