UNIVERSITE
' Grenoble

(X ]

4 Alpes

Biomechanical analysis of different aspects in virtuza
reality. Application

Jingtao CHEN

Supervisors: Peter MITROUCHEV
Franck QUAINE
Sabine COQUILLART

This work has been partially supported by ttebEXPERSYVAlab (ANRL1-LABX0025-01) funded by the
French prograninvestissemenR QI @Sy A NJ



General introduction S

A

A~
L

|

Haptic interaction

v
=
Q

uman behavior ,
-

Rehabilitation



General introduction Eé’:zszﬂré

Alpes

How virtual reality influence human behavior?

Disassembly sequence:
generation ancevaluation

Fatigue

Pseudehaptics Motor control

Complex regional pain

syndrome (CRPS)
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Part I. Blomechanical analysis of haptiebased concept
1. Evaluation of fatigue levels during disassembly
2. Motor behavior analysis of pseuttaptic in stiffness discrimination

Part Il. Application in CRPS (Complex regional pain syndrome)
1. Computetbased application ar@RPS rehabilitation
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Part |. Blomechanical analysis of hapti@ased concept

1. Evaluation of fatigue levels during disassembly
2. Motor behavior analysis of pseuttaptic in stiffness discriminatio



Disassembly sequence simulation Eﬁfﬁé‘?b'e

Design process

Disassembly
sequence

Verification with real

Verification with haptic
device in virtual reality
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Fatigue Disassembly sequence simulation Eﬁ.pes >

Issue

Disassembl
seguence

Sequence Seguence
generation evaluation

Disassembly types: Technological factors

Ergonomic factors
visibility
risk of injury
Muscle fatigue
working posture

Complete, Selective
Destructive, No-destructive
Sequential, Parallel

é
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Part I
Disassembly sequences evaluatio

Fatigue

Wang 2014,
Wang et al. 2015

Mitrouchev et al. 2015

Previous work

Desai et al. 2003
Cappelli et al. 2007
Jayaram et al. 2006
Smith et al. 2011
Srinivasan et al. 1999
Tseng et al. 2011

Pomares et al. 2004
Li et al. 2013
Wang 2015

Evaluation
methods

Kroll et al. 1996
Mitrouchev et al. 2015

Lambert et al. 2004
Aleotti et al. 2010
itrouchev et al. 2016




Pl Improvement of disassembly sequencﬁﬁz’ﬁzﬂﬁ
Fatigue evaluation a

Objective

Evaluating the muscle fatigue
associated with different disassembly
sequences (tasks)




Human fatigue

Proposed

method

"@ & Fatigue in central nervous system

Brazil-Neto et al. 1993
David and Bailey, 1997
David et al. 2003
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"@n: Fatigue in peripheral syste
(muscle)

Merton 1954

Sahlin 1985

Lamber et al. 2005

Dempsy et al. 2008




Part I:

Fatigue

Proposed

method
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Our approach !A.pes

Usingmechanical energy expendituréo evaluate thenuscle
fatigue:

E: mechanicaknergy
”n e n e IV NG ) F: f
00 "QOMAD s

v: velocity

1 AFdy > 0 (Rose etal.2014)
dFA, “OFA, OE @ dF e

dF ~ 0E OF 4

l

- 0F
A"@nr): monotonically increasing function of
mechanical energgxpenditure
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Fatigue

;Zzzzed AEgy = Yicalmig(hy + hig) + 2maghen] (=123 ..1n)

- a massof component

- "‘GyandCh: vertical displacementsf end of hand In
upwardand downwardlirection

- a massof arm

- Q vertical AEODIT AAAT AT O 1 &
center
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Task 1 and Task 2
Theoretical Experimental

Verification and

validation

Propose method
Calculate YO and
YO
Which task induces more fatigue
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Verification and

validation

Experimental setup, GINOVA Grenoble Aﬁfgb'

VIRTUOSED 3545 haptiadevice
I

\ J
!

. Task 1 :The first2.5minutes
Y

—

Task 2:The total5 minutes
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Subjects

Verification and

validation

Duration: 30 minutes

Age : 24 to 58
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EMG muscle testing ! Crenoble

POSition Of EIECtrOdE$SENIAM recommandations)

Verification and

validation

Fatigue evaluation

Medianfrequency:

A The more the slope of median frequency decreases, the
more muscle fatigue there is (Don et 4099)

Peak value of EMG
A Higherpeakindicatesmore fatigue(Boyaset Guevel2014)
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EMG raw data 0.04 Filtered EMG data
0.2 ; : . ; ; . - . . T . T T T - .

60 6‘2 6‘4 6‘6 6‘8 70 7I2 7‘4 7‘6 7‘8 80 60 62 64 66 68 70 72 74 76 78 80
T T T T T T T T T

Verification and

validation

1 1 L 1 1 1 L Il L | | 1 | I 1 1 1 Il
60 62 64 66 68 70 72 74 76 78 80 60 62 64 66 68 70 72 74 76 78 80
time(s) time(s)

20s period EMG raw signals 20s period filtered EMG signals

200o0rder of bandpass FIR filter betwe2dHzand500Hz
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Fatigue

A B C
Verification and i |
validation Task 1 :The first2.5minutes

|
Task 2:The total5 minutes

A start time of tasks
BT end timeof taskl
C1 end time of task
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Verification and

validation
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EMGPeaks

0.4

Q.
fatigue induced by
o T1 is less than T2
Q.
0
A B C A B C A B C A B C
\ J o\ J o\ Y J

(7%

Normalized EMG

=

N Y Y Y
FCR ECR BICEPS TRICEPS
. |

FCR: flexorcarpi radialis
ECR: extensocarpi radialis

B 1 end time of task *. significant difference
Ci end time of tasi n.s no significant difference 19
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EMG analysis results Caculation results
Verification and l
VEIEon qOv=308 hand g02=616 1

Fatigue induced by Fatigue induced by T1
T1lisless than T2 IS less than T2
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AEnergyconsumption of rotation movement is
considered

AConsideringone hand disassembly operation
simulation

Limits of model

Limit the generalization of the proposed
method into real disassembly task
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Part |. Blomechanical analysis of hapti@ased concept

1. Evaluation of fatigue levels during disassembly
2. Motor behavior analysis ofpseudchapticsin stiffness
discrimination
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Issue: Pseud—chaEtics

Haptic device ?
peeudo.hant Somatos | ﬂ/
seudao- aptICS ensory
/ (Haptig

A definition: fA Gener ati on,
augmentation or deformation
of haptic sensations by
information coming from other
sensory modaliti e:¢

(Lécuyer et al.2001) ! !
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Simulating different physical propertie

Part I
Pseude
haptics

Friction (Lécuyer et al.2001) | Texture and shape (Lécuyer et al.2004)

Green cursor -
Gray background

Previous work

White disk (cache)

Force field (Pusch et al.2009) Weight (Dominjon et al.2005)

L K
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