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Remote Dual-User Haptic Interaction

e Remote dual-user virtual collaborative manipulation with time-delay in VR
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Device Rendering

 WCHI = Hand tracking module + Cutaneous haptic feedback module
* HTM: multi-DOF finger/hand tracking using soft sensors & IMUs
+ CHM: 3-DOF cutaneous haptic feedback rendering using soft sensors & a FSR

WCHI B
: Wearable Cutaneous Haptic Interface = < \6
 Integration of HTM and CHM
HM cHm With Haptic Feedback] [Without Haptic Feedback
Hand Tracking Module Cutaneous Haptic
Feedback Module
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Onboard Flight Experiment
3) Indoor-Outdoor Transition Flying m map point

e Sensor fusion, SLAM, soft robotics e Fast/stable/accurate robot simulator — ML
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e Remote dual-user virtual collaborative manipulation with time-delay in VR

Lesnsion ee s symposom s iNRoL




State of the Art

Dexmo takes immersion to the next level by simulating a real sense of touch.

e Dexmo - Dextra Robotics

e Leap Motion finger tracking

e Finger/hand tracking with RGB-camera

NRO
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Wearable Cutaneous Haptic Device (TMech19)
e Issues on wearable haptic interface
- Finger tracking: camera (occlusion), IMU (drift, magnetic interference)

- Haptic feedback: kinesthetic (bulky), cutaneous (finger tracking)

e Wearable cutaneous haptic interface
- IMU/SS based finger tracking 4+ 3-DOF fingertip cutaneous feedback
- Drift/noise/interference — 9-DOF IMU sensor fusion + soft sensor (SS)

- User fingertip variability — closed-loop control w/ FSR (||F||) + SS (F)

Hand tracking module
g Wearable Cutaneous Haptic Interface

+ WCHI = Hand tracking module + Cutaneous haptic feedback module
+ HTM: multi-DOF finger/hand tracking using soft sensors & IMUs
+ CHM: 3-DOF cutaneous haptic feedback rendering using soft sensors & a FSR

WeHI
: Wearable Cutaneous Haptic Interface
 Integration of HTM and CHM

HIM ‘

Hand Tracking Module
Feedback Module

Cutaneous Haptic

Y. Lee, M. Kim, Y. Lee, J. Kwon, Y-L. Park and D. J. Lee, Wearable Cutaneous Haptic Interface for , IEEE/ASME ics, 2019 (Online)
Y. Lee, I. Jang and D. J. Lee, Enlarging Just Noticeable Differences of Visual-Proprioceptive Conflict in VR using Hapuo Feedback World Haptics Conference, o5
[2ongjun Lee Aslla Symposium 1/31/29 NiRO




IMU Sensor Fusion

BININEIN  Steven Tweedie & Steve Kovach
[INDIROY:@ A, Business Insider

e Whole-body tracking with IMUs (Xsense)

e Omni-directional aerial robot (SNU-IRoL, TMECH18 e Flying large-size aerial skeleton (SNU-INRoL, ICRA19)

Dongjun Lee, Aslla Symposium 1/33/x iNRoL

Flying-LASDRA (ICRA19)

e Autonomous flying with serpentine-like undulatory motion of three-link LASDRA system (3m, 12-DOFs)
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From Perception to Device (WHCax)
o Wearable cutaneous haptic interface
- IMU/SS based finger tracking + 3-DOF fingertip cutaneous feedback
- Drift/noise/interference — 9-DOF IMU sensor fusion + soft sensor (SS)
- User fingertip variability — closed-loop control w/ FSR (||F||) + SS (F)

e WCHI device specification from haptics
- Permissible VR finger-tip tracking error increases (1.5cm — 3cm) w/ haptics

- Abduction-adduction (AA) finger motion important for dexterous VR
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VIN+GPS SLAM
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Preliminary Experiment
1) Cal" NaV|gation H map point

e Factor-graph-based GPS-VIN (visual-inertial navigation) SLAM for indoor-outdoor operation (KROC19)
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Remote Dual-User Haptic Interaction

e Remote dual-user virtual collaborative manipulation with time-delay in VR
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Open-Source Robot Simulators
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PMI (Passive Midpoint Integration, IJRR17)

@® Dynamics integration (PMI in maximal or generalized coordinates)

M Vi = My Vi, — dibl + NpA + DAL hyim B
midpoint velocity potential term anmal contact \angential friction
@® Multi-point constraint (PMI-LCP)
0<ol LAr>0 op:=N{|Vie Rle — normal direction velocity

0<ob LA >0  of:= DiVi+U )\,{ € RbeXP _ tangential dircction velocitics
0<of LA >0 0,{ = Ay — UTAL e Rl —> Coulomb friction

» Physical principle (passivity) preservation in discrete-time
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«+ Stable simulation of very light/stiff objects : o
» Contact passivity — enhanced multi-contact stability T b T e
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+ Stable simulation regardless T,

* Damping is really damping

* Modular simulation possible

PMI (Passive Midpoint Integration, IJRR17)

@® Dynamics integration (PMI in maximal or generalized coordinates)

MVi = My Vi, — dibl + NpA + DAL g R
midpoint velocity potential term Rnormal contact \angential friction
@ Multi-point constraint (PMI-LCP)
0<ol LA >0  of = NJ|ViJe v — normal direction velocity

0<ap LA >0  of:= DiVi+U )\£ € RbeXP _, tangential dircction velocitics
0<al LA >0  of =p\p—UTN, e R — Coulomb friction
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PMI: Peg-in-Hole Simulation (ICRA19)

Tima fsac]

o Fast, stable and accurate peg-in-hole PMI simulation with data-driven multi-point contact solver

RMS( na.mu—nﬂxlpu) — 28.88%

mean(| Foxp )
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Open-Source Robot Simulators
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Data-Driven Contact Clustering

e High-precision peg-in-hole operation & data acquisition
- Necessary in robot automation industry field, but not in existing robot simulator
- Diameter 50mm, hole tolerance 0.065mm (below sensor resolution)
- End-effector impedance control using robot manipulator
- Perform peg-in-hole task with various peg entry direction/angle

- Records peg position/rotation/velocities, F /T sensor readings on wrist and base

e Peg-in-hole experiment using e Various entry direction(top) e Peg-in-hole simulation using
PANDA manipulator and angle(bottom) our developed PMI-based simulator
[2Rongjun Lee, Aslla Symposium a/31/19 NiRO

Data-Driven Contact Clustering

e Data-driven/learning-based contact clustering
- Determine contact point based on geometry (max 6 points)

- Tune simulation parameters so that the behavior of the robot is similar
to that of the actual experiment

- Determines the contact normal by an expert to match the contact
wrench with experiment (like learning from demonstartion)

M T
Rk MLP network Experiment
. S
data
Contact normal
by an expert
[ } Contact + Constraint force
<t optimization solver
Contact point

based on

geometry

Simulation |

parameters

Rd,k_ 50 x 1 50 x 1

e Architecture of our data-driven contact clustering

[2Rongjun Lee, Aslla Symposium 1/33/19 NiRO
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PMI: Peg-in-Hole Simulation (ICRA19)

Tima fsac]

[epongiun Lee Aslia Symposium a/33/19

o Fast, stable and accurate peg-in-hole PMI simulation with data-driven multi-point contact solver

RMS ( I Fssmll | Fexl

mean([[Fexp )

) —28.88%

NRO

Device

* WCHI = Hand tracking module + Cutaneous haptic feedback module

* HTM: multi-DOF finger/hand tracking using soft sensors & IMUs
+ CHM: 3-DOF cutaneous haptic feedback rendering using soft sensors & a FSR

WCHI
: Wearable Cutaneous Haptic Interface
 Integration of HTM and CHM

HIM
Hand Tracking Module Cutaneous Haptic
Feedback Module

Onboard Flight Experiment
3) Indoor-Outdoor Transition Flying  map point

e Sensor fusion, SLAM, soft robotics
lepongjun Lee, Aslia Symposium a/33/19

Renderin

. -

¥
£

[With Haptic Feedback [Without Haptic Feedback

18 iNRoL

e Robot simulator, machine learning
NRO
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