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Goals & Tests

Goals:

End effector and electrical subsystem completed
Task prioritization controller tested on real arm
Watchdog & Ul initially integrated

Tests:

Test 2: Velocity Controller Tracking Moving Frame
Test 6: Communicate Cup Implant Pose via Ul
Test 7: Singularity Damping

Test 8: Joint Limit Avoidance

Test 9: Task Prioritization

Test 10: WatchDog+UI

Test 11: End-Effector Controls - ROS Integration
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Progress and Challenges



Ul Subsystem (Development and Integration)

Overall Status

Ongoing

TODO

Ongoing

Subsystem

Perception and
Sensing

Controls

Watchdog

Tasks

Perform and visualize pointcloud collection

Select landmark correspondences between pelvis
scan and collected pointcloud

Perform registration and obtain transformation
matrix as a result

Align pelvis with implant and obtain transformation
matrix

Publish reaming endpoint

Display metrics

Display camera/robot health

Development

Complete

Complete

Ongoing

Ongoing

TODO

Complete

Complete

Integration

Complete

Complete

TODO

TODO

TODO

Complete

TODO

Debugging

Ongoing

Ongoing

Ongoing

TODO

TODO

Ongoing

Ongoing

Tests

Test 6
(PR10)

Test 10
(PR10)



Progress

ARTHUR Surgical Platform
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https://docs.google.com/file/d/13ruGIooCkmIcELCkMTe1M6rVJlTH-Lwm/preview
https://docs.google.com/file/d/1klZQRdTeLKo3UMjW6srg2zBqSKxvy35w/preview

ARTHUR Surgical Platform
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Ul Subsystem (Challenges) -

- Building Ul is hard!
- Currently unable to properly handle all event

callback threads; leads to latency issues; Ul Issue

pauses Mouse middle button causes Ul to crash

- Large codebase and debqulng sometimes takes Inexistant points selected during landmark selection

hours Unable to get index of selected landmark from pointcloud

- No elegant way of integrating with ROS
] ) ) Move mouse to update metrics/collected pointcloud - updates only when
- Subscriber callbacks interfere with Ul callbacks mouse events are triggered

) Should have started with Implant a“gnment and segfaults during pointcloud collection, handle number of points collected

perfected it
- Not too late though!
- Fallback plan: only have well-test implant

collected pointclouds don't appear in the correct position

alignment tool + watchdog display



Test 11: End-Effector Controls

Objective

Verify that the fully-manufactured end-effector is capable of receiving a command to start reaming to a
specified end-point, reams to that end-point while maintaining a consistent RPM and not exceeding force
thresholds, and reports important values to a ROS topic throughout the procedure

Equipment Desktop workstation, robot arm, end-effector, electrical subsystem
Elements Entire hardware subsystem
2 people necessary, one person at the workstation to observe the data being received
Personnel by certain ROS topics, and one person to observe the arm
Location NSH B512
Procedure

1. Verify that the end-effector is connected firmly to the Kinova Gen-3 arm, and that all wires connecting the
electrical subsystem to the end-effector are properly connected

2. Following the typical procedure for the fall validation demonstration, set up the arm to track the pelvis
dynamically and ream to a specified end-point

3. Click to begin reaming on the user interface and verify that the ballscrew motor begins actuating

4. Once the reaming head makes contact, verify that an axial force is reported in the user interface

5. After contact is made, verify that the reaming motor turns on and maintains a consistent rom

6. Verify that the reaming operation is not impeded when the arm dynamically compensates for motion

7. Using the stop built into the user interface, verify that the reaming motor and ballscrew motor both stop
actuating as soon as the stop is pressed

8. Restarting the procedure from the beginning, verify the stability of the end-effector as the reamer head
moves along the axis of the pelvis and that the force threshold is not exceeded

9. Verify that the end-effector reams to the endpoint and the resulting pelvis matches the surgical plan

Validation

1. Reaming motor is capable of being turned on and off by ROS autonomously

2. Ballscrew motor is capable of being turned on and off by ROS autonomously

3. Reamer velocity can be monitored via the user interface and remains controlled to a set velocity

4. The axial force applied to the pelvis can be monitored via the user interface and does not exceed the set
force threshold

5. Motors stop in the end-effector in less than 500 ms from when a stop command is sent

6. Dynamic compensation does not effect the end-effectors ability to ream the pelvis

Completed:

Motors can both be turned on and off
Velocity can be monitored in Ul

Current sensor calibrated

Current can be monitored in Ul

Limit switches can limit motion of system
State machine developed

To Do:

e Correlate current to force
e Finalize state machine controls and
integrate with full system



End Effector Controls Architecture

Pelvis Error

State 0: Calibration

State 1: Wait for command

State 2: Move until Contact

State 3: Start Remaing

PID Position Controller for Linear
Actuator Motor

Reamer Speed

State 4: Dynamic Compensation

Reaming
trigger from
Arm Controller

State 5: Finished Reaming

Input

High Level State Machine

PID Velocity Controller for Reamer Motor

Low Level Controllers

Linear
Actuator
Speed

Controller

>

Reaming
Progress

Force Applied

Output

End Effector Control Architecture




End-Effector Controls Challenges

e Messy code
o  Our current code is based on the previous PID Velocity control we developed last semester, which
worked well for what we needed then but has made our current code bulky and inefficient
o  Need to refactor
e Reaming motor recently had the wires pulled off of it
o Required some janky soldering to the bottom of a hard to reach PCB
o  Ordered new replacement motors and have to implement into system

Sensor Voltage +
Channel A
Channel B
Ground

* Motor +
~ ' Motor -




End-Effector Updates

Completed:

e Finalized manufactured end-effector
design and began printing it
e Ordered parts off Xometry

To Do:

e Change reamer handle geometry
e Redesign cover + marker geometries

Order History

BBEED-15001
$385.67

Reorder Parts (RSN =
In Progress: 10/24/2022 \/
Date Orderedt 10/24/2022 .

68EED-15000

51.050.50 ;
< ..
I Progress: 10/24/2022 - J \? v

Date Ordered 10r24/2022




Controls: Singularity Damping on Real Arm
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https://docs.google.com/file/d/1sWZjnt5ogvAhde_mCHGGAg_Jx43MEYQA/preview
https://docs.google.com/file/d/18ZePYTzZxJJRWOw3BoTapX2gPl_sSvrF/preview

Controls: Joint Limit Avoidance on Real Arm



https://docs.google.com/file/d/1_BjPazDDmXNrl1xR5aCWoGdNcJtkSO2w/preview
https://docs.google.com/file/d/10R2L8GVulhnH3ZjT4Xk4nIDn4d1JHcs2/preview

Controls: Collision Detection



https://docs.google.com/file/d/1Fe8KvvGKzingLS7MfxbbOzHAwA-HQfBm/preview
https://docs.google.com/file/d/1j2O0UglyZFRta-nA1e3bOGWKQMW73p3W/preview

Controls: Task Prioritization on Real Arm

fée Plugins Bunaing Pgrspectives Help
ETopic Monzor DD - 00 Waplor 00Ce -
Topic = Topic estor_metrics/camera/dstal0] b - v autoscrol

Panzoom, xs2583.31  ye15.4292

#eE> Q=L

Jerror_metrics/camerardats{o)

Ty gens/attacned.coliion object
Jmy_geny/base feedback e
Jmy_gen3/base. Veedw()/‘o
Jmy_gend/c

v Jmygen3jearte

rorysoncroteffolow e

iy gencaresian isecon onroheiTokou Canesan-traes
Jmy_gens/configuration_change.top

I gensconel contusion ook

n3/conts

iy -genafcontolier 105K

Jmy_gen3/execute_trajectory/cancel
/my_gen3/execute_trajectory/Teedback

Jmy_ge
y

gen3/gen3 joint_ajectory_controller/follow Joink_trajectory/
Jmy-gensfgens Jou-trafectoy.sontrollrfollow Jontrajectory

7y gen3fmove_group/dsslay. pem«: path
Jmy_gen3jmove_group/feedba
7my_gen3jmove_geoop/gost
Jr-genmore-grovnyimoniborsd,plbonio.sczve
{y_gensimoe_roupipan_execiton/paremetes desciptons 10
Jmy_gen3/move_group/plan_execution/parameter
I gensjmove. roup/paniing pelnesjomaliompl/pirameter
my_gen3/move.
7y’ gen3/move_group/planning_scene_monitor/parameter_descriy
. gen3fmoe.oup/laein scene_mankar/purameter_upét
Jmy_genjmove_aroupl
oy genafmon. grovepiense for plan/parsmeter descrions B
Jmy’gen3jmove_group/sense_for_plan/parameter_updates
Jmy_gen3/move_group/stat

gen3/move_group Loy, execionfpaametsr. descrptiol
Jmy_gen3/move_groupftrajectory_executionparameter_upda

/m/ gen/pickupyresult

o vn-!/nl-te/uncrl
Jmy_gen3/place/Teedback
my-gens
Jmy_gen3pla
Jmy_gen3)
Jmy_gend)s

33
DA
£ )
%
3

2394 2396 2398 2600 2602



https://docs.google.com/file/d/10Buo254Q9tFUwinek84APViEpWF5bjEs/preview
https://docs.google.com/file/d/1VOBJNAUSXEHB9pKuWyuPGG7EmooBSfbj/preview

Watchdog + Controls



https://docs.google.com/file/d/14iS8qJmPOeMSLmXzOALinfMgcoaIQda1/preview
https://docs.google.com/file/d/1FY3CJuvbcOalxu1upWyYjS7I3K-0mwRV/preview
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Future Work



Future Work

e Ul Development: Implant alignment/Controls -> Watchdog ->
Perception

e End-Effector: Finalize controls and integration with ROS, assemble
final manufactured end-effector

e Controls: Integrate End-Effector Controls with Arm Controls and
Online Calibration

e RECOVER (it's been a long two weeks)
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Thank you!



