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Introduction / Motivation

A Remote control of a robot through a human operator
I Interaction with environment
I Virtual training
I Human embodied in robot

A Sense of Embodiment [1]

i Sense of Location: Al am at t he
I Senseof Agency:nl am controlling the
I Senseof Body-Owner ship: Al am the own
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Introduction / Motivation

A Current System [2] (Gazebo [3], HBP Neurorobotics [4])

VR User Local Avatar Remote Avatar
Tracking Joint Target .
% Information Rotations Forces .
- » Environment
Apply Force Driving
IK Feedback| | Forces
»| IK Solver » Gazebo
Visual \ J
Feedback Displayed In
Reality Unity < Server

Konstantin Karas: VR Re-Embodiment: Establishing a Control Structure to enable Physic-based Movement of the Human Body in Unity 3D 3



]4] Fachgebiet Augmented Reality Technische Universitat Miinchen m

Problem Description: Issues

A Data has to be sent to the server
A Information might be outdated

A Solution:

VR User Local Avatar Remote Avatar
Tracking Joint Target
Information © Rotations Forces _

cogoo - » Environment

Apply Force Driving

IK Feedback | | Forces

» IK Solver »| Control Structure ><

Visual \ : )

Feedback Displayed In

|
Reality Unity ><

A No information sent to server, no latency issues
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Existing Solutions / Related Work

A Many approaches use Inverse Kinematics (IK) and PD
control [5, 6]

A Unity Packages:
I Final IK[7] A blend between animation and IK
I PuppetMaster [8] A joint + collider setup

*at the time of the thesis
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Goals of this Thesis

A Providing physics-based movement of remote avatar
In Unity

A Independency from server
A Fine control over joints, rigidbodies, colliders

A Simple setup and use
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Proposed Work / Approach

A How to control the movement of the remote avatar
in Unity?
A Rigidbody breaks parenting movement control
A Use ConfigurableJoints [9] to connect body parts
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Proposed Work / Approach

A How to control the movement of the remote avatar
in Unity?
A Use ConfigurableJoints [9] to connect body parts
- Angular Limits (values approximated):
- Low and High X Limit

¥ Low Angular ¥ Limit

. . Lirmit -100
- Y Limit S
Bounciness 0
. . Contact Distance 0
= Z lelt ¥ High Angular X Limit
Limit 140
Bounciness 0

Contact Distance 0
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Proposed Work / Approach

A How to control the movement of the remote avatar
in Unity?
A Use ConfigurableJoints [9] to connect body parts

- Target Rotation
- Rotation that the joint should turn into and maintain
- Defined in joint space
A Convertlocal rotation of locala v a t aady mart to
joint space and assign it
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Proposed Work / Approach

A How to control the movement of the remote avatar
in Unity?
A Use ConfigurableJoints [9] to connect body parts

- Angular Drives (PD controller):
- Spring (P value) |
- Damper (D value) - for X and YZ axis
- Maximum Force
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Proposed Work / Approach

A How to set up the control structure automatically
while still being able to make adjustments to it?
I Template avatar for remote avatar configuration
A Control Structure configured once for the template
A Remote avatar exchangeable
I Editor window for template configuration
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Implementation T Control Structure

A AvatarManager.cs: Choose Control Method

- Prototype: - ConfigurableJoint Version:
PD Controllers Tuned Joints + Colliders
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Implementation 1 Control Structure

A ConfigJointManager.cs
I Configure Control Structure Settings
A Choose template version
I Single joint: 1 ConfigurableJoint per body part

I Multiple joint: 3 ConfigurableJoints per body part
(1 for each axis)

A Choose Collider type (simple or mesh)
I Settarget rotations of joints in the remote avatar
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Implementation 7T Multiple Joint Template

A JointSetup.cs: setup and utility
I Generate multiple joint template from single joint template:

Joint Axis: (1,0,0)T
Low Angular X Limit (red): —30
High Angular X Limit (red): 177
Angular Y Limit (yellow): 10

Angular Z Limit (blue): 20

Joint Axis: (1,0,0)T Joint Axis: (0,1,0)T Joint Axis: (0,0,1)T

Low Angular X Limit: —30 Low Angular X Limit: —10 Low Angular X Limit: —20
High Angular X Limit: 177 High Angular X Limit: 10 High Angular X Limit: 20
Angular Y Motion: Free Angular Y Motion: Free Angular Y Motion: Free
Angular Z Motion: Free Angular Z Motion: Free Angular Z Motion: Free
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Implementation i Tuning

A Adapt existing relay tuning system [10]
A Multiple mapping functions added
A Developer can choose between either system

2N o\
1) 1 [
Unlock Overshoots /
. —_— > > !
> Change Direction )
! of Relay Force /
\\ i /
. )
Neutral Rotation Locked State, Released State

Initial Rotation Relay Force drives Leg back to Initial Rotation
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Implementation 1 Editor

4

EditAvatarTem) |

(1 Assign the rig of AvatarTemplate and
.y AvatarTemplateMultiplelaints

A EditAvatarTemplate.cs:
i Choose base template e ] T ——

.. Assign a previously saved]omt settings file ta continue
l 1) wolklng on it Resetto Hone to use the values in the assigned

I Store changes in JointSettings.cs oy e AT

Avatar Template Settings - MNone (Text Asset) [o]
Mew Mame / Overwrite

@

| Load from Json [ Save Settings to Json |
. = Total Body Weight 72 -
i Filter through custom groups of IR ”[I
Body Group | ALL_COMBINED 4|
Enable Gravity [
b O d y p artS Enable Collisions Betweer[ |

Disable Preprocessing -

| Set tOtaI bOdy Welg ht Set Global Joint Settings

Enabling "Select Joints in Scene" will overwrite all settings

‘ & with values fram the template

Select Joints in Scene N
Mirror Settings -

i Apply/convert changes to both it Sexinge
templates v Arglar O
I Save & Load settings ot force 1200

P LeftUpperLeaZ
[ Refresh Joint Settings from Scene ]

v

[ Set BodyMass “Set BodyMass (Optimized) “Restore 1 Mass

[ Update Templates ]
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Evaluation

A User Study - Concept:
I Artificial latency (Oms, 125ms, 350ms)
I Task for hands and feet control A sense of agency

I Evaluation through standard embodiment questionnaire [11]
+ time measurements

~r~ ~r~ v v~

Questions 0 #0 40 dv 0 ¢ X0 P w Ophiplp p ¢
Evaluation Ope0cz0o Otwbuv O Ox Oywovw OpmOpp OpC
Scale pupu PCTPC ofw

Sense of 00¢& Qi WXa) ©"QQFwd ¢ D€ QOB ESE Tw
Embodiment
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Evaluation

A User Study - Concept: Test Environment + Procedure

Remaining Time

Completions Mirror

Hand Box

Hand Target

%

Foot Target é’ »
9 Foot Phase
Starting Area
Foot Box
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Evaluation

A Expert Study Feedback

I Finger control
I Fingers disconnect
I Feet control limited (tracker above ankle)

I Embodiment Questionnaire (Oms latency):

Evaluation C o o o O C C o p
P o g o X T

Sense of yfu 2z ¢ XAT Z ¢ /0 2 ¢ Tw p8tt

Embodiment

A Sense of agency rated as good (7), but not perfect (12)
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Suggested Future Work

A Conduct user study
A Finer control over fingers desirable

A Joints can disconnect when light/small objects collide
with heavy/immovable objects
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Conclusion

A Fully functional control structure

A Tuning through tuning system

A Custom editor for joints

A Save & Load tuning and jointsosettings

A Complete user study concept + test environment
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Movement Demo

€ Unity 2018.2.21f1 Personal (64bit) - NRPClient_Physics.unity - BA-Project - PC, Mac & Linux Standalone <DX11> - a X
File Edit Assets GameObject Component Mobilelnput Window Help
X S | [ [ %8 | [ecenter | @Local |

| #Scene |
e — [ R EAET T

RPClient_Physics

Display 1
No cameras rendering
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ditor Demo
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Proposed Work / Approach

A How to control the movement of the remote avatar
in Unity?
A Use ConfigurableJoints [8] to connect body parts
- Joint Space
- Primary axis (®) w GameObiest

- Secondary axis (W)

Y
Local Space
~~__J‘.gJ Joint Space

Z;

A
6
e
waL
World Space Z
ZW XW
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Proposed Work / Approach

A How to control the movement of the remote avatar
in Unity?
A Use ConfigurableJoints [8] to connect body parts

- DoFs: Angular X/Y/Z
- Free: Unrestricted
- Limited: Restricted by limits
- Locked: Rotation impossible
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Proposed Work / Approach

A How to set up the control structure automatically
while still being able to make adjustments to it?
A HumanBodyBones:
A Internal value for key body parts of the human body
A Use to navigate through avatars
A ODbj e mames®ot important
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