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Bilateral Control Using Functional Electrical Stimulation for Teaching Object
Manipulation Skills to Robot with Five Fingers
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This research project aimed at independent control of the five fingers using
functional electrical stimulation. We also aimed to instruct object manipulation skills that also
include force control. First, we realized independent drive of an index finger by using multiple
electrodes, and demonstrated that the middle and ring fingers can be driven independently using the
extensor digitorum muscle. Since it has been easy to drive thumbs and little fingers independently,
these results allow all five fingers to be driven independently. Then, we implemented the
stimulatig? method on two participants and demonstrated that bilateral control of the five fingers
was possible.

After that, we developed a robot hand with crossed-hand structures with nails which can grasp
variety of size of objects. By instructing force control skills using bilateral control, the robot
acquired human-like object manipulation skills, and was able to manipulate a wide variety of objects
with a success rate of 95%.
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1.
Test object Success rate
IEEE 1CRA2024 name | weight [g] F2FL (proposed)  F2FL-w/o-Force

pen 7.8 60 0

block 50.9 100 80

cutter 77.8 100 40

cracker 34~ 35 100 0

egg 49.1 ~ 54.4 100 0

Food cloth 28.0 80 40

Topping Challenge baumkuchen 21.7 ~ 219 100 60
rice ball 73.9 ~ 75.1 100 60

roll cake 359 ~ 38.8 100 20
tofu 60.0 ~ 70.0 100 100

potato 93.7 ~ 131.1 100 40

nuts 09 ~ 28 100 20

potato chips 0.8 ~ 1.8 100 20

pineapple 14.6 ~ 234 100 60
blueberry 1.1 ~24 60 100

mushroom 5.0 ~ 227 100 60

mini tomato 11.1 ~ 223 100 60

(7 fried potato 27 ~ 229 100 80
sushi 23.1 ~ 31.2 100 80

shrimp 5.1 ~ 6.8 100 60

Total 95 49
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