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Disassembly sequence: 
generation and evaluation 

Pseudo-haptics 

Complex regional pain 
syndrome (CRPS) 

Disassembly 

sequence 

design 

Haptic 

interaction 

Rehabilitation 

Fatigue 
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How virtual reality influence human behavior?  



Outline 

Part I. Biomechanical analysis of haptic-based concept 
1. Evaluation of fatigue levels during disassembly  

2. Motor behavior analysis of pseudo-haptic in stiffness discrimination 

 

 

Part II. Application in CRPS (Complex regional pain syndrome) 

      1. Computer-based application and CRPS rehabilitation 
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Part I. Biomechanical analysis of haptic-based concept 
 

1. Evaluation of fatigue levels during disassembly  

2. Motor behavior analysis of pseudo-haptic in stiffness discrimination 
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Disassembly sequence simulation 
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Disassembly types: 

 

Complete, Selective 

Destructive, No-destructive 

Sequential, Parallel 

é 

Technological factors 

Ergonomic factors 

 visibility  

 risk of injury 

 Muscle fatigue 

 working posture 
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Disassembly sequences evaluation 
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Evaluation 
methods 

visibility of 
component 

set of 
directions 

for 
removal  

stability 
of sub-

assembly  

number of 
necessary 
tools for 

disassembly 

disassembly 
cost 

Wang 2014, 

Wang et al. 2015 

Mitrouchev et al. 2015 

 

Pomares et al. 2004 

Li et al. 2013 

Wang 2015 

 

Lambert et al. 2004 

Aleotti et al. 2010 

Mitrouchev et al. 2016 

 

Kroll et al. 1996 

Mitrouchev et al. 2015 

 
Desai et al. 2003 

Cappelli et al. 2007  

Jayaram et al. 2006 

Smith et al. 2011  

Srinivasan et al. 1999  

Tseng et al. 2011  
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Evaluating the muscle fatigue 

associated with different disassembly 

sequences (tasks) 
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Human fatigue 

ÅὊὃ=Ὢ(Ὂὃὧ,Ὂὃὴ) 
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Ὂὃὧ: Fatigue in central nervous system 

 

Brazil-Neto et al. 1993 

David and Bailey, 1997 

David et al. 2003 

Ὂὃὴ: Fatigue in peripheral system 

(muscle) 

Merton 1954 

Sahlin 1985 

Lamber et al. 2005 

Dempsy et al. 2008 
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Our approach 
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Using mechanical energy expenditure to evaluate the muscle 

fatigue:  

 

ÅὊὃὴ: monotonically increasing function of 
mechanical energy expenditure 

E: mechanical energy 

F: force 

t: time 

v: velocity 

Ὂὃ ὪὉὊȟὸȟὺ  
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Mechanical energy expenditure (Ў╔╢ ) 
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- ά :  mass of component 
- ὬὭό and ὬὭὨ :  vertical displacements of end of hand in  

  upward and downward direction 

- ά :  mass of arm 
- Ὤ :  vertical ÄÉÓÐÌÁÃÅÍÅÎÔ ÏÆ ÔÈÅ ÁÒÍȭÓ ÍÁÓÓ  

  center 
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Validation 
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Task 1 and Task 2 

Propose method 

Calculate ЎὉ  and 

ЎὉ  
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Experimental setup, GINOVA Grenoble INP  
 VIRTUOSE 6D35-45 haptic device 
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Task 1 : The first 2.5 minutes.  

Task 2: The total 5 minutes 
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Subjects 
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9 subjects  

Duration:  30 minutes Age : 24 to 58 
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Position of electrodes  (SENIAM recommandations) 
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EMG muscle testing  

Fatigue evaluation  
Median frequency: 
ÅThe more the slope of median frequency decreases, the 

more muscle fatigue there is (Don et al. 1999) 
 

Peak value of EMG 
ÅHigher peak indicates more fatigue (Boyas et Guevel 2014) 
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Recorded EMG  
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20s period EMG raw signals 20s period filtered EMG signals 

200 order of bandpass FIR filter between 20Hz and 500Hz 
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EMG at three monents 
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A ï start time of tasks  

B ï end time of task 1 

C ï end time of task 2 

Task 1 : The first 2.5 minutes  

Task 2: The total 5 minutes 

A B C 
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EMG Peaks  
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fatigue induced by 

T1 is less than T2  

FCR: flexor carpi radialis 

ECR: extensor carpi radialis 

 
B ï end time of task 1                    *:   significant difference 

C ï end time of task 2           n.s: no significant difference 

.  
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Verification and validation 
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ȹὉὝ1=308 ὐ and ȹὉὝ2=616 ὐ 

Caculation results 

Fatigue induced by T1 

is less than T2  

EMG analysis results 

Fatigue induced by 

T1 is less than T2  
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Limits 

ÅEnergy consumption of rotation movement is not 
considered 

 

ÅConsidering one hand disassembly operation 
simulation 

 

Limit the generalization of the proposed 

method into real disassembly task  
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Part I. Biomechanical analysis of haptic-based concept 
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1. Evaluation of fatigue levels during disassembly  

2. Motor behavior analysis of pseudo-haptics in stiffness 

discrimination 
 



Issue: Pseudo-haptics 

Reality 

Visual 

Auditory 

Gustatory (Taste)  Olfactory (Smell) 

Somatos
ensory 

(Haptic) 

VR Pseudo-haptics 

A definition: ñGeneration, 

augmentation or deformation 

of haptic sensations by 

information coming from other 

sensory modalitiesò  
(Lécuyer et al.2001) 
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Haptic device 



Simulating different physical properties 

Friction (Lécuyer et al.2001) 

Force field (Pusch et al.2009) 

Texture and shape (Lécuyer et al.2004) 

Weight (Dominjon et al.2005) 
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