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leftovers from this week

. do robots need biarticulate muscles?

. what impedance do we need, really?
let us

— measure human arm impedance
— measure impedance during movement
— estimate impedance from EMG

. can we control position out of pns/cns signals?
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arm model

L1 rigid body dynamics of the arm

['(q,9,4,¢) = M(q,§)q+C(q,q,§) a+g(q,§)

[1 muscle impedance

T muscles — h(q7 Q7 a)

L1 complete system torque

M(q,£)qd+C(q,9,8)a+g(q,§) +h(q,q,a) = Teu




we want to measure the arm,
not the brain

disturbance

Nervous » muscles g » skeleton >
system
force
transfer
«—— Sensors -
delay motion states

[] stretch reflex: 25-50ms
L1 spinal reflex: 70-110ms
L1 long-latency reflex: >110ms




locally linearised impedance

[1 Taylor approximation to h can be written as
0h(q, q,a)

h* = ’CIoaao ™ aq Aq
dq0,a0
_|_ ah(qa qa a) Aq _|_ ah(qa q7 a) Aa
aq do0,a0 aa do,a0

[1 since the activation is assumed to be constant
h* =K Aq+ DAqg

[1in the transversal plane the gravity=0
M(q,£)d + (Ca,4,€) + D)4+ KAq = Aoy

\ .

¥(4,9,Aq,§,D,K,)
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linear parameter identification model

L1 parameter vector
¢ = [£1,&2, €3, D11, D12, D1, Daa, K11, Kig, Ko1, Koo)'

[1 identification model

W(=y
- X(1) [ ATe(1)
— X(2) . ATe?{t(Z)
_ X(N) _ i ATeXt(N)7 i




experimental setup
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resulting stiffness and damping




we’re not there yet...

[1 what will these look like in 3D?

[1 how do we measure intrinsic tendulomuscular
properties?

L1 how can we map these to EMG activities?
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target

hand position

related work

A Robust Ensemble Data Method for
identification of Human Joint Mechanical

Adaptive control stiffness to stabilize hand position with large Properties During Movement [Xu99]
loads [Franklin03]
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related work

drawbacks of existing solutions measuring arm stiffness
L1 position-perturbation setups

— not wearable
— unnatural constrained and only planar movements

L1 wearable force-perturbation setups
— only force less than 6N

— Influence of heavy loads during common tasks can not be
identified clearly

— Precise control of this devices seems to be problematic




Idea and Specifications

perturbation tubes
accelerometer

/r \

)

/L

» moving mass
energy / /
supply >

accelerating and decelerating a mass inside a tube fixed to
the limb

energy is induced using external energy reservoir; here:
compressed air

]

]

[ using defined impact <25ms

[1 2 perturbator tubes to induce clear rotations and translations
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Thermodynamical

modeling and simulation

_ I_ —_ yor o4
air reservoir | m(t) Ppv stop
| pi(t) ——— [
£ PDB choke V(t) |
n — P | 7 o
> | Tos m .
o) pu Ty Pw piston
D V4
piston stroke S
. system
rate of volume change V'
pressure P;
.v,a
- s
— m
S % i)-AK-(— Fp, stop
‘= § Hub /fAAn
-CCS 2 } e FAn E !
o}
= & le—Fr
piston

Goal: optimize measurement

time and total mass
1
1.4 bF---f--—q----q---=}---- B it EEEEE SR S
’ L~
. [ NS S O S / SN N N S o

kinetic energy £, in [J]

0,8 |t / -------------------------
0,6 |- S T ST S S
04 [ / --------------- S T
1Y J S N S N - ﬁ ---------------
0 / N A

0 2 4 6 8 10 12 14 16 18 20

time in [ms]



implementation

Patent pending

[J steel tube length of 130mm and 300g weight

[0 two external relays

[J mass consists of sealing, sliding and inertia elements

[ magnets to increase the counterforce against the air pressure
[J] additional force sensor between arm and Perturbator tube




results on device properties
Measured and simulated force
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measuring human grasp stiffness

Requirements
O Static measurement [Mussa-Ivaldi85] z =

— 0
mE(t) + ri(t) + ka(t) = f(t) — k= Er f; { f)

Er,(x (z)
0 Measurement time t # 30 ms and thus below human flnger' reflex time

2

O Constant initial position and displacemen.Ax = const. xo = const.

30

—— fOrce (N)

20| -

= = = yelocity (m/s) |l

10 -

0 0.01 0.02 0.03

patent pending

Happner et al, Proc. ICRA 2011 ‘



measurement device




experiment and measurement procedure

[1 5 healthy male subjects using Pinch Grasp
[1 Grasp Perturbator without any fixation
1. Subjects Maximum Gripping Force is estimated

2. Subject is asked to apply Normalized Force Levels NFL
- Reaching NFL using 2 Bands (85% and 115%)

3. 2<T<4 seconds after the force is reached a Perturbation

is applied
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conclusion

[1 what does the linear relation imply?
K=£=cl-F(x)+c2 —
0X
linear relation at the elbow between torque and stiffness

[Bennett93]
tendons can be assumed as exponential elements [Glantz74]

[0 How does this contribute to robotics?
guideline for VSA




leftovers from this week

1. do robots need biarticulate muscles?

2. what impedance do we need, really?
let us

— measure human arm impedance
— measure impedance during movement
— estimate impedance from EMG

3. can we control position out of pns/cns signals?

/(% STIFF

29‘



claudio castellini

OPH.D, Uy m‘-u{m@_

. “'. ! ‘
i ¢
U‘@é"%@f@h topick

h%@] p[ﬁéSt iesfa

mehaﬂ@uﬂu&atnfm b




finger position and force from EMG

10 Ottobock emg electrodes
1 force/torque sensor
4 fingertip force sensors
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high-precision EMG
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PNS-based robot control: EMG
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high-precision EMG

hand emg:

[0 static finger forces

O limited accuracy (~10%), but this is not evident

[0 qualitative visual feedback solves limited accuracy

arm emg:




extension by adding 6-DoF arm dynamics

[0 emg signal no longer statically
related to position or force

EMG
electrode

[0 emg activity related to gravity,
commanded impedance, and
acceleration

[1 we expect increased muscle
activity close to target (Burdet
et als, Nature, 2001: increased
stiffness in divergent fields)
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larger and lighter indicates a larger error
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high-precision EMG

hand emg:

[0 static finger forces

O limited accuracy (~10%), but this is not evident

[0 qualitative visual feedback solves limited accuracy

arm emg:
increase emg complexity tfo dynamic arm control

limited accuracy (~5%) is eminent (high accuracy is
required)

qualitative feedback required!




how can we improve the accuracy of the system?

[0 remove "static” emg signal related to gravity
by using blind source separation

[0 improve the accuracy by introducing acceleration-based
control out of the remaining emg signal

[T applicability to robotic rehabilitation

Vogel et al, IROS, 2011



