Available online
European Journal of Advances in Engineering and Tdmology, 2015, 2(2): 19-23

gemie T
a4

Research Article ISSN: 2394 - 658X
ot

Requirement of Wearable Robots in Current Scenario

Dheeraj Nimawat and Pawan Raj Singh Jailiya

Department of Mechanical Engineering, Universityl€ge of Engineering, RTU, Kota, Rajasthan, India
dheerajnimawat@gmail.com

ABSTRACT

Wearable robotics is gradually becoming an emergnegearch field and a few applications of wearable
rehabilitation robots have been proposed in therditure to reinstate activities of daily life (ADIL) people
suffering from motor disorders. This paper discgsbe classification of wearable robots, technadsginvolved in
wearable robots, human robot physical interactidmere is brief description of technologies invohiedthe
wearable robotics such as kinematic compatibilggween human limbs and wearable robots, applicatiolead to
humans and control of human-robot interaction. Veégxde robot technologies include sensor technolggietiator
technologies and portable energy storage technekgiew wearable robots instances have been disdusith
regard to their mechanism, software, system archite, and user interface and safety issues.
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INTRODUCTION

The first company that produce industrial robot whsmation founded by Joseph F.Engelberger in 1881 the
basic inventions of George devol. He has beenddle father of robotics. Robots are categorizedhieyr time
frame. In 1970’s first generation robot was introeld, which was stationary, nonprogrammable, elewtahanical
device without sensor. In 1980's second generatmots were introduced and it can contain sensos a
programmable controllers. After 1990 the third gatien robots were introduced. They are more adsd@nc
Wearable robots are designed to be worn by pedasigns of wearable robots are as per body shapéuantion
of human body. Wearable robots are able to assibfting of heavy objects which are normally ndile to lift,
jumping, running, walking etc. These can be usedrfedical concern, old age people and military eon@lso.
Wearable robots are person-oriented robots. Thaybeadefined as those worn by human operators,heh¢b
supplement the function of a limb or to replacedinpletely. Wearable robots may operate alongsighealm limbs,
as in the case of orthotic robots or exoskeletonthey may substitute for missing limbs, for imste following an
amputation. Wear ability does not necessarily intpigt the robot is ambulatory, portable or autonasndVhere
wearable robots are no ambulatory, this is in nie&gances a consequence of the lack of enablintdagies, in
particular actuators and energy sources.

* Empowering Robotic Exoskeletorf$iese were also known as extenders. The reasamdbiefs that they extend
the strength of the human hand beyond its expetiditly even as maintaining human control of thkab With
the help of anatomy, a singular and specific aspéaixtenders is the extension of the ability of thuman
operator’s upper limb is more to do with reach tpamer, master —slave robot configurations occanegally
in teleportation scenarios.

» Orthotic robots: An orthosis is a mechanical structure that mapgoothe anatomy of the human limb. Its
function is to reinstate weak or lost functions imman body, e.g. following a disease or a neuro#gi
condition, to their natural levels. The robotic nterparts of orthosis are robotic exoskeletons. flinetion of
the eOxoskeleton is to complement the ability efltluman limb and restore the handicapped function.

» Prosthetic robotsProsthesis is an electromechanical device thagtisutes for lost limbs after amputation. The
robotic counterparts of prostheses take the fornelettromechanical wearable robotic limbs and mike
possible to replace the lost limb function in a what is closer to the natural human function. Tidiachieved
by intelligent use of robotics technologies in teraf human —robot interaction (comprising sensimd @ontrol)
and actuation.

A wearable robot can be seen as a technology #ehds, complements, substitutes or enhances Hiunation

and capability or empowers or replaces (a parthghuman limb where it is worn [1-4].
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HUMAN-ROBOT PHYSICAL INTERACTION

Wearable robot is the intrinsic interaction betw&aman and robot. This interaction, in its simplesinifestation,
implies a physical coupling between the robot ane human, leading to the application of controlfecces
between both actors. The actions of the two ag®enist be coordinated and adapted reciprocally simexpected
behaviors of one of them during interaction camltaa severe injuries. A classic example of phgkiateraction is
exoskeleton-based functional compensation of hugaér{5].

Physiological Factors

Proprioceptors generate a sense of position, & sdmaovement and a sense of force. That sengitviéssential to
orientate movements and to be aware of the posiibthe limbs when exploring objects. In human-itobo
interaction, hepatics refer to the use of robotiterfaces and devices for force feedback in humampater
interfaces. Proprioceptive and touch senses haveportant role in the context of hepatic applioatiThe sensors
directly implicated in touch perception are mechaneptors, which are stimulated by mechanical frce
Mechanoreceptors can detect pressure, touch, idbradtrain and tactile sensation and are mosttatied in the
human skin [6].

Aspects of Wearable Robot Design

» Safety: It is paramount for PHRI to guarantee safe opamatThe WR should avoid unnatural or arbitrary
movements, for instance excessive excursions thdtl hiyperextend or hyper flex human joints.

» Actuator performanceWWRs (Wearable Robots) serve a large number ofcgijgins. The particularities of each
application define the constraints in the desigthefactuator system. For instance, rendering hisetsations
imposes strict requirements on the actuator design.

« Ergonomics and comforOne of the challenges in the design of wearabi®ts is the ability to adapt to the
specific needs and ergonomic particularities of Ansn The WR and the human’s biological joints niuest
exactly aligned for proper operation. Misalignmehjoints could generate interaction forces and meoduce
pressure sores on the skin of the wearer [7].

» Application of loads to human®HRI (Physical Human Robot Interaction) causestitiiesmission of loads to
the human musculoskeletal system through softdisstihis raises the question of the intensity,nttoele and
the areas on the human body where it is possilkd@ply loads. It is a topic that requires spedigraion since it
defines how the wearable robot is to be couplatieduman limb [8].

» Control strategies PHRI in wearable robots involves the cooperatidntwo dynamic control systems, i.e.
human motor control and robot control, in a cloksap system. Both systems should be able to adapath
other in order to achieve a common goal stably.

» Ease of useFinal solutions should be easy to don, adjust,amseremove. This imposes constraints with regard
to the size and weight of the WR.

APPLICATION OF LOAD TO HUMANS

The function of most wearable robots relies on application of loads to the human musculoskeleyatesn
through soft tissues. Inadequate application afdsrcan cause problems such as fatigue to the aisemporary
loss of strength and energy resulting from hardspdaf or mental work. It has been demonstratedahaintinuous
application of mechanical loads to human limbs iaetes from a loss of endurance, and this mustkent into
account [9]. The application of loads to humarnsastwo main concerns:

I. Human Tolerance of Pressure

Excessive pressure is one of the main concerntedeta the application of loads to the body. Thpliaption of
loads by the robot to the skeleton produces coptasisures that can compromise safety and confidittis regard,
two aspects relating to the pressure applied haee defined: pressure distribution and pressurenituae.

The relationship between applied pressure and avrisfcomplex. Comfort is defined as a state ohbaielaxed
and feeling no pain, but in fact there is no ohyectway to quantify comfort. Pressure deforms #ssand this
deformation is sensed by skin receptors. This dynaesponse means that pressure perception is depeaon the
dynamics of the process whereby the pressure iiedpfl0-12]. The literature describes three paransefor
measuring human tolerance of pressure:

* Pressure pain threshold (PPTRPT is defined as the limit of pressure above whiperson feels pain. Perceived
pain caused by a high local external pressureténaf limiting factor during work and activities adily living, and
for that reason PPT is a fundamental factor.

» Maximum pressure tolerance (MPTWPT is defined as the ratio between forces appdied probe area. Since
maximum pressure tolerance depends on the conteat at high force levels a larger area may causatey
discomfort than a smaller area when stimulated thighsame magnitude of pressure [13].

* Pressure discomfort threshold (PDBDT is the limit of pressure above which uncon#blé sensations are felt.
Various different methodologies can be used to gabis parameter. Generally, external pressurgpsied on the
body part and the threshold when the pressure semshecomes uncomfortable is recorded. This kifid o
measurement is useful for calculating the bestiplespressure distribution.
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Il. The Mechanical Characterization of Soft Tissues

Contact stiffness is a key factor in the transmissf loads from the wearable robots to the bodhwhan. Soft
tissues present between the human body and weardddde mediates this transmission. Consequentiffppaance
of wearable robots depends on the important ralg py soft tissues. The soft tissues most commoahcerned
with the transmission of forces in wearable rohmlizations are as muscles, skin, ligaments, fatyes, tendons
and blood vessels. These are non homogeneousneankiscoelastic, anisotropic, quasi-incompresstidsues
when cause to experience major deformation. Intémen of mechanical, soft tissues may be described a
combination of viscoelastic and nonlinear elasiéerents [14].

WEARABLE ROBOT TECHNOLOGIES

The interface between human and robot can exchaiggals in order to drive an action, provide feaxdtbor
human motor control and monitor the status of thel KHuman Robot Interface) and its surroundings.ewh
defining reliable sensors for a wearable applicatib may be useful to analyze a wide range of aiatdi
measurement devices. Measurement requirements Byst@m may consider or combine accurate tracking o
movement or force, quantification of the reviewaotuator technologies focuses on principles, praktvailability
and limitations analyses and compares the mosaldaitportable energy storage technologies to endle
technologies to maintain the status of the HRI [15]

The measurement of angular position or a lineapladi®ment of a given joint or segment is a funddaien
requirement. The sensing technology that is saleftte a wearable robot depends heavily on the fipsaif the
target application. Various techniques can be claned to build sensors for joint and segment postin wearable
robots. This section discusses a wide range ofosaeshnologies suitable for wearable applicatiansluding
encoders, magnetic sensors, potentiometers, lis@ble differential transformers (LVDTSs), elecgjoniometers
and MEMS inertial sensing devices.

Encoders:Linear or rotary encoders are electromechani@aisttucers that measure absolute or relative motion.
Linear motion is converted into rotary motion vi@othed belts, pinion gearings or cable control. delecs are
classified as incremental or absolute. A relatimeogler (also called an incremental encoder) tylyicates an
optical switch to generate an electrical pulse whaaial lines in a disc pass through its field afw External
electronic circuits are required to count the psilsend determine the relative angle. This transdweemot
determine the direction of rotation without placiadditional sensors. It is more suitable for aglans where
reliability and resolution are not critical [16].

Potentiometers and LVDT<omposed of a variable resistive material, pobenditers are the simplest position
transducers. An electrical contact causes variatibthe measured voltage potential. Rotary potemti@rs are
suitable for direct measurement of a joint angléhvaein analogue output. Potential dividers can leal dsr signal
conditioning. The advantage of the potential divide opposed to a variable resistor series withurce is that
dividers are capable to vary the output voltagenfroaximum voltage to ground within the mechaniealge of the
potentiometer. Problems of signal quantization aliding noise are the main drawbacks in precisiotary
potentiometers [17]. One example of integratiola wearable device is the force controllable anéta brthosis to
assist drop-foot. Position sensing within an extetkea is the linear variable differential transfen{LVDT), which

is a relatively simple electrical transducer witlyghhresolution and reliability however, it is lessst-effective at
stroke lengths greater than approximately 7 cmudtidn of current through a secondary coil causgaturrent
driven through a primary coil generates a diffeantoltage .A conditioning circuit (voltage regtda and sine
wave generator) is required to drive the primary. ¢&/DTs can be configured as rotary devices angl tgpically
available for full-scale travel of up to 120f rotation. Several conditioning solutions arenceercial. The main
drawback of an LVDT is the nonlinearity of the auttpsignal versus the input measured. Examples ddTV
applications include measurement of probe deflactior teleported Nano manipulation and spring langt
measurement for force estimation in a gait rehaliitin robot. Table summarizes the main compardéatures of
the sensor systems described for measuremenmnbfjosition [18].

Table 1 - Comparison of Joint Position Transducers

ransducer
Potentiometer LVDT Hall effect transduce Encoder
Features

Linearity (%) 0.2-2 0.1-0.25 1-2 0.01

Resolution gm) 5 0.25 0.1 0.25

Cost Low Medium Low High

Life Low Medium High High
Robustness Medium\low Medium Medium High

21



Nimawat and Jailiya Euro. J. Adv. Engg. Tech., 2015, 2(2):19-23

WEARABLE UPPER LIMB ROBOTS

The main function of the arm is to position the dhdor functional activities. The hand must be adeeach any
point in space, especially any point on the humadybin such a way that the person can maniputay on and
move objects towards or away from the body. Theeugpm, forearm and hand segments have a high eledre
mobility; for a detailed analysis of upper limb &matics. The upper limb is one of the most anataltyiand
physiologically complex parts of the body. The uplrab is very important because it is able to exeaognition-
driven, expression-driven and manipulation actgiti

Wearable orthosis for tremor assessment and supjpregWOTAS)Tremor is a type of movement disorder that
has a considerable impact on the quality of pebfdelt can affect the jaw, face, head, voice pper and lower
extremities. Tremor affecting the upper limbs ispafrticular interest, since it can be very disaplas regards
leading an independent life. It is just a symptoseagiated with some abnormal cerebral lesions orohagical
conditions and degenerative diseases, includingifsm’s disease, orthostatic tremor, essentiahdre ethylic
intoxication, cerebellar diseases, and others. A& a&s medication, rehabilitation programmers andgisal
interventions, it has been shown that the appticatif biomechanical loading to tremor movement sappress the
effects of tremor on the human body. Starting fibims principle, the wearable orthoses for trem@easment and
suppression (WOTAS) device was presented, withénfitimework of the DRIFTS project, as a promisialyison
for subjects who cannot use medication to supghesgremor. The mechanical design of the elbow\arist joints
is similar to other orthotic solutions and is bas@dn hinges, as they model the anatomical elbawaist joints
reasonably well. The axis of rotation for the elbjmmt is situated on the line between the two epityles. The
axis of rotation for the wrist joint is situated tre line between the capitates and lunette boh#®eacorpus. The
mechanical design for the pronation—supination mwam is more complex.

There are no passive orthoses capable of achidgrémgor suppression, because tremor is intrinsicdylgamic.
Passive orthoses used as tremor suppression megtsat@nd to lose their alignment instead of sugprgdremor.
To find out the points of the upper limb where fply dynamic forces, i.e. the points where the aumpports
should be placed for the physical interface betwienactuators and the arm, a number of biomecabaitd
physiological factors have to be considered [195dnsor 2. Actuators and 3. Control Architecture

WEARABLE LOWER LIMB ROBOT

Lower limb and full-body exoskeletons are wearatg®ices that can be categorized according to heiticular
application as assistive strategy: for human paugmentation or for human impaired movement [20].

Lower limb exoskeletons for functional compensatibpathological gait:

Assistive systems to restore gait have been prapasen alternative to functional electrical stiatian (FES) for
muscle activation and can be broadly classifieda@smproved mechanisms such as orthotic hingés bvaking or
clutching functionalities (b) exoskeleton robots feaining limbs in stroke and incomplete paraptsgand (c)
control systems acting on a single joint to coreespecific dysfunction This case study presergsbtbmechanical
aspects considered in the design of the exoskel#tersensor, actuator and control systems, andethéts of its
application in clinical cases. It introduces theBHFSRO exoskeleton, an extension of GAIT consistifig bilateral
leg exoskeleton device aimed at improving currépt-knee—ankle—foot orthoses (HKAFOs) and incorpogathe
limit-cycle walking strategy [20].

Pathological gait and biomechanical aspects:

Absence of the necessary muscle activity on bodysats can lead to bodily collapse. To overcome pihdbblem,
the robotic orthosis must compensate for the ngsgiwment of force around the joint with the aimstdbilizing
and compensating for the lack of muscle strengtie. @xoskeleton with the actuators should applyetternal joint
moment to the body segments in an appropriate kese the most suitable external force systemshi@two joints
are considered [20].

CONCLUSIONS

As per the above literature, emphasis is laid as tlual interaction and biomechatronic approachwéarable
robotics. Since bio inspiration is a fundamentat pdbio mechatronics, particular human biologiaatl functional
structures, may influence the design of wearableot®o Human mechanics is then introduced as a soofrc
information for designing wearable robots. Incregsminiaturization, chiefly in component design, tekat more
compact sensor, actuator and energy storage texgieslcan be adopted. Miniaturization will pave thay for
lower energy consumption by these technologiess Thipossible to establish wireless communicatietwarks
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from which wearable robotics can acquire advant&igsical human robot interaction and cognitivesriattion
should naturally detect user intention as an inputontrol the robot. Where the borderline betwesttificial and
biological components eventually disappears andbibgical and artificial components are closetyerfaced.
Wearable devices modify dry heat exchange by cdimrecconduction and radiation and the transfedaip by
evaporation. Such modifications can increase swgdtirough heat accumulation in the body parts @/dy a
wearable device; sweat can accumulate betweendthe &nd the wearable device and may cause discbanfidr
maceration of the epidermis.
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