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CPG-Based Rhythmic Manipulation
for a Multi-Fingered Hand
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Background

 Robot hand manipulation

— Model based analysis

— Difficult to manipulate unknown objects
* Human hand manipulation

— Stably grasp and dextrously manipulate
unknown objects

— Sophisticated motion planning

s . — Sensory feedback from peripheral sensations
Yuichi Kurita i pertb
Biological motion control CPG-based control

» Walking robots
 Neura and reflex systems control the
) — Adaptive walking by the CPG-based control in
musculo-skeletal system avariety of environments (Kimura2003)
* Neurdl rhythm generator « Human’s rhythmic manipulation
- Netwo_rk of neur.al oscnlat(_)rs (CPG) — Rhythmic finger motions have
— Breathing, walking, fluttering, etc. been observed when a person
— Existsin the spinal cord attains proficiency (Taguchi2002)
— Generate various patterns based on the
feedback from the reflex system CPG-Based rhythmic manipulation
c_e ?_ w for amulti-fingered hand
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4 fingers Elastic fingertips
3 DOF for each finger 6-axes force-torque sensors

Neural oscillator model
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CPG model
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Contact pattern
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Motion commands for the manipulation

Contact command
? Finger
Object ) g
Approach Rotation

Return command
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Issues of the motion commands
based on the neural output

Contact Return
Command |« Command

Release Back
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Force control of the fingers Angular velocity of the object

Equilibrium condition of moment Finger velocity to move the object
N, N, N,
231 f; X fi = 7231 SN 7zbj rj X f zb —-me b E::M ~h E;;  3x3 unit matrix
i1 i1 =1 f m, : :

Equilibrium condition of force ¢ n\ }) ‘{w = E}M ir' [‘\Il\:} V,, W, desired object velocity

ah.a S/\-j C v‘ E- _r- ° " velocity of the finger
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Friction condition f.,m,n;,r  Force, moment,
contact vector, and vector
n-f > ” f ” S momentsize A friction coefficient
! = 1 2 i @, 1 when the finger is grasping finger,
+tu 0 when the finger is manipulation finger
h 0 when the finger is grasping finger,
1 when the finger is manipulation finger ol
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Desired object velocity

Woz = kwyg

W,, angular velocity of the object along z-axis

kw conversion coefficient
Yy neural output of the grasping finger @E




Effect of the object size on the manipulation

+ Rotatable angle of the object changes
depending on the object size and the
movable area of the finger

¢ Movable areais determined by the
mechanical configuration of the finger

| Movable area
1

Joint margin feedback
to the neurons

# Relocation of the fingers can be performed
when the finger moves to the movable limit
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Joint margin feedback

Joint margin of the j-th joint of the i-th finger

mj:min(ICijmin_gij|1|Cijmax_0ij|) Joint 3
Finger joint margin of the i-th finger i j max
e Cimn ZAV...
n =min(mg, m,,---, my,) Joint 2
Feedback to the neurons Joint 1

§ =k,min(n, n)

S, =k;min(n,, n,)
C.,maxvc,,mm Maximum and minimum limit of the joint
NJ Number of the joint N Number of the finger
k, Feedback gain
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Experiment Experimental scene
» Experimental setup
— Rotation of acylindrical cap
— Diameter: 50, 60, 75[mm)]
— 2-neuron CPG model
Movable limit of the joint
Cianin==719 Ciopin ==712 C3y, =0
Cimax =719 Clppe =4719 Cyp =712
[rad]
Results Motion cycle
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! Adaptive manipulation
TR AITRY according to the object size
_ 1 - L




Conclusion

CPG-based manipulation using a four-fingered
hand system
— CPG model using two neurons

 Grasping and rotation using facing two fingers
— Joint margin feedback

« |ssue of the motion commands depending on the object size
— Experiment using a hand system

« Four-fingered hand system

 Adaptive change of theissuing cycle
* Future work

— Determination method of the CPG parameters
— Connecting the CPG directly to the actuators
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