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Prototype In 3D space

3D loosely coupled joint



Our goal

* http://www.abdn.ac.uk/diss/historic/museums/anatomy.hti

A human arm

Including soft materials driven by soft actuators
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Contributions

m Robotic hand that has high
robustness for environmental
variation

m Clarification of roles of a human
cartilaginous area
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Rigid socket

2D loosely coupled joint



Movie

2D loosely coupled joint (movie)
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Loosely coupled joint
- ©§> {Weight: 50¢g J

Weight

Experimental setup

statel : no-voltage , 3
state2 : vi=2.0V, v2=3.0V . —\\

movie captured by 1 kHz CMOS camera




s

il - - o

. ahH]

ey
et

Compliance (2/2)

* Measured by 1 kHz CMOS camera

14
I ' | state1 |
12 ................. | 5’[3’[92 _______ -

10

Angle [deq]

0 0.05 0.1 0.15 0.2 0.25

Time [sec]
Transitions of link angle

statel : no-voltage
state2 : vi1=2.0V, v2=3.0V




Ll

Outline

m Introduction

m Basic characteristics of loosely
coupled joint

m Angle control using visual feedback

m Angle control using one length
sensor

m Angle measurement method to
reduce errors

m Conclusion



LT

Ao e
iy ary
o

Experimental setup

Control laws (Proportional control for link

(PN AIIA\

02 =0 Vinp : Input voltage

np

a [ .
{Uilnp — _KP(Q(t) _ Qd) + Vof f set /

Voffset . Offset voltage
(=1.7V)

Kp : Proportional gain
O(t) : Current angle

Od : Desired angle
N /

Loosely coupled
joint

T . .

CCD camera

System
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Transitions of link angle

The link converges to the desired angles
stably using simple P control only.
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Comparative experiment

* P control by CCD image
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Rotational
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(a) Photograph (b) Link angle

>

Pin joint

Viscoelastic object of cartilaginous area
contributes the system stability.




Viscosity of the cartilaginous area

Kx
fdrive M
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Pushing a viscoelastic object on a wall

s N
a The system converges

due to the viscosity of the soft material.
N )
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(a) Photograph (b) Configuration

Loosely coupled joint with length sensor
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Coordinate system for 2D
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Angle identification
for the length sensor (2D)

6 =Ad>+ Bd+C




With length sensor (3/4)

Control laws (Proportional control for link angle)

e (_KP(B(t) — 04) + Voret : when 6(t) < 0,
- 0: when 6(t) > 05’
;
2 0: when 0(t) < 04
Vipn = 4 _ +
p —K P[B(t) o 65{) + Voffset - when 9“’) 2 fj]d

Vinp . Input voltage
Voffset . Offset voltage
(=1.7V)

Kp : Proportional gain
O(t) . Current angle

Od : Desired angle
N /
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With Iength sensor (4/4)
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3D loosely coupled joint

Control of two projecting angles
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3D type Ioosely coupled Jomt (3/4)

Control laws (Proportional control for link angle)

aside
ol ;—KPI (a(t) — ag) + Voiset :  When a(t) < ag
"0 when a(t) > aq’
\
. 0: when a(t) < aq
" | —Kps(a(t) — ad) + Vossser :  When a(t) > aq

[Bside
R <I_KP2(/B(5) — [3d) + Vossser :  When (1) < a4
*®]0: when 3(t) > f[a’
;
vt =)0 when (3(t) < [a
v | —KPa(B(t) — Ba) + Votsser :  When S(t) > fa ’
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Angle measurement method
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Relationship between measurement error and method

a(t) = Ag(ds —dy) + Bo:  when a(t) > agp

at) = A1d§ + Bids + C1 : when a(t) < azp ’ -B(t) — AE(dB — dl) + Bs
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Conclusion

We constructed a robotic joint, dubbed a
loosely coupled joint, which has a
viscoelastic object and soft actuators that
function as the cartilage and muscles In
human joints.

The link angles converge to the desired
angles stably using simple P control due to
viscosity of cartilaginous area.

Using the 3D prototype with length
sensors, we have controlled two projecting
angles.

For each projecting plane, the errors were
less than 1.0 deg in our 3D prototype.



Thank you for your attention.
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Ongoing Issues

Rigid Iink

Viscoelastic
object
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Rigid socket

Loosely coupled mechanism with actuator bundles
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Ongoing Issues

Robotic hand with actuator bundles
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