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AN EXPERIMENTAL + COMPUTATIONAL APPROACH
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((L@ Motivation

Inconspicuousness
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Arm Assistance User-specificity
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Workflow

USER-SPECIFIC
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Subject-specific Modelling

USER-SPECIFIC
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USER DATA
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What is the reachable workspace?

The reachable 3-D workspace of a manipulator is
described as the region that the origin of the end-effector’s frame (a
point in the hand for the case of the upper extremity) can reach
with at least one orientation, and this volume is typically used as a
robot performance metric (Siciliano et al., 2009).

Anatomically speaking, the human RWS can be estimated
from a reference point in the hand or wrist (Lenarcic and Umek,
1994).

April 26th, 2018. Aalborg, Denmark
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A novel protocol to measure the RWS

Vertical

Horizontal Shower

[Castro et al., J App Erg. 2018 — Under Review]

April 26th, 2018. Aalborg, Denmark

FOUR LOAD CASES

No Payload
Load Case 1
Load Case 2
Load Case 3



&ROUND

A
&

&

£ :
: ((
=
©

v A

v A

<o o

N
o@s UN“‘“

FIVE REACHING

ALPHA SHAPE
POINT CLOUD

TASKS

Miguel Nobre Castro (mnc@mp.aau.dk)

New protocol to measure the RWS

Vertical

Horizontal Shower

[Castro et al., J App Erg 2018 — Under Review]
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pha shape of a point cloud

Maximize the minimum angle over the triangles
% v
[
[
D LT < LT
i °

A carving sphere exposes the inner edges of the polygon

convex hull (a =o0) non-convex shape (a=R)

(Edelsbrunner et al. 1994)
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RWS assessment

3

Experimenta

|
‘

No Payload Load Case 1 (7.5 kg) Load Case 2 (9.5 kg) Load Case 3 (11.5 kg)
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((( Can we predict the RWS from strength data?
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(((‘, Three force measurements across 12 directions

&

SC Elevation GH Flexion GH Abduction GH Ext Rot E Flexion

SC Depression GH Extension GH Adductlon GH Int Rot E Extension

36 measurements
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e recruitment criteria

Right arm model of ‘Standing Model’

8 degrees-of-freedom (DOF)

Length-Mass-Fat scaling law

3-elements muscle model

Min/Max polynomial criterion (p=3)

One step tendon length calibration
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AnvMu=cleModel3E biceps brachii_caput_longum = {

inyVar JSF = DesignVar(l.0); //MNC Grouping Muscles by JSF
AuoWar PCSA = 178.000000; 7 mn™2 VI study
FO = JSF=* CtrengthScaleHumerus*PCSA* ConstParam, MusStress: <~ 5lobal
e = 0.10000; ¢ Yamaguchi AnyVar JSF_Global = DesignVar(l . 0):
g= 0.1; « Esztimated
1 H H H ammnabar = (pi<1803% 2 000000; - Eztinated £ BT
Calibrating and adjusting Epsilonbar = EpeilonbarTenp: inyVar JSF_ScaStabint = DesignVar(l.0):
Kl = KlTemnp: AnvyWar JSF_ScaStabPoz = DesignWVar(l.0):
the model... K - K2Tomp.
Fofast = FoiastTenp: AnvWar JSF_SCPro = DesignWVar(l.0)
Jt = JtTemp: AnyVar JEF_SCRet = DesignVar(l.0):
Jpe = JpeTemnp: AnyWVar JSF_SCEle = DesignWVar(l . 0):
PEFactor = PEFactorTenp:| AnvWar JSF_SCDep = DesignWVar(l.0):
+; .
FO — Nominal STR  inyVar JSF_GHFle = DesignVar(1l.0)
AnyWar JSF_GHExt = DeszignVar(l.0)
AnvWar JSF_GHAbd = DesignWVaril.0);
AnyWar JSF_GHAAd = DesignVari(l.0):
AnyVar JSF_GHExtREot = DesignWVar(l .0):
[ AnvVWar JSF_GHIntRot = DesignWVari{l.0)};
Slack Length ™ E |
e 0 AnyVar JSF_EFle = DesignVar(l.0):
| AnvWar JSF_EExt = DesignVar(l.0):
AnyWar JSF_EPro = DesignVar(l.0):
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Adapted from Garner and Pandy (2003)
#+ Bicepz brachii long head #1
AnyWar biceps _brachii_caput_longum_prod = MSF _biceps brachii_caput_longum * JSF _Global * (JSF_GHFle * JSF _EFle * JISF_ESup):
< Run JSF BasicOptStudy
AnylperationSequence BunJ5F BasicOptSequence = {
AnyUperationMacro load = {MacroStr={ "classoperation Main Mu=scleStrengthSetting=s . DefaultduscleStrengthStudy " + strguotel "Load design") + " ——file=" + strguote{SUTBJIECT FATH + "Calib3E. t=t"3%:3;
Anylperationd: SetJointStrengthFactors = | SetJointStrengthFactors:
AnyOperationdacro update = {HacroStr={ "classoperation Hain " + strquote( "'Tpdate Valuss") 3 3):
AnyOperationd: InvDyn = | Study. InverseDynamnics;
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Optimization Step

Box-Behnken design

AnyBodyMS Calls

v

Surrogate Models

5

Optimization
Complex Algorithm

{

Convergence

Optimal
Design
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The MMACT for the 36 postures across subjects

min f(x) = Z(MMACT _1)2

Xjsp
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The optimized Joint Strength Factors (JS
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((( How to simulate the RWS? How to compare them?

Experimental RWS
X

“Length-Mass-Fat (LMF)
only scaled” model RWS

X

“Joint Strength Factor
(JSF) scaled” model RWS
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How to simulate the RWS?

Inverse
Dynamic
Analyses

Overall muscle activation
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The RWS for a model only LMF scaled

Load case 1

April 26th, 2018. Aalborg, Denmark

Load Case 2 Load Case 3
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((‘ How well does the predicted volume match the experimental?
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((‘ Discussion/Conclusion

* Models length-mass-fat scaled are generally weak

* The simple one-step calibration method might not be enough

= More experimental data is required to validate this method

* This type of procedures are typically computationally expensive

» Reachable workspace can potentially be a validation tool
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