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ABSTRACT

A prosthetic limb is an artificial device extension that replaces a missing body part. A
prosthetic arm is a fake arm for those who amputated their arm. In addition to the standard
artificial limb for every-day use, many amputees have special limbs and devices to aid in the

participation of sports and recreational activities.

Prosthetic arm is a boon for those persons who have lost their arm due to some accident. The
main requirement is that its function should be as near to the natural arm as possible. There are
various designs of artificial arm that are available in the market, categorised as electrical,
mechanical and Myo-electric arm. Mechanical prostheses use some motion of the body to
provide the force necessary to control the prosthetic component. Electrical arms operate the
hand by a motor which is driven by micro switches and relays. Myo-Electric arm is stimulated

by muscle signal available from the amputee.

EMG signal detected by sensors or electrodes. The amplitude of the surface EMG signal
(SEMG) varies from the puV to the few mV range. The rms value for the upper movement of
the arm is more than the rms value for the down movement of arm. Similarly, rms value for the
clockwise movement of the arm is more than the rms value for the anticlockwise movement of
arm. Based on this a microcontroller was programmed to perform up/down and clockwise /
anticlockwise movements in steps depending on the dc voltage level. The levels of the dc

voltage corresponding to the EMG signal were taken.
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1. INTRODUCTION

1.1 Prosthetic Arm

A prosthetic limb is an artificial device or a rapément of missing body part. A prosthetic arm
is a fake arm for those who amputated their armlide@Armorers used prostheses mainly in
battle to hold sword and shield. The Alt-Ruppin ¢haves a typical hand that used springs and
push button to hold and release fingers. Moderrsthatic principles evolved after 1l world
war. In 1949 first myoelectric switch was developdehrlier body powered prosthesis
components have not much changed because mosé oéskarch has focused on externally

powered prosthesis and high cost of manufacturimgstment [1].

The number of the handicapped has been increasmgodmany reasons like traffic accidents,
accidents in workshops and diseases. Hand partearémportant parts and have complicated
functions. Loss of these parts makes humans angiedsauses many functional troubles. The
prostheses with the same performances as natupar igxtremity shall make the physical
handicapped have the same daily life as they hadoefore they lost their extremities. Thus it
Is hoped to make the prostheses serving for thetrdne. Recent advancements in technology
of mechatronics have helped us develop the meahanisthe externally powered upper
extremity prostheses close to hat of natural extgemt present, the prostheses with multi
degree-of-freedom and multi-function have beenistidThere are many actuators which are

electric-motor, gas pressure cylinder, hydraulioncker, and so on [2].

In the United States 41,000 persons are registehedhad hand amputation or a complete arm.
There would be 1,000,008uch persons worldwide with the same frequencyaoauence.
Main factors for a loss of an upper extremity aceidents followed by general diseases and
injuries from war. The loss of an upper limb resuft a drastic restriction of function for an
individual. Therefore, in the last 3 decades ameasing number of handicapped persons have
been provided with prosthetic hands that have lape of a human hand.

However, surveys on using such artificial handsaéed that 30 to 50%f the handicapped
persons do not use their prosthetic hand reguldrthe main factors for the rejection of

conventional prosthetic hands were:



« Heavy weight: although commercial prosthetic hahdse about the same mass as
human hands they appear to be unpleasantly heaaube the mass is transmitted by a

lever arm to the short stump of the amputated arm.

* Low functionality: The gripping abilities are rasted with the conventional prosthetic
hand as it can only perform a single pincer-likgp gnovement. For example it is
impossible to pick up a pinball with the prosthetiand. The fingers have only one
degree of freedom and can not adapt to the shapa object. The consequence is an

increased force that is necessary to hold an objabte.

* Robot-like movement: Movement appears unnaturaduse of limited DOF

To overcome these disadvantages a lot of efforte baen done worldwide [3].

1.2 Prosthesis in the World

The different prostheses developed by the maintipetis societies: UTAH, OTTA BOCK and
PROTEOR concentrate 90% of the market. These assitied in three categories namely;
aesthetics prostheses, mechanical prostheses avelauttyic prostheses.

1.2.1 Aesthetics Prostheses

This type of prosthesis is generally used by p#tiend their aim is only aesthetics. The
prosthetic part is created from a standard mouttirasemblance to the healthy member. This
kind of prosthesis does not carry out any movememinly serves to restore the patient body

appearance. This kind of prosthesis is for instamaeufactured by the OTTO BOCK society.

1.2.2 Mechanical Prostheses

Currently three kinds of mechanical elbow produats offered to the patients. This kind of
prostheses tries to approach the functionalityheflost member. It can be manual (use with the
assistance of the healthy member) or with cable. firkt kind is the elbow with toothed rack.

The pushbuttons are actuated by the valid hang @ dable. Many drawbacks are attached to



this mechanical elbow such as noise of the tootheki, the limited number of positions of the
front arm and the bad aesthetic of the pushbutton.

The second kind of elbow is the elbow with frictiofhis moves on the friction of a spiral
spring on the axis of the elbow. A cable orderedHh®yother shoulder actuates blocking: one
traction locks it, another unbolts it. It maintaitiee position less firmly but more functional
than the previous. In addition, it needs a doubteiofrom the amputee, which is not always
easy to carry out.

The third kind is an automatic elbow from OTTO BOCHKe front part is manufactured out of
plastic and is not very solid. Its distal part (neathe wrist) is cylindrical and is simply cut to

the length of the healthy member.
1.2.3 Myoelectic Prostheses

Myoelectic signals (Electromyogram or EMG) are #leal signals that are registered from the
muscles activities. A great number of applicaticare possible with these signals. The
functional motor activities can be measured by iptache surface electrodes directly on the
skin. The EMG signals are complex with noise arey thare easily influenced by many factors.
Then, from the interpretation to the use, the EMé&eds several specific treatments. The
consequences of the Viet Nam war were at the orgithe development of the UTAH

products. This society was the first to proposeBEMG technology to control the prosthesis.
The OTTO BOCK society also proposes prosthesisanfifcoupled with a myoelectric elbow.

Unfortunately, the whole system proposed by th@edp is too expensive for patient. The hand

is a tree legs grip with an aesthetic glove [4].

1.3 Types of Prosthetic Arms

Prosthetic arms may be categorized as:

* Mechanical Arm
» Electrical Arm

e Hybrid Arm

* Myo-Electric Arm



1.3.1 Mechanical Arm

Mechanical prostheses are functional prosthesa¢sifgasome motion of the body to exert the
force required to control the prosthetic compon@&dwden cable is used in the prosthetics
field. It consists of an inner core cable thatreefto move within a sleeve cable which is fixed
in place at either end. These devices require @elsar to be worn about the shoulders, to which
one or more Bowden cables are attached. The cdomahtbelow-elbow, body-powered
prosthesis has a single control cable that rurm tite harness to a terminal device. Terminal-
device opening and closing is then controlled byusther shrug and/or flexion of the residual
upper arm. An above-elbow amputee has additionakalcable. That cable is used to switch
control of the harness from terminal device openmeglbow flexion by unlocking the elbow.
Body-powered prostheses are the most common kipdosthesis used all over the world, due
to the intimate connection of the control cablejolhihs provided between input and output. It
helps the user of a body-powered limb to feel dlos®mnnected to the operation of the
prosthesis. These prostheses are also lightwalghéple and of relatively low cost. However,
body-powered prostheses have a number of shortgsmiifhe major issues are the
uncomfortable harness mechanism, the somewhatnipgaintrol motions, particularly in the

case of above-elbow prostheses, restricted rang®tidén and limited load-lifting capacity.

1.3.2 Electrical Arm

These are externally powered devices. They rectiieg power from an external electric
source to the body. These are relatively new (IBStto 20 years) addition to the

armamentarium of prosthetic devices.

a) Touch Switches: A pair of touch switches remains in contact withtagionistic wrist
muscles flexors and extensors. The wrist flexorsvaie the ‘CLOSE’ switch while

extensors operate the ‘OPEN’ touch switch.

b) Control Circuit: Each micro switch is connected to a Flip-flop whishconfigured to
operate in set-reset mode. It is ‘SET’ by the mmnatch and ‘RESET’ by the limit switches

provided at the extremities of hand positions.



c) Control Relay: A relay working at 6V or 9V operates the motor. Wlhiee flip-flop has one
polarity, DC voltage is applied by the relay to thmtor and the motor rotates in one
direction. When flip-flop output changes its pahardue to operation of second touch
switch, the relay also changes the polarity of Ddltage being applied to the motor.

Consequently, motor rotates in opposite directiornhis way, the hand closes and opens.

1.3.3 Hybrid Arm

When body-powered and externally powered system$rdeed together they are called hybrid

systems. Hybrid systems are used most frequently pgrsons who have amputations above
the elbow or who have bilateral arm amputationghSaystems can provide the user with high
gripping and/or high lifting capacities of powersgstems and fine control of body power.

Providing the amputee with a body-powered limb ae side and an electric-powered limb on
the other side, they enable the wearer to userttiethat is most appropriate for a specific task.
This method also enables the limbs to be operateepiendently of each other i.e. the body
motions required to operate the body-powered sa@at influence the state of the powered

side of limb and vice versa, as they are decoupled.

1.3.4 Myo-electric Arm

The electrically powered prosthesis under the cbrdf myoelectric signals from residual
muscles did not become commercially available daté 1960s and did not gain widespread
clinical acceptance until the early 1980s. Myoeleatly controlled upper limb prosthesis
offers the highest level of rehabilitation avaikalbbday. Myoelectric signals are produced by a

muscle when it contracts.

 Raw EMG signal acquired by the needle electrodes$tise order of 0.5 mV.

* The surface electrodes signals lies in the rangden$ of microvolt. Three surface
electrodes are generally used in this type of asme acting as reference electrode,
another as active electrode and the third as graeladtrode. The difference signal
between reference and active electrode is procésgeduce noise in the system.

* A normally innervated muscle shows no electricdivag at rest. These signals provide
important information on the physiological statustlee skeletal muscle and its nerve
supply. The intensity of EMG signal increases a&sntluscle tension increases.
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* The frequency range of EMG signal which shows ckawigh opening and closing of hand
is 15 to 500 Hz.

* There are two sets of muscles in forearm whichagevated whenever an object is grasped
or left by our fingers. These muscle groups ardedalflexors and extensors. In
myoelectric prosthesis, it is achieved by making tise of these two muscles to open or
close the terminal device. The electrodes accomtadda the prosthetic socket pick up
the signals from these muscles which after condlitigp are used to control the prosthesis.
This type of system results in high grip force gnigh speed

Prosthetic arm is one of the main requirementshfose persons who have lost their arm due to
some mishap. The main requirement of prosthetic iarmo provide the functionality of the
natural hand.



2. LITERATURE REVIEW

In the domain of handicapped people, the amputeesree of the most important groups in the
world. The aim of developing prostheses is maiolynmiprove their conditions of life and to
help them recover independence and dignity. Remlaean amputated limb is a complex
problem, as it is necessary to replace the ossstousture, to collocate a locomotive system
and to give to the prosthesis a command system.rdddechallenge for the engineering is to
make the system occupy the same space that thecaupied originally, to make it weight less
than it weighted before, to make it produce a sinfibrce to that produced by a sound am and

in addition to control the whole system by a siriigdi control scheme[5].

Daniel Graupe et. al., [6] employs parallel filtering to discriminate betwetie various limb

functions of interest to achieve fast discriminatiand control as required for practical
applications, since this allows the identificatidgelf to be performed off line. Intel 8080
microprocessors at double precision (incorporatiagdware multipliers), have yielded an 85
percent success rate in discrimination between foufive limb functions using a single

electrode.

George N. Saridiset. al., [7] deals with the statistical analysis and patteassification of

electromyographic signals from the biceps and pscef a below-the-humerus amputated or
paralyzed person. Such signals collected from aulsid amputee are synergistically
generated to produce discrete lower arm movem&asults show very good separability of
classes of movements when a learning pattern fid®n scheme is used, and a
superposition principle seems to hold which maywg® a means of decomposition of any
composite motion to the six basic primitive motipagy., humeral rotation in and out, elbow
flexion and extension, and wrist pronation and sapon. Since no synergy was detected for
the hand movements, different inputs have to beiged for a grip. For amputees with shorter

stumps, synergistic signals could be obtained fitoenshoulder muscles.

H.T. Law et. al., [8] An electrically driven locking mechanism has beanlth which is

controlled by the electromyogram (EMG) of the suivg muscles in the upper arm. Hybrid
technology is suited for the construction of theoasated electronic circuitry. Many similar
applications are now being considered in attemptsnprove the performance of upper-limb

prostheses.



David T. Gibbonset. al., [9] , used the EMG signals from residual muscles tdarobabove-
elbow prosthesis has been tried, but presents rpaoljiems, not the least being that the
prosthesis is under open-loop control. They havweeldped a prototype of a self-contained
above-elbow prosthesis which has electric-poweredtvand elbow joints controlled by an
Intel 8751 microcomputer. A more satisfactory cohtechnique is extended physiological
proprioception where the inherent proprioceptivedfeack present within an intact joint is used
to provide closed-loop control. Their techniquéagontrol the positioning of this above elbow
prosthesis using the motion of the intact shoul@easp, which does not involve positioning in
space is separately controlled using EMG signamfbiceps and triceps muscles. A choice

from a range of linkages can enable the user toperdifferent tasks in different situations.

Yiorgos A. Bertostet. al., [10] presented anew extended physiological proprioceged.p.)
position controller based on a microprocessor.nreg.p. controller the user is continuously
coupled to the action dhe prosthesis by means of a mechanical linkagéisapplication,

the most distal intact physiological joint (or miggtendon cineplasty) is mechanically linked
to the prosthetic joint being controlled. The uapplies a force through a cable to move the
e.p.p. configured prosthesis. A sensor along withihterface-signal conditioning electronics
converts the applied force to a dc voltage thaipiglied to the microcontroller. A linearization
routine, based on a lookup table of force and geltdata ofthe particular FSR previously
collected and stored in the microcontroller, cotes¢he nonlinear response thie FSR to a
linear integer for the input voltage. A PWM sigmabenerated based on the voltage and output

by the microcontroller to drive the H-bridge andrdotor.

Marcello Mulas et. al., [11], presents the development, testing and experimentaf a device
for the hand rehabilitation. The system we desigsadtended for people who have patrtially
lost the ability to control correctly the hand muisture, for example after a stroke or a spinal
cord injure. Based on EMG signals the system caérstand” the subject volition to move
the hand and thanks to its actuators can helprlgers movement in order to perform the task.
The exoskeleton is designed to be adaptable amsl actuated by two servomotors. Two
potentiometers are used as position sensors, ier dodcontrol the real status of the hand
patient. It is necessary to program a test seriés several patients in order to prove the real
effectiveness of the hand rehabilitation systemhese developed



Kentaro Nagata et. al., [12] describe the classification method of hand movemeasing 96
channels matrix-type (16x6) of multi channel suefadectrode. System that has 96 channels
electrode is not need to select a particular adetiposition. Only attaching this electrode, one
can obtain correct EMG and this way means providintdy a simple and easy way. The
purpose of the study is the development of the Epaé@ern recognition method using multi
channel electrode. From measured 96 channels ENEG Wa choose one line (16channels) of
this electrode with the smallest noise. The EM@ailigs recognized by canonical discriminant
analysis. In order to recognize the EMG signal fits¢ three eigenvectors are chosen to form a
discriminant space. And Euclidean distance is applio classify the EMG. From the
experiment in this method, we can discriminate 1@&@ements of the hand including four

finger movements.

Shahjahan Shahidet. al., [13] applied the higher order statistics based systsanstruction
algorithm can be applied to the EMG signal to cbi@adze the motor unit action potential. The
electromyographic (EMG) signal provides informatiamout the performance of muscles and
nerves. At any instant, the shape of the muscleasignotor unit action potential (MUAP), is
constant unless there is movement of the positfathe electrode or biochemical changes in
the muscle due to changes in contraction level.ratee of neuron pulses, whose exact times of
occurrence are random in nature, is related totittne duration and force of a muscle
contraction. It is observed that the appearanc®0APs estimated from any EMG signal
clearly shows evidence of motor unit recruitment amosstalk, if any, due to activity in

neighbouring muscles. It is also found that thepshat MUAPSs remains the same on loading.

HaeOck Leeet. al., [14] discussed an externally powered upper extremitpthesis as a
system. The necessary components to design a Ipetisthetic arm are divided into four
subsystems: input, effecter, feedback. Current arebeis reviewed in terms of these
subsystems. Each subsystem performs its own tagkthky are related to each other and
together they function to make up a prosthetic ugpéremity, which provides the movement
to the amputee.

Guanglin Li et. al., [15] proposed a new approach to improve the contrgiro$thetic arm
rotation in amputees. Arm rotation is sensed bylamjing a small permanent magnet into the
distal end of the residual bone, which producesagmatic field. The position of the bone

rotation can be derived from magnetic field disitibn detected with magnetic sensors on the
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arm surface, and then conveyed to the prosthesisotier to manipulate the rotation of the
prosthesis. A sensitivity analysis of the magnee sind arm size was presented. The influence
of relative position of the magnet to the magnsénsors, orientation of the magnet relative to
the limb axis, and displacement of the magneticsenon the magnetic field was evaluated.
The simulation results suggest that the directimh @angle of rotation of residual humerus could
be obtained by decoding themagnetic field signdlswagnetic sensors built into a prosthetic
socket. This pilot study provides important guides for developing a practical interface
between the residual bone rotation and the prastfa@scontrol of prosthetic rotation.

Subrata Kumar Kundu et. al., [16] proposed a 5 DOF externally powered prosthetic farm
AE amputees to increase amputee’s mobility in digdyactivities. The proposed prosthesis is
designed to generate natural human like arm matibihe performing a daily life task. This
paper summarizes the design and controllabilitthefproposed prosthesis. Currently available
commercial prosthetic arm could not gain wide ataege in the amputee society due to their
low functionality with limited DOF motions. In orddo increase the mobility of the AE
amputee in their daily life activities, a five D@fanshumeral prosthesis using conventional DC
motor is presented in this paper. In order to mihlkee appearance closer to human arm, the
proposed prosthesis is supposed to be coveredawittttificial skin and the rectangular socket
is replaced with a half spherical structure likenooercial prosthesis. Moreover, light weight

polymer material is expected to be used in futanetiuce the weight of the prosthesis.

Shuxiao Wanget. al., [17] presents a robotic arm for stroke patents. Two SE(8urface
Electromyography) signals collected from bicipitaliscle and triceps muscle of arm, which
are used to control robotic arm. When patients wafliexile arm, the SEMG signal of bicipital
muscle is larger than that of triceps muscle. Gndther hand, when patient want to extend
arm, the SEMG signal of triceps muscle is largemtlthat of bicipital muscle. The robotic
arm’s rotation direction is decided by the differerof two SEMG signals. The torque and
speed of the robotic arm are controlled by the #og#s of SEMG signals. The system is
based DSP (Digital Signal Processor). H-bridgeseduto drive DC motor.

Hardeep S. Ryaitet. al., [18] presents review paper that gives the historicatlbgments in
three main sections. First part describes the EM@as properties. Second part deals with the
mathematical models developed till now for EMG siganalysis. In the third part different

design approaches have been reviewed for artifi@ald. First approach discussed here is on

10



the body-powered terminal devices which are coletdby the user’s pull on the control cable
to open the hand or hook and for the grip stren@ther being myoelectric controls type, an
externally-powered system which uses electricaluisgs, generated by contraction of the
amputees own remaining muscles to operate a mosmechanical hand, hook or elbow. This

paper presents a brief overview of above mentiossees with regard to artificial hands.

Hiroyuki Takeda et. al., [19] developed a novel prosthetic arm with a five-firggeprosthetic

hand using our original pneumatic actuators andeadsr tendon-driven wrist using a wire
drive and two small motors. Because the prosthetied’s driving source is comprised of small
pneumatic actuators, the prosthetic hand is sanvithmakes contact with people; it can also
operate flexibly. In addition, the arm has a tenrdamen wrist to expand its motion space and

to perform many operations.

Deepak Joshiet. al., [20] discussed the trends undergoing in all the vargteps involved in
EMG (Electromyogram) based prosthetic hand devetppmin order to overcome some
limitations of current prosthetic hands mainly teth to the proper functionality and
controllability, the prosthetic hand has been desilyfollowing a biomechatronic approach
based on biologically inspired design solutionse Timajority of electrically powered prosthetic
hands are based on a simple design that limitsomdt one degree of freedom. Designs of
multi-articulated prosthetic hands have had limgedcess due to their complexity and number
of mechanical components. Classical EMG (myoelecttontrollers have failed in the past,
since they were based on only determining existamcaon-existence of an EMG signal.
Recent work has approached this multifunctionaltrmdrproblem using a large number of

electrodes, though still considering only a limifgatt of the EMG spectrum.

Tanmay Pal et. al., [21] on-line characterization system has been develépe®C motors.
These sensitive applications require high precisiot high speed of response. The system has
been programmed on ARM microcontroller, it actudd€s motor and automatically collects
data while it is being accelerated and attainsadst speed ; the embedded routines process it
instantly and returns the current values of ineffii@tion coefficient, back-emf constant and
torque constant. A prototype system for DC motartcdd has been developed in laboratory, it

has been characterized and control experimentshieame performed.
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Hardeep S. Ryaitet. al., [22] SEMG signals can be detected by sensors placadttoekin
surface onto the muscle tissue. Here single eléetis used with SEMG signal as actuator.
Muscle activities from a single location (over gooof muscles near triceps brachii) on arm
during gripping and elbow movement were carried dbe electrode was placed on the upper
arm, one hand width under the armpit. Movementsevasralysed by deriving RMS values
from the acquired SEMG. The microprocessor coradofirosthetic arm is designed to perform

the operation of gripping.

S. Herle et. al., [23] present an algorithm based on an autoregressive) (Aodel
representation and a neural network, for EMG sigfeasification. The results have shown that
combining a low-order AR model with a feed forwarelral network, a rate of classification of
98% can be achieved, while keeping the computdtioost low. The solution proposed is
capable of controlling three joints (i.e. six mowants) of the upper limb prosthesis. The inputs
of the high-level controller are obtained from ttlassifier, while its outputs are applied as

input signals for the low-level controller.

Hideyuki Uehara et. al., [24] implemented a mobile robotic arm for people witgvese
disabilities. The system is composed of a robatn, anicrocontroller, and its controller. The
main body of the robotic arm can be contained briefcase to carry a laptop computer. The
robotic arm has seven servomotors that are coettobly the pulse width modulation.
Controllers for the robotic arm system, have beewetbped e.g., head-controlled interface,
eye-controlled interface, vision-based interface®l electromyogram (EMG)-based controller.
In this study a notebook PC, which was connectetie¢anicrocontroller through an RS-232C
cable, was used as the controller. Furthermoregrdra@ program written in the form of C
language was developed with gcc compiler. The pirogvas then written into a flash memory

of the microprocessor.

Hardeep S. Ryaitet. al., [25] carried out the study of SEMG signals at differieefiow elbow
muscles for four operations of the hand wrist/diip- opening (op)/closing (cl)/down (d)/up
(u). Myoelectric signals were extracted by usingirayle-channel SEMG amplifier consisting
of a differential amplifier, non inverting amplifieand interface module. Matlab softscope was
used to acquire the SEMG signal from the hardwafter acquiring the data from six selected
locations, interpretations were made for the edtonaof parameters of the SEMG using the

Matlab- filter algorithm and the fast Fourier tréorsn technique. An interpretation of
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wrist/grip operations using principal componentlgsia (PCA) was carried out. PCA was used
to identify the best SEMG signal capturing systarhad two-channel, three-channel, and four-
channel systems. Two acupressure points (on wiiste also selected for the analysis with
other points on the arm.

Vedran Vajnberger €t. al., [26] explains the whole process of making a systenrdorote
control of a robot arm with five degrees of freed¢BOF). For this purpose a hardware
structure was fully designed and implemented. Thardware structure is based on
microcontroller PIC16F877A and surrounding architee that controls movement of different
axis of the arm. The arm has no sensors, so thahiigformation from the camera was used as
feedback. Two communications were used to operdietrarm. The first one is realized by
serial RS-232 protocol between PC and Microcordrpland this communication is used to
operate the arm. The second communication useslIFQiPdtocol for remote control. The
TCP/IP protocol provides communication between eserand client computers and sends

information of position of robot arm.

Hardeep S. Ryait et. al.,, [27] Measurement of SEMG depends on a number of
factors/parameters like amplitude, time and fregyedomain properties. In the present
investigation, analysis was carried firstly; to dstuthe grip force vs. SEMG parameters at
acupressure points on arm, using single channeloapp. At all the selected acupressure
points a linear increment of SEMG was observed.ofdly; to discriminate four elbow
movements from different locations on arm using tlkannel approach with single parameter.
The parameter for the analysis chosen was theofamiean of square (RMS) value of SEMG.
Further; principal component analysis was usedetifythe elbow movement discrimination.
Extension and supination were the two operationshwvere observed to be easy to realize by
prosthetic devices. The selection of these locatisas done on the basis of acupressure points

and anatomy of elbow.

Luay Fraiwan et. al., [28] presents a start point for training patient omggrosthetic devices
using virtual reality prosthesis. The proposed aystonsists mainly of an electromyography
(EMG) system connected to the patient arm (biceistaceps muscles) and interfaced with a
PC using a data acquisition system. The PC usesiMiat enhance the EMG signals and detect
the presence of events in them. These events a&ek toscontrol a virtual hand with two
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movements; grasping and wrist rotation. The systas tested on a subject who performed the

grasping and wrist rotation for 90 trials. The @lesuccess rate was found to be 84%.
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3. MATERIAL AND METHOD

3.1 Introduction

SEMG is a non invasive method for the measuremeenmtuscle activity. The amplitude of the
surface EMG signal (SEMG) varies from the pV tofis@ mV depending on the muscle under
observation. In prosthetic hand small motor providestions of hand and control is being done
through proper sensing of movements of muscless &hicalled myo-electric controlled or
electrically powered Prosthesis. The signal camdmpuired by electrodes and passed through
amplifier section. The signal can be passed thrdilig section to remove noise. The rms to
dc converter is used to output the dc signal. Bwellof that dc signal represents the EMG
signal. It has been observed that the rms valuthtupper movement of the arm is more than
the rms value for the down movement of arm. Sirlyilems value for the clockwise movement
of the arm is more than the rms value for the &otlkwise movement of arm. Based on this a
microcontroller is programmed to perform up/down afockwise/anticlockwise movements in

steps depending on the level of dc voltage.

3.2 Component Description

The main components used in this dissertation aooontroller, motors, motor driver,

encoders and switches.

Microcontroller

Atmel ATmegal6 is a low-power CMOS microcontrolléris based on the AVR enhanced
RISC architecture. Atmegal6 is an 8-bit microcdigro The pin diagram of Atmegal6 is
shown in Figure 3.1. By executing powerful instros in a single clock cycle; the ATmegal6
achieves throughputs approaching 1 MIPS per MHawatlg the designer to optimize power
consumption versus processing speed. The Atmel Addis a powerful microcontroller that

provides a highly-flexible and cost-effective sauatto many embedded control applications.
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: NS
(XCKITO) PBO O] 1 40 O PAO (ADCO)
(T1) PB1 O 2 38 O PA1 (ADC1)
{INTZ/AIND) PB2 (] 3 38 [0 PA2 (ADC2)
(OCO/AINT) PB3 ] 4 a7 O PA3 (ADC3)
(S5 PB4 O & 38 [0 Pa4 (ADCA4)
(MOSI) PB5 O] & 35 O PAS (ADCS)
(MISO) PB6 O] 7 34 [ PAG (ADCS)
(SCK) PBT O] & 43 O pa7 (ADCT)
RESET ] 8 82 O AREE
vee o 10 31 O GND
GND O 11 30 O AVCC
XTAL2 O] 12 28 [ PC7 (TOSC2)
XTAL1 O 13 28 [0 PC6 (TOSC1)
(RXD) PDO (] 14 27 O PC5 (TDN
(TXD) PD1 O 15 26 O PC4 (TDO)
(INTO) PD2 O] 18 25 O PC3 (TMS)
(INT1) PD3 ] 17 24 O PC2 (TCK)
(OC1B) PD4 ] 18 23 [0 PC1 (SDA)
(OC1A) PD5 O 19 22 O PCO (SCL)
(ICP1) PD8 [ 20 21 O PD7 (OC2)

Figure 3.1: Pin diagram of Atmegal6

The main features of ATmegal6 are as:
e 40 pins,
« 16K bytes of In-System Programmable Flash Programaony,
e 512 bytes EEPROM,
+ 1K byte SRAM,
» 32 general purpose I/O lines,
* Two 8-bit Timer/Counters with Separate Prescalacs@mpare Modes,
* One 16-bit Timer/Counter with Separate Prescalem@are Mode, and Capture
Mode, Internal and External Interrupts,
» 8-channel 10-bit ADC,
* Four PWM Channels,
e Speed grades 0-16 MHz

e Operates between 4.5 - 5.5 volts.

Port Operation Registers

There are three registers that are related todheuws port operations that we can perform.

. DDRx — Data Direction Register
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. PORTx — Pin Output Register
. PINX — Pin Input Register

DDRXx Register
The DDRx Register: Data Direction Register. The Dt in the DDRx Register selects the
direction of this pin. If DDxn is written logic onein is configured as an output pin. If DDxn is

written logic zero, pin is configured as an inpust. p

PORTX Pins

If PORTxn is written logic one when the pin is dgafed as an input pin, the pull-up resistor
Is activated. To switch the pull-up resistor of@RTxn has to be written logic zero or the pin
has to be configured as an output pin. If PORTxmwigten logic one when the pin is

configured as an output pin, the port pin is drivégh (one). If PORTxn is written logic zero

when the pin is configured as an output pin, the pior is driven low (zero).

PINX Register

The PINXx register gets the reading from the inpus$ f the microcontroller.

ADC

ATmegal6 has a 10-bit successive approximation AD@.ADC is connected to an 8-channel
Analog Multiplexer that allows 8 single-ended vgkainputs from the pins of Port A. The
ADC converts an analog input voltage to a 10-bigitdl value through successive
approximation. The minimum value represents GND #red maximum value represents the
voltage on the AREF pin minus 1 LSB. Optionally, 8€ or an internal 2.56V reference
voltage may be connected to the AREF pin by writiagthe REFSn bits in the ADMUX
Register. The internal voltage reference may tleigsldcoupled by an external capacitor at the

AREF pin to improve noise immunity.
ADMUX: ADC Multiplexer Selection Register

ADMUX is 8 - bit register. The bitwise descriptiai ADMUX register is shown in
Figure 3.2
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Bit 7 6 5 4 3 2 1 0
REFS1 REFSOIADLAR IMUX4 | MUX3 IMUXZ MUX1 MUXOI

Figure 3.2: Bitwise description of ADMUX

Bit 7:6 — REFS1:0: Reference Selection Bits
These two bits select the voltage reference forABE. Voltage reference selection
based on the status of these two pins is showrabieT3.1. If these bits are changed

during a conversion, the change will not go in efiantil this conversion is complete.

Table 3.1: Voltage reference selection for ADC

REFS1 | REFSO | Voltage reference selection
0 0 AREF, internal Vref turned off
0 1 AVCC with external capacitor at AREF pin
1 0 Reserved
1 1 Internal 2.56V with external capacitor at ARER

Bit 5 — ADLAR: ADC Left Adjust Result

These two bits are used to adjust the result. Tioaejust the result write one to

ADLAR. Otherwise, the result is right adjusted.

Bits 4.0 — MUX4:0: Analog Channel Selection
The value of these bits selects which combinaticemalog inputs are connected to the
ADC. The table 3.2 shows the selection of analanaolkl based on the combination of
these 4 bits. These bits also select the gaimtdifferential channels. If these bits are

changed during a conversion, the change will notngeffect until this conversion is
complete
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Table 3.2: Analog channel selection table

MUX 4..0 | Single ended input
00000 ADCO
00001 ADC1
00010 ADC2
00011 ADC3
00100 ADC4
00101 ADC5
00110 ADC6
00111 ADCY

ADCSRA: ADC Control and Status Register A
ADCSRA is 8 - bit register. The bitwise descriptibtPADCSRA register is shown in
Figure 3.3

Bit 7 6 5 4 3 2 1 0

ADEN IADSC ADATE I ADIF IADIE IADPSZ ADPSlIADPSO

Figure 3.3: Bitwise description of ADCSRA

Bit 7 — ADEN: ADC Enable
ADC is enabled by putting one to ADEN bit

Bit 6 — ADSC: ADC Start Conversion
In Single Conversion mode, this bit is written withe to start each conversion. In Free

Running Mode, this bit is written with one to st first conversion.
Bit 5 — ADATE: ADC Auto Trigger Enable

Auto Triggering of the ADC can be enabled by waqtithis bit to one. The ADC will

start a conversion on a positive edge of the sadeitigger signal.
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Bit 4 — ADIF: ADC Interrupt Flag
This bit is set to one when an ADC conversion catgd and the Data Registers are

updated.

Bit 3 — ADIE: ADC Interrupt Enable
The ADC Conversion Complete Interrupt is activatéten this bit is written to one and
the I-bit in SREG is set.

Bits 2:0 — ADPS2:0: ADC Prescaler Select Bits

These bits determine the division factor between XiTAL frequency and the input
clock to the ADC as in Table 3.3

Table 3.3:ADC prescaler select bits

ADPS2 | ADPS1| ADPSQ Division factor

0 0 0 2

0 0 1 2

0 1 0 4

0 1 1 8

1 0 0 16

1 0 1 32

1 1 0 64

1 1 1 128

Timer

Timer/CounterQ is a general purpose, single cha@akeit Timer/Counter module.

TCCRO: Timer/Counter Control Register
TCCRAO is 8 — bit register. Figure 3.4 shows a eadescription of TCCRO register.
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Bit 7 6 5 4 3 2 1 0

FOCOIWGMOO COMO01 COMOOIWGMOlI csozl CSOlI CS0d

Figure 3.4: Bitwise description of TCCRO

FOCO: Force Output Compare
The FOCO bit is only active when the WGMOO bit sfies a non-PWM mode

Bit 6, 3 — WGMO01:0: Waveform Generation Mode
These bits control the counting sequence of thateouthe source for the maximum
(TOP) counter value, and what type of Waveform Gatien to be used. The operation
mode selection is according the status of thesebitgaas in Table 3.4

Table 3.4: Operation mode selection

Mode | WGMO1 | WGMOO | Timer/Counter Mode of operation
0 0 0 Normal
1 0 1 PWM, Phase correct
2 1 0 CTC
3 1 1 Fast PWM

Bit 5:4 — COMO01:0: Compare Match Output Mode
These bits control the Output Compare pin (OCOpbtur as in Table 3.5

Table 3.5: Output compare (OC) behaviour

CcomMo1 COMO00 Description
0 0 Normal port operation,OCOdisconnected
0 1 Toggle OCO on compare match
1 0 Clear OCO on compare match
1 1 Set OCO on compare match
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Bit 2:0 — CS02:0: Clock Select

These three bit select the clock as per Table 3.6

Table 3.6: Clock selection

CS02 CS01 CSO00 Description
0 0 0 No clock source (Timer/Counter stopped).
0 0 1 clkl/O/(No prescaling)
0 1 0 clkl/O/8 (From prescaler)
0 1 1 clkl/O/64 (From prescaler)
1 0 0 clkl/O/256 (From prescaler)
1 0 1 clkl/O/1024 (From prescaler)
1 1 0 External clock source on TO pin. Clock otirigledge.
1 1 1 External clock source on TO pin. Clock omgsedge.

Timer/Counter Register — TCNTO
The Timer/Counter Register gives direct accesd) fmtread and writes operations, to

the Timer/Counter unit 8-bit counter.

Output Compare Register — OCRO
The Output Compare Register contains an 8-bit véhae is continuously compared
with the counter value (TCNTO). A match can be usedenerate an output compare

interrupt, or to generate a waveform output onQiz9 pin [29].

DC Geared Motor

DC motors are inexpensive, small, and powerful msotoat are widely used. DC geared motor
is shown in Figure 3.5. Gear-train reductions gachlly needed to reduce the speed and
increase the torque output of the motor. A DC maaan electric motor that runs on direct
current (DC) electricity. DC motors are normallyyweasy to reverse simply by changing the
polarity of the DC input. This changeover procean be achieved via a simple changeover
switch or for remote or electronic control, viauatable relay. A big advantage of DC motors is
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that variable speed control is easy and can achigile just a suitable variable resistor /

rheostat or variable DC power supply.

Figure 3.5: DC geared motor

DC Motor Speed Control

The speed of a DC motor is directly proportionaltte supply voltage, so if the supply voltage
reduces from 12 Volts to 6 Volts, the motor wilhrat half the speed. Pulse-width modulation
(PWM) or duty-cycle variation methods are commou$ed in speed control of DC motors.
The duty cycle is defined as the percentage otalithigh’ to digital ‘low’ plus digital ‘high’

pulse-width during a PWM period. The average DCQage value for 0% duty cycle is zero;
with 25% duty cycle the average value is 1.25V (285%V). With 50% duty cycle the average
value is 2.5V, and if the duty cycle is 75%, thesrage voltage is 3.75V and so on. The
maximum duty cycle can be 100%, which is equivaterd DC waveform. From this method
one can obtain a smooth speed variation withoutigied the starting torque of the motor.
PWM technique also eliminates harmonics. Thus bying the pulse-width, we can vary the

average voltage across a DC motor and hence itslspe

Motor Driver

The L293 and L293D are quadruple high-current Raldirivers. The L293 is designed to
provide bidirectional drive currents of up to 1 Avaltages from 4.5 V to 36 V. It is a 16 pin
IC. The pin diagram of this IC is shown in Figur® 8293D is a dual H-bridge motor driver
integrated circuit (IC). Motor drivers act as cunreamplifiers since they take a low-current
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control signal and provide a higher-current sigiiais higher current signal is used to drive the

motors.

1.2EN [1 I"“—F}I1E]1'-.-'rcc1
I E 15]] 4A
1Y }3 14 ] 4Y

HEAT SINK AND { 1B 13l "L HEAT SINK AND
GROUND _[|s  12f] /° GROUND

2Y s 1] 3
28 ()7 10]] 34

Vees ()8 ol 3.4EN

Figure 3.6: Pin diagram of L293D

L293D contains two inbuilt H-bridge driver circuit® its common mode of operation, two DC
motors can be driven simultaneously, both in foodvand reverse direction. The motor
operations of two motors can be controlled by inpgtc at pins 2 and 7 and 10 and 15. Input
logic 00 or 11 will stop the corresponding motoogic 01 and 10 will rotate it in clockwise
and anticlockwise directions, respectively. Enapies 1 and 9 (corresponding to the two
motors) must be high for motors to start operatigpen an enable input is high, the associated
driver gets enabled. As a result, the outputs becactive and work in phase with their inputs.
Similarly, when the enable input is low, that drive disabled, and their outputs are off and in

the high-impedance state. The motor action accgruirthe input pins is shown is Table 3.7.

Table 3.7: Motor action based on status of inpas pi

Input(1A,4A) Input(2A,3A) Motor action
Logic O Logic 1 Moves clockwise
Logic 1 Logic O Moves anticlockwise
Logic 1 Logic 1 Stop
Logic O Logic O Stop

Thus, the motors behave as per the control sigyaisrated using the microcontroller with the

excitation from the external battery voltage [31].
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Shaft Encoder

Shaft encoder is used to measure the angular gosltiis also called as rotary encoder. 1

device measures the angular positandoutputs the analog or digital co The shaft encoder
Is shown in Figure 3.7

3

Figure 3.7: Shaft encoder

This is theabsolute encoder. The shaft of such encoders caitéehed to the shaft of a
rotating device. In this way the output of suchaaters gives the current position of shaft. T
produce a unique binary code for each differenitipmsof shaft There isa metal disc that
contains the concentric rings openi as in Figure 3.8

Figure 3.8: 3-Bit binary coding disc

Those rings are fixed to an insulating disc, whiliixed to the shaft. Each concentric ring
divided into segments. The numbersegments depends upon the code being used. Tl
some sliding contacts that are fixed to a statipraject and wipes against the metal «

There are some areas where the metal has beendakerhe disc wilrotate with the rotation
of shaft. Due to this some of the contacts willdounetalandsome may touch the area wh
the metal has been taken out. As the disc rotaitsthe shaft, some of the ntacts touch

metal and som&all in the gaps where the metals been cut out. The metal sheet is conne
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to a source oélectric currer. Each contact is connected to a separate electréredos. The
metal pattern is designed so ' each possible position of the axle creates a u binary
codein which some of the contacts are connected t@urrent sourceand ohers are not. This
code can be read by a collling device, such as a microproceser microcontroller tc
determine the angle of the sh If there are n contacts, the number stinct positions of th
shaft would be 2e.g. for n=3 there would be 8 positic The standard binary cing for 3

contacts is shown in TabB€

Table 3.8: Standard binary coding

Sector Contactl Contact 2 | Contact 3 Angle
0 Off Off Off 0°to 45°
1 Off Off On 45°to 90°
2 Off On Off 90°to 135°
3 Off On On 135°to 180°
4 On Off Off 180°to 225°
5 On Off On 225°to 270°
6 On On Off 270°to 315°
7 On On On 315°to 360°

As the disc rotatethe contacts produce a standard binary ccThis has the drawback that
the disc stops between two adjacent sectors, actdhtacts are not perfectly aligned, it car

impossible to determine the angle of the stTo avoid this problemGray encodin is used.

Figure 3.9: Gray coding disc
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This is a system of binary counting in which adjgceodes differ in only one position. The
metal disc for the gray coding is shown in Figurg. 3able 3.9 shows the angle according to

the gray coding [30].

Table 3.9: Gray coding

Sector Contactl Contact 2 Contact 3 Angle
0 Off Off Off 0°to 45°
1 Off Off On 45°to 90°
2 Off On On 90°to 135°
3 Off On Off 135°to 180°
4 On On Off 180°to 225°
5 On On On 225°to 270°
6 On Off On 270°to 315°
7 On Off Off 315°to 360°
Switches

In electronics, a switch is an electrical comporteat can make or break an electrical circuit,
interrupting the current or diverting it from onencluctor to another. The most familiar form of
switch is a manually operated electromechanicaicgewith one or more sets of electrical
contacts. Each set of contacts can be in one ofstates: either 'closed' meaning the contacts
are touching and electricity can flow between them,'open’, meaning the contacts are

separated and not conducting. Figure 3.10 showgtible button type switch.

Figure 3.10: Push button switch
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A switch may be directly manipulated by a humaraantrol signal to a system, such as a
computer keyboard button, or to control power flawa circuit, such as a light switch.
Automatically-operated switches can be used torobttie motions of machines. All switches
are connected to appropriate ports for a desiradtion

Software Used

CodeVisionAVR:

CodeVisionAVR Evaluation V2.05.4 compiler used fwogramming of microcontroller. It is a
C cross-compiler, Integrated Development Environimeamd Automatic program Generator
designed for the Atmel AVR family of microcontralée The program is designed to run under
the Windows 98, NT 4, 2000, XP and Vista 32 bitrapiag systems. The C cross-complier
implements all the elements of the ANSI C languageallowed by the AVR architecture, with
some features added to take advantage of speadlihe AVR architecture and the embedded
system needs. The compiled COFF object files ca@ keurce level debugged, with variable
watching, using the Atmel AVR studio debugger.

Besides the standard C libraries, the CodeVisio®RAYcompiler has dedicated libraries for:

. Alphanumeric LCD modules
. Philips 12C bus

. SPI

. Delays

. ADCs etc

CodeVision AVR also contains Automatic Program Gator that allows us to write, in a

matter of minutes, all the code needed for impleingrihe following functions:

. Timers/counters initialization

. ADC initialization

. Input/output port initialization

. LCD module initialization

. External interrupt initialization etc
. SPl initialization
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3.3 System Description

The basic blocks of the whole system is shown igufé 3.11. The main blocks are

microcontroller, motors, motor driver and posit&ensing elements.

I EMG signals
| |
I Microcontroller | 1 MQtOF
| 1 driver
I Encoder I: I Motors I

Figure 3.11: Basic block diagram of the system

DC signals from the potentiometer were fed to therocontroller. The whole operation of the
system was controlled by microcontroller. The whobele written for the specified operation
was burnt into the microcontroller chip. The cohtsignals for motor were provided by
microcontroller. Motor driver chip was in betwedretmicrocontroller and motors. Encoder
here was working as a positions sensing elemerbdar was used to sense the motor position
and to provide those signals microcontroller. S® rticrocontroller made action according to

the current position of motor.

The connection diagram for the whole system isigufe 3.12. The microcontroller in this
dissertation was Atmel ATmegal6. It has 8 chan@8ldbit successive approximation ADC.
Port A pins are used as ADC pins. Two ADC chanmadge used. Port D pins were used to
drive the motor. Some pins of port D were connedtednput pins of motor controller to
control the motor. Port B pin (PB3) was connecte@rable pins of motor driver for both the
motors. PB3 pin is the default pin to output the M\ignal in ATmegal6. The width of the

signal was controlled by the timer registers. Sodpeed of both motors was controlled by this
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pin. The two motors for arm up/down and arm clodedanticlockwise were connected to the
output pins of motor driver. There were two shaftaders. They were used as a position
sensing elements. They were used to sense théopositboth the motors and send the signals
to microcontroller. So the microcontroller makesi@at according to the signal fed by these

shaft encoders.

Battery power supply Battery Power
+5V Supply +12V
+ - + -
———— p1 ADCO 16 8
Dc signals PD6 " 2 3 Motor 1
> ADC1 PD5 » 7 6 >
PD2 > 10
PD1 » 15 11 Motor 2
PB3 1 14
»] 9
PC2 PB2
PC6 PB4 4 5 12
PC3 PCO L[ |
PC4 PC1
| PC5 PB1
Encoder for Encoder for
Motor 2 Motor 1
Selection Switch : .
Switch 1 Switch 2 Switch 3

Figure 3.12: Connection diagram
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Table 3.10: Port pin logic

—d

—d

Port pins Status Function
PD6 Logic 1 Logic O Microcontroller instruct the
Arm up Arm down dri L Elb
. . t t t
PD5 Logic 0 Logic 1 river to contro ow moto
PD2 Logic 1 wrist Logic 1 Wrist Microcontroller instruct the
PD1 Logic 0 clockwise Logic 0 anticlockwise| driver to control wrist motor
PWM signal for motor speeq
PB3
control
PB2
Encoder output for motor 1
PB4
PCO
PC1 Encoder output for motor 2
PB1
Analog input from
PAO potentiometer representing tl
EMG signal
Analog input from
PAl potentiometer representing tl
EMG signal
PC2 Selection switch
PC6 Selection switch
PC3 Switch S1
PC4 Switch S2
PCS Switch S3
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In the present study two potentiometers were usaepresent dc level of EMG signals. The
program to control the the whole system burnt theomicrocontroller. The microcontroller kit

Is shown in Figure 3.13

Figure 3.13: Microcontroller kit

The command signals were generated by microcoetraltcording to the code burnt into it.

These command signals fed to the H bridge chip.H beidge chip is shown in Figure 3.14.

Figure 3.14: H bridge circuit
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H bridge chip generate the output signals to difreespecified motor in a specific direction for
a specific time. There were two motors for arm opd movement and

clockwise/anticlockwise operation of the arm a&igure 3.15.

Figure 3.15: Arm prototype having motors and ence®de

The motors were moved for a spcific period of tiamel in specific direction depending on the
voltage level of EMG signal. The shaft encodersenattached to the motors to read out the

current motor position.

3.4 System Operation

The system can operate in two ways. This is basdtie position of selection switch. Initially

the selection switch is in manual position. Botle tmotors are at rest position. Both the
potentiometers are at initial position. The systean be operated in two modes manual and
EMG. This is explained in Figure 3.16. The setmttof the mode is done through selection

switch.
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Switch ON the
system

»

Y

»)
K
4

Code written for EMG J
selection get executed

Selection switch is
at manual?

—

Code written for manual selection ge
executed

Figure 3.16: Selection between manual and EMG

It was done through the position of manual swité¥hen the switch was on the manual
position, the system is operated through manuatckes S1 S2 and S3. When the switch is on
the EMG position, the system is operated by twempidmeters that indicate the dc level of
EMG signals.

3.4.1 Selection Switch in Manual Position

When the selection switch was on manual positian disstem is operated through manual
switches. There were 3 manual switches that wesd tes perform the desired function. These
switches were marked as S1, S2 and S3. The whel&tign is depicted in Figure 3.17. Two
movements i.e. arm up/down and arm clockwise/atickise movement were performed by
whole system. When switch S2 was pressed alonsydtem perform arm up movement. The
switch was push button type. So the amputee prélseswitch until get the movement up to
the desired extent. Similarly if amputee pressegchvs3 alone the system perform arm down
movement. To perform the arm clockwise/anticlodevmovement all three switches were
used. The combination of two switches was usedeidopm the desired function. If the

amputee presses switch S1 and S2 together thersp&dorm the arm clockwise movement.

34



Similarly if the amputee presses switch S1 and @fether the system perform the arm

anticlockwise movement.

Switch ON the
svsten

Selection switch
is at manual

Code written for EMG selection
get executed

Is S3
pressed

Is S1 pressed? Is S2 pressed?

Arm down
[

Is S3
pressed

Is S2 pressed?

Arm clockwise

Arm
anticlockwise

Figure 3.17: Manual operation

3.4.2 Selection Switch in EMG Position

When the selection switch was not at manual pasiti@ code written for EMG selection get
executed. The two potentiometers were used toatglithe amplified EMG signal. Initially the
two potentiometers and both motors were at ingi@gition. The two motors were for up/down
movement and clockwise/anticlockwise movement. H8rgositions were taken for both

motors,i.e., initial position, £' position and %' position, as shown in Figure 3.18.
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2" position

Sposition

Inlt@osition
Figure 3.18: Different position for motor

Initially when both potentiometers were at initdsition, the analog voltage to both the ADC
channels was 0 volts. The dc level varied with gotéentiometer connected to the ADC
channel. The microcontroller read the dc levelhat ADC channel. The command signal was
generated by microcontroller according to the matuaft position. The motor shaft position
was detected by the shaft encoder connected tshiie of the motor. The whole operation is
explained through flow chart as in Figure 3.19. Thenmand signal and the duration of the
delay were according to the current position of anotn this way arm up/down movement
performed according to the level of the dc sigr&imilarly arm clockwise/anticlockwise
movement was performed by variation in the dc levklthe signal provided by second
potentiometer. For arm clockwise/anticlockwise nmmoeet three positions were fixed. The
movement of the motor was according to the inputsdmal and shaft encoder. Separate
encoder was attached to the arm clockwise/antielsek motor shaft. Two manual switches
were used to correct the position of arm in casangffailure. Flowchart shown in Figure 3.19
is for arm up/down movement. For arm clockwisetdatkwise movement the flow chart

would be similar.
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Switch power supply ON

»)
<

A 4

ADC input channel 0 is selected and value is storegriable “b”.

Is previous
value of b also
less than 0.5

Is value in
variable b
<0.5v

Use manual switch to

Is motor shaft YES| Motor will not
is at initial run
position?
Motor will
Is motor shatft is yes | movetillit
at 1st position? ——> reaches initial A
position
) Motor will
Is motor shaft is move till it
at 2 position? reaches initial 4
position

move motor

Is previous
value of b >=
0.5 and <1V

Is motor shaft
is at initial
position?

Is value in b
>=0.5V
and<1V

Motor will move
till it reaches I
position

A 4

Is motor shaft is
at I* position?

Motor will not
run

Is motor shaft
is at 2¢
position?

Motor will move
till it reachesl1st
position

Use manual switch to

move motor
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Is value in b
>=1V and
<1.5V

Motor will not run

A
Is previous Is motor shaft Motor will move
value of b is at initial till it reaches 2nd —a
>=1Vand position? position
<1.5Vv
Is motor shaft Motor will move
is at T till it reaches 2nd - —
position? position
Is motor shaft Motor will not run
isat?
position?
Use manual switch to
move motor A

Figure 3.19: System operation for EMG selection
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4. RESULTS AND DISCUSSIONS

The amputee can choose between manual control itighes or by EMG signal by the
selection switch.

4.1 Manual Control

If the amputee put the switch in “manual”’ the aswontrolled by switches S1, S2 and S3

Figure 4.1: Selection switch in manual position

When switch S2 is pressed alone the system willoperarm up movement. The switch is
push button type. So the amputee will press thecbwintil get the movement up to the desired
extent. Similarly if amputee presses switch S3 aldime system will perform arm down
movement. To perform the arm clockwise/anticlodevwnovement all three switches are used.
The combination of two switches will perform thesgled function. If the amputee presses
switch S1 and S2 together the system will perfdmmarm clockwise movement. Similarly if
the amputee presses switch S1 and S3 togetheystenswill perform the arm anticlockwise
movement.
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4.2 EMG Control

If the amputee put the switch in “EMG” the arm etrolled by EMG signals.

Figure 4.2: Selection switch in EMG position

Here potentiometers are used to represent ampliftedignal corresponding to EMG signal.
The two potentiometers are marked as P1 and P2

Figure 4.3: Potentiometers to provide input signal
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4.2.1 Arm Up/Down Movement

Switch P1 control the arm up/down movement. Whemellef the dc signal is below 0.5V the
arm up/down motor should be at rest. The movemientador for the arm up/down movement
depend on the motor position. The dedicated posifigest position. If at that time arm is &t 1

or 2 position then the arm up/down motor will move amoh will come to the rest position.

Figure 4.4: Arm up/down movement (at rest)
When level of the dc signal is between 0.5V anadwelV then movement of motor for the
arm up/down movement depend on the motor posilibe.dedicated position is 1st position. If
at that time arm is at rest o¥2osition then arm up/down motor will move and avitt come

to the £ position.

Figure 4.5: Arm up/down movement (&t osition)
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When level of the dc signal is between 1V and belobV, then movement of motor for the
arm up/down movement depend on the motor posifibe. dedicated position is 2nd position.

If at that time arm is at rest or 1st position tleem up/down motor will move and arm will

come to the 2nd position.

Figure 4.6: Arm up/down movement (af position)

4.2.2 Arm Clockwise/Anticlockwise Movement

Switch P2 control the arm up/down movement. Whegllef the dc signal is below 0.5V, then
movement of motor for the arm clockwise/anticlock&imovement depend on the motor
position. The dedicated position is rest positibat that time arm is at*lor 2'° position then

the arm clockwise/anticlockwise motor will move aardh will come to the rest position.

Figure 4.7: Arm clockwise anticlockwise movemeritrést)
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When level of the dc signal is between 0.5V anawelV then movement of motor for the
arm up/down movement depend on the motor posilibe.dedicated position is 1st position. If

at that time arm is at rest o¥2osition then arm up/down motor will move and amiti come
to the £ position.

Figure 4.8: Arm clockwise anticlockwise movemertlfaposition)

When level of the dc signal is between 1V and belo®V then movement of motor for the
arm up/down movement depend on the motor posifibe. dedicated position is 2nd position.

If at that time arm is at rest or 1st position tle@m up/down motor will move and arm will
come to the 2nd position.

Figure 4.9: Arm clockwise anticlockwise movemertt24 position)
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5. CONCLUSION AND FUTURE SCOPE

Prosthetic arm is a boon for those persons who lsteheir arm due to some mishap. One of the
main requirements of artificial arm is it's funat@lly. It should be near to natural hand as possibl
In the present study a prototype of prosthetic he®s been developed for two movements — arm
up/down movement and arm clockwise/anticlockwiseveneent. This system was designed,

fabricated and has been tested successfully.

5.1 Future Scope

 More precision work can be done. The prototype bantested using actual EMG
signals instead of inputs from potentiometer.

* More arm functions can be added to improve DOF.
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Appendix A

Microcontroller Code

#include <megal6.h>
#include <stdlib.h>
#include <delay.h>

#define ADC_VREF_TYPE 0xCO

/I Read the AD conversion result
unsigned int read_adc(unsigned char adc_input)

{

}

ADMUX=adc_input | (ADC_VREF_TYPE & 0xff);
delay _us(10);

ADCSRA|=0x40;

while ((ADCSRA & 0x10)==0);

ADCSRA|=0x10;

return ADCW;

void main(void)

{

unsigned int b,c,m=0,n=0,t=0,v=0,r=0,s=0,u=0,w=0,y=

unsigned int val[7]={0xC8,0x118,0x190,0x1E0,0x25&88,0x320};
PORTA=0xFF;

DDRA=0x00;

PORTB=0xF7;

DDRB=0x08;

PORTC=0xFF;

DDRC=0x00;

PORTD=0x00;

DDRD=0xFF;

TCCRO0=0x13;
TCNTO=0x00;
OCRO=0x1E;

ACSR=0x80;
SFIOR=0x00:

ADMUX=ADC_VREF_TYPE & Oxff;

ADCSRA=0xAG;
SFIOR&=0x1F;
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while (1)

{
if(PINB.0==0)
{
PORTD=0x21,;
delay_ms(10);
PORTD=0x00;
}
if(y==0)
{
PORTD=0x00;

delay_ms(5000);

if(PINB.2==0 && PINB.4==1)
{
while(PINB.2!=1 ||NB.4!=1)
{
PORTD=0x40;
delay_ms(}%00
PORTD=0x00;
delay_ms(}%00
}
}
delay_ms(5000);

if(PINB.2==1 && PINB.4==1)
{
while(PINB.2!=0 ||NB.4!=0)
{
PORTD=0x40;
delay_ms(}%00
PORTD=0x00;
delay_ms(}%00
}
}
delay_ms(5000);
if(PINB.2==0 && PINB.4==0)
{
while(PINB.2!=1 ||NB.4!=1)
{
PORTD=0x20;
delay_ms(20)
PORTD=0x00;
delay_ms(%00
}
}
delay_ms(5000);
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if(PINB.2==1 && PINB.4==1)

{
while(PINB.2!=0 ||NB.4!=0)
{

PORTD=0x40;
delay_ms(t00
PORTD=0x00;
delay_ms(00

}
}

delay_ms(5000);

PORTD=0x00;
delay_ms(5000);

if(PINC.0==0 && PINC.1==1)

while(PINC.0!=1 ||N®T.1!=1)
{
PORTD=0x01;
delay_ms(t50
PORTD=0x00;
delay_ms(t00
}
}
delay_ms(5000);

if(PINC.0==1 && PINC.1==1)

{

while(PINC.0!=0 ||N®.1!=0)

{
PORTD=0x01;
delay_ms(t00
PORTD=0x00;
delay_ms(t00

}

}
delay_ms(5000);

if(PINC.0==0 && PINC.1==0)

{
while(PINC.0!=1 ||N®@.1!=1 || PINB.1!=0)
{
PORTD=0x02;
delay_ms(t00
PORTD=0x00;
delay_ms(t00
}
}
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delay_ms(5000);

if(PINC.0==1 && PINC.1==1)

{
while(PINC.0!=0 || PINC=1 || PINB.1!=1)
{
PORTD=0x02;
delay_ms(100);
PORTD=0x00;
delay_ms(100);
}
}

delay_ms(5000);
if(PINB.2==0 && PINB.4==0)
{
while(PINB.2!=1 ||NB.4!=1)
{
PORTD=0x20;
delay_ms(20)
PORTD=0x00;
delay_ms(}%00
}
}
delay_ms(5000);
if(PINB.2==1 && PINB.4==1)

{
while(PINB.2!=0 || PINB=1)

{
PORTD=0x20;
delay_ms(20);
PORTD=0x00;
delay _ms(100);
}
}
delay_ms(5000);
y=1;
}
while(PINC.2==0)
{
If(PINC.4==0)
{
PORTD=0x40;
Delay _ms(30);
}
If(PINC.5==0)
{
PORTD=0x20;
Delay _ms(30);
}
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If(PINC.3==0 && PINC.4==0)

{
PORTD=0x01;
Delay _ms(30);
}
If(PINC.3==0 && PINC.5==0)
{
PORTD=0x02;
Delay _ms(30);
}
}
while(PINC.6==0)
If(PINC.5==0)
{
PORTD=0x20;
Delay _ms(30);
}
If(PINC.4==0)
{
PORTD=0x02;
Delay _ms(30);
}

b=read_adc(0x00);
if(b<val[0]) //rest
{
if(v==0)
{

if(PINB.2==0 && PINB.4==1)

{

}
{

PORTD=0x00;
m=0;

n=0;

t=0;

v=1,

ifi¥B.2==1 && PINB.4==1)

while(PINB.2!=0 || PINB=1)

{
PORTD=0x20;
delay_ms(20);
PORTD=0x00;
delay_ms(50);

}

PORTD=0x00;

m=0;

n=0;
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t=0;
v=1;

}
if(PINB.2==0 && PINB=0)
{
while(PINB.2!=0 || PINB=1)
{
PORTD=0x20;
delay_ms(20);
PORTD=0x00;
delay _ms(100);
}
PORTD=0x00:;
//delay_ms(100);
m=0;
n=0;
t=0;
v=1;
}
}
}
else if(b>=val[0] && b<val[1])
{
PORTD=0x00:;
delay_ms(1000);
}
else if(b>=val[1] && b<val[2]) //1st
{
if(m==0)
{
if(PINB.2==0 && PINB.4=31
{
while(PINB.2!=1 ||NB.4!=1)
{
PORTD=0x20;
delay_ms(50)
PORTD=0x00:;
delay_ms(}%00
}
[IPORTD=0x42;
/l[delay_ms(600);
PORTD=0x00;
m=1;
n=0;
t=0;
v=0;
}
if(PINB.2==1 && PINB.4%
{
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PORTD=0x00;
m=1;

t=

>
> O

o

<
Q

}
if¥B.2==0 && PINB.4==0)
{
while(PINB.2!=1 ||NB.4!=1)
{
PORTD=0x20;
delay_ms(20)
PORTD=0x00;
delay_ms(}%00
}
//IPORTD=0x21;
/ldelay_ms(200);
PORTD=0x00;
m=1,;
n=0;
t=0;
v=0;

}
}
else if(b>=val[2] && b<val[3])

PORTD=0x00;
delay_ms(1000);

}
else if(b>=val[3] && b<vd]) //2nd

{
if(n==0)
{
if(PINB.2==0 && PINB.4==1)
{
while(PINB.2!=0 ||NB.4!=0)
{
PORTD=0x40;
delay_ms(00
PORTD=0x00;
delay_ms(00

}
PORTD=0x00;
m=0;

}
if(PINB.2% && PINB.4==1)
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while(PINB.2!=0 ||NFB.4!=0)

{
PORTD=0x40;
delay_ms(00
PORTD=0x00;
delay_ms(t00
}

[IPORTD=0x42;
//delay _ms(1200);

PORTD=0x00;
m=0,;
n=1,
t=0;
v=0;
}
A\ B.2==0 && PINB.4==0)
{
PORTD=0x00;
/ldelay_ms(500);
m=0;
n=1,
t=0;
v=0;
}
}
}
else if(b>=val[4] && b<val[5])
{
PORTD=0x00;
delay_ms(1000);
}
else
{
PORTD=0x00;
delay_ms(500);
}

c=read_adc(0x01);
if(c<val[0]) /Irest
{

if(w==0)
{
if(PINC.0==0 && PINC.1=31
{
PORTD=0x00;
r=0;
s=0;
u=0;
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w=1,
}
if(PINC.0==1 &RINC.1==1)
{
while(PINC.0!=0 || PING=1 || PINB.1!=1)
{
PORTD=0x02;
delay_ms(100);
PORTD=0x00;
delay_ms(100);

o
©)

RTD=0x00;

oo

c 0T
e

=
=

}
if(PINC.0==0 &RINC.1==0)
{
while(PINC.0!=0 || PING=1)
{
PORTD=0x02;
delay_ms(100);
PORTD=0x00;
delay_ms(100);
}
PORTD=0x00;
/ldelay_ms(100);
r=0;
s=0;
u=0;
w=1;

}
else if(c>=val[0] && c<val[1])

PORTD=0x00;
delay_ms(1000);

}
else if(c>=val[1] && c<val[2]) //1st

if(r==0)
{
if(PINC.0==0 && PINC.1==1)
{
while(PINC.0!=1 || FONLI=1)

{
PORTD=0x01;
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delay_ms(150)
PORTD=0x00;
delay_ms(200)
}
[IPORTD=0x42;
/ldelay_ms(600);
PORTD=0x00;
r=1,
=0;
:O’

=0;

sco

}
if(PINC.0==1 &RINC.1==1)
{
PORTD=0x00;
r=1,
s=0;
u=0;
:0’

}
if(PINC.0==0 &RINC.1==0)
{
while(PINC.0!=1 || FONL!=1 || PINB.1!=0)
{
PORTD=0x02;
delay_ms(200)
PORTD=0x00;
delay_ms(200)
}
[IPORTD=0x21,;
/ldelay_ms(200);
PORTD=0x00;
r=1,
=0;
=0;

=0;

sco

}
}
else if(c>=val[2] && c<val[3])

{
PORTD=0x00;

delay_ms(1000);
else if(c>=val[3] && c<val[4]) //2nd
{

if(s==0)

{

if(PINC.0==0 && PINC.1==1)
{
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while(PINC.0!=0 || RINL!=0)
{
PORTD=0x01,;
delay_ms(200)
PORTD=0x00;
delay_ms(200)

RTD=0x00;

o

n T O
ore®

c

s
Q

}
if(PINC.0==1 &RINC.1==1)
{
while(PINC.0!=0 || RINL!=0)
{
PORTD=0x01;
delay_ms(200)
PORTD=0x00;
delay_ms(200)
}
[/IPORTD=0x42;
/ldelay_ms(1200);
PORTD=0x00;
r=0;

=1
=0

c0n

:0’

s

}
if(PINC.0==0 &RINC.1==0)
{
PORTD=0x00;
/l[delay_ms(500);
r=0;
s=1,
u=0;
w=0;

}
}
else if(c>=val[4] && c<val[5])
{
PORTD=0x00;
delay_ms(1000);
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else

PORTD=0x00;
delay_ms(500);
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