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Introduction / Motivation

e What is Re-Embodiment?

e Rubber Hand lllusion

e Virtual Reality

e Neurorobotics Platform and Unity 3D Client

Source: Source:
https://valvesoftware.github.io/steamvr_unity_plugin/i https://valvesoftware.github.io/steamvr_unity_plugin/i
mages/skeleton _knuckles controller.gif mages/skeleton _knuckles withoutcontroller.gif
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Problem Description: Issues

e Move the virtual hand with the Index Controller
e Send position and rotation data to the server

e Move the virtual robot hand with PID controller
e Create the sense of Re-Embodiment

Source: G. Streeter. “Valve Announces Knuckles EV3 And Here Are The Upgrades®. Sept.
2018. url: https://www.vrandfun.com/valveannounces-knuckles-ev3-and-here-are-the-
upgrades/.
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Existing Solutions / Related Work

e SteamVR Unity Plugin for hand movement
e SteamVR Input System
e VR Re-Embodiment in the Neurorobotics Platform

e Virtual Embodiment of Human Feet in the Neurorobotics
Platform

e Virtual Embodiment: Dealing with Discrepancies
between the Virtual and the Real Body

e PID-Tuning Framework for Remotely Operated
Humanoid Robots

e |s the Rubber Hand lllusion Induced by Immersive
Virtual Reality?

Tassilo Steinmann: Virtual Reality Re-Embodiment of a Hand using simulated Robotics 4



IA] Fachgebiet Augmented Reality Technische Universitat Minchen TI.ITI

Goals of this Thesis

e Expand Unity 3D Client with handtracking using the
Index Controller

e Control the virtual robot hand
e Create sense of Hand Re-Embodiment
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Critical Research Issues

e Accuracy of the Handtracking
e QOccuring Re-Embodiment
e Improve the sense of Re-Embodiment
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Proposed Work / Approach

e [nstall SteamVR Unity Plugin
e Use virtual hand from Plugin with tracking script

e (Create targets for finger joints with virtual hand joint
positions

o Use targets for user avatar model finger movement

e Make virtual hand invisible

e Send finger joint positions to server

e Use PID-Controller and positions to move robot fingers
e Userstudy for sense of Re-Embodiment
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Implementation

e TrackingFKManager for Fingertracking
e UserAvatarlKControl for Model movement
e RigAngleTracker for joint creation

e UserAvatarService for adjusted PID Parameters and
publishing joints to server

e Haptic Feedback
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Implementation

TrackingFKManager

. i + virtualtThumb: Transform
d o0 vz Qlovg, + virtualtindex: Transform
werden abgerufen und gespeichert + yirtualtMiddle: Transform
+ virtualtRing: Transform
+ virtualtPinky: Transform

P

vr_glove_lsft

+ TargetThumb: GameQbject
+ Targetindex: GameQObject
+ TargetMiddle : GameObject
+ TargetRing: GameObject

+ TargetPinky: GameQObject

vr_glove_right

+ Start{): void

+ Update(): void

+ SelupTargets(): void

+ GetTargefThumb(): Transform
+ GetTargetindex(): Transform
[1

UserAvatarlKControl

+ lefiThumb: Transform
+ lefindex: Transform
+ lefiMiddle: Transform

[

+ fightThumb: Transform
+ rightindex: Transform holt sich die Fingerpositions- und Rotationsdaten
| + rightMiddie: Transform

[-]
+ IModelThumb: GameObject
+ IModelindex: GameObject

[-1 3
+ rModelThumb: GameQbject RigAngleTracker

+ Modellndex: GameObject -
L] erstellt aus den Positions- + L_HAND_THUMB_NAME" String
und Rotatiensdaten ein + L_HAND_INDEX_NAME: String
Dictionary fir den Server [-1
= Start(): void + R_HAND_THUMB_NAME: String
+ LateUpdate(): void + R_HAND_INDEX_NAME: String
+ getFingerTargetl efi(): void handJointName: String Array

+ getFingerTargetRight(): void + _jointMappings: Dictionary

+ updateFingerTargetLeft(): void
+ updateFingerTargetRight(): void

I

Aktualisiert in der LateUpdate Methode R ~
die Rotationsdaten des Modells Holt sich das Dictionary, erstellt Topics
und sendet diese an den Server

+ CreateMappingForRemoteAvatar(): void
+ CreateMappingForLocalAvatar(): void

UserAvatarService

+ RigAngleTracker: RigAngleTracker
+ Initial PID Parameters: Header
+ Initial Hand PID Parameters: Header

+ Start(): void

+ Update(): void

+ PublishJointP|DParams{): void

+ PublishModelPoseTarget(): void

+ PublishJointPIDPosition TargetsJointStates Topic(): void
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Implementation — Haptic Feedback

e 3 Scripts for Controller Vibration
* AssignMeshCollider:
* Assign Colliders to Objects
* CollisionHandler:
* Determine, which hand caused the collision
* HapticsHand
* Trigger haptic pulse and let controllers vibrate
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Implementation — Adjustments

e PID Parameters in UserAvatarService
e |nvisible local Avatar
e Transparent Torso of remote Avatar
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Evaluation (User Studies, Test Runs)

e User Study for Re-Embodiment of the Hand
e 30 Test subjects, 10 female, 20 male
e 6 Phases of the Experiment
e Final Questionnaire containing 22 questions:
* 5 demographic questions
* 10 SUS questions
* 7 special questions about Re-Embodiment
e Time measurements
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Evaluation (User Studies, Test Runs)

o 20 test persons had experience with virtual reality
e 5 test persons had experience with the index controller

Demografische Frage: Haben Sie bereits Erfahrung mit virtueller Realitat?

® )2
@ Nein

Demografische Frage: Haben Sie bereits Erfahrung mit dem Valve Index Controller?

30 Amtworten

30 Antworten

® =
@ MNein

v
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Evaluation (User Studies, Test Runs)

e SUS Score: 63,1667
e Acceptable score
e Programm needs to be optimized in future Projects

QUARTILE 1% Quartile nd  3rd 4th
Rances I 7/
ACCEPTABILITY NOT ACCEPTABLE MARGINAL ACCEPTABLE
e MO AN NNNNNNNN  LOW [ HIGH ZF il
ADJECTIVE WORST BEST
RATINGS IMAGINABLE  POOR OK GOOD EXCELLENT IMAGINABLE

T I O T | R T T B O
0 10 20 30 40 50 60 T0 80 a0 100
SUS Score

Source: A. Bangor, P. Kortum, and J. Miller. “Determining What Individual SUS Scores Mean: Adding an Adjective Rating Scale.”
In: J. Usability Stud. 4 (Apr. 2009), pp. 114-123
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Evaluation (User Studies, Test Runs)

e Mixed answers for special question
e 38 test persons voted for Phase 5 of the Experiment

Spezielle Frage: Bei welchem Experiment (1-6) war das Geflhl, seine eigenen Hande zu
steuern, am héchsten?

30 Amtworten

@ Experiment 1
@ Experiment 2

Experiment 3
@ Experiment 4
@ Experiment 5
@ Experiment &
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Evaluation (User Studies, Test Runs)

e Most of the test persons didn‘t have the feeling of Re-
Embodiment of the Hands

e 11 test persons did feel the virtual hands as their own

Spezielle Frage: Gab es wahrend des gesamten Experiments einen Zeitpunkt, indem die
virtuellen Hande als die eigenen wahrgenommen wurden?

30 Antworten

& Ja
& Hein

&
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Evaluation (User Studies, Test Runs)

e Reason: the spatial shifting between real and virtual
Avatar was too big

Spezielle Frage: Hat die raumliche Verschiebung zwischen realer Hand und virtuellem Avatar
das Gefuhl, der Avatar zu sein, gestort?

30 Antworten

&z
@ Hein

i
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Evaluation (User Studies, Test Runs)

e Most of the test persons didn‘t noticed the Kickback

Spezielle Frage: Wie stark stort der Kickback beim Gefuhl der Verkdrperung?

30 Antworten

15

15 (50 %)

10

5{16,7 %)

4(133%) 4(133 %)

2 (6.7 %)
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Conclusion

e Hand- and Fingertracking works quite well with this
approach

e Re-Embodiment did happen in the User Study but need
to be improved

YO XM OSSN

(2N 0
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Discussion / Suggested Future Work

e Better tuning of the PID parameters to reduce kickback

e Reduce spacial shifting between remote Avatar and real
Hands

e Try with real Robot
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