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cyberspace cyberstation
cyborg cyberpunk
CyberAngels cyberathelete

cyberattack cyberbuck cybercasing
cybercitizen cybercop cybergrave, ...

“Cybernetics” proposed by
Norbert Wiener, 1948 MIT press.
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Linear Fractional Transformation
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Hiramoto, Obinata, et.al: Simultaneous Optimal Design of Structure and Control Systems Based on
Youla Parameterization, Transaction of the Japan Society of Mechanical Engineers, 2000.
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H(S) _ -1 *
(1+G(s)H(s)) [ G| <» QO Jp =T/, (142)
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Case 0 1
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o = 8§0M Case 2
L max _J
i o = 5.4MPa
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06 07 08 09 10 11 12 13 14

T, [ns]j 60 100 37 6l
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@ nth neural oscillator
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Hase, K. and Yamazaki, N. (2002). JSME (516)———(13 NP

Int. J. Ser. C, 45, 1040-1050. X



Adding a mechanism Command
for autonomous to muscl
movement

Musculo-skeletal
system \

eural syste

environment

Adding feedback pass from position and orientation

2REDFHBH/RET IV, FRBEBFO5I1EAHRR

Taga, G., Yamaguchi, Y. and Shimizu, H. (1991).
Self-organized control of bipedal locomotion by neural oscillators

in unpredictable environment, Biological Cybernetics, 65, 147-159.




*$ %:% %\ 0) :E7__\\) l/ CPG : Central Pattern Generator

2 6) xz’ - x:' . ] y: .
5;(6,0) 11/ | max -
Z. Z.
Aﬁ)_+ T,—=1/s—
n
L, b Feed
Matsuoka, K. (1985). Sustained T_Tx" T X = - z AijYi = D2z T U+ reed;
oscillations generated by mutually j=1
inhibiting neurons with adaptation,
Biological Cybernetics, 1
52, 367-376 —Z;i +Z; = V; y; = max (0, x;)
)
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Rhythm Generation
for the walking

Central Pattern

=D E o

Sensory feedback

... Is used for the generation
of the nonlinear oscillation
in CPG.

Input torques for

rhythm generation € R26

Generator (CPG) |

Somatic sensations

s

Input torques for

balance controleR?2

Static
Optimization Model

Musculo-skeletal

Torques€R26 Muscle forces€R70
6 |

Angles € R?6

Balance Controller

—_—

N

Stabilization of the

walking motion
against disturbances

Kim, Y., Tagawa, Y., Obinata, G. and Hase, K (2011).
Robust control of CPG-based 3D neuromusuculoskeletal walking model, Biological Cybernetics, 105, 269-282.

Anrgte Feedback

... is used for feedback control
from the unbalanced walking
to normal walking.
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nth neural oscillator

A new musculo-skeletal model )0

@ actrvsjoint
(D passivejoint

@ n th neural oscillator D)

Hase, K. and Yamazaki, N. (2002).
10 rigid links JSME Int. J. Ser. C, 45, 1040-1050.

5 joints in frontal plane
(3 active, 2 passive)

9 joints in sagital plane
(6 active, 3 passive)

, Which correspond to
5 actuators in the assitive

orthosis e




Obinata, Nagai, Uchiyama at.al, IFAC SYROCO, 2012.
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Hip angle [deg] Knee angle [deg]

Lumbar angle [deg]

- The angles of this model
== The angles of able-bodied people
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Gait cycle
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The Southampton Hand Assessment Procedure (SHAP)

Abstract Object Tasks

* Spherical N )
* Tripod

e Power

e Lateral Tripod
* Tip

e Extension

BT RMZeiBiET SE1F
4 6FEEE Lateral

Extension

C. M. Light et al., "Establishing a Standardized Clinical Assessment Tool of Pathologic and Prosthetic Hand Function:
Normative Data Reliability, and Validity", Archives of Physical Medicine and Rehabilitation(2002)
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LDD 1

LDD 2 —mi )
LDD 3 <—@

LDD 4

LDD n =)

LDD (Linear Dependent Drive) Mechanism

0, (t) = Da(t) «— qu(t)

REBIRAEN A T wyFaz—4 _ t
REENRAET A o)ﬁﬁl 6. 1) LDD i 4:—Q2()

4.— ar (1)

0,(t) =10, ()} eR", qt)={a;®)}e R’
D={d;}eR™, (n>r) Oy (t) = dig Gy (t) + dj20, (t) +--- + d;q, (1)
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Kamada, Obinata, ei.al, International Journal of Advanced Robotic Systems, 2012




EBDEEHTEER T o

BRDIAVERIFICERT T HERAWNTHERITT 675K

R
® 2RY2
® FR7U3

v=["bm-0fo0 -0 d

EEAEDRRSY: 0()eR"
ON)DFELE): g RO

>(91

B AEORRIT—4
B0 Oraq®), (0<t<t,) i=2,2,--m

>

0(’[) — [H[Taskl] (t) 0[Task2] (t) T 0[Taskm] (t)]

m
ts :thi
i=1



’
Fm
e

BT LB RTTAE o

EFRDDIERVESDERITIE
HEAEDRRIZERTHTT S

ZH1T5
P (t). |:Wh:| X W:{Wh}eR”X”
= o(t)-0 W
07 '
IE5 5 R E M5 Wy eR™T W e ROV
(n>r)

EESELERSDAIZLLEFDIETT BtiaE
~ — t
O(t) =W,T p,(t) + 0 P = jof act)|“dt

b ~o(v)
(A(’[) = é(t) - 0(t) = (VVhTWh =y ){H(t) - 5})
B {1175




nZ |:|-|_ 77_ /f

el N

F B 53 53 #1Z FAL M fzUnderactuated LDD mechanism® &% &t

f\ """""" -

N

Underactuated
LDD mechanism

A

/

Y,
ERGREZERTDAIELEHDET

wevr

6.0 ~0,t))

Underactuated
LDD mechanism

Underactuated LDD mechanism

0,(t)=Dq(t)
LroFaz—4
D LI




<P &1l VI AWVINDE 5K ]

nanr'd’%)El?I'\ulv \JFODFaEIEn

Underactuated
LDD mechanism

A few actuators

..................................................

Multl —joint robot hand

(12 joints) Link i-1

| LDD i

1 K{EHT-YAREE / Elastic element

Fixed pulley
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PO =W[0u(®) 0,2() 0a5(®)]
Principal Active
Components joint angles
Principal Contribution
Task 2 Component rate [%]
{ 1 45.3 \
2 28.9
3 22.2
4 228 )
! 5 8.89x10"!
6 3.06x1071
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Synthesized optimal robot hand

Given force Actual force
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Controller : Controller
[ E— H State Estimator H T J

1 f 1 1
[compensation] [stimulation] obstacle state [stimulation] [ automation ]

detection variables
_ heart rate of car
assist perfume aspiration maneuvering
alarm fever eye movement braking
disillusionize light N T——
pressure posture control

oxygen

(9]
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