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Goals & Tests

Goals:

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

Tests:

● Test 2: Velocity Controller Tracking Moving Frame
● Test 6: Communicate Cup Implant Pose via UI
● Test 7: Singularity Damping
● Test 8: Joint Limit Avoidance
● Test 9: Task Prioritization 
● Test 10: WatchDog+UI
● Test 11: End-Effector Controls - ROS Integration



Progress and Challenges



UI Subsystem (Development and Integration)
Overall Status Subsystem Tasks Development Integration Debugging Tests

Ongoing Perception and 
Sensing

Perform and visualize pointcloud collection Complete Complete Ongoing

Select landmark correspondences between pelvis 
scan and collected pointcloud

Complete Complete Ongoing

Perform registration and obtain transformation 
matrix as a result

Ongoing TODO Ongoing

TODO Controls Align pelvis with implant and obtain transformation 
matrix

Ongoing TODO TODO Test 6 
(PR10)

Publish reaming endpoint TODO TODO TODO

Ongoing Watchdog Display metrics Complete Complete Ongoing Test 10 
(PR10)

Display camera/robot health Complete TODO Ongoing



Progress

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




UI Subsystem (Challenges)

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

callback threads; leads to latency issues; UI 
pauses

- Large codebase and debugging sometimes takes 
hours

- No elegant way of integrating with ROS
- Subscriber callbacks interfere with UI callbacks

- Should have started with implant alignment and 
perfected it

- Not too late though!

- Fallback plan: only have well-test implant 
alignment tool + watchdog display



Test 11: End-Effector Controls

Completed:

● Motors can both be turned on and off
● Velocity can be monitored in UI
● Current sensor calibrated
● Current can be monitored in UI
● Limit switches can limit motion of system
● State machine developed

To Do:

● Correlate current to force
● Finalize state machine controls and 

integrate with full system



End Effector Controls Architecture



End-Effector Controls Challenges

● Messy code
○ 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
○ Need to refactor

● Reaming motor recently had the wires pulled off of it
○ Required some janky soldering to the bottom of a hard to reach PCB
○ Ordered new replacement motors and have to implement into system



End-Effector Updates
Completed:

● Finalized manufactured end-effector 
design and began printing it

● Ordered parts off Xometry

To Do:

● Change reamer handle geometry
● Redesign cover + marker geometries



Controls: Singularity Damping on Real Arm

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

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


Future Work
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Future Work

● UI Development: Implant alignment/Controls -> Watchdog -> 
Perception

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

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

● RECOVER (it’s been a long two weeks)



Thank you!


