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Kinematic Analysis of Exoskeleton Suit for Human Arm
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Abstract: Problem statement: There are many robotic arms developed for progidaare to
physically disabled people. It is difficult to fincbbot designs in literature that articulate such a
procedure. Therefore, it is our hope that the desigrk shown in this study may serve as a good
example of a systematic method for rehabilitatiobot designApproach: The arm exoskeleton suit
was developed to increase human’s strength, enceiran speed enabling them to perform tasks that
they previously could not perform. It should notpede the user’s natural motion and should be
comfortable and safe to wear and easy to use. édffnanovement is difficult for them, they usually
want to go somewhere by themselvBgsults: The kinematic exoskeleton suit for human arms is
simulated by MATLAB software. The exoskeleton safihuman arm consists of one link length, three
link twists, two link offsets and three joint angl€onclusion: This study introduced the kinematic of
exoskeleton suit for human arm. The exoskeletohcan be used to be instrument for anyone who
needs to improve human’s performance. It will isge the strength of human that can lift heavy load
or help handicapped patients, who cannot use &neir
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INTRODUCTION and highly specialized control methods, using highe
and lower neural centers that enable them to parfor

Exoskeleton systems for human operators offer 47y complicated tasks such as locomotion while
wide range of possible applications. For patiehmyt aviding object collision. The mechanical powertieé
can offer assistance during their rehabilitationgess ~Machine integrated with the inherent human control
by guiding motions on correct trajectories to hap ~ SysStém could perform tasks that need high forces in
learning motion patterns, or give force supportbeo  Very efficient manner. This is the underlying pipie
able to perform certain motions. In factory N the design of exo_sk.eleton systems. There areyman
environments, they could remove load from workers t 'éséarches about this instrument. One of thesersgst
avoid wearing down their bodies through strenuoudS HAL Project, which provides torques for the user
physical work. In the military arena, soldiers e fiield ~ hiP and knee joints according to the user's innby
will benefit if they have greater load carrying rilapp ~ USing EMG signal as the primary command signal. The
with less strain and ability to walk further distes AL project can help disabled or elder people srhiyot
than present conditions allow. An exoskeleton is arP€rform everyday activities such as walking, clingpi
external structural mechanism whose joints cornegpo UP and down stairs. Moreover, it can aid a normal
to those of the human body. It is worn by the humarP€OPI€ to carry heavy load.
and the physical contact between the operator bad t MATERIALSAND METHODS
exoskeleton allows direct transfer of mechanicatigro
and information signals (Nandhakumetr al., 2009). The human arm and its capability make the human
One of the human limits in performing physical &&k arm race class apart from other animals. The desfign
the muscle’s strength. In addition, muscle stremgity ~ human arm structure is a unique marvel and is atill
be decreased substantially as a result of verity ofhallenge to replicate. The human arm’'s basic
neuromuscular diseases, muscular atrophy angerformance specifications are defined from theo zer
dystrophy in disabled people. Integrating humand anreference position, which is the stretched arm fzand
robotic machines into one system offers multiplestraight out and horizontal with the palm in downsva
opportunities for creating new assistive technaegi direction (Bernset al., 1998). From the human arm
that can be used in biomedical, industrial andsgaoce  mechanism as shown in Fig. 1, particularly the huma

applications. As opposed to strength limitationlams  arm’s joints are the one of the most complex pért o
possess naturally developed algorithms with complexiuman body.
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Fig. 1: Link kinematic of exoskeleton suit for huma
arm

Table 1: The kinematic of links and joints typiaabots are serial
link manipulators comprising

Type Parameter Description
Link length a Offset distance between the and zaxes
along the xaxis
Link twist Angle from the z; axis to the zaxis about
the x axis
Link offset d Distance from the origin of frame i-1 to
the x axis along the z axis
Joint angle 6 Angle between thex and x axes about .
the z., axis

Link kinematic of exoskeleton suit for human arm: @ ®)
The study of motion without regard to the forcesolh Fig. 3: Link kinematic of right arm in position 2
cause it. Within kinematics one studies the pasitio T

velocity and ~acceleration and all higher order |, £ 53 jt shows exoskeleton suit for right arm
derivatives of the position variables (Asfour andwith joint angled,, and with link twistay, in Fig. 2b.

Dillmann, 2003; Sewet al., 2007). ; ;
1 - . . The angled,is attached with human body.
The kinematic of links and joints (McKerrow, In Fig.zo3a it shows the kinematic of position 2

1991) involves the study of the geometric and timeyp, ¢ 7 axis with joint anglé,, and link twistoy, in
based properties of the motion and in particulaw toe Fig. 3b

various links move with respect to one another\aitd In Fig. 4a it shows the kinematic of position 3
t_|me as Qetalled n Tablg_l. Typical rObOtS. aréaser about Z axis with joint anglé,; and link twista,s in
link manipulators comprising a set of bodies, ahlle Fig. 4b.

links, in a chain, conne_cted by joints: Each j¢iat one In Fig. 5a it shows the kinematic of position 4
de_gree of _freedom, either tr_anslanonal or rotation about Z axis with joint anglé,; and link twista,, in
Joints and links may be described by parameteosbel Fig. 5b

In Fig. 6a it shows the kinematic of position 5
RESULTS about Z axis with joint anglé,s and link twistays in
Fig. 6b.
The kinematic exoskeleton suit for human arm is  In Fig. 7a it shows the kinematic of position 6
simulated by MATLAB software (Mittal and Nagrath, about Z axis with joint anglé,s and link twistoe in
2003). Fig. 7b.
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Fig. 6: Link kinematic of left arm in position 5
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Fig. 7: Link kinematic of left arm in position 6
DISCUSSION

For this study, we study the kinematic of
exoskeleton suit for increasing the performance of
human arm. The simulation idea details for futucelg
to construct the real exoskeleton suit. The stnectf
exoskeleton should be made from high quality makeri
that gives high strength and low weight such as
aluminum alloys. The exoskeleton should be designed
to have more DOF. It will increase the complexibda
flexible motion like human arm. The algorithm shabul
be designed to control both speed and position of
exoskeleton suit. In the addition, the motion of
exoskeleton should be moved smoothly.

CONCLUSION

This study introduces the kinematic of exoskeleton
suit for human arm.

The exoskeleton suit can be used to be instrument
for anyone who needs to improve human’s
performance. It will increase the strength of hurtfzat
can lift heavy load or help handicapped patientsp w
cannot use their arm. So, users will feel comfdetab
when wearing this instrument. Moreover, it can be
applied in industry application to move or lift thead
in the area, in where the vehicles or crane caoset
The simulation for controlling the exoskeleton stait
follow the motion of human arm is programmed by
MATLAB software.
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