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1. Introduction and motivation
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Why do we need human-robot collaboration?

= Assist rather than replace
human operators

= Bring independence to humans
with limited mobility

= Provide services for humans in
everyday life

Robot adaptation to human physical fatigue in human-robot
co-manipulation, Auton Robot, 2018 [2]

15.12.2022 Reactive Human-to-Robot Handovers of Arbitrary Objects, Juliane Roscheisen 4



UH
ki
La} Universitdit Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG

Human-to-Robot vs Robot-to-Human Handovers
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Object Handovers: a Review for Roboticsl, IEEE Transactions on Robotics ,2021[3]
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2. Challenges and prior work
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Challenges

= Human hand is not easily identified

= Object may be partially occluded by fingers

= Unpredictable motions of human

= Approach directions constrained by human pose

= Robot movements must be intuitive and feel safe for humans

= A wide variety of objects used by humans every day
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Limitations of prior work

= Restricted object and grasp poses * > ¢!

= Wearable sensing needed on human to determine human pose !’
= Limited object types I°!

= Open-loop: No adjustment during approach '°!
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3. Introduced system
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About the paper

= Wei Yang, Chris Paxton, Arsalan Mousavian, Yu-Wei Chao, Maya Cakmak
and Dieter Fox

* NVIDIA Seattle Robotics Lab & University of Washington, USA
= 2021 IEEE ICRA Best Paper Award on Human-Robot Interaction (HRI)

= 26 citations
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Setup

Franka-Emika
Panda robot
(6 DOF)

15.12.2022

Azure Kinect
RGBD camera

Reactive Human-to-Robot Handovers of Arbitrary Objects, ICRA, 202101
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Reactive handover strategy

N ) )
Wait Apptjoach Grasp object Place object
) object y )

Reactive Human-to-Robot Handovers of Arbitrary Objects, ICRA, 202111

15.12.2022 Reactive Human-to-Robot Handovers of Arbitrary Objects, Juliane Roscheisen 12



B
Velp =

UH
ki
a3 Universitdit Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG

Reactive handover strategy
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https://sites.google.com/nvidia.com/handovers-of-arbitrary-objects
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System workflow

£
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Network Temporal
6-DOF GraspNet
Reactive Task
Execution
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Obtaining the hand-object point cloud
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Obtaining the hand mask
Hand Segmentation
Network
15.12.2022 Reactive Human-to-Robot Handovers of Arbitrary Objects, Juliane Réscheisen 16



Ut TIA
i 'S
a3 Universitdit Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG

Obtaining the hand mask

= Fully convolutional network generates
feature map in original resolution

= Binary segmentation mask seperates
hand from background pixelwise

= Pretrained Feature Pyramid Network
as Backbone, finetuning with data
generated from point clouds
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Separating the object point cloud
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Point cloud based grasp sampling

Temporal
6-DOF GraspNet
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Point cloud based grasp sampling
= 6-DOF GraspNet'®! for sampling and quality estimation
= Metropolis-Hasting sampling to ensure temporal consistency

= Remove grasps colliding with the hand point cloud
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Reactive grasp selection

Reactive Human-to-Robot Handovers of Arbitrary Objects, ICRA, 202111
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Reactive grasp selection

= Cost function:

C = Wg min(s — Smins 0) + Worev d(xapprrxprev) T+ Whome d(xappr'xhome)
= Riemannian Motion Policies [""l for motion planning
= Trac-IK ['% for inverse kinematics
» Check for collisions in joint space and cartesian space

= Attempt grasp after reaching approach position
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Full system running

Task Execution

2X Speed Wait for object
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4. Evaluation
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Handover variations

Banana

Reactive Human-to-Robot Handovers of Arbitrary Objects, ICRA, 202111
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Handover variations

Cereal box Bottle

https://sites.google.com/nvidia.com/handovers-of-arbitrary-objects
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Handover variations
Static orientation
Banana Bottle Cereal Box Overall
Grasp Type Time (s) Success (%) Time (s) Success (%) Time (s) Success (%) Time (s) Success (%)
Flat 11.87 4+ 0.33 100% 8.46 4+ 0.30 100% 10.42 4+ 1.50 75% 10.27 &£ 1.65 90%
45 degrees 7.81 £ 1.53 100% 11.02 4+ 1.39 75% 10.99 4+ 3.83 75% 10.05 4 2.84 82%
90 degrees 7.94 + 0.58 100% 18.59 £ 5.77 100% 15.89 + 3.73 100% 14.14 4+ 6.02 100%
Overall 9.21 +£2.12 100% 12.53 +5.26 90% 12.23 £ 3.91 82% 11.39 4+ 4.29 90%
Changing orientation

Rotation Time (s) Success (%) Time (s) Success (%) Time (s) Success (%) Time (s) Success (%)
0-45 degrees  16.34 £ 2.92 100% 10.86 4= 1.55 100% 8.23+1.11 100% 11.81 4+ 3.93 100%
0-90 degrees  16.47 £ 8.49 100% 18.40 4 6.89 75% 12.89 +6.15 50% 15.41 +7.39 69%
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User study

Reactive Human-to-Robot Handovers of Arbitrary Objects, ICRA, 202111
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Medicine Box Newspaper Plate Mug Remote  Toothpaste Scissors  Towel Pen Spoon Average
Approach Time (s) 9.1 £3.5 13.7+£47102+£2191£3597+£0791+£1.9 11.24+3.013.8+3.811.24+48104+£1.9 10.7+ 3.6
Number of Attempts 1.3 £ 0.5 1.0 1.0 1.8+£1.81.0 1.2+1.2 1.2+1.2 1.0 204£20 1.54+£08 1.3L£03
Success Rate 75.0% 100% 100% 54.5% 100% 85.7% 85.7% 100% 50.0% 66.7% 81.8%
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Userstudy

https://sites.google.com/nvidia.com/handovers-of-arbitrary-objects
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User study

https://sites.google.com/nvidia.com/handovers-of-arbitrary-objects
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User study

B Strongly disagree B Disagree [ Neither agree or disagree B Agree W Strongly agree

The robot was aware of the difference of objects
in my hand.

The robot was able to take arbitrary objects from
me in an efficient way.

The robot was aware of my actions.

The robot and | worked fluently as a team to
transfer objects.

| trusted the robot to do the right thing at the
right time.

| I
) I

-5
Reactive Human-to-Robot Handovers of Arbitrary Objects, ICRA, 20211
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Failure cases
= Missing depth information on dark surfaces
» Object recognized as hand due to failure of hand segmentation network

= Noise in object point cloud due to nearby objects

15.12.2022 Reactive Human-to-Robot Handovers of Arbitrary Objects, Juliane Roscheisen 33
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5. Conclusion
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Conclusion

= System is generalizable to diverse unknown objects

= Reactive temporally consistent grasp generation

= No hard constraints on object presentation
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Outlook

= Update segmentation network with wider user data
= Add more cameras for more detailed object point cloud generation
= Speed up inverse kinematics through parallelism

= Improve point cloud cropping and noise reduction
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Questions and Feedback
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