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Dumb Robots for Smart People

Can we can enable (smart) people to work with dumb robots?

Robot intelligence may be overrated less important in places
where we can effectively use human intelligence and skill

If we can successfully exploit the person to help the robot.



Folding a Shirt

The robot doesn’t do a great job... but this was 2016

And it’s hard!

You need to see the shirt and understand its geometry

You need to understand the tasks and goals

You need to know how cloth reacts to being pushed and pulled
You need to predict how the shirt will move

You need to choose where to grab and which way to pull things
You need to plan/strategize on how to get the shirt folded







What happened?

To fold a shirt...

You neec
You neec
You neec
You neec
You neec

You need

to see the shirt and understand its geometry
to understand the tasks and goals
to know how cloth reacts to being pushed and pulled

to predict how the shirt will move
to choose where to grab and which way to pull things
to plan/strategize on how to get the shirt folded



What happened?

To fold a shirt...

You need to see the shirt and understand its geometry

You need to understand the tasks and goals

UM This robot didn't do any of that |
You ne

You ne ings

You ng The human did the “hard parts”



Should you care?

1. Smart robots will do this eventually. To get there...
- we need to understand control better
- we need to learn from people

2. Some tasks will remain automation resistant
- require too much human judgment
- too specialized
- people want to be in control (it feels good to be usefull)



How dumb are the robots?

All the robots in this talk are:
Deaf - they don’t sense anything (rough touch in 1 demo)
Dumb - (both senses of the word)
they don't speak (provide feedback other than action)
they just follow directions
Blind - no vision (except crude vision in 1 case)

Future work will fix this - but we need to start somewhere



Outline

Direct Control (Mimicry Interfaces)
- Why it works (perceptually / UX)
- How it works (technical issues)
Improving Direct Control
- Extending to bi-manual
- Helping with visibility
Learning from Direct Control
- How to get information from people (input devices)
- How to use this information (constraint inference)



Mimicry: Direct Control Tele-Operation

Making the robot do what you do.

Daniel RakitaBilge Mutlu, and Michael Gleicher. 2017. A Motion Retargeting Method
for Effective Mimicrybased Teleoperation of Robot Armisw L. QM T

Daniel RakitaBilge Mutlu, and Michael Gleicher. 20 R&laxedIKRealtime Synthesis

of Accurate and Feasible Robot Arm Motiaf { . QmYy

Daniel RakitaBilge Mutlu, and Michael Gleicher. 2019. Effects of Onset Latency and
Robot Speed Delays on Mimigdpntrol TeleoperationSubmitted for publication.






People can do cool things ...

Not just (experienced) graduate students

Experimental participants (“off-the-street”) with no experience
Become competent right away



Why?

Conjecture:

If the interface is “natural enough” then people can apply their
existing skills, abilities, and knowledge.

but it has to be “natural enough”
otherwise, the interface gets in the way



What is natural enough?

Closed loop - immediate feedback

Kinesthetically direct mapping

It needs to “feel” like its doing what you are doing



Why do | believe this?

Experiments

- other tele-operation interfaces (touchpad, stylus, ...)
- other robot modalities (kinesthetic teaching)

- breaking naturalness
- latency
- slowness
- bad control mappings



Break things
differently

Latency
Slowness

Lead to different
strategies

Onset Latency

(» Base condition
@ 250 ms onset latency
©» 500 ms onset latency

@® 750 ms onset latency

Slowness

@ Base condition
@ 250 ms behind due to slowness
@ 500 ms behind due to slowness

@® 750 ms behind due to slowness

Tracing Task




Intuition: It's a perceptual hack!

It feels as if the robot is following your hand.

If it feels like using your hand, you'll just use your hand
and you know how to do that.

If it feels like the robot is just doing what your hand does,
you will adapt what your hand does.

What makes it feel right?



The perceptual hack

Exact position matching doesn’'t matter
motions are relative
and details only matter when you slow down

Responsiveness matters
Continuity matters (if | move continuously, ...)

So how do we do this?



Mimicry -based )’

Teleoperation




Approach Overview

Spatial Inverse

‘ Mapping Kinematics —

Hand End Effecor Robot Joint
6-DOF Space 6-DOF Space Angle Space

" /




Not Traditional Inverse Kinematics

Position and orientation goals are not the only goals
we don’t need precise matches!

Other things are important too:
smoothness / continuity
responsiveness
avoid self-collisions and singularities

Make tradeoffs (multi-objective optimization)
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Self-Collision Avoidance
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Keep away from bad things

Keep manipulability above minimium (away from singularities)
Keep distance to self-collision above minimum

Efficient formulations as constraints

Use a neural net to approximate the self-collision distance
function.



£(6) = wpfp(0) +uw,fo(6) +w;f;(0) + wefe(6)

-3 @
Cx

Importance-Based
InverseKinematics



f(60) = wpfp(0) +uw,f,(0) +w;f;(0) + wefe ()
s O
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Importance-Based
InverseKinematics Hand Velocity High



f(0) = Wpfp(e) + uw, f, () + ijj(e) + Wefe(6)
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How do we balance competing objectives?

Use constraints for high-priority

Hard to balance weights for different objectives

different scales
different falloffs

Use shaping functions!



Loss Function Examples

04




Relaxed IK

IK (position/orientation matching) is just one goal
Self-collision and singularity avoidance are priorities
Everything else is a tradeoff

be flexible (allow for different objectives)

be dynamic (tune weights responsively)

And do it fast...



Relaxed IK

Very highly engineered, open source library
uses automatic differentiation, standard non-linear solvers

v.1 Python
v.2 Julia
v.3 Rust (coming soon)

Very flexible
provide robot kinematics and geometry...



Robustness

-ails less than other solvers
-ails more gracefully

Preserves continuity of path



Square Tracing

RelaxedIK Trac-IK Real-time

Motion Planning
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Part 1 Takeaways

Mimicry seems magical - uses the human’s skills
Relaxed IK gives a robust, flexible implementation
just use it (it's open source)

Can we use the flexibility of the optimization framework to do
even better tele-operation?

Daniel RakitaBilge Mutlu, and Michael Gleicher. 2017. A Motion Retargeting Method
for Effective Mimicrnybased Teleoperation of Robot Armisw L. QM T

Daniel Rakita Bilge Mutlu, and Michael Gleicher. 20R&laxedIKRealtime Synthesis

of Accurate and Feasible Robot Arm Motia{ { . QM Yy

Daniel Rakita Bilge Mutlu, and Michael Gleicher. 2019. Effects of Onset Latency and
Robot Speed Delays on Mimigbpntrol TeleoperationSubmitted for publication.



Outline

Improving Direct Control
- Extending to bi-manual
- Helping with visibility
Learning from Direct Control
- How to get information from people (input devices)
- How to use this information (constraint inference)



Assisted / Extended Mimicry Tele-Operation

Have the robot help you out as you control things

Daniel RakitaBilge Mutlu, and Michael Gleicher. 2018. An Autonomous Dynamic
Camera Method for Effective Remote Teleoperatiorw L . QM Yy

Daniel RakitaBilge Mutlu, and Michael Gleicher. 2019. Remi@kmanipulatiorwith
Adapting Viewpoints in Visually Complex Environmemts.{ QM Pp®

Daniel RakitaBilge Mutlu, Michael Gleicher, ahdura M. Hiatt 2019. Shared contrgl
based bimanual robot manipulatio®cience Robotids 30 (May 2019).



How about two hands?

We need to coordinate the hands
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How to do this...

Determine what kinds of coordination are necessary
watch videos - get ideas
track people - get patterns .
common “assistance modes” Laura will Say Mmorg

Determine how to assist tomorrow
rigid coupling - one hand drives
self-handover - relative motions

Figure out how to detect when to engage
learn from examples







A different problem

How to see what youre doing?

Hard enough when you're there

Real applications are remote



Array of Static Cameras

Cameras Camera Views
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Out of Frame

% Multiple Control
Frames




End Effector Camera

Point of View




Participant Video

o -
- f

No occlusions by manipulation robot

s % View blocked by
N grasped objects




Participant Video

1

Y Disorienting views




Participant Video

| X No context of environment
B




Our Solution

Dynamic - the camera moves to best show action
there is no one right view - it changes

Autonomous - not under user control
too busy doing manipulation

Use a second robot to hold the camera



) A Camera




Approach 1 (Fall 2017):
Camera as a second optimization

Point the camera at the hand
use leading (prediction) and framing
avoid occlusions (of the other arm)
keep motion smooth
move closer as hand slows

This is naturally Relaxed-IK
The camera robot doesn’t use video - we have robot geometry



Camera Robot
Configuration
(per update)

User Motion Input

Camera Robot
Motion Optimization

Motion Retargeting
Optimization

Manipulation Robot
Configuration
(per update)

»




Camera Distance

/ Camera should move in for detail when user is exhibiting slow control




Camera Distance

/ Camera should move out for context when user moves robot quickly




Control Frame

Aslufé "FrMe Rellé&i@é Frame






