DESIGN OF AN INTELLIGENT PROSTHETIC ARM
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ABSTRACT closely with a medical doctor from Prince of Songkla Uni-

) ) ) versity. The cooperative work has been good for both groups.
This paper presents a novel way of developing the intel- e have gained valuable knowledge into medical sciences.
ligent prosthetic arm design. The prosthetic arm consistSThe medical doctor has been able to use our engineering
of two segments which are the forearm and the four fin- ggnect to help construct medical equipments.

gers. The prosthetic arm’s design was based on human arm ] )

anatomy. where the artificial muscles are used as the actu- 1he first prototype of the prosthetic arm had one de-
ators. The four finger movement was driven by the tensile 9re€ Of freedom at the elbow joint demonstrated the simple
force by four artificial muscles similar to the tendons. The feed forward control by foot switch as shown in Figfite 1

artificial muscles are inflated by the compressed air at pres-8]: With the experience from design and construction of
sure 1-4 bar. The Electromyographic (EMG) signal will be the first prototype of prosthetic arm we hopt_e to f_urther de-
used to control the arm movement. The arm will benefit for VEIOP what we have learned and make an intelligent pros-
patients who still have upper arm muscles. thetic arm.

1. INTRODUCTION

The human arm is very complicated and recent research in
prostheses has not yet been able to duplicate its fine move-
ment. The SEVEN research group in Sweden designed sys-
tems that used the myoelectric signals to control the upper
extremity prostheses|[1]. The early work of Otto Bock or
Variety Village electric hands were found to be too bulky
and not easy to usgl[2].

Generally, prosthetic arms are built with electric motors,
where the movements are far from natural. The motors are
also more suitable for heavy mechanical systems engineer-
ing. Pneumatic technology is capable of soft interactions
and compliance [3].

The artificial muscles was first invented by McKibben
to help the movement of polio patients in the 1950s. They  Fig. 1. The first prototype of the prosthetic arm
are also called McKibben muscles or braided pneumatic ac-
tuator. They were powered by compressed|&ir [4]. Lately,

Klute has constructed lower limb prostheses using artificial  In this paper we describe the design of an intelligent
muscles to help patients to walk| [5]. Recent studies also prosthetic arm based on human muscular systems. The arm
show interested in the study of human arm motidn [6], [7]. will have the forearm and four fingers driven by artificial

The Mechatronics Laboratory at King Mongkut's Insti- muscles. The intelligent prosthetic arm will be able to use
tute of Technology North Bangkok has been working in the EMG signals to control the movement.
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2. HUMAN ARM ANATOMY tube where the natural rubber latex through the valcanizing
process have been used. The rubber tube was made by dip-
In the upper arm, two groups of muscles have to function in ping the mould into the rubber latex and dry at room tem-
opposing pairs (flexor groups and extensor groups) to moveperature which is around 32 degree of celsius in Thailand.
the elbow joint. The biceps brachii muscles cause flexionin  The guter shell is the braided sleeve. The assembly of
human arms. The extensor groups are triceps brachii musthe rubbertuator is shown in Figre 4 where one side is the
cles which lie on the posterior of the upper aim [BLI[10].  ajr inlet and the other side is closed end. In this experiment,

The position of the biceps brachii muscles is anterior to the diameter size of 20 mm with the length of 120 mm have
the bone and inserts in front of the fulcrum point, which peen tested in the arm.

allows it to create elbow flexion. The position of triceps
brachii muscles is posterior to the bone and inserts behind
the fulcrum point, which allows it to create elbow extension

[L1]. The human arm muscular system is shown in Figure
2 &
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When the artificial muscle was infalted by compressed
air, it contracts and causes the radial expansion and tensile
Fig. 2. Muscles that move forearm at the elbow joint forces at both ends. The maximum tensile force of this arti-
ficial muscle is about 110 N.
In finger flexion movement, there are two major muscles
which are the flexor (FL.) digitorum profundus and flexor
(FL.) digitorum superficialis. The extensor digitorum com- 4. CONCEPTUAL DESIGN
munis used to extend the finger as shown in Figlire 3.

The arm design at the elbow joint was based on the two
muscles installed in opposing pairs similar to biceps and tri-
ceps in human. The flexion of the four fingers were pulled
by the four artificial muscles similar to the flexor (FL.) digi-
torum profundus and flexor (FL.) digitorum superficialis. In
the extension stroke, the four fingers are pulled by the four
pieces of steel measuring tape acting like springs. At each
of the fingers, the artificial muscle is basically pulled against
the force of a spring which is inserted inside the finger.

superficialis
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Fig. 3. Muscles that move the four fingers

3. ARTIFICIAL MUSCLES

The artificial muscles was used in this work due to its soft
movement and high power to weight ratio. Its weight is only
0.2 kg not including the connectors at both ends. The arti-
ficial muscles or rubbertuators consist of the inner rubber Fig. 5. Conceptual Design of Prosthetic Arm



5. CONTROLLER 6. CONCLUSIONS

The intelligent prosthetic arm is being developed based upon
he human muscular systems. Much of the work had been
ne on manual testing the arm but not yet implemented the
G signal. The work will continue on taking the EMG
signal from human muscle to control the movement of the
artificial muscles. The technologies necessary to construct
. , ) ) the intelligent prosthetic arm are being developed. The arti-
This intelligent prosthetic arm will use the Electromyo- fqja| myscles have already been constructed and tested with
graphic (EMG) signal to send the commmand to Open Or yq firgt prototype of the prosthetic arm. It was shown that

close the pneumatic valves. The schematic diagram of theye 4rtificial muscles are sufficient to perform human arm
controller is shown in Figure| 6. movement

In human, the motion system consists of brain systems, ner
vous systems and muscle units. To create movement, thé
brain releases impulse signals. The signal is then sent throu
the nervous system. The muscle unit that is stimulated by
the impulse from the nervous system then contracts and
causes the movement.
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